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“Where is the knowledge in all that information?
Where is the wisdom in all that knowledge?”

W H AUDEN

The recent proliferation of carefully controlled large scale clinical
trials, their meta-analyses and selective observational studies has
contributed to the remarkable strides made in the management of
cardiovascular disease. One of the prophesies stated in the first edi-
tion of this textbook has come to pass – namely, that management
guided by external evidence is an evolving process as newer and
more effective treatment modalities come to light. While success-
ful as a critical approach for managing patients, evidence-based
medicine is nevertheless a work in progress which, if allowed to
rest on its laurels, will “by nature be threatened with impending
obsolescence”. In addition to keeping abreast of new information,
there is a need to integrate and distill the information into coherent
recommendations. Authors were therefore instructed to provide
their recommendations including those based on qualitative judg-
ments. The recognition of new developments in a rapidly changing
dynamic field combined with the overwhelmingly positive world-
wide response to the first edition have prompted the publication of
this second edition.

This edition is again dedicated to providing a comprehensive
compendium of best evidence for the diagnosis and management
of a wide variety of cardiovascular disorders. To avoid critical infor-
mation gaps as meaningful new data emerge, the text contains sev-
eral new features. Because our concepts of what constitutes

evidence-based medicine is subject to change we have included a
completely revised introductory chapter. Appended to the printed
text is a CD Rom that permits ready access to new information and
periodic updates by way of a dedicated and active website. In addi-
tion, there will be available a compact hand-held (PDA) version of
the text. There are new chapters on clinical trials and meta-
analysis; fetal origins of cardiovascular disease; genetics; diet and
cardiovascular disease; obesity; and cardiopulmonary resuscitation.
Several chapters have been completely rewritten and most have
undergone substantial revision. Finally, the layout of the text has
been reformatted for better handling, portability, readability and
affordability.

In preparing this edition the editors and contributors have sub-
scribed to the principle that the best external evidence found in
these pages are not to be considered as hierarchical choices but
rather should be used judiciously with other forms of evidence be
they pathophysiologic, observational or experiential. No effort has
been spared in the preparation of this edition and to this end
invaluable assistance has been accorded us by Judy Lindeman at
McMaster University and Mary Banks and Christina Karaviotis at
BMJ Books.

Salim Yusuf
John A Cairns
A John Camm

Ernest L Fallen
Bernard J Gersh

xvii
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“… if a man declares to you that he has found facts that he has
observed and confirmed with his own experience, be cautious
in accepting what he says. Rather, investigate and weigh this
opinion or hypothesis according to requirements of pure logic,
without paying attention to this contention that he affirms
empirically.”

MOSES MAIMONIDES. ca. 1195

Thus did the great physician Maimonides make a plea for an
evidence-based approach to medicine by admonishing his follow-
ers to seek common ground between objectivism and empiricism.
If Maimonides had lived in the year 1785, he would likely have
read William Withering’s An Account of the Foxglove; a com-
pendium of Withering’s personal observations on the clinical effect
of the digitalis leaf. At first blush, Maimonides would cry foul at
such flagrant empiricism, demanding to know the whole of the
inception cohort. It turns out that Withering, instead of selecting
specific cases which would have “… spoken strong in favour of the
medicine, and perhaps been flattering to my own reputation” went
on to say in his Preface “I have therefore mentioned every case in
which I have prescribed the foxglove, proper or improper, success-
ful or otherwise …” thus heralding a genuine, albeit retrospective,
cohort study. It took 212 years before Withering was ultimately
vindicated by the results of the first large scale randomized placebo
controlled trial of digoxin (N Engl J Med 1997; 336: 526). Sixty-
eight hundred patients with congestive heart failure, in sinus
rhythm, were randomized to receive digoxin (avg dose 0·25 mg/
day) or placebo in addition to ACE inhibitors and diuretics. Over a
three-year period there was no statistical difference in overall mor-
tality but digoxin proved to be effective in reducing hospitaliza-
tions due to worsening heart failure.

The advent of large scale prospective randomized clinical trials
has strengthened the external evidence upon which management
decisions can be made with some confidence. We have come to
rely on so-called external best evidence as critical guideposts for
establishing minimal criteria for treatment of many cardiovascular
disorders. In the process, some myths based on putative mecha-
nisms have been dispelled while insights into the efficacy of new
treatments have been more rapidly facilitated. On the other hand
there is a danger of righteous complacency which, if unchecked,
could lead to a slavish dependency on statistical bottom lines and,
ultimately, to “cook book” medicine. It is the intent of this text-
book to present a proper balance between “objectivism and empiri-
cism”. In this regard, the very first chapter begins by defining the
practice of evidence-based cardiology as “… integrating individual
clinical expertise with the best available external clinical evidence
from systematic research”.

The textbook has four principal components. An introductory
general section addresses important topics in clinical epidemiology,
as applied both to the bedside and to a population. This section
includes: critical appraisal of data; clinical trials methodology; 

quality of life measurements; health economics; and methods of
decision analysis, all in the context of current clinical practice. Next
follows a section on preventive strategies based on evidence that
should enable the practicing physician to advise, with confidence,
on risk factor modification and quality of life issues for selected
patients. There follows a section on a broad range of specific cardio-
vascular disorders that highlight management issues based on cur-
rent best evidence. Finally, the section on clinical applications is an
attempt to put a clinical face on evidence derived from population
statistics through the use of “live” clinical cases. Here, an attempt is
made judiciously to couple external evidence with clinical expertise
and a sound knowledge of cardiovascular pathophysiology. There is
understandably a wide range of the kinds of evidence available to
support different practices and treatments. The editors have chosen
not to constrain the authors into rigid and uniform formats for 
each chapter. While several of the chapters have the level of evi-
dence/recommendations graded, or key messages highlighted, a
uniform format would not have been appropriate for every chapter.

This textbook is designed for a wide audience. Since cardiovas-
cular disease comprises more than fifty percent of adult medicine,
there is something here for everyone in clinical practice and at all
levels of medical undergraduate and postgraduate training. Its
emphasis on practical applications of research methodology and
critical appraisal of data covering a cross-section of clinical topics
should invite interest among those engaged in population studies,
biostatistics, clinical epidemiology and health economics as well as
those involved in healthcare decision analysis, quality assurance
committees and stakeholders responsible for healthcare planning.

Because this textbook relies so heavily on current best evidence, it
is by nature threatened with impending obsolescence. To ensure that
this does not happen, the editors, in concert with the publisher, have
agreed to issue up-dates periodically in the form of special supple-
ments or updated editions, so that the text can be continually revised
in accordance with emerging relevant data. In this context, it is well
to bear in mind that good science always proceeds hesitantly through
a series of tenuous conclusions. And so any recommendation made
on the basis of available best evidence is subject to revision as we
probe deeper into the mysterious nature of disease processes. One
may ask of the large scale clinical trial “Why did it require more than
10,000 patients to show incontrovertible evidence that the experi-
mental drug is effective?” Aye, there is the scientific question!

The editors wish to acknowledge the herculean efforts of
Catherine Wright and Karin Dearness who kept everyone on track
and offer a special appreciation to Mary Banks for her editorial
expertise, patience and support.

Salim Yusuf
John A Cairns
A John Camm

Ernest L Fallen
Bernard J Gersh
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Abbreviations commonly used in this book

ABI ankle brachial pressure index
ACC American College of Cardiology
ACE angiotensin-converting enzyme
AED automated external defibrillator
AF atrial fibrillation
AHA American Heart Association
AMI acute myocardial infarction
APSAC anisoylated plasminogen streptokinase 

activator complex
APTT activated partial thromboplastin time
ARR associated risk reduction
AS aortic stenosis
ASD atrial septal defect
ASMR age standardized mortality rate
BBB bundle branch block
BMI body mass index
CABG coronary artery bypass grafting
CAD coronary artery disease
CBVD cerebrovascular disease
CCB calcium-channel blockers
CCU coronary care unit
CEE conjugated equine estrogen
CHD coronary heart disease
CHF congestive heart failure
CI confidence interval
CK-MB creatinine kinase MB isoenzyme
CPP coronary perfusion pressure
CPR cardiopulmonary resuscitation
CT computerized tomography
CYA cyclophosphamide
DA dopamine
DALY disability adjusted life years
DHP dihydropyridines
DM diabetes mellitus
DVT deep vein thrombosis
ECG electrocardiogram
EEG electroencephalogram
EGF epidermal growth factor
EMF endomyocardial fibrosis
EOA effective orifice area
EPS electrophysiologic studies
FGF fibroblast growth factor
FS fractional shortening
GPI glycoprotein inhibitor
HCM hypertrophic cardiomyopathy
HDL high density lipoprotein (HDL2)
HMG-CoA 3-hydroxy-3-methylglutaryl-coenzyme A
HOCM hypertrophic obstructive cardiomyopathy
HRT hormone replacement therapy

IC intracoronary
ICD implantable cardioverter defibrillator
ICH intracerebral hemorrhage
IDC idiopathic dilated cardiomyopathy
IDL intermediate density lipoprotein
IE infective endocarditis
IFN-� interferon gamma
IGF insulin-like growth factor
IGT impaired glucose tolerance
IL interleukin
IM intramuscular
INR international normalization ratio
IQR interquartile range
IV intravenous
LAE left atrial enlargement
LBBB left bundle branch block
LDL low density lipoprotein
LDL-C low density lipoprotein cholesterol
LMWH low molecular weight heparin
Lp(a) lipoprotein
LQTS long QT syndrome
LV left ventricular
LVE left ventricular enlargement
LVEF left ventricular ejection fraction
LVH left ventricular hypertrophy
MCP monocyte chemoattractant protein
MHC major histocompatibility complex
MHS Milan Hypertensive Strain
MI myocardial infarction
MPA medroxyprogesterone acetate
MRI magnetic resonance imaging
MUFA monounsaturated fatty acid
NA not available
NHLBI National Heart Lung Blood Institute
NINDS National Institute of Neurologic Disease and Stroke
NNT number needed to treat
NSAIDs non-steroidal anti-inflammatory drugs
NSTEMI non-ST-segment elevation myocardial infarction
NYHA New York Heart Association
OR odds ratio
P probability
PAI plasminogen activator inhibitor
PCI percutaneous coronary intervention
PCR polymerase chain reaction
PDGF platelet derived growth factor
PE pulmonary embolism
PET positron emission tomography
PPCM peripartum cardiomyopathy
PSVT paroxysmal supraventricular tachycardia
PTA percutaneous transluminal angioplasty
PTCA percutaneous transluminal coronary angioplasty
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PUFA polyunsaturated fatty acid
PVC premature ventricular complex
RCT randomized controlled trial
RFLP restriction fragment length polymorphisms
ROSC return of spontaneous circulation
RRR relative risk reduction
rtPA recombinant tissue plasminogen activator
RV right ventricular
RVEF right ventricular ejection fraction
RVF right ventricular enlargement
RVH right ventricular hypertrophy
SAECG signal-averaged ECG
SC subcutaneous
SK streptokinase
SMC smooth muscle cells
SFA saturated fatty acid
SFA superficial femoral artery
STEMI ST-segment elevation myocardial infarction
TEA thromboendarterectomy

TEE transesophageal echocardiography
t-FA trans fatty acid
TGF transforming growth factor
TIA transient ischemic attack
TIMI Thrombolysis in Myocardial Infarction
TMP TIMI myocardial perfusion
TNF tumor necrosis factor
TNK tenecteplase
tPA tissue plasminogen activator
TTE transthoracic echocardiography
UK urokinase
v versus
VF ventricular fibrillation
VPD ventricular premature depolarization
VSD ventricular septal defect
VT ventricular tachycardia
VTE venous thromboembolism
VUI venous ultrasound imaging
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GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.
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Introduction

In 1836 the editor of the American Journal of Medical
Sciences, Elisha Bartlett, heralded a study as “one of the
most important medical works of the present century, mark-
ing the start of a new era in science”.1 What evoked such
praise and suggested a paradigm shift was Dr Pierre Louis’
systematic collection and numerical presentation of data on
bloodletting. Louis adopted a baconian approach of collect-
ing vast amounts of data on a large number of patients (by
the standards of the early 1800s), which allowed him to 
systematically evaluate the efficacy of bloodletting. Louis
argued that large numbers of patients and enumeration
were necessary to equalize differences between treatment
groups, as “by so doing, the errors (which are inevitable),
being the same in two groups of patients subjected to differ-
ent treatment, mutually compensate each other, and they
may be disregarded without sensibly affecting the exactness
of the results”.2 Louis subsequently went on to state: “a
therapeutic agent cannot be employed with any discrimi-
nation or probability of success in a given case, unless its
general efficacy, in analogous cases, has been previously
ascertained”, and thus, “without the aid of statistics nothing
like real medicine is possible”.3

The prevailing concept of illness at the time was that the
sick were contaminated, whether by some toxin or conta-
gion, or by an excess of one humour or another. This under-
standing of illness contained within it the idea that these
states were improved by opening a vein and letting the sick-
ness run out. Louis’ finding that bloodletting hastened the
death of the ill was a bombshell. George Washington had
2·4 liters of blood drained from him in the 15 hours prior to
his death: he had been suffering from a fever, sore throat
and respiratory difficulties for 24 hours.4 Some have stated
that in this way Washington was murdered.5–7

Although this is a relatively recent example, the plea for
comparative evaluation was mentioned as early as the Old
Testament. Throughout history there have been repeated
exhortations to quantify medical or health problems and to
compare outcomes in patient groups managed differently, with
the goal of setting state policy or assisting individual physicians.

In this chapter we will discuss what evidence-based med-
icine is, and then discuss an approach to evidence-based

decision making. We will use a clinical case to highlight the
components of this approach, which include clinical state
and circumstances, patients’ preferences and actions,
research evidence, and clinical expertise. At the end of the
chapter we will review the application of these components
of evidence-based decision making as they apply to our
patient, and provide a decision aid that can be used in such
a case.

What is evidence-based medicine?

Although the foundations for evidence-based medicine were
laid over several centuries, an explicit philosophy, with its
attendant concepts, definitions and models, has been largely
developed as a formal doctrine over the last few decades.
Evidence-based medicine is about solving clinical problems.
Initially, the focus of evidence-based medicine was largely to
find the best objective quantifiable research evidence relevant
to the particular problem, and to apply that evidence in resolv-
ing the particular issue.8 This early focus de-emphasized
“intuition, unsystematic clinical experience, and pathophysi-
ologic rationale as sufficient grounds for clinical decision
making” and stressed “the examination of evidence from cli-
nical research”.9 Subsequent versions have emphasized that
research evidence alone is never sufficient to make a clinical
decision.10 Research evidence by itself rarely tells us what to
do in individual situations, but rather it provides useful infor-
mation that allows us to make more informed decisions.
Clinicians must always view evidence in the context of the
individual patient, and then weigh the potential benefits ver-
sus the risks, costs and inconveniences. Ideally the patient’s
values and preferences take precedence10 (Figure 1.1).

Figure 1.1 is based on the first edition of Evidence-based
medicine11 and was published in an editorial that appeared
in ACP Journal Club and Evidence-Based Medicine in
1996, along with the definition: “Evidence-based medicine
is the conscientious and judicious use of current best evi-
dence from clinical care research in the management of
individual patients”.12 The editorial also included the caveat
that the definition of evidence-based medicine would evolve
as new types of information emerged, and would therefore
be continuously refined. The concepts of evidence-based
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medicine have evolved considerably and the initial model
has recently been enhanced,8 especially for what is meant
by clinical expertise and the additional consideration of clin-
ical situation and circumstances. In the next section we use
this new model of “evidence-based clinical decisions” to
help resolve a common clinical scenario.

Approach to evidence-based clinical 
decision making

New model for evidence-based clinical 
decisions (Figure 1.2)

Figure 1.2 depicts the evolution of the model for evidence-
based clinical decisions,8 which has more recently been
redefined as “the integration of best research evidence with
clinical expertise and patient values”.13 This model repre-
sents a desirable approach as to how all clinical decisions
should be made. However, we acknowledge that, at pres-
ent, many clinical decisions are not made in this way. For
instance, at present, clinicians’ individual preferences (as
distinct from clinical expertise) often play a large role in
their actions, leading to large “practice variations” in man-
aging similar cases. When faced with critically ill patients
with identical circumstances, different clinicians may,
according to their preferences, institute aggressive life-
prolonging interventions or withdraw life support.14 Our
model acknowledges that patients’ preferences should be
considered first and foremost, rather than clinicians’ prefer-
ences, whenever it is possible to do so.

In Figure 1.2, the “clinical state and circumstances” of
the patient replace “clinical expertise” as one of the key 
elements in clinical decisions, “patient preferences” is
expanded to include patients’ actions, and this element is
reversed in position with “research evidence”, signifying its
frequent precedence. Integrating all three aspects requires
judgment and clinical expertise, thus constituting a fourth
overarching element. We will describe each of the compo-
nents, and the role of clinical expertise in integrating them.

Clinical state and circumstances

A patient’s clinical state and circumstances often play a
dominant role in clinical decisions. Clinical trials provide 
us with results reflective of the average patient within 
the treatment groups of the trial, but rarely is a patient in
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Clinical expertise

Patient preferencesResearch evidence

Figure 1.1 Early model of the key elements for evidence-
based clinical decisions

Clinical scenario A family physician refers a patient requesting your input on the issue of antithrombotic therapy.
The patient is an 80 year old man with a history of hypertension who 10 months ago, on rou-
tine examination, was diagnosed with atrial fibrillation. The patient suffered a major gastroin-
testinal bleed, requiring hospitalization, urgent endoscopy, and a transfusion the day after his
atrial fibrillation was discovered (the patient had not started any antithrombotic therapy prior to
his bleeding episode). He had, however, been receiving a non-steroidal anti-inflammatory drug
(NSAID) for osteoarthritis. The patient has been free of any gastrointestinal symptoms since his
bleed and has successfully avoided using an NSAID by using acetaminophen. Eight months ear-
lier the patient’s echocardiogram demonstrated normal valvular and left ventricular function
and a left atrial measurement of 6·5 cm. Based on the duration of atrial fibrillation and the size
of his left atrium, you decide that cardioversion is not an option. The patient is very worried
about having a stroke, as his wife was left dependent on him for 2 years prior to her death fol-
lowing a major stroke. The referring physician, who recently had a patient who suffered a seri-
ous gastrointestinal bleed while on warfarin, is very concerned about the risk of bleeding, given
this patient’s age and recent history of gastrointestinal bleeding.



clinical practice the same as the average patient from a clin-
ical trial. Individual patients have unique characteristics that
typically put them at lower or higher risk of the outcome or
treatment side effect than the average patient in the trial. As

such, optimal clinical decisions should be individualized to
the patient’s clinical state. A patient who is at very high risk
of a future vascular event, but at low risk of any complica-
tion from a drug (for example, a patient with a low density
lipoprotein value of 8·0 mmol/l post myocardial infarction
and no contraindication to statin therapy), or conversely a
patient who is at low risk of the outcome and high risk of a
treatment’s complications (for example, a 40 year old man
with atrial fibrillation without any associated stroke risk fac-
tors who has experienced a recent major gastrointestinal
bleed), may find their clinical state dominating the clinical
decision making process.

It is notable that the circles of clinical state and circum-
stances and research evidence overlap. Frequently research
evidence can inform us about the influence of the clinical
state and circumstances. Considering our patient, the pooled
data from five randomized controlled trials (RCTs) evaluating
the efficacy of warfarin in patients with non-valvular atrial
fibrillation (NVAF) demonstrated an average annual stroke
rate of 4·5% and a major bleeding rate of 1% in patients not
receiving antithrombotic therapy.15 The investigators who
combined the five RCTs used the control patient data to
develop a clinical prediction tool to estimate the annual risk
of stroke. Independent risk factors that predicted stroke in
control patients were increasing age, a history of hyperten-
sion, diabetes, and prior stroke or transient ischemic attack
(TIA).15 Our patient’s annual risk of stroke is predicted to be
about 8%, which is higher than that of the average control
patient in the five RCTs, whose annual stroke rate was
4·5%.15 Similarly, a clinical prediction tool has been devel-
oped for predicting the risk of major bleeding (defined as the
loss of two units of blood within 7 days, or life-threatening
bleeding) while taking warfarin therapy.16 Independent risk
factors that predict major bleeding in patients taking warfarin
include age �65, history of stroke, history of gastrointestinal
bleeding, recent myocardial infarction, anemia, renal failure
and diabetes. (Note that many of the factors that predict a
higher risk of stroke also increase the risk of bleeding.) Our
patient’s annual risk of major bleeding of 8% also differs from
that of the average patient receiving warfarin in the five
RCTs, whose annual risk of major bleeding was 1·3%. We are
unaware of any clinical prediction tool for predicting major
bleeding while taking aspirin, and the atrial fibrillation trials
had inadequate power to estimate this. However, based on
the results of the meta-analysis by the antithrombotic trial-
ists’ collaboration, we would expect aspirin to increase the
risk of major bleeding from 1% to about 1·3% on average.17

The clinical circumstances in which you and your patient
find yourselves (for example, your ability to administer and
monitor a treatment) may be very different from those of an
RCT. For example, the patient may not be able to obtain fre-
quent tests of the intensity of anticoagulation. However, for
a patient with the same clinical characteristics, we can fre-
quently optimize clinical circumstances to decrease the risk
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of an outcome or treatment side effect. For example, we can
decrease the risk of bleeding due to warfarin therapy by
more intensive monitoring. Thus, an “evidence-based” deci-
sion about anticoagulation for a patient with atrial fibrilla-
tion is not only determined by the demonstrated efficacy of
anticoagulation and its potential adverse effects,18 but will
vary based on the patient’s clinical state and according to
individual clinical circumstances.

Patients’ preferences and actions

Patients may have no views or, alternatively, unshakable
views, on their treatment options, depending on their con-
dition, personal values and experiences, degree of aversion
to risk, healthcare insurance and resources, family, willing-
ness to take medicines, accurate or misleading information
at hand, and so on.8 Accordingly, individuals with very sim-
ilar clinical states and circumstances may choose very differ-
ent courses of action, despite being presented with the same
information about the benefits and risks of an intervention.

For our patient with NVAF, research evidence informs us
about the differing preferences of patients and their physi-
cians for antithrombotic therapy in atrial fibrillation when
they weigh the competing risks of stroke and bleeding.19 In
this study,19 participants (that is both physicians and patients)
reviewed flip charts describing in detail the acute and long-
term consequences of a major and minor stroke and a major
bleeding event. Participants were instructed that the likeli-
hood of a minor or major stroke was equal. The participants
then underwent a probability trade-off technique which
determined the minimum number of strokes that needed to
be prevented before the participant felt antithrombotic ther-
apy was justified (this value was determined for both war-
farin and aspirin), given the associated increased risk of
bleeding, costs and inconveniences. The same technique
was also used to determine the maximum number of excess
bleeds the participant would consider to be acceptable with
antithrombotic therapy (determined both for warfarin and
aspirin), given the benefits in terms of stroke reduction with
this therapy. This study demonstrates significant variability
between physicians and patients in their weighing of the
potential outcomes associated with atrial fibrillation and its
treatment. Patients required less stroke reduction and were
more tolerant of the risk of bleeding than physicians. For
example, on average, patients were willing to accept the risk
of 17 extra major bleeding events in 100 patients over a 
2 year period if warfarin prevented eight strokes among
these 100 patients. Physicians, however, were only willing to
accept 10 major bleeding events for the same level of benefit.
Furthermore, physicians varied significantly in how much
bleeding risk they thought was acceptable for a given stroke
reduction associated with an antithrombotic agent. Hence
different physicians would make very different recommenda-
tions to the same patient with identical risks of bleeding and

stroke. This underscores the importance of having patient
values and preferences drive clinical decision making. It is
the patient who is at risk of the outcome and so, when will-
ing and able, they should be the one to weigh the potential
benefits versus the risks, costs and inconveniences.

There is debate regarding the optimal way to elicit and
incorporate patient preferences into clinical decision mak-
ing. One method is to discuss the potential benefits and
risks with a patient and then qualitatively incorporate your
impression of the patient’s preferences into the clinical deci-
sion. Alternatively, at least two quantitative approaches
exist: decision analytic modeling and probability trade-off
technique. In a decision analytic model, a standard gamble,
time trade-off or visual analog scale technique is used to
determine the utility (patient value/preference) of the vari-
ous outcomes. This information is then fed into a decision
tree that includes the probabilities of the outcomes for all
clinical decisions being considered. Using the decision tree,
calculations are undertaken to determine what course of
action optimally fits the patient’s preferences. The probabil-
ity trade-off technique presents patients with the probabili-
ties for the various interventions being considered and then
asks them to make a decision based on this information.
This allows a direct and quantitative incorporation of the
patient’s preferences.

Proponents of decision analytic modeling question
whether patients can understand probabilities to allow the
appropriate incorporation of their preferences. Proponents
of probability trade-off techniques wonder if a measure of
utility (that is preference) in the absence of probabilities is
meaningful. Only one study has directly compared decision
analytic modeling with a probability trade-off technique.20

This study focused on the primary prevention of stroke and
myocardial infarction with aspirin therapy in elderly
patients. Both methods (that is decision analysis and proba-
bility trade-off) were performed on all patients at separate
times. This study demonstrated that treatment recommen-
dations varied significantly, depending on which method
was used. After patients were presented with their indi-
vidual treatment thresholds as determined by both methods,
over twice as many stated they would base their prefer-
ences on the results of the probability trade-off as opposed 
to the decision analysis.20 Further research is needed to
determine which of the models better represents patients’
self-interests.

Regardless of what their preferences may be, patients’
actions may differ from both their preferences and their cli-
nicians’ advice.21 For example, a patient may prefer to lose
weight, quit smoking and take their medications as pre-
scribed, but their actions may fall short of achieving any of
these objectives. Alternatively, they may follow the treat-
ment as prescribed, even if they resent its imposition,
adverse effects and costs. Unfortunately, clinicians’ esti-
mates of their patients’ adherence to prescribed treatments
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have no better than chance accuracy.22 Thus, physicians’
decisions for care will better meet the model’s specifications
if they are able to assess whether their patients will follow,
or are following, their prescriptions.22

We recognize that at present patients’ preferences are
rarely formally incorporated in clinical practice. This may be
related to lack of physician training in these approaches, a
reluctance to tread unfamiliar ground, and also in many cir-
cumstances the lack of accurate quantitative information on
risk and benefits, as well as clinical risk prediction tools.
However, this is likely to change rapidly as clinical models
can be derived from large databases and handheld computers
can be utilized to quantify risks and benefits at the bedside.

Research evidence

We support a very broad definition of research evidence,
namely, “any empirical observation about the apparent rela-
tion between events”.23 In keeping with this definition,
research evidence includes everything from the unsystem-
atic observation of a single physician to a systematic review
of large RCTs. Not all evidence is created equal, and hence
there is a hierarchy of evidence that varies depending on
whether one is addressing a diagnostic, prognostic or thera-
peutic decision. We will focus on the hierarchy of evidence
for therapeutic decisions (Box 1.1).23

Box 1.1 Hierarchy of evidence for treatment decisions*
Coherence of evidence from multiple sources
Systematic review of several well designed, large randomized
controlled trials
Single large randomized controlled trial
Systematic review of several well designed small randomized
controlled trials
Single small randomized controlled trial
Systematic review of several well designed observational
studies
Single observational study
Physiologic studies
Unsystematic observation from a physician

* This hierarchy cannot be rigidly adhered to. At times a sin-
gle observation may be very powerful (for example, defibrilla-
tion for ventricular fibrillation), or observational studies may
provide unequivocal evidence (for example, smoking cessation
and lung cancer). However, in most cases where treatment
effects may be moderate, outcomes variable or the clinical
course unpredictable, the proposed hierarchy is useful.

All evidence has value, and the best evidence available in
the hierarchy should be given appropriate consideration,
even if not at the top of the hierarchy. Therefore, the unsys-
tematic observations of colleagues should not be dismissed
when no higher level evidence exists. Indeed, unsystematic
observations can lead to many important insights, and expe-
rienced clinicians usually develop a respect for the insights

of their astute colleagues. However, it is equally important
to recognize that unsystematic observations are commonly
limited by the small number of observations, variability in
outcomes, lack of objectivity, and the difficulties in integrat-
ing (for example, taking into account the natural history of a
disorder, placebo effect, and a patient’s desire to please) and
drawing inferences from observations.24

All evidence has limitations. Although the majority of
advances in medicine are initially uncovered through indi-
vidual observations, physiologic studies, observational stud-
ies or randomized controlled trials evaluating surrogate
endpoints, there have also been several extremely mislead-
ing findings that have, at times, resulted in harm. It is impor-
tant to remember that contradictory results across studies
on the hierarchy of evidence table are not isolated to one or
two instances (Table 1.1).

Perhaps the most powerful example is the story of anti-
arrhythmic therapy. Despite encouraging evidence that
encainide and flecainide could prevent premature ventricular
beats, a large RCT demonstrated a higher mortality rate with
these drugs than with placebo, such that these drugs resulted
in an extra death for every 20 patients treated with encainide
or Flecainide.39 It is estimated that more Americans were
killed by these drugs than died in the Vietnam War.40

Ideally, we would have evidence from all levels of the
hierarchy and the evidence would be coherent across all
levels. This would represent the most persuasive evidence.
However, this rarely happens, as even RCTs may by chance
frequently demonstrate contradictory findings, especially
when they are small. Therefore, physicians should always
aim for the highest level of evidence for clinical decision
making. Clinicians can still make strong inferences, particu-
larly when there is evidence from a systematic review of
several well designed large RCTs, or simply a large single
pragmatic RCT. The RCT is such a powerful tool because
randomization is our only means to reduce bias in treatment
comparisons by controlling for unknown prognostic
factors.41 Therefore, RCTs have the potential to provide the
most valid (that is likelihood that the trial results are unbi-
ased) estimates of treatment effect.42 Furthermore, large
RCTs with broad eligibility criteria enhance the generaliz-
ability of their findings.

An n of 1 randomized controlled trial is an RCT where
individual patients are randomized to pairs of treatment
periods, such that they receive the experimental treatment
during one period and a placebo during the other.43 Both
patients and healthcare providers are blind to which period
is the experimental and which the placebo. Patients con-
tinue undergoing pairs of treatment periods until they and
the healthcare providers become convinced that the experi-
mental intervention either does or does not work.43 The
advantage of an n of 1 RCT is that it provides evidence
directly from the patient. However, this method is applica-
ble only in a disease state that has limited fluctuation, and
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for treatments that can be crossed over (for example, short-
acting medical treatments rather than surgery) and which are
targeted at symptom relief and quality of life, as opposed to
serious outcomes such as myocardial infarction and death.
Even then, n of 1 RCTs are not feasible for many patients
because of lack of infrastructure to support them, such as a
pharmacy that is able and willing to provide matching place-
bos. Also, short-term symptomatic effects of treatments 
may differ from their long-term effects, so that n of 1 trials
may provide misleading answers. Similarly, if side effects
occur only after prolonged treatment (for example, during to
drug accumulation, as with amiodarone), then short-term
crossover studies (which is what n of 1 trials are) may not
identify the full risks associated with a treatment. As such,
there has been limited implementation of n of 1 RCTs in car-
diology, but they represent a unique opportunity (when possi-
ble and applicable) to obtain individual patient level evidence.

Considering our case of the patient with NVAF, the high-
est level of evidence comes from a systematic review of all
the RCTs that have evaluated antithrombotic therapy in
patients with atrial fibrillation.18 This study demonstrates
that warfarin reduces the relative of stroke (ischemic and
hemorrhagic) by 62%, and aspirin by 22%.

Considering the risk of bleeding associated with warfarin
therapy, there is an RCT that demonstrates a 50% decrease
in the risk of bleeding if a patient is willing to undergo edu-
cation, training and self-monitoring of prothrombin time.44

Clinical expertise

Evidence-based decision making requires clinical expertise to
establish and balance the patient’s clinical state and circum-
stances, preferences and actions, and the best research evi-
dence. Before a therapeutic decision can be considered,
clinical expertise is required to get the diagnosis and progno-
sis right. As shown above, clinical prediction tools can be
extremely helpful in determining a patient’s prognosis, but
they are unlikely to eliminate the need for sound clinical judg-
ment acquired through clinical experience. Sizing up the 
clinical circumstances has never been more challenging, as
commonly there exist several potential interventions, some 
of which require technical expertise for their effective and
safe delivery. Getting the evidence right requires the skill 
to identify, evaluate and apply the evidence appropriately.
Communicating with patients has always been considered
important. This takes on greater importance as there is a
growing desire on the part of patients to be involved in deci-
sions relating to their health. Expertise is required to provide
patients with the information they need, to elicit their prefer-
ences, and to incorporate those preferences into the decision.

Currently there is no consensus on how this information
should be presented to patients and how their preferences
should be incorporated. However, we know that informa-
tion should not be presented in relative terms (for example,
warfarin will decrease your risk of stroke by 62%) because
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Table 1.1 Some examples of contradictory results across studies at various positions in the hierarchy of evidence

Results from lower level evidence Results from higher level evidence

Milrinone demonstrated improvement in left ventricular A large RCT26 and meta-analysis of several RCTs27

function during exercise25 demonstrated a 28% relative increase in mortality with
milrinone compared to placebo

An observational study of extracranial to intracranial bypass A large RCT demonstrated a 14% relative increase in the 
surgery suggested a “dramatic improvement in the risk of fatal and non-fatal stroke in patients undergoing this
symptomatology of virtually all patients” undergoing the procedure compared to medical management29

procedure28

A meta-analysis of 16 cohort studies and 3 cross-sectional A moderate-sized secondary prevention RCT did not 
angiographic studies (including studies of women demonstrate any reduction in coronary heart disease
with known coronary artery disease) demonstrated events but did demonstrate an increase in thromboembolic
a relative risk of 0·5 (95% CI 0·44–0·57) for coronary artery events in patients receiving estrogen.31

disease among women taking estrogen30 Preliminary reports from an ongoing very large RCT 
(Women’s Health Initiative) indicate an increased risk of 
MI and strokes in the first 2 years of estrogen therapy32

A secondary analysis of an RCT suggested that lower doses A large prospective RCT showed a higher risk of 
of ASA were associated with a higher risk of perioperative perioperative stroke, myocardial infarction or death
stroke and death in patients undergoing carotid with high-dose ASA33

endarterectomy33

A physiologic study demonstrated that � blockers result A meta-analysis of 18 RCTs35 and 3 large trials (CIBIS�2,36

in a decline in ejection fraction and increases in end-diastolic MERIT-HF37 and COPERNICUS38) in patients with heart
volume in patients with prior myocardial infarction34 failure found a 32% relative risk reduction in death

in patients receiving � blockers



patients assume their baseline risk is 100% even when they
are instructed it is not.45 A recent systematic review of RCTs
that compared decision aids (that is interventions designed to
help people make specific choices among options by provid-
ing information on those options and outcomes relevant to
the patient’s health) to traditional ways of involving/informing
patients in decision making46 demonstrated that decision
aids, as opposed to usual care, improved the average knowl-
edge scores of patients for the options and outcomes by 20%
(95% CI 13–25), reduced decisional conflict scores (that is
patients felt more certain, informed, and clear about values in
their decision), and increased patient participation in decision
making.46 Where available, decision aids provide a potential
means to facilitate information presentation, incorporation of
preferences, and participation in the decision-making process.

The varying roles of the components of 
evidence-based clinical decisions

Depending on the circumstances, any of the circles in the new
model could predominate. Varying the size of the circles to
reflect their actual contribution to the clinical decision could
portray this visually. Sometimes the clinical state or circum-
stance dominates the clinical decision. For example, a patient
who is at very high risk of an outcome and low risk of a com-
plication may have their clinical state dominate the decision-
making process. A patient living in a remote area may not
have access to anticoagulation monitoring, and this would
probably dominate the decision-making process. Patient’s pref-
erences can be so strong that they act as the driving factor in
the decision-making process. For example, some patients will
not take blood products regardless of the clinical situation.
Research evidence can be the main factor in decision making
when the benefit of an intervention is moderate to large in size
and the risk of treatment small, as with � blocker therapy in
patients post myocardial infarction, ACE inhibitors in coronary

artery disease or heart failure, or cholesterol lowering with
statins. Finally, clinical expertise can predominate, especially
when it is related to technical capabilities.

Application to our patient

For our patient the evidence would suggest an 8% annual
risk of stroke and 1% risk of major bleeding without any
antithrombotic therapy. With warfarin therapy we would
expect the annual risk of stroke to decrease to 3% and the
risk of major bleeding to increase to 8%. This latter could be
reduced to 4% if the patient were willing to undergo self-
monitoring of their prothrombin time and an education pro-
gram, as discussed above.44 With aspirin therapy we would
expect the annual risk of stroke to decrease to 6% and the
risk of major bleeding to increase to 1·3%.

As discussed above, there is no consensus on how to pres-
ent this information to our patient or how to incorporate his
preferences. We have provided a decision aid for patients
that describes atrial fibrillation (Table 1.2), a major and
minor stroke (Table 1.3), a severe bleed (Table 1.4), and a
probability trade-off for no treatment, aspirin and warfarin
therapies (Figure 1.3). The descriptions of major and minor
stroke and a severe bleed are slight modifications of the
descriptions developed and tested by Man-Son-Hing and col-
leagues.47 We have also individualized the probability trade-
off for our patient, with the knowledge that he would
undergo self-monitoring of his prothrombin time if he
decided to take warfarin therapy (Figure 1.4).

Once this evidence-based clinical decision is reached our
job is not over. The patient will need monitoring to ensure
he is able to follow through on his clinical decision. One
advantage of the decision aid provided (including his indi-
vidualized probability trade-off) is that the patient can take
the information home and does not have to rely on his
memory to recall the facts discussed during your meeting.
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Table 1.2 Atrial fibrillation: the most common disorder of the heartbeat

Risk Chances of developing atrial fibrillation increase with age and it occurs in approximately 10% of all people 
above the age of 75

Physical Irregular and usually rapid beating of the heart, sensed as a fluttering in the chest. Some patients feel
symptoms no symptoms and are unaware that they have atrial fibrillation

Complications Stroke
● Atrial fibrillation increases the risk of a clot developing in the heart. This clot can be swept up towards the

brain, causing a stroke
● The chance of developing a stroke with atrial fibrillation increases with either age greater than 65 years,

high blood pressure, diabetes, heart failure, or a history of strokes or “mini-strokes”
● The risk of developing a stroke with atrial fibrillation varies, depending on how many of these risk factors

you have
Treatment ● There are medications that thin the blood, which help to prevent clots and therefore stroke

● Because the blood is thinned there is an increased risk of bleeding



Limitations of evidence-based clinical 
decision model

This model does not consider the important roles that soci-
ety, governments or healthcare organizations can play in
decision making. We deliberately restricted ourselves to
decisions made by patients and their healthcare providers to
allow a focused exploration of the issues involved in their
immediate decision making process. However, a healthcare

organization may pre-empt these decisions. For example,
not funding primary percutaneous transluminal coronary
angioplasty in acute myocardial infarction can have an enor-
mous impact on health outcomes, and will impose a clinical
decision on all patients and physicians by eliminating this
option. Physicians will have to factor in such issues when
considering their patient’s clinical circumstances.

Evidence-based Cardiology
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Table 1.3 Strokes can be minor or major in severity. If you have a stroke as a result of atrial fibrillation, your
chance of having a minor or major stroke are equal

Minor stroke Major stroke

Physical symptoms You suddenly cannot move or feel one arm You suddenly are unable to move one arm and one leg
and one leg You cannot swallow

Mental symptoms You are unable to fully understand what is You are unable to understand what is being said
being said to you You are unable to speak

You have difficulty expressing yourself

Pain You feel no physical pain You feel no physical pain

Recovery You are admitted to hospital You are admitted to hospital
Your weakness, numbness and problem with You cannot dress
understanding improve, but you still feel The nurses feed you
slightly weak or numb in one arm and one leg You cannot walk

You are able to do almost all of the activities After 1 month of physiotherapy you are able to wiggle 
you did before the stroke your toes and lift your arm off the bed

You can function independently
You leave the hospital after 1 week You remain this way for the rest of your life

Further risk You have an increased risk of having more Another illness will probably cause your death
strokes

Table 1.4 Severe bleeding while taking warfarin or ASA: an example of a stomach bleed

Physical You feel unwell for 2 days, then suddenly you vomit blood

Treatment You are admitted to hospital
You stop taking warfarin or ASA
A doctor puts a tube down your throat to see where you are bleeding from
You receive sedation to ease the discomfort of the test
You do not need an operation
You receive blood transfusions to replace the blood you lost

Recovery You stay in hospital for 1 week
You feel well at the end of your hospital stay
You need to take pills for the next 6 months to prevent further bleeding
After that you are back to normal

Bleeding from the stomach is the most common type of serious bleeding while taking warfarin or
ASA; however, rarely other serious forms of bleeding can occur, such as bleeding within the head
after a fall.
Warfarin or ASA can also cause minor bleeding, including bruising and nose bleeds.
Taking warfarin can mean costs and inconvenience to yourself and family. For example: need for
blood tests; parking/transportation; cost of warfarin.
Taking ASA can mean costs to yourself.
For example: cost of ASA.



What is evidence-based cardiology?

11

Without any blood thinning medication
Chance of stroke over next 2 years
is
Chance of severe bleeding over next 2 years
is out of 100 is out of 100

out of 100

ASA
Chance of stroke over next 2 years
is
Chance of severe bleeding over next 2 years

out of 100

is out of 100

Warfarin
Chance of stroke over next 2 years
is
Chance of severe bleeding over next
2 years

out of 100

Without any blood thinning medication
Chance of stroke over next 2 years
is
Chance of severe bleeding over next 2 years
is out of 1001 1·3is out of 100 (i.e.13 out of 1000)

out of 1008 6

ASA
Chance of stroke over next 2 years
is
Chance of severe bleeding over next 2 years

out of 100

is out of 1004

Warfarin
Chance of stroke over next 2 years
is
Chance of severe bleeding over next
2 years

out of 1003

Figure 1.3

Figure 1.4



Conclusions

The foundations for evidence-based medicine have been
established over the centuries but the specific philosophies,
concepts, definitions and models have essentially evolved
over the past few decades. Evidence-based medicine is
about solving clinical problems. Evidence-based decision
making depends upon utilizing clinical expertise to integrate
information about a patient’s clinical setting and circum-
stances with the best research evidence while incorporating
the patient’s preferences and actions.
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There have been numerous technological advances made in
the diagnosis and treatment of cardiovascular disease. In spite
of this, a carefully conducted clinical examination remains the
cornerstone in the initial assessment of the patient with
known or suspected cardiovascular disease. Before conduct-
ing further laboratory or radiologic diagnostic tests, clinicians
implicitly consider each piece of historical information and
each finding from the physical examination as a diagnostic
test that increases or decreases the probability of the possible
diagnoses. The competency and accuracy of the clinical
examination is therefore crucial, for it serves as the basis for
our judgment regarding not only diagnosis, but prognosis and
therapy as well.

This chapter is not intended to provide details of how to
perform a cardiovascular history and physical examination,
and should be read in conjunction with standard textbooks
on cardiology to obtain such information. Instead, we will
provide the reader with the tools to identify those features
of the history and physical examination reported in the liter-
ature which are the most reliable and valid in assessing a
patient with cardiovascular disease. We will focus on strate-
gies to locate literature on the clinical examination, as well
as guidelines to assess the quality of those studies. These
techniques will then be applied to three common features of
the cardiovascular history, namely chest pain, dyspnea and
syncope, as well as common features of the physical exami-
nation, including assessment of the apical impulse, the third
heart sound, central venous pressure, systolic murmurs,
blood pressure and arterial pulse. We would also encourage
the reader to access The Rational Clinical Examination
series published in the Journal of the American Medical
Association for further reviews on various aspects of the
cardiovascular physical examination.1–9 The following top-
ics will be covered in this chapter:

● Strategies used to locate literature on clinical 
examination

● How to critically appraise this literature
● Application of the above in the cardiovascular history

(chest pain, dyspnea, syncope)
● Application of the above in the cardiovascular physical

examination (apical impulse, central venous pressure,
systolic murmurs, blood pressure, arterial pulse).

Strategies used to locate literature on 
clinical examination

There are no validated strategies for locating precise and accu-
rate information on obtaining a cardiovascular history and
conducting a physical examination. A proposed strategy for
searching the MEDLINE database is summarized in Box 2.1.
This is the method suggested for authors of the Rational
Clinical Examination series appearing in the Journal of the
American Medical Association.10 The first terms capture the
clinical topic of interest by specifying the disease or presenta-
tion or function/dysfunction being sought. The second
group of terms seeks clinical skills articles. The third group of
terms is intended to find articles of high methodologic qual-
ity. An efficient strategy to locate high-quality articles would
be to combine the first two groups of terms with “diagnosis
(pre-exploded)” to maximize sensitivity, or with “sensitivity
(textword)” to maximize specificity. This is an extension of
the method suggested by the ACP Journal Club for finding
high-quality articles on diagnostic tests in general.11

Box 2.1 Search strategy for clinical skills articles using
MEDLINE
Group 1 terms
Term(s) for clinical entity of interest (for example, syncope,
myocardial infarction) combined with (AND)*
Group 2 terms
● Physical examination (exploded; in title, abstract or subject

heading)
● Medical history-taking (exploded)
● Professional competence (exploded)
● Diagnostic tests, routine
● Combined with (OR)*
Group 3 terms
● Sensitivity and specificity (textword; exploded)
● Reproducibility of results
● Observer variation
● Decision support techniques
● Bayes’ theorem
*AND and OR represent Boolean terms (symbolic represen-
tation of relationships between sets) for combining items.

Any comprehensive search for relevant articles should
include a review of reference lists from the articles found and

2 A critical appraisal of the cardiovascular
history and physical examination
Akbar Panju, Brenda Hemmelgarn, Jim Nishikawa, Deborah Cook,
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review articles on the topic, as well as textbooks on clinical
examination, and advice from clinicians interested in clinical
examination.

How to critically appraise the literature on
clinical examination studies

Having located articles on the cardiovascular clinical exami-
nation, one must carefully review each study to establish its
validity, or accuracy, prior to deciding whether the results
obtained will aid in establishing or ruling out a particular
diagnosis. We propose a strategy for evaluating the literature
on clinical examination based on a framework developed
for the Users’ Guides to the Medical Literature series.12

In assessing the validity of the study, and interpreting the
results, the following points should be considered.

● Are the results of the clinical examination study valid?

1. Was there an independent blind comparison with a
reference (gold) standard of diagnosis?

2. Was the clinical feature evaluated in an appropriate
spectrum of patients (like those in whom it would
be used in clinical practice)?

3. Was the reference standard applied regardless of
the result of the clinical feature?

4. Were the methods of performing the clinical features
described in sufficient detail to permit replication?

5. Was there a description of the experience of the
individuals doing the examination?

● What were the results?

1. Are likelihood ratios for the results presented, or
data necessary for their calculation provided?

2. Has there been consideration given to reproducibil-
ity, precision, and disagreement?

The application of the initial five guides will help the reader
determine whether the results of the study are likely to be
valid. If the results are deemed to be valid, the reader can then
go on to interpret the results presented, of which the likeli-
hood ratio (LR) is the most important index in determining
how good a particular diagnostic test is. The likelihood ratio is
the probability that the results of a test would be expected in a
patient with, as opposed to one without, the target disorder.

The application of these techniques for critically apprais-
ing the cardiovascular history and physical examination will
now be described.

Clinical features in the cardiovascular history

Chest pain

There are many causes of chest pain, including both cardiac
and non-cardiac conditions, as outlined in Figure 2.1.

Elucidating the cause of the pain is important for both man-
agement purposes and prognosis. To ensure that the appro-
priate intervention is undertaken in the clinical setting, it is
useful to classify patients presenting with chest pain into
three categories:

1. Patients with myocardial infarction
2. Patients with myocardial ischemia but no infarction
3. Patients with non-cardiac chest pain.

The characteristics of the chest pain may help differentiate
patients into the appropriate category. To identify features of
the pain that might aid in classifying patients into category 1,
myocardial infarction, we undertook a review of the litera-
ture using a search strategy similar to that outlined in the first
section above. Relevant articles identified from this search
were critically appraised using criteria outlined in the previ-
ous section. For the sake of relevance and clarity we have
chosen to present only the results of those features in which
a likelihood ratio of at least 2·0 or greater, or 0·5 or less, was
obtained. The five studies that meet this criterion provide the
best available evidence for identifying features of chest pain
which aid in the diagnosis of myocardial infarction.

As outlined in Table 2.1, the features of the pain that
increased the probability of a myocardial infarction included
radiation, pain in the chest or left arm, and chest pain
described as the most important symptom. Chest pain radia-
tion was the clinical feature which increased the probability
of a myocardial infarction the most, with a widespread distri-
bution of pain being associated with the highest likelihood
ratios. In particular, chest pain radiating to the left arm was
twice as likely to occur in patients with rather than without
an acute myocardial infarction, whereas radiation to the right
shoulder was three times, and radiation to both the left and
right arm seven times, as likely to occur in such patients. The
quality of the pain, including pain described as squeezing or
pressure, added little to establishing a diagnosis of myocar-
dial infarction, with likelihood ratios of less than 2.

Chest pain

Cardiac Non-cardiac

Non-ischemicIschemic

Angina Pericarditis Valvular Esophageal
spasm

Peptic
ulcer
disease

Gastro-
esophageal
reflux
disease

Aortic
dissection

Pneumothorax Pulmonary
embolism

Musculo-
skeletal

Somatoform
disorder: panic
attack

MIUnstable
angina

Gastro-
esophageal

Non-gastro-
esophageal

Figure 2.1 Cardiac and non-cardiac conditions presenting
with chest pain
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Features of the chest pain that decrease the probability of
myocardial infarction, and which therefore would be useful
in ruling out a myocardial infarction, are outlined in Table 2.2.
Pleuritic or positional chest pain, as well as chest pain
described as sharp or stabbing, decrease the likelihood of a
myocardial infarction. In addition, chest pain reproduced by
palpation on physical examination was also associated with
a low probability of myocardial infarction.

internists, with the lowest level of agreement between
nurse and questionnaire. Features of the chest pain associ-
ated with a lower probability of myocardial infarction,
namely pleuritic, positional and sharp chest pain, were typi-
cally associated with a modest level of agreement for all
comparisons (� 0·26–0·62).

Although cardiac catheterization remains the definitive
diagnostic procedure for allocating patients to category 2 –
that is, the presence of myocardial ischemia or coronary artery
disease – the character of the chest pain has also been identi-
fied as one of the most important clinical features in establish-
ing the diagnosis of coronary artery disease.19 The combination
of typical angina and a long duration of symptoms was par-
ticularly predictive of severe disease. Although this study
was undertaken in a very select group of patients (those
who underwent cardiac catheterization), similar results were
obtained from outpatients referred for non-invasive testing.20

After smoking, typical angina was the variable most strongly
associated with significant coronary disease (defined as �75%
luminal narrowing of at least one major coronary artery).
Subjects with typical angina were 13 times more likely to
have significant coronary disease than those without.

There are many causes of non-cardiac chest pain, as out-
lined in Figure 2.1, and each condition has its own charac-
teristic features and associated symptoms. It is beyond the
scope of this chapter to identify all these conditions.

Dyspnea

Dyspnea, defined as an uncomfortable awareness of breath-
ing, is a common complaint of both in- and outpatients.
Cardiac and pulmonary causes of dyspnea are most common,
with congestive heart failure, asthma and chronic obstructive
pulmonary disease accounting for most complaints.21

However, standard textbooks of internal medicine list over
30 different etiologies for dyspnea,22 often with multiple eti-
ologies explaining a patient’s symptoms. It is often taught that
the cause of dyspnea, of either the heart or the lungs, can be
differentiated at the bedside by thorough history-taking.
Unfortunately, such strategies to diagnose a cardiac cause for
the breathless patient have been incompletely studied.

Zema and coworkers23 looked at the value of symptoms
as predictors of left ventricular systolic dysfunction in
37 patients with a clinical diagnosis of chronic obstructive
pulmonary disease (COPD). Eliciting a symptom of dyspnea
on exertion predicted depressed left ventricular systolic func-
tion with a sensitivity of 100% and a specificity of 20%. The
symptom of orthopnea generated a sensitivity and specificity
of 71% and 65%, paroxysmal nocturnal dyspnea 47% and
75%, and ankle edema 41% and 75%, respectively. All fea-
tures were associated with a likelihood ratio of 2 or less. In
general the study was well conducted, but the value of the
results to the practicing clinician must be questioned. First,
the symptoms of shortness of breath attributed to the heart

Table 2.1 Features of chest pain that increase the
probability of a myocardial infarction

Clinical feature References LR (95% CI)

Chest pain radiation:
(R) shoulder Tierney et al14 2·9 (1·4–6·0)
(L) arm Berger et al13 2·3 (1·7–3·1)
both (L) and (R) arm Berger et al13 7·1 (3·6–14·2)

Pain in chest or (L) arm Pozen et al15 2·7*
Chest pain most important Pozen et al15 2·0*
symptom

Abbreviations: CI, confidence interval; LR, likelihood ratio
* Data not available to calculate CIs.

Table 2.2 Features of chest pain that decrease the
probability of a myocardial infarction

Clinical feature References LR (95% CI)

Pleuritic chest pain Tierney et al,14 0·2 (0·2–0·3)
Lee et al,16

Solomon et al17

Chest pain sharp or Tierney et al,14 0·3 (0·2–0·5)
stabbing Lee et al16

Positional chest pain Lee et al,16 0·3 (0·2–0·4)
Solomon et al17

Chest pain reproduced Tierney et al,14 0·2–0·4*
by palpation Lee et al,16

Solomon et al17

Abbreviations: CI, confidence interval; LR, likelihood ratio
* In heterogenous studies the likelihood ratios are reported
as ranges.

The precision in obtaining a chest pain history was
addressed by Hickman and colleagues,18 who assessed the
interobserver agreement in chest pain histories obtained by
general internists, nurse practitioners, and self-administered
questionnaires for 197 inpatients and 112 outpatients with
chest pain. The agreement between two internists for seven
of the 10 items, including location and description of the
pain, as well as aggravating and relieving factors, was sub-
stantial (�, a measure of chance-corrected agreement, was
0·50–0·89). Agreement was slightly lower between internist
and questionnaire, and between the nurse practitioners and



were only considered in the context of impaired left ventric-
ular (LV) systolic function. It is now generally agreed that
abnormalities in LV diastolic function also cause symptoms
of dyspnea. A better gold standard would perhaps have been
radionuclide ventriculographic evidence of both LV systolic
and diastolic dysfunction. The generalizability of the results
is also lessened by the fact that their definition of heart fail-
ure was a left ventricular ejection fraction (LVEF) �50%,
when in fact the target for treatment of patients with heart
failure is most often an LVEF of �40%. Finally, the study
was performed in patients who first had a clinical diagnosis
of COPD, when patients present with many causes of short-
ness of breath, not just COPD.

In summary, therefore, specific features when elicited in a
patient presenting with a complaint of dyspnea are of lim-
ited usefulness in making a definitive diagnosis of impaired
LV function.

Syncope

Little detailed evidence exists for either individual or clusters
of clinical examination findings in the evaluation of syncope.
In a prospective study of 433 syncopal patients presenting in
a university setting (emergency, in- and outpatients), the his-
tory and physical examination were found to identify 55%
(140) of the 254 causes ultimately found.24 Many of the non-
cardiac causes of syncope in this study were defined in clini-
cal terms, and so provided the “diagnostic standard” for
classification. The three most common non-cardiac causes
were “orthostatic hypotension” (systolic drop of more 
than 25 mmHg, or drop of more than 10 mmHg to less than
90 mmHg with symptoms), “situational” (situations included
cough, micturition and defecation, and required appropriate
timing and no other identifiable cause) and “vasovagal”
(requiring a precipitating event and premonitory symptoms),
representing 31%, 26% and 25%, respectively, of identifiable
causes of syncope overall.

Follow-up of the cohort demonstrated a 5 year mortality
of 50·5% for cardiac versus 30% for non-cardiac or 24% for
unknown causes. This provides some independent valida-
tion for the clinical classification criteria.

There is a need for further work in this area, particularly
in developing and validating practical clinical tools to screen
for psychiatric causes, to distinguish patients who will bene-
fit from electrophysiologic testing, and to predict those who
will have a positive tilt-table test.

Clinical features in the cardiovascular 
physical examination

Apical impulse

The apical impulse was first described by William Harvey 
in 192825 and is one of a number of palpable precordial 

pulsations reflecting the underlying movement of the heart
and great vessels. Many criteria exist defining the normal
location, size and character of the apical impulse, and many
generations of medical students have been taught that an
“abnormal” apical impulse may assist with the diagnosis of
left ventricular enlargement and/or hypertrophy. It is only
recently that evidence has been published to support these
claims.

The relationship between the location and size of the apical
impulse and LV size, as determined by two-dimensional
echocardiography (gold standard), was evaluated by Eilen and
colleagues.26 An apical impulse lateral to the midclavicular
line, defined as half the distance between the tip of the
acromion process and the sternal notch, was a sensitive
(100%) but not specific (18%) indicator for LV enlargement,
with a likelihood ratio of only 1·2. Identification of the apical
impulse �10cm from the midsternal line was just as sensitive
(100%) but only marginally more specific (33%). An apical
diameter of �3cm was a good indicator of LV enlargement,
with a sensitivity of 92% and a specificity of 75%, and was
almost four times as likely to occur in patients with, as
opposed to those without, LV enlargement (LR�3·7).

O’Neill and coworkers27 examined the relationship between
the location of the apical impulse and the presence or
absence of cardiomegaly on chest x-ray (defined as a cardio-
thoracic ratio greater than 50%). An apical impulse lateral to
the midclavicular line had a sensitivity of 57%, a specificity 
of 76%, and a likelihood ratio of 2·4 for identifying car-
diomegaly. Identification of the apical impulse �10 cm from
the midsternal line was slightly more sensitive (78%) but
considerably less specific (28%), and added little to establish-
ing the diagnosis (LR�1·1). The results of this investigation
must be accepted with caution, as the gold standard used in
this case was chest x-ray, which is not a sensitive or specific
marker of LV enlargement. Therefore, the validity of this gold
standard must be questioned. This was, however, one of 
the few studies that also evaluated the variation between
observers (interobserver variation) in the clinical assessment
of the apical impulse, and reported good agreement on apex
palpability (��0·72) and moderate agreement on degree of
apex displacement (��0·56) between two physicians.

Eagle and coworkers28 examined several clinical features
in 125 inpatients with a variety of cardiac and non-cardiac
diagnoses in an attempt to determine which features best
predicted LVEF. In general, physician estimates of LVEF
were good, with 56% being accurate within 7·5% of meas-
ured value; 27% of physicians overestimated and 17%
underestimated the LVEF. Multiple regression analysis iden-
tified three clinical features most predictive of LVEF, includ-
ing S3 gallop, hypotension, and sustained LV apical impulse
(defined as a palpable impulse greater than two thirds the
ventricle systole).

In summary, the location, size and character of the apical
impulse may be used to assess LV size, LV function and 
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cardiomegaly, either alone or in combination with other clin-
ical features or simple diagnostic tests. However, a number of
limitations exist, including the fact that a palpable impulse
may only be found in approximately 50% of patients. In addi-
tion, the high sensitivity but low specificity associated with
determining the location and size of the apical impulse make
it a better test for ruling out rather than ruling in LV enlarge-
ment, which is good for screening but has limited usefulness
at the bedside.

Third heart sound

Few studies have assessed the reliability and validity of
detecting a third heart sound on physical examination. The
studies that have been conducted suggest that the agree-
ment between observers with respect to the presence of a
third heart sound is low or moderate at best.29–31 In one
study, cardiologists, internists and residents in internal med-
icine examined 46 patients for the presence or absence of a
third heart sound.30 The overall interobserver agreement
was poor, with a � of only 0·18. A somewhat better agree-
ment for the presence of a third heart sound was achieved
in an earlier study by two internists and two cardiologists,
with a � of 0·40.31 The evidence regarding the validity of
the third heart sound is even more limited. Using a comput-
erized phonocardiogram as a gold standard for the presence
of a third heart sound, Lok et al 30 report positive and nega-
tive predictive values for identifying a third heart sound of
71% and 64%, respectively.

Although the reliability and validity of this physical exami-
nation finding may be limited, the detection of a third heart
sound on physical examination may have important prognos-
tic implications. Drazner and colleagues32 performed a retro-
spective analysis of 2569 patients with symptomatic heart
failure enrolled in the Studies of Left Ventricular Dysfunction
treatment trial. In multivariate analyses adjusted for other
markers of severity of heart failure, a third heart sound was
associated with an almost 50% increased risk of hospitaliza-
tion for heart failure, or death from pump failure.

Central venous pressure

The right internal jugular vein lies directly in line with the
right atrium and acts as a manometer, displaying changes in
blood flow and pressure caused by right atrial filling, con-
traction and emptying. Elevated jugular venous pressure
reflects an increase in central venous pressure (CVP).

The reliability and validity of the clinical assessment of CVP
have been assessed in a limited number of studies. In one
study, medical students, residents and attending physicians
examined the same 50 ICU patients and estimated their CVP
as low (�5cm), normal (5–10cm) or high (�10cm).33

Agreement between students and residents was substan-
tial (� 0·65), agreement between students and attending 

physicians was moderate (� 0·56), and agreement between
residents and staff was modest (� 0·30). Possible causes for
disagreement include positioning of patients, poor lighting,
difficulty in distinguishing carotid from venous pulsations,
and variation in pressure with respiration.

As regards the relation between clinical assessments of
CVP and the gold standard of simultaneous pressure meas-
urements through a central venous catheter, one study34

used an attending physician, a fellow, a medical resident, an
intern and a student to predict whether four hemodynamic
variables, including CVP, were low, normal, high or very
high. The sensitivity of the clinical examination at identifying
low (�0 mmHg), normal (0–7 mmHg) or high (�7 mmHg)
CVP was 33%, 33% and 49%, respectively. The specificity of
the clinical examination at identifying low, normal or high
CVP was 73%, 62% and 76%, respectively. In another study,
Eisenberg and colleagues35 compared clinical assessments
with pulmonary artery catheter readings in 97 critically ill
patients. Physicians predicted CVP correctly only 55% of the
time, more frequently (27%) underestimating than overesti-
mating (17%).

Clinical assessments of a high CVP increase the likelihood
that the measured CVP will be high by about fourfold; con-
versely, clinical assessments of a low CVP make the probability
of finding a high measured CVP extremely unlikely (LR�
0·2).33 The data demonstrate that clinical assessments of a
normal CVP are truly indeterminate, with likelihood ratios
approaching 1; such estimates provide no information because
they neither increase nor decrease the probability of an abnor-
mal CVP. Apart from less observer variation, CVP estimates
are most accurate in patients breathing spontaneously.

The precision of the abdominojugular reflux test has not
been reported, but its results will vary with the force of
abdominal compression. Although this is an insensitive
way to diagnose congestive heart failure, the specificity of the
test is high.36,37 Moreover, the positive likelihood ratios (6·4
when diagnosis was based on a clinical–radiographic score,
and 6·0 when diagnosis was based on emergency room physi-
cian judgment) indicate that this is a useful bedside test.1

Systolic murmurs

Etchells and colleagues2 have published a thorough review
of the clinical examination for systolic murmurs. This
included a systematic review of the literature and grading of
the quality of the original articles. Quality was assessed by
the sample size and recruitment (consecutive versus con-
venience) and whether comparison with the diagnostic
standard was done independently and blindly.

Useful data for ruling aortic stenosis in or out are given in
Tables 2.3 and 2.4. The reliability of the examination by car-
diologists for late peaking murmur shape is good (� 0·74), for
the presence of murmurs is fair to moderate (� 0·29–0·48),2

but for other maneuvers may be poorer.38
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Studies of the clinical examination for other etiologies of
systolic murmur were also reviewed but tended to be of
lesser quality than those addressing aortic stenosis.

Subsequent to their original work,2 Etchells and col-
leagues have gone on to develop a two-stage prediction rule
for moderate–severe aortic stenosis (defined as an average
valve area of less than or equal to 1·2 cm2 or a peak gradient
at or above 25 mmHg).39 In this rule a murmur not radiating
to the right clavicle was associated with a likelihood ratio of
0·1 (95% CI 0·02–0·44), significantly reducing the likeli-
hood of aortic stenosis. If the murmur did radiate to the
clavicle, the presence of 0–2 associated findings increased
the likelihood ratio to 1·76 (95% CI 0·9–2·9), and 3–4 
associated findings resulted in a likelihood ratio of 40 (95%
CI 6·6–239), suggesting that the diagnosis of aortic stenosis
is supported by a greater number of associated findings. The
associated findings were reduced carotid volume, slow
carotid upstroke, reduced second heart sound intensity, and
murmur intensity in the second right intercostal space as
loud as or louder than in the fifth left intercostal space.

Etchells and colleagues2 point out that the majority of
studies of this topic have used cardiologists as observers. The
performance of non-cardiologists appears to be less accurate
when studied. Further work, like their own, using a broader
range of clinicians and patients, is needed to discover the
value of the clinical examination in more general settings.

Blood pressure

An extensive review of the technique, reliability and validity
of blood pressure (BP) measurement has been provided by

Reeves.3 As outlined in the review, two important sources of
variation in BP measurement include the patient and the
examiner. Random fluctuation in BP over time has been
documented by the SD of readings, with a minute-to-minute
variation of about 4 mmHg systolic and 2–3 mmHg dias-
tolic, and day to day variation of 5–12 mmHg systolic and 
6–8mmHg diastolic. With respect to the examiner as the
source of variability, differences of 10–8mmHg by both physi-
cians and nurses in routine medical practices have been noted.

Intra-arterial blood pressure measurement has been used as
the gold standard to assess the accuracy of indirect BP meas-
urement. With the indirect BP the phase I Korotkoff, or first
audible sound, appears 15–4mmHg below the direct systolic
BP, whereas phase V, or disappearance of all sounds, appears
3–6mmHg above the true diastolic BP in adults. Other fac-
tors that affect the accuracy of the indirect BP measurement,
resulting in both an increase and a decrease in systolic and/or
diastolic measurements, are outlined in Tables 2.5 and 2.6.

Table 2.3 Features of the clinical examination that
increase the probability of aortic stenosis

Clinical feature LR*

Slow rate of rise of carotid pulse 2·8–130
Late peaking murmur 8–101
Soft or absent second heart sound 3·1–50

* LR, likelihood ratio: range of point estimates from original
studies cited
Data from Etchells et al2

Table 2.4 Features of the clinical examination that
decrease the probability of aortic stenosis

Clinical feature LR*

Absence of a murmur 0
No radiation to right carotid artery 0·05–0·10

* LR, likelihood ratio: range of point estimates from original
studies cited
Data from Etchells et al2

Table 2.5 Factors associated with an increase in blood
pressure

Factor Magnitude, SBP/
DBP (mmHg)

Examinee
Pseudohypertension 2–98/3–49
“White coat reaction” to physician 11–28/3–15
“White coat reaction” to 1–12/2–7
non-physician

Paretic arm (due to stroke) 2/5
Pain, anxiety May be large
Acute smoking 6/5
Acute caffeine 11/5
Acute ethanol ingestion 8/8
Distended bladder 15/10
Talking, sighing 7/8
Setting, equipment
Leaky bulb valve �2 DBP
Blocked manometer vents 2 to 10

Examination
Cuff too narrow �8–�10/2–8
Cuff not centered 4/3
Cuff over clothing 5–50
Elbow too low 6
Back unsupported 6–10
Arm unsupported 1–7/5–11
Too slow deflation �1–�2/5–6
Too fast deflation DBP only
Parallax error 2–4
Using phase IV (adult) 6 DBP
Too rapid remeasure 1/1
Cold season (v warm) 6/3–10

Abbreviations: DBP, diastolic blood pressure; SBP, systolic
blood pressure
Data from Reeves et al3
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Arterial pulse

Few studies have been undertaken to assess the reliability
and validity of features of the arterial pulse in the cardiovas-
cular examination, despite numerous descriptive accounts of
its variability in different clinical conditions. Case series indi-
cate that details regarding the presence and quality of the
arterial pulse are more sensitive markers of coarctation of the
aorta than aortic dissection. Absent femoral pulses or a
femoral/brachial pulse discrepancy in patients was associ-
ated with a sensitivity of 88% in the diagnosis of coarctation
of the aorta in patients less than 6 months of age.40 Similar
results were obtained for patients diagnosed with coarctation
after 1 year of age, where weak or absent femoral pulses
were associated with a sensitivity of 85%.41

The sensitivity of the presence and quality of the carotid,
subclavian and femoral pulses in establishing a diagnosis of
both proximal (primary tear in the ascending aorta with or
without involvement of the arch, De Bakey classification
type I and II) and distal (primary tear in the descending tho-
racic aorta, De Bakey classification type III) aortic dissec-
tions are outlined in Table 2.7. Proximal dissections were
primarily associated with an absence or decrease in the bra-
chiocephalic vessels, whereas distal dissections almost
exclusively involved the femoral arteries.

Features of the arterial pulse may also be used to deter-
mine the presence of valvular heart disease. As reported by
Etchells et al,2 features of the arterial pulse, including rate 
of rise of the carotid pulse, apical carotid delay and brachio-
radial delay, all increase the likelihood of establishing the
diagnosis of aortic stenosis (Table 2.8).

Table 2.6 Factors associated with a decrease in blood
pressure

Factor Magnitude, SBP/
DBP (mmHg)

Examinee
Recent meal �1–1/1–4
Missed auscultatory gap 10–50 SBP
High stroke volume Phase V can�0
Habituation 0–7/2–12
Shock (additional 33 SBP
pseudohypotension)

Setting, equipment
Faulty aneroid device Can be �10
Leaky bulb �2 SBP

Examiner
Reading to next lowest 5 or  Probably 	10
10 mmHg or expectation bias

Impaired hearing SBP only

Examination
Left v right arm 1/1
Resting for too long (25 min) 10/0
Elbow too high 5/5
Too rapid deflation SBP only
Excess bell pressure �9 DBP
Parallax error (aneroid) 2–4

Abbreviations: DBP, diastolic blood pressure; SBP, systolic
blood pressure
Data from Reeves et al3

Table 2.7 Sensitivity of the arterial pulse in the diagnosis
of aortic dissection

Aortic dissection (%)

References Proximal* Distal†

Lindsay and Hurst42§ 62·5 10·5
Slater and De Sanctis43§ 50·9 15·5
Spittell et al44** 9·0 2·4

* De Bakey classification type I and II.
† De Bakey classification type III.
§ Absence or decrease in amplitude of carotid, subclavian or
femoral pulse(s).
**Absence of palpable carotid, subclavian or femoral pulse(s).

Table 2.8 Features of the arterial pulse that increase
the probability of aortic stenosis

Clinical feature LR*

Slow rate of rise of carotid pulse 2·8–130
Apical carotid delay ∞
Brachioradial delay 6·8

* LR, likelihood ratio: range of point estimates from original
studies cited.
Data from Etchells et al 2

The diagnostic value of the pedal pulse examination, as
an aid to establishing the diagnosis of peripheral arterial dis-
ease, has also been studied.45 In this review the absence of
both the dorsalis pedis and posterior tibial pulses was a pow-
erful predictor for the presence of vascular disease (defined
as an ankle-to-arm systolic pressure index of �0·9), with
likelihood ratios ranging from 9·0 to 44·6. The presence of a
femoral arterial bruit was also a strong indicator of disease,
with likelihood ratios of 4·7–5·7.

Heart rate is another important component of the cardio-
vascular examination. The accuracy of the assessment of
heart rate may be affected by both the site (apical or radial)
as well as the counting interval (15, 30 or 60 seconds). With
a regular rhythm, radial 15 second counts were the least
accurate for both resting and rapid heart rates, whereas the
30 second counts were found to be the most accurate and
efficient for rapid rates.46 With the irregularly irregular
rhythm of atrial fibrillation, however, the apical method and
60 second count have been reported to be the most accu-
rate, with site being a more important source of error than
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counting interval.47 Using the ECG as the measure of true
heart rate, the mean radial error for all counting intervals
was 19·5 beats per minute, which was significantly higher
than the mean apical error of 9·7 beats per minute.

Although the pulse in atrial fibrillation is typically described
as “irregularly irregular”, Rawles and Rowland,48 using com-
puterized analysis of R–R intervals and pulse volumes in
patients with atrial fibrillation, disputed this assumption. In
an assessment of 74 patients with atrial fibrillation they
reported a non-random sequence of R–R intervals in 30%,
and the presence of pulsus alternans in less than half (46%).
The authors concluded that patterns of regularity of the pulse
are common in patients with atrial fibrillation.

Summary

Despite the frequency with which details of the history and
physical examination are used to establish or rule out a par-
ticular cardiovascular condition, there is a very limited
amount of data available to support the reliability and valid-
ity of these features. The one component of the cardiovas-
cular history which has been studied is that of chest pain in
the diagnosis of myocardial infarction. Features of chest
pain, particularly pain that has a wide distribution of radia-
tion, increase the probability of myocardial infarction,
whereas chest pain that is pleuritic, sharp or stabbing, posi-
tional or reproduced by palpation, decreases the probability
of myocardial infarction.

The reliability and validity of various features of the car-
diovascular physical examination have also received little
attention in the literature. Of those that have been studied,
the apical impulse has been shown to be a sensitive but non-
specific marker of LV size, which makes it useful for ruling
out, rather than ruling in, LV enlargement. Clinical assess-
ment of elevated CVP has been shown to be associated with
a fourfold likelihood that the measured CVP will be high,
with the abdominojugular reflex being a useful bedside test
to assist in the diagnosis of congestive heart failure.

Of the cardiac murmurs, aortic stenosis has been studied
the most thoroughly. Features of the clinical examination
that increase the probability of diagnosing aortic stenosis
include slow rate of rise of the carotid pulse, late peaking
murmur, and soft or absent second heart sound. Conversely,
absence of a murmur or no radiation to the right carotid
artery or clavicle were features associated with a decreased
probability of aortic stenosis. Recent work would suggest
that the presence of an increased number of associated find-
ings increases the likelihood of aortic stenosis.

A number of features have been shown to influence the
accuracy of the indirect assessment of BP, including those
related to the examinee, the examiner, the setting and
equipment, and the examination itself. Assessment of the
arterial pulse in diagnosing coarctation of the aorta and 

aortic dissection has been limited to case series, therefore esti-
mates of sensitivity only are available. Features of the arterial
pulse have been shown to be relatively sensitive markers for
coarctation of the aorta and for chronic lower extremity
ischemia, but less so for aortic dissection. Finally, both count-
ing interval and site (radial versus apical) have important
implications on the accuracy of heart rate assessment.

As is evident from the information presented, unfortu-
nately, for a variety of reasons, research on clinical examina-
tion has lagged behind basic science and therapeutic
research. So far, clinical examination is identified as the
“art” of medicine, and by incorporating an evidence-based
approach one can make clinical examination the “art and
science” of medicine.
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Consider the following case history. A 75 year old male 
presents with a history of exertional chest pain. The patient
describes substernal chest pain that he perceives as a “pres-
sure sensation” occurring when he walks too fast, uphill, or
in the cold. It is relieved by rest within a few minutes. On
two recent occasions, he tried a friend’s nitroglycerin tablets,
and obtained even more rapid relief of his symptoms. His
symptoms have never occurred at rest. The patient has a 
history of diabetes mellitus, hypertension, and hypercholes-
terolemia. He smokes one pack of cigarettes a day. Several
male family members died of coronary artery disease before
the age of 60. The patient underwent carotid artery surgery 
a year ago for treatment of transient ischemic attacks.

On the basis of his age, gender, chest pain description,
and risk factors, this patient is highly likely to have signifi-
cant obstructive coronary artery disease (CAD). The added,
or incremental, value of any stress test for the diagnosis of
the presence of disease in such a situation is very small. Out
of 100 patients with this presentation, perhaps only one or
two will not have obstructive CAD. The potential contribu-
tion of stress testing is therefore restricted to only these one
or two patients.

This example demonstrates the importance of the con-
cept of incremental value for diagnostic tests. In the current
era of healthcare reform, it is no longer sufficient that a test
simply provide “more information”. The more appropriate
current questions are:

● how much information does the test provide, and
● at what cost?

Increasingly, tests are also required to have a demonstrable
impact on critical nodal, or decision, points with respect to
patient management.

The demonstration of the incremental value of diagnostic
tests requires rigorous methodology. The principles of 
the required methodology should be credited primarily to
Dr George Diamond and his colleagues at Cedar Sinai
Medical Center in Los Angeles.1–3 First and foremost, such
an analysis should reflect clinical decision making. Since
clinical assessment is performed before any diagnostic tests,
and usually at lower cost, parameters available from this
assessment should be considered separately without any
information from subsequent testing. The analysis should

preferably focus on hard, demonstrable end points such as
significant obstructive CAD, severe (three vessel or left
main) coronary artery disease, myocardial infarction, or
death. Although alternative end points, such as functional
impairment, unstable angina, and the need for revascular-
ization, are often included to increase statistical power, such
end points have major limitations with respect to reversibil-
ity, subjectivity, and definite impact on patient outcome.
The analysis should create appropriate models that include
all available important variables. An experienced clinician
always takes the patient’s age, gender, and history into
account in making his or her clinical decision regarding
patient management, even when testing results are avail-
able. These important clinical parameters must therefore be
included in any final model that reflects the clinical decision
making process. The analysis must demonstrate that the
additional information is statistically significant in an appro-
priate patient population. Analyses that demonstrate addi-
tional information in older, “sicker” inpatient populations
should not be casually extrapolated to younger, “less sick”
outpatients in whom testing is customarily performed.
Finally, the test must provide information that is clinically
significant and cost effective. In very large patient samples,
differences that have little, if any, clinical significance for
individual patient management may emerge as statistically
significant. The potential impact on patient management in
some patients must compare favorably with the incremental
cost of the test in all the patients who must be tested.

This chapter will attempt to elucidate this methodology
using the published data with respect to the diagnosis of sig-
nificant obstructive CAD, non-invasive screening for severe
CAD, and patient outcome. All of these examples are drawn
from the arena of ischemic heart disease, because this entity
is a predominant feature of clinical practice in cardiology,
and the published literature is voluminous and extensive.
However, the same principles apply to other disease entities,
both cardiac and non-cardiac.

Clinical assessment

As outlined above, the initial step in any analysis designed to
demonstrate incremental value is the consideration of all
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the information available prior to performance of the test.
This will always include the results of the history and physi-
cal examination, and may sometimes include the results of
other tests already performed. This section focuses on the
information available from clinical assessment.

Diagnosis of coronary disease

As demonstrated by the earlier example, clinicians often
encounter patients with chest pain and suspected CAD. 
The ability of clinical assessment to predict the likelihood 
of significant obstructive CAD has been demonstrated in
numerous studies. The likelihood of significant disease
based on clinical assessment is appropriately labeled the
“pretest probability”, in statistical terms.

Age, gender, and the patient’s chest pain description are
the most important clinical parameters for estimating the
likelihood of CAD.4 Older patients, men, and patients with
chest pain that is typical, or classic, for angina pectoris are
more likely to have coronary disease. Although multiple dif-
ferent systems have been used to classify chest pain, the
simplest and easiest was proposed by Diamond.5 He sug-
gested a classification based on three elements – substernal
location, precipitation by exertion, and relief by rest or 
nitroglycerin. If all three elements are present, the chest
pain is classified as “typical angina”. If two elements are
present, the chest pain is classified as “atypical angina”. If
only one or none is present, the chest pain is classified as
“non-anginal chest pain”.

Table 3.1 shows published estimates of pretest probability
on the basis of age, gender, and chest pain description.4 It is
obvious that there is a very wide range of pretest probability,
ranging from 1% for a 35 year old woman with non-anginal
chest pain to 94% for a 65 year old man with typical angina.
Note that a 50 year old man with atypical angina has about
a 50% probability of disease.

A more comprehensive attempt to consider all clinical
characteristics, including risk factors for atherosclerosis, 
was published from the Duke University Medical Center
databank.6 In addition to the three parameters previously
discussed, this analysis found that evidence for previous
infarction, smoking, hyperlipidemia, ST and T wave changes
on the resting electrocardiogram (ECG), and diabetes were
all highly significant predictors of the presence of coronary
artery disease. Figure 3.1 shows a published nomogram 
for men that incorporates all of these parameters. Careful
inspection of this figure demonstrates that the impact of the
clinical parameters other than age, gender, and chest pain is
variable. ECG and historical evidence of previous infarction
have a major impact, diabetes and ECG ST-T changes have 
a modest impact, and lipids and smoking have a minimal
impact. For example, a 50 year old male with atypical
angina has a 46% pretest probability of disease in the
absence of smoking, hyperlipidemia, or diabetes, a 48%
pretest probability in the presence of both smoking and
hyperlipidemia, and a 65% pretest probability if he has dia-
betes as well. In the presence of ECG Q waves and a history
of MI, his pretest probability exceeds 90%.

Non-invasive screening for severe 
coronary artery disease

Not surprisingly, clinical parameters are also very important in
estimating the likelihood of severe (three vessel or left main)
CAD.7 The same parameters that are most important for pre-
dicting the presence of disease – age, gender, and chest pain
description – remain important. In addition, diabetes mellitus
and history or ECG evidence of myocardial infarction are also
very important. The simplest approach for estimating the like-
lihood of severe disease was published by Hubbard et al.8

They assigned one point each for: male gender; typical
angina; history and ECG evidence of myocardial infarction;
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Table 3.1 Pretest probability of coronary artery disease

Age (years) Pretest probability (%)

Asymptomatic Non-anginal Atypical Typical

F M

chest pain angina angina

F M F M F M

30–39 �1 2 1 5 4 22 26 70
40–49 1 6 3 14 13 46 55 87
50–59 4 9 8 22 32 59 79 92
60–69 8 11 19 28 54 67 91 94

From Diamond and Forrester.4 Reprinted by permission of the New England Journal
of Medicine, and Diamond GA. A clinically relevant classification of chest discomfort.
J Am Coll Cardiol 1983;1:547–75
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Figure 3.1 Nomogram for predicting the probability of significant coronary artery disease (CAD) in men. ECG, electrocardiogram;
MI, myocardial infarction. (After Pryor et al.6) Example: A 50 year old, white male with atypical angina and diabetes mellitus, but no
ECG ST changes, previous MI, smoking, or hyperlipidemia. Point score on left scale �10 � 7�17. Appropriate reading line on right
labeled “no smoking or lipids”. Connect age 50 on this reading line to point score of 17 with a straight edge. This intersects the 
middle line at 60, indicating that this is the percentage probability of significant CAD.
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diabetes; and insulin use. Thus, the point score had a mini-
mum value of 0 and a maximum value of 5. Figure 3.2 shows
a nomogram for the probability of severe CAD based on age
and this point score. It is quickly apparent that age is an
extremely important parameter for predicting severe disease.

A more comprehensive analysis on a larger number of
patients was published from the Duke University Medical
Center databank.9 In addition to the five parameters 
already mentioned, these workers found that the duration
of chest pain symptoms, other risk factors (blood pressure,



hyperlipidemia, and smoking), a carotid bruit, and chest
pain frequency were also important determinants of the
likelihood of severe CAD. However, the magnitude of their
additional effect was modest.

Prediction of patient outcome

The ability of clinical assessment to predict patient outcome
has been demonstrated in numerous previous studies. The
largest and most important of these came from the Duke
University databank10 and the Coronary Artery Surgical
Study Registry.11 Many of the same parameters that predict
the presence of disease and the presence of severe disease
are also associated with adverse patient outcome. Age, gen-
der, chest pain description, and previous myocardial infarc-
tion all have independent value in predicting patient
outcome. In addition, history and physical examination 
evidence for congestive heart failure, history and physical
examination evidence of vascular disease, unstable chest
pain characteristics, and other ECG findings, such as ST-T
wave changes, left bundle branch block, and intraventricular
conduction delay, all have prognostic value. It is not gener-
ally appreciated how well clinical parameters perform in this
regard. The Duke group reported that 37% of the patients
undergoing stress testing at their institution had a predicted
average annual mortality of 1% or less over the next 3 years,
on the basis of clinical assessment.11

Several studies have shown that a normal resting ECG,
and the absence of a history of prior infarction, predict 
a normal ejection fraction with 90% confidence,12,13 and
therefore a favorable prognosis.14–16

Approaches to the assessment of 
incremental value

Once the information available from clinical assessment
(and other tests already performed) has been considered,
there are a variety of conceptual and statistical approaches
that can be employed to assess the incremental value of the
test in question. This section will present examples of three
such approaches.

Diagnosis of CAD

The application of multiple different stress tests for the 
diagnosis of coronary artery disease has been extensively
studied. The most common approach used in this setting to
demonstrate the incremental value of a new test employs
Bayes’ theorem.17 This theorem indicates that the likelihood
of disease following testing (post-test probability) can be 
calculated from the test characteristics (sensitivity and 
specificity) and the pretest probability. This calculated post-
test probability is often plotted graphically as a function of
pretest probability (Figure 3.3).
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Figure 3.2 Nomogram showing the probability of severe
(three vessel or left main) coronary artery disease based on a 
5 point score. One point is awarded for each of the following
variables – male gender, typical angina, history, and electrocar-
diographic evidence of MI, diabetes, and use of insulin. Each
curve shows the probability of severe coronary disease as 
a function of age. (From Hubbard et al,8 with permission.)
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In Figure 3.3, the pretest probability is shown on the 
X-axis and the post-test probability is shown on the Y-axis.
The dotted line represents the line of identity. The vertical
distance from this line to the upper solid curve represents
the increase in the probability of disease as a result of posi-
tive test. In analogous fashion, the vertical distance from
this dotted line to the lower solid curve represents the
decrease in probability as a result of a negative test. The
solid vertical lines describe three different clinical situations.

Line A represents a patient with a very low pretest proba-
bility, such as a 40 year old woman with non-anginal pain. 
A negative test changes probability very little. A positive test
increases probability somewhat, but the post-test probability
remains well under 50%, and the test is most likely a “false
positive”.

Line B represents a patient with a high pretest probability
of disease, such as a 65 year old man with typical angina. 
A positive test will increase the probability only slightly. A neg-
ative test will decrease the probability of disease somewhat,
but the post-test probability remains substantially greater than
50%, so that the test is most likely a “false negative”.

The final situation (line C) represents a patient with an
intermediate probability of disease, such as a 50 year old
male with atypical angina. A positive test in such a patient
would increase the probability of disease substantially to near
90%. On the other hand a negative test would decrease the
probability of disease substantially to approximately 18%.

Thus, it is evident that the incremental value of diagnos-
tic testing is greater in patients with an intermediate proba-
bility of disease, a principle that is broadly recognized.17

However, it is also recognized that this kind of analysis
has a number of limitations. The single curves for positive
and negative tests do not take into account the degree of
test abnormality. The test results are therefore better dis-
played for a whole range of values for a parameter that helps
distinguish normal from abnormal. The best known exam-
ple of this would be the magnitude of ST segment depres-
sion on treadmill exercise testing.18 In addition, multiple
other parameters are reported during a treadmill exercise
test, which help to distinguish severely abnormal tests from
only mildly abnormal tests.19 Ideally, all of these parameters
would be incorporated into a single “score” and a series of
curves would be plotted.

Next, construction of such curves relies on the premise
that the sensitivity of tests will be identical for any popula-
tion of patients with disease regardless of disease preva-
lence. This assumption is usually invalid. As demonstrated
in the previous section, those parameters which help to
identify the presence of disease also help to identify the 
presence of severe disease. In general, the sensitivity of 
most tests is greater in patients with more severe disease. It
is therefore quickly evident that sensitivity would be
expected to vary with the prevalence of disease. This point
has been demonstrated by several investigators,20 and 

provides justification for the use of logistic regression analy-
sis for diagnostic purposes.21 Despite these limitations,
bayesian analysis serves as a useful framework for under-
standing the potential incremental value of diagnostic 
tests.

Post-test referral bias, also known as work up bias or ver-
ification bias, occurs whenever the results of the test in
question influence the subsequent performance of the “ref-
erence” test (sometimes referred to as the “gold standard”).
This bias has been recognized for more than 20 years.22 An
early survey of the literature on exercise testing showed 
that only 2 of 33 studies avoided this bias.23 The recognition
of the importance of this phenomenon was emphasized 
in a landmark paper in 1983, which described the “dec-
lining specificity” of radionuclide angiography as a result 
of this bias.24 More than 10 years ago, a monograph from
the Institute of Medicine emphasized this well established
concept.25 The key question to ascertain whether postre-
ferral bias is present is “did the results of the test being 
evaluated influence the decision to perform reference 
standard?”.26

Although this bias potentially occurs for any diagnostic
test, it is particularly important for non-invasive diagnostic
tests for CAD. Patients with positive non-invasive tests are
often referred to coronary angiography (the “reference” test).
In contrast, patients with negative tests are often sent home
without coronary angiography. The effects of this preferential
referral to coronary angiography are to markedly decrease
the observed specificity of the test in question and modestly
increase its sensitivity.

The clearest solution to the problem of post-test referral
bias is to avoid it completely by studying patients in whom
the decision to proceed with the “reference” test is made
before the performance of the diagnostic test in question.25

For the diagnosis of CAD, this standard is incredibly difficult
and rarely achieved. A more feasible alternative is the math-
ematical correction of sensitivity and specificity for post-test
referral bias using one of two published formulae and infor-
mation about all of the patients who were studied using the
diagnostic test in question and did not proceed with coro-
nary angiography.27,28 There are a number of published
studies demonstrating the effect of these corrections on the
observed test performance for exercise electrocardiographic
testing,29 exercise echocardiography,30 and exercise Single
Photon Computed Tomography (SPECT) perfusion imag-
ing.31 Correction for referral bias markedly increases the
specificity and modestly decreases the sensitivity of these
tests. As a result, the predictive value of a positive test is
improved, but the predictive value of a negative test
decreases. It is generally difficult to confirm the validity of
these corrections. However, a carefully designed prospective
study of exercise echocardiography in women has now
reported sensitivity and specificity values that are very close
to those reported after correction for referral bias.32
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Post-test referral bias has numerous important implica-
tions for the interpretation of the diagnostic literature.32

Many of the reported sensitivity and specificity values are
very likely to be erroneous.32 Widespread misconceptions
exist regarding gender differences in test performance. The
post-test probability of CAD is higher for either a positive or
negative test than that which would be calculated from
Bayes’ theorem using the reported values of sensitivity and
specificity.31

Non-invasive screening for severe CAD

The incremental value of testing for the diagnosis of 
severe CAD has been studied using both bayesian analysis
and logistic regression analysis. When the latter analysis is 
conducted properly, all of the previously discussed clinical
parameters that are associated with severe coronary disease
are incorporated into a model that is used to predict the
probability of severe CAD. The output of such a model is 
a probability that ranges between 0 and 1. It is critically
important that these candidate variables be “forced” into
the model, even if they are statistically insignificant in the
population under study. Most study populations are too

small to have adequate power to detect the true significance
of these variables, which has been demonstrated in very
large subsets. For example, age should always be forced 
into such models, even if it does not appear to be significant
in the particular population in question, because there is
abundant evidence that it should always be considered (and
indeed usually is by clinicians).

Using this approach, a second model should then be 
constructed which includes all of the clinical parameters, as
well as pertinent new parameters from the test in question. 
If these parameters have statistical significance independent
of the clinical parameters, the test has incremental value.
This approach is demonstrated in Table 3.2, which shows
the improvement in the logistic regression model for severe
CAD reported by Christian et al,16 when the exercise test
was added to clinical parameters, and when thallium imag-
ing parameters were added to clinical and exercise parame-
ters. An alternative approach is to construct the receiver
operating characteristic (ROC) curves, which display sensi-
tivity and specificity as a function of the predicted probability
of severe disease (the output of a logistic regression model).
The area under the ROC curve can then be compared
between the model that incorporates clinical parameters,
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Table 3.2 Logistic regression multivariate analysis: prediction of three vessel or left main (coronary artery) disease

Model Direction Odds ratio (95% CI) P value

Clinical
Diabetes mellitus Present 2·0 (1·3–3·1) 0·001
Typical angina Present 2·3 (1·4–3·9) 0·001
Sex Male 3·2 (1·4–4·0) 0·007
Agea Older 1·4 (1·1–1·9) 0·01

2 � 31·3

Clinical and exercise
Diabetes mellitus Present 1·9 (1·2–3·0) 0·005
Typical angina Present 1·9 (1·1–3·3) 0·02
Sex Male 2·3 (0·9–5·3) 0·07
Agea Older 1·2 (0·9–1·7) 0·16
Magnitude of ST depression More 1·5 (1·3–1·8) �0·001
Peak heart rate � peak systolic blood pressureb Lower 0·9 (0·86–0·95) �0·001
�2 � 65·0

Clinical, exercise, and thallium-201
Diabetes mellitus Present 1·9 (1·2–3·0) 0·004
Typical angina Present 1·8 (1·1–3·2) 0·03
Sex Male 2·2 (0·9–5·3) 0·07
Agea Older 1·2 (0·9–1·7) 0·17
Peak heart rate � peak systolic blood pressureb Lower 0·9 (0·86–0·95) �0·001
Magnitude of ST depression More 1·4 (1·2–1·7) 0·001
Global T1-201 score (delayed – after exercise) Higher 1·1 (1·0–1·1) 0.02
�2 � 70·4

a Increments of 10 years (each 10-year increase in age increases the odds of severe disease 1·4-fold).
b Increments of 1000 units.
From Christian TF et al,16 with permission



and the model that incorporates clinical parameters and the
new test parameters. Methods are available for determining
the statistical significance of changes in the area under these
two ROC curves.33 An example of this approach is shown in
Figure 3.4, taken from Christian et al16 The clinical signifi-
cance of these differences in the models (assessed by either

2 analysis or ROC curves) is discussed later.

Prediction of patient outcome

The demonstration of incremental prognostic value for 
diagnostic tests is obviously extremely important for clinical
decision making. It requires strict adherence to the rigorous
standards that were outlined previously. In general, very
few of the published studies demonstrating prognostic 
value of diagnostic tests meet the strict criteria necessary 
to demonstrate incremental prognostic value for these tests.
The statistical model most often used for this purpose 
is a linear proportional hazards, or Cox, model.34 When
strictly applied, all the previous information available to the
clinician, either from clinical assessment or previous testing,
should be incorporated into a linear proportional hazards
model that predicts time to an event. Once again, para-
meters that have been clearly demonstrated in larger popu-
lations to be significant must be “forced” into such models 
to make sure that their contribution is not neglected. The
events in question should preferably be hard end points
such as death and myocardial infarction. As previously 
mentioned, unstable angina and the need for revasculariza-
tion are alternative end points that are often included to
enhance statistical power, but these have major limitations.

One of the best examples of a rigorously constructed
analysis demonstrating incremental prognostic value was
published by Pollock et al in 1992.35 They tested the asso-
ciation between various combinations of variables, and time
to death or myocardial infarction, in a linear proportional

hazards model using the 
2 statistic. Clinical and exercise
variables were significantly better than clinical variables
alone. Similarly, a model that added thallium redistribution
to clinical and exercise variables was significantly better
than the combination of clinical and exercise variables.

Another example of such a rigorous analysis was that
reported by Christian et al 6 in patients with a normal rest-
ing electrocardiogram. Using a similar approach, these
investigators reported that a model adding thallium vari-
ables to clinical and exercise variables did not add signifi-
cantly to the model using clinical and exercise variables.
Thus, in the subset of patients with a normal resting ECG,
Christian et al16 were unable to confirm the findings of
Pollock et al24

Clinical significance and cost effectiveness

Even when statistically significant incremental value has
been demonstrated for a diagnostic test using appropriate
rigorous methodology, the clinical significance of the find-
ings must be equally rigorously examined. The two funda-
mental issues that should be addressed are the actual impact
of this incremental value on clinical decision making and,
where possible, cost effectiveness. The principles of decision
analysis pertinent to the first criterion will be presented in
much greater detail in Chapter 7. The available published
data on diagnostic testing in coronary disease that will be
presented here use only rudimentary concepts with respect
to decision analysis. Formal cost analysis also requires
understanding of a much greater body of published 
knowledge, which will not be presented here. The exam-
ples presented will again be very rudimentary, but demon-
strate the principle.

Diagnosis of CAD

The clinical significance of diagnostic testing can best be
understood in terms of decision making thresholds. From
the standpoint of diagnosis, a test will be useful primarily if
it moves a significant number of patients from an “uncer-
tain” pretest probability to an “acceptably certain” post-test
probability. The exact criteria, or threshold, to be used in
these classifications are clearly a matter of judgment; many
investigators have chosen post-test probabilities of less than
10% and greater than 90% as criteria for definitive diagno-
sis.36 Thus, non-invasive testing will be useful for diagnosis
if it moves a reasonable number of patients into the shaded
zone shown in Figure 3.3.

Although treadmill testing has clear incremental value for
diagnosis, particularly in patients with intermediate pretest
probability, as discussed earlier, its ability to move patients
across such thresholds of probability appears to be very 
limited. Goldman et al 37 examined the ability of treadmill
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exercise variables to classify 329 patients with CAD. Their
results are summarized in Table 3.3. The pretest model was
very powerful, as it classified 84% of the patients correctly.
Table 3.3 shows the number of additional patients classified
correctly for given thresholds of probability. For example, if
10% was considered an acceptable threshold to “rule out”
CAD, eight of 324 patients were moved across this threshold,
but only six were moved correctly. Similarly, for a 90% thresh-
old to “rule in” CAD, 53 patients were moved across this
threshold but only 33 were moved across correctly. As a
result, the net total number of patients who were correctly
moved into the diagnostic zone in Figure 3.3 was only 17, or
5% of the patient population. Thus, the clinical significance of
the incremental value provided by the treadmill test appears to
be very limited.

Similar rigorous analyses have been published for 
radionuclide angiography.38 The results of one of these are
displayed in Figure 3.5. The study group excluded men with
typical angina over the age of 40 in order to eliminate 
most patients with a high pretest probability. Logistic regres-
sion models developed on a retrospective population were
applied prospectively to a group of 76 patients. As demon-
strated in Figure 3.5, eight (11%) of the 76 patients could be
classified with 90% certainty on the basis of clinical vari-
ables alone. Following radionuclide angiography, 24 patients
(32%) could be classified directly. Thus, the incremental
value of exercise radionuclide angiography in moving
patients across clinically meaningful decision thresholds
appeared to be much greater than for the treadmill exercise
test, as 21% of the patients were correctly classified by the
radionuclide angiogram.

Similar findings have been reported for planar thallium
imaging.39,40 Unfortunately, no rigorous analyses are avail-
able for either SPECT imaging or sestamibi imaging, prima-
rily because post-test selection bias has greatly limited the
feasibility of such studies in the current era.

Non-invasive screening for severe CAD

The same threshold approach has been applied to the 
non-invasive identification of severe CAD. Here the ability of
tests to move patients across somewhat different thresholds
of probability, as assessed by logistic regression models, has

been tested. Christian et al16 defined a low-probability
group for severe CAD as �0·15, a high-risk group as �0·35,
and an intermediate group as 0·15–0·35. These thresholds
were chosen to correspond to earlier work from Duke
University reporting on the utility of the early positive 
treadmill test.41 Figure 3.6 shows the results that were
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Table 3.3 Effect of treadmill exercise test results in moving patients across various diagnostic thresholds

Threshold Patients Correctly Incorrectly Net increase in diagnoses 
probability moved across (n) moved moved (correct-incorrect)

0·10 8 6 2 4
0·90 53 33 20 13
Either 0·10 or 0·90 61 39 22 17 (5%)

From Goldman et al,37 by permission of the American Heart Association, Inc.
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Figure 3.5 Percentage of patients classified with a given
probability of coronary disease before and after exercise
radionuclide angiography. The prospective study group of 
76 patients excluded males of 40 years or older with typical
angina. (From Gibbons et al,38 with permission.)



obtained using this approach. Using clinical parameters
alone, 189 patients (46% of the study group) were correctly
classified as low or high probability. Thirty-seven patients
(9%) were incorrectly classified as low or high probability.
The remaining 185 patients (45% of the study group) had an
intermediate probability, and were therefore in an uncertain
category. The addition of exercise parameters correctly 
classified an additional 37 patients at the expense of 13
additional incorrect classifications, for a net of 24 additional
correct classifications (6% of the study group). The addition
of thallium parameters led to 12 additional correct classifica-
tions, and two fewer incorrect classifications for a net
increase of 14 correct classifications (3% of the study group).
These workers then used Medicare reimbursement figures
to calculate the cost per additional correct classification. 
For exercise testing, the cost per additional correct patient
classification was $1524. For thallium scintigraphy, the cost
was $20 550 per additional correct classification.

Thus, this analysis demonstrated that the clinical impact
was modest, and the cost was high, when thallium imaging
was used in patients with a normal resting ECG to try to
identify patients non-invasively with severe CAD. Although
thallium scintigraphy clearly had statistically significant
incremental value, it did not appear to be cost effective for
this purpose.

Prediction of patient outcome

The issues of clinical significance and cost effectiveness are
particularly pertinent to the application of diagnostic tests
for the prediction of the patient outcome. These applications
often involve relatively low-risk patient groups with few
subsequent events. Tests applied to the entire population
may identify a subset of patients who are at considerably
increased risk.42,43 These results will be highly statistically
significant, and generate very impressive P values and risk
ratios. However, it must be recognized that the absolute rate
of events often remains too low in the high-risk patient sub-
group to be clinically meaningful, and the cost of this identi-
fication is often therefore prohibitive when viewed on a per
event basis.

This concept was nicely demonstrated in a study by
Berman et al 44 on patients with a low clinical likelihood of
CAD studied by SPECT sestamibi. During 20 months of 
follow up, only patients with an abnormal sestamibi study
suffered death or myocardial infarction. This difference was
statistically highly significant (P � 0 · 007). However, this
increment in prognostic value was clearly not cost effective,
as noted by the authors. Although the cost analysis by the
authors was quite detailed, the cost ineffectiveness of this
approach is readily apparent with very simple analysis. The
107 patients in the high-risk group suffered only three
events during 20 months of follow up. In order to identify
the high-risk group, testing was required of 548 patients.

Using a Medicare reimbursement figure of $700 per test,16

more than $383 000 of testing would be required to identify
the high-risk cohort. The cost of testing alone would there-
fore exceed $127 000 per possible event prevented. This
simple analysis ignores the additional costs that would
accrue from the subsequent cardiac catheterizations and
coronary revascularizations that would be necessary in the
high-risk group in order to attempt to prevent the three
events. (There is obviously no certainty that the three
events could actually be prevented by revascularization.)

Similar analyses have been published for screening in
asymptomatic individuals. As a general principle, it should
be recognized that non-invasive testing for the assessment 
of prognosis is far less cost effective in subsets of patients 
at intrinsically low risk.

Conclusion

Clinicians should recognize that an evidence-based
approach to the evaluation of the incremental value of diag-
nostic tests is not simple or straightforward. Unfortunately,
it is far easier for both clinicians and investigators to use sim-
ple, less rigorous, approaches that appear to demonstrate
important incremental value for each new diagnostic test.
Although convenient, such approaches lead to incorrect
conclusions, and generally overestimate the added value of
each new testing modality. The examples presented in this
chapter should provide a framework for thinking clinicians
to evaluate better new publications on new diagnostic tests.
However difficult these analyses may be, and however dis-
appointing the results, the escalating costs of healthcare
demand an approach of rigorous methodology and thought-
ful analysis to make certain that the incremental value of 
a diagnostic test is not only statistically significant, but clini-
cally significant and cost effective.
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Introduction

Although large effects on survival arising from certain treat-
ments may occasionally be obvious from simple observation
(as, for example, when cardioversion for ventricular fibrilla-
tion avoids otherwise certain death), the vast majority of
interventions have only moderate effects on major out-
comes and hence are impossible to evaluate without careful
study. Enthusiasm for the biologic foundations of a particu-
lar therapeutic approach often leads to exaggerated hopes
for the effects of treatment on major clinical outcomes.
These hopes may be based on dramatic laboratory measures
of efficacy, or on the types of surrogate outcome that are
commonly studied before drugs go into Phase III or IV stud-
ies: for example, a drug may almost completely prevent
experimental ischemia progressing to infarction, or practi-
cally abolish experimental thrombosis. However, these 
large effects on surrogate end points very rarely translate
into large effects on major clinical outcomes: the over-
whelming message from two decades of clinical trials in car-
diology is that the net effects of most treatments are
typically moderate in size.* This chapter explains why large-
scale randomized evidence, either in a single “mega-trial” or
in a meta-analysis of similar trials, is generally an absolute
requirement if such moderate effects on major outcomes are
to be characterized reliably.

It is important to appreciate that progress in cardiologic
practice, and in the prevention of cardiovascular disease, has
been and remains dependent on the availability of large-
scale randomized trials and appropriately large-scale meta-
analyses of such trials. In the management of acute myocar-
dial infarction (MI), for example, these methods have helped
to demonstrate that fibrinolytic therapy,1–3 aspirin,1,3,4

angiotensin-converting-enzyme (ACE) inhibitors5–7 and �-
blockers8 all produce net benefits which, although individu-
ally moderate in size, have together produced a substantial
improvement in the prognosis of acute MI. Similarly, the
demonstration that ACE inhibitors produce moderate reduc-
tions in the risk of death and in the rates of hospitalization for
worsening heart failure,9 and that the addition of digoxin fur-
ther reduces the need for recurrent hospitalization,10 has
improved the prognosis of congestive heart failure.

Clinical trials: minimizing biases and 
random errors

Any clinical study whose main objective is to assess moder-
ate treatment effects must ensure that any biases and any
random errors that are inherent in its design are both sub-
stantially smaller than the effect to be measured.11,12 Biases
in the assessment of treatment can be produced by differ-
ences in factors other than the treatment under considera-
tion. Observational (that is non-randomized) studies in
which the outcome is compared between individuals who
received the treatment of interest and those who did not,
can be subject to large biases.13 Instead, the guaranteed
avoidance of biases requires the proper randomized alloca-
tion of treatment and appropriate statistical analysis, with no
unduly data-dependent emphasis on specific subsets of the
overall evidence (Table 4.1).12

Avoidance of moderate biases

Proper randomization

The fundamental reason for random allocation of treatment in
clinical trials is to maximize the likelihood that each type of
patient will have been allocated in similar proportions to the
different treatment strategies being investigated.14 Proper
randomization requires that trial procedures are organized
in a way that ensures that the decision to enter a patient is
made irreversibly and without knowledge of the trial treat-
ment to which a patient will be allocated. In situations
where the next treatment allocation can be deduced by
those entering patients, decisions about whether to enter a

4 Clinical trials and meta-analysis
Colin Baigent

* For rare adverse effects, however, there may be large propor-
tional differences between one treatment and another, or between
treatment and control. For example, some non-steroidal anti-
inflammatory drugs may substantially increase the risk of gastroin-
testinal bleeding. Rare adverse effects with extreme relative risks
can often be recognized reliably by careful clinical observation, or
by other non-randomized methods, and such relative risks are
sometimes best quantified in case–control or cohort studies.
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particular patient may be affected, and those allocated one
treatment might then differ systematically from those allo-
cated another.15 In the Captopril Prevention Project (CAPPP)
trial,16 for example, envelopes containing the antihyper-
tensive treatment allocation could be opened before patients
were irreversibly entered into the study. Highly signifi-
cant differences in pre-entry blood pressure between the
treatment groups, which were too large to have been due 
to chance, may well have been the result of this design
weakness.17

Intention to treat analysis

Even when studies have been properly randomized and
well conducted, moderate biases can still be introduced by
inappropriate analysis or interpretation. One well recog-
nized circumstance is when patients are excluded after ran-
domization, particularly when the prognosis of the excluded
patients in one treatment group differs from that in the
other (such as might occur, for example, if non-compliers
were excluded after randomization). This point is well illus-
trated by the Coronary Drug Project, which compared clofi-
brate versus placebo among around 5000 patients with a
history of coronary heart disease. In this study, patients
who took at least 80% of their allocated clofibrate (“good”
compliers) had substantially lower 5 year mortality than
“poor” compliers who did not (15·0% v 24·6% respectively;
P � 0·0001). However, there was a similar difference in 
outcome between “good” and “poor” compliers in the
placebo group (15·1% v 28·3%, respectively; P � 0·00001),

suggesting that “good” and “poor” compliers were prognos-
tically different even after allowing for any benefits of actu-
ally taking clofibrate.18 If there is really no difference in
outcome between two treatments, then the least biased
assessment of the treatment effect is that which compares
all those allocated to one treatment versus all those allo-
cated to the other (that is an “intention to treat” analysis),
irrespective of what treatment they actually received.19

Because some degree of non-compliance with allocated
treatments is unavoidable in randomized trials, intention 
to treat analyses will obviously underestimate the effects pro-
duced by full compliance. However, “on treatment” analy-
ses, which compare effects among compliant patients with
those in non-compliant patients, are potentially biased, and it
is more appropriate to calculate an “adjustment” based on
the level of compliance and then to apply this to the estimate
of the treatment effect provided by the intention to treat
comparison.20 For example, in a meta-analysis of the ran-
domized trials of prolonged use of antiplatelet therapy among
patients with occlusive vascular disease, the average compli-
ance 1 year after treatment allocation seemed to be around
80%.4 Application of this estimate of compliance to the pro-
portional reduction of about 30% in non-fatal MI and stroke
estimated from intention to treat analyses of these trials sug-
gests that full compliance with antiplatelet therapy produces
reductions in risk of about 35–40%.

Dangers of data-dependent emphasis on 
particular results

In the medical literature a particularly important source of
bias is unduly data-dependent emphasis on particular trials
or on particular subgroups of patients. Such emphasis is
often entirely inadvertent, arising from a perfectly reason-
able desire to understand the randomized trial results in
terms of who to treat, which treatments to prefer, or disease
mechanisms. However, whatever its origins, selective empha-
sis on particular parts of the evidence can often lead to seri-
ously misleading conclusions. This is because the identification
of categories of patients for whom treatment is particularly
effective (or ineffective) requires surprisingly large quantities
of data. Even if the real sizes of the treatment effects do vary
substantially among subgroups of patients, subgroup analy-
ses are so statistically insensitive that they may well fail to
demonstrate these differences. On the other hand, if the real
proportional risk reductions are about the same for every-
body, subgroup analyses can vary so widely just by the play
of chance that the results in selected subgroups may be
exaggerated. Even when highly significant “interactions”
are found, they may be a poor guide to the sizes (or even the
directions) of any genuine differences, as the more extreme
such results may still owe more to chance than to reality.
This is particularly the case when such interactions have
emerged after an overzealous examination of multiple 

Table 4.1 Requirements for reliable assessment of
MODERATE treatment effects11,12

1. Negligible biases
(that is guaranteed avoidance of MODERATE biases)
● Proper RANDOMIZATION (non-randomized methods

cannot guarantee the avoidance of moderate biases)
● Analysis by ALLOCATED treatments (that is an

“intention to treat” analysis)
● Chief emphasis on OVERALL results (with no unduly

data-derived subgroup analysis)
● Systematic META-ANALYSIS of all the relevant

randomized trials (with no unduly data-dependent
emphasis on the results from particular studies)

2. Small random errors
(that is guaranteed avoidance of MODERATE random
errors)
● LARGE NUMBERS (with minimal data collection as

detailed statistical analyses of masses of data on
prognostic features generally add little to the effective
size of a trial)

● Systematic META-ANALYSIS of all the relevant
randomized trials
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approach is that such meta-analyses will also minimize ran-
dom errors, because far more patients (and most importantly,
more events) will be available for analysis. The separate trials
might well be heterogeneous, but with careful interpretation
of such heterogeneity it is often possible to enhance under-
standing of particular clinical questions.24 Occasionally, when
detailed information on individual patients is available within
a really large meta-analysis that includes several thousand
major outcomes, such as death21 or cancer recurrence,25 it
may be feasible to identify particular groups of individuals in
whom the benefits or hazards of treatment really are espe-
cially great. (Where it has been possible to establish coopera-
tion between trialists before any of the trial results are known,
having just a few prespecified subgroup hypotheses can pro-
vide some protection against unduly data-dependent empha-
sis on particular results in a large meta-analysis.26)

Avoidance of moderate random errors

Small trials may produce false negative results

Whereas the avoidance of moderate biases requires careful
attention both to the randomization process and to the
analysis and interpretation of the available trial evidence,
the avoidance of moderate random errors requires large
numbers of events. Because major outcomes such as death
may affect only a small proportion of those randomized,
very large numbers of patients often need to be studied
before the results can be guaranteed to be statistically (and
hence medically) convincing. For example, the early trials of
intravenous fibrinolytic therapy for acute myocardial infarc-
tion were individually too small to provide reliable evidence
about any moderate effects of this treatment on mortality,
although several did identify an increased risk of serious
bleeding. As a result, fibrinolytic therapy was not used rou-
tinely until the GISSI-12 and ISIS-21 “mega-trials” provided
such definite evidence of benefit that treatment patterns
changed rapidly.27 It is worth noting, however, that GISSI-1
and ISIS-2 both included more than 10 000 patients and
1000 deaths, but had they only been one tenth as large the
observed reduction in mortality would not have been con-
ventionally significant, and would therefore have had much
less influence on medical practice.

subgroups. For example, in the large Second International
Study of Infarct Survival (ISIS-2), the 1 month survival
advantage produced by aspirin was particularly clear (804
vascular deaths among 8587 patients allocated aspirin v
1016 among 8600 allocated placebo; proportional reduction
of 23% (SD 4); P � 0·000001).1 When these overall results
were subdivided by the patients’ astrological birth signs,
however, no fewer deaths were observed with aspirin than
with placebo among patients born under Libra or Gemini
(Table 4.2). Although few doctors would consider such
analyses to be valid, similarly unreliable conclusions based
on “exploratory” data-derived subgroup analyses are widely
reported in medical journals and at scientific meetings, and
may well have adverse consequences for patient care.

An example of how such subgroup analyses resulted in
inappropriate management of patients is provided by 
the early trials of aspirin for the secondary prevention of
stroke. Here, emphasis on the results in men led to a situa-
tion where, for almost 20 years, the US Food and Drug
Administration approved this use of aspirin only for males;
more recent evidence shows this to have been mistaken.4

A further example is provided by the large Italian GISSI-1
trial comparing streptokinase versus control after acute MI.
The overall results favoured streptokinase, but subgroup
analyses suggested that streptokinase was beneficial only in
patients without prior MI. Fortunately, the GISSI inves-
tigators were circumspect about this “finding”,2 and their
caution turned out to have been wise, as a subsequent
overview of all the large fibrinolytic trials showed that the
proportional benefits were similar, irrespective of a history of
MI.21 Many thousands of patients with a previous history of
MI might well have been denied fibrinolytic therapy, 
however, if the apparent pattern of the results in the GISSI-1
subgroups had been believed.

A similar bias may arise in a situation where several stud-
ies have addressed much the same therapeutic question but
only a few of them are chosen for emphasis. This could be a
source of serious bias, as chance fluctuations for or against
treatment might affect this choice. It is therefore more appro-
priate to base inference on a meta-analysis of results from all
relevant randomized trials (or, at least, on an unbiased subset
of the relevant trials, such as all trials above a certain mini-
mum sample size).22,23 One additional advantage of such an

Table 4.2 Unreliability of “data-dependent” subgroup analyses: ISIS-2 trial of
aspirin among over 17000 patients with suspected acute myocardial infarction1

Astrological birth sign Vascular death by 1 month P value

Aspirin Placebo

Libra or Gemini 150 (11·1%) 147 (10·2%) 0·5
All other signs 654 (9·0%) 869 (12·1%) �0·0001

Any birth sign 804 (9·4%) 1016 (11·8%) �0·0001



Small-scale meta-analyses may be unreliable

Because meta-analyses are appearing in medical journals with
increasing frequency it is useful to be able to judge the relia-
bility of such reviews – and, in particular, the extent to which
confounding, biases or random errors could lead to mistaken
conclusions. (In randomized trials, “confounding” exists
when a comparison of some particular treatment in one group
versus a control group involves the routine coadministration
in one group, but not the other, of some cointervention that
might affect the outcome.) To avoid any possibility of con-
founding, and to avoid any flexibility in the question of which
trials to consider, meta-analyses should generally include only
unconfounded properly randomized trials. The main prob-
lems that then remain are those of biases and random errors.

Two types of bias could affect the reliability of a meta-
analysis: those that occur within individual trials, and those
that relate to the selection of trials. More empirical research
into the numerous biases that can occur within randomized
trials would be valuable. However, it is clear from existing
studies that, for example, inadequate concealment of the
likely treatment allocation does quite often result in exag-
gerated estimates of treatment effect,28 and that the inap-
propriate postrandomization exclusion of particular patients
is common.29 Such defects have unpredictable conse-
quences for particular trials, however, and no generaliza-
tions about the likely size, or even direction, of the resultant
biases are possible.

A further problem involves the process of identifying all
relevant trials. Unfortunately, the subset of trials that are
eventually published (and hence which are conveniently
available) is often a biased sample of the trials that have
been done. Trials may well be more likely to be submitted
for publication if their results are strikingly positive than if
they are negative or null.30–33 Such “publication bias” can,
along with other sources of bias, produce surprisingly
impressive looking evidence of effectiveness for treatments
that are actually useless.34 The particular circumstances in
which publication bias has contributed to producing mis-
leading estimates of treatment are difficult to identify, and it
is still more difficult to generalize about the exact size of any
such bias when it does occur.

The problem of incomplete ascertainment is likely to be
particularly acute within small meta-analyses that contain no
more than a few hundred major outcomes and which consist
mainly of small published trials. This is because results from
trials with only a limited number of end points are subject to
large random errors, and such trials are therefore particularly
likely to generate implausibly large effect estimates. If publica-
tion bias then results in emphasis on the more promising of
these small trial results, the resulting summary odds ratios are
likely to be unreliable.35 Hence, unless the particular circum-
stances of a small-scale meta-analysis suggest that publication
bias is unlikely, it may be best to treat such results as no more
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than “hypothesis generating”. On the other hand, a thor-
oughly conducted meta-analysis that in aggregate contains
sufficient numbers of major outcomes to constitute “large-
scale” randomized evidence4,21,25 is unlikely to be materially
affected by publication bias and, provided there are no serious
uncontrolled biases (see above) within the individual compo-
nent trials, is likely to be fairly trustworthy – although, even
then, inappropriate subgroup analyses may generate mistaken
conclusions.

Large-Scale Randomized Trials

Trials of the effects of treatments on major outcomes can
only be made large if they are kept as simple as possible. In
particular, as many as possible of the main barriers to rapid
recruitment need to be removed. An important way in
which trial design can facilitate this is to limit the amount of
information that is recorded. For example, data recorded at
baseline can often be restricted to important clinical details,
including at most only a few major prognostic factors and
only a few variables that are thought likely to influence sub-
stantially the benefits or hazards of treatment. Similarly, the
information recorded at follow up need not be extensive
and can be limited largely to those major outcomes that
such studies have been designed to assess, and to approxi-
mate measures of compliance. (Other outcomes that are of
interest but which do not need to be studied on such a large
scale may best be assessed in separate smaller studies, or in
subsets of these large studies when this is practicable.)
Likewise, complicated eligibility criteria, inappropriately
detailed consent procedures36 and unnecessarily extensive
auditing of data can all prevent the recruitment of large
numbers of patients. Furthermore, if trials are complex they
are likely to involve a high cost per patient, which again
tends to limit their size. Either way, complexity is rarely a
virtue in trials designed to assess major outcomes, whereas
simplicity can sometimes lead to the rapid randomization of
very large numbers of patients, and to results that change
clinical practice within very short periods of time.1,27

The “uncertainty principle”

For ethical reasons, randomization is appropriate only if
both the doctor and the patient feel substantially uncertain
as to which trial treatment is best. The “uncertainty princi-
ple” maximizes the potential for recruitment within this
ethical constraint (see Box on p 38).

If many hospitals are collaborating in a trial then whole-
hearted use of the uncertainty principle encourages clini-
cally appropriate heterogeneity in the resulting trial
population, and in large trials this may add substantially to
the practical value of the results. Among the early trials of 
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Summary

Many interventions in cardiological practice produce only
moderate effects on major outcomes such as death or seri-
ous disability. However, even a moderate effect of treat-
ment, if demonstrated clearly enough for that treatment to
be widely adopted, can prevent disabling events or death in
substantial numbers of people. Moreover, if – as in the treat-
ment of acute myocardial infarction – more than one mod-
erately effective treatment can eventually be identified, then
the combination of two or three individually moderate
improvements in outcome may collectively result in sub-
stantial health gains. In some instances sufficient informa-
tion is already available from large-scale randomized trials –
or, better still, from meta-analyses of those trials – to allow
the balance of risk and benefit of particular treatments to be
defined for particular patients. But many important ques-
tions have still not been answered reliably, and there
remains a need for many more large “streamlined” mega-
trials, and meta-analyses of such trials, to help resolve some
of the outstanding clinical uncertainties in the management
of cardiovascular disease.
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Staying current with new diagnostic tests, treatments, and
other clinically useful new knowledge in a rapidly evolving
field such as cardiology requires effort. Fortunately, this
once daunting task is becoming more feasible because of
new evidence-based information resources and the steady
advance of information technology into clinical settings.
This chapter will review ways to find current best evidence
for the care of patients with cardiac problems, including
both solving patient problems as they arise, and keeping up
with new evidence that is ready for application in clinical
practice.

The patients whom we see on a daily basis provide an
excellent stimulus to staying current. They may have clini-
cal problems that we are unfamiliar with, or that we have
not recently reviewed. They may also present us with 
information from the media or friends to evaluate, or ask 
us questions that we need to research before answering.
Depending on the type of center in which we work, our 
colleagues, teachers, and students may also ask questions or
provide suggestions, making us realize that our knowledge
may be “time-challenged”.

To become proficient in responding to such challenges
(also known as “learning opportunities”), we can make use
of a growing array of specialized information resources,
aided by information technology that can bring access to our
fingertips, almost wherever we may be. To illustrate how
patient contacts can provide us with the stimulus to keep up
to date and be aware of new evidence, consider the follow-
ing scenarios.

1. During your outpatient clinic, you see a 56 year old
woman who recently became your patient after she
moved to your community. She has been diagnosed as
having an idiopathic dilated cardiomyopathy and had
an echocardiogram 6 months ago that revealed a dif-
fusely enlarged left ventricle with no segmental abnor-
malities. The ejection fraction was estimated to be less
than 30%. You review her current condition and note
that her symptoms are controlled on an angiotensin
converting enzyme (ACE) inhibitor, digoxin, and a
diuretic. Still, she complains of fatigue and dyspnea on
moderate exertion. Before leaving, she asks if you can
recommend any other medications that would help.

2. Later that day, you pass through the emergency depart-
ment where an emergency physician happens to notice
you. She has been working up a 65 year old man who
presented with a swollen left calf. He had an ultra-
sound that confirmed the presence of a deep venous
thrombosis. The patient is anxious to return home
because his wife is ill and requires care. The emergency
physician is interested in your opinion on the use of
low molecular weight heparin for the treatment of
deep venous thrombosis in outpatients.

These questions are consistent with the common infor-
mation needs of physicians. For internists, questions arise 
at a rate of two questions for every three outpatients seen1

and five questions on average for every inpatient.2 No one
knows whether cardiologists confront similar numbers of
questions, but no professional discipline studied to date is
immune from the need to address unanswered questions to
keep up with the advance of knowledge.

How would you address each of the questions raised by
the clinical scenarios? The possibilities include using an
electronic bibliographic database such as MEDLINE, a spe-
cialized abstract journal like ACP Journal Club or Evidence-
Based Cardiovascular Medicine, a current textbook, or the
Cochrane Library. We will consider the strengths and weak-
nesses of these resources and apply them to the clinical
problems.

MEDLINE

MEDLINE is a huge, multipurpose database of medical litera-
ture citations and abstracts produced by the US National
Library of Medicine (NLM). It includes citations to almost all
important clinical studies, and also a much larger volume of
non-clinical studies and articles. Few other resources currently
rival this scope. Accessing MEDLINE is relatively easy.3–5 CD
Rom based systems, online systems, and, most importantly,
internet access are all available. Examples of CD Rom
systems include OVID, Aries, SilverPlatter, and DIALOG.
Online access by modem is available through vendors such as
PaperChase and HealthGate.6 Internet access is readily avail-
able (see Medical Matrix (http://www. medmatrix.org)
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and Dr Felix’s Free MEDLINE Page (http://www.beaker.
iupui. edu/drfelix) sites for locations that offer MEDLINE
access). Some of these MEDLINE systems have user fees
but, at least at present, free access is available from many,
led by the NLM PubMed (http://www.ncbi.nlm.nih.
gov/PubMed/) internet site. This site features the earliest
MEDLINE access to newly published articles and point-and-
click search strategies that improve the yield of clinically
useful studies on the cause, course, diagnosis, and treatment
of clinical problems.

If ready access is one of MEDLINE’s strengths, the 
skills needed to rapidly and dependably locate high quality
articles that specifically address a clinical question are 
a weakness. A working knowledge of MEDLINE searching
terminology and searching strategies is essential. Luckily,
most hospital and university libraries offer training courses
for MEDLINE. The NLM has also established a set of eight
regional medical libraries that are charged with providing
access and training for all US health personnel (�1-800-
338-7657). Physicians in the UK can call the Health Care
Information Service (�44-207-412-7477) for similar infor-
mation, while Canadians can call the Canada Institute for
Scientific and Technical Information (�1-800-668-1222).

Turning to our initial scenario, we are interested in locat-
ing information about new medical therapies for patients
with idiopathic dilated cardiomyopathy. Also, it would be
wise to focus initially on treatments that already have been
adequately tested in well-designed clinical trials.7 While 
it may be interesting to read about new medications that 
are being designed and tested at the laboratory level, or are
undergoing early human testing, this information will not be
immediately applicable in our clinical practices.

Turning to MEDLINE for assistance, we might begin
searching by using a medical subject heading (MeSH) for con-
gestive heart failure. MEDLINE indexers choose appropriate
terms from a thesaurus of 14 000 specific terms and 18 000
synonyms for content and methodology. Unfortunately, these
terms are not always intuitive (for example, � blockers
indexed as adrenergic � antagonists). Therefore, it is often
necessary to search through the MeSH vocabulary before 
carrying out a search. The software for all search systems
includes MeSH, so it is quite easy to search for appropriate
terms. For our topic, a search for CONGESTIVE HEART
FAILURE leads to HEART FAILURE, CONGESTIVE.

Depending on the topic and the scope that you are inter-
ested in covering, you may also want to take advantage of
two additional features of MeSH headings. Because many
articles deal predominantly with two or three topics, the
NLM will indicate these topics for each citation by designat-
ing them as major subjects of the article. Limiting your
search to articles in which the search term has been desig-
nated as the major subject heading will be beneficial if 
you retrieve too many citations from using the search term
without “majoring” it. Sometimes, though, you can miss

important studies this way. A trial and error approach may
be needed to retrieve the best studies.

“Exploding” is another useful feature of MEDLINE MeSH
indexing. When articles are indexed, they are classified
according to the most specific MeSH heading available.
Thus, if you wish to identify all articles that deal with con-
gestive heart failure, including those with more specific
MeSH terms such as congestive cardiomyopathy, then you
can do so by searching with the term EXPLODE HEART
FAILURE, CONGESTIVE.

If you are searching for a topic that has not been well
indexed, you may want to take advantage of textword
searching. Using this approach, you are simply asking 
MEDLINE to search the titles and abstracts of all the cita-
tions for any occurrences of a certain sequence of letters,
such as “dilated”. This approach is particularly useful for
new drugs or concepts that have not yet been incorporated
into MeSH. MeSH is updated annually, but the lag can be
considerably longer for certain terms.

If several different endings to a word may have been
used, and you wish to identify them all, you can use “trun-
cation”, using the “*” symbol. For example, if you asked 
for RANDOM*, MEDLINE would search for RANDOM, 
RANDOMIZATION, RANDOMIZED, RANDOMISATION,
RANDOMISED, and RANDOMLY. Be careful with trunca-
tion. The term “salmon*” retrieves not only the fish but 
salmonella as well! Some systems may use symbols other
than “*”, such as “:” or “?”.

Returning to identifying new therapies for patients 
with significant left ventricular dysfunction, EXPLODE
HEART FAILURE, CONGESTIVE is a good start, but we
need to narrow in on treatments that have been tested 
in well-designed studies. Luckily, a number of methodologi-
cal search strategies have been tested and validated for
retrieving sound studies for questions relating to therapy,
prognosis, etiology or cause, and diagnosis (Box 5.1).8,9

Alternatively, you can search for a systematic review of 
studies. Research is currently ongoing to establish the best
approach to identify systematic reviews and meta-analyses.10

For our current search, limiting the citations to systematic
reviews and meta-analyses seemed like a reasonable first
step. A simple but not fully validated strategy to identify sys-
tematic reviews and meta-analyses is to identify all citations
in which the publication type is designated as meta-analysis
(note that in addition to indexing articles according to sub-
ject, the NLM also indexes citations according to “publica-
tion type”). Over 40 publication types are recognized,
including “meta-analysis”, “randomized controlled trial”,
and “review”), as well as citations that include the phrase
“meta-anal*” as a textword, and citations that are desig-
nated as reviews in the publication type section, but also
have the textword “MEDLINE” in their abstract. Putting
this all together yielded the search strategy in Box 5.2 using
PubMed.
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Looking at the titles and abstracts of these articles, you
find that one is a meta-analysis on � blockers, and the
abstract suggests that these medications are almost certainly
beneficial. You decide to go to the library to retrieve this
paper,11 and then to critically appraise it using the guidelines
for a systematic review.12

Many alternative ways exist for conducting a MEDLINE
search, including the one just displayed. Unfortunately,
because no perfect recipe exists, what works well in one 
situation may not work as well in another. Combining an
appropriate content term (HEART FAILURE, CONGESTIVE,
in this case) with methods terms for reviews (as above) or

Box 5.1 Optimal search strategies for identifying studies relating to treatment, diagnosis, prognosis, or
etiology using MEDLINE
● Treatment

● Best single term: clinical trial.pt. (“pt” indicates publication type)
Combination of terms with best specificity: placebo:.tw. (“tw” indicates textword)

OR double.tw. AND blind:.tw.
Combination of terms with best sensitivity: randomized controlled trial.pt.

OR random:.tw.
OR drug therapy (as a subheading of the subject)
OR therapeutic use (as a subheading of the subject)

● Diagnosis
● Best single term: explode diagnosis

Combination of terms with best specificity: explode “sensitivity and specificity”
OR predictive.tw. AND value:.tw.

Combination of terms with best sensitivity: explode “sensitivity and specificity”
OR explode diagnosis (as a subheading of the subject)
OR sensitivity.tw.
OR specificity.tw.
OR diagnostic use (as a subheading of the subject)

● Prognosis
● Best single term: explode cohort studies

Combination of terms with best specificity: prognosis
OR survival analysis

Combination of terms with best sensitivity: incidence
OR explode mortality
OR follow up studies
OR prognos:.tw.
OR predict:.tw.
OR course:.tw.
OR mortality (as a subheading of the subject)

● Etiology or cause
● Best single term: risk.tw.

Combination of terms with best specificity: cohort studies
OR case–control studies

Combination of terms with best sensitivity: explode cohort studies
OR explode risk
OR odds.tw. AND ratio:.tw.
OR relative.tw. AND risk:.tw.
OR case.tw. AND control:.tw.

Based on Haynes et al 8 and Wilczynski et al 9

Box 5.2
1. Heart failure, congestive 41 251 (PubMed automatically explodes MeSH terms)
2. Meta-analysis[pt] 6123 (pt indicates publication type)
3. Meta-anal*[tw] 9683 (tw indicates textword)
4. Review[pt] AND medline[tw] 5156
5. #2 OR #3 OR #4 16 637 (the “OR” means that all citations in either #2 or #3 or #4 will be included)
6. #1 AND #5 141 (the “AND” means that only citations that occur in both #1 and #5 will be identified)



for sound study designs (as in Box 5.1) is a good place to
start. It also has to be considered, however, that such
searches are bound to take some time. This is because of the
general nature of this huge biomedical research database: 
it is so large and comprehensive that even the extensive
indexing and care that is taken in preparing it are insuffi-
cient to guarantee quick and accurate retrieval for clinical
uses. Fortunately, many vendors have developed specialized
subsets of MEDLINE for clinical use in cardiology. For
example, Aries (http://www.kfinder.com) offers a cardio-
vascular disease subset (CardLine) on compact disc that you
can subscribe to yourself. Instead of having 1 full year of
MEDLINE on each CD Rom disc, these subsets provide
journals and citations relating to a specific field for inclusion.
For example, CardLine has cardiology citations from 
MEDLINE for the 10 most recent years on one disc.

Specialized clinical information resources

While large electronic bibliographic databases such as 
MEDLINE can be very helpful, they can also be very frustrat-
ing or overwhelming because of the different ways that 
articles can be indexed and because of the vast array of 
preclinical and non-clinical literature that is included. 
MEDLINE serves many user groups besides clinicians (basic
scientists and other researchers, educators, librarians, jour-
nalists, etc.). An alternative is to use a resource that includes
only methodologically sound and clinically relevant articles, 
such as ACP Journal Club (American College of Physicians
(ACP-ASIM)), for internal medicine and its subspecialties,
Evidence-Based Medicine (for all major specialties; from
ACP-ASIM and from the BMJ Publishing Group), and the
cardiology journal Evidence-Based Cardiovascular Medicine
(published by Churchill Livingstone). These are available in
both paper and electronic versions. In addition to including
only methodologically sound articles13 and presenting the
results using a structured abstract format, these journals also
include a commentary written by a clinical expert, designed
to put the study findings into clinical context.

Searching ACP Journal Club (www.acpjc.org) using the
text phrase “low molecular weight heparin” locates several
relevant references, including one directly on target.14 This
report summarizes the findings of two randomized con-
trolled trials comparing intravenous heparin administered in
hospital with subcutaneous low molecular weight heparin
administered at home, and both found that outpatient ther-
apy was as safe and effective as inhospital management.

Other resources

The Cochrane Library is an increasingly valuable source of
evidence summaries and trials of healthcare interventions.

This new electronic database is updated quarterly and 
contains the collected work of the Cochrane Collaboration,
an international voluntary organization that prepares, main-
tains, and disseminates systematic reviews of randomized
trials of healthcare interventions. Available on CD Rom and
via the internet (http://www.cochranelibrary.com), the
Cochrane Library consists of three key sections for locating
clinical evidence: the Cochrane Database of Systematic
Reviews (CDSR), the Database of Abstracts of Reviews of
Effectiveness (DARE), and the Cochrane Controlled Trials
Registry (CCTR). The CDSR consists of the full reports of
Cochrane Collaboration systematic reviews as well as proto-
cols for ongoing systematic reviews. DARE is produced by
the UK National Health Services Center for Reviews and
Dissemination located at the University of York. It contains
citations to many non-Cochrane systematic reviews, and
includes structured abstracts for many of them. The CCTR
is a growing collection of over 320 000 citations to thera-
peutic intervention trials.

Searching the Cochrane Library is relatively easy and
requires only entering a word or short phrase. The Library
automatically searches all three sections for any relevant
reviews or citations. Applying this to our scenarios, search-
ing using the term “dilated cardiomyopathy” in Cochrane
Library 2001, Issue 4, yields numerous citations: three cita-
tions to completed reviews in the CDSR, seven citations in
the DARE, and 267 citations in the CCTR. The Cochrane
reviews address the role of anticoagulation, antiplatelet
agents, and digoxin in patients with a cardiomyopathy, 
and the structured abstracts within the DARE include 
a meta-analysis of � blocker studies.15 Doing a similar
search using the term “low molecular weight heparin”
locates numerous references including a Cochrane review
entitled “Home versus in-patient treatment for deep vein
thrombosis”.16 This systematic review was updated in
February 2001 and identified the two studies that were
found earlier using ACP Journal Club.

Textbooks

At this point, you may be thinking about your textbooks.
What role do these have in clinical practice and in particular
with respect to staying current? Textbooks remain an impor-
tant resource for clinicians in terms of anatomy and patho-
physiology, the basics of practice that usually do not change
very quickly, except perhaps for molecular biology. They also
provide descriptions of the classic presentations of numerous
disease conditions and review important aspects of the his-
tory, physical examination, and diagnostic testing. By review-
ing conditions that may present with similar findings, a good
textbook can also help to broaden the differential diagnosis
in more complex cases. These references may also describe
medication adverse effects and pharmacokinetics, and 
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may include historical perspectives and practical suggestions
to assist in patient management.

Textbooks, however, are seldom explicit about the quality
or currency of evidence used in recommendations for man-
agement. Also, there is often a passage of 3 or more years
between updates of specialty textbooks, and new studies
may have been published in the interval. Particularly for rap-
idly evolving aspects of management such as laboratory
diagnosis and therapeutics, print textbooks simply cannot be
trusted. Fortunately, we are now seeing the emergence of
CD-ROM and Internet versions of textbooks with regular
updates, such as UpToDate17 and Scientific American
Medicine (SAM).18

The internet

This brings us to the world wide web, an increasingly useful
resource for locating current information, and one that our
patients are accessing at an increasing rate. We have already
mentioned how MEDLINE, ACP Journal Club and the
Cochrane Library can be accessed over the web. A rapidly
growing number of journals are also available online. A few
examples include the New England Journal of Medicine
(http://www.nejm.org), Annals of Internal Medicine
(http://www.acponline.org), JAMA (http://jama.ama-
assn.org), BMJ (http://www.bmj.com), and The Lancet
(www. thelancet. com). A number of cardiology textbooks
are also available over the internet, as are many clinical prac-
tice guidelines. Two websites that have extensive cardiology
sections are the Medscape (http://www.medscape.com) and
Medical Matrix (http://www.medmatrix.org) sites.

Journals and browsing to keep up to date

We have focused to this point on looking for evidence when
it is needed. If the search is successful, the evidence can be
applied immediately and this can be a powerful learning
experience. But what if we don’t search for evidence
because we don’t know that we are out of date? A comple-
mentary strategy is needed, browsing the medical literature
regularly in one way or another. The difficulty is that so
many journals include articles relevant to cardiology that 
it is impracticable to review them all. One of the best 
solutions is to subscribe to a journal such as Evidence-Based
Cardiovascular Medicine that continuously scans a wide
range of journals in a systematic way, according to explicit
criteria, and includes structured abstracts and commentaries
on methodologically sound and clinically relevant studies.

Conclusion

In summary, while the time that we devote to updating our-
selves with new developments is limited, a growing number

of easy-access resources are available so that we can use this
time effectively. MEDLINE is more readily available now
than ever, and is seeding the development of specialty-
specific collections. Journals that abstract only high-quality,
clinically relevant articles are appearing, and systematic
reviews are becoming the norm. Internet-accessible text-
books that are regularly updated are also becoming available.
Applying these resources to clinical care on an ongoing basis
after appraising the quality of information and considering
how it relates to our individual patient’s circumstances can
lead to improvements in the quality of care we provide.

Key points

� New resources are rapidly emerging that make keeping
up to date with clinically significant developments in car-
diology easier than ever.

� Large bibliographic databases, such as MEDLINE, are
becoming more accessible to practicing physicians, and
search strategies for locating high quality studies are
now available.

� Specialty journals, such as Evidence-Based
Cardiovascular Medicine, that identify and abstract
methodologically sound and clinically relevant studies,
also facilitate the ongoing process of staying current.
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Introduction

Economics is concerned with how to allocate scarce
resources among alternative uses efficiently and effectively.
It is a fundamental principle of economics that resources are
limited relative to human wants, and that those resources
have alternative uses.1 Consequently, when people say that
the cost of health care has grown too high, they mean that
the quantity of resources flowing toward medical care has
grown to the point where additional funds cannot be spent
on other things that society values, such as education, pub-
lic safety, environmental protection, public works, pensions
for the retired or disabled, or assistance to the poor. The fact
that most people put a very high value on health does not
mean that they are willing to provide limitless resources to
medical care. Indeed, even the goal of improving health and
longevity may also be served by non-medical expenditures
on programs such as nutritional supplements, a safe and
clean water supply, police and fire protection, or safety
improvements to roads, as well as by medical expenditures.

The cost of medical care has been rising steadily for the past
50 years, but it has only been in the past decade that the level
of expenditures became so large as to cause alarm among 

policy makers, payers, and the general public (Table 6.1).
The steady expansion of health care has now begun to meet
substantial resistance in the large industrial countries, and
new policies and payment mechanisms have been introduced
to contain the rising cost of medical care. As a consequence,
physicians must now consider cost as they design programs to
prevent, diagnose, and treat disease. Cardiovascular diseases
consume a large share of health care resources (Table 6.2), so
cardiovascular specialists must be particularly knowledgeable
about health economics. This chapter will attempt to outline
the major principles of health economics relevant to cardio-
vascular medicine. First, some general concepts of health eco-
nomics will be presented. Second, methods to identify and
compare the costs of cardiovascular interventions will be
described. Finally, the principles of cost effectiveness analysis
will be discussed.

6 Understanding concepts related to
health economics
Mark Hlatky

Table 6.1 US national healthcare expenditures, 2000

Category US$ (�109) Percentage

Hospital care 412·1 32
Physician services 286·4 22
Other professional services 99·0 8
Drugs, supplies 171·5 13
Nursing home care 92·2 7
Home health care 32·4 2
Other personal health care 36·7 3
Administration 80·9 6
Public health 44·2 3
Research 25·3 2
Construction 18·6 1
Total 1299·5 100

Source: Health Affairs 2002;21:207–18

Table 6.2 Resources devoted to cardiovascular care in
the USA

Category n (�103) Percentage
(of total)

Deathsa 934 39
Hospital admissionsb 6344 20

Myocardial infarction 829
Heart failure 962
Cerebrovascular disease 961

Operations and 6133 15
proceduresb

Cardiac catheterization 1271
Coronary bypass 355
surgery

Coronary angioplasty 599
Pacemaker-related 336

Physician office visitsc 59 996 8
Electrocardiograms 22 596

Prescriptionsc 176 839 16

Sources: a NCHS Monthly Vital Statistics Report 2001;
49:12

b NCHS Advance Data 2001 (No. 319)
c NCHS Advance Data 2001 (No. 322)
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General concepts

Various societies have adopted different systems to pay for
health care, and these systems reflect societal values and the
historical experience within each country. The United
Kingdom has a national health service, Canada has national
health insurance, France and Germany have public/private
financing for health care, and the United States has a per-
plexing and rapidly evolving patchwork of public and pri-
vate health insurance systems. These are very different
systems to finance health care, and yet each is faced with
the same issues of how to allocate the limited resources
available to best provide health care. Each country is also
facing the same steady rise of healthcare costs, despite the
wide differences in the ways they finance health care.

Provision of cardiovascular services requires resources in
all societies, irrespective of the method of financing or deliv-
ering health care. Coronary bypass surgery, for example, is
very resource-intensive, with the operation requiring car-
diac surgeons, a cardiac anesthesiologist or anesthetist, a
perfusionist, several nurses, and considerable quantities of
specialized supplies and equipment. Postoperative care also
requires skilled nurses and physicians, with support from
specialized supplies, equipment, and facilities. Each health
professional involved in cardiac surgery spends the scarce
resource of time to care for the patient – time that could be
put to other valuable uses, such as care for other patients.
The drugs used, the disposable supplies, the operating room
equipment, even the hospital building, all cost money. All of
these are true costs to the system, even if the coronary
bypass operation is performed “for free” – that is, without
charge to the patient. The scene in the operating room, the
postoperative recovery areas, and the hospital wards is
much the same in the United Kingdom, Canada, France,
Germany, and the United States despite the different ways
these societies pay for medical care. The resources used in
the care of patients, and the increasing sophistication of that
care, drive healthcare costs up in each of these countries,
irrespective of the way such care is paid for.

Another basic concept of economics is the so-called “law of
diminishing returns”. This concept is illustrated in Figure 6.1,
in which the quantity of resources used in health care is
plotted on the horizontal axis, and the resulting health ben-
efits on the vertical axis. In the case of the patient with an
acute myocardial infarction, for example, survival would be
improved as more resources are applied, such as prehospital
transportation, electrocardiographic monitoring, access to
defibrillation, and a competent team to deliver coronary
care. Outcomes might be further improved by reperfusion
therapy, but with a greater increment in survival from using
a cheaper, basic approach (streptokinase, for example) rela-
tive to no therapy, than from more expensive alternatives
(such as tissue plasminogen activator (tPA) or PTCA). The
extra benefit from adding even more aggressive care will be

smaller still, and at some point the patient may be harmed
by overly aggressive care. Helping physicians define the opti-
mal point on this curve (Figure 6.1) is one of the goals of
economic analysis.

Determination of costs

The cost of producing a particular healthcare service can be
defined in a variety of ways. The cost of performing a coro-
nary angiogram can be used as a specific example that will
illustrate the various aspects of cost and how the cost might
be measured. Performing a coronary angiogram requires a
variety of resources, including radiographic equipment,
trained personnel (including an angiographer and technical
assistants), and specialized supplies such as catheters, radi-
ographic contrast, and sterile drapes. The equipment
needed is very expensive to purchase, and the healthcare
facility where it is installed may require special renovations
to assure proper radiation shielding and adequate electrical
power. The capital cost for a coronary angiography labora-
tory will be considerable, perhaps $2–3 million, depending
on the type of equipment purchased. The laboratory will
have a physical lifespan of perhaps 7–10 years, although
technologic innovations may lead to replacement of the
equipment before the end of its physical lifespan. The cost of
building an angiography suite represents a large fixed cost
for coronary angiography, a cost that is roughly the same
whether the laboratory performs 200 or 2000 angiograms
per year. The cost per case is lower in the high volume labo-
ratory, however, because the fixed equipment costs can 
be spread over more cases. Thus, if the equipment costs
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Figure 6.1 General relationship between increasing health-
care resources (horizontal axis) and health outcomes (vertical
axis). At point A, outcomes are improving rapidly with increased
resources and treatment is cost effective. At point B, outcomes
are still improving with increased resources, but at a rate that is
not cost effective. At point C, increased resources are no
longer improving outcome (that is, “flat of the curve”), and at
point D increased resources actually lead to worse outcomes,
through iatrogenic complications and overtreatment.
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$2·5 million and has a useful life of 10 years, the prorated
share of fixed costs for each patient in the low volume labo-
ratory performing 200 cases per year is

Fixed costs/case �
$2 500 000

(200 cases/yr)(10 years)
� $1250/case

whereas in the high volume laboratory (2000 cases per
year) the prorated share of fixed costs per case would be

Fixed costs/case �
$2 500 000

(2000 cases/yr)(10 years)
� $125/case

Procedures that have high fixed costs will be performed
with greater economic efficiency in centers that have suffi-
cient volume to spread those fixed costs over a larger 
number of individual patients. (There may be additional
advantages to larger procedure volumes as well, since the
technical proficiency is higher and clinical outcomes of
many procedures are usually better when performed in
higher volume clinical centers.)2–4 Procedures with lower
fixed costs will have a smaller effect of volume on costs.

In contrast to the fixed equipment costs, the cost of sup-
plies consumed in performing coronary angiography varies
directly with the volume of cases performed, and the supply
cost per case will be fairly constant irrespective of the vol-
ume of cases performed (apart from the small effect of dis-
counts available to large volume purchasers). The cost of
laboratory staff falls in between these two extremes, in that
the hours worked in the catheterization laboratory by tech-
nical staff can be varied somewhat according to the volume
of cases performed, but some staff effort is required regard-
less of patient volumes, such as supervisors.

Hospital overhead is also a real cost, but one that is less
directly linked to any one medical service or procedure.
Hospitals must pay for admitting offices, the medical records
department, central administration, the laundry service, the
cafeteria, housekeeping and utilities, to name just a few
areas. These costs cannot be tied easily to the coronary
angiography procedure in the same way as the cost of the
catheters or radiographic contrast. Most facilities assign a
share of these costs to patient care services according to a for-
mula such as the step down method. Discussion of specific
methods to allocate hospital overhead is beyond the scope of
this chapter, but can be found in several articles and books.5,6

The overall effect of procedure volume on the cost per
case is illustrated in Figure 6.2. In general, the cost per case
declines as more cases are performed, up to the limit of the
facility’s capacity (for example, 2000 cases). If volume
increases further, more facilities must be built, increasing
the cost per case, as more fixed costs are spread over a few
more patients. Figure 6.2 also illustrates the distinction
between concepts of “marginal cost” and long run “average
cost”. The marginal cost is the added cost of doing one more
case. In an already equipped and staffed coronary angiogra-
phy laboratory, the marginal cost of performing one more

procedure is just the cost of the disposable supplies con-
sumed in the case: the catheters, radiographic contrast, and
other sterile supplies. In the example of Figure 6.2, the mar-
ginal cost is $250 per case. The marginal cost is lower than
the average cost per case ($375 per case), which also
includes a prorated share of the salaries of the laboratory
staff, depreciation of the laboratory equipment costs, and
the facility’s overhead costs.

Costs v charges

Costs and charges are related but distinct concepts. The cost
of a medical service represents the value of the resources
required to produce it. The charge for a service is a specific
form of reimbursement to healthcare providers in a fee-for-
service healthcare system. The cost and charge for provid-
ing a service should be quite close to one another in a
competitive economic market. The reason is simple: if one
provider charged an amount much higher than it actually
cost to provide a service, a competitor could offer the same
service at a lower price and still come out ahead. Con-
versely, if a provider charged less than the costs of produc-
tion, the provider would lose money. These basic economic
principles have not applied very well to medical care, at
least until recently, because medical care has not had signif-
icant competition on prices.

In regulated or non-price competitive healthcare sys-
tems, the charge (price) for a service need not bear a close
relationship to the cost of producing a service. Hospitals
might choose to set high prices for some services, such as
coronary bypass surgery, and use the excess revenues to
subsidize other services that were less well reimbursed,
such as the emergency department or, in academic centers,
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Figure 6.2 Cost per case for coronary angiography as a
function of clinical volume. Assumes fixed costs per laboratory
of $250 000 per year, and marginal (that is, variable) costs of
$250 per case. When volume reaches 2000 cases per year in
a laboratory, the model assumes an additional laboratory will be
built. The dotted line indicates the “long run average” cost per
case of $375.
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medical education, and research. With greater price sensi-
tivity on the part of healthcare payers, the subsidization of
one medical service with the proceeds of another service
has been sharply curtailed. While this trend has had the pos-
itive effect of bringing an element of economic reality to
medicine, it has also caused dislocations and considerable
harm as worthwhile endeavors have lost the funding they
previously enjoyed from cross-subsidization. In the long run,
medical education, clinical research, and services to unin-
sured or poorly insured patients should receive direct fund-
ing to replace the indirect funding by cross-subsidies, but in
the transition these endeavors have been threatened due to
loss of a traditional funding base.

Estimation of costs

The cost of providing a specific service, such as coronary
bypass surgery, can be established in several alternative
ways. In principle, one valid way to measure cost would be
to identify a competitive market for medical service, and
note the charge (price) for coronary bypass surgery in that
market. While competitive market pricing might work well
for commodities such as consumer electronic devices or
farm products, it is not well suited to medical care, where
there are few competitive markets. An alternative method
to measure cost is to take note of the charge for a service,
and apply correction factors to estimate cost more accu-
rately. A third method to estimate costs is to examine in
detail the resources used to provide a service, and apply
price weights to the resources used:

Costj ��
i

(Quantity)ij � (Price)ij

The use of these different approaches to cost determina-
tion is illustrated by a study that estimated the costs savings
achievable by substituting coronary angioplasty for coronary
bypass surgery.7 In that study, hospital billing records were
used to construct resource consumption profiles for patients

undergoing either angioplasty or bypass surgery for the
treatment of stable angina. A microcosting approach was
then applied to the resource consumption profiles, with the
cost of a specific resource (for example, an electrocardio-
gram) defined either as the cost of supplies only (marginal
cost or variable cost) or as the cost of supplies, personnel
and equipment, but omitting overhead (average direct cost).
Charges on the billing record for a service were also con-
verted to costs by two different correction factors, also
known as ratios of cost to charges. One cost–charge ratio
included all direct costs of providing a service (supplies, per-
sonnel, and equipment), but omitted hospital overhead (for
example, medical records, laundry, utilities, administration).
The second cost–charge ratio allocated a share of hospital
overhead to each service in addition to its direct costs.

As shown in Table 6.3, the cost savings attributable to
substitution of angioplasty for bypass surgery varied consid-
erably according to how costs were defined. The lowest cost
savings are evident when only marginal costs are included,
and fixed cost and overhead excluded. The average direct
cost difference is intermediate in value, and comparable
estimates of this cost savings were obtained from the use of
resource consumption profiles and cost weights (method 2)
or the cost-to-charge ratio method that omitted overhead
(method 3). Finally, the inclusion of overhead (method 4)
led to the highest absolute difference in costs.

The differences in cost as estimated using these methods is
directly related to the issue of how the information is to be
used or, put another way, depends on the answer to the ques-
tion, “cost to whom?”. A hospital manager might be most
interested in the marginal cost of procedures (method 1) in
looking at the effect of adding or subtracting a small number
of cases to the volume performed in an institution. Under a
fixed budget for cardiac services, for instance, the effect of
substituting angioplasty for bypass surgery may be small,
given that the personnel, equipment, and overhead are
largely fixed. Performing a few extra procedures with exist-
ing facilities adds very little cost from the perspective of the

Table 6.3 Effect of different definitions of cost on the savings possible by substitution of coronary
angioplasty for bypass surgery

Definition of cost PTCA cost ($) CABG cost ($) Difference ($) PTCA/CABG
ratio (%)

Variable cost only 2672 4607 1935 58
Average direct cost

By microcosting 4073 8666 4593 47
By ratio of cost-to-charges 4935 10 281 5346 48

Average cost � overhead 7530 15 367 7837 49
Charges 9556 19 644 10 088 49

Source: adapted from Hlatky et al 7



Evidence-based Cardiology

50

head of a clinical service or a hospital manager. They may
even be willing to perform a modest number of additional
cases at a reimbursement level below their actual average
cost, but above marginal cost, in order to increase volume
and spread their fixed costs over more patients. Thus, mar-
ginal or variable costs are quite relevant to decision makers
within the institution providing a service.

The perspective of a policy maker or health planner
includes a longer time horizon and the possibility of adding
or subtracting substantial volumes of clinical services. From
this perspective, no cost is truly fixed, for personnel needs
can be adjusted, and the number of facilities providing a
service can be altered. This perspective is a broader one, and
the costs considered are therefore more inclusive. For most
policy level discussions, long run average cost is the most
relevant measure.

International perspectives

With the advent of large multicenter clinical trials that
enroll patients from several countries, interest has devel-
oped in cost comparisons between countries for the same
service. Cost estimation as part of large randomized trials
will enhance clinical decision making, for the randomized
design is the strongest way to compare all outcomes of ther-
apeutic alternatives, including cost. Extension of cost com-
parisons across national borders introduces a number of
technical and conceptual issues that deserve discussion.

Different countries measure cost in their respective
national currencies, so that readers in another country need
to convert between units (for example, pounds sterling or
euros to US dollars). These conversions can be done using
currency exchange rates, or the closely related purchasing
power parity factors. The differences between countries in
units of measurement are important, but this issue is fairly
simple to address.

A more thorny issue in international comparisons is dif-
ferences in the relative prices of the resources used to pro-
vide a service and differences in resource profiles used to

provide a service. Thus, if the cost of service j is defined as

Costj ��
i

(Quantity)ij � (Price)ij

then cost may differ among countries due to either differ-
ences in the quantity of resources used to provide a service,
price differentials for the same resources, or both. A specific
example will help illustrate these concepts (Table 6.4). Care
of a patient with acute myocardial infarction given throm-
bolysis includes the cost of the drug, the cost of basic hospi-
tal care, and the cost of additional tests and treatments 
in the convalescent phase. Table 6.4 presents hypothetical
costs of basic care in two countries, with monetary values
expressed in dollar units for simplicity. The costs of drugs in
Country 1 are higher than in Country 2, where drug prices
are strictly regulated. The time spent by the hospital staff 
to care for the patient are quite similar in Country 1 and
Country 2 (50 hours per patient for Treatment A and 54 for
Treatment B, a difference due to lower complication rates
with Treatment A). The average hourly compensation for
hospital staff is, however, higher in Country 2, so that total
personnel costs are higher as well. Thus, both cost savings
and the relative costs of Treatment A and B are different in
these two healthcare systems, due to different prices for the
same resources used to care for a myocardial infarct patient.

There may also be differences in the level of resource use
between countries, especially for discretionary procedures
such as coronary angiography. Suppose that the use of
Treatment A cuts the use of coronary angiography by one
third, partially offsetting the higher cost of the drug. If, how-
ever, the baseline rates of angiography are different between
countries, the cost implications of reducing angiography by
one third in each country will be quite different (Table 6.5).
A reduction by one third in the high rate of angiography in
Country 1 (from 60% to 40%) provides a $200 cost offset
per patient, whereas a reduction by one third in the low rate
of angiography in Country 2 (from 20% to 15%) provides
only a $50 cost offset per patient.

International comparisons of the cost of therapies can
thus be affected by (a) differences in resource use patterns
that reflect differences in practice style and the organization

Table 6.4 Effect of differences in medical prices on costs of alternative treatments

Country 1 Country 2

Tx A Tx B Tx A Tx B

Drug ($) 2000 200 1500 150
Nursing hours 50 54 50 54
Nursing wages ($) 30 30 35 35
Total ($) 3500 1820 3250 2040
Cost savings (A�B) ($) 1680 1210
Cost ratio B/A 52% 63%

Abbreviation: Tx, treatment
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of medical care, and (b) by differences between countries in
the prices attached to specific resources, such as healthcare
wages, drugs, and supplies. Data from cost studies can be
most readily applied in different practice environments if the
study provides information on both resource consumption
patterns and price weights attached to the specific resources
used, as well as a summary cost measure. This detail is
needed for readers to understand the applicability of the
cost findings to their own practice settings.

Cost effectiveness analysis

The cost of providing a particular medical service can be
measured, but determination of whether the service pro-
vides good value for the money spent is a more difficult
judgment. Cost effectiveness analysis is a method of weigh-
ing the cost of a service in light of the health effects it con-
fers in an attempt to facilitate the ultimate value judgment
about whether the service is “worth” the cost.

Cost effectiveness analysis is one of several alternative
analytic methods, each with its own strengths and limita-
tions.5 If two alternative therapies are either known to yield
identical results or can be shown to be clinically equivalent,
they can be compared on the basis of cost alone. This form
of analysis, which is termed “cost-minimization analysis”, is
particularly appropriate to commodities such as drugs, sup-
plies, and equipment that can be expected to yield equiva-
lent results when applied clinically. In such situations, the
relative costs of the alternatives become the predominant
consideration.

Many alternative therapies are known to differ both in
clinical outcomes and in cost. In this situation, both the dif-
ference in cost and the difference in effectiveness of the
therapeutic alternatives must be measured and weighed
against each other. When the effectiveness on intervention
is measured in clinical terms (for example, lives saved, years
of life added), the analysis is termed “cost effectiveness”. If
the clinical measures of effectiveness are translated into
monetary units, the term “cost–benefit analysis” is applied.

Cost–benefit analysis has been used to guide public policy in
areas outside of medicine, such as in the construction of
transportation systems or whether to remove or reduce
environmental exposures. Cost–benefit analysis measures
the effects of programs in monetary terms, so that net cost
(in dollars) can be compared with net benefits (in dollars).
Since there is great reluctance on the part of physicians and
health policy makers to assign a dollar value to saving a life
or improving a patient’s function, cost effectiveness analysis
rather than cost–benefit analysis has been applied predomi-
nantly to medical problems.

Cost effectiveness analysis was first applied to medical
programs only 25 years ago8,9 and has since been widely
used.10–12 The principles of cost effectiveness analysis for
medical programs have recently been examined in detail by
a Task Force convened by the United States Public Health
Service.13–15 A group of experts attempted to establish con-
sensus on a number of methodologic issues, with the goal 
of standardizing the technical aspects of cost effectiveness
analysis among studies, thereby enhancing their comparabili-
ty. The principles articulated by this group are reasonable,
and should guide this important field in its next 20 years.

A basic principle of cost effectiveness analysis is that the
analysis should compare alternative programs, and not look
at any single program in isolation. Thus, a drug to treat life-
threatening arrhythmias might be compared with placebo,
or an implantable cardioverter defibrillator might be com-
pared with a drug. In essence, cost effectiveness analysis
must always answer the question “cost effective compared
with what?”.

Another principle is that the costs included in cost effec-
tiveness analysis should be comprehensive. The cost of a spe-
cific therapy should include the cost of the intervention itself
(for example, thrombolytic therapy for acute myocardial
infarction) and the costs of any complications the therapy
induced (for example, bleeding), less any cost savings due to
reduction of complications (such as, heart failure). The need
for other concomitant therapy should also be included,
which is particularly important when assessing the cost effec-
tiveness of screening programs or diagnostic testing strategies.

Table 6.5 Effect of differences in resource utilization on costs of alternative treatments

Country 1 Country 2

Tx A Tx B Tx A Tx B

Drug/nursing ($) 3500 1820 3250 2040
Coronary angiography 40% 60% 10% 15%
Angio cost ($) 1000 1000 1000 1000
Total ($) 3900 2420 3350 2190
Cost savings (A�B) ($) 1480 1160
Cost ratio (B/A) 62% 65%

Abbreviation: Tx, treatment
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The length of follow up should be sufficient to include all
relevant costs and benefits – such as readmissions to the
hospital due to treatment failures. Non-monetary costs dir-
ectly related to the medical intervention should also be inc-
luded, such as the cost of home care by the patient’s family,
since omission of these costs would bias assessments toward
programs that rely on unpaid work by family members or
volunteers. Other costs not directly related to the interven-
tion, however, such as the patient’s lost wages or pension
costs, are omitted by convention from the measured costs in
a cost effectiveness analysis.

Another important issue in cost effectiveness analysis is
the perspective taken by the analysis. There is general agree-
ment that the analysis should include all relevant costs,
regardless of who pays them. This principle is known as
“taking the societal perspective”, and it assures a complete
accounting of costs in the analysis. A hospital, for instance,
may not care about the out of pocket costs paid directly by
the patient, but these are real costs and should be consid-
ered in the analysis.

Medical costs may accrue over long periods of time, espe-
cially in preventive programs or the treatment of chronic 
disease. Time scales of more than a year or so bring up 
two related but distinct issues – inflation and discounting.
The nominal value of any currency changes over time; a 
dollar in 1977 had more purchasing power than a dollar in
1997. Studies conducted over long time periods will need to
correct for the changing value of currencies, typically by
application of the Consumer Price Index (or the GDP defla-
tor). Application of the Consumer Price Index removes the
effect of inflation, but does not address the separate issue of
time preference for money. Even in a country free of infla-
tion, citizens would prefer to receive $100 today than a
promise they will be paid $100 in a year. One might have to
promise to pay more money in a year, say $103, to compen-
sate for the delay. The same is true in health programs: we
would prefer to be paid today instead of in the future, and
we would also prefer to pay our obligations in the future
rather than today. Use of a discount rate provides a way 
to correct for the lower value of future costs relative to cur-
rent costs. The technical experts’ consensus is that future
costs should be discounted at a rate equivalent to the inter-
est paid on safe investments such as government bonds 
in an inflation-free environment, or about 3% per year. The
effect of alternative discount rates between 0% and 5–10%
per year should also be checked to document the sensitivity
of the analysis to future costs.

In summary, a cost effectiveness analysis should include
all medical costs, including those of complications of ther-
apy and adverse effects prevented. The study should be of
sufficient duration to measure all relevant costs and benefits
of the treatment. All costs and benefits should be included,
regardless of who bears or receives them. In studies cover-
ing more than a year or so, corrections should be made for

inflation, and 3% per year discount rate should be applied to
follow up costs.

Measuring effectiveness

The effectiveness of an intervention in practice can be meas-
ured in a variety of ways, with different outcome measures
most appropriate for specific applications. Physiologic end
points are often used in clinical trials, with the result of ther-
apy assessed by a laboratory measure such as millimeters of
mercury for blood pressure or episodes of non-sustained
ventricular tachycardia on an electrocardiographic monitor.
Laboratory measures are useful in judging the physiologic
effects of therapy and its mechanism of action, but these 
surrogate markers may not predict the ultimate effect of
therapy on mortality and morbidity, as vividly illustrated 
by the results of the Cardiac Arrhythmia Suppression Trial
(CAST).16 Physiologic end points are also tied closely to one
specific disease, making comparisons against other bench-
mark therapies difficult. The patient and public are most
concerned with the effect of therapy on survival and on
their ability to function – that is, upon the length of life and
the quality of life. A common denominator measure of effec-
tiveness is thus the life years of expected survival, or the
quality adjusted life years (QALYs). This measure is relevant
to patients and to the public and can be applied to virtually
any therapy.

Mortality is a common end point in clinical trials, and
leads directly to the measure of life years of survival. The
mean life expectancy of a cohort of patients is equal to the
area under a standard survival curve. The difference in life
expectancy between two therapies is therefore equal to the
difference in the areas under their respective survival
curves. Since many clinical studies do not follow patient
cohorts long enough to observe complete survival times for
all patients, some assumptions and modeling of long-term
survival may be needed to estimate the full survival benefit
of therapy for a cost effectiveness analysis.17

Improvement in quality of life is often as important to
patients as reducing mortality, and it is often the main goal of
therapies, such as the relief of disabling angina or improve-
ment in exercise tolerance. A quality of life measure can be
translated into a scale that ranges from a low of 0·0 (the
worst possible health state, usually taken as death) to 1·0
(perfect health). This quality of life measure is multiplied by
the length of time a patient spends in the health state to yield
a quality adjusted life year (QALY). Thus:

QALY ��
i

Qi� ti

where QALY � the quality adjusted life years, Qi � the qual-
ity factor for follow up period “i” and ti � the length of time
spent in period “i”. This equation shows that the effective-
ness of a treatment, as measured in QALYs, can be improved
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by either enhancing the patient’s quality of life (Qi) or the
patient’s length of life (ti), or both.

Calculation of cost effectiveness

After the costs of therapy and the medical effectiveness of
therapy have been assessed, cost effectiveness (CE) can be
calculated as:

CE ratio �
Cost2 � Cost1

QALY2 � QALY1

where Cost1 and Cost2 represent the costs of program 1 and
program 2, respectively, and QALY1 and QALY2 represent
the effectiveness of programs 1 and 2, respectively.

There are several implications of using this formula. First,
cost effectiveness ratios that are positive (that is, �0) result if
and only if one alternative has both higher cost and greater
effectiveness – that is, Cost2 � Cost1 and QALY2 � QALY1 (or
the reverse: Cost2 � Cost1 and QALY2 � QALY1). Cost effec-
tiveness ratios of �0 are not generally important for decision
making, since they arise only when one alternative has both
lower costs and greater clinical effectiveness than the other
(for example, Cost2 � Cost1, and QALY2 � QALY1). In this
case, program 1 is superior in all respects: it has better out-
comes and lower cost than program 2, and thus is said to
“dominate” the alternative. The decision of which program
to recommend is therefore simple.

Another important implication of the formula used to cal-
culate cost effectiveness is that the ratio is undefined when
the two alternatives provide equal outcomes, since when
QALY2 � QALY1 the denominator in the cost effectiveness
ratio is equal to zero. The implication is that when the dif-
ference in outcomes between two programs is negligible,
cost effectiveness analysis is unnecessary, and the choice
between two alternatives can be based on cost alone (that
is, cost minimization analysis is more appropriate than cost
effectiveness analysis).

Most commonly, one of two therapeutic alternatives has
higher costs and greater effectiveness, and use of the for-
mula yields a cost effectiveness ratio greater than zero. One
treatment may have a cost effectiveness ratio of $5000 per
year of life saved, and another might have a ratio of $75 000
per year of life saved. Since it is problematic to assign a dol-
lar value to life, interpretation of these ratios is best made by
consideration of benchmarks – other generally accepted
therapies that serve as a rough gauge to an “acceptable” cost
effectiveness ratio. Renal dialysis is a form of therapy that
most people would consider expensive, and yet dialysis is an
intervention that the USA and most other industrialized
countries provide as a life saving therapy. The end stage
renal disease program in the USA costs about $35 000 a
year per patient, and if this therapy were withdrawn the

patient would die. Thus, renal dialysis has a cost effectiveness
ratio of $35 000 per year of life saved (or if one considers
the reduced quality of life for a dialysis patient, perhaps 
$50 000 per quality adjusted year of life saved). Therapies
with cost effectiveness ratios considerably more favorable
than renal dialysis (that is, �$20 000) would be considered
very cost effective, whereas therapies with cost effective
ratios much higher (say �$75 000) would be considered
too expensive.

Different societies may come to different conclusions
about the level of cost effectiveness they consider good value.
Wealthy countries with high per capita incomes are more
willing to pay for expensive therapies than are poor coun-
tries. For instance, the percentage of gross domestic product
and per capita health spending in Eastern Europe is much
less than in Western Europe or North America, and these
countries have not chosen to provide expensive services
such as bypass surgery as readily or as frequently.

Decisions about funding programs might be more equitable
and rational when guided by the relative cost effectiveness 
of programs. When studies use similar methods to measure
cost and effectiveness, cost effectiveness ratios can be com-
pared to rank the economic attractiveness of alternatives.
Tables comparing various treatments, such as Table 6.6, have
been termed “league tables” because of their similarity to the
athletic league standings published in newspapers. Given 
the uncertainty inherent in measuring cost and effectiveness
of medical interventions, and the methodologic variations
among studies, only relatively large differences in cost effec-
tiveness ratios should be considered significant. Thus, a 
program with a cost effectiveness ratio of $5000 per life year
added is much better than one with a ratio of $30000.
Programs with ratios of $25000 and $30000 are so close that
no firm conclusion about the relative values should be drawn.

Patient selection and cost effectiveness

Drugs and procedures in medicine are applied to different
patient groups for different clinical indications. The medical
effectiveness of therapies varies considerably according to
patient selection. Cholesterol lowering therapy, for instance,
will extend the life expectancy of a patient with multiple
cardiac risk factors more than it will for a patient with the
same cholesterol level and no other cardiac risk factors.
Coronary bypass surgery provides greater life extension to a
patient with left main coronary artery obstruction than it
does to a patient with single vessel disease.18 The cost effec-
tiveness ratio for these therapies will therefore vary among
patient subgroups due to the impact of patient characteris-
tics on the clinical effectiveness of therapy, which forms the
denominator of the cost effectiveness ratio. Similarly, the
cost of a particular therapy may also vary according to
patient characteristics, since the therapy itself may be more
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or less expensive according to different patient subgroups,
or the likelihood of costly complications may be higher or
lower in different groups of patients.

The clinical effectiveness of a therapy is generally the most
important factor determining cost effectiveness. The reason
for this importance is (a) that clinical effectiveness of a therapy
generally varies more among patients than does the cost of
therapy, and (b) the value of the cost effectiveness ratio is more
sensitive to changes in the denominator (effectiveness) than to
changes in numerator (cost). In the last analysis, a therapy
must be clinically effective before it can be cost effective. Cost

effectiveness analysis relies more on the assessment of med-
ical effectiveness than it does on determination of cost.

Diagnostic tests and cost effectiveness

Cost effectiveness analysis has been applied primarily to
assess specific therapies or therapeutic strategies, for which
it is natural to measure effectiveness in terms of patient out-
come. The principles of cost effectiveness can be extended
to analyze screening tests and diagnostic strategies as well,
but some additional factors must also be considered.

Table 6.6 Cost effectiveness of selected cardiovascular therapies

Strategy Patient group Cost effectivenessa

Lovastatin Post MI Saves dollars and lives
Men 45–54
Chol � 250

Enalapril CHF Saves dollars and lives
EF � 3 5%

Radio frequency ablation WPW, post cardiac arrest Saves dollars and lives
Physician counseling Smoking $1300
� blocker Post-MI $3600

High-risk
CABG Left main CAD $9200

Severe angina
� blocker Post-MI $20 200

Low-risk
Lovastatin Primary prevention $20 200

Men 55–64
Chol � 300
Three risk factors

tPA Acute MI $32 800
ICD Sustained VT $35 000
CABG Two vessel CAD $42 500

Angina
Lovastatin Primary prevention $78 300

Men 55–64
Chol � 300
No other risk factors

Exercise ECG Asymptomatic 40 year old men $124 400
CABG Single vessel CAD $1142 000

Mild angina
Lovastatin Primary prevention $2 024 800

35–44 year old women
Chol � 300
No other risk factors

a $ values, dollars per year of life added.
Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; Chol,
Cholesterol; ICD implantable defibrillator; MI, myocardial infarction; VT, ventricular 
tachycardia; WPW, Wolff–Parkinson–White syndrome; See glossary for other abbreviations
Source: adapted from Kupersmith et al.10–12



Health economics

55

Therapies are expected to improve patient outcome
directly, by intervening in the pathophysiology of disease
processes. In contrast, a diagnostic test is expected to provide
the physician with information about the patient, which in
turn is expected to improve management and thereby indi-
rectly improve patient outcome. The value of a test is there-
fore linked closely with patient selection for therapy, and the
value of testing may well change as new therapies are devel-
oped, or alternative tests become available.

The information provided by a test may be used in differ-
ent decisions, and the test may be more or less useful in
these different settings. An exercise electrocardiogram, for
example, can be used as a diagnostic test for coronary dis-
ease, a prognostic test for patients with recent myocardial
infarction, a monitoring test to assess the effect of anti-
ischemic therapy, or even as a way to establish target heart
rates for an exercise training program. The efficacy and cost
effectiveness of applying the exercise electrocardiogram will
be different for these varied uses of the information pro-
vided by the test. The value of the test will depend on the
indication for which it is used, much as the value of a 
� blocker will vary whether it is used to treat hypertension
or as secondary prevention after a myocardial infarction.

The same test (for example, the exercise ECG) applied for
the same purpose (such as diagnosis of coronary disease) will
provide more information in some groups of patients than in
others. As discussed elsewhere in this book, a diagnostic test
provides more value if used when the pretest probability of dis-
ease is intermediate than when the pretest probability is either
very high or very low. The test has the most value when the
result is likely to change the estimated probability of disease
such that clinical management is changed. Tests that never
change patient management cannot change patient outcome,
which is the “bottom line” in assessing cost effectiveness.

Conclusions

Economic analysis is designed to assist decisions about the
allocation of scarce resources. Physicians now must address
the cost implications of clinical decisions, and be aware of
the effects on scarce resources. Economic efficiency is but
one of many goals, however, and issues of fairness and
humaneness are also central to medical care, and must be
considered as well.
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The concept of evidence-based medicine challenges physi-
cians to improve their use of the medical literature to guide
their decision making in specific clinical settings. The con-
cept is discussed extensively throughout this book. However,
there are circumstances in which clinical trials do not address
all of the issues of interest to a clinician. This may be because
the trials do not compare the risks and benefits of all relevant
treatment alternatives, or because the trials lack important
data on the outcomes and costs of therapy. In these cases,
researchers and clinicians are developing analytical strategies
to improve their ability to synthesize the available informa-
tion from the clinical literature and to help resolve these
unanswered questions. One method of achieving this synthe-
sis is the use of decision analysis, a set of mathematical strate-
gies for aggregating information, making issues related to
clinical decisions explicit, and solving for an optimal strategy
under the constraints of the analysis. This decision analysis is
a framework that can be used in the analysis of clinical prob-
lems as well as in economic analysis (see Chapter 6).

Decision analysis has been available to cardiologists for
over 20 years.1–3 In that time, the techniques have become
more sophisticated and begun to address a broader range of
questions.4–6

The goal of this chapter is to introduce the reader to some
of the basic concepts of decision analysis and to review its
use in the cardiovascular literature. For more specific infor-
mation about the concepts or methods of decision analysis,
the reader is referred to several excellent summary arti-
cles2–11 or to one of the major texts in the field.12–14

Examples of decision analysis

In this section we present two examples of the use of deci-
sion analysis, a clinical example and an economic example.
These are provided to demonstrate the steps involved
in developing a decision analysis. As will be clearly demon-
strated, decision analytic models must simplify reality
in order to structure the problem and analysis. Although
our examples are extremely simplified to illustrate the
steps involved in decision analysis, many models in the
clinical literature offer more complex depictions of clinical
reality.16–22,26,27,36,40,41,53–58

Steps in decision analysis

1. Identify the strategic options.
2. Draw the tree (structure of outcomes).
3. Determine the probabilities.
4. Determine the relevant outcome measures (effects, util-

ity, survival, costs).
5. Evaluate the tree.
6. Make a structured analysis of the problem.
7. Develop a conclusion.

A comparative clinical analysis: warfarin v
aspirin for atrial fibrillation

For patients with non-valvular atrial fibrillation, both war-
farin and aspirin have been shown to reduce the risk of
stroke.28–35 However, the effectiveness and side effects of
these two treatments can vary substantially. As there has
been no randomized trial of aspirin and warfarin for stroke
prevention, decision analysis has been used to identify
the clinical outcomes resulting from treatment with each
medication.36

Step 1: Identify the strategic options

In terms of therapeutic benefit, patients who receive either
warfarin or aspirin experience a reduction in the risk of
stroke. However, patients receiving these therapies also
experience risk of bleeding complications. Both stroke and
hemorrhage can be either fatal or non-fatal.

Step 2: Draw the tree

Based on these facts, we can graphically depict the issue
using a decision tree (Figure 7.1). The tree is displayed so
that the decision of interest is on the left side of the diagram,
while the strategies to be compared are in the center, and
the outcomes of those strategies are on the right. There are
several pieces of information included in this simple figure.

In the decision tree a choice is represented by a square,
also called a “decision node”. In this example, the decision
node represents a choice between warfarin and aspirin.
Once a decision is made, patients experience the potential

7 Introduction to decision analysis
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for different clinical events (stroke or hemorrhage). These
decisions and their subsequent clinical events are repre-
sented by lines or “pathways” running through the tree dia-
gram. Figure 7.1 contains six possible pathways: warfarin
with stroke; warfarin with neither stroke nor hemorrhage;
warfarin with hemorrhage but without stroke; aspirin with
stroke; aspirin with neither stroke nor hemorrhage; and
aspirin with hemorrhage but without stroke.

After the initial treatment decision between warfarin and
aspirin has been made, subsequent outcomes occur with a
defined probability such that all of the potential treatment
outcomes are represented by the treatment pathways. The
individual patient’s achievement of a given treatment out-
come (for example stroke or no stroke) is not a decision: it
is, instead, a chance occurrence, where the “chance” event
is represented by a circle in the decision tree.

The final treatment outcomes for each pathway are repre-
sented by triangles. These figures represent the outcomes of
each treatment strategy. One, two or more outcomes can be
expressed for each pathway (survival, quality adjusted sur-
vival, or costs).

Step 3: Determine the probabilities

Once a tree has been developed to depict a clinical problem,
the next step is to begin to develop the data required to
complete the analysis. In our example, we must identify the
probability of stroke for patients in our two treatment cate-
gories and identify the potential risk of bleeding complica-
tions associated with each therapy.

Rates of stroke without therapy, outcomes of stroke, and
stroke risk reduction with prophylaxis with aspirin or war-
farin can be estimated from clinical trials or epidemiologic
studies.36 Rates of major hemorrhage associated with war-
farin and aspirin therapy, and the outcomes of such an
event, can be estimated in the same fashion.36 However, in

pooling these various data sources, investigators are left with
a degree of uncertainty about these estimates. Sensitivity
analysis, a method for assessing the impact of uncertainty
in data analysis of clinical problems, will be discussed later,
but it is an integral component of most well constructed
decision analytic models.

Step 4: Determine the relevant outcome measures
(effects, utility, survival, costs)

For this analysis, quality adjusted survival will be the pri-
mary outcome measure. Other possible outcome measures
include event-free survival or simple survival. Analysis of
quality adjusted survival uses estimates of patient prefer-
ences for a variety of possible health states for patients with
stroke. Patient preferences are a measure of health-related
quality of life, or utility, as defined on a 0–1 scale, in which
0·0 represents the worst imaginable health state and 1·0
denotes the best imaginable health state. Quality adjusted
survival is the product of the expected survival of patients
and their preferences for the different health states resulting
from a stroke or hemorrhage. These data can be estimated
from expert opinion, as reported in the medical literature, or
derived from patient interviews.37 Calculation of quality
adjusted life years (QALYs) is described in greater detail else-
where.9

Step 5: Evaluate the tree

Once data have been compiled for the specified model
parameters, the next step is to analyze the tree. This
requires the calculation of the expected value for each path-
way of the tree. For both warfarin and aspirin therapies, the
expected value of the outcome (effects, utility, survival or
costs) is a weighted average of all possible treatment out-
comes. This weighted average is calculated as the product of

Atrial fibrillation patients
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Outcomes
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Figure 7.1 A decision tree for a comparative clinical analysis: warfarin v aspirin for atrial fibrillation
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the value of each terminal node and the probabilities of
the occurrence of that node (the product of the probabilities
of achieving that node). The value of each node is then
summed to result in the weighted average value for the
treatment (for example, the outcome for warfarin would
be the weighted average of the products of the probability
of stroke while taking warfarin and the outcome for
stroke (P1 � O1), the probability of hemorrhage without
stroke while taking warfarin and the outcome for hemor-
rhage without stroke (P2 � O2), and the probability of no
stroke or hemorrhage and the outcome for no stroke or
hemorrhage {(1 � [P1 � P2]) � O3}).

A more complicated decision analysis proceeds in step-
wise fashion for each set of probabilities and outcomes. This
is called folding back the tree. The net result is an assess-
ment of the outcomes for the two treatments, warfarin and
aspirin. Other techniques can be used to solve more compli-
cated problems, for which there are many branches of each
tree – for example, when the risk of stroke or hemorrhage is
related to the duration of treatment. (These methods are
based on the probability of moving between health states
over time. Analysis can also be based on “state transition
models” or Markov models.)

For clinical analyses, decision trees allow an incremental
analysis of the treatment benefits of one medical therapy
compared to another. They are used to compare the
expected utility for each branch of the tree to pick the best
treatment option. The best option is the one with the high-
est value in terms of clinical effects (survival or utility) or the
one with the smallest value in terms of cost. An incremental
analysis assesses the additional benefits gained from one
treatment and, thus, differs from a calculation of the
absolute benefit of a treatment.

Step 6: Structured analysis of the problem

Finally, the primary analysis having been completed, investi-
gators should examine uncertainty in their estimates using a
technique called sensitivity analysis. By recognizing that a
decision tree can suffer from uncertainty in the probability
of each treatment strategy, investigators can ask how the
results might change were the possibilities of stroke or hem-
orrhage to increase or decrease by 10% for each treatment
arm. In a sensitivity analysis, the investigator recalculates
the results of the model to address the robustness of the
analysis to changes in the model specification.

Step 7: Conclusion

This decision analysis was structured to compare the out-
comes of two strategies for the treatment of stroke prophy-
laxis – warfarin and aspirin. Such an analysis allows for an
assessment of the clinical benefits of the two strategies,
incorporating both the differences in risk reduction of stroke

and the differences in hemorrhage resulting from the pro-
phylactic treatment. The analysis would end with an esti-
mate of the quality adjusted survival resulting from each
treatment strategy. The results could reveal that warfarin is
superior to aspirin, that aspirin is superior to warfarin, that
the treatments are comparable, or that there is not enough
information from which to draw a firm conclusion. The
analysis would also address how sensitive the analysis
was to differing model parameters. This could help define
areas for further research to resolve outstanding issues in
the clinical assessment.

A cost effectiveness analysis: implantable
cardiac defibrillators

At present there is a great deal of debate about the most
appropriate treatment of patients with arrhythmias, espe-
cially about whether implantable cardiac defibrillators
(ICDs) will reduce cost and mortality for high-risk patients.
Early clinical trial results address mortality issues related to
the use of ICDs in high-risk populations.38 However, there
remains a great deal of concern about the findings of the
study and the robustness of its results.39 Although decision
analysis cannot answer the clinical questions regarding ICD
use, these techniques have been used to model the costs
and effects of ICD insertion to estimate the potential cost
effectiveness of this therapy, given current estimates of ICD
clinical effectiveness.40,41 To understand the decision analy-
sis approach to this question, we will review the clinical
issues and then build a decision analytic model to formalize
the question.

High-risk patients experience an increased incidence of
sudden cardiac death.42 One new technology, the ICD, has
been proposed as a means of reducing the incidence of sud-
den death in cardiac patients.38,43–48 Patients who choose to
receive this therapy must undergo a surgical procedure and
maintain the device over the remainder of their lifetime.

Step 1: Identify the strategic options

In terms of treatment benefit, patients who receive an ICD
have the potential for a different survival probability than
patients who do not receive an ICD. From a cost perspec-
tive, patients receiving an ICD bear the additional cost of
the device itself, as well as the future costs of maintaining it.

Step 2: Draw the tree

Based on this discussion, we can graphically depict the issue
using a decision tree (Figure 7.2). There are four possible
pathways in this figure: ICD with sudden death; ICD with-
out sudden death; no ICD with sudden death; and no ICD
without sudden death. In this simple model we consider
only two health states: sudden death and no sudden death.
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Step 3: Determine the probabilities

Estimates of the possibility of sudden cardiac death for high-
risk patients are available in the medical literature and in trials
of ICDs.43–49 Estimates of the probability of sudden death for
patients receiving an ICD are available from the MADIT
Study38 or may be estimated based on clinical trial protocols
for expected treatment benefits.41 The quality of the evidence
from these data sources can vary. Data from the literature on
non-ICD patients, the probability of sudden death without an
ICD, come from observational studies, whereas data on ICD
patients come from a controversial randomized controlled
trial. Thus, there is some uncertainty about these estimates.10

Step 4: Determine the relevant outcome measures
(effects, utility, survival, costs)

Treatment benefits can be expressed in terms of survival
(years of life gained) or in terms of quality adjusted survival
(QALYs). Calculation of these benefits proceeds as outlined
in the stroke example.

Estimates of treatment costs often must be developed
from primary sources (for example, hospital accounting
departments), from standard price lists for specific costs,50

from literature reviews, or from expert opinion. Costs
included in these models can include direct medical costs
(the costs of medical care, such as hospital or physician
costs), direct non-medical costs (the costs patients incur in
receiving medical care services, such as the cost of trans-
portation to a physician’s office), indirect costs (the costs of
morbidity or mortality related to disease), or intangible costs
(the costs of pain and suffering related to disease).51,52

Step 5: Evaluate the tree

Once the data are available for all of these model parame-
ters, the next step is to analyze the tree. For economic

analyses, decision trees allow an incremental analysis of the
treatment costs and benefits of one medical therapy com-
pared to another in a cost effectiveness analysis. The incre-
mental cost effectiveness of therapy A compared to therapy
B is defined by the following formula:

Cost effectiveness of treatment A�
(CostA�CostB)

(EffectsA�EffectsB)

where CostA is the cost of treatment A, CostB is the cost
of treatment B, EffectsA are the effects of treatment A, and
EffectsB are the effects of treatment B.52 Decision trees may
also allow enumeration of the costs and consequences of dif-
ferent treatments without comparing the costs and effects of
treatment in a cost effectiveness ratio.

Step 6: Structured analysis of the problem

Sensitivity analysis would be conducted to assess the impact
of uncertain values on the model. For example, because
there was uncertainty in the probability of each treatment
strategy, how would the results change if the possibilities of
sudden death were increased or decreased by 10% for each
treatment arm? Similarly, how would the results differ if
ICD costs were increased or decreased by 10%? In a sensi-
tivity analysis, the investigator recalculates the results of the
model to address the robustness of the analysis to changes in
the model specification.

Step 7: Conclusion

This decision analysis was structured to assess the cost effec-
tiveness of a new therapy for the treatment of patients at
high risk for sudden cardiac death. It would conclude with
an estimate of the incremental effects of ICD therapy in years
of life gained per patient, the incremental costs of ICD treat-
ment per patient, and an estimate of the cost effectiveness of

High-risk patients

ICD

Sudden death
Outcomes

Outcomes

Outcomes

Outcomes

No sudden death

Sudden death

No sudden death

No ICD

(1 – p)

(1 – p1)

(p1)

(P)

Figure 7.2 Decision tree for a cost effectiveness analysis: ICD to reduce incidence of sudden death in cardiac patients
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ICD therapy for patients evaluated in the model. The paper
would also address how sensitive the analysis was to differ-
ent model parameters. This sensitivity analysis could help
define areas for further research to resolve outstanding issues
in the clinical assessment.

Applications of decision analysis to cardiology

The above examples offer a simplified explanation of some
of the basic components of decision analysis. They also illus-
trate the issues that must be addressed before using the
results of a decision analysis to guide clinical decision mak-
ing. As when reviewing clinical trials, clinicians must assess
whether the population considered in the decision analysis
model is relevant to their own population. The reader must
consider the strength of the evidence available to the inves-
tigator in developing the model to understand the strength
of the recommendations resulting from the model. This
includes not only whether the evidence was based on ran-
domized controlled trials or on observational studies, but
also whether the original studies included detailed informa-
tion required by the model (for example, in the stroke analy-
sis, whether the clinical studies reported both hemorrhage

and stroke rates for the study’s patients). Finally, the reader
should consider the model used by the investigator to deter-
mine whether it was constructed appropriately and consid-
ered all relevant comparisons.1,5 The models below that
use lower-quality data or evidence should be considered
exploratory analyses, not definitive evidence. As such, they
also should be interpreted as potential rationale for future
studies. Likewise, decision models that project results to
new time periods, new populations and new interventions –
even those that use A1a-grade evidence – should be viewed
only as exploratory analyses.

Decision analysis has been used extensively in cardiology
over the past several years (Table 7.1). These examples
include articles from a MEDLINE search of decision analysis
and cardiology from 1993 to 2001. Issues addressed have
included the use of specific technologies, such as ICDs for
patients at risk for sudden death, as well as specific diagnostic
or pharmacologic products for defined populations of patients
(for example, treatment of high blood cholesterol), and the
assessment of patient management strategies for defined pop-
ulations of patients (for example the selection of patients for
placement on a cardiac transplant list). Each of the analyses
listed in Table 7.1 will be reviewed in this section.

Table 7.1 Use of decision analysis in the cardiovascular literature

Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*

New technologies
Inpatient ICD Observational Hospital charges; Yes Kupersmith et al16 B4
placement study; utility not literature review for

assessed resource use data

Outpatient ICD Literature Hospital and claims Yes Owens et al41 A1c
placement review for data; literature review

survival and for resource use data
utility estimates

Treatment Literature Cost-accounting data Yes Hogenhuis et al17 B4
strategies for review; expert for 13 patients at one
WPW opinion; authors’ study center
syndrome estimates for

utility data

Specific products
Low v high-osmolality Literature review; Resource use from a Yes Barrett et al18 A1c
contrast media authors’ estimates clinical trial;

for utility data; literature review;
patient survey costs from Canadian
for intangible hospital
cost estimates

Simvastatin, high Clinical trial Resource use from Yes Johannesson et al19 A1a
cholesterol data; utility not clinical trial; costs

assessed from hospitals in
Sweden; employment
status from clinical trial
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Table 7.1 Continued

Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*

Pravastatin, high Clinical trial Literature review and Yes Ashraf et al 20 A1c
cholesterol data from 2 expert opinion for

studies; utility resource use data;
not assessed costs from aggregate

US hospital data

Captopril, acute MI Clinical trial data; Resource use from subset Yes Tsevat et al 21 A1a
utility data from of study patients; 
82 patients costs from US Medicare

reimbursement rates

Estrogen Literature review; Not assessed Yes Zubialde et al 22 B2
replacement utility not 

assessed

Streptokinase v tPA, Literature review, Resource use estimated; Yes Kellett et al 26 A1a
suspected MI including drug and hospital 

utility data cost data from Ireland

Warfarin v quinidine v Literature review Not assessed Yes Disch et al 27 A1a
amiodarone, and expert 
acute atrial opinion, including
fibrillation utility data

Warfarin v aspirin, Literature review; Resource use estimated; Yes Gage et al 36 A1a
stroke prophylaxis utility data costs from 

from study of literature review,
74 patients Medicare data, and

survey of pharmacies

Preoperative coronary Literature review; Literature review Yes Mason et al 55 A1a
angiography and utility not 
revascularization, assessed
non-cardiac
vascular surgery

Treatment strategies

CCU admission Cohort study; Hospital charges Yes Tosteson et al 56 B4
utility not from the cohort
assessed adjusted to costs

Emergency medical Literature review; Analysis of existing Yes Nichol et al 57 B4
services utility not assessed EMS program in Canada

Cardiac transplantation Transplant Not assessed Yes Stevenson et al 58 B4
selection registries

Aortic valve Wong et al 59 B4
replacement

Medical v Expert guidelines, Not assessed Yes Kwok et al 61 A1a
surgical therapy randomized 
for chronic trials, and 
stable angina meta-analyses;

utility not assessed

Strategies for Literature review Not assessed Yes Jenkins et al 62 B3
hypoplastic left and data from 
heart syndrome 231 patients; 

utility not 
assessed
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Decision analysis evaluating new technologies

ICD placement

Over the past several years, investigators have attempted
to calculate the cost effectiveness of the ICD in patients at
high risk for sudden cardiac death. Recent evidence from
the Antiarrhythmics versus Implantable Defibrillators Trial
indicates a decrease of 27% in 2 year mortality with ICD.15

Kupersmith et al16 assessed ICD placement on an inpatient
basis for patients with and without prior electrophysiologic
(EP) studies. The investigators assumed an
84% improvement in life expectancy for patients undergoing
ICD therapy based on a case series of 218 non-randomized
patients who received an ICD when it was assumed that the
patients would have died at the time of the first event (first
shock or death). In this analysis, ICD patients had a mean
life expectancy of 3·78 years, whereas EP-guided drug ther-
apy patients had a mean life expectancy of 2·06 years. Total
charges for these treatments were $146 797 for ICD patients
and $93 340 for the EP-guided patients. The investigators
found that the cost of ICD placement, including the cost of
the device and the hospitalization, would range between
$27 200 and $44 000 per year of life saved.

The investigators conducted an extensive sensitivity
analysis around their cost data and around the period of
replacement of the ICD generator. They found that the cost
effectiveness of the therapy was sensitive to the magnitude of
the clinical benefit of the therapy (this included the efficacy
of the therapy, as well as the estimated life expectancy for the
underlying population, as represented by ejection fraction).
The model was less sensitive to the cost of ICD therapy. The
authors concluded that ICD use was economically attractive,

Grade A1c

especially using endocardial lead placement (based on pre-
liminary estimates of the cost of this new procedure).*

Owens et al 41 assessed ICD implantation on an outpa-
tient basis using a decision analytic model. In this analysis,
the investigators modeled the potential cost effectiveness of
therapy, assuming in their principal analysis that the ICD led
to a 20–40% reduction in mortality. The inves-
tigators found that the cost of patients receiving ICD ther-
apy would be $88 400, and the cost of patients receiving
amiodarone therapy alone would be $51 000. For high-risk

Grade A1c

Table 7.1 Continued

Clinical issue Efficacy data Cost data Sensitivity Source Evidence
analysis grade*

Electrocardiogram Retrospective Not assessed Yes Shlipak et al 63 B2
algorithm to cohort study;
predict myocardial utility not
infarction assessed

*Evidence grades for decision analysis are complicated by the many different sources of data used in constructing the analysis.
Evidence grades here are based on the data for the most important component of the analysis for the clinical portion of the deci-
sion tree. Where sources of evidence for the analysis were from a variety of sources, two grades were assigned to reflect the
differing quality of data available for the analysis (see Owens et al.41 for an example of grades of evidence for data incorporated
into a decision analysis).
Grade A: Decision trees with the primary effect estimate from a large, high-quality study (a randomized controlled trial with more
than 500 patients), or decision trees with a formal meta-analysis for the primary effect estimate.
Grade B: Decision trees with the primary effect estimate based on literature review but without a formal meta-analysis for primary
effect estimate; includes evidence from case series and randomized controlled trials with fewer than 500 patients.
Grade C: Decision trees with the primary effect estimate based on expert opinion.

* There are four possible outcomes of a cost effectiveness analysis:
(1) the intervention will save money and be more effective than the
comparison; (2) the intervention will cost money and be more effec-
tive than the comparison; (3) the intervention will save money and
be less effective than the comparison; and (4) the intervention will
cost money and be less effective than the comparison.51 The first
outcome is the most preferred, and the intervention will always be
adopted. The last outcome is never preferred, and the intervention
will never be adopted. The second and third outcomes may be pre-
ferred at times, and the interventions may be adopted, depending
on the relationship between the costs and effects of the intervention
(the cost effectiveness ratio). The second outcome may be adopted
if the intervention yields a great enough benefit for the additional
cost (in the USA, an economically attractive intervention may be
one that costs less than $50 000 per year of life gained, whereas
some Canadian authors have suggested that therapies that cost less
than CDN$100 000 might be economically attractive).35,53 The
third outcome may be adopted if the intervention yields a small
enough reduction in outcomes for the reduction in cost (for exam-
ple, the same Canadian authors suggested an economically attrac-
tive intervention might be one that saves more than CDN$100 000
per year of life forgone).35,52
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patients, the investigators reported that ICD patients would
have an estimated survival of 4·18 QALYs, whereas patients
treated with amiodarone alone could expect a survival of
3·68 QALYs. Investigators found that the cost effectiveness
of therapy ranged from $37 300 per QALY saved for
high-risk patients, assuming a 40% reduction in mortality
for patients treated with the ICD compared to those treated
with amiodarone alone, to $138 900 QALYs saved for
intermediate-risk patients and assuming a 20% reduction in
mortality for patients treated with the ICD compared to
amiodarone alone. They concluded that the use of an ICD
will not be economically attractive unless all-cause mortality
is reduced by 30% or more compared to amiodarone.

Alternative therapies for WPW syndrome

Hogenhuis et al17 determined which of five management
strategies should be used for the treatment of patients with
Wolff–Parkinson–White (WPW) syndrome: observation,
observation until cardiac arrest-driven therapy, initial drug
therapy guided by non-invasive monitoring, initial radiofre-
quency ablation, and initial surgical ablation. The model
included the risks of cardiac arrest, arrhythmia, drug adverse
effects, procedure-related complications and mortality, and
assumed that radiofrequency ablation had an overall efficacy of
92% in preventing cardiac arrest and arrhythmia. 

For survivors of a cardiac arrest, radiofrequency ablation
offered additional survival at reduced cost compared to all
other treatment strategies. For patients with arrhythmia
without hemodynamic compromise, radiofrequency ablation
resulted in a cost of $6600 per QALY gained in 20 year old
patients and $19000 per QALY gained in 60 year old patients
without hemodynamic compromise. For asymptomatic
patients, radiofrequency ablation costs from $33000 per QALY
gained in 20 year old patients to $540000 per QALY gained for
60 year old patients. The authors conclude that their analysis
supports the practice of radiofrequency ablation in patients
with WPW syndrome who survive cardiac arrest. For asympto-
matic patients, however, the analysis supports the current prac-
tice of mere observation, given that radiofrequency ablation
was economically unattractive in this population of patients.

Decision analysis in the evaluation of
specific products

Decision analysis has been used extensively in the evalua-
tion of specific clinical products, including contrast media
and pharmaceutical products.

Contrast media

Barrett et al18 developed a decision analytic
model to assess the economic impact of low- and high-osmo-
lality contrast media for cardiac angiography. Investigators

Grade A1c

Grade B4

assumed that low-osmolality contrast media reduced the
risk of myocardial infarction and stroke. Reduction in the
risk of specific clinical events with low-osmolality contrast
media was assumed to be 0% in fatal events, 25% in severe
events, 80% in moderate events and 10% in minor events.
The investigators found that the incremental cost per QALY
gained with these media was $17 264 in high-risk patients
and $47 874 in low-risk patients for a third-party payer.
From a societal perspective, the corresponding costs are
$649 and $35 509. The authors report that these estimates
were sensitive to cost of the contrast media and the total
cost of contrast media used per patient. The authors also
suggest that the model is extremely sensitive to changes in
assumptions regarding the efficacy of low-osmolality con-
trast media for the prevention of severe reactions. To allow
the reader to better understand the inputs of this model, the
authors include a cost–consequence analysis of the program
as a separate presentation in the results. The authors con-
cluded that, in the context of restricted budgets, limiting the
use of low-osmolality contrast media to high-risk patients is
justifiable. The recommendation to limit use of this medium
was also justified by the lack of clinical evidence that low-
osmolality contrast media prevent severe or fatal reactions.

Cholesterol reduction

Several authors have used decision analysis to investigate
the cost effectiveness of therapies designed to reduce high
blood cholesterol.54 Two recent studies use clinical trial data
to assess the cost effectiveness of cholesterol reduction in
secondary prevention of coronary artery disease. Johanneson
et al19 developed an analysis based on the Scandinavian
Simvastatin Survival Study, which reported that, in patients
with pre-existing coronary disease, reduction in blood cho-
lesterol resulted in a 30% reduction in overall mortality
based on a median follow-up of 5·4 years. 
The authors modeled the effects of 5 years of cholesterol-
reducing therapy on patients’ outcomes, using a model
based on data reported from the trial. The costs of therapy
were based on the assumption that the use of cholesterol-
reducing agents would not entail any additional costs for
patients with pre-existing coronary disease other than the
cost of medication itself, and then used data on hospitaliza-
tions to estimate the direct medical costs incurred for the
treatment of cardiovascular disease.

Interestingly, this model also included the indirect costs
of medical care based on the employment status of patients
in the trial. The investigators found that simvastatin treat-
ment for 5 years in 59 year old patients with a history of
heart disease and a pretreatment total cholesterol level
of 261 mg/dl would have a net cost of $1 524, with
0·28 years of life gained, resulting in a cost per year of life
gained of $5 400 for men, and a net cost of $1 685 with
0·61 years of life gained, resulting in a cost per year of life

Grade A1a



gained of $10 500 for women. An analysis that included
direct and indirect costs showed that cholesterol reduction
leads to an additional $1 065 decrease in associated morbid-
ity cost for men and an $876 reduction in associated mor-
bidity cost for women. The analysis was somewhat sensitive
to baseline cholesterol level and patient age at the initiation
of treatment, to follow-up and screening costs and to the
price of simvastatin. However, treatment remained econom-
ically attractive in all of these analyses. The model was
somewhat sensitive to reduction in cardiovascular risk and
the risk of mortality after coronary events. The authors con-
cluded that in patients with coronary artery disease, simvas-
tatin therapy is economically attractive among both men
and women at the ages and cholesterol levels studied.

Ashraf et al20 assessed the cost effectiveness of choles-
terol reduction based on 3 year data from the Pravastatin
Limitation of Atherosclerosis in the Coronary Arteries (PLAC I)
and Pravastatin, Lipids and Atherosclerosis in the Carotids
(PLAC II) studies. These trials reported no
statistically significant decrease in all-cause mortality, but did
report a decrease in the number of coronary events in men
in the group receiving drug therapy to reduce high blood
cholesterol. Therapy was estimated using a Markov model
based on data from the Framingham Heart Study to estimate
subsequent annual morbidity and mortality rates for patients
with non-fatal myocardial infarction. Costs of therapy were
based on the costs of drug therapy, and hospitalization costs
were derived from the cost of treatment of myocardial
infarction and from expert opinion on the frequency of med-
ical events. Investigators found that cost per year of life
saved due to secondary prevention was sensitive to a num-
ber of risk factors, but ranged from $7124 per year of life
saved for a male patient with three risk factors, to $12 665
per year of life saved for a male patient with one risk factor.
The model was sensitive to assumptions about efficacy of
therapy and cost of services. It was also sensitive to patient
characteristics, such as the number of risk factors of patients
receiving secondary prevention. The authors conclude that
pravastatin is economically attractive compared to other
widely accepted medical interventions.

A potentially serious limitation of the Ashraf et al20 analy-
sis is its strategy of deriving costs for 3 years while projecting
the effects over 10 years. Specifically, the authors project
years of life saved by avoiding events in the first 3 years
over the next 7 years. This potentially problematic practice
of generating a differential time horizon should be avoided.

Postmyocardial infarction treatment

Tsevat et al21 used decision analysis to assess the cost effec-
tiveness of captopril therapy after acute myocardial infarc-
tion (MI). In this paper, the investigators used
data from the Survival and Ventricular Enlargement (SAVE)
trial, which demonstrated that captopril therapy reduced

Grade A1a
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mortality in patients who survived MI. The effectiveness of
therapy was modeled using a decision analytic model based
on all-cause mortality within the clinical trial observation
period and the projected clinical benefits over a patient’s life-
time. This paper also incorporated data on quality of life
from a subset of patients in the SAVE trial. Cost estimates for
the model were based on a subset of 123 study patients for
whom hospital data were obtained for all hospitalizations in
the subset. The investigators used two projection methods,
a limited-benefit model and a persistent-benefit model. The
limited-benefit model was more conservative in that it
assumed similar annual mortality rates between captopril
and control patients beyond the clinical trial period. This
analysis resulted in an estimated cost effectiveness for capto-
pril therapy ranging from $60 800 per QALY for 50 year old
patients to $3 600 per QALY for 80 year old patients. The
persistent-benefit model was more optimistic in that it
assumed that the clinical benefits observed in the trial per-
sisted throughout each patient’s lifetime. In this analysis, the
cost effectiveness ratios were similar to those in the limited-
benefit model for patients aged 60–80 years, but they were
substantially better for 50 year old patients. In the sensitivity
analysis, the models were most sensitive to the annual cost
of captopril therapy. In addition, the persistent-benefit
model appeared to be more “stable” than the limited-benefit
analysis. That is, when the benefits persist, there are few
changes to the values of other variables that would affect
the resulting cost effectiveness ratios (owing to the magni-
tude of the benefit), whereas if the benefits do not persist,
variations in other variables do have an effect. The investi-
gators concluded that angiotensin converting enzyme
inhibitor therapy with captopril was not only effective in
improving survival after MI, but also moderately economi-
cally attractive.

Hormone replacement therapy

Zubialde et al22 used a decision analytic model to assess
gains in life expectancy resulting from the use of estrogen
replacement therapy for postmenopausal women. Efficacy
data for this analysis were obtained from a review of the lit-
erature which suggested that risk reduction with estrogen
therapy for coronary artery disease was between 40% and
50%. The model did not assume an increased
incidence in breast cancer in the principal analysis, but it did
include an increased incidence of endometrial cancer.
Results of the analysis suggested that the benefit of estrogen
and progesterone therapy in average-risk women aged
50 years at the time of therapy initiation was 0·86 years, with
a range of 0·41–1·19 years, whereas therapy in average-risk
women aged 65 years at the time of therapy initiation was
0·47 years, with a range of 0·21–0·66 years. The authors
reported that the benefits of estrogen and progesterone ther-
apy were similar to the gains from cholesterol reduction to

Grade B2
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200 mg/dl and smoking cessation. The authors concluded
that significant potential benefits in life expectancy in coro-
nary artery disease reduction, combined with the osteoporo-
sis prevention in symptom relief, would point to greater
emphasis on postmenopausal estrogen use in appropriate
patients. Since the report by Zubialde et al22 hormone
replacement therapy has undergone additional study. A
growing body of literature suggests that its predicted effects
have not been fully realized,23,24 and the results of a recent
polymorphism study have further complicated matters.25 It
bears repeating here that the reliability of a decision analysis
is related directly to the quality of the data on which the
analysis is based. The Zubialde analysis was based on the
best data of its time, but superior data from clinical trials
have since called the findings into question.

Thrombolytic therapy

Kellett et al26 presented a paper on the use of thrombolytic
therapy for patients with suspected MI. This assessed the
use of two types of thrombolytic therapy, streptokinase and
accelerated tissue plasminogen activator (tPA), on patients
with suspected MI. The efficacy of the two
therapies was based on reports from the medical literature.
The authors assessed the clinical benefits of thrombolytic
therapies for patients presenting with different likelihoods of
MI, given their clinical and ECG findings, different age
groups, and different probabilities of death given MI. Data
on clinical efficacy for the two strategies were based on the
GISSI-2, ISIS-3 and GUSTO trials. The authors suggested
that, for patients with a 26% probability of MI (a group with
chest pain and a history of coronary artery disease but a nor-
mal ECG), thrombolytic therapy would only be beneficial if
the probability of death given an MI was 20% or greater. In
contrast, for patients presenting with a probability of MI of
78% (chest pain plus ST or T wave changes), thrombolytic
therapy would be beneficial for all patients except those
over 80 years of age who had a probability of death given an
MI of 2·5% or less. The authors conclude that, for a typical
60 year old man presenting 4 hours after the onset of symp-
toms with definite acute MI, treatment with streptokinase
in addition to aspirin would gain 150 quality adjusted life
days, whereas treatment with aspirin and accelerated tPA
would result in 255 quality adjusted life days, compared to
no thrombolytic therapy. Thrombolytic therapy is preferred
over no thrombolytic therapy as long as the probability of
stroke is less than 5% for streptokinase and 8% for acceler-
ated tPA. The cost per QALY was estimated based on the
probability of acute MI, the extra days of quality adjusted
life, and the probability of death given an MI. The analysis
was sensitive to estimates of efficacy for both streptokinase
and accelerated tPA, as well as the probability of death given
thrombolytic therapy. The authors conclude that decision
analysis can be a useful bedside tool to guide thrombolytic

Grade A1a

therapy. It is important to bear in mind, however, that this
decision model has not been tested on actual patients.

Management of atrial fibrillation

Dirsch et al27 developed a decision analytic model to assess
the outcomes of four treatment strategies for patients
with acute atrial fibrillation undergoing cardioversion: war-
farin therapy, quinidine therapy and low-dose amiodarone
therapy. Efficacy was based on a review of the
literature, including randomized controlled trials, observa-
tional studies, and expert clinical opinion when necessary.
Investigators found that all four treatment strategies differed
by 0·2 QALYs over patients’ lifetimes, with 4·55 expected
QALYs for patients who undergo no treatment after car-
dioversion and 4·75 expected QALYs for patients who
undergo cardioversion with amiodarone. Use of warfarin
and quinidine therapies yielded expected quality adjusted
life benefits between amiodarone and no treatment. The
model was sensitive to the annual rate of bleeding on war-
farin, the annual rate of stroke for patients on warfarin, the
annual rate of stroke for patients with atrial fibrillation, the
decrement in quality of life associated with taking warfarin,
and the excess mortality of quinidine and amiodarone. The
authors conclude that cardioversion followed by low-dose
amiodarone to maintain normal sinus rhythm appears to be
a relatively safe and effective treatment for a hypothetical
cohort of patients with atrial fibrillation.

Prophylaxis of stroke

Gage et al36 developed a decision analytic model to assess
the cost effectiveness of warfarin and aspirin treatment for
prophylaxis of stroke in patients with non-valvular atrial fib-
rillation. The clinical efficacy of the treatment strategies was
obtained from the published literature. The
quality-of-life estimates for this study were obtained by inter-
viewing patients with atrial fibrillation. Costs were also esti-
mated from a literature review and from a survey of national
pharmacies and laboratories. The authors found that, for
patients with non-valvular atrial fibrillation and no additional
risk factors for stroke, warfarin would minimally affect qual-
ity adjusted survival but increase costs significantly. For
patients with non-valvular atrial fibrillation and one addi-
tional risk factor, warfarin therapy resulted in a cost of
$8 000 per QALY saved compared to aspirin. The model was
most sensitive to the rate of stroke if no therapy was pre-
scribed, the effectiveness of aspirin, the rates of major hem-
orrhage, and the disutility of taking warfarin. The authors
conclude that treatment with warfarin is economically
attractive (has a low cost effectiveness ratio) in patients with
non-valvular atrial fibrillation and one or more additional risk
factors for stroke. However, in patients with non-valvular
atrial fibrillation without other risk factors for stroke, the use
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of warfarin instead of aspirin would add significantly to costs
with minimal additional clinical benefit.

Preoperative cardiac revascularization

Mason et al 55 developed an analysis to determine whether
preoperative coronary angiography and revascularization
improved short-term outcomes in patients undergoing non-
cardiac vascular surgery with three strategies. 
The first was to proceed directly to vascular surgery; the
second was to perform coronary angiography followed by
selective coronary revascularization prior to surgery and to
cancel vascular surgery in patients with severe inoperable
coronary disease; and the third was to perform coronary
angiography followed by selective coronary revasculariza-
tion, and to perform vascular surgery in patients with inoper-
able coronary artery disease. The literature was scrutinized
for data on the efficacy of all three strategies. The authors
found that proceeding directly to vascular surgery led to a
lower morbidity and cost in the base-case analysis. The coro-
nary angiography strategy led to a higher mortality of vascu-
lar surgery in patients with inoperable coronary disease, but
to a lower mortality in operable patients who did not pro-
ceed to vascular surgery. The model was sensitive to the
surgical mortality rates for both catheterization and the
vascular surgical procedure. The authors concluded that
decision analysis indicates that vascular surgery without
preoperative angiography generally leads to better out-
comes, and that preoperative coronary angiography should
be reserved for patients whose estimated mortality for vas-
cular surgery is substantially higher than average.

Use of decision analysis in treatment strategies

CCU admission

Tosteson et al 56 used a decision analytic model to identify
cost effective guidelines for admission to a coronary care
unit (CCU) for uncomplicated patients without other indica-
tions for intensive care. The probabilities of death, and
minor, major and life-threatening complications were based
on 12 139 emergency department patients who were
enrolled in a multicenter chest pain study. Cost data were
available from a subset of patients in the study admitted to
one study center. Under the assumption that there is a 15%
relative increase in mortality when patients with acute MI
are admitted to the intermediate care unit instead of an
intensive CCU, the authors found that costs per year of life
saved for triage to the CCU varied markedly depending on
the age of the patient and the probability of MI. For 55–64
year old patients with an emergency department probability
of infarction of 1%, the cost per year of life saved was
$1·4 million; but when the probability of infarction was
99%, the cost per year of life saved was $15 000. Admission
to the intensive care unit was generally more costly for
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younger patients, and use of the CCU had a cost effective-
ness ratio of less than $50 000 per year of life saved when
the initial probability of acute MI was greater than 57%
among patients 30–44 years of age, and greater than 21%
among patients 65–74 years of age. The model was sensitive
to the reduction of mortality associated with the use of the
intensive care unit and to the costs of the intensive care unit.
The authors conclude that the CCU should generally be
reserved for patients with a moderate or high probability of
acute MI, unless they need intensive care for other reasons.

Emergency medical services

Nichol et al 57 used a decision analytic model to assess the
cost effectiveness of potential improvements to emergency
medical services (EMS) for patients with out-of-hospital car-
diac arrest. The authors developed their analysis
based on a review of the effectiveness of various emergency
systems from an extensive meta-analysis, costing of each
component of the EMS, and community characteristics and
response times for EMS. The authors also modeled a one-
tier system versus a two-tier system. In the one-tier system
the response team is trained in advanced life support, and
in the two-tier system the first response team is trained in
basic life support and the second in advanced life support.
The authors found that the fixed cost of the first tier of a
two-tier EMS system was $651 129 for Hamilton, Ontario,
with estimates of survival of 5·2% in the one-tier system and
10·5% in the two-tier system. They found that a 1 minute
reduction in response time improved survival by 0·4% in a
one-tier system and by 0·7% in a two-tier system. The
authors found that a change from a one-tier system to a two-
tier system would result in 0·19 QALYs saved and an incre-
mental cost of $7 700 per patient, or a cost per QALY of
$40 000. Improvement in a one-tier EMS system by the
addition of more basic life support providers in the first tier
would result in an incremental survival benefit of 0·40
QALYs, with an incremental cost of $2 400 or cost per QALY
of $53 000. An improvement in response time in a one-tier
system by the addition of more providers and ambulances
would achieve an incremental survival benefit of 0·2 QALYs
for a cost per QALY of $368 000. The authors performed an
extensive sensitivity analysis based on a combination of the
model’s parameters. They concluded that the most attractive
options in terms of incremental cost effectiveness ratios for
an EMS program would be improved response time in a two-
tier EMS system, or a change from a one-tier EMS system to
a two-tier system. However, the authors were concerned
about the poor quality of the data available for their analysis.

Heart transplantation

Stevenson et al 58 used a decision analytic model to deter-
mine optimal strategies for selecting patients for cardiac
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transplantation. The authors developed a model
based on data from cardiac transplantation databases. The
decision analytic model was developed to determine the size
and outcomes of the waiting list population, depending upon
different strategies for listing heart transplant candidates.
They found that if current practices continued all hearts
would be transplanted to hospitalized candidates and newly
listed urgent candidates, and 3700 outpatient transplant
candidates would be listed with virtually no transplantation
unless they deteriorated to an urgent status. A decrease in
the upper age limit for transplantation to 55 years would
reduce the number listed each month by 30%. If this strat-
egy were to be adopted, the waiting list would reduce to one
third its current size, with 50% of all hearts being available
for outpatient candidates. The authors conclude that imme-
diate provisions should be made to limit candidate listing
and revise expectations to reflect the diminishing likelihood
of transplantation for outpatient candidates.

Surgery for aortic stenosis

Wong et al 59 used decision analysis to assess whether to 
recommend cardiac surgery for elderly women with aortic
stenosis. This analysis was based on a specific
case of assessing the treatment choice for an 87 year old
patient with severe aortic stenosis, three vessel coronary dis-
ease, depressed left ventricular function and moderately
severe heart failure. Data for the analysis were based on the
medical literature. Specific data elements included in the
analysis were life expectancy with and without surgery for
an octogenarian, morbidity and mortality associated with
surgery, and quality of life with congestive heart failure.
Sensitivity analysis assessed the sensitivity of the model to
assumptions used in developing the analysis and assessed the
impact of patients’ risk preferences regarding treatment
choice. The authors also modeled valvuloplasty compared
to surgery. They found that life expectancy with surgery
(5·0 QALYs) was greater than that for medical therapy
(1·1 QALYs). (These gains in life expectancy are substantial.
Most interventions reported in the medical literature yield
incremental gains in life expectancy from 0·167 to 1·2 years
of life.60) In sensitivity analysis, surgery still had the highest
life expectancy until mortality from the procedure was greater
than 70%. Valvuloplasty was the best strategy if the patient
was not the best candidate for surgery or, perhaps, in cases in
which the perioperative mortality rate was greater than 50%.
They concluded that even in the later decades of life, aortic
valve surgery is substantially preferable to medical therapy.

Treatment strategies for chronic stable angina

Kwok et al 61 used a decision analytic model to simulate a
randomized controlled trial of coronary artery bypass graft
surgery versus medical therapy for chronic stable angina.
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Grade B4 The authors developed a Markov model that
incorporated current American College of Cardiology/
American Heart Association guidelines, baseline data from a
meta-analysis of randomized trials of the two therapies, and
risk reduction data from randomized trials and meta-analyses.
The outcome measures of interest were 5 and 10 year mor-
tality, as well as incidence of non-fatal myocardial infarction.
The authors conducted a base-case analysis of the two
therapies, which they supplemented with annual fixed tran-
sition probabilities to account for a steady linear increase
in mortality observed in the meta-analysis. They also con-
ducted two subgroup analyses, one to examine 5 year mor-
tality and infarction rates for patients with triple vessel
disease, the other to examine the same outcomes for patients
with impaired left ventricular function. In the base-case and
subgroup analyses, the authors found that both therapies
increased overall and infarction-free survival. The relative
advantage of surgery over medical therapy found in this
study mirrored the findings of previous trials. One-way and
multiway sensitivity analyses yielded absolute differences of
less than 2% for overall and infarction-free survival rates,
except that use of the upper limit of aspirin therapy’s relative
reduction of myocardial infarction yielded a 3% increase in
infarction-free survival among patients receiving medical
therapy. The authors concluded that therapeutic advances
have improved outcomes for both medical and surgical
patients, as well as preserving the advantages of surgery,
thereby confirming that the conclusions of previous bypass
trials remain valid.

Treatment strategies for hypoplastic left heart
syndrome

Jenkins et al 62 used a decision analytic model to determine
the optimal treatment strategy for maximizing 1 year sur-
vival among patients with hypoplastic left heart syndrome.

Using data from the literature and from a data
set of 231 patients treated at four US surgical centers, the
authors obtained probabilities for the following treatment
strategies: complete staged surgery; stage 1 surgery as an
interim to transplantation; patient listing, then stage 1 sur-
gery if no donor is found within 1, 2 or 3 months; and
patient listing without surgery until transplantation. The
authors conducted one- and two-way sensitivity analyses on
all probabilities in the decision tree to determine the values
at which the optimal treatment strategy would change. In
the base-case analysis, transplantation within 1 month
emerged as the preferred strategy, followed by staged sur-
gery if no donor is available after listing the patient for
1 month. These results were sensitive to several probability
thresholds, including stage 1 and stage 2 mortality rates, the
surgical center’s 3 month organ donation rate, and the trans-
plantation mortality rate. Centers with high organ donation
rates are best served by a strategy of listing without surgery
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until transplantation. Those with low donation rates, how-
ever, should perform staged surgery. In two-way sensitivity
analyses, the authors found that the highest 1 year survival
rates were achieved with staged surgery; patient listing,
then stage 1 surgery at 1 month; and listing without surgery
until transplantation. The authors concluded that each sur-
gical center can determine its optimal treatment strategy
with an algorithm that uses the center’s organ donation
rates and stage 1 survival outcomes, as well as individual
patients’ risk factors for mortality and organ availability.

Use of electrocardiogram to predict myocardial
infarction

Shlipak et al 63 used a decision analytic model to assess the
clinical utility of a previously reported electrocardiogram
(ECG)-based algorithm to predict myocardial infarction in
patients with left bundle branch block (LBBB). 
The authors developed probability data for their analysis
by first conducting a retrospective cohort study of patients
presenting with LBBB on their initial ECG. The subsequent
decision analysis was performed to determine which of
the following strategies would constitute optimal therapy:
thrombolysis for all patients with LBBB; no treatment for
these patients; or use of the ECG-based algorithm to screen
patients for the appropriateness of thrombolysis. The
authors found that the ECG algorithm had low sensitivity
and would predict less than 10% of myocardial infarctions in
patients presenting with LBBB and acute symptoms. As a
screening test, the algorithm resulted in a survival rate less
than that yielded by thrombolysis and similar to that yielded
by no therapy. In one-way sensitivity analysis, thrombolysis
was always the optimal strategy. In two-way sensitivity
analyses thrombolysis was always preferred, unless the ECG-
based algorithm had a sensitivity greater than 85%. If the
ECG algorithm were used as a screening test for throm-
bolytic therapy, almost no patients with LBBB and myocar-
dial infarction would receive the treatment. The authors
conclude that the ECG algorithm is a poor predictor of
myocardial infarction and that thrombolysis should be used
for all patients with LBBB and symptoms of myocardial
infarction.

Summary

Decision analysis offers powerful techniques to better
understand uncertain clinical decisions in cardiology.
Increasing use of these techniques has already shown them
to be very valuable in clinical and policy decision making in
a variety of settings. Decision analysis may be most useful
when clinical trial data do not clearly answer the clinical
issue; when the clinical trial concludes that there are differ-
ences in risks and benefits across two treatment groups;
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when the relevant outcomes were not collected as part of
the clinical trial; or when the decision maker is concerned
with both clinical benefits and costs. Readers of a decision
analysis paper should consider the strength of the evidence
underlying the analysis, whether the model was constructed
appropriately from a clinical perspective, and whether all
relevant comparisons were included in the model.5,6

Key points

● Decision analysis may be most useful when clinical trial
data do not clearly answer the clinical issue; when the
clinical trial concludes that there are differences in risks
and benefits across two treatment groups; when the rel-
evant outcomes were not collected as part of the clinical
trial; or when the decision maker is concerned with both
clinical benefits and costs.

● Sensitivity analysis is used to assess the impact of
uncertainty on decision analytic models.

● In reviewing a decision analysis paper, the reader must
assess whether the population considered in the model
is relevant to the clinician’s population, the strength of
the evidence available to the investigator in developing
the model, and whether the model used by the investiga-
tor is constructed appropriately by including all relevant
comparisons.

● Decision analysis has been used to assess a wide variety
of clinical issues in cardiology.

Acknowledgment

The authors are grateful to Damon Seils for research and
editorial assistance.

References

1.Paulker SA. Coronary artery surgery: the use of decision analy-
sis. Ann Intern Med 1976;85:8–18.

2.Detsky AS, Naglie G, Krahn MD, Naimark D, Redelmeier DA.
Primer on medical decision analysis: Part 1 – getting started.
Med Decis Making 1997;17:123–5.

3.Stason WB, Weinstein MC. Allocation of resources to manage
hypertension. N Engl J Med 1977;296:732–9.

4.Kassirer JP, Moskowitz AJ, Lau J, Pauker SG. Decision analysis: 
a progress report. Ann Intern Med 1987;106:275–91.

5.Richardson WS, Detsky AS. User’s guide to the medical litera-
ture: VII. How to use a clinical decision analysis: A. Are the
results of the study valid? JAMA 1995;273:1292–5.

6.Richardson WS, Detsky AS. User’s guide to the medical litera-
ture: VII. How to use a clinical decision analysis: B. What are
the results and will they help me in caring for my patients?
JAMA 1995;273:1610–13.

7.Greenberg ML, Malenka DJ, Disch DL. Therapeutic strategies
for atrial fibrillation: the value of decision analysis. Cardiol Clin
1996;14:623–40.

Evidence-based Cardiology

68



8.Detsky AS, Naglie G, Krahn MD, Redelmeier DA, Naimark D.
Primer on medical decision analysis: Part 2 – building a tree.
Med Decis Making 1997;17:126–35.

9.Naglie G, Krahn MD, Naimark D, Redelmeier DA, Detsky AS.
Primer on medical decision analysis: Part 3 – estimating
probabilities and utilities. Med Decis Making 1997;17:
136–41.

10.Krahn MD, Naglie G, Naimark D, Redelmeier DA, Detsky AS.
Primer on medical decision analysis: Part 4 – analyzing the
model and interpreting the results. Med Decis Making
1997;17:142–51.

11.Naimark D, Krahn MD, Naglie G, Redelmeier DA, Detsky AS.
Primer on medical decision analysis: Part 5 – working with
Markov processes. Med Decis Making 1997;17:152–9.

12.Weinstein MC, Fineberg HV et al. Clinical decision analysis.
Philadelphia: WB Saunders, 1980.

13.Sox HC, Blatt MA, Higgins MC, Marton KI. Medical decision
making. Boston: Butterworth–Heinemann, 1988.

14.Petitti DB, Sidney S, Quesenberry CP Jr, Bernstein A. Incidence
of stroke and myocardial infarction in women of reproductive
age. Stroke 1997;28:280–3.

15.The Antiarrhythmics versus Implantable Defibrillators (AVID)
Investigators. A comparison of antiarrhythmic-drug therapy
with implantable defibrillators in patients resuscitated from
near-fatal ventricular arrhythmias. N Engl J Med 1997;337:
1576–83.

16.Kupersmith J, Hogan A, Guerrero P et al. Evaluating and
improving the cost-effectiveness of the implantable car-
dioverter-defibrillator. Am Heart J 1995;130:507–15.

17.Hogenhuis W, Stevens SK, Wang P et al. Cost-effectiveness
of radiofrequency ablation compared with other strategies
in Wolff–Parkinson–White syndrome. Circulation 1993;88:
437–46.

18.Barrett BJ, Parfrey PS, Foley RN, Detsky AS. An economic
analysis of strategies for the use of contrast media for diagnostic
cardiac catheterization. Med Decis Making 1994;14: 325–35.

19.Johannesson M, Jönsson B, Kjekshus J et al. Cost-effectiveness
of simvastatin treatment to lower cholesterol levels in patients
with coronary heart disease. N Engl J Med 1997;336:332–6.

20.Ashraf T, Hay JW, Pitt B et al. Cost-effectiveness of pravastatin
in secondary prevention of coronary artery disease. Am J
Cardiol 1996;78:409–14.

21.Tsevat J, Duke D, Goldman L et al. Cost-effectiveness of capto-
pril therapy after myocardial infarction. J Am Coll Cardiol
1995;26:914–19.

22.Zubialde JP, Lawler F, Clemenson N. Estimated gains in life
expectancy with use of postmenopausal estrogen therapy: a
decision analysis. J Fam Pract 1993;36:271–80.

23.Hulley S, Grady D, Bush T et al. Randomized trial of estrogen
plus progestin for secondary prevention of coronary heart dis-
ease in postmenopausal women. JAMA 1998;280:605–13.

24.Herrington DM, Reboussin DM, Brosnihan KB et al. Effects of
estrogen replacement on the progression of coronary-artery ath-
erosclerosis. N Engl J Med 2000;343:522–9.

25.Herrington DM, Howard TD, Hawkins GA et al. Estrogen-
receptor polymorphisms and effects of estrogen replacement on
high-density lipoprotein cholesterol in women with coronary
disease. N Engl J Med 2002;346:967–74.

26.Kellett J, Clarke J. Comparison of accelerated tissue plasmino-
gen activator with streptokinase for treatment of suspected
myocardial infarction. Med Decis Making 1995;15:297–310.

27.Dirsch DL, Greenberg ML, Holzberger PT, Malenka DJ,
Birkmeyer J. Managing chronic atrial fibrillation: a Markov
decision analysis comparing warfarin, quinidine, and low-dose
amiodarone. Ann Intern Med 1994;120:449–57.

28.The European Atrial Fibrillation Trial Study Group. Secondary
prevention in non-rheumatic atrial fibrillation after transient
ischæmic attack or minor stroke. Lancet 1993;342:1255–62.

29.Connolly SJ. Canadian Atrial Fibrillation Anticoagulation
(CAFA) Study. J Am Coll Cardiol 1991;18:349–55.

30.Ezekowitz MD, Bridgers SL, James KE et al. Warfarin in the
prevention of stroke associated with nonrheumatic atrial fibril-
lation. N Engl J Med 1992;327:1406–12.

31.Stroke Prevention in Atrial Fibrillation Investigators. Stroke
Prevention in Atrial Fibrillation (SPAF) Study: final results.
Circulation 1991;84:527–39.

32.Stroke Prevention in Atrial Fibrillation Investigators. Warfarin
versus aspirin for prevention of thromboembolism in atrial fib-
rillation: Stoke Prevention in Atrial Fibrillation II Study. Lancet
1994;343:687–91.

33.Petersen P, Boysen G, Godtfredsen J, Andersen ED, Andersen B.
Placebo-controlled, randomised trial of warfarin and aspirin for
prevention of thromboembolic complications in chronic atrial
fibrillation: the Copenhagen aFASAK Study. Lancet 1989;
i:175–9.

34.The Boston Area Anticoagulation Trial for Atrial Fibrillation
Investigators. The effect of low-dose warfarin on the risk of
stroke in patients with nonrheumatic atrial fibrillation. N Engl J
Med 1990;323:1505–11.

35.Laupacis A, Feeny D, Detsky AS, Tugwell PX. How attractive
does a new technology have to be to warrant adoption and uti-
lization? Tentative guidelines for using clinical and economic
evaluations. Can Med Assoc J 1992;146:473–81.

36.Gage BF, Cardinalli AB, Albers GW, Owens DK. Cost-effective-
ness of warfarin and aspirin for prophylaxis of stroke in patients
with nonvalvular atrial fibrillation. JAMA 1995;274: 1839–45.

37.Solomon NA, Glick HA, Russo CJ, Schulman KA. Patient pref-
erences for stroke outcomes. Stroke 1994;25:1721–5.

38.Moss AJ, Jackson Hall W, Cannom DS for the Multi-
center Automatic Defibrillator Implantation Trial (MADIT)
Investigators. Improved survival with an implanted defibrillator
in patients with coronary disease at high risk for ventricular
arrhythmia. N Engl J Med 1996;335:1933–40.

39.Friedman PL, Stevenson WG. Unsustained ventricular
tachycardia – to treat or not to treat? N Engl J Med 1996;
335:1984–5.

40.Boyko W, Schulman KA, Tracy CM, Glick H, Solomon AJ. The
economic impact of prophylactic defibrillators. J Am Coll
Cardiol 1997;29(2 Suppl A):256A.

41.Owens DK, Sanders GD, Harris RA et al. Cost-effectiveness of
implantable cardioverter defibrillators relative to amiodarone
for prevention of sudden cardiac death. Ann Intern Med
1997;126:1–12.

42.Schatzkin A, Cupples LA, Heeren T et al. The epidemiology of
sudden unexpected death: risk factors for men and women in
the Framingham Heart Study. Am Heart J 1984;107:1300–6.

Introduction to decision analysis

69



Evidence-based Cardiology

70

43.Pinski SL, Trohman RG. Implantable cardioverter-defibrillators:
implications for the nonelectrophysiologist. Ann Intern Med
1995;122:770–7.

44.The Coronary Artery Bypass Graft (CABG) Patch Trial
Investigators and Coordinators. The CABG Patch Trial. Prog
Cardiovasc Dis 1993;36:97–114.

45.Cardiomyopathy Trial Investigators. The cardiomyopathy trial.
Pacing Clin Electrophysiol 1993;16:576–81.

46.The DEFIBRILAT Study Group. Actuarial risk of sudden death
while awaiting cardiac transplantation in patients with athero-
sclerotic heart disease. Am J Cardiol 1991;68:545–6.

47.AVID Trial Investigators. Antiarrhythmics Versus Implantable
Defibrillators (AVID) – rationale, design, and methods. Am J
Cardiol 1995;75:470–5.

48.Connolly SJ, Gent M, Roberts RS et al. Canadian Implantable
Defibrillator Study (CIDS): study design and organization. Am J
Cardiol 1993;72:103F–8F.

49.Hine LK, Laird NM, Hewitt P, Chalmers TC. Meta-analysis of
empirical long-term antiarrhythmic therapy after myocardial
infarction. JAMA 1989;262:3037–40.

50.Health Care Financing Administration. Revisions to payment
policies and adjustments to the relative value units under the
physician fee schedule for calendar year 1995; Final rule. Fed
Reg 2 December 1995.

51.Eisenberg JM, Schulman KA, Glick H, Koffer H.
Pharmacoeconomics: economic evaluation of pharmaceuticals.
In: Strom BL, ed. Pharmacoepidemiology, 2nd edn. New York:
John Wiley & Sons, 1994.

52.Detsky AS, Naglie IG. A clinician’s guide to cost-effectiveness
analysis. Ann Intern Med 1990;113:147–54.

53.Naimark DM, Detsky AS. The meaning of life expectancy: what
is a clinically significant gain? J Gen Intern Med 1994;9:702–7.

54.Glick H, Heyse JF, Thompson D et al. A model for evaluating
the cost-effectiveness of cholesterol-lowering treatment. Int J
Technol Assessment Hlth Care 1992;8:719–34.

55.Mason JJ, Owens DK, Harris RA, Cooke JP, Hlatky MA. The role
of coronary angiography and coronary revascularization before
noncardiac vascular surgery. JAMA 1995;273:1919–25.

56.Tosteson ANA, Goldman L, Udvarhelyi S, Lee TH. Cost-
effectiveness of a coronary care unit versus an intermediate
care unit for emergency department patients with chest pain.
Circulation 1996;94:143–50.

57.Nichol G, Laupacis A, Stiell IG et al. Cost-effectiveness analysis
of potential improvements to emergency medical services for
victims of out-of-hospital cardiac arrest. Ann Emerg Med
1996;27:711–20.

58.Stevenson LW, Warner SL, Steimle AE et al. The impending cri-
sis awaiting cardiac transplantation: modeling a solution based
on selection. Circulation 1994;89:450–7.

59.Wong JB, Salem DN, Paulke SG. You’re never too old. N Engl J
Med 1993;328:971–5.

60.Naimark DM, Detsky AS. The meaning of life expectancy: what
is a clinically significant gain? Med Decis Making
1992;12:344.

61.Kwok YS, Kim C, Heidenreich PA. Medical therapy or coronary
artery bypass graft surgery for chronic stable angina: an update
using decision analysis. Am J Med 2001;111:89–95.

62.Jenkins PC, Flanagan MF, Sargent JD et al. A comparison of
treatment strategies for hypoplastic left heart syndrome using
decision analysis. J Am Coll Cardiol 2001;38:1181–7.

63.Shlipak MG, Lyons WL, Go AS et al. Should the electrocardio-
gram be used to guide therapy for patients with left bundle-
branch block and suspected myocardial infarction. JAMA
1999;281:714–9.



Research into cardiovascular clinical practice has grown early
enormously in volume and sophistication since the early
twentieth century, driven by the worldwide prominence 
of atherosclerotic vascular diseases. The sheer volume of
research literature has made it virtually impossible for even
a subspecialist to stay abreast of her/his field. There is insuf-
ficient time for any evidence-oriented practitioner to criti-
cally appraise the full array of individual studies relevant to
practice, and a real risk that, as the years go by, his/her 
filtering of the literature will prove misleading.

One solution is for practitioners to rely increasingly on
integrative reports. As documented throughout this volume,
evidence on a particular clinical topic is often usefully com-
piled in published meta-analyses, decision analyses, or prac-
tice guidelines. These integrative reports synthesize the best
evidence available from multiple research studies to help
define what a practitioner ought to do when confronted
with a particular clinical situation.

While information uptake from integrative reports is nec-
essary to ensure that clinical care evolves in evidence-driven
directions, it may not be sufficient. For decades, researchers
have shown that the rates of provision of various cardiovas-
cular services vary inexplicably across regions and among
nations. Some of this variation is random; some represents
reasonable disagreement in the absence of definitive evi-
dence about best practices. However, when practices are
examined more closely using explicit criteria for appropri-
ateness of care, it has become clear that actual practice
sometimes differs sharply from what the evidence suggests
ought to be done, raising concerns about quality of care.
Quality concerns are further galvanized by evidence that
technical skill and patient outcomes vary among procedural
specialists. Not surprisingly, then, concerns with costs and
quality of care have led a growing cadre of researchers, clin-
ical leaders, facility managers, third party payers, and public
policy makers to examine what clinicians do, and to seek
ways to change clinical practice.

Assessing and changing clinical practice is central to the
discipline commonly known as health services research.
This chapter accordingly provides an introduction to some
of the key methods of health services research as applied to
cardiovascular medicine and surgery.

By definition this chapter demands a different treatment
than later chapters where it is possible to provide integrative
summaries of evidence to inform contemporary practice or
steer future research. Since our focus is on how evidence is
translated into clinical action, it stands to reason that there
will seldom be one “right answer”. Practice will instead be
shaped not just by evidence, but by values and circum-
stances or context. Thus, it is important for the reader to
suspend judgment as to whether there is necessarily one
right health system, or one right profile of services for all
populations with a given cardiovascular condition. A corol-
lary of this point is that hundreds of descriptive and analyti-
cal studies have been published in cardiovascular health
services research, many of which are context-specific. Our
hope is to use a small number of these studies to heighten
the reader’s understanding of analytical principles and gen-
eral lessons. For consistency, the examples will relate to
clinical management of coronary artery disease, not to pri-
mary and secondary prevention. However, the conceptual
frameworks are applicable to all areas of cardiovascular care.
It is hoped that the evidence-oriented reader will be able to
generalize the methodological insights from this chapter to
his/her particular clinical and research context.

The specific objectives of this chapter are three:

● to outline the challenges and opportunities in gathering
evidence about how health care is delivered;

● to describe and provide illustrations of the various types
of studies done to evaluate processes and outcomes of
care; and

● to examine some of the interventions that can be
undertaken to improve the quality of cardiovascular
care.

Gathering evidence about health care:
challenges and opportunities

Study designs

Randomized controlled clinical trials are the most rigorous
tool for confirming causal relationships between a given out-
come and intervention or factor. Most randomized clinical
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trials are designed to test the efficacy of an intervention
within a controlled and stable environment. In contrast,
health services research focuses on assessing and improving
the provision of care in usual practice settings. Observational
studies of health services may be cross-sectional or cohort
designs. Cross-sectional studies or survey designs offer con-
venient one-off snapshots of patient populations, providers,
or practice settings. Disease- and procedure-specific incep-
tion cohorts have the advantage of delineating relationships
of particular variables to outcomes over time.

Cross-sectional and cohort methodologies can also be
combined in a single study. For example, Payne and Saul1

undertook a mail survey of a random sample of 16 750 resi-
dents of the Sheffield (UK) region, and found that 4·0% of
subjects had symptoms suggestive of angina pectoris. The
prevalence of angina was significantly higher in neighbor-
hoods with lower socioeconomic status, but these same
areas had significantly lower rates of mechanical revascular-
ization. In other words, variations in service profiles were
inversely related to ecological markers of both population
need and population deprivation – obvious grounds for 
concern about access or equity of services use. The authors
went further, however, and used data linkage methods to
determine procedures that were actually provided to 
individuals identified as having angina. In so doing, they
effectively shifted from a cross-sectional study reliant on
ecological inferences to a full-fledged cohort design. They
found that among subjects reporting angina who lived in
affluent neighborhoods, 11·2% had undergone procedures,
as compared to 4·2% in less affluent areas (P �0·03). Similar
socioeconomic-related disparities in cardiovascular processes
of care have been well described in both private and 
publicly-funded healthcare systems.2,3

Intervention studies in health services research focus on
effectiveness and efficiency rather than efficacy. Quasi-
experimental designs and formal randomized clinical trials
are brought into play to test interventions designed to
improve care. However, for obvious reasons, it is often
providers, clinics, hospitals, or regions that are randomized
rather than patients.4

Whatever the internal validity of the design chosen,
health services researchers face a recurrent challenge to
prove the external validity of their work. Some of the pub-
lished literature in health services research consists of local
or regional quality assurance projects with uncertain gener-
alizability, and evidence-oriented practitioners may not find
these studies applicable in their own context.

Data sources and collection

Health services researchers use both primary and secondary
data sources. Primary data are collected by design to answer
specific research questions, whereas secondary data are
used for multiple purposes and their use for research purposes

may be unplanned. Administrative databases designed for
purposes of health service funding and administration are
among the most common secondary data sources used in
assessing clinical practice. Databases specifically constructed
for ongoing epidemiologic surveillance of medical care, such
as clinical registries, sit on the cusp between primary and
secondary data, in that they are valuable for management
and quality assurance, but are usually designed to meet 
specific research objectives as well.

Prospective primary data collection is costly but crucial for
complex variables that are poorly covered in most secondary
data sources – for example, patients’ quality of life and 
psychosocial status. Retrospective primary data collection
through chart reviews is also possible, but can be costly and
time-consuming. It is best focused on routinely-recorded
variables. For example, in charts of patients hospitalized with
acute myocardial infarction (AMI), data on variables such as
presenting symptoms, heart rate, blood pressure, ECGs, and
cardiac enzymes are almost uniformly recorded. Absent pri-
mary data collection, there is always a risk that researchers
will frame their questions around convenient access to data
rather than addressing pressing issues.

Researchers often combine primary and secondary data
collection, or incorporate multiple data sources to address
specific research questions. For instance, a study may assess
patients’ short-term outcomes using self-administered health
status questionnaires, and then track their subsequent use of
health services and outcomes through administrative data.
As an inexpensive solution to the limitations of single sec-
ondary databases, many researchers now link data across
multiple administrative databases to provide better patient
characterization and longitudinal follow up.5 Finally, linkage
of samples from randomized clinical trials to administrative
databases is becoming more common both to provide accu-
rate and cost efficient follow up of clinical trial populations
and to enable comparison of the characteristics and out-
comes of trial participants to the broader populations from
which they are drawn.6

Data quality

Inaccurate measurement or recording is a particular con-
cern when information comes from secondary data sources
that are not designed for research or epidemiologic 
surveillance of medical care. For instance, Jollis et al 7

compared information about cardiac risk factors in an
administrative database in patients undergoing angiography
with information collected prospectively for a clinical 
database. A chance-corrected measure of agreement (kappa
statistic) showed moderate to poor agreement as follows:
hypertension (56%), heart failure (39%), and unstable
angina (9%). Hannan et al 8 found similar discrepancies in
comparing a cardiac surgery registry to an administrative
database in New York State. While the accuracy of coding in
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administrative databases appears to be improving over
time,9,10 significant undercoding of comorbidities still exists,
especially among the elderly.10,11

As noted above, limited or inaccurate data in insurance
databases or computerized hospital discharge abstracts may
be supplemented or corrected by chart audits. A more effi-
cient approach is to establish registries geared to measuring
key patient characteristics, process-of-care elements, and rel-
evant outcomes. Registries are proliferating in cardiovascu-
lar medicine and surgery, especially for acute ischemic
syndromes and coronary surgery. This has led, however, to a
new challenge – that is, agreement on a set of core data ele-
ments and definitions so that reliable comparisons can be
drawn across registries from different jurisdictions.

Key measures

Processes of care

Process of care is an umbrella term, encompassing all inputs
into the clinical encounter that are relevant to the effective-
ness and efficiency of the service provided. Process measures
of particular interest for this chapter are the clinical decision-
making patterns of physicians and other health professionals,
as these reflect the uptake and use of evidence from the liter-
ature of medicine. Other inputs may also be relevant, such as
hospital staffing ratios and qualifications of providers. Not
infrequently, researchers use characteristics of the admitting
hospital as ecologic proxies for processes of care that may
affect individual patients.12–14 In this respect, hospital vol-
umes for specific diagnoses or procedures are often taken as
proxies for the expertise or experience of the relevant
providers. Some measures are intermediate. Waiting times
for services and lengths of stay, for example, are at once indi-
cators of the process of care, and outcomes of interest to
patients, professionals, and administrators alike.

Outcomes

The most important outcomes studies in cardiovascular care
are conventional randomized trials used to test the efficacy of
novel interventions, as described elsewhere in this volume.
However, non-randomized outcomes studies have a role in
assessing practice patterns. These studies allow for the evalu-
ation of therapies and the natural history of disease in real-
world settings.15,16 In some cases where randomization is
simply not feasible (for example, socioeconomic status as a
factor in prognosis), they also allow us to isolate patient char-
acteristics from process-of-care factors to help elucidate
pathophysiologic mechanisms of disease.17,18 Perhaps most
importantly, a cardiovascular service may be provided to the
right patient at the right time, and for the right reasons, but
be delivered in a technically substandard fashion that leads 
to needlessly poor outcomes. Non-randomized outcomes

studies are therefore useful indicators of quality of care for
technically demanding services.19

Outcomes of interest, after Kerr White, can be conve-
niently remembered as the six “Ds”: death, disease, dysfunc-
tion, disability, distress, and dissatisfaction.20 The easiest
outcomes for health services researchers to measure are
those that are defined objectively and usually captured in
large insurance databases or computerized hospital adminis-
trative data. These include death, routinely-coded complica-
tions following surgery, or hospital re-admissions. Linkage to
vital status registries is also performed to track out-of-hospital
deaths. Unfortunately, health services researchers have often
failed to assess other outcomes, such as functional status,
symptom relief, or overall quality of life, that are very impor-
tant to patients and their physicians.21

Assessing processes and outcomes of care

Assessing processes of care

Descriptive studies

Health services research gained considerable momentum in
the 1970s and 1980s from studies pioneered by Wennberg
and Gittelsohn,22,23 which documented unexplained geo-
graphic variations in rates of services. These early studies were
a population-wide extension of research done in single hospi-
tals or in public and private prepayment plans starting in the
1930s and showed variations in how different physicians
managed apparently similar patients. However, Wennberg and
coworkers coupled computerized systems of hospital dis-
charge abstracts to census data and showed that citizens living
in one area were significantly more or less likely to undergo
certain procedures than those living in other areas. They also
showed that greater variations were generally demonstrable
when procedures were more discretionary or elective, or
where there was uncertainty about the indications for the
procedure or service of interest.24,25 In these latter instances,
values and circumstances apparently interact strongly with
evidence in driving decisions about service provision.26

Such descriptive studies continue to appear in the health
services literature. They involve simple rates or proportions,
with various numerators and denominators. Possible numer-
ators include primary care visits or encounters, specialized
diagnostic and therapeutic services, composite measures of
use, such as overall numbers of hospital bed-days used per
10 000 residents, or even mean expenditures per capita on
health care for all types of services. Denominators may tally
patients according to the clinics or hospitals that they use, or
by their residency in a given geographic area. These two
denominators may be melded into hospital market shares –
for example, the total population living in an area where a
specified percentage of all patients receive their cardiac care
at the hospital of interest.
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Several statistical summary measures are used in varia-
tions analyses.27,28 Computational details and statistical
properties of these measures are beyond the scope of this
chapter. What matters is that the degree of variation should
be both statistically significant and suggestive of meaningful
differences from the standpoint of quality, accessibility, 
or efficiency of care provision. Thus, examination of the 
patterns of service and potential outcome implications is
arguably more illuminating than the focusing on specific
summary measures.

The interpretive challenges of such descriptive studies are
illustrated by evidence assembled with clinical and/or
administrative data showing sex differences in treatments
for patients hospitalized with acute myocardial infarction
(AMI).29–31 Sex differences in care have been found in sev-
eral nations, but the relationship between gender and serv-
ice intensity is not consistent.32–34 The debate about the
gender gap in service intensity is likely to continue until
there is clearer evidence from randomized trials to delineate
whether and how men and women with otherwise similar
cardiovascular disease should be managed differently.

Variations in processes of care have been well documented
to extend beyond patient factors. As one example of this
genre, Chen et al 35 documented significant interhospital 
variations in length of stay after AMI in Ontario. These varia-
tions persisted after adjustment for various factors such as
coronary angiography on the index admission, patients’ age
and sex, and comorbidity as inferred from secondary diag-
noses on discharge abstracts. In almost any jurisdiction and
for almost any cardiovascular service where interpractitioner,
interinstitutional, or interregional variations in patterns of
service provision have been sought, they are demonstrable.

In sum, descriptive studies showing process-of-care varia-
tions are tantamount to screening tests in medical practice.
They raise the possibility that there may be a problem with
quality, efficiency, or accessibility. However, the finding of
statistically significant variations is predicated on a null
hypothesis that processes of care should vary no more than
would be expected on the basis of the play of chance. Most
such studies apply direct or indirect standardization to con-
trol for differences in the age–sex profile of the populations
being compared, but may not consider myriad other sources
of variation (Box 8.1). In response to that limitation,
researchers may either develop evidence-oriented criteria 
to examine decision making at the level of the individual
case, or try to link processes and outcomes of care in the
same study as a means of inferring a causal connection. We
examine both types of studies below.

Criteria-based utilization analyses

Given the limitations of descriptive studies that delineate
variations in processes of care, health services researchers
have developed other methods to determine whether the

right service is provided to the right type of patient for the
right reasons at the right time and place. One approach is
implicit reviews of case records, drawing on the individual-
ized judgments of expert clinicians. Unfortunately, lack of
standardization renders implicit reviews unreliable.36,37

Explicit criteria, which form the basis for most process-
of-care analyses in the literature, have the advantages of
standardization and consistency, as well as transparency.
Where necessary, trained staff can apply them retrospec-
tively to medical records without a major time commitment
from clinicians. These studies are described in America as
“utilization reviews” and in the UK as “clinical audits”.38

Process-of-care audits have the advantage of efficiency in
comparison to outcomes studies as quality management
tools. Bad outcomes caused by negligence and incompe-
tence are (happily) rare. Technical competence does not
necessarily equate with good judgment and appropriateness
of service provision. Moreover, bad outcomes from under-
treatment are hard to detect because the impact of modern
cardiovascular care is often to make life only a little better
on average for patients or to reduce their risk of otherwise
rare events. For example, from overviews of randomized
placebo-controlled trials we know that � blockers confer
about a 25% relative reduction in mortality in the first year
after a myocardial infarction. For a cohort of medium-risk
patients, this equates to an absolute reduction in cumulative
postdischarge mortality from 4% to 3%. To show such 
a mortality difference on a comparative outcomes audit of
two practices (80% power, 2-sided alpha of 0·05), we
require over 5000 patients per practice; but a 1% mortality
difference presumes absolutely no use of � blockers in the
practice with poorer outcomes. A more realistic assumption
would be that about 70% of eligible patients receive � block-
ers in the practice with worse outcomes versus over 95% 
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Box 8.1 Sources of regional/institutional variation in
service profiles
● Age and sex composition
● Age/sex specific disease incidence
● Random variation with time and place
● Availability and practice organization, such as

● primary care
● specialist services
● hospital services/bed provision
● overall funding levels
● methods of payment
● alternative services

● Referral patterns
● Practice styles of service providers
● Variations in patient expectations, demands, health 

education/behaviors
● Rates of previous service (for example, organ removal

where relevant)



in the exemplary practice. Based on the randomized trials,
this equates to perhaps a 0·2% increase in mortality. To
detect such a small difference in mortality would require
over 100 000 patients per practice! In contrast, one could
simply examine charts to see whether patients were getting
� blocker prescriptions, versus 70% in the other practice,
one would only need to examine about 75 charts in each
practice for a reliable assessment.

This latter audit is simple in another respect. We can basi-
cally use randomized trial inclusion and exclusion criteria to
decide who should be getting the drug, make sure there are
no obvious contraindications or medication intolerances
documented on the medical record, and tally whether
patients are getting the treatment that they ought to be 
getting. In general, however, audits require close attention
to the validity, application, and applicability of the criteria
chosen (Box 8.2).38

Box 8.2 User’s guide to appraising and applying the
results of a process-of-care audit
● Are the criteria valid?

● Was an explicit and sensible process used to iden-
tify, select, and combine evidence for the criteria?

● What is the quality of the evidence used in framing
the criteria?

● If necessary, was an explicit, systematic, and reliable
process used to tap expert opinion?

● Was an explicit and sensible process used to con-
sider the relative values of different outcomes?

● If the quality of the evidence used in originally framing
the criteria was weak, have the criteria themselves
been correlated with patient outcomes?

● Were the criteria applied appropriately?
● Was the process of applying the criteria reliable,

unbiased, and likely to yield robust conclusions?
● What is the impact of uncertainty associated with

evidence and values on the criteria-based ratings of
process of care?

● Can you use the criteria in your own practice setting?
● Are the criteria relevant to your practice setting?
● Have the criteria been field-tested for feasibility of

use in diverse settings, including settings similar to
yours?

Adapted from Naylor and Guyatt38

Validity of audit criteria

To be valid, the criteria must have a direct link either to
improving health (as is obvious with � blockers for second-
ary prevention after AMI) or to lowering resource use with-
out compromising health outcomes. There should be an
explicit and sensible process to identify, select, and combine
the relevant outcomes-based evidence.

The hierarchy of evidence outlined above by Kitching,
Sackett and Yusuf applies here. Evidence from randomized

trials is strongly preferred, but evidence from observational
sources cannot be ignored. For example, from observational
studies within trials, it is plain that the largest survival bene-
fits with thrombolytic therapy are obtained when treatment
is administered early.39 It would be unethical to randomize
patients to receive thrombolysis on a delayed or urgent basis
to determine how large these effects are. Thus, guidelines
now recommend that thrombolytic therapy be adminis-
tered, wherever possible, within 30 minutes of a pateint’s
arrival to hospital.40 Studies from America,41 Canada,42

the UK,43 Italy,44 and New Zealand45 have all documented
remediable problems with treatment delays in administering
thrombolytic agents to eligible patients. All are classic exam-
ples of criteria-based audits.

If only some of the indications for a particular service
under audit will be covered by high quality evidence, then
weaker sources of evidence, inference, and expert opinion
must often be brought into play, usually through formal
panel processes. Such panels should include an explicit
process for selecting panelists, and a sensible, systematic
method for collating their judgments. In this respect, the
RAND group has pioneered multispecialty panel methods
that are widely emulated.46–48 Scenarios are compiled that
describe a potential indication for the procedure or clinical
service in question. Each expert panelist independently
rates hundreds of different case scenarios on a risk–benefit
scale. Scenarios are re-rated at a panel meeting after patterns
of interpanelist agreement and disagreement are shown
anonymously and discussed. The final set of panelists’ rat-
ings then determines whether a given indication is deemed
potentially appropriate, uncertain, or inappropriate.

With this method, it is not clear whether the appropriate-
ness ratings for any given indication rest primarily on research
evidence or inference, extrapolation, and opinion. The rela-
tive values placed on different outcomes are also unclear.
For example, in randomized trials of CABG versus percuta-
neous transluminal coronary angioplasty (PTCA),49–52 PTCA
has a slightly lower early mortality, along with lower initial
costs and more rapid recovery from the procedure. Longer
term mortality data are similar, but CABG patients appear to
achieve better symptom relief, have decreased use of med-
ication, and require fewer subsequent procedures.53 When
an expert panel addresses the respective appropriateness of
PTCA and CABG, the findings reflect these trade offs, but
we cannot be sure that patients themselves would make 
the same choices. The conflation of facts and values in
panel-based criteria is highlighted by studies showing that
the nationality of a panel markedly affects the criteria 
and results of applying them to cardiovascular procedures
(Table 8.1).26,54 Indeed, available evidence would also sug-
gest that hospital practice settings and resource availability
influence panel-based criteria.55 Nonetheless, the RAND
methods compare very favorably with those used to create
several utilization review tools now in widespread use.38

Assessing and changing cardiovascular clinical practices

75



Application and applicability of the audit criteria

Application of explicit process-of-care criteria often rests on
data derived from retrospective chart reviews by profes-
sional auditors. The audit process must therefore be reliable.
Biases can be introduced through skewed sampling of prac-
titioners, hospitals, and patients. Even a meticulous audit,
however, may miss mitigating factors. Thus, in many
instances, if the explicit review shows potential problems

with the appropriateness of a service, the case is assessed by
experienced clinicians to preclude “false positives”.

It is also crucial that enough cases be reviewed to draw
robust conclusions. For example, in one study, RAND
researchers used explicit criteria to assess the appropriate-
ness of PTCA in 1990 for 1306 randomly selected patients
in 15 randomly selected New York State hospitals.54 The
inappropriate utilization rate varied by hospital from 1% to
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Table 8.1 Categorization of appropriateness of indications for cardiovascular procedures based on actual audits in the
field: cross-national differences in expert panel assessments

Procedure Location/sample Year n Panel Appropriate Uncertain Inappropriate
nationality

Coronary artery USA, 4 hospitals 1979–80 386 American 62 25 13
bypass graft in Washington State

1979–82 British 41 24 35

UK, 3 hospitals 1987–88 319 American 67 26 7
in Trent region

British 57 27 16

Canada, 13 hospitals 1989–90 556 American 88 9 3
in Ontario and
British Columbia

Canadian 85 11 4

USA, 15 hospitals 1990 1336 American 91 7 2
in New York State

Canadian 85 10 6

Coronary USA, 4 hospitals in 1979–80 376 American 50 23 27
angiography Washington State

1979–82 British 11 29 60

USA, Medicare 1981 1677 American 74 9 17
beneficiaries in
3 states

British 39 19 42

UK, 3 hospitals 1987–88 320 American 71 12 17
in Trent region

British 49 30 21

Canada, 20 hospitals 1989–90 533 American 77 18 5
in Ontario and 
British Columbia

Canadian 58 33 9

USA, 15 hospitals 1990 1333 American 76 20 4
in New York State

Canadian 51 39 10

Adapted from Naylor26

The data show the appropriateness ratings for sets of identical patient charts as described. Each set of charts was assessed
according to criteria derived by expert panels based in the listed countries.



9% (P � 0·12). Differences of this magnitude, if real, 
could be important to patients, payers, and policy makers.
Thus, this sample size may have been insufficient for the
investigators to confirm important differences in quality
among hospitals.

Although the task is subjective, end users must consider
intangibles such as local medical culture and practice 
circumstances before accepting audit criteria that may not
be relevant. The stronger the evidence on which the criteria
are based, the less one needs to consider local factors; 
for example, few medical cultures would reject aspirin for
AMI – a cheap and simple drug treatment that has been
definitively proven to yield reductions in mortality. With
weaker evidence and higher costs, however, the judgments
are less straightforward.

Last, even if criteria are sufficiently valid and relevant,
training times and other costs must be considered. Special
logistical problems arise when criteria are used for concur-
rent case management rather than retrospective utilization
review. Any errors associated with concurrent care manage-
ment will have immediate consequences for individual
patients and physicians. Nonetheless, many American 
hospitals already do a range of concurrent reviews.

The use of chart audits to infer appropriateness

Table 8.1 shows the proportion of appropriate, inappropri-
ate, and “uncertain” indications for cardiac procedures as 
randomly audited in the USA, UK, and Canada.26,56–58

Since all the procedures shown are used many times more
often in the USA than in the UK, it seems almost paradoxi-
cal that the proportions of inappropriate cases are not much
higher in the USA. The literature has suggested that rela-
tionships between appropriateness of care and cardiovascu-
lar service intensity are similarly weak within nations.25,58–60

However, two studies shed a slightly different light on
this issue. The rates of all major coronary procedures in
New York State, USA are about twice as high as in Ontario,
Canada.61 Figure 8.1 shows the relative rate of isolated
coronary artery bypass surgery (CABG) for the two jurisdic-
tions by age and anatomy. Overall, only 6% of CABG
patients in Ontario versus 30% of patients in New York had
limited coronary artery disease – one or two vessel disease
without proximal left anterior descending (PLAD) involve-
ment. However, more patients in New York had left main-
stem disease (23% v 16%, P � 0·001). In relative terms, the
differences are most dramatic among elderly persons. For
example, New York brings 17 times as many persons over
the age of 75 to surgery with anatomic patterns of coronary
disease that are not associated with life expectancy gains
after CABG. Nonetheless, much of this extra use could pass
an appropriateness audit, since 90% of the persons with
limited coronary anatomic disease in New York had moder-
ate to severe angina before surgery.61

A reasonable inference is that major increases in capacity,
and expansion of population-based services rates, are associ-
ated with diminishing marginal returns. The Canadian
approach – fixed budgets in a universal health system, and
“managed delay” with organized waiting lists62 – seems to
promote more efficient use of resources, with patients receiv-
ing surgery primarily if they are likely to have life expectancy
gain. However, restricted use of coronary angiography leads
to some implicit rationing that affects primarily the elderly,
and a certain proportion of patients at all ages with left 
mainstem disease are not detected and/or do not undergo
surgery.

A second study63 of CABG develops this argument more
strongly. Rather than using appropriateness criteria from an
expert panel, Hux et al based their case-specific process
assessments on a meta-analysis of randomized trials by Yusuf
et al 64 Whereas the broad category of “appropriate” care as
defined by expert panels includes a range of risk–benefit
ratios, a trials-based assessment allowed estimation of the
degree of potential 10 year survival benefit conferred by
CABG surgery among patients for whom, by and large, it
was appropriate. Hux et al found that only 6% of 5058
Ontario patients undergoing isolated CABG in 1992–93 fell
in the low benefit category – that is, patients for whom
there is no survival advantage from early CABG. However,
the degree of anticipated benefit differed according to the
center where surgery was provided. For instance, the pro-
portion of patients in a high-benefit category ranged from
65·2 to 79·9% (P � 0·001). Significantly more patients were
in a high-benefit category in hospitals serving areas with
lower population-based rates of CABG. Analyzing the data
by site of residence, there was an inverse relationship
between marginal degree of life expectancy gains and the
surgical rates for each county.63

Assessing and changing cardiovascular clinical practices

77

20

16·75

R
el

at
iv

e 
C

A
B

G
 s

ur
ge

ry
 r

at
e 

(N
Y

 t
o 

O
N

)

10·78

7·28

0·85 1·18
2·17 2·01 2·52

4·55

Age 20–64 yr

Age 65–74 yr

Age �75 yr
15

10

5

0
One vessel or two

vessel without
PLAD disease

Left main diseaseTwo vessel with
PLAD or

three vessel disease

Coronary anatomy

Figure 8.1 Relative rate of isolated CABG for New York State
(NY) and Ontario (ON) according to age and disease anatomy.
Adapted from Tu et al.61 PLAD, proximal left anterior descending.



In sum, if one accepts that overtly inappropriate services
are unlikely to be commonplace in any health system, the
relationship between appropriateness of care and population-
based services rates can be redefined. Rather than seeking to
relate the prevalence of bad judgment to high service inten-
sity, or decrying health systems with low service intensity 
for rationing care, researchers might better assess whether
the marginal returns of other forms of cardiovascular care 
are indeed smaller in areas where those services are used 
more frequently. The policy decision then becomes one of
trade offs: given competing demands on scarce healthcare
resources, at what point do the marginal returns of particular
cardiac services become low enough that further investment
in those services cannot be justified?

Evidence-oriented clinicians must be positioned to 
contribute to these debates by marshaling comparative uti-
lization data that help decision makers make explicit determi-
nation of the likely yields from funding different sets of
cardiovascular and non-cardiovascular services. Arguably,
they must also use these evaluative tools to safeguard their
patients against inappropriate underuse of necessary services.

Again, explicit process-of-care criteria can be helpful. For
example, analytical variations studies using American data
have repeatedly shown that black and uninsured patients
have lower coronary angiography rates than those who are
insured.65–67 Laouri et al 68 drew on audit data from four
teaching hospitals in Los Angeles and assembled a cohort of
352 patients who met explicitly defined criteria for the
necessity of coronary angiography as established by an expert
panel. The patients were tracked forward for 3 months and,
after adjustment for confounding factors, those managed in
the public hospital system had a 35% rate of angiography 
versus 57% for private hospital patients (P � 0·005).

Two recent studies incorporate appropriateness criteria to
provide further evidence for underuse of coronary interven-
tions. The first by Guadagnoli et al 69 examined variations in
coronary angiography after AMI in approximately 50 000
elderly Medicare beneficiaries in the USA. Among those
patients with ACC–AHA class 1 indications, coronary angio-
graphy was used less often among Medicare beneficiaries
enrolled in managed-care plans than among those with 
fee-for-service coverage. Moreover, utilization rates among
elderly patients with class I indications for angiography were
low in both groups (37% v 46%), suggesting room for
improving the care of such patients with acute myocardial
infarction. In contrast, the rate of angiography use among
those with ACC–AHA class III indications (where angio-
graphy was deemed not useful) was similarly low (13%) in
both groups. The second prospective study applied appropri-
ateness ratings for coronary revascularization procedures to
2552 patients identified at the time of coronary angiography
for various indications. Among 908 patients with indications
appropriate for PTCA, 34% were treated medically. Among
1353 patients with indications appropriate for CABG, 

26% were treated medically. Relating processes to outcomes,
the research team also found that medically-treated patients
deemed appropriate for revascularization were more likely to
experience adverse events downstream.70

The lesson, simply put, is that evidence must be sought
for both inappropriate overuse and underuse of cardio-
vascular services in any and all healthcare systems.

Outcomes studies and process–outcome
relationships

Types of outcome studies

Researchers, clinicians, and administrators alike are also
drawing on outcomes with increasing frequency as a means
of assessing quality of care. To repeat a point made earlier,
various biases threaten the validity of inferences drawn 
from these non-randomized studies; but they have a useful
role both in monitoring quality of care and as a source of 
evidence when randomization is not feasible or appropriate.

Just as studies in the 1960s and 1970s showed geo-
graphic and institutional variations in broad markers of
processes of care, so also did the 1980s and 1990s see the
publication of research demonstrating significant mortality
differences across physicians,71 hospitals,72 regions,73 and
health systems.74 The magnitude of mortality variations has
been meaningful, even amongst relatively homogeneous
groups of patients. For example, Tu et al demonstrated
marked interhospital and interregional variations in 1 year
risk-adjusted mortality rates for patients hospitalized between
1994 and 1997 in one Canadian province. Mortality ranged
from 20·8% to 27·4% across regions, and from 17·6% to
32·3% across hospitals admitting 100 or more AMI cases
per year.75 Regional variations persist even in highly selected
subpopulations of patients. Pilote et al demonstrated that 
1 year AMI mortality rate across eight US census regions
ranged from 8·6% to 10·3% among the population enrolled
in GUSTO-1.73

As with descriptive studies of variations in process 
of care, these high-level outcomes studies function largely 
as screening tests: they often raise more questions than
answers. Researchers use multivariate analyses to adjust 
for prognostic differences in the patient populations being 
compared. However, since patients are not randomized 
to different sites or regions, there is uncertainty about 
the extent to which unmeasured variation in patient 
characteristics accounts for the residual outcomes variation.
Furthermore, the higher the level of comparison and the
longer the follow up, the more uncertain the causal 
inferences become. Regional differences in long-term AMI
outcomes, for example, may reflect genetic differences in
populations, environmental factors, regional variation in
health behaviors and socioeconomic status, as well as more
conventional factors such as variations in processes of care
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on the index hospitalization and follow up interventions (for
example, revascularization or rehabilitation).

For convenience, we suggest that outcomes analyses in
health services research can be classified variously as quality-
of-care screening studies or process/outcome hypothesis
studies.

Quality-of-care screening studies focus on outcomes to
detect variations in quality of care. They are most powerful
when applied to short-term outcomes that are closely tied to
a particular episode of illness or procedure, and a provider
or institution. In these circumstances, causal inferences are
more straightforward. Their applicability is clearest for tech-
nically demanding procedures, such as PTCA or CABG,
where variations in outcomes are taken as proxies for opera-
tor skill. However, even in such instances, other factors 
in pre- and perioperative care may be important. For rela-
tively homogeneous diagnoses, outcomes studies may also
sometimes be a useful screen to determine if detailed
process-of-care analyses are required. For example, if inhos-
pital mortality were found to be similarly low across a whole
set of institutions, there would be little rationale for under-
taking a major audit of processes of care.

Ultimately, the goal of such studies is to isolate one or
more process-of-care factors that can be modified to lead to
consistently better outcomes. Outcomes analyses may also
be used to validate process-of-care criteria or their applica-
tion, for example, the study of underuse of revascularization
by Hemingway et al cited above.70 In this sense there is
overlap between the two categories of non-randomized out-
comes studies. But an important distinction should also be
drawn. Quality-of-care studies are concerned with the appli-
cability of existing evidence in a particular context. Other
outcomes studies may be initiated with a view to deriving or
supporting generalizable hypotheses about the process–
outcome relationship. They are poor cousins to randomized
trials from the standpoint of strength of evidence. For true
efficacy assessments, randomized trials are usually possible
and always preferable, given the unavoidable biases of 
observational studies.76 A poorly conducted non-randomized 
outcomes comparison for quality management purposes
may at worst mislead patients and tarnish the reputation of
a number of capable cardiologists or cardiac surgeons. 
A poorly conducted non-randomized outcome comparison
of two treatments may, if taken seriously, misguide clinical
practice worldwide.

That caveat aside, these process/outcome hypothesis
studies can be useful to illustrate unanticipated harm from
interventions, test the external validity of randomized trial
results, generate hypotheses about interventions that may
be worth testing with formal experimental designs, and, 
in special circumstances, provide an acceptable level of 
evidence for adopting a particular intervention.

There are many methods available for examining the 
relationship between processes of care and outcomes. The

simplest method is to draw broad causal inferences using
ecological comparisons, for example, correlating differences
in processes and outcomes across two or more institutions
or jurisdictions. However, the greater the difference between
service settings being compared, the more difficult it is to be
sure that patients were similar, or to isolate which aspects, if
any, of the process of care relate to the outcomes observed.
This is especially true when comparisons are made on a
broad geographic footing between regions or countries in
which populations and processes of care differ in many
ways. In these latter comparisons, we are obviously veering
away from the use of non-randomized outcomes data to
benchmark technical quality of care for homogeneous pro-
cedures, and entering the more complex realm of process/
outcome hypothesis studies.

This genre is typified by several studies77–80 showing that
Canadian patients have more symptoms, worse functional
status, or higher death/re-admission rates after AMI than do
American patients. The reasons for these differences, how-
ever, are unclear. For example, Mark et al 78 in a GUSTO-1
substudy found that, while rates of revascularization were
much higher in the USA, Canadians drew their post-MI care
more often from family physicians and general internists,
while Americans relied more on cardiologists and received
more cardiac rehabilitation services.78 In other words, revas-
cularization was only one factor among many that might
explain differences in outcomes across two health systems.

In an effort to limit the effects of competing process fac-
tors, analysts have borrowed the concept of instrumental
variables from econometrics.81 This approach compares
patients’ outcomes according to some characteristic that
sharply distinguishes the care of two or more groups of
patients. Thus, one might attempt to elucidate the impact of
differences in the rate of revascularization across hospitals
with and without on-site interventional capacity. Alter et al 72

recently used such a design to show that hospitals with 
on-site revascularization facilities had a lower rate of non-
fatal composite outcomes (recurrent cardiac hospitalization
and emergency department visits), and were also 3·5 times
more likely to refer patients to myocardial revascularization
procedures. Yet, despite the markedly higher rates of 
invasive procedures, the non-fatal outcome advantages of 
invasive-procedure hospitals were actually explained by
their teaching status!

In sum, given the relatively weak inferences possible
from most observational studies of outcomes, alternative
strategies for ensuring the quality of medical care should
always be considered. It will often be feasible and more effi-
cient to use randomized trials or meta-analyses of trials to
establish optimal management strategies, and then ensure
that quality of care is maintained by monitoring the process
of care in that well-proven practices are consistently applied
to eligible patients. On the other hand, for high volume and
technically demanding procedures where reasonable risk
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adjustment methods can be brought into play, outcomes
measurement has merit for quality control so long as the
results are interpreted carefully. Finally, studies aimed at
delineating process–outcome relationships will continue to
be valuable, but researchers and evidence-oriented practi-
tioners alike will often find that the interpretation of the
findings plunges them into a thicket of causes, effects, and
epiphenomena.

Special challenges in non-randomized 
outcomes studies

In this section, we delve more deeply into some of the ana-
lytical challenges of non-randomized outcomes studies.
Many types of biases have been described in the litera-
ture,82,83 but selection bias is a recurrent concern whether
one is comparing the outcomes of two cardiac surgeons, or
using non-randomized data to develop hypotheses about the
effectiveness of pharmacologic or non-pharmacologic thera-
pies in real-world settings. Indeed, the ubiquity of selection
bias in health services research arises from the fact that ordi-
nary good judgment in practice inevitably means that there
are systematic differences in the characteristics of patients
who are selected for particular interventions as compared to
those who are not.

Patients selected post-MI to undergo coronary angiography,
for example, are often younger and healthier than other MI
victims.72,82 The survival benefits observed for those undergo-
ing angiography may therefore be due to prognostic charac-
teristics rather than to revascularization consequent upon
angiography. This latter phenomenon is known as confound-
ing and is a common result of selection biases. Confounding
occurs when particular factors are associated with both a
study (process) variable and the outcome of interest.

Researchers therefore routinely employ some form of mul-
tivariate analysis to adjust for imbalances in prognostic fac-
tors between groups under study. A complementary strategy
is to confirm the consistency of the findings after restricting
the analysis to a relatively low-risk subgroup of the patients
being examined.76 Eliminating patients in higher risk cate-
gories associated with more widely varying physiologic 
states increases the likelihood of a “level playing field” for
comparisons.

For many common procedures and diagnoses, researchers
can draw on validated prognostic indices and risk-adjustment
algorithms as signposts in carrying out study-specific multi-
variate analyses. For frequently studied procedures such as
CABG, major studies have tended to show relative consis-
tency in the types of prognostic clinical factors that must be
taken into account for risk adjustment purposes.84 Not sur-
prisingly, risk-adjustment models appear to perform some-
what better with clinical as compared to administrative
data.85 However, the key to predictive performance appears
to be better data, not more variables. Studies have suggested

that the accuracy of risk-adjustment models reaches a
plateau after use of only a few key variables. Tu et al,86 for
example, examined risk-adjusted hospital mortality rates for
CABG with multisite registry data. They determined that six
core variables in a risk-adjustment model (age, gender,
emergency surgery, previous CABG, LV dysfunction, left
main disease) permitted modest discrimination between
patients who did and did not die postoperatively (area under
the receiver operating characteristic [ROC] curve � 0·77).
Statistical performance improved only trivially with the
inclusion of six additional characteristics, and the relative
rankings in the risk-adjusted mortality rates between hospi-
tals did not change. Notwithstanding these studies, the ulti-
mate number as well as the type of clinical variables
required in a risk-adjustment model will obviously depend
upon the disease being assessed, the processes and out-
comes of interest, and the unit of analysis (for example, 
risk-adjusted mortality rates per physician v per hospital).

Propensity scores can also be used to contain the impact of
confounding.87 This method reduces the entire collection of
background characteristics into a single composite character-
istic (that is, the propensity to receive treatment v no treat-
ment), which is then used to subclassify patients further into
categories of relative equal propensities. Accordingly, the
case-mix composition of patients with similar propensities is
balanced, and outcome differences can be directly compared
between those receiving and not receiving treatment.

While not a solution for confounding per se, hierarchical
statistical modeling has recently found favor as a useful ana-
lytical tool in outcome studies.88,89 Data in health research
frequently exist in an ordered hierarchical structure: that is,
patients are managed by physicians who practice within
hospitals. In contrast, traditional multivariate techniques
ignore the natural hierarchy of data and treat each observa-
tion as if it were independent (Figure 8.2).
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The use of hierarchical modeling makes intuitive sense
since patients may share higher-level characteristics, leading
to observations that are not necessarily independent of one
another. The existence of standardized inhospital processes
of care (for example, treatment protocols and care maps)
may result in greater homogeneity in treatments across
patients admitted to a particular institution. Accordingly, the
use of traditional multivariate analyses may lead to an artifi-
cially inflated number of independent observations and an
underestimate in the magnitude of standard error and
potential alpha error.90

While the embedding of multivariate analyses in a 
hierarchical structure has obvious advantages, neither this
technique nor fastidious risk-adjustment methods can match
the effectiveness of randomization when balancing the case-
mix distribution between two groups, especially because
researchers and quality-of-care evaluators are unlikely to
know all the prognostic factors that interact with processes
of care and may alter outcomes. Moreover, even if key prog-
nostic confounders are known, they may not all have been
measured or recorded accurately. Box 8.3 sets out some
general principles that may be useful when researchers
appraise non-randomized outcome studies.38

Box 8.3 User’s guide to appraising an observational
outcomes study
● Are the outcome measures accurate and comprehensive?
● Were there clearly identified, sensible comparison

groups?
● Were all important determinants of outcome measured

accurately and reliably?
● Were the comparison groups similar with respect to

important determinants, other than the one of interest?
● Was multivariate analysis used to adjust for imbalances

in patient prognostic factors and other outcome deter-
minants?

● Did additional analyses (particularly in low-risk sub-
groups) demonstrate the same results as the primary
analysis?

● Did any multivariate analysis take into account natural
heirarchies in the data, such as clustering of patients
within providers’ practices and/or within institutions?

Adapted from Naylor and Guyatt38

Changing practice patterns

General considerations

Practices clearly change over time in response to published
evidence. At times, these changes can be rapid and dramatic,
particularly when an innovation is associated with over-
whelmingly positive risk–benefit ratios and is feasible for large
numbers of practitioners to adopt. This model of knowledge-
based practice change is termed passive diffusion. Its impact

is heightened by the extent to which the mass media pick
up major medical advances, and by the marketing initiatives
of drug and device manufacturers. However, as implied by
studies showing unexplained and undesirable variations in
practice patterns, the model of passive diffusion leads to
inconsistent uptake of evidence into practice.

How, then, can evidence be incorporated into practice
more consistently, and what happens when data are in hand
showing either that practice departs sharply from what
available evidence suggests should be the norm, or that
technical competence is below standard? How can the gap
between “is” and “ought” in medical care be closed? These
questions relate to changing physician (and system) per-
formance, and follow logically from work done to measure
or assess practice processes and outcomes.

Although there is limited randomized evidence on this
topic for specific aspects of cardiovascular care, a wealth of
experience – some unhappy – has shown that direct incen-
tives and disincentives, financial and otherwise, can have a
major impact on practice. Bonuses are paid in American
managed care organizations if practitioners meet certain
financial and clinical performance targets. Within the UK
National Health Service, meeting targets for prespecified
preventive services leads to extra payments for general prac-
titioners; and the new rating system for hospital trusts offers
administrative autonomy and preferential access to capital
funding as a reward for strong performance on measures 
of quality, accessibility, and efficiency. Simply shifting the
mode of physician payment may be an effective way of mod-
ifying behavior. For example, exponents of fee-for-service
remuneration of cardiovascular medicine and surgery argue
that salary and capitation schemes impose a risk of under-
servicing. Critics of fee-for-service argue that it undervalues
quality and cognitive services, and creates a conflict of inter-
est that promotes the use of procedures. As to non-financial
incentives and disincentives, the range of options includes
merit awards, disciplinary proceedings, and litigation.

Arguably more relevant to the evidence-oriented practi-
tioner is the available information on non-administrative
mechanisms to improve physician performance that rely on
voluntary knowledge- or information-based change. Such
initiatives have the advantage of calling forward the better
instincts of health professionals who, with few exceptions,
seek first to serve patients as competently as possible.

Exponents of clinical guidelines initially believed that dis-
semination of guidelines might prove a key component in
catalyzing knowledge-based improvements in physician per-
formance.91 Guidelines would usefully compile the totality
of relevant evidence on several related aspects of a clinical
condition, treatment, or procedure. The evidence-oriented
practitioner would no longer have to comb through the clin-
ical literature, critically appraise it, and keep the relevant
materials at hand or in her/his memory. The guideline
would instead provide a convenient source of definitive 
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evidence. Furthermore, because inference, expert judgment,
values, and circumstances could be used in developing
guidelines, clinicians would be able to rely on regionally-
developed guidelines to navigate the many “grey zones” of
clinical practice26 where evidence alone was insufficient.
Finally, guidelines could be developed, endorsed and dissem-
inated by authorities with clinical credibility, lending weight
to evidence that might otherwise appear rather impersonally
in clinical journals.

Lomas92 termed this latter approach the model of active
dissemination, and criticized its prospects for success on the
grounds that it ignored other factors in the practice environ-
ment, and presupposed that information acquisition alone
leads to behavior change. The available evidence does sug-
gest that there is some impact from more active approaches
to informing and educating physicians about relevant clini-
cal advances or guideline content.93 However, the more pas-
sive the educational process, and the more removed it is
from physicians’ own practice context, the less likely it
appears to succeed.

Researchers and administrators have accordingly devel-
oped an array of non-coercive interventions designed to
improve physician performance (Box 8.4). In 1995 Davis 
et al 94 and Oxman et al 95 conducted systematic reviews of
all the available controlled studies of the effects of these
strategies on physicians’ and other health professionals’ per-
formance. They included any strategy designed to persuade
physicians “to modify their practice performance by com-
municating clinical information”. Purely administrative
interventions or financial and similar applied incentives and
disincentives were excluded.

There were 99 studies involving physicians and a further
three on other health professionals’ behavior. Most of the
studies on physician performance focus on internists or fam-
ily physicians, and specific cardiovascular studies are limited
in number to date. Single-intervention studies had positive
effects on process or outcome parameters in 49/81 (60%) of
trials where they were applied. Short educational seminars
or conferences and dissemination of educational materials
(printed or in audiovisual format) were least effective of all
the single-intervention modalities explored. This finding
supports proponents of implementation as opposed to 
dissemination.

Simple audit-and-feedback studies had limited impact.
However, it is important to distinguish the types of studies
that fall into this category. For example, in randomized 
studies from the early 1980s, investigators showed that 
a computer-based monitoring system with reminders and
feedback led to significantly better follow up and blood pres-
sure control for patients with hypertension.96,97 Two 
controlled studies by Pozen et al 98,99 showed that a 
point-of-service strategy to facilitate implementation of a
predictive algorithm for chest pain diagnosis reduced inap-
propriate use of coronary care units. These studies can best

be regarded as “reminder” studies because there is continu-
ous feedback at point of service. Audit-and-feedback studies
that appear to be ineffective are those where data are col-
lected and cumulated about processes or outcomes, and fed
back only intermittently to practitioners without mecha-
nisms to ensure local buy-in, to address local barriers to
change, or to rectify specific gaps in clinical knowledge that
may be associated with aberrant practice patterns.

The latter distinction also highlights the fact that feed-
back can occur concurrently with service provision or retro-
spectively (that is, after the service has been provided).
Concurrent audit and feedback arguably is taken to its
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Box 8.4 Some methods used to alter physician per-
formance/behavior
● Education materials: Distribution of published or

printed recommendations, including practice guidelines
and audiovisual materials or electronic publications.

● Conferences: Participation of healthcare providers in
conferences, lectures, workshops, or traineeships out-
side their practice settings.

● Outreach visits: Use of a trained person who meets
with providers in their practice settings to provide infor-
mation. The information given may include feedback on
the provider’s performance.

● Local opinion leaders: Use of providers explicitly 
nominated by their colleagues to be “educationally 
influential”.

● Patient-mediated interventions: Any intervention
aimed at changing the performance of healthcare
providers for which information was sought from or
given directly to patients by others (for example, direct
mailings to patients, patient counseling delivered by 
others, or clinical information collected directly from
patients and given to the provider).

● Audit and feedback: Any summary of clinical perform-
ance of healthcare over a specified period, with or without
recommendations for clinical action. The information
may have been obtained from medical records, comput-
erized databases or patients or by observation.

● Reminders: Any intervention (manual or computerized)
that prompts the healthcare provider to perform a clini-
cal action. Examples include concurrent or intervisit
reminders to professionals about desired actions such
as screening or other preventive services, enhanced lab-
oratory reports or administrative support (for example,
follow up appointment systems or stickers on charts).

● Marketing: Use of personal interviewing, group discus-
sion (focus groups) or a survey of targeted providers to
identify barriers to change and the subsequent design of
an intervention.

● Local consensus processes: Inclusion of participating
providers in discussion to ensure agreement that the
chosen clinical problem is important and the approach to
managing it appropriate.

Modified from Oxman et al 95



administrative conclusion in utilization management pro-
grams that refuse to authorize payment for a cardiovascular
procedure unless the patient meets certain criteria, or in
mandatory second opinion programs. These types of pro-
grams were not included in the reviews by Davis et al 94

and Oxman et al.95

The methods that had the most consistent effects were:
outreach visits including formal academic detailing and opin-
ion-leader studies, where an educationally influential physi-
cian was nominated by local peers to be the vector for the
information; physician reminder systems at point of service;
and patient-mediated methods, including reminders or edu-
cational materials. If two or more modalities were combined,
then the effects were greater – that is, combining two effec-
tive methods (for example, academic detailing with support
from a local opinion leader) had more impact than combin-
ing two less effective methods (for example, audit-and-
feedback combined with a one-day seminar). Multifaceted
interventions showed the strongest effects, with 31 of 39
(79%) positively affecting processes or outcomes of care.

Davis et al 94 noted that most interventions appear to
have a greater impact on process-of-care measures and other
indices of physician performance, than on patient outcomes.
They postulated that this may be because the clinical inter-
ventions themselves have limited impact (a rationale for the
power argument given earlier), and because patients do not
always accept physician recommendations. They also sug-
gest that a recurring weakness in interventions designed to
improve processes and outcomes of care is a failure to con-
duct a needs analysis that addresses barriers to change.

These systematic reviews of practice-change interven-
tions do not provide definitive evidence about which behav-
ior change interventions are most effective and efficient in
particular contexts or clinical conditions. This is because the
studies cover a wide range of clinical condition and provider
groups, rendering inferences across studies difficult. As 
in any meta-analysis, cross-study inferences involve non-
randomized comparison with all their potential pitfalls.
Furthermore, factorial designs in behavior changes studies
have been more the exception than the rule, and it is there-
fore usually unclear as to which element(s) in a multifactor-
ial strategy was (were) truly effective. Nonetheless, the
evidence from controlled trials does suggest that practice
changes are best achieved by combining credible evidence
or information with active local strategies of implementation
using multifactorial methods. Such multifactorial initiatives
are further supported in a recent qualitative study examin-
ing factors leading to increasing � blocker use after AMI.100

Hospitals with greater improvements in � blocker use over
time, when compared to those having less or no improve-
ment, were more likely to have shared goals, substantial
administrative support, strong physician leadership advocat-
ing � blocker use, and incorporation of credible data 
feedback programs.

The case of outcomes report cards

The interest in outcomes measurement to assure technical
competence has led to statewide initiatives whereby all car-
diac surgery centers in New York and Pennsylvania, USA,
are mandated to provide clinical data to permit compilation
of publicly released mortality “report cards” on their CABG
patients. (More recently, cardiovascular report cards have
included interregional and hospital-specific AMI mortality
rates, process indicators, (for example, evidence-based ther-
apies and cardiac intervention rates post-AMI),75,101 and
patient satisfaction with hospital care.102)

The CABG report cards provide a final case study that
bridges some of the material presented above on outcomes
assessment and behavior change. In New York between 
1989 and 1992, inhospital postoperative mortality of CABG
showed an unadjusted relative decline of 21%.103,104 Patients
were apparently becoming sicker in the same period, so that
the risk-adjusted mortality decline was computed as 41%.
Exponents of outcomes reporting claim that this improve-
ment was catalyzed by a reporting system that provided 
relevant data to patients, administrators, and referring physi-
cians.103,104 There can be no doubt that the New York and
Pennsylvania report cards have pinpointed problems with a
few operators who had very poor technical outcomes. The
key question is how much of the overall improvement in 
mortality can be attributed to public outcomes reportage.

Some critics contend that the trend is confounded by two
factors. More assiduous coding of risk factors would artefac-
tually increase the overall expected mortality, and surgeons
could generate better mortality profiles by selectively turn-
ing down high-risk patients, even though such patients may
have most to gain from CABG. There has indeed been a
striking increase in the prevalence of various reported risk
factors in the New York database since its inception. For
example, prevalence of congestive heart failure rose from
1·7% in 1989 to 7·6% in 1991; renal failure rose from 0·4%
to 2·8%, chronic obstructive pulmonary disease (COPD)
from 6·9% to 17·4% and unstable angina from 14·9% to
21·8% in the same period.105 As well, a survey106 of ran-
domly selected cardiologists and cardiac surgeons in
Pennsylvania found that about 60% of cardiologists reported
greater difficulty in finding surgeons who would operate on
high-risk patients; a similar number of surgeons reported
that they were less willing to operate on such patients.
However, this type of survey is weak evidence for harm
done by untoward case selection, and internal New York
data do not support such a trend in the state.107

A more telling criticism is the fact that ecological correla-
tions between falling mortality and initiation of reportage
are tantamount to a case series in medicine. They provide
weak and uncontrolled evidence for causation. In fact, the
above-noted survey106 of randomly selected cardiologists in
Pennsylvania showed that most referring physicians did not
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view the Pennsylvania guide as an important source of infor-
mation because of concerns about inadequate risk adjust-
ment, unreliable data, and the absence of indicators of quality
other than mortality. Schneider and Epstein108 later surveyed
patients undergoing cardiac surgery in Pennsylvania to deter-
mine the impact of the statewide consumer guide to the 
performance of hospitals and individual surgeons. Only 12%
of the patients were aware of the guide before undergoing 
a CABG, and less than 1% knew the correct rating of their 
hospital or surgeon or reported that such information had 
any meaningful influence on their selection of a provider for
open-heart surgery.

It is perhaps not surprising that, more generally, a recent
overview by Marshall et al109 found little evidence for 
consumer-driven market shifts arising from public report
cards about specific diseases or procedures. It appears more
plausible that the publication of outcomes “report cards”
facilitates change by sensitizing politicians, public servants,
and the governing bodies of hospitals to the existence of
outcome variations. For example, after the publication of
the CABG “report card”, New York State insisted on attain-
ment of center-specific minimum case volumes before 
certifying any cardiac surgery program.

On the other hand, in the absence of any report cards, the
drop in post-CABG mortality in neighboring Massachusetts110

has rivaled that seen in New York and Pennsylvania.
Technical improvements in surgery, together with closer 
quality monitoring at the institutional level, appear to be the
primary reason for these improved outcomes.

Given what has been learned about physician behavior
change, the controversy about the New York State and
Pennsylvania programs is hardly surprising. These externally
mandated experiments in outcomes assessment contrast with
initiatives that involve influential professionals and promote
local buy-in from the outset. O’Connor discusses elsewhere in
this volume the successful regional collaboration for continu-
ous quality improvement that was developed in northern
New England by involving cardiac surgeons in a systematic
examination and improvement of processes and outcomes of
care.111–113 In Canada, a similar cooperative venture exists
through the Cardiac Care Network of Ontario, which draws
together representatives of all major cardiovascular referral
centers in the province.114 Historically, confidential report
cards on mortality and length of stay were generated for the
chief of cardiac surgery and CEO (cheif executive officer) at
each center, using risk adjustment algorithms coauthored by 
leaders of the Cardiac Care Network itself.84 CABG out-
comes in Ontario are comparable to those in New York and
Pennsylvania. Moreover, as in Massachusetts, the trend to
improved outcomes antedates the report card system.115,116

Most recently, hospital-specific CABG outcomes in Ontario
have been made available to the public.

In summary, the unresolved issues with public outcomes
report cards include validity and reliability of the data and

the risk adjustment algorithms, as well as inadvertent adverse
effects (for example, avoidance of high-risk patients, and
consumers’ or referring physicians’ focus on point estimates
rather than statistically reliable ranges). Potential harm to
the public from substandard technical competence must be
weighed against needless patient anxieties and confusion,
along with harm to skilled health workers and fine institu-
tions caused by poorly founded and widely publicized infer-
ences about inferior outcomes. Debate continues, but it is
untenable to assume that all hospitals or providers are equally
technically competent, and the public has an unequivocal
right to receive reliable and current data on physician and
hospital performance. Thus, the trend must inexorably be
toward greater public reporting of both process and 
outcome indicators of quality of care. The challenges for 
evidence-oriented practitioners are to ensure that the right
indicators are chosen, that reliable data are analyzed appro-
priately, and that responsible reporting mechanisms are
developed.

Conclusions

Assessing cardiovascular practices involves observational
methods that can focus on either processes or outcomes of
care. Methodologies for process-of-care assessments range
from simple descriptive studies revealing variations in prac-
tice, to highly sophisticated case-specific audits using explicit
criteria. Process-of-care assessments are more efficient than
outcomes assessments in many respects, and lend them-
selves to measuring both over- and underuse of necessary
cardiovascular services, thereby shedding light on quality
and accessibility of care.

Observational outcomes measurement is nonetheless use-
ful in assessing provider or institutional quality of care for
high volume and relatively homogeneous procedures where
technical skill is a factor. These comparisons must be made
with caution, given the inevitable influence of unrecognized
confounding through selection biases inherent in routine
practice. The use of well-validated risk adjustment algo-
rithms is imperative to improve the chances that differences
in outcomes arise from the technical quality of care pro-
vided, rather than from differences in prognostic character-
istics of patients themselves. Observational outcomes studies
can also be undertaken cautiously to illustrate unanticipated
harm from interventions, test the external validity of ran-
domized trial results, generate hypotheses about interven-
tions that may be worth testing with formal experimental
designs, and, very rarely, provide an acceptable level of 
evidence for adopting a particular intervention.

To reduce general inconsistencies in the uptake of evi-
dence into practice, and to redress instances where process
or outcomes of clinical care are measured and found want-
ing, several proven strategies are available. First, while new
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evidence published in journals or distilled into educational
materials and practice guidelines does change practice
through passive diffusion, evidence is most likely to have an
impact if actively disseminated and made relevant and salient
locally to practitioners. Strategies to achieve this end include:

● reminder systems
● concurrent audit and feedback
● local outreach through academic detailing
● patient-mediated interventions
● local involvement of an educationally influential practi-

tioner, and
● a local needs assessment with a consensus among

providers on the issues as well as the barriers and facili-
tators to positive change.

In conclusion, the practitioner of evidence-based cardio-
vascular medicine and surgery is increasingly challenged to
stay abreast of his or her field and to maintain technical
competence in performing ever more exacting procedures.
Information systems in practice can and will be re-engineered
to be more conducive to evidence-based clinical decision
making. However, it will also remain important to assess
practice patterns on a systematic basis, to share that infor-
mation with patients and providers, and wherever neces-
sary, take steps to improve physician performance with a
view to optimizing the quality, accessibility, and efficiency of
cardiovascular care.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Introduction

In the second half of the 20th century, cardiovascular dis-
eases (CVD) became the dominant cause of global mortality
and a major contributor to disease related disability. In the
first half of the 21st century this pattern will become even
more pervasive as the CVD epidemic accelerates in many
developing regions of the world, even as it retains its pri-
macy as the leading public health problem in the developed
regions.1–7

In 2000, CVD accounted for 16·7 million deaths glob-
ally.1 Coronary heart disease (CHD) and stroke were then
leading contributors, with a death toll of 6·9 million and 
5·1 million, respectively. According to estimates provided by
the World Health Organization, in 1998 30·9% of all global
deaths were due to CVD. Both men and women experi-
enced these burdens, with CVD contributing to 28% of the
deaths in the former and 34% of the deaths in the latter.2

The low and middle income countries contributed 78% of
all CVD deaths, and 86·3% of disability adjusted life year
(DALY) loss attributed to CVD that year. Although these
large absolute burdens reflect the large population sizes of
the developing countries, proportional mortality rates of
deaths attributable to CVD have also been rising in these
countries, from 24·5% in 1990 to 28·5% in 1998. The rela-
tive importance of CHD and stroke vary across regions and
from country to country. For example, more than twice as
many deaths from stroke occurred in the developing coun-
tries as in the developed countries.3 CHD was the dominant
form of CVD in the developed countries, Latin America and
India, whereas stroke was the leading cause of cardiovascu-
lar death in sub-Saharan Africa, China and other parts of
Asia. Developing countries such as Argentina, Colombia and
China now have CVD mortality rates higher than those of
most other countries. Argentina currently exceeds many
European and North American countries in its CVD mortality
rate.7

The rise and recent decline of the CVD epidemic in the
developed countries have been well documented.8–11 The
identification of major risk factors through population based
studies, and effective control strategies combining commu-
nity education and targeted management of high-risk indi-
viduals, have together contributed to the fall in CVD

mortality rates (inclusive of coronary and stroke deaths) that
has been observed in almost all industrialized countries. It
has been estimated that, during the period 1965–90, CVD
related mortality fell by 50% or so in Australia, Canada,
France and the United States, and by 60% in Japan.8 Other
parts of western Europe reported more modest declines
(20–25%).8 The decline in stroke mortality has been more
marked than the decline in coronary mortality. In the USA
the decline in stroke mortality commenced nearly two
decades earlier than that in coronary mortality and main-
tained a sharper rate of decline.10 During the period
1979–89, the age-adjusted mortality from stroke in that
country declined by about one third, and the corresponding
decline in coronary mortality was 22%.10 In Canada, Japan,
Switzerland and the United States, stroke mortality has
declined by more than 50% in men and women aged 65–74
years since the 1970s.11 In Japan, where stroke mortality
outweighs coronary mortality, the impressive overall decline
in CVD mortality is contributed principally by the former.

However, recent trends in some of the developed coun-
tries have been of some concern. A flattening of age
adjusted mortality rates for major cardiovascular diseases in
the USA has been reported since 1990, with an especially
well documented absence of a decline in stroke mortality
since that year (Figure 9.1). This has been accompanied by
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an increase in mortality from congestive heart failure. Lack
of decline in incidence of CHD and stroke, fall in the rate of
decrease in cardiovascular risk factor levels and rising levels
of obesity since 1990 have all been incriminated as factors
responsible for such a plateau effect on CVD mortality rates
in the USA over the past decade.12

The discordant trend of rising CVD mortality rates in east-
ern and central Europe, however, is in sharp contrast to the
decline in western Europe.4 In countries such as Bulgaria and
Hungary, CHD mortality rates are now the highest in the
world in both men and women, and are still rising.8 The aver-
age life expectancy in Russian males has fallen rapidly in
recent years to below 60 years, a phenomenon to which rising
CVD rates have contributed substantially.13–15 Considerable
variations in CVD mortality trends have been described across
central and eastern Europe.16 Whereas Poland has demon-
strated a recent decline in CVD mortality, many other coun-
tries are still manifesting a rise. The 25% decline in CHD
mortality observed in Poland during 1991–93 has been attrib-
uted to an increase in the consumption of fresh fruit and 
vegetables.17

Rheumatic heart disease (RHD) is also a major burden in
the developing countries: it is the most common CVD in
children and young adults. Although it is rare in the devel-
oped countries, at least 12 million persons are currently esti-
mated to be affected by RHD globally.2 More than 2 million
require repeated hospital admission and 1 million will need
heart surgery over the next 20 years.2 Annually, 500 000
deaths occur as a result of RHD, and many poor persons,
who are preferentially affected, are disabled because of lack
of access to the expensive medical and surgical care
demanded by the disease. The prevalence of RHD in the
developing countries ranges from 1 to 10 per 1000 and the
incidence of rheumatic fever ranges from 10 to 100 per
100 000, with a high rate of recurrence.

Early age of CVD deaths in 
developing countries

Although the present high burden of CVD deaths is in itself
an adequate reason for attention, a greater cause for con-
cern is the early age of CVD deaths in the developing coun-
tries compared to the developed countries. For example, 
in 1990 the proportion of CVD deaths occurring below the
age of 70 years was 26·5% in the developed countries, com-
pared to 46·7% in the developing countries.4 The contrast
between the truly developed “established market economies”
(22·8% of CVD deaths �70 years) and a large develop-
ing country such as India (52·2%) was even sharper.3 There-
fore, the contribution of the developing countries to the
global burden of CVD, in terms of disability adjusted years of
life lost, was 2·8 times higher than that of the developed
countries.

Epidemiologic transition and the evolution 
of the CVD epidemic

What is the “transition”?

The health status and dominant disease profile of human soci-
eties have been historically linked to the level of their eco-
nomic development and social organization at any given stage.
The shift from nutritional deficiencies and infectious diseases
as the major causes of death and disability, to degenerative dis-
orders (chronic diseases such as CVD, cancer, diabetes) has
marked the economic ascent of nations as they industrialized.
This has been called the epidemiologic transition.

The economic and social changes that propel this transi-
tion are related to a rise in per capita income; greater invest-
ments in public sanitation, housing and healthcare; assured
availability of adequate nutrition; and technological advances
in medical care. Life expectancy rises as causes of childhood
and early adult mortality decline. This, in turn, leads to a
decline in fertility. The age profile of the population changes
from a pyramidal distribution dominated by the young to a
columnar structure where adults and the elderly progres-
sively expand their numbers. This has been described as the
demographic transition. Because the disease profile is also
linked to the age profile of the population, the health transi-
tion encompasses the effects of the epidemiologic and
demographic transitions.

CVD profile at different stages of 
the epidemiologic transition

The model of epidemiologic transition originally described
by Omran,18 with three phases (the age of pestilence and
famine; the age of receding pandemics; the age of degenera-
tive and manmade diseases), was later modified to include a
fourth phase, the age of delayed degenerative diseases.19

Life expectancy increases progressively from around
30 years in the first phase to over 70 years in the fourth
phase. The shift to a dominant chronic disease profile occurs
in the third phase. As the average life expectancy exceeds
50–55 years, the proportionate mortality due to CVD begins
to exceed that of infectious diseases.20

The transition occurs not only between the broad disease
categories but also within them. The disease profile within
CVD alters at each phase of the epidemiologic transition. In
the first phase (the age of pestilence and famine), CVD
accounts for 5–10% of deaths.20 The major causes of CVD
are, however, related to infectious and nutritional deficien-
cies. Thus, RHD and cardiomyopathies (for example, Chagas’
disease) are the main CVD in this phase. Even as countries
emerge from this phase, the residual burden of chronic
valvular heart disease and congestive heart failure often
remains for some time. These effects are still evident in sub-
Saharan Africa and parts of South America and south Asia.20
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In the second phase (the age of receding pandemics), the
decline in infectious disease that accompanies socioeco-
nomic development ushers in changes in diet. As the subsis-
tence nutrition changes to more complete diets, the salt
content of the food increases. Hypertension and its sequelae
(hypertensive heart disease and hemorrhagic stroke) now
affect the population, whose average age also has risen
with increased life expectancy.20 Some residual burden of
RHD and cardiomyopathies is also evident. These non-
atherosclerotic diseases contribute to 10–35% of deaths.
This pattern currently prevails in parts of Africa, north Asia
and South America.20

In the third phase (the age of degenerative and manmade
disease), accelerated economic development and increased
per capita incomes promote lifestyle changes in diet, physi-
cal activity, stress and addictions. A diet rich in calories, sat-
urated fat and salt is accompanied by reduced physical
activity through the increased use of mechanized transport
and sedentary leisuretime pursuits. The metabolic mismatch
leads to obesity, increased blood lipids, diabetes and ele-
vated blood pressure. Tobacco consumption, especially ciga-
rette smoking, starts as a pleasurable pastime and turns into
a severe addiction. These factors result in the onset of clini-
cally manifest atherosclerotic vascular disease (CHD, ather-
osclerotic stroke and peripheral vascular disease) at around
55 years of age. Such patterns first occur in the upper
socioeconomic classes, who have disposable income to
expend on rich diets, tobacco and transport vehicles.
Several countries in South America and Asia currently man-
ifest this pattern. As the epidemic advances further and
involves all social strata, with homogenization of risk behav-
iors and risk factors across the population, the death toll of
CVD rises to range between 35% and 65% of all deaths. This
scenario is currently observed in eastern Europe.

In the fourth phase (the phase of delayed degenerative
disease) a number of changes occur in the society to modify
risk behaviors and reduce risk factor levels in the popula-
tion. Health research augments the knowledge of CVD risk
factors. The desire to reduce the adverse impact of CVD
on individuals, as well as on the society, steer the commu-
nity as well as the policymakers to apply this knowledge
to disease prevention and health promotion. Community
awareness through education, as well as its ability to exer-
cise healthy choices through supportive regulatory meas-
ures, empowers its members to adopt healthier lifestyles.
Saturated fat and salt consumption declines and leisuretime
physical activity and exercise programs are avidly pursued.
With concerns about the effects of active and passive smok-
ing, tobacco consumption falls. Simultaneously, medical
research makes available new technologies which are very
effective in saving lives, modifying the course of disease and
reducing the levels of risk factors. All of these changes, in uni-
son, delay the onset of disease, lower the age standardized
mortality rates and reduce the disability. The contribution of

CVD to total mortality falls to 50% or below. These patterns
are now established in most of North America, western
Europe and New Zealand.20

Recent developments in some countries of eastern
Europe, with sharp declines in life expectancy and other
health indices, led to a fifth phase of health transition being
postulated.6 In this stage of “social upheaval and health
regression” the CVD spectrum too may witness a reversal,
with CHD and stroke occurring at younger ages, resulting in
a fall in life expectancy as in Russia.

Variations in the transition

There are, however, variations on this theme. Even within
Europe, for example, northern Europe and the Mediterranean
countries have differences in CVD mortality rates which are
better explained by cultural differences in diet than by the
level of economic development.21 Japan has so far avoided
the CHD epidemic.6 Whether recent changes in diet, with a
rise in mean plasma cholesterol levels in the population,
combined with high smoking rates, will lead to a major
CHD epidemic in the future remains to be seen.

The question of “arrested epidemiologic transition” is also
raised with respect to some of the developing countries. If
poverty continues to be a major problem for them, will they
experience the CVD epidemic in its full fury or will the pre-
transitional diseases of nutrition and infection continue to
occupy the center stage? Even now, there is evidence that
the social gradient has begun to reverse for risk factor levels
and even for morbidity measures in some populations in the
developing world.4 Unless economic development is greatly
stunted in some countries, it is likely that the model of
epidemiologic transition will be applicable to most of the
developing countries.

The transition to the atherothrombotic phase of the epi-
demic may be preceded by a sharp fall in the burden of
hemorrhagic stroke. The recent decline in CVD mortality
reported from South Korea reflects such a fall in the contri-
bution from hemorrhagic stroke, whereas thrombotic stroke
and coronary heart disease have just begun to rise.22

Whether adherence to traditional diets will result in a con-
tinued decline of CVD in South Korea, or CHD rates will
rise further to push up the CVD mortality rates, remains to
be studied. Cuba and Chile have also been cited as exam-
ples of developing countries with declining CVD mortality
rates, despite high life expectancy. The model of “health
transition”, although very useful, is not immutable and is
likely to vary according to both level of development and
the nature of public health responses to social transition.

The model of health transition should also not lead to
complacency regarding the high absolute burdens and early
deaths in the developing countries. For example, even in
a country in “early transition”, such as Tanzania, the stroke
mortality rate in the age group 15–59 years in rural and
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urban areas is two to four times higher than that in the UK
in a similar age group.23

Early and late adopters

The pace of epidemiologic transition will vary both between
and within countries. Usually lifestyle changes towards risk-
prone behaviors occur first in the higher socioeconomic
groups and urban communities, for whom the innovations of
modernity are more easily accessible and affordable. As these
innovations diffuse and become routinely available at prices
amenable to mass consumption, the poorer sections and
rural communities also join the CVD bandwagon. Soon the
awareness of CVD risks, as well as the economic independ-
ence to make healthy lifestyle choices in relation to diet and
leisuretime exercise (along with the greater ability to access
healthcare), moves the “early adopters” in the affluent and
urban strata into a reduced risk zone. The burden of CVD is
then largely concentrated in the lower socioeconomic groups
and rural populations, who continue to practice high-risk
behaviors and display elevated risk factor levels.20 These
“late adopter” groups also will slowly alter their behaviors,
lower their levels of risk and reduce their burden of CVD as
healthcare responses to the CVD epidemic become univer-
sally effective.

This is the evolutionary profile of the CVD epidemic, as
evident from the analysis of mature epidemics in industrial
nations and the advancing epidemics in the developing coun-
tries. Differences within and between countries, suggested
by cross-sectional views at any point in this evolution, should
not obscure the longitudinal perspective of an evolving epi-
demic in which most countries will traverse similar paths,
albeit at different times determined by their pace of develop-
ment. Global shifts in CVD risk factors and their reflection in
global CVD trends indicate that all countries and communi-
ties have far more in common in terms of disease causation
than the differences that demarcate them. The challenge of
epidemiologic transition is not whether it will happen in the
developing countries, but whether we can apply the avail-
able knowledge to telescope the transition and abbreviate
phase three of the model in these countries.

Projections

The Global Burden of Diseases study15 estimates that annual
mortality from non-communicable diseases will rise from an
estimated 28·1 million deaths in 1990 to 49·7 million in
2020. CVD, which accounts for a large proportion of these,
will rise as a result of the accelerating epidemic in the devel-
oping countries. CHD will continue to be the leading cause
of death in the world and, in terms of disability adjusted life
years (DALY) lost, will rise from its fifth position in 1990 to
top the DALY table in 2020.15 Men as well as women in the

developing countries will experience the largest rise in CHD
and stroke mortality rates across the world (Table 9.1).

Evidence-based Cardiology

94

Table 9.1 Global % change in CHD and stroke mortality
1990–2020 (adapted from Murray and Lopez3)

CHD Stroke

Men Women Men Women

Developed countries �48 �29 �56 �28
Developing countries �137 �127 �124 �107
World �100 �80 �106 �78

Table 9.2 Contribution of cardiovascular disease to
DALY loss (percentage of total) (adapted from Murray
and Lopez3)

Region 1990 (%) 2020 (%)

World 10·85 14·7
Developed countries 25·7 22·0
Developing countries 8·9 13·8

The profile of DALY loss attributable to CVD in 1990 in
various regions of the world and the projected estimates for
2020 (Table 9.2) also indicate a large rise.3 Among the
developed countries, the sharp decline in the industrial
nations is partly offset by the rise in the former socialist
countries.

Deaths attributable to tobacco, a risk factor for CVD and
other chronic diseases, are projected to rise from 3·0 million
in 1990 to 8·4 million in 2020. The largest increases will be
in India, China and other developing countries in Asia,
where tobacco-attributable deaths will rise from 1·1 million
to 4·2 million in 2020.24

Mechanisms that propel a CVD epidemic in
developing countries

Demographic changes due to the 
epidemiologic transition

A major public health challenge, identified by recent analy-
ses of global health trends, is the projected rise in both
proportional and absolute CVD mortality rates in the devel-
oping countries over the next quarter century. The reasons
for this are many.4 In the second half of the 20th century,
most developing countries experienced a major surge in life
expectancy. This was principally as a result of a decline in
deaths occurring in infancy, childhood and adolescence, and
was related to more effective public health responses to peri-
natal, infectious and nutritional deficiency disorders and to
improved economic indicators, such as per capita income,



and social indicators such as female literacy in some areas.
These demographic shifts have augmented the ranks of
middle-aged and older adults. The increasing longevity pro-
vides longer periods of exposure to the risk factors for CVD,
resulting in a greater probability of clinically manifest CVD
events. The concomitant decline in infectious and nutritional
disorders (competing causes of death) further enhances the
proportional burden due to CVD and other chronic lifestyle
related diseases.

The ratio between deaths due to pretransitional diseases
(related to infections and malnutrition) and those caused by
post-transitional diseases (such as CVD and cancer) varies
among regions and between countries, depending on factors
such as the level of economic development and literacy, as
well as availability of and access to healthcare. The direction
of change towards a rising relative contribution of post-
transitional diseases is, however, common to and consistent
among the developing countries.25 The experience of urban
China, where the proportion of CVD deaths rose from 12·1%
in 1957 to 35·8% in 1990, illustrates this phenomenon.26

Population expansion and aging

Despite relative declines in fertility, the continuing growth
of populations in the developing countries will also increase
the absolute numbers at risk of CVD. The world population
is expected to rise from 5·71 billion in 1995 to 8·29 billion
in 2025. Combined with changes in the demographic pro-
file, this will result in a large number of adults who are
potentially vulnerable to CVD.

At present there are an estimated 380 million people
aged 65 or more, including around 220 million in the devel-
oping countries. By 2020, the figures are projected to reach
more than 690 million and 460 million, respectively.2 In
India, for example, the population is expected to rise from
683·2 million in 1981 to somewhere between 1253·8 and
1480·5 million in 2021. Simultaneously, the proportion of
adults aged 35 years or above will rise from 28·4% of the
population to 42·4%.27

Increased standard of living leading to
deleterious health behaviors

A third reason to arouse concern is that, if population levels
of CVD risk factors rise as a consequence of adverse lifestyle
changes accompanying industrialization and urbanization,
the rates of CVD mortality and morbidity could rise even
higher than the rates predicted solely by demographic
changes. Both the degree and the duration of exposure to
CVD risk factors would increase as a result of higher risk
factor levels, coupled with a longer life expectancy. The
increase in body weight (adjusted for height), blood pressure
and cholesterol levels in Chinese population samples aged
35–64 years between the two phases of the Sino-MONICA

study (1984–86, 1988–89), and the substantially higher
levels of most CVD risk factors in urban population groups
compared to rural population groups in India, provide evi-
dence of such trends.26 The increasing use of tobacco in a
number of developing countries will also translate into
higher mortality rates from CVD, lung cancer and other
tobacco related diseases, and undesirable alterations in diet
and physical activity are also having adverse effects on
cardiovascular health.

The global availability of cheap vegetable oils and fats has
resulted in greatly increased fat consumption in low-income
countries in recent years.28 The transition now occurs at
lower levels of the gross national product than previously,
and is further accelerated by rapid urbanization. In China,
for example, the proportion of upper income persons who
were consuming a relatively high-fat diet (�30% of daily
energy intake) rose from 22·8% to 66·6% between 1989
and 1993. The lower and middle income groups too
showed a rise (from 19% to 36·4% in the former, and from
19·1% to 51·0% in the latter).28 The Asian countries, tradi-
tionally high in carbohydrates and low in fat, have shown an
overall decline in the proportion of energy from complex
carbohydrates along with an increase in the proportion of
fat.28 The globalization of food production and marketing is
also contributing to the increasing consumption of energy-
dense foods that are poor in dietary fiber and several
micronutrients.29

The rising tobacco consumption patterns in most devel-
oping countries contrast sharply with the overall decline in
the industrial nations.30 Recent projections from the World
Health Organization suggest that by the year 2020 tobacco
will become the largest single cause of death, accounting for
12·3% of deaths worldwide.24 India, China and countries in
the Middle Eastern crescent will by then have tobacco con-
tributing to more than 12% of all deaths. In India alone, the
toll attributable to tobacco will rise from 1·4% in 1990 to
13·3% in 2020.24 A large component of this will be in the
form of cardiovascular deaths.

Thrifty gene

A “programming” effect of factors promoting selective sur-
vival may also determine individual responses to environ-
mental challenges and, thereby, the population differences
in CVD. The “thrifty gene” has been postulated to be a fac-
tor in promoting the selective survival, over generations, of
persons who encountered an adverse environment of lim-
ited nutritional resources.31 Although this may have proved
advantageous in surviving the rigors of a spartan environ-
ment over thousands of years, the relatively recent and
rapid changes in environment may have resulted in a meta-
bolic mismatch. Thus a salt-sensitive person whose fore-
fathers thrived despite a limited supply of salt now reacts to
a salt-enriched diet with high blood pressure. It has also
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been hypothesized that populations subjected to food
scarcity have undergone selection of a gene which increases
the efficiency of fat storage through an oversecretion of
insulin in response to a meal. Although this favors survival
in a situation of low caloric availability, a current excess of
caloric intake may lead to obesity, hyperinsulinemia, dia-
betes and atherosclerosis. Similarly, an insulin-resistant indi-
vidual whose ancestors may have survived because a lack of
insulin sensitivity in the skeletal muscle ensured adequate
blood glucose levels for the brain in daunting conditions of
limited calorie intake and demanding physical challenges,
may now respond to a high-calorie diet and a sedentary
lifestyle with varying degrees of glucose intolerance and
hyperinsulinemia. Although such mechanisms seem plausi-
ble, their contribution to the acceleration of the CVD epi-
demic in the developing countries remains speculative.

Maternal–fetal exposures as a 
cause of midlife CVD

A recently reported association which, if adequately vali-
dated by the tests of causation, may have special relevance
to the developing countries is the inverse relationship
between birth size and CVD in later life.32–38 The “fetal ori-
gins hypothesis” states that adverse intrauterine influences,
such as poor maternal nutrition, lead to impaired fetal
growth, resulting in low birthweight, short birth length and
a small head circumference. These adverse influences are
postulated to also “program” the fetus to develop adaptive
metabolic and physiologic responses which facilitate sur-
vival. These responses, however, may lead to disordered
responses to environmental challenges as the child grows,
with an increased risk of glucose intolerance, hypertension
and dyslipidemia in later life, with adult CVD as a conse-
quence. Although some supportive evidence for the hypoth-
esis has been provided by observational studies, it awaits
further evaluation for a causal role. If it does emerge as an
important risk factor for CVD, the populations of developing
countries will be at an especially enhanced risk because of
the vast numbers of poorly nourished infants born in the
past several decades. The steady improvement in child sur-
vival will lead to a higher proportion of such infants surviv-
ing to adult life, when their hypothesized susceptibility to
vascular disease may manifest itself.

Ethnic diversity

Although ethnic diversity in CVD rates, risk factor levels
and risk factor interactions are evident from population
studies, the extent to which genetic factors contribute is
unclear. It is only after demographic profiles, environmental
factors and possible programming factors are ascertained
and adjusted for that differences in gene frequency or
expression can be invoked as a probable explanation for

interpopulation differences in CVD.39 The extent to which
chronic diseases, including CVD, occur within and among
different populations is determined by genetic–environmen-
tal interaction, which occurs in a wide and variable array,
ranging from the essentially genetic to the predominantly
environmental. This is perhaps best illustrated by the knowl-
edge gained from studies in migrant groups, where environ-
mental changes due to altered lifestyles are superimposed
on genetic influences. These “natural experiments” have
been of great value in enhancing the understanding of why
CVD rates differ among ethnic groups. The classic Ni-Hon-
San study of Japanese migrants revealed how blood choles-
terol levels and CHD rates rose from Japan to Honolulu and
further still to San Francisco, as Japanese communities in
the three areas were compared.40 The experience gleaned
from the study of south Asians, Chinese and Pima Indians
further elucidates the complexities of ethnic variations in
CHD.41–43 The comparison of Afro-Caribbeans, south Asians
and Europeans in the UK brought out the sharp differences
in central obesity, glucose intolerance, hyperinsulinemia
and related dyslipidemia between the three groups, despite
similar profiles of blood pressure, body mass index and total
plasma cholesterol.44 However, urban–rural comparisons
within India,27 as well as migrant Indian comparisons with
their non-migrant siblings,45 reveal large differences in these
conventional risk factors. Thus, where the environment is
common but gene pools differ, the non-conventional risk
factors appear to be explanatory of risk variance, whereas
when the same gene pool is confronted with different envi-
ronments, the conventional risk factors stand out as being of
major importance.

To what extent ethnic diversity in response to CVD risk
factors influences the course of the CVD epidemic in differ-
ent developing countries remains to be studied. However,
the experience of some of the migrant groups (for example,
south Asians) portends severe epidemics in the home coun-
tries as they advance in their transition.

Strategies to deal with the coronary epidemic

CVD prevention

Evolving concepts of risk factors

Risk factor – Decades of research, embracing evidence from
observational epidemiology and clinical trials, have
demonstrated that CHD is multifactorial in causation. The
term “risk factor” was first used in the context of CHD.46

Several such risk factors have been identified, ranging from
the established “major” factors such as smoking, elevated
blood cholesterol and hypertension, to the recently
investigated factors such as homocysteine and lipoprotein a.
A risk factor must fulfill the criteria of causality: strength of
association (high relative risk or odds ratio), consistency of
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association (over many studies), temporal relationship
(cause preceding the effect), dose–response relationship
(greater the exposure, higher the risk), biologic plausibility,
experimental evidence and, very importantly, evidence from
human studies.

“Clinical” v “prevention” norms – The need to make
“clinical” decisions related to the management of these risk
factors led to a definition of threshold levels of risk and
practice guidelines. These “clinical norms” erroneously 
came to be identified, by the health professionals as well as
the community, as also representing the prevention norms.
The former are defined by evidence of benefit exceeding risk
when an intervention reduces a risk factor below a particular
level (the net benefit being demonstrated in clinical trials
specifically designed for that purpose). The latter, however,
are usually identified from observational studies (long-term
longitudinal prospective studies of large cohorts) and denote
the optimal values of the risk factor at which the risk of
developing disease is minimal.

The targeting of individuals is promoted by the “clinical”
approach of healthcare providers, who seek to identify per-
sons at “high risk” of disease or its outcomes for intensive
investigation and intervention. Thus thresholds are defined
to categorize persons with “high cholesterol” or “high blood
pressure” and to implement individualized control strate-
gies. Attention and action above this threshold often con-
trast with indifference and inertia below it.

As trial evidence is gathered, the clinical norms may
progress towards the prevention norms, as in the case of
cholesterol or hypertension, where the thresholds for inter-
vention have been lowered dramatically in the last decade.
They may, however, remain higher than the prevention
norms, as clinical trials may be conducted at a stage in the
natural history where the risks of prior exposure may not be
completely reversible, and also because the intervention
may itself be associated with some adverse effects. Thus the
benefits of lowering a risk factor may appear less than those
that may occur by preventing its rise in the first place.

The continuum of risk – It is clear that even though
lifestyle disorders afflict some individuals, they arise from
causes that are widespread in the population as a whole.
Risk factors such as cholesterol and blood pressure operate
in a continuum of progressively increasing risk, rather than
through an all-or-none relationship suggested by cut-off
values. For example, a systolic blood pressure (SBP) in the
range 130–139 mmHg carries a higher risk for both heart
attacks and strokes than values in the range 120–129
mmHg. Whereas an SBP of 180 mmHg carries a much
higher risk for an individual than 140 mmHg, the number 
of persons in any population who have SBP values in the
range 130–139 mmHg is higher than those with values of

180 mmHg or higher. The Multiple Risk Factor Intervention
Trial’s cohort study in the United States (MRFIT) revealed
that of all heart attacks which are attributable to SBP, 7·2%
arise from the 0·9% of the population that represents the
180� mmHg range, whereas 20·7% of all such heart attacks
occur in the 22·8% which has pressures in the range
130–139 mmHg47 (Figure 9.2). Similarly, 57% of all excess
deaths attributable to diastolic blood pressure occur in the
range 80–95 mmHg, compared to only 15% which occur in
the high range of 105–130 mmHg.
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Figure 9.2 The risk pyramid for blood pressure and coronary
heart disease (CHD): baseline SBP and CHD death rates for
men screened in MRFIT37 (adapted with permission from
Stamler et al 36)

This dichotomy is also clearly seen in the Framingham
Study on coronary risk factors.49 People with a blood cho-
lesterol level of 300 mg/dl run three to five times the risk of
CHD as people at a cholesterol level of 200 mg/dl. At cho-
lesterol levels over 300 mg/dl, 90 out of 100 persons devel-
oped the disease in the next 16–30 years of follow up in
Framingham. At cholesterol levels under 200 mg/dl the rate
was 20 out of 100 during the same period. However, more
than twice as many people developed CHD with cholesterol
levels under 200 mg% all their lives as did those with cho-
lesterol levels over 300 mg%. This is because a 20% fraction
of a 45% segment of the population is a much larger number
than a 90% fraction of a 3–5% segment of the population.49

Thus, for most causal factors there is a “risk pyramid”.
Those at the top of the pyramid are at the highest individual
risk of disease, but those at the lower levels account for 
the largest number of cases in the community because they



constitute the largest segment of the population. Any
approach that targets only those at the highest risk produces
limited gains for the community, despite conferring definite
benefits to the individuals in that category.

The concept that “sick individuals arise from sick popula-
tions” was propounded and proved by Geoffrey Rose.50,51 He
demonstrated that risk factor “distributions” throughout the
population are predictive of disease burden in that commu-
nity. The mean (average) levels of a risk factor across differ-
ent populations correlate with the proportions of high-risk
individuals in those populations, whatever the cut-off value.
Thus, as the average population blood pressure value among
populations rises, the proportion of hypertensive individuals
also rises. In each population there are groups who represent
the extremes of the risk profile (very low risk v very high
risk). However the proportion at “high risk” would be deter-
mined by the average value of that risk factor in the popula-
tion. This in turn is dependent on the dominant behaviors
that characterize the society at each stage of its development.

Multiplicative risk – The process of identifying and
estimating the independent risk associated with any single
risk factor led to clinical and preventive strategies to target it
in isolation. However, observational studies like Framingham
and MRFIT have clearly revealed that the coexistence of
multiple risk factors confers a magnified risk which is
multiplicative rather than merely additive. A smoker
with modest elevations of cholesterol and diastolic or
systolic blood pressure is at a greater risk of coronary death
than a non-smoker with severe hypertension or marked
hypercholesterolemia. In the MRFIT study, a non-smoker
with SBP less than 118 mmHg and a total serum cholesterol
level less than 182 mg% had a 20-fold lower risk of coronary
death than a smoker with a SBP exceeding 142 mmHg and a
serum cholesterol exceeding 245 mg% (age adjusted CHD
mortality of 3·09 v 62·11, per 10 000 person years). A
smoker who has a SBP of 132–141 mmHg and a serum
cholesterol of 203–220 mg% has a CHD mortality risk of
28·87 per 10 000 person years, compared to a risk of 12·36
in a non-smoker with an SBP below 118 mmHg but with a
serum cholesterol exceeding 245 mg%.52

The demonstration of such multiplicative risk has led to
the concept of “comprehensive cardiovascular risk” or “total
risk”, quantifying an individual’s overall risk of CVD result-
ing from the confluence of risk factors.48 Both clinical and
preventive strategies are veering away from unifactorial risk
reduction to multifactorial risk modification, to reduce this
overall risk in individuals as well as in populations.

High-risk approach for prevention

Having recognized that environmental risk factors do not
affect only a few individuals in isolation but are spread

across populations, with a continuous rather than a thresh-
old relationship to disease, how should that influence
disease control strategies? The health policy debate, until
recently, was on whether to focus the control strategies on
individuals at the highest risk of disease (in view of their
markedly elevated risk factor levels) or on the population as
a whole (aiming to achieve modest reductions in the risk of
most members of that community). The high-risk approach
aims to identify persons with markedly elevated risk factors
and therefore at the highest risk of disease.50 These individ-
uals are then targeted by interventions which aim to reduce
the risk factor levels. If successful, the benefits to individuals
are large, because the individuals risks are large. However,
as the number of persons in this high-risk category is pro-
portionately much smaller than that in the moderate-risk
group, the overall benefits to society are limited in terms of
deaths or disability avoided. The strategy also does not min-
imize the risk for the individuals concerned. Although a fall
of blood cholesterol from 300 mg% to 240 mg% does indeed
reduce the risk, even this attained value poses greater risk
than 200 mg%. Thus there is still a substantial residual risk,
despite the impressive risk reduction owing to the change
from the initial cholesterol levels. Further, this strategy is
behaviorally inappropriate.50 An individual with high blood
cholesterol levels may be advised to eat low-fat food, but
can he strictly adhere to it if his family and friends consume
a very different diet? The main advantage of the high-risk
approach, however, is that physicians as well as patients are
highly motivated to act, because the projected risks compel
attention and the benefits of reduction appear attractive.50

Population approach for prevention

In contrast, the population approach aims at reducing the
risk factor levels in the population as a whole, through com-
munity action.50 Because there is a continuum of risk asso-
ciated with most risk factors, this mass change will result in
mass benefit across a wide range of risks. Although individ-
ual benefits are relatively small, the cumulative societal ben-
efits are large (“the prevention paradox”). The strategy is
also behaviorally more appropriate.50 If the eating habits in
the community alter towards preferred consumption of
foods with lower saturated fat and salt content and a greater
daily intake of fresh fruit and vegetables, even the high-risk
individual on a prescribed diet will find a supportive ambi-
ence which does not mark him out as a deviant from social
norms. If a new generation grows up in an environment
where healthy behavior is considered common practice, its
average blood cholesterol level may remain below 200 mg%
rather than around 240 mg%, and thus be at a lower risk
than even the beneficiary of the high-risk strategy. However,
the risks and benefits of such a strategy are less obvious
to those in the moderate-risk range. The motivation for
change is therefore not as strong as for those in the high-risk
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group. The gratification of achieving readily identifiable suc-
cess in high-risk individuals, through drugs or other powerful
interventions, is also denied to the physicians in the popula-
tion strategy, where the potential beneficiaries, though many,
are faceless and nameless. Because such “anonymity of pre-
vention” denies the pleasure of individual rescue acts, physi-
cian motivation for community counseling is neither strong
nor sustained.50 Policymakers, however, can ill afford to
ignore the imperatives of investing in a population approach
which will pay large long-term dividends in the control of
lifestyle diseases. Health professionals too must recognize the
benefits of this strategy to play a strong advocacy role for
health-promoting behaviors in the community.

The success of the population strategy has been demon-
strated both in developed countries (for example, Finland)53

and in some developing countries (for example, Mauritius).54

The North Karelia Project demonstrated large reductions
in CVD mortality (50·1% in males and 63·5% in females),
CHD mortality (53·4% and 59·8%) and all-cause mortality
(39·5% and 40·4%) during the 20-year intervention period.
These accompanied changes in CVD risk factors follow-
ing community-based intervention programmes. Impressive
reductions in cigarette smoking, prevalence of hypertension
and mean population cholesterol levels, as well as increases
in leisuretime physical activity, were noted during the period
1987–92 consequent upon lifestyle intervention programs in
Mauritius.

The impact of the population strategy is likely to be large,
as suggested by an estimate that if every American had a
diastolic blood pressure value a mere 2 mmHg lower than
his or her current value, the number of heart attacks that
could be prevented would exceed those that could be
avoided by effectively treating every person with a diastolic
pressure of 95 mmHg or higher. The corresponding benefit
for preventing paralytic strokes would be 93% of those
avoided by drug therapy.55 Such blood pressure changes can
be effectively achieved and sustained through modest
reductions in weight and salt intake or through exercise.

Combining the strategies

These strategies are not mutually exclusive but are synergis-
tic, complementary and necessary. The risks and benefits
demonstrated in high-risk individuals serve to educate the
community about risk factors, whereas the population
approach makes it easier to achieve the desired level of
lifestyle change in high-risk individuals. The population-
based lifestyle-linked risk reduction approach is particularly
relevant in the context of the developing countries, where it
is necessary to ensure that communities currently at low
risk are protected from the acquisition or augmentation of
risk factors (“primordial prevention”). This is true for adults
in the rural regions of most developing countries, as well as
for children in all populations. It is also eminently applicable

to moderate-risk groups in urban areas, where lifestyle-
based risk modification will help avoid drug therapy, with its
attendant economic and biologic costs. There will still be
some who need such pharmacologic or technologic inter-
ventions because of their high-risk status. However, their
numbers too will decrease as the risk profile of the whole
community gradually shifts.

Case management

Despite these preventive strategies, several individuals will
manifest clinical disease because risks are not totally elimi-
nated in the community or because genetic susceptibility is
strongly expressed. The success of preventive efforts will
reduce their number as well as delay the age of onset of clin-
ical events. Those who develop disease will require optimal
clinical care, which can avert early death, reduce disability
and ensure an adequate quality of life. This mandates early
detection of disease.

The cost effectiveness and safety of these diagnostic and
therapeutic techniques would have to be established through
appropriately designed clinical research. This scientific evi-
dence has to be translated into practice guidelines, which
then need to be widely disseminated. The rapid diffusion of
these guidelines across various levels of healthcare and their
sustained impact on clinical practice will ensure that the bur-
den of cardiovascular disease in the community is mitigated
through appropriate application of available knowledge.
Postmyocardial infarction risk reduction through throm-
bolytic agents, aspirin, � blockers, ACE inhibitors and statins
is clearly illustrative of the benefits of such evidence-based
clinical care.56–61

The decline in CVD mortality rates in industrial countries
is the collective result of population-based prevention strate-
gies improving the risk factor profile of communities, a high-
risk approach of targeted interventions to protect individuals
with markedly elevated risk factor levels, and case manage-
ment strategies to salvage, support and sustain those pre-
senting with clinical problems. These strategies are not
diverse and divisive but are continuous and complementary
in the effort to control the incidence and impact of CVD.

The enormous need for evidence-based
medicine in developed and 
developing countries

CVD related expenditure in 
developed countries

The management of CVD is often technology intensive 
and expensive. Procedures for diagnosis or therapy, drugs,
hospitalization and frequent consultations with healthcare
providers all contribute to high costs, both to those affected
and to society. In developed countries they already account for
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about 10% of direct healthcare costs, equal to between 
0·5% and 1% of a country’s gross national product.2 As life
expectancy increases and the duration of the therapy becomes
prolonged, the costs may further escalate until preventive
strategies succeed in greatly reducing the incidence of CVD.

CVD related expenditure in 
developing countries

The costs of CVD related healthcare have not been clearly
estimated in the developing countries.62 However, high
expenditure on tertiary care in most of these countries prob-
ably has a large contribution from CVD. As the epidemic
advances many more will be affected, escalating the costs of
CVD related healthcare. This may divert scarce resources
intersectorally from developmental activities, and intras-
ectorally from the “unfinished agenda” of infectious and
nutritional disorders. As the epidemic matures, the social
gradient will reverse and many of the poor who are then
afflicted will be unable to afford or access the expensive
healthcare that CVD demands.

Need for evidence-based medicine

The need for cost effective prevention and case manage-
ment is, therefore, urgent. These practices need to be based
on the best available evidence which is generalized to the
context of each developing country. Where such evidence
is unavailable or insufficient to guide policy and practice,
health research must quickly address those information
needs. International cooperation can greatly further these
efforts to acquire, appraise, analyze and apply such knowl-
edge. Evidence from health research must do justice to the
needs of public health! Evidence-based cardiovascular medi-
cine must pursue this advocacy to secure acquittal from
CVD for countries under the trial of epidemiologic transi-
tion. However, the recommendations also need to be con-
text specific and resource sensitive, in accordance with the
specific needs of different regions. The challenge for cardio-
vascular research is to provide for such relevant knowledge
generation, and the challenge for public health and clinical
practice is to provide for effective knowledge translation.
The course and consequences of the global cardiovascular
epidemic should not merely be predicted, but ought to be
favorably altered by responding to these challenges.
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Introduction

While smoking is universally known to be deadly, few are
aware of precisely how deadly. In the United States, smok-
ing is the leading preventable cause of death, killing over
440 000 people each year, wasting 5 million years of poten-
tial life and costing over $75 billion in health expendi-
tures. Since the first Surgeon General’s Report on smoking
in 1964, over 10 million Americans have died from smok-
ing. If current trends continue, an additional 25 million
Americans alive today, including 6·4 million children, will
die a painful and premature death caused by smoking.
While the United States statistics are appalling, the global
projections are even more dire. Globally, if current trends
continue, the number of people killed by tobacco will more
than triple to 10 million a year by the year 2025. The only
ray of hope is that the precursors for the projected global
tobacco epidemic are not yet all in place. While high smok-
ing rates among men are nearly universal, the same cannot
be said for women and teens. Thus, despite the unprece-
dented toll of tobacco and the gloomy projections, there is
the potential for prevention.

This chapter will explore that potential, particularly for
coronary heart disease, by:

1. examining the current global burden of tobacco and
future projections

2. reviewing the mixed evidence for community-based
tobacco control interventions

3. proposing a new and dynamic model for community-
based tobacco control, based on state innovations,
proven to be effective in the United States, that may be
able to be applied throughout the world.

Current global burden of tobacco and 
future projections

Worldwide, the only two major causes of death whose effects
are now increasing rapidly are HIV and tobacco. If current
smoking patterns persist, there will be about one billion
deaths from tobacco during the twenty-first century, com-
pared to “only” about 0·1 billion (100 million) during the

whole of the twentieth century. About half of these deaths
will be in middle age (35 to 69) rather than old age, and
those killed by tobacco in middle age lose, on average, 
more than 20 years of non-smoker life expectancy.1 Tobacco
use is estimated to have caused about 4 million deaths a year,
more or less evenly split between developed and developing
countries. These numbers reflect smoking patterns several
decades ago, and worldwide cigarette consumption has
increased substantially over the past half century.2 Currently,
about 30% of young adults become persistent smokers, and
relatively few quit. The main diseases by which smoking kills
people are substantially different in America, where vascular
disease and lung cancer predominate;1 in China, where
chronic obstructive pulmonary disease causes even more
tobacco deaths than lung cancer;3,4 and in India, where
almost half the world’s tuberculosis deaths take place and the
ability of smoking to increase the risk of death from TB may
well be of particular importance.5,6

There are already a billion smokers, and by 2030 about
another billion young adults will have started to smoke. If
current smoking patterns persist, worldwide mortality from
tobacco is likely to rise from about four million deaths a year
currently to about 10 million a year around 2030 and will
rise somewhat further in later decades. This means that
tobacco use will cause about 150 million deaths in the first
quarter of the century and 300 million in the second quar-
ter. Predictions beyond that are inevitably speculative, but if
over the next few decades a quarter to a third of the young
adults become persistent smokers and about half are even-
tually killed by their habit, about 15% of adult mortality in
the second half of the century will be due to tobacco, imply-
ing some 600 million to 900 million tobacco deaths
between 2050–2099.7

First, globally in 1995, 29% of the world’s population aged
15 years and over smoked daily (Table 10.1). Low-income
and middle-income countries whose populations account for
four fifths of the global adult population, accounted for 82% of
the world’s smokers. East Asia and the Pacific, which includes
China, accounted for 36% (43 million) of all smokers, but
only 32% of the population aged 15 years and over. Overall,
smoking prevalence was highest in Europe and Central Asia
at 40% and lowest in Sub-Saharan Africa at 18%.
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For both males and females, there was wide variation in
smoking prevalence between regions. The prevalence of
smoking amongst males was highest in East Asia and the
Pacific, and in Europe and Central Asia, at about 60% in
each case, and lowest in Sub-Saharan Africa at 29%. Among
females, the prevalence of smoking was highest in Europe
and Central Asia at 26% and lowest in South Asia at 5% (for
cigarettes and bidis combined) and Middle East and North
Africa at 6%.

Second, the prevalence of smoking amongst males was
higher overall for men (47%) than for women (11%). WHO
data at country level suggest that the proportion of men
who smoke is well above 50% in many low-income and
middle-income countries:

● 82% in Indonesia,
● 78% in the Philippines,
● 75% in Cuba,
● 72% in China.2

Globally, males account for four in five of all smokers.
The majority of epidemiologic studies suggest that individ-

uals who avoid starting to smoke in adolescence or young
adulthood are unlikely ever to become smokers. Nowadays,
the overwhelming majority of smokers start before age 25,
often in childhood or adolescence (Figure 10.1); in high-
income countries, eight out of 10 begin in their teens. 
In middle- and low-income countries for which data are
available, it appears that most smokers start in their early

twenties, but the trend is towards younger ages. For exam-
ple, in China between 1984 and 1996, there was a signifi-
cant increase in the number of young men aged between 15
and 19 years who took up smoking. A similar decline in the
age of starting has been observed in high-income countries.

Tobacco: a risk factor for coronary 
heart disease

It is well established that prolonged smoking is an important
cause of chronic disease. Prolonged smoking causes many
diseases in addition to lung cancer, notably other cancers
and chronic respiratory and cardiovascular diseases. How-
ever, the toll of death and disability from smoking outside
the high income countries has yet to be felt. This is because
the diseases caused by smoking can take several decades 
to develop. Even when smoking is common in a population,
the damage to health may not yet be visible. The alarm-
ing size of the hazards now observable in populations that
have been smoking for many decades.

Thus in the first 20 years of follow up of the British doc-
tors, cohort (1951–71), smokers had, on average, about 
a 1·5 to twofold higher death rate at each age, similar to 
the excess reported in other studies around that time (see
Table 10.1). With longer duration of smoking, death rates of
smokers have increased substantially so that during the sec-
ond period of follow up (1971–91), smokers in middle age
had a threefold higher death rate than non-smokers. A simi-
lar excess mortality ratio was found in the CPS-II cohort
based on follow up in the latter half of the 1980s. These rel-
ative risks suggest that, on average, a smoker who begins
smoking in young adult life and continues to do so has at
least a 50% chance of eventually being killed by tobacco,
either in middle age or in old age.

The evidence from these two studies on the disease-
specific risks associated with smoking are similar.8 Current
smokers have about a 20-fold higher death rate from lung
cancer than never smokers, among whom lung cancer death
rates have remained low and constant. There is epidemio-
logic evidence to suggest that this is also the case in other
populations. For example, based on the two American
Cancer Society studies with follow up to 1959–65 and
1982–86 respectively, lung cancer death rates among life-
long non-smokers were remarkably constant at 15·4 and
14·7 per 100 000 (age-standardized) for men, and 9·6 and
12·0 for women; the rates for current smokers were 187·1
and 341·3 for men, and 26·1 and 154·6 for women.9

Smokers also incur a 10–20-fold excess mortality from
chronic obstructive lung disease (primarily chronic bronchi-
tis and emphysema), and a risk of death from major vascular
diseases that is about twice that of non-smokers.

The excess mortality of smokers from vascular disease is
particularly noteworthy. Vascular disease death rates are 
typically much higher than those for cancer or other causes
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associated with smoking. Cardiovascular diseases (especially
ischemic heart disease and stroke), therefore, contribute
more to smoking-attributable deaths at a population level
than do other causes, including lung cancer for which the
relative risk is much higher, although this pattern will
change as cardiovascular disease mortality declines. Finally,
it is worth noting that the all-age excess mortality ratio of
about 2 from cardiovascular diseases masks a very signifi-
cant age gradient in relative risks. This is clearly shown in
Figure 10.2 based on a large (46 000 persons) case–control
study carried out in the United Kingdom.

At younger ages (�50 years), smokers have a five to six 
times higher death rate than non-smokers, with the relative
excess declining with age. What these data suggest is that if a
smoker dies from vascular disease before about the age of 50
years, there is a 70–80% chance that smoking caused it, and
that this is the prinicipal mechanism through which smoking
causes a threefold excess mortality rate in middle age.

Cigarette smoking is only one of several causative factors
that produce disease. This is especially true for ischemic
heart disease where smoking interacts synergistically with
other factors such as hypercholesterolemia and hyperten-
sion to greatly increase risk of heart disease. Evidence sug-
gests that the independent risk attributable to smoking is
comparable to that of other major risk factors.10 This 
interaction with dietary parameters probably explains the
currently lower proportions of ischemic heart disease attrib-
utable to smoking in populations such as China where low-
fat diets have predominated.3

The extent to which smoking is responsible for deaths
from diseases other than lung cancer varies substantially
from one population to another. For example, smoking is 
particularly cardiotoxic for people who already have other
risk factors such as high blood cholesterol. The range of other
diseases that are caused by smoking is so extensive that the
influence of other specific risk factors may effectively average
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Table 10.1 Prevalence of smoking among adults aged 15 and over, by World Bank region, 1995

World Bank Region Smoking prevalence (%) Total smokers

Males Females Overall (millions) (% of all smokers)

East Asia and Pacific 61 4 33 413 36
Europe and Central Asia 57 26 40 145 13
Latin America and Caribbean 40 21 30 95 8
Middle East and North Africa 44 5 25 40 3
South Asia (cigarettes) 21 1 11 88 8
South Asia (bidis) 21 4 13 99 9
Sub-Saharan Africa 29 9 18 59 5
Low-income & Middle-income 49 9 29 939 82
High-income 38 21 29 205 18
World 47 11 29 1143 100
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Figure 10.2 Source: Based on the ISIS study of over 10 000 UK heart attacks, Parish et al. Cigarettes smoking, Lar yields, and
non-fatal myocardial infarction: 14,000 cases and 32,000 controls in the United Kingdom. BMJ 1994;311:471–710



out even in different populations. For example, although in
many developing countries, cholesterol levels are low (limit-
ing the cardiotoxic effects of tobacco), a high prevalence of
respiratory diseases may greatly increase the pulmonary vul-
nerability to tobacco.11

Smokers have twice the risk of heart attack compared
with non-smokers. Smoking is also a major risk factor for
sudden death from heart attack, with smokers having two to
four times the risk of non-smokers. The risk increases with
the number of cigarettes smoked. Overall, cigarette smokers
have coronary heart disease (CHD) rates 70% higher than
those of non-smokers, with heavy smokers dying from CHD
at a rate two to three times that of non-smokers.1 In addi-
tion, recent epidemiologic evidence shows that never-smok-
ers exposed to environmental tobacco smoke (ETS) have an
increased risk not only for lung cancer but also for cardio-
vascular disease. Two recent prospective trials12–14 and 
meta-analyses15 estimate the relative risk for cardiovascular
diseases at 1·2 to 1·3 individuals exposed to ETS.12–15 Of the
deaths caused by ETS, the number of deaths from heart dis-
ease is about three times the number of non-cardiac deaths16.

Cardiovascular deaths account for a significant portion of
adult deaths in all countries. Worldwide, slightly more than
50 million people are estimated to have died in 1990, 53%
of whom were males. Ischemic heart disease (IHD) was the
leading cause of death worldwide, accounting for just under
6·3 million deaths – 2·7 million in established market
economies (EME) and formerly socialist economies of
Europe (FSE); 3·6 million in the developing regions. Stroke
was the next most common cause of death (4·38 million
deaths – almost 3 million in developing countries), closely
followed by acute respiratory infections.17 Of the various
coronary heart disease pathologies, IHD and stroke predom-
inate in the developed regions, accounting for 75–80% of all
cardiovascular deaths. Stroke is proportionately more impor-
tant as a cause of cardiovascular disease death in FSE (31%)
than in EME (25%). Rheumatic heart disease is estimated to
cause between 1% and 6% of all CHD deaths in the devel-
oping regions (and about 2·4% globally). The category
labeled as inflammatory heart disease (pericarditis, endo-
carditis, myocarditis, and cardiomyopathies) accounts for
similar proportions of CHD deaths, being highest in Sub-
Saharan Africa (SSA) (7·8%). It is also worth noting the sub-
stantial contribution of IHD in all developing regions,
ranging from 52% of cardiovascular deaths in India to 26%
in SSA. Stroke, on the other hand, is by far the leading cause
of cardiovascular deaths in China and SSA, causing roughly
half of all coronary heart disease deaths in 1990.18

Future projections

Policy makers must be concerned not so much by the current
mortality from past smoking patterns, but by the much

larger death rates that are projected in coming decades as a
result of current smoking, especially for low- and middle-
income countries.

Smoking-attributable deaths are projected to increase for
two reasons: first, increases in the susceptible population
size; and second, increase in age-specific disease rates. For
example in China, male per capita consumption of ciga-
rettes rose 10-fold between 1952 and 1992. The incidence
of lung cancer in China has increased more than sixfold 
during the period 1970 to 1980,19 and is likely to increase
7·5-fold in the near future. During the same period, the pop-
ulation that will contract lung cancer will increase fourfold.
The net result is that 30 000 lung cancer deaths per year in
1975 will increase to 90 000 per year by 2025.

Tobacco will cause 0·5 billion deaths among smokers alive
today. At some point in the second decade of the twenty-first
century, annual deaths from tobacco will average 10 million
a year. This total may appear earlier or later.  Depending on
smoking patterns, there will be about 450 million tobacco
deaths between 2000 and 2050.8 Projections beyond 2050
are more uncertain. If the proportion of people taking up
smoking continues, as at present, to be between one 
quarter and one third of young adults then, given population
growth, an additional 500 billion tobacco deaths are
expected in the second half of the twenty-first century. Thus,
in the twenty-first century overall, tobacco would be
expected, on current patterns, to kill about one billion people,
or ten times as many people in the twentieth century.7

Direct estimates for China based on retrospective and
prospective studies3,4 suggest that, on current patterns, smok-
ing may account for one in three of all adult male deaths in
China, or about 100 million of the 300 million Chinese males
now aged 0–29. Annual tobacco deaths will rise to 1 million
before 2010 and 2 million before 2025, when young adults of
today reach old age. Similar preliminary estimates for India
based on large retrospective and prospective studies suggest
that about 30% of all male deaths in middle age are attributa-
ble to smoking and about 80 million Indian males currently
aged 0–34 will eventually be killed by tobacco.

Projections of tobacco mortality based on econometric
models by Murray and Lopez suggest that there will be 
8·3 million tobacco-attributable deaths per year in 2020.
These researchers have predicted elsewhere that global
deaths attributed to tobacco would rise from 6% of all
deaths in 1990 to about 12% in 2020.18

Worldwide, a very large increase in deaths from non-
communicable diseases (group 2) is expected, with a rise in
annual mortality from an estimated 28·1 million deaths in
1990 to 49·7 million in 2020. Conversely, annual mortality
from communicable maternal, perinatal, and nutritional dis-
orders (group 1) is predicted to decline from 17·2 million in
1990 to 10·3 million in 2020 (Figure 10.3).

It is of interest to examine how DALYs (disability adjusted
life years is a measure of life lost due to disability or premature
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plausibly predicted that the current global total of about 
3 million deaths per year from tobacco (2 million developed,
1 million developing) would reach approximately 10 million
deaths per year (3 million developed, 7 million developing)
during the second quarter of next century (Figure 10.6).
This would mean that over 200 million of today’s children
and teenagers will be killed by tobacco, as well as a compa-
rable number of today’s adults, predicting that a total of
about half a billion of the world’s population today will be
killed by tobacco. About 250 million will die in middle age
(35–69), with each person losing about 20 years of life.20

In terms of DALYs, the contribution of tobacco is pro-
jected to increase to account for nearly 9% of worldwide
burden (18·2% of burden in developed countries and 7·7%
in developing countries) in 2020 (Figure 10.7). Tobacco is
also projected to cause about 12% of deaths worldwide
(17·7% of deaths) in developed countries and 10·9% in
developing countries) by 2020 (Figure 10.8). DALYs from
cancers are expected to rise from 5·1% to 9·9% of the world-
wide total in 2020. The proportionate share of the global
burden of disease due to cardiovascular diseases is projected
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death) from various leading causes are expected to change
over the next three decades (Figure 10.4). Figure 10.5 shows
the change in cause of mortality. IHD is projected to be the
leading cause of disability and death by 2020. It has been
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Figure 10.3 Baseline projections of deaths from group 2
causes, world, 1990–2020 (from Murray and Lopez, 1996,
with permission)
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the reduction of tobacco use within populations has been a
recommended strategy in the primary and secondary preven-
tion of cardiovascular diseases for many years.21 However, the
development and testing of specific strategies to implement
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to rise from 11·1% to 14·75%.17 In conclusion, tobacco is
projected to be the leading cause of death and disability
globally.

Community solutions

The relationship between smoking and cardiovascular 
morbidity and mortality was extensively documented
throughout the last half of the twentieth century. Therefore,
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this recommendation has proceeded more slowly. During
this interval, there has been a paradigm shift from an indi-
vidual or clinical approach to smoking prevention and 
cessation to a more public health or population-based
approach.22–24 Community-based cardiovascular prevention
trials started in the early 1980s were conducted during this
shift in paradigm.25 Results from all of these trials showed
significant declines in the prevalence of smoking overall;
however, the declines in the intervention communities did
not exceed the declines in the comparison communities by 
a statistically significant amount in several of the trials26–28

nor in a joint analysis of the three US community trials.29

The community-based cardiovascular prevention trials ini-
tiated in the 1980s recognized that the critical behaviors
related to cardiovascular risk (for example, diet, exercise,
smoking) all involved individual choices but also involved
societal or cultural barriers and enticements, monetary and
opportunity costs, local and regional policies, and other com-
munitywide factors.25 The intervention methods which were
developed in these trials shared many common elements, but
largely were restricted from applying an ecological and policy
oriented health promotion approach that combines educa-
tional, political, regulatory, and organizational supports for
changes in the target health behaviors.30 Green and Richard
posit that the early community-based cardiovascular preven-
tion trials could rely on an expansion of the traditional
health education models which would initiate change in
early adopters in societies.30 However, as the rate of diffu-
sion of the adoption of heart-healthy lifestyle changes
(including smoking cessation) accelerated, these more tradi-
tional approaches lost efficacy.

The smoking cessation results from the community-based
cardiovascular prevention trials initiated in the 1980s must
be viewed as modest at best. While the Stanford Five-City
Project observed a significantly greater decline (�13%) in
smoking rates in the intervention communities among 

the cohort samples,28,31 no effect on smoking rates was
observed in the cross-sectional surveys by end of treat-
ment28,31 or at the follow up during which the comparison
communities were declining somewhat, but not signifi-
cantly, more rapidly than the intervention communities.32

In the Minnesota Heart Health Project, the long-term 
smoking cessation results were mixed, with evidence of 
an intervention effect only for women in cross-sectional 
survey data.26,33 Unexpectedly strong secular declines in
smoking prevalence, especially among men, were observed
in comparison communities. In the Pawtucket Heart Health
Program, the prevalence of cigarette smoking declined
slightly, but not significantly, more in the comparison 
community.27

More recently, the German Cardiovascular Prevention
Study has reported more encouraging treatment effects for
smoking, observing a 6·7% decline in smoking, with the
strongest effect in men.34 Among men, the prevalence of
smoking among 25–69 year olds declined from 41·8% in
1985 to 39·2% in 1991 in the national reference sample, in
comparison with the significantly greater decline from
44·5% to 37·4% in the intervention regions. This result is
consistent with the diffusion model posited by Green30 that
the largely individually oriented health educational
approaches applied in the community-based cardiovascular
prevention trials initiated in the 1980s have their largest
impact among populations who are at the earlier stages of
adoption of the recommended preventive lifestyle.

In addition to the community-based cardiovascular 
prevention trials initiated in the 1980s, the Community
Intervention Trial for Smoking Cessation (COMMIT) 
was started in the late 1980s. COMMIT focused solely on
smoking cessation and built upon the initial experience in
the ongoing cardiovascular prevention trials. Additionally,
COMMIT was planned as a randomized community trial
with 11 pairs of communities and had adequate power to
detect relatively small intervention effects.35 The modest
effects observed in this trial were very sobering for the 
public health community. No cessation effect was observed
for the “heavy” smokers (defined as smoking 25 or more
cigarettes per day at baseline) for whom the trial was specif-
ically designed. Among the evaluation cohorts of light-to-
moderate smokers, a significantly greater quit rate (30·6% v
27·5%) was observed over the 4 year intervention period,
with the effect strongest among the less educated residents
of the communities.36,37 Overall, the prevalence of smoking
declined slightly, but non-significantly, more in the interven-
tion communities (3·5 percentage points) than in the com-
parison communities (3·2 percentage points). While the
COMMIT intervention protocol sought to apply the best
smoking cessation strategies available, investigators were
limited in their ability to be involved in many of the ecolog-
ical and policy oriented health promotion strategies which
Green and others25,30 recommend due to the federal sources
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of funds for the study. While an intervention “receipt index”
of the strategies applied significantly correlated with quit
rate differences across the 11 community pairs among the
light-to-moderate smokers, process data showed that imple-
mented protocol did not change many important intermedi-
ate variables (for example, MD/DDS counseling rates,
worksite smoking bans, public attitudes toward smoking).

Several reviewers have provided some perspectives on
the modest smoking cessation effects which have been
observed in these community trials.38–40 Common themes
are: (1) the difficulty in observing intervention effects relative
to the large secular declines in cardiovascular risk factors,
including smoking, occurring during the period when the
trials were implemented, and (2) the need for a more com-
prehensive health promotion approach to be applied.
Concurrent with the implementation of these intervention
trials, a broader national movement to reduce tobacco use
emerged with a focus on the principles of health promotion.
This concept, which included an organized approach to
changing social, economic, and regulatory environments,
emerged as a more effective mechanism for population
behavior change than traditional health education, and
included mobilization at the national, state, and local
level.41

In 1991, the National Cancer Institute launched the
American Stop Smoking Intervention Study for Cancer
Prevention (ASSIST) program as a 7 year demonstration
project. ASSIST included 17 states, and was the largest
tobacco control project in the United States ASSIST was
predicated on a coalition model, and was designed to
demonstrate that a comprehensive, coordinated interven-
tion effort could significantly reduce smoking and tobacco
use. In 1993, CDC began the Initiatives to Mobilize for the
Prevention and Control of Tobacco Use (IMPACT) program,
which provided funding for 32 states to build capacity in
state health departments to conduct effective tobacco con-
trol. Based on the lessons learned from ASSIST, IMPACT,
and large state programs such as those of California and
Massachusetts, the National Tobacco Control Program
(NTCP) was developed to support all 50 states, seven terri-
tories, and the District of Columbia plan, establish, and
evaluate comprehensive tobacco prevention and control
programs.41

Through evidence-based analyses of California and
Massachusetts, in-depth involvement with settlement
States, and published evidence of effective tobacco control
strategies, the federal government has set forth “best prac-
tices” recommendations for state-based programs which
contain the following elements42:

● community programs to reduce tobacco use
● chronic disease programs to reduce the burden of

tobacco-related diseases
● school programs

● enforcement
● statewide programs
● counter-marketing
● cessation programs
● surveillance and evaluation
● administration and management.

Because tobacco use is ultimately an individual behavior,
educational and clinical public health approaches have his-
torically been individually focused. In the area of tobacco use
prevention among youth, this has been particularly true. In
the past two decades, however, excellent social-psychological
approaches have been applied to school-based prevention
programs.41 Evidence shows that school-based smoking pre-
vention programs that identify social influences to smoke
and teach skills to resist those influences have demonstrated
consistent and significant reductions in adolescent smoking
prevalence, and that larger-scale implementation of intensive
interventions can achieve long-term reductions in cigarette
smoking among young people.41 The durability of this effect
is enhanced by community wide programs that involve 
parents, mass media, community organizations, and other
elements of an adolescent’s social environment.42

Educational strategies, conducted in conjunction with com-
munity and media-based activities, can postpone or prevent
smoking onset in 20–40% of adolescents.41 Unfortunately,
the full range of recommended community wide efforts to
modify the social environments of adolescents,42 including
removal of pervasive imagery-based pro-tobacco advertising,
significant tobacco tax increases, enhanced enforcement of
minors’ access laws, and well financed and sustained youth
oriented counter-advertising campaigns, need to be applied
in conjunction with experimentally tested school-based
tobacco use prevention curricula and tobacco-free school
policies.

The efficacy of a comprehensive approach to youth
tobacco use prevention was originally demonstrated in
Massachusetts and California, who funded their programs
with dedicated excise tax dollars. During the period of the
1990s when smoking rates among the youth in the United
States were consistently increasing, rates in Massachusetts
and California appear to have risen more slowly43 and even
declined among 7–8 graders in Massachusetts.44 With the
influx of revenues resulting from state settlements with the
tobacco industry and increases to state tobacco excise taxes,
additional states, such as Minnesota, Florida, Arizona, and
Oregon have also been able to implement comprehensive
tobacco control programs.41

In many ways, efforts to assist adult smokers to quit smok-
ing have made the slowest progress in the paradigm shift from
the clinical to the public health model. However, advance-
ments in treating tobacco use and nicotine addiction were
summarized in a recent guideline: Treating tobacco use and
dependence: a clinical practice guideline, published by the
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US Public Health Service. The guideline provides a blueprint
to healthcare professionals and health insurance providers
for implementing appropriate medical services that will help
treat nicotine addiction. Less intensive interventions, as sim-
ple as physicians advising their patients to quit smoking, can
produce cessation rates of 5–10% per year. More intensive
interventions, combining behavioral counseling and pharma-
cologic treatment, can produce 20% to 25% quit rates in one
year.45 The most significant and sustained declines in popula-
tion levels of cigarette consumption have been observed in
states where changes in the social environments rather than
enhanced clinical services have been the focus of the pro-
grams.46 For example, studies have found that moderate or
extensive laws for clean indoor air are associated with a
lower smoking prevalence and higher quit rates.41 There is
clear and compelling scientific evidence which demonstrates
that increasing the price of cigarettes is an effective way to
prevent smoking initiation among youth, promote smoking
cessation among adults, and reduce cigarette consumption
among continuing smokers.41 Therefore, because increased
excise taxes increase the price of cigarettes, they provide a
cost effective short-term strategy to reduce tobacco use.
Research indicates that for every 10% increase in price, over-
all smoking rates would decrease by 3–5%, and as high as 7%
among youth.41 Studies of smokeless tobacco products sug-
gest that increasing their prices would reduce the prevalence
of smokeless tobacco use as well.41 Even greater decreases
can be achieved when an adequately funded comprehensive
tobacco prevention and control programs are combined with
a price increase.

This has been demonstrated in California, where a tobacco
control program has been funded by excise tax revenues
since 1989, and tobacco rates have declined at rates two or
three times faster than the rest of the country. California also
has the distinction of being the first state to demonstrate a
reduction in tobacco-related deaths. The incidence of lung
cancer in California has declined significantly faster than in
other parts of the United States and this state has also seen
dramatic declines in cardiovascular disease death rates.47

Tobacco products have been largely unregulated in com-
parison to other consumer products. While the importance 
of nicotine addiction is now well recognized as a factor 
maintaining tobacco use behaviors,48 regulatory efforts to
decrease the addictiveness of the product are only now
emerging.49 Smokers receive very little information regard-
ing chemical constituents when they purchase a tobacco
product. Without information about toxic constituents in
tobacco smoke, the use of terms such as “light” and “ultra
light” on packaging and in advertising may be misleading to
smokers. Also, because cigarettes with low tar and nicotine
contents are not substantially less hazardous than higher-
yield brands, consumers may be misled by the implied
promise of reduced toxicity underlying the marketing of
such brands.41

Currently all 50 states and the District of Columbia have
tobacco control programs in place that have the potential to
achieve positive results in reducing tobacco use. CDC has
synthesized an evidence-based comprehensive framework
for statewide programs to reduce tobacco use. The frame-
work integrates four program goals with four program 
components; optimally, each of the goals would be fully
addressed in the implementation of each of the compo-
nents, within each of the Best practices guidelines. The 
program goals for reducing tobacco use statewide include:

● Prevent initiation among young people.
● Promote quitting among adults and youth people.
● Eliminate exposure to environmental tobacco smoke.
● Identify and eliminate disparities among population

groups.

The program components for reducing tobacco use
statewide include:

● community interventions
● counter-marketing
● program policy and regulation
● surveillance and evaluation.

Aggressive and comprehensive tobacco control programs
in a number of states have produced substantial declines 
in cigarette use. The findings from multiple states were
reviewed by the US Surgeon General in the report,
Reducing tobacco use.41 For example:

● In California, home to one of the longest-running tobacco
control programs, the overall prevalence of tobacco use
has declined at nearly twice the rate of that in the United
States. The declines in the rates of lung cancer and heart
disease have also been significantly faster than in other
parts of the country. California is also the first state to
experience a decrease in tobacco-related deaths.

● In 1992, Massachusetts initiated a comprehensive
statewide tobacco control program. From 1992–2000,
per capita consumption declined by 36%, when the rate
of decline in the remaining 48 states was only 16%. 
A decline in smoking prevalence among adults was also
greater than in the rest of the country (excluding
California). From 1995–1999, smoking declined by
70% among 6th graders, and by 38% among 7th and
8th grade students.

● Florida’s tobacco control program, which combined a
counter-marketing media campaign, community-based
activities, education and training, and an enforcement
program, in concert with a state excise tax increase, has
effectively reduced teen tobacco use. Among middle
school students, tobacco use declined by 47%, from
18·5% in 1998 to 9·8% in 2001. Among high school
students, current cigarette use declined by 30%, from
27·4% in 1998 to 9·0% in 2001.
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● With the support of a dedicated excise tax, Arizona was
able to begin funding a comprehensive tobacco control
program in 1996 that includes all nine Best practices
components. From 1996 to 1999, the proportion of
healthcare providers encouraging patients to quit smok-
ing increased significantly. Also during this time, smok-
ing prevalence has declined significantly in women and
men, whites and Hispanics, and people with low
income and low education.

● With the support of a dedicated excise tax, Oregon
launched a comprehensive statewide tobacco control
program in 1997. From 1997–1999, Oregon experi-
enced a 2·3% decline in consumption from 1996 to
2001, and in prevalence of smoking among adults,
pregnant women, and youth. By following the lessons
learned by more experienced states, Oregon was able to
operate more efficiently, and has seen reductions in
prevalence in spite of spending less than the Best 
practices minimum guidelines. This “Oregon Model” is
now being quickly diffused out to other states to guide
the development of newly funded programs.

The Oregon program included an implementation 
of CDC’s Guidelines for school health programs to 
prevent tobacco use and addiction in 30% of their
schools. This demonstration found that a comprehensive
school-based tobacco prevention program that includes
tobacco-free school policies and community involve-
ment as one component of a statewide tobacco program
may contribute to reductions in current smoking among
8th graders. Also, the significantly greater declines in
smoking prevalence in the schools that rated high and
medium on implementation criteria emphasize the
importance of monitoring activity in funded programs
and the need for on-going assistance to facilitate imple-
mentation of evidence-based recommendations.

As results are obtained from these most recent states as
well as continuing data from California and Massachusetts,
our understanding of the potential effectiveness of the full
multicomponent population-based approach to tobacco pre-
vention and control will be expanded. However, the data
already sufficient for the US Surgeon General to conclude
that if the recommended intervention strategies were fully
implemented, rates of tobacco use in the US could be cut in
half by the year 2010.41
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Worldwide, there are about one billion current smokers and
about three million die annually from their smoking, half
before the age of 70; this includes about 150 000 annually
in the UK and half a million in the USA.1 Even in countries
where the health hazards of smoking are widely acknowl-
edged, it remains a common behavior: in the USA and
Canada, for example, about a quarter of all adults smoke,
and, in the UK, the situation is worse with about one third
of adults smoking.

Cardiovascular disease, in particular ischemic heart dis-
ease, is the commonest smoking-related cause of death in
developed countries.2 This is because, although the relative
risk of death from cardiovascular disease in smokers, com-
pared with non-smokers, is much lower than the relative
risk from cancer (in particular lung cancer) and chronic
obstructive lung disease, ischemic heart disease is much the
commonest cause of death in these countries. Overall, the
relative risk of death from cardiovascular disease in smokers
compared with non-smokers is roughly doubled, though 
this varies with the different cardiovascular diseases and is
greater at a younger age. Passive smoking also increases the
risk of cardiovascular disease but the extent of this increase
remains uncertain.3,4

Strategies for tobacco control

Strategies for reducing the health consequences of smoking
should aim to:

● reduce the uptake of smoking by young people;
● increase the numbers of smokers stopping smoking;
● encourage a shift to less harmful tobacco use;
● decrease exposure to environmental tobacco smoke.

Reducing the uptake of smoking by young people is a pri-
ority in many countries. Laws to ban tobacco sales to those
below a certain age and to prohibit tobacco advertising and
promotion are common in developed countries but are fre-
quently contravened. Other measures include restrictions
on smoking in public places, fiscal policies to increase the
cost of smoking, and a variety of educational programs. In
spite of these, smoking prevalence in teenagers has remained
remarkably resistant to change over the last decade, and in

the UK about a quarter of young people are regular smokers
by the age of 16 years.

Modification of cigarettes, particularly with regard to tar
yield, over the last two or three decades has undoubtedly
contributed to less harmful tobacco use, but it should be
emphasized that this is no substitute for tobacco avoidance.
However, although such changes have certainly contributed
to a decline in lung cancer, possible benefits from these
changes relating to cardiovascular disease have not yet been
established with certainty.5

Decreased exposure to environmental tobacco smoke is 
a desirable objective in itself but, again, the contribution this
might make to reducing cardiovascular disease risk is very
difficult to estimate.

For established smokers, smoking cessation is the most
important step for safeguarding future health, and this chap-
ter will consider evidence-based methods of achieving this
objective.

Evidence of benefits from smoking cessation

Many observational epidemiologic studies have investigated
the effect of stopping smoking on smoking-related diseases,
and there is a wealth of evidence that, not only is tobacco
smoking a major risk factor for cardiovascular disease, 
but also stopping smoking reduces this risk.
However, there is less agreement about the rate at which
the risk attenuates after smoking cessation. In the 20 year
follow up of the British Doctors Study, for example, excess
risk was halved within 2 or 3 years of smoking cessation,
and by 10 years the risk had returned to that of a non-
smoker (Figure 11.1).6

However, follow up of the cohort men in the British
Regional Heart Study indicates that attenuation of risk is
much slower, and even men who had given up smoking for
more than 10 years still had an increased risk, compared
with non-smokers (Figure 11.2).7

Following myocardial infarction (MI), smoking cessation
confers substantial benefits and is particularly important. 
In one observational study, stopping smoking halved both
the number of non-fatal recurrences and the number of 
cardiovascular deaths (Figure 11.3).8
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In another study, follow up over 13 years of post-MI
patients showed a 37% mortality in those who had stopped
smoking, compared with 82% mortality in those who con-
tinued smoking.9 Furthermore, a UK trial of smoking cessa-
tion advice in smokers with evidence of ischemic heart
disease showed a (non-significant) 13% difference in cumu-
lative CHD deaths over 20 years in those given smoking 
cessation advice, compared with those who were not.10

The mechanisms through which tobacco smoking medi-
ates its adverse cardiovascular effects are largely unknown
and certainly multiple. There is evidence that smoking 
contributes to both the atherosclerotic and the thrombotic

processes; free radical damage to vascular endothelium has
been demonstrated, as have effects on platelet survival,
platelet aggregation, and fibrinogen levels.11–13

The nature of tobacco smoking

Before individual smoking interventions and cessation
methods are considered, it is helpful to review briefly the
nature of tobacco smoking and the consequent implications
for interventions.

Tobacco smoking is a complex behavior to which psycho-
logic, social, and pharmacologic factors contribute.14 Its acqui-
sition is almost invariably in adolescence, as the result of
desire for experimental rebellious behavior, which is per-
ceived as adult and encouraged by peer group pressure.
However, pharmacologic addiction usually then becomes a
factor determining persistence of the behavior, making it diffi-
cult to stop because of the addictive effects of nicotine and the
discomforts associated with withdrawal. Although the balance
between psychologic factors and pharmacologic addiction
varies from smoker to smoker, there is now increasing aware-
ness of the importance of nicotine addiction in maintaining
smoking behavior, and the powerful nature of this addiction
has been compared with addiction to heroin or cocaine.15

The evidence basis for smoking cessation

Emphasis on smoking cessation in individual established
smokers is a vital component of any tobacco control strategy
and should complement efforts to prevent the uptake 
of smoking by young people. Individual approaches to 
both cessation and avoidance can only be supplementary 
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to “whole population” approaches, including legislation
(banning sales to “minors” and controlling advertising 
promotion), restrictions on smoking, public information and
campaigns, tax measures, and so on.

For many established smokers, stopping smoking is very
difficult, for both behavioral and psychopharmacologic rea-
sons, and only a minority of established smokers ever suc-
ceed in stopping for good. Most of those who succeed in
stopping find the process of stopping is a dynamic one rather
than a single discrete event (Figure 11.4).

Grade A

Community interventions

Community- or population-based smoking cessation inter-
ventions have been implemented in a number of settings.
Typically, they involve use of mass media to promote public
awareness and education, to encourage health professionals
to raise smoking as an issue in consultations with patients,
and to offer self-help materials. Evaluation of the effective-
ness of such programs is difficult and they are discussed in
Chapter 10.

Individual advice

Nicotine addiction is now acknowledged as a treatable 
condition16 and there is substantial scientific evidence of the
effectiveness of behavioral and pharmacologic interventions.
Individual smoking interventions by health professionals
have been extensively studied.17 An early and influential
trial in the UK was conducted by Russell and colleagues in
general practices in London in the 1970s. In this study, 
over 2000 smokers attending their general practitioners for
routine consultations were randomly allocated to a non-
intervention control group and three intervention groups:

● completion of a brief smoking questionnaire;
● brief (1–2 minutes) smoking cessation advice; and
● brief advice supplemented with a simple self-help smok-

ing cessation leaflet.

Smoking cessation rates achieved at 1 month and sustained
for 1 year were 1·6%, 3·3%, and 5·1% respectively in the
three intervention groups compared with 0·3% in the 
control group (Figure 11·5).19

Many similar randomized controlled trials of simple, brief
smoking cessation advice in medical settings have subse-
quently been conducted and this finding of a small percent-
age of biochemically validated long-term smoking cessation,
resulting from such interventions, has been replicated.20

Grade B
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Figure 11.4 Stopping smoking is a process

Relapses are common and eventual success is usually the
outcome of many attempts. Motivation to stop and confi-
dence in the ability to succeed are important predictors of
success. Relapse in the first few weeks is a common pattern,
but the tendency to relapse declines as time progresses and
most of those who manage to avoid relapse for a year are
then able to achieve sustained abstinence.

The great majority of those smokers who do achieve long-
term smoking cessation do so on their own without any spe-
cial aids or assistance, but research has shown that smoking
cessation advice and support from a health professional and
the use of smoking cessation aids can enhance the chances
of success.17

As already indicated, motivation to stop smoking is 
critical to success and this motivation may be determined by
a variety of concerns – personal health, family health, finan-
cial anxieties, social pressures, and so on. The so-called
Stages of Change model acknowledges different levels of
motivation and activity, from precontemplation through 
contemplation, preparation and action, to maintenance or
relapse.18 Identification of the stage at which an individual
smoker is can enable motivational or interventional methods
to be targeted more appropriately (though the evidence basis
for the effectiveness of such targeting is currently lacking).

A favorable factor is that the majority of smokers in many
countries report that they want to quit smoking and have
tried to do so, often many times. They also cite advice from
a health professional as being important to them in influ-
encing their motivation to quit. Surprisingly perhaps, only 
a minority of smokers say they have ever been asked by 
a doctor about smoking and advised to stop.14
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Figure 11.5 Effect of GP’s advice against smoking. (Based
on Russell et al.19)
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Nicotine replacement therapy (NRT)

The advent of nicotine chewing gum in the 1970s provided
the first specific pharmacologic “treatment” for smoking ces-
sation. Subsequent development of transdermal
nicotine patches, nicotine nasal sprays, and nicotine oral
inhalers has increased the range of products available. The
objective in using these “nicotine replacement” products is to
provide a temporary alternative source of nicotine to allay
withdrawal symptoms and so enhance the potential for smok-
ing cessation. Large placebo-controlled trials have clearly
demonstrated that the use of such products as an adjunct to
advice from a health professional can approximately double
smoking cessation rates, compared with placebo.21,22 Several
systematic reviews of the many trials that have now been
conducted with them have confirmed the benefits and shown
that all preparations are effective, but the evidence is particu-
larly substantial for nicotine gum and nicotine patches.23,24

Both appear to have similar effectiveness but, because of
greater social acceptability, ease of use, and simpler compli-
ance, transdermal patches have been found by many to be
preferable, though gum appears more effective for the most
dependent smokers. A summary of the effectiveness of 
NRT and estimates of the number needed to treat (NNT) 
to achieve one success are provided in Table 11.1.

Grade B

Table 11.1 Nicotine replacement therapy preparations
and abstinence

NRT preparation % Quitting OR (95% CI) NNT
(n of trials)

Active Control

Gum (39) 18·2 10·6 1·6 (1·5–1·8) 13
Patches (9) 20·5 10·8 2·1 (1·6–2·6) 10
Nasal spray (1) 25·9 9·9 2·9 (1·5–5·7) 6
Inhaler (1) 15·2 5·0 3·0 (1·4–6·6) 10

Abbreviations: NRT, nicotine replacement therapy; OR,
odds ratio

Concern has been expressed about the use of NRT in
patients with cardiovascular disease because of the potential
adverse effects of nicotine on the cardiovascular system. 
In considering this issue, it is important to be aware that use
of NRT is advocated only as a temporary substitute source 
of nicotine in those already self-administering this drug
through tobacco smoking. It is also important to bear in
mind that blood levels of nicotine achieved with NRT are
substantially lower than those achieved by moderate or
heavy smoking. Furthermore, there is no evidence that 
nicotine itself contributes to the atherogenic or thrombotic
processes, unlike tobacco smoking.

In a placebo-controlled randomized trial specifically
investigating the safety of transdermal nicotine patches in

patients with cardiac disease, no increase was found in rates
of arrhythmia, MI, or death in high-risk patients (with a his-
tory of MI or coronary revascularization procedure, or of
angina, heart failure, arrhythmia, peripheral vascular dis-
ease, or cerebral vascular disease) in those using nicotine
patches compared with those using placebo patches.25

A review of the potential adverse effects of NRT in patients
with cardiovascular disease concluded that there is no 
evidence to justify the withholding of these products in such
patients who smoke and are motivated to stop.27

Bupropion (Zyban)

Originally developed as an antidepressant, bupropion 
(which is an inhibitor of neuronal uptake of norepinephrine,
dopamine and serotonin) was found to apparently aid smok-
ing cessation. Subsequent evidence from placebo-controlled
trials26 has confirmed this and indicate that it is at least as
effective as NRT. Although side effects are rare, there is a risk
of seizures in about 1 in 1000 users. It should not therefore
be used by patients who have a past history of seizures and
who are on drugs known to lower the threshold for seizures;
this includes antipsychotics, antidepressants, antimalarials,
theophylline, quinalones, and sedating antihistamines.

There is no evidence of other adverse effects in patients
with cardiovascular disease and it may therefore be used by
such patients. Whereas NRT should be started only when
stopping smoking is actually attempted, bupropion treatment
needs to be initiated 2 weeks before the attempt is made. The
limited evidence currently available suggests that the combi-
nation of NRT and bupropion may be more effective than
either alone, but more research is needed to elucidate this.

Review of cessation studies

In a comprehensive systematic review of 188 ran-
domized controlled trials of the efficacy of a wide range of
interventions aimed at helping people to stop smoking, it was
concluded that simple advice, even on one occasion only,
given by a doctor in general or family practice or in a hospital
clinic to all smokers who consulted, resulted in sustained ces-
sation of about 2% and that additional encouragement and
support (additional visits, exhaled CO measurement, letters,
etc.) further enhances this effect.28 Whether similar interven-
tions delivered by nurses are equally effective remains uncer-
tain,29 although there is evidence that nurse support,
subsequent to doctor advice, can enhance the effect of this.30

This comprehensive review25 also endorsed the use of
nicotine replacement therapy but concluded that a variety
of other smoking cessation interventions – hypnosis,
acupuncture, aversion therapy, and pharmacologic agents
other than nicotine, which are sometimes advocated – have

Grade A



Evidence-based Cardiology

118

● advise all smokers about the desirability and importance
of stopping smoking because of health hazards, espe-
cially those who already have smoking-related diseases;

● assist smokers to stop smoking, particularly those with
smoking-related diseases and especially if expressing
interest to do so;

● follow up at subsequent consultations to assess the 
outcome and, if necessary, further assist those trying to
stop smoking while encouraging ex-smokers to main-
tain their non-smoking status.32

Assessment

The smoking status of all patients should be recorded in
medical records in such a way that the information is easily
accessible in future consultations. Assessment of smoking
should include a brief history of the patient’s smoking,
including attempts to stop and their current tobacco con-
sumption. Assessment of nicotine addiction should also be
made by inquiring how soon after waking they smoke their
first cigarette and some assessment of their motivation to
stop smoking.

Advice

All patients with smoking-related diseases
should be advised to stop smoking and any reasons that
patients put forward for wanting to stop smoking should be
strongly reinforced.

Assistance

Specific help with smoking cessation should be strongly
influenced by patients’ preferences and patients should

Grade B

not been shown by rigorous scientific evidence to be effec-
tive, although it must be acknowledged that the method-
ologic problems associated with attempts to evaluate these
have yet to be overcome. A summary of estimates of effec-
tiveness is provided in Table 11.2.

Specialist smoking cessation clinics

Specialist smoking cessation clinics have been shown to
deliver effective interventions and can make a useful contri-
bution to the provision of individual interventions, usually
by providing regular group treatments. There is some evi-
dence that they can achieve enhanced attendance and absti-
nence rates as high as 20% or more, but interpretation of
their success should take account of the fact that they
recruit widely and participants are generally highly moti-
vated to stop, compared with the majority of those express-
ing an intention to do so. When available, they offer a
self-referral and secondary referral service and can provide
valuable opportunities for smoking cessation research.31

However, as they are relatively few in number in relation to
the huge need for such interventions, their overall contribu-
tion will inevitably be small.

Practical aspects of smoking cessation in 
clinical practice

The essential features of individual smoking cessation inter-
ventions in medical practice are to:

● assess in any medical consultation the smoking 
status of the patient, whether a non-smoker, smoker or
ex-smoker;

Table 11.2 Summary estimates of randomized controlled trials of interventions to help people to stop smoking

Intervention % Estimate of Statistical Subjects (trials) Comment
efficacy (95% CI) significance (n)

Simple physician advice (once) 2 (1–3) �0·001 14 438 (17) Effective

Physician advice with additional 5 (1–8) �0·01 6466 (10) Effective
encouragement/support

Nurse advice 1 (�1–3) �0·10 3369 (2) Unproven

Advice in infarct survivors 36 (23–48) �0·001 223 (1) Important

Advice in healthy men at high CHD risk 21 (10–31) �0·001 13 205 (4) Important

Hypnosis 24 (10–38) �0·001 646 (10) No trials with
biochemical
validation

Acupuncture 3 (�1–6) �0·10 2759 (8) No trials with 
biochemical
validation

Adapted from Law et al 28
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Figure 11.6 Smoking cessation protocol for doctor/nurse
intervention

themselves be active in deciding what to do. There is no 
set “prescription” for how to go about stopping smoking,
but it is possible to provide guidance, which experience has
shown to be useful. It is important to adopt an individual
approach but guidance might include:

● setting a target date for stopping;
● some preparation for stopping, review of motivation

and reasons for stopping;
● awareness of times when a particular need is felt for 

a cigarette, and attempts to change routines to avoid
association of these times with smoking;

● eliciting support for cessation from friends and colleagues
and, ideally, recruiting a fellow smoker (particularly a
spouse) to join in the attempt to give up smoking.

Generally, sudden complete withdrawal is likely to be
more successful than attempts to gradually reduce smoking.
Strategies need to be planned for coping with withdrawal
symptoms and other difficulties likely to be encountered
immediately after cessation; avoidance of other smokers and
smoking environments is likely to be important, particularly
at “danger times”, like teabreaks and after meals or when
having a drink.

A number of self-help leaflets are available from a variety
of sources to supplement and reinforce such simple guid-
ance. These leaflets have particular value and effectiveness
when handed out by health professionals as an adjunct to
brief advice.

Grade A

Use of NRT should be encouraged in all those (except
perhaps the lightest smokers) for whom advice and self-help
are not enough. Assessment of nicotine dependence is most
simply done by asking how soon after waking the first ciga-
rette is smoked. If this is within half an hour, this is evidence
of at least moderate dependence and suggests likely benefit
from using NRT.

As already indicated, although there is debate about the
safety of using NRT in patients with cardiovascular disease,
evidence of harm from doing this is lacking but there is
some evidence that suggests that it is safe. This is likely to be
so if nicotine gum or patches are used (as they should be) as
a temporary substitute for smoking. A combination of smok-
ing and nicotine replacement may well be potentially harm-
ful and should be strongly discouraged. A simple smoking
cessation protocol is illustrated in Figure 11.6.

Key points

● Tobacco smoking is a critically important, modifiable 
cardiovascular risk factor (especially in those with estab-
lished cardiovascular disease).

● Smoking cessation attenuates cardiovascular risk and
early benefits accrue (again, especially in those with
established cardiovascular disease).

● There is good evidence for the effectiveness of simple,
brief smoking cessation advice and the use of NRT as
an adjunct to this. NRT is effective and safe.

● Smoking and smoking cessation should be routinely
addressed by health professionals in any consultations
with patients who smoke.

● Simple cessation advice and support should be routinely
offered by healthcare professionals in any consultations
with patients who smoke.

● NRT – chewing gum, transdermal patches, nasal spray,
or oral inhaler – should be recommended to all smokers
trying to quit. Encouragement and support should
accompany this, and compliance for 2 or 3 months
should be encouraged in those who achieve short-term
abstinence with it.

● Bupropion (Zyban) is a proven alternative to NRT.

References

1.Peto R, Lopez AD, Boreham J, Thun M, Heath C. Mortality
from smoking in developed countries 1950–2000. Oxford:
Oxford University Press, 1994.

2.Doll R, Peto R, Wheatley K, Gray R, Sutherland I. Mortality in
relation to smoking: 40 years’ observation on male British doc-
tors. BMJ 1994;309:901–11.

3.Fourth Report of Independent Scientific Committee on
Smoking and Health. London: HMSO, 1988.

4.Glanz SA, Parmley WW. Passive smoking and heart disease:
mechanisms and risk. JAMA 1995;273:1047–53.

5.Darby SC, Doll R, Stratton IM. Trends in mortality from 
smoking-related diseases in England and Wales. In: Wald N,



Evidence-based Cardiology

120

Frogatt P, eds. Nicotine, smoking and the low tar programme.
Oxford: Oxford University Press, 1989.

6.Doll R, Peto R. Mortality in relation to smoking: 20 years’
observation of British male doctors. BMJ 1976;4:1525–36.

7.Cook DG, Pocock SJ, Shaper AG et al. Giving up smoking and
the risk of heart attacks. Lancet 1986;2:1376–80.

8.Daly LE, Mulcahy R, Graham IM, Hickey M. Long term effect
on mortality of stopping smoking after unstable angina and
myocardial infarction. BMJ 1983;287:324–6.

9.Wilhelmssen C, Vedin J, Elmfeld D et al. Smoking and myocar-
dial infarction. Lancet 1975;1:415–17.

10.Rose G, Colwell L. Randomised controlled trial of antismoking
advice. J Epidemiol Community Health 1992;46:75–7.

11.Pittilo RM, Woolf N. Cigarette smoking, endothelial injury and
atherosclerosis. J Smoking-related Dis 1993;4:17–25.

12.Hawkins RI. Smoking, platelets and thrombosis. Nature
1972;263:450–2.

13.Meade TW, Imeson J, Sterling Y. Effect of changes in smoking
on clotting factors and on risk of ischaemic heart disease.
Lancet 1987;ii:986–8.

14.Marsh A, Matheson J. Smoking attitudes and behaviour.
London: HMSO, 1993.

15.US Department of Health and Human Services. The health con-
sequences of smoking and nicotine addiction. Report of
Surgeon General 1988. Washington DC: DHHS, 1989.

16.RCPL. Nicotine addiction in Britain. London: Royal College of
Physicians of London, 2000.

17.Kottke T, Battista R, DeFriese G, Brekke M. Attributes of 
successful smoking cessation interventions in medical practice:
a meta-analysis of 39 controlled trials. JAMA 1988;259:
2883–9.

18.Prochaska JO, DiClemete C. Towards a comprehensive 
model of change. In: Miller WR, Heather N, eds. Treating
addictive behaviours: processes of change. New York: Plenum,
1986.

19.Russell MAH, Wilson C, Taylor C, Bales CD. Effect of general
practitioner’s advice against smoking. BMJ 1979;ii:231–5.

20.Jamrozik K, Vessey M, Fowler G et al. Controlled trial of three
different antismoking interventions in general practice. BMJ
1984;288:1499–503.

21.Russell MAH, Merrium L, Stapleton J, Taylor W. Effect of nico-
tine chewing gum as an adjunct to general practitioners’ advice
against smoking. BMJ 1983;287:1782–5.

22.Imperial Cancer Research Fund General Practice Research
Group. Randomised trial of nicotine patches in general practice:
results at one year. BMJ 1994;308:1476–7.

23.Silagy C, Mant D, Fowler G, Lodge M. Meta-analysis of the effi-
cacy of nicotine replacement in smoking cessation. Lancet
1994;343:139–42.

24.Tang TL, Law M, Wald N. How effective is nicotine replacement
in helping people to stop smoking? BMJ 1994;308:21–6.

25.Joseph AM, Norman SM, Ferry LH et al. The safety of transder-
mal nicotine as an aid to smoking cessation in patients with car-
diac disease. N Engl J Med 1996;335:1792–8.

26.Jorenby DE, Leischow SJ, Nides MA et al. A controlled trial of
sustained-release bupropion, a nicotine patch, as both for smok-
ing cessation. N Engl J Med 199;341:685–91.

27.Benovitz NL, Goursley SG. Cardiovascular toxicity of nicotine:
implications for nicotine replacement therapy. J Am Coll
Cardiol 1997;29:422–31.

28.Law M, Tang TL, Wald N. An analysis of the effectiveness of
interventions intended to help people stop smoking. Arch
Intern Med 1995;155:1933–41.

29.Sanders D, Fowler G, Mant D et al. Randomised controlled trial
of anti-smoking advice by nurses in general practice. J Roy Coll
Gen Pract 1989;39:273–6.

30.Hollis J, Lichenstein E, Vogt T et al. Nurse-assisted counselling for
smokers in primary care. Ann Intern Med 1993;118:521–5.

31.Sutherland G, Stapleton J, Russell MAH et al. Randomised con-
trolled trial of nasal nicotine spray in smoking cessation. Lancet
1992;340:324–9.

32.US Department of Health and Human Services. 1996 
Clinical practice guidelines no. 18: Smoking cessation.
Washington DC: DHHS, 1996.



For many years the issue of lipids and cardiovascular disease
was seen as controversial and difficult to resolve, yet the
high-fat diet typical of many western countries over the
greater part of the 20th century has proved to be the major
underlying factor in the epidemic of ischemic heart disease,
and modern cholesterol lowering drugs can reduce risk
more than any other single intervention.1

Serum total and low density 
lipoprotein cholesterol

Typical values of serum total and low density lipoprotein
(LDL) cholesterol in western countries are high in compari-
son to those in agricultural and hunter–gatherer communi-
ties, because of the high saturated fat content of the western
diet. Average serum cholesterol concentration (in men aged
45–60) is about 3–3·5 mmol/l in hunter–gatherer societies
and rural China (where heart disease is rare), 5·0 mmol/l in
Japan, 5·5 mmol/l in Mediterranean populations and a little
higher in the USA, and 6 mmol/l in Britain and several
other European countries.2 Average levels of LDL choles-
terol are about 2 mmol/l lower.2 Use of the term “normal”
in reference to usual or average western cholesterol values
may therefore be misleading.

Of the average total serum cholesterol in western popula-
tions, two thirds is low density lipoprotein (LDL) cholesterol
and one quarter is high density lipoprotein (HDL) choles-
terol. The atherogenic properties lie in the LDL fraction
(sometimes measured as its carrier protein, apolipoprotein
B, with which it is highly correlated). Many of the large epi-
demiological studies and randomized trials measured only
total serum cholesterol, and results based on total serum
cholesterol have been taken to estimate effects of LDL cho-
lesterol. Fortuitously, the approximation is a good one. The
absolute reduction in total serum cholesterol produced by
diet and by most drugs (including statins1) is similar to the
reduction in LDL cholesterol. Observational differences in
total cholesterol between individuals are close to the corre-
sponding differences in LDL cholesterol, because HDL 
cholesterol is independent of total serum cholesterol.3,4 This
arises because the tendency for HDL cholesterol to be posi-
tively associated with total cholesterol (as HDL cholesterol
is part of total) is offset by the small inverse association
between HDL and LDL cholesterol. Much epidemiologic

and clinical trial data are therefore available to estimate
quantitatively the effect of lowering serum LDL cholesterol
on the risk of ischemic heart disease.

Serum cholesterol and ischemic heart disease

Evidence from genetics, animal studies, experimental pathol-
ogy, epidemiologic studies and clinical trials indicates con-
clusively that increasing serum cholesterol is an important
cause of ischemic heart disease and that lowering serum
cholesterol reduces the risk,5,6 and the results of six large
randomized trials of statins have ensured that this is now
widely accepted.1,7–11 Three important practical questions
arise: the nature of the dose–response relationship, the size
of the effect, and the speed of the reversal of risk. To answer
these questions data from both observational epidemiology
(cohort studies) and randomized controlled trials are neces-
sary. The two are complementary; examining trial data
alone is misleading. Table 12.1 summarizes the advantages
of each. In cohort (or prospective) studies serum cholesterol
is measured in a large number of individuals and subsequent
heart disease mortality (or incidence of myocardial infarc-
tion) is recorded. Cohort studies are easier to conduct than
trials (as there is no intervention) and can therefore be
much larger. Accordingly, their statistical power is greater
and they can examine the association across a wider range
of serum cholesterol values and a wider range of ages than
trials have done. Most of the cohort studies and trials of
cholesterol and ischemic heart disease recruited men, for
reasons of economy, as ischemic heart disease is more com-
mon in men. The more limited data from women indicate a
similar effect as in men.1

The nature of the dose–response relationship:
is there a threshold?

Figure 12.1 shows mortality from ischemic heart disease
plotted according to quintile groups (fifths) of the ranked
serum cholesterol measurements in a large cohort study of
serum cholesterol and ischemic heart disease (MRFIT
Screenees).12 With ischemic heart disease plotted on a loga-
rithmic scale, the relationship is described almost perfectly
by a straight line linking the proportional change in
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ischemic heart disease to the absolute difference in serum
cholesterol (r � 0·997). Other cohort studies show the
same relationship.6 The 95% confidence limits of the risk
estimates in each quintile group do not overlap, establishing
that there is no threshold below which a further decrease in
serum cholesterol is not associated with a further decrease
in risk of ischemic heart disease. The exponential relation-
ship indicated by the straight line means that a given
absolute difference in serum cholesterol concentration from
any point on the cholesterol distribution is associated with
a constant proportional difference in the incidence of
ischemic heart disease.

This absence of a threshold has been contentious; many
published guidelines on lowering cholesterol invoke one,
commonly advocating cholesterol lowering drugs only in
patients whose serum cholesterol exceeds 5 mmol/l, yet
the evidence is firmly against any threshold. The data in
Figure 12.1 (which alone are conclusive) are supported by
data from other large cohort studies,6 including an impor-
tant study from China which shows that the continuous
relationship extends below serum cholesterol values of
4 mmol/l.13 The results of a subgroup analysis in one statin
trial8 showing no reduction in coronary events in persons
with the lowest serum cholesterol levels have been misin-
terpreted, because the confidence interval on the result was
consistent both with no reduction in coronary events and
with the expected reduction from the continuous associa-
tion shown in cohort studies. Large randomized trials have
now confirmed the result from cohort studies that the con-
stant proportional reduction in risk extends below
5 mmol/l.9,11,14 Experimental data on the transfer of choles-
terol from the blood into atheromatous lesions exclude a
threshold as low as 1 mmol/l.15 Patients at high risk of an
ischemic heart disease event (especially those with existing
disease) should be offered a statin irrespective of their exist-
ing level of total or LDL cholesterol.

The size of the effect

Cohort studies provide the best estimates because they
cover a wide age range and have high statistical power, and
because the serum cholesterol differences between individ-
uals recorded on entry to a cohort study will have been
present on average for decades beforehand (so cohort stud-
ies show long-term associations). Trials, on the other hand,
show the effect of short-term differences. Cohort studies are
subject to bias, but this can be corrected. The major bias is
the so-called “regression dilution bias”.3
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Table 12.1 Relative advantages of cohort studies and randomized trials in assessing the relation between serum
cholesterol and ischemic heart disease

Objective Advantage (comment)

Statistical power Cohort studies (recorded about three times more ischemic heart 
disease events than the trials)

Dose–response relationship Cohort studies (observation across wide range of cholesterol values)
Wide age range Cohort studies (ischemic heart disease events at age 35–85, but 

mostly 55–65 in trials)
Long-term effects of cholesterol differences Cohort studies (on recruitment the serum cholesterol was the same in 

intervention and control groups)
Short-term effects of cholesterol differences Randomized trials (on recruitment serum cholesterol was the same in 

intervention and control groups)
Avoid bias Randomized trials (not a major advantage – bias in cohort studies can 

be allowed for)
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Figure 12.1 Mortality from ischemic heart disease (with 95%
confidence intervals) according to serum cholesterol in a large
cohort study12



Table 12.2 shows estimates of the long-term percentage
decrease in the risk of an ischemic heart disease event
according to the decrease in serum cholesterol concentra-
tion and age at event. The estimates are taken from an
analysis of the 10 largest cohort studies, corrected for the
regression dilution bias and for the minor distinction
between differences in total and in LDL cholesterol dis-
cussed above.6 A reduction in total or LDL cholesterol of
0·6 mmol/l (about 10%) is associated with a decrease in risk
of ischemic heart disease of about 50% at age 40, 40% at 50,
30% at 60, and 20% at 70–80. The proportional decrease
in risk decreases with age, but the absolute benefit increases
because the disease becomes more common with age.
The increasing reduction in risk with greater reduction in
serum cholesterol shown in Table 12.2 follows from the
exponential dose–response relationship described above. For
a 0·6mmol/l cholesterol reduction at age 60, for example,
the reduction in risk is 27% and the relative risk is therefore
0·73; with a serum cholesterol reduction three times as great
(1·8mmol/l), the relative risk is 0·733 (0·73�0·73�0·73)
or 0·39, and the reduction in risk is 61%.

Speed of reversal and consistency of
observational and trial data

Data have been analyzed from the “old generation” of 28
randomized trials in which the average serum cholesterol
reduction was about 0·6 mmol/l (10%).6 Figure 12.2 shows
the reduction in incidence of ischemic heart disease in all
trials combined according to time since entry. In the first
2 years there was little reduction in risk. From 2 to 5 years
the average reduction in risk was 22%, and after 5 years the
reduction was 25%. The ischemic heart disease events in
these trials mostly occurred at an average age of about 60,
and at this age the estimate of the long-term effect from the
cohort studies is 27% (Table 12.2). The similarity of the esti-
mates of effect from the cohort studies and from the trial

data from the third year onwards therefore indicates that
the reversal of risk is near maximal after 2 years – a surpris-
ingly rapid effect.

The trial data show that the proportional reduction in risk
from lowering serum cholesterol is similar in persons with
and without previous myocardial infarction or other clinical
evidence of coronary artery disease.6

The six large trials of statins1,7–11 have achieved signifi-
cantly larger reductions in total and LDL cholesterol. These
trials too showed a relatively small reduction in ischemic
heart disease events in the first 2 years, but a reduction after
2 years that is close to the maximum indicated by cohort
studies. Most of these trials achieved an average reduction
in total and LDL cholesterol of about 1 mmol/l in treated
relative to placebo patients. The reduction in ischemic heart
disease events was about 40% from the third year onwards,
similar to the long-term estimate corresponding to this cho-
lesterol reduction at age 60 (the average age at the time of
the events) from the cohort studies. With relatively little
reduction in risk in the first 2 years, the average reduction
over the entire duration of the trials (5 years or so) was
about a third. Importantly, however, the randomized trials
of statins do not show their full potential for preventing
ischemic heart disease events because of “contamination” –
some patients allocated to the treated group leave the trial
and stop taking the tablets, whereas some patients allocated
to the placebo group take statins. Atorvastatin and simvas-
tatin can reduce serum total and LDL cholesterol by about
1·8 mmol/l, but no trial has maintained this difference
between all patients allocated to the treated and placebo
groups over the 5 year duration of a trial. Two trials have
maintained a difference of about 1·6 mmol/l – one statin
trial1 and a trial in which serum cholesterol was reduced by
ileal bypass surgery.6 A long-term reduction in ischemic
heart disease events of about 55% at age 60 would be
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Table 12.2 Estimates (from 10 cohort studies) of the
percentage decrease in risk of ischemic heart disease
according to extent of serum cholesterol reduction and
age6

Age (years) Estimated percentage decrease in 
risk for a serum cholesterol 
reduction (mmol/l) of

0·3 0·6 1·2 1·8
(5%) (10%) (20%) (30%)

40 32 54 79 90
50 22 39 63 77
60 15 27 47 61
70 11 20 36 49
80 10 19 34 47

Randomized trials

Time after cholesterol reduction (years)
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Figure 12.2 Reduction in the incidence of ischemic heart dis-
ease (IHD) per 0.6 mmol/l (about 10%) decrease in serum
cholesterol, as estimated from randomized trials according to
time since entry and from cohort studies (which reflect the long
term association)6



expected from the cohort study data in Table 12.2, and this
was approximately the observed reduction after 2 years in
these two trials. With a serum cholesterol of 1·8 mmol/l a
reduction in heart disease events of about 60% would
be expected in the longer term, as Table 12.2 shows. The
randomized trials therefore confirm the dose–response rela-
tionship shown in the cohort studies (the greater the choles-
terol reduction the greater the reduction in heart disease
events) and confirm the estimates from the cohort studies in
Table 12.2 of the reduction in risk. We can therefore be con-
fident that using atorvastatin or simvastatin in doses of
around 20 mg/day to reduce cholesterol by 1·8 mmol/l will
reduce risk by about 60% in the longer term.

Dietary fat and serum cholesterol

The relationship between dietary saturated fat and serum
cholesterol is shown by the data from Japan and Britain in
Table 12.3. This comparison is a useful one because dietary
saturated fat differs greatly, yet dietary polyunsaturated fat
and cholesterol are similar in the two countries. As in other
situations (salt and blood pressure, for example) the size of
the association varies with age, yet there has been a ten-
dency to generalize to older age groups the results of studies
conducted in younger age groups. Many dietary trials, for
example, have been conducted in people under 30. The few
that have been conducted in people over 50 tend to support
the above Japan–Britain comparison.6 In older people a
reduction in dietary saturated fat equivalent to 10% of calo-
ries will lower serum cholesterol by about 1 mmol/l, which
in turn will reduce ischemic heart disease mortality in the
long term by about 40%.

The chain lengths of saturated fatty acids influence the
extent to which they increase blood cholesterol. Palmitic
(C16:0) and myristic (C14:0) acids have the major effect, lauric
acid (C12:0) some effect, and stearic acid (C18:0) and medium
chain fatty acids have little or no effect.

Trans unsaturated fatty acids are also important: random-
ized trials show that they increase serum total and LDL cho-
lesterol by about as much as these longer chain saturated
fatty acids.16,17 They are scanty in naturally occurring fats
but are generated by the hydrogenation of vegetable oils for
use as hardening agents in manufactured foods. They consti-
tute 6–8% of dietary fat, or 2% of calories, in western diets.

Naturally occurring cis unsaturated fatty acids reduce
serum cholesterol by approximately half as much as longer
chain saturated fatty acids increase it. Reduction in dietary
cholesterol has a small effect on blood cholesterol concentra-
tion.5 Substitution of cis unsaturated for saturated fats in the
western diet is thus the most appropriate change in lowering
the high levels of blood cholesterol in western populations.

The reduction in serum total or LDL cholesterol that can
easily be attained by individuals trying to alter their diet
in isolation from family, friends and workmates is rela-
tively small (about 0·3 mmol/l, or 5%). A larger serum cho-
lesterol reduction, about 0·6 mmol/l (10%), is realistic on a
community basis, as the availability of palatable low-fat food
increases when other family members or the community
alter their diet, and the dietary change is perceived more pos-
itively. A reduction by about 7% of calories, a realistic target
for a high-fat population, would lower serum cholesterol by
0·6 mmol/l, which in turn would reduce the mortality from
ischemic heart disease at age 60 by 25–30%. Reductions
in serum cholesterol of about 0·6 mmol/l through dietary
change have occurred in entire western communities, in the
United States and Finland for example.2 Measures that facili-
tate such a change include wider public education, labeling
of foods sold in supermarkets, and the provision of informa-
tion on the fat content of restaurant meals. Most important is
the implementation of national and international policies on
food subsidies that are linked to health priorities.

Serum cholesterol and circulatory diseases other
than ischemic heart disease

Table 12.4 shows the death rates from all circulatory diseases
according to total serum cholesterol concentration, observed
in the same large cohort study (MRFIT Screenees18) as
shown in Figure 12.1. Apart from ischemic heart disease,
serum cholesterol is associated with stroke and with other
circulatory diseases.

Stroke

The data from the large cohort study of the MRFIT
Screenees (Table 12.4) are useful because thrombotic and
hemorrhagic stroke were distinguished. For deaths from
thrombotic stroke the data are consistent with a continu-
ous dose–response relationship with serum cholesterol,
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Table 12.3 Serum cholesterol and dietary saturated
fat in Japan and Britain. Data compiled from national
surveys in each country2

Age Japan Britain Difference

Dietary saturated fat (% calories)
All ages 6% 16% 10%

Serum cholesterol (mmol/l)
20–9 4·5 5·0 0·5
30–9 5·0 5·6 0·6
40–9 5·1 6·0 0·9
50–9 5·2 6·2 1·0
60–9 5·0 6·2 1·2



analogous to that shown for ischemic heart disease in
Figure 12.1. For hemorrhagic stroke (intracranial and sub-
arachnoid), however, there is an excess risk at lower serum
cholesterol levels.18,19 Cohort studies that have distin-
guished thrombotic and hemorrhagic strokes are fairly con-
sistent in showing a positive association of serum
cholesterol with thrombotic stroke mortality but an inverse
association with hemorrhagic stroke mortality, and cohort
studies that do not distinguish the two types of stroke tend
to show little or no association between cholesterol and
stroke mortality, consistent with the two associations can-
celling each other out.20 Whether the inverse association is
cause and effect is uncertain. It is more difficult to see how
a spurious (non-causal) association with intracranial hemor-
rhage might arise through the disease (or predisposition to
the disease) lowering serum cholesterol than is the case
with depression and suicide or cancer. It is also difficult to
see any mechanism by which the inverse association might
be cause and effect, although experimental data lend some
support to an interpretation of a causal effect of low choles-
terol in that the endothelium of intracerebral arteries might
be weaker at very low serum cholesterol levels.19

The randomized trials of serum cholesterol reduction, espe-
cially the statin trials, have shown a lower incidence of stroke
(all types combined) in treated than control patients:9–11,21

statins reduced stroke by about 26%.21 However, these were
nearly all non-fatal strokes. Thrombotic stroke has a lower
case fatality than hemorrhagic stroke, so the majority of non-
fatal strokes (recorded in the trials) will be thrombotic but lit-
tle more than half of fatal strokes (recorded in the cohort
studies) will be thrombotic. Also, the randomized trials
tended to recruit patients in the upper half of the serum cho-
lesterol distribution, where thrombotic stroke will be more
common because of its positive association with serum cho-
lesterol. These observations can probably reconcile the reduc-
tion in the incidence of stroke in trials (where most of the
strokes will have been thrombotic) with the absence of an
association between serum cholesterol and stroke mortality
in cohort studies. Trials that distinguished throm-
botic from hemorrhagic stroke showed that the risk of

Grade A

thrombotic stroke was significantly reduced by a statin,11

but there are too few data on hemorrhagic stroke to confirm
or refute the inverse association with cholesterol shown in
cohort studies.

Even if the association between low cholesterol and hem-
orrhagic stroke is cause and effect, however, the increased
mortality from hemorrhagic stroke due to very low choles-
terol concentrations is small compared to the lower mortal-
ity from other vascular diseases. For example, in Table 12.4
the mortality from all circulatory diseases at the lowest
serum cholesterol (�4·1 mmol/l) was 110 per 100 000
man years, lower than the rate of 147 per 100 000 man
years in the next highest cholesterol group.

Patients who have had a thrombotic stroke are at high
risk of a recurrent event and should receive statins, as
should patients with carotid artery disease and others at
high risk. Patients who have had a hemorrhagic stroke
should not receive statins.

Peripheral arterial disease

Observational data show the expected association between
peripheral arterial disease and serum cholesterol. In a large
case–control study the association was equivalent in magni-
tude to an increase in risk of intermittent claudication of
about 24% for a 0·6 mmol/l increase in serum cholesterol22

(uncorrected for regression dilution bias), similar in magni-
tude to the association of serum cholesterol with ischemic
heart disease. In the 4S trial (serum cholesterol reduction
1·8 mmol/l) the incidence of intermittent claudication was
reduced by 38% (95% confidence interval 12%, 56%; 52 v
81 cases).23

Abdominal aortic aneurysm

The pathology of the condition is complex, but abdominal
aortic aneurysms are associated with atheromatous disease
and tend to coexist with coronary artery or peripheral arte-
rial disease. Abdominal aortic aneurysms are associated with
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Table 12.4 Death rates per 100 000 man years (number of deaths) from circulatory diseases according to serum
cholesterol in a large cohort of men18

Cause of death (IDC-9 code) Serum cholesterol (mmol/l) (% of all men)

�4·1 (6%) 4·1–5·1 (31%) 5·2–6·1 (39%) �6·2 (24%) P (trend)

Ischemic heart disease (410–4) 65 (160) 98 (1239) 169 (2731) 289 (2804) �0·001
Stroke

thrombotic (433–8) 6 (14) 6 (73) 8 (135) 13 (126) �0·001
intracranial hemorrhage (431–2) 9 (22) 4 (55) 5 (86) 6 (57) —

Other circulatory diseases 31 (77) 39 (483) 41 (670) 57 (556) �0·001
All circulatory diseases (390–459) 110 (273) 147 (1850) 224 (3622) 365 (3543) �0·001



a higher serum LDL cholesterol and triglyceride and a lower
HDL cholesterol.

Other circulatory diseases

Table 12.4 shows a strong association between serum cho-
lesterol and all circulatory diseases other than ischemic
heart disease and stroke. Deaths from peripheral arterial dis-
ease and abdominal aortic aneurysm are too infrequent to
account fully for this association. It is probably attributable
also to poorly certified ischemic heart disease: deaths certi-
fied due to atrial fibrillation, heart failure, myocardial degen-
eration and atherosclerosis, for example, are in many cases
due to ischemic heart disease.

Safety of cholesterol reduction

The uncertainty concerning the excess mortality from hem-
orrhagic stroke at low serum cholesterol concentrations is
unresolved, as discussed above. This apart, there are no
material grounds for concern about hazard. Trials of “statin”
drugs, particularly informative on safety because of the large
reduction in serum cholesterol that they achieve, have
resolved the issue of safety because they show no excess
mortality from non-circulatory causes.1,7–11 The excess mor-
tality from cancer and accidents and suicide at very low
serum cholesterol in observational studies is attributable to
cancer or depression lowering serum cholesterol, not the
reverse.19 Further reassurance on safety is provided by the
condition of heterozygous familial hypobetalipoproteinemia,
in which serum cholesterol levels are as low as 2–3 mmol/l.
Life expectancy is prolonged because coronary artery disease
is avoided, and no adverse effects from the low cholesterol
are recognized24,25 – an important natural experiment.

Statins as drugs are safe, with few adverse effects. The rare
complication of rhabdomyolysis, with severe muscular pain
and myoglobulinuria, has received attention with the with-
drawal from the market of cerivastatin, but this is thought to
affect only about one in 250 000 patients using the other
statins. It is commoner with concomitant therapy with
cytochrome P450 metabolized drugs, of which erythromycin
and fibrates (especially gemfibrozil) are the most common.

Why was cholesterol reduction contentious?

A few years ago many clinicians regarded serum cholesterol
reduction with uncertainty or suspicion. Until the early
1990s unfavorable evidence had been reported at regular
intervals over the previous 30 years. The earliest trials used
toxic agents to lower serum cholesterol, notably estrogen
(in men) and thyroxine. Some early trials were short in
duration26 and showed no reduction in risk, because none

occurs in the first year after lowering cholesterol. Cross-
sectional studies of dietary saturated fat and serum choles-
terol showed little or no relationship, an observation that
was wrongly interpreted as indicating that lowering dietary
saturated fat did not reduce cholesterol, until randomized
trials established that it did. (The weak cross-sectional asso-
ciation arises because the inaccuracy in measuring individ-
ual dietary saturated fat is large in comparison to the small
degree of variation between individuals in true saturated fat
consumption.27) Clinicians were reluctant to accept that
there was benefit in lowering average levels of serum cho-
lesterol in high-risk patients: the notion that the average
serum cholesterol in entire western populations is high
appeared counterintuitive. The issue of safety caused con-
cern, as discussed above. Lastly, it has seemed inconsistent
that serum cholesterol is a poor screening test yet an impor-
tant cause of heart disease, as discussed below. All these
issues are now satisfactorily resolved.

Dietary fat and coagulation

Dietary fat increases blood levels of coagulation factor VII
and hence increases the risk of thrombosis, myocardial
infarction and cerebral thrombosis.28,29 Saturated and unsat-
urated fat increase factor VII equally, and the increase
appears directly related to the extent of postprandial
lipemia. The importance of this effect in increasing the risk
of cardiovascular death is difficult to quantify. However,
analyses of differences in serum cholesterol and ischemic
heart disease mortality between different populations
(so-called “ecological” comparisons), such as the Seven
Countries Study, yield significantly larger estimates of the
relationship than obtained from the cohort studies and trials
discussed above, and differences between populations in
serum cholesterol are largely attributable to differences in
dietary fat, whereas genetic differences account for over half
the variation in serum cholesterol between individuals in a
cohort. At age 60, for example, the ecological estimate is a
38% difference in risk for a 0·6 mmol/l cholesterol differ-
ence, compared to a 27% difference in the cohort studies
(Table 12.2).3 The difference may partly reflect the effect of
dietary fat on heart disease risk.

Triglycerides

Serum triglyceride concentration was associated with the
risk of ischemic heart disease in many cohort studies, but
the association is subject to confounding by serum LDL and
HDL cholesterol, diabetes and other factors.4,30 The effect
of dietary fat increasing factor VII will also produce an indi-
rect association between triglycerides and heart disease
mortality. Whether an independent association exists is 
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contentious. Very high serum levels of triglyceride caused by
genetic defects (familial lipoprotein lipase deficiency, for
example) are not associated with atheroma or coronary
artery disease, and this observation, together with the
potential for confounding in cohort studies, suggests that a
material cause and effect relationship between serum
triglyceride and heart disease is unlikely.

High density lipoprotein cholesterol

There is an inverse association between HDL cholesterol (or
apolipoprotein A1) and ischemic heart disease. An absolute
increase corresponding to 0·12 mmol/l (about 10% of the
average value) is associated with about a 15% decrease in
the risk of ischemic heart disease at age 604,30 or a 20%
decrease with adjustment for the regression dilution bias.30

The effect of alcohol in increasing HDL cholesterol is the
major mechanism for the lower risk of heart disease in
drinkers.31 The effect of smoking in decreasing HDL choles-
terol contributes to the excess risk of heart disease in smok-
ers. The statin cholesterol lowering drugs increase HDL
cholesterol relatively little. Certain other cholesterol lower-
ing drugs (such as fibrates and niacin) increase HDL choles-
terol more, but even in persons with relatively low HDL
cholesterol the overall protective effect of these drugs is
smaller because they reduce LDL cholesterol less, and so
they should not be preferred to statins.

Lipids as screening tests

Serum cholesterol reduction is important in reducing the
risk of ischemic heart disease, but cholesterol and other
lipids are poor population screening tests for ischemic heart
disease. The reason for the apparent discrepancy is that the
screening potential of a factor depends not only on the
strength of its relationship with disease, but also on its vari-
ation in magnitude across individuals in a community. In 
the case of lipids, the high average values in western soci-
eties place everyone at risk, and the variation between indi-
viduals is too small for use in population screening. By
analogy, if everybody smoked between 15 and 25 cigarettes
per day, cases of lung cancer would not cluster in the minor-
ity who smoked 25 cigarettes a day to the extent that those
who smoked 15 or 20 could be ignored. Moreover, the
Gaussian distribution of serum cholesterol means that many
people have values around the average and few have rela-
tively high values, so that most ischemic heart disease
events will occur in people whose serum cholesterol is
about average.

Among men aged 35–64, the 5% with the highest serum
total cholesterol experience only about 12% of all deaths
from ischemic heart disease – their risk is little more than

double the population average.30 The 5% of men with high-
est LDL cholesterol (or its carrier protein, apolipoprotein B)
experience 17% of the heart disease deaths.30

Including HDL cholesterol improves this poor detection by
only about one percentage point. Lipids cannot identify a
small minority of the population in whom the majority of
future heart disease deaths will cluster.

Appropriate policy

In a small proportion of the population, notably persons
with familial hypercholesterolemia, the absolute risk of
death from ischemic heart disease at a young age is so great
that affected persons should be identified and treated, even
though the condition accounts for a fraction of all heart dis-
ease deaths in a population. The most appropriate
screening strategy has not yet been devised; measuring
lipids in relatives of known cases will not identify all cases.

Because screening cannot identify a group who would
not benefit from a reduction in dietary fat and serum choles-
terol, such measures should be directed at the entire popu-
lation. Serum cholesterol reductions of 0·6 mmol/l (10%),
as discussed above, have occurred in entire western com-
munities, facilitated by health education, the wider avail-
ability of healthy food in restaurants and supermarkets,
and a positive image of healthy eating. A reduction of
0·6 mmol/l is less likely when an individual attempts
dietary change in isolation. The most important measures to
lower cholesterol in healthy people therefore involve wider
public education, encouragement of labeling of the nutrient
content of foods, and the widespread availability of palatable
low-fat foods.

Clinicians need to direct their activities towards high-risk
patients, and the most important high-risk group (based on
the proportion of all heart disease deaths that can be antici-
pated) are patients who have had a myocardial infarction.
As a group, these patients face a risk of death from ischemic
heart disease of about 5% per year (untreated), a risk that
varies relatively little with age or sex. As in healthy people,
serum cholesterol testing cannot identify a substantial group
at either materially higher or materially lower than average
risk of death. Also, the evidence strongly indicates that
there is no threshold below which serum cholesterol reduc-
tion is not effective. It follows that serum cholesterol
should be reduced in all survivors of myocardial infarction.
Simvastatin and atorvastatin can lower serum cholesterol by
1·8 mmol/l (30%) and this, as discussed above, will reduce
mortality from heart disease by about 60% after 2 years, a
substantially larger reduction in risk than can be achieved
by any other single intervention. Other high-risk groups
include patients with angina, patients who have had a
thrombotic stroke, patients with carotid artery disease,
patients with peripheral arterial disease and claudication,
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and diabetics. All these patients should receive statins 
routinely.

The “population” and “high-risk” approaches are comple-
mentary – the first primarily a public health issue aimed at
altering the population diet and hence the incidence of
ischemic heart disease, the second primarily a clinical activ-
ity, identifying and treating with statins patients with coro-
nary artery disease.

Conclusions

The high levels of serum cholesterol found in western popu-
lations are a major cause of the high mortality from ischemic
heart disease and, to a lesser extent, stroke and other circu-
latory diseases. Realistic dietary change in a community can
lower serum cholesterol by 0·6 mmol/l (10%) and reduce
heart disease mortality by about 25–30%. Simvastatin and
atorvastatin can lower cholesterol by 1·8 mmol/l (30%) and
reduce the risk of heart disease death by about 60% from
the third year onwards, and should be offered to all high-risk
survivors. Despite the importance of lowering cholesterol,
lipids are poor screening tests of individual risk, because the
average risk is high and the range across a population is
relatively narrow.

Serum cholesterol and ischemic heart disease

● The effect of serum cholesterol reduction on ischemic
heart disease mortality is large and important.

● There is little reduction in risk in the first year, but the
expected reduction in risk is largely attained from the
third year onwards.

● There is no threshold across the range of cholesterol val-
ues in western countries below which reducing serum
cholesterol reduction is not worthwhile. In particular
there is no justification for withholding statins from high
risk patients whose serum cholesterol is below 5mmol/l.

● The greater the reduction in serum cholesterol, the
greater the reduction in risk.

● Simvastatin and atorvastatin can lower cholesterol by
1.8 mmol/l (30%) and reduce the risk of heart disease
death at age 60 by about 60% from the third year
onwards; their use should be routine in high-risk
patients.

● Realistic dietary change in a community can lower
serum cholesterol by 0.6 mmol/l (10%) and reduce the
risk of heart disease death by 25–30% at age 60. In an
individual acting alone, the realistic change is half this.

● The benefits are similar in men and women.

Serum cholesterol and other circulatory
diseases

● Statins reduce the risk of thrombotic stroke and peripheral
arterial disease and should be used in high-risk patients.

● Cohort studies show excess mortality from hemorrhagic
stroke at very low cholesterol levels. The interpretation 
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is uncertain. The possible hazard, however, is greatly
outweighed by the benefit of low mortality from heart
disease at very low cholesterol levels.

Screening

● Lipids are poor screening tests for predicting heart dis-
ease death in an individual: it is not possible to identify a
small minority in a community who will experience the
majority of heart disease deaths.

● The 5% of men with highest total serum cholesterol
experience only about 12% of heart disease deaths.

● In the extremity of the distribution, familial hypercholes-
terolemia is important to detect because the absolute
risk of heart disease death at a young age is high, even
though the condition accounts for only a small proportion
of heart disease deaths.
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Introduction

According to the most recent data from the American Heart
Association, 12 600 000 American adults have coronary
heart disease (CHD).1 CHD is the leading cause of death
among US adults, responsible for one of every five deaths in
the United States in 1999. Although the age adjusted death
rate from CHD decreased by 24% from 1989 to 1999, the
actual number of deaths decreased by only 6·8% over this
same time.1

The associated morbidity, treatment of related conditions
and preventive approaches for CHD are reviewed in other
chapters of this book. Discussed here is the practical use 
of lipid lowering agents to prevent hypercholesterolemia – 
a well-established risk factor for the development of CHD.

Major trials have clearly demonstrated that decreases in
low density lipoprotein cholesterol (LDL-C) are associated
with reductions in total mortality,2–4 CHD mortality,2–4 fatal
and non-fatal CHD as well as strokes.2–5 Other major trials
have also shown that lowering LDL-C can retard the pro-
gression of coronary artery atherosclerosis6 and carotid ath-
erosclerosis7 and may even cause their regression, as well as
slow the progression and occlusion of atherosclerosis in
saphenous vein bypass grafts.8 In both primary3 and second-
ary2,4 CHD prevention settings, decreases in total and cause-
specific mortality have been demonstrated, and these
benefits have been shown in both subjects with elevated,2,3

average,5 and normal LDL-C levels. Evidence of the benefits
of statins in reducing the risk of stroke and observations con-
cerning their pleiotropic effects are also reviewed.

This chapter’s primary purpose is to review the evidence
regarding plasma lipid-altering medications, their mecha-
nisms of action, dosages and dosing schedules, effects on
lipid and lipoprotein variables, adverse effects, and clinical
uses. The evidence for cholesterol lowering in such sub-
groups as the elderly, women, diabetic patients, and those
with small-dense LDL particles will also be summarized.

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitor agents (statins), which are highly effec-
tive LDL-C lowering agents, are reviewed, as are niacin, bile
acid sequestering agents (resins), fibrates, and ezetimibe. 
A brief review of the costs/1% LDL-C lowering/year and
cost effectiveness concludes this chapter.

The National Cholesterol Education Program (NCEP) has
been instrumental in developing and promulgating guide-
lines for initiating LDL-C lowering. These guidelines, devel-
oped on the basis of the patient’s established baseline LDL-C
and presence or absence of CHD or its risk factors, recom-
mend treatment goals to attain desired levels of plasma 
LDL-C. To date, the NCEP has issued three Adult Treatment
Panel (ATP) reports. ATP I emphasized primary prevention
of CHD in persons with high (�160 mg/dl) or borderline-
high LDL levels (130–159 mg/dl) and �2 risk factors for
development of CHD. In ATP II, persons with established
CHD were targeted for intensive lipid lowering therapy.

ATP III, disseminated in 2001, continues to identify ele-
vated LDL-C as the primary target of cholesterol lowering
therapy and to maintain attention on intensive treatment of
patients with CHD.9 It expands the indications for intensive
therapy to lower levels of cholesterol in clinical practice. 
A major new feature is that intensive LDL-C lowering 
treatment is a primary prevention measure for persons with
multiple risk factors for developing CHD, as identified by
the estimated 10 year CHD risk score developed from the
Framingham data. ATP III sets the optimal LDL-C level as
�100 mg/dl and defines low HDL-C as �40 mg/dl (previ-
ous cutpoint was �35 mg/dl).9

ATP III also recommends that persons with the metabolic
syndrome – a constellation of major lipid and non-lipid risk
factors, life-habit risk factors, and emerging risk factors –
should be targeted for intensive therapeutic lifestyle changes.
Characteristics of the metabolic syndrome include abdomi-
nal obesity, elevated blood pressure, insulin resistance, and
atherogenic dyslipidemia – elevated triglycerides, small LDL
particles, and low HDL-C. Atherogenic dyslipidemia should
be treated with lipid-altering agents.9 Boxes 13.1–13.4 sum-
marize the major new recommendations of ATP III and 
classifications of cholesterol levels.9

Use of individual lipid-altering agents

In this short evidence-based overview, we focus on docu-
mented activities of known lipid- and lipoprotein-altering
drugs on lipid and lipoprotein variables, and their related

13 Use of lipid lowering agents in the
prevention of cardiovascular disease
Jeffrey L Probstfield
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Box 13.1 New features of adult treatment panel III
Focus on multiple risk factors
� Raises persons with diabetes without CHD, most of

whom display multiple risk factors, to the risk level of
CHD risk equivalent.

� Uses Framingham projections of 10 year absolute 
CHD risk, (that is, the per cent probability of having a CHD
event in 100 years) to identify certain patients with mul-
tiple (2�) risk factors for more intensive treatment.

� Identifies persons with multiple metabolic risk factors
(metabolic syndrome) as candidates for intensified ther-
apeutic lifestyle changes.

Modifications of lipid and lipoprotein classification
� Identifies LDL-C �100 mg/dl as optimal
� Raises categorical low HDL-C from �35 to �40 mg/dl
� Lowers the triglyceride classification cutpoints to give

more attention to moderate elevations
Adapted from Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult Treatment 
Panel III)9

Box 13.2 ATP III classification of LDL, total and HDL
cholesterol
LDL cholesterol:

�100 Optimal
Near optimal/above optimal
Borderline high
High
�190 Very high

Total cholesterol:
�200 Desirable
Borderline high
�240 High

HDL cholesterol:
�40 Low
�60 High

Reproduced from Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on detection, evaluation,
and treatment of high blood cholesterol in adults (Adult Treatment
Panel III)9

adverse effects. We identify those issues that remain more
speculative as such. The interested reader is referred to the
excellent and more complete reviews by Lousberg et al,10

as well as the recent ATP III guidelines.9

HMG-CoA reductase inhibitors (statins)

These agents have a powerful LDL-C lowering and those
currently approved for use differ only in their dose-response
curves and unit cost.

Mevastatin was first isolated in 1976 by Endo and 
colleagues as a natural product from Penicillium species. 
A related natural product, lovastatin, was approved by the
FDA for cholesterol lowering in 1987. Subsequently, 

Box 13.3 Major risk factors (exclusive of LDL 
cholesterol) that modify LDL goals*
� Cigarette smoking
� Hypertension (blood pressure �140/90 mmHg or on

antihypertensive medication)
� Low HDL cholesterol (�40 mg/dl)†

� Family history of premature CHD (CHD in male first-
degree relative �55 years; CHD in female first-degree
relative �65 years)

� Age (men �45 years; women �55 years)
* Diabetes is regarded as a coronary heart disease (CHD) risk equiv-
alent. LDL indicates low density lipoprotein; HDL high density
lipoprotein.
† HDL cholesterol �60 mg/dl counts as a “negative” risk factor; its
presence removes 1 risk factor from the total count.
Adapted from Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult Treatment 
Panel III)9

Box 13.4 Three categories of risk that modify LDL 
cholesterol goals
Risk category LDL goal (mg/dl)
CHD and CHD risk equivalents �100
Multiple (2�) risk factors* �130
0–1 risk factor �160
* Risk factors that modify the low density lipoprotein (LDL) goal are
listed in Box 13.3. CHD indicates coronary heart disease.
Adapted from Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult Treatment 
Panel III)9

simvastatin, pravastatin, fluvastatin, atorvastatin, and
cerivastatin were developed and approved for use in the
US.11 Cerivastatin was withdrawn later because of adverse
effects.

Mechanism of action: lipid-altering effects

Brown and colleagues demonstrated that lovastatin inhi-
bits HMG-CoA reductase, the rate-limiting enzyme in cho-
lesterol biosynthesis.12 Total body cholesterol synthesis is
reduced by at least 20%. Ultimately a critical reduction in
cholesterol concentration occurs in the liver cell leading to
enhanced production of hepatic LDL receptors,13 and
increased cellular uptake of LDL-C. Further, reduced
very(V) LDL biosynthesis occurs. Although speculative, it
appears that the mechanism by which an increased removal
of VLDL from the plasma occurs best fits with the upregula-
tion of LDL receptors and an enhanced removal of VLDLs
from the plasma due to an alteration in VLDL structure
(specifically apo B-100).14
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Pleiotropic effects

In addition to reducing cholesterol biosynthesis, other poten-
tial antiatherogenic mechanisms of action for the statins are
under current, intense investigation. Their exact role and
importance remains speculative. Inhibition of 3-HMG-CoA
reductase may be pleiotropic.15 Pleiotropic effects of statins
on the vascular system and the arterial walls – affecting
endothelial function, inflammation, coagulation, plaque sta-
bilization, and smooth muscle cell migration – have been
identified.15–19 Several statins have been shown to decrease
smooth muscle cell migration and inhibit cholesterol accu-
mulation in macrophages.15 The small GTP-binding protein,
Rho, has membrane localization and activity affected by post-
translational isoprenylation. Its role in mediating the direct
vascular effects of statins is also under intense study.20

The Pravastatin Inflammation/CRP Evaluation (PRINCE)
provides clinical evidence of anti-inflammatory properties of
a statin.21 In this prospective, randomized, cohort study,
pravastatin lowered levels of C-reactive protein (CRP), an
inflammatory biomarker that is predictive of cardiovascular
risk. Decreased CRP levels were seen as early as 12 weeks
in pravastatin-treated participants (P � 0·001). Pravastatin
lowered the median CRP level by 16·9% versus placebo
(P � 0·001) at 24 weeks. The decreases occurred in both
the primary and secondary prevention groups and occurred
regardless of sex, age, smoking, body mass index, baseline
lipid levels, diabetes, and use of aspirin or hormone replace-
ment therapy.21

Results of the recently completed Prospective Pravastatin
Pooling (PPP) Project – a meta-analysis of three large,
placebo-controlled, randomized trials including almost 
20 000 patients and 102 559 person-years of follow up –
provide further clinical evidence that statins may be anti-
inflammatory and/or antithrombotic. In particular, statins
may be beneficial in reducing strokes.22 Pooled data from
two of the trials, CARE and LIPID, involving more than 
13 000 patients, showed a 22% reduction in total strokes
and a 25% reduction in non-fatal stroke.22 WOSCOPS, the
third trial pooled for analysis, had a similar, but smaller,
trend for reduction in total stroke. Pravastatin reduced the
risk of non-hemorrhagic stroke over a wide range of lipid
values in patients with documented CHD.22 These results
contrast importantly with those of a 1995 meta-analysis,
which found no effect of lipid lowering on stroke in earlier
non-statin clinical trials.23

The Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering (MIRACL) trial provides clinical evi-
dence of an anti-ischemic effect with statins. Atorvastatin
reduced early recurrent ischemic events in patients with
acute coronary syndromes.24 The statin (80 mg/day) was
initiated 24 to 96 hours after an acute coronary syndrome to
over 3000 adults with unstable angina or non-Q-wave
myocardial infarction (MI). In the atorvastatin group, 14·8%

of patients had a primary end point (death, non-fatal acute
MI, cardiac arrest with resuscitation, or recurrent sympto-
matic myocardial ischemia requiring emergency rehospital-
ization) versus 17·4% in the placebo group (P � 0·048).23

The MIRACL investigators suggest that patients with acute
coronary syndromes begin statin therapy before hospital dis-
charge, regardless of baseline LDL-C levels.

Atorvastatin Versus Revascularization Treatment (AVERT)
compared the efficacy of aggressive cholesterol lowering
therapy versus percutaneous transluminal coronary angio-
plasty in low-risk, stable patients with CHD. Results favor
the use of aggressive lipid lowering over angioplasty in
patients with mild to moderate CHD. In addition to signifi-
cantly reducing LDL-C levels, atorvastatin was associated
with a 36% reduction in ischemic events and a significant
delay in time to first ischemic event.25

Dosage

The recommended dosages of these agents have been
described and are shown in Table 13.1.11 Statins are to be

Table 13.1 Dose response lipid and lipoprotein changes
(% change)

Total dose (mg/d) 5 10 20 40 80

Total cholesterol reductions
Lovastatin BID 19 24 29 34
Simvastatin 19 23 28 31 36
Pravastatin 16 24 25 27
Fluvastatin 17 19 25
Atorvastatin 29 33 37 45

LDL cholesterol reductions

Lovastatin BID 28 34 40 42
Simvastatin 26 30 38 41 47
Pravastatin 22 32 34 37
Fluvastatin 22 25 35
Atorvastatin 39 43 50 60

Triglycerides

Lovastatin BID 7 16 19 27
Simvastatin 12 15 19 18 24
Pravastatin 15 11 24 19
Fluvastatin 12 14 19
Atorvastatin 19 26 29 37

HDL cholesterol

Lovastatin BID 8 9 10
Simvastatin 10 12 8 9 8
Pravastatin 7 2 12 13
Fluvastatin 3 4 7
Atorvastatin 6 9 6 5

From Physicians’ Desk Reference11
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taken with the evening meal or if they are taken twice daily
with the morning and evening meals. Higher dosages of
both simvastatin and pravastatin have been approved by the
FDA and are now on the market.

Impact on lipid levels

All of these agents except atorvastatin will lower plasma
total cholesterol between 20 and 40% and LDL-C by 25 to
45% at maximum approved doses. Fluvastatin appears to
lower cholesterol by up to 20% and LDL-C by 25% at maxi-
mum doses. To achieve 35–45% LDL-C lowering, daily
doses of 40 mg of simvastatin or 80 mg of lovastatin are
required. Triglycerides are reduced between 10 and 30%.
HDL-C plasma levels are frequently increased by 5–10%,
but the increases may be more modest or absent in those
with inherently low levels. Lp(a) levels are not affected.11

Statin therapy alters small dense LDL particles to a larger
more buoyant form and also normalizes the responsiveness
of coronary vessels to vasoactive stimulus.26 E-selectin, a
cell adhesion molecule with increased expression in athero-
sclerotic states, is reduced with simvastatin or atorvastatin
as monotherapy or in combination with colestipol.27

Atorvastatin is a more powerful member of the statin
class. Reductions in total cholesterol of 45–50%, LDL-C 
of up to 60%, and triglycerides of 35–45% are seen at
80 mg/day doses. Reductions in apo B levels of 35–40%
have been observed.11 Changes in plasma levels of Lp(a) are
small, if they occur.28 Increases in HDL-C are inconsistent
but may reach 12%.29 Table 13.1 summarizes the effects of
approved statins.

Adverse reactions

Overall adverse reactions occur in less than 2% of individu-
als. From 1 to 3% of persons taking a statin will have dose-
related, elevated, hepatic enzyme levels.30 Most of these
abnormalities are seen within the first 3 months of begin-
ning treatment and require monitoring.30 In patients who
abuse alcohol, there is an increased risk of hepatic toxicity.
An extremely low incidence of adverse events (not signifi-
cantly different from placebo) has been documented over
5·5 years in the Heart Protection Study (HPS),4 to be dis-
cussed in more detail below.

Statins compete with other drugs for specific metabolic
pathways of the cytochrome P450 system,31 whose
enzymes act as a major catalyst for drug oxidation in the
liver.32 Lovastatin and simvastatin undergo extensive first-
pass metabolism by CYP3A4, and caution is urged in using
them with cyclosporin (a known inhibitor of CYP3A4), par-
ticularly when other inhibitors of the cytochrome P450 sys-
tem, such as azole-derived antifungal drugs, erythromycin
and clarithromycin, are in use, as well as nefazodone and
many HIV protease inhibitors. Atorvastatin is also at least

partially metabolized by CYP3A4 but inhibitors of this
enzyme only mildly increase serum concentrations.

Fluvastatin is metabolized mostly by CYP2C9 and few
drug–drug interactions have been noted. Pravastatin has
less potential for drug interaction with other substrates,
inhibitors, or inducers of the CYP3A4 and CYP2C9 systems
than the other statins because it is metabolized by sulfation,
not the cytochrome system.32

From 5 to 10% of individuals taking statins may develop
muscle enzyme elevations. However, one should consider
discontinuing statin therapy if CPK increases by more than 
threefold. Rare (less than 0·1%) and reversible increases 
of greater than 10-fold in CPK levels have been described.
The causes of CPK elevation remain unexplained. Statin
monotherapy or combination therapy can cause myopathy,
which, although rare, can progress to rhabdomyolysis.33

This effect can be seen with any statin; however, cerivas-
tatin was voluntarily withdrawn from the world market in
2001 because of an increased rate of rhabdomyolysis com-
pared with other statins. Rhabdomyolysis occurred more
often in patients taking full-dose cerivastatin (0·8 mg/day)
and with concomitant gemfibrozil, and it led to kidney 
failure and death in 52 cases.34

Clinical use

Although the biggest proportional reduction in LDL-C levels
occurs at low doses, the clinical response to statins is dose-
dependent, and it appears to be independent of patient char-
acteristics, such as age, gender, smoking status and initial
lipid and lipoprotein levels.35 ATP III calls for LDL-C lower-
ing drug therapy in persons with CHD and CHD risk equiv-
alents when the LDL-C is �130 mg/dl.9 In persons with
two or more risk factors for the development of CHD, ATP
III suggests that lipid lowering drug therapy also begin at
LDL-C levels �130 mg/dl.9

ATP III also recommends that LDL-C be measured, either
at admission or within 24 hours, in all patients hospitalized
with a major coronary event.9 Lipid lowering drug therapy
should be initiated at hospital discharge in a person with 
a coronary event or procedure if LDL-C is �130 mg/dl.9

Treatment initiation at hospital discharge takes advantage of
patients’ likely higher motivation to comply with therapy at
that time and may avoid the “treatment gap” that can occur
if outpatient follow up is less consistent. ATP III still recom-
mends lifestyle changes, including reduced cholesterol and
saturated fat diets, weight loss if overweight, and physical
activity in hyperlipidemic patients.9

Novel agents

The newest statin, rosuvastatin, has been submitted for
approval to both the FDA and regulatory authorities in Europe.
Called a superstatin because of its potency, rosuvastatin
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rapidly lowers total C and LDL-C while increasing levels of
HDL-C.36 A long half life (20 hours) and lack of metabolism
via the cytochrome P4503A4 isoenzyme have also been
demonstrated.37 In a phase II study, rosuvastatin across a
dose range of 1–80 mg lowered LDL-C by 34–65%. Phase
III trials demonstrated greater reductions in LDL-C for rosu-
vastatin versus atorvastatin as well as greater increases in
HDL-C. A starting dose of 10 mg will reduce LDL-C by
approximately 50%. The drug appears to be well tolerated at
doses up to 80 mg/day.

Nicotinic acid

In the early 1950s Attschult noted profound reductions in
plasma total cholesterol and triglyceride levels in association
with use of nicotinic acid. Nicotinic acid has the most
marked clinical effect on triglycerides and HDL,38 and is the
only lipid-altering agent to consistently lower Lp(a) plasma
levels.39 It also can alter small, dense LDL particles to larger,
more buoyant forms.39

Mechanism of action

Nicotinic acid’s predominant effect on plasma lipid levels 
is to reduce production of very low-density lipoprotein
(VLDL) particles40 with subsequently reduced production 
of intermediate density lipoprotein (IDL) and LDL particles.
Nicotinic acid’s major effect on VLDL metabolism results
from an inhibition of hormone-sensitive, lipase-induced
lipolysis in adipose tissue, and decreased triglyceride esteri-
fication in the liver. HDL-C increases, to a greater extent
with niacin than with other drugs, and appears to be related
to reduced apo A-I clearance and increased production of
apo A-II. How Lp(a) levels are reduced is unknown, but
early nicotinic acid induced hepatotoxicity may play a role.

Dosage

Crystalline nicotinic acid is available in 0·1 and 0·5g tablets.
There is a sustained-release form in dosages of 0·125, 0·25 and
0·5g. The maximum daily dose is usually 3g (Table 13.2).41

A new extended-release form of niacin, available since
2000, has relatively mild hepatic effects and can be taken at
bedtime to lessen cutaneous flushing.42 Extended-release
niacin is essentially equivalent to immediate-release niacin
in increasing HDL-C.43

Results

Regardless of the patient’s clinical lipoprotein abnormality,
dose-dependent reductions in total and LDL-C and plasma
triglycerides have been achieved with use of nicotinic acid.
HDL-C levels may increase 15–40%; the average increase is
25%, with increases commonly plateauing at a dosage

between 1·5 and 3·0 g/d. Reductions in Lp(a) of 25–30%
are achieved.44 As noted above, small-dense LDL particles
become larger and more buoyant during nicotinic acid ther-
apy.45 In certain patients, optimal responses may be formu-
lation- and dosing regimen-dependent.46

Adverse reactions

Even at very low doses (0·05–0·10 g), nicotinic acid often
causes cutaneous flushing (�80%) and pruritus (50%).
Other frequently noted adverse effects are gastrointestinal
symptoms (5–20%), liver enzyme elevations (3–10%), and
uric acid increases (5–10%). Liver enzyme elevations occur
more commonly with slow-release preparations and rapid
dose increases. The clinical picture of mild liver function
abnormalities usually resolves with continued therapy or
reduced doses.

Some 5 to 10% of patients who are taking nicotinic acid
will have abnormal glucose tolerance tests or fasting blood
sugar levels. A flu-like syndrome that can include hepatitis-
like findings on liver biopsy, a secretory defect with profound
decreases in LDL-C, decreases in HDL-C and a prothrombin
time abnormality may occur. This clinical picture is dose-
dependent and resolves when the agent is stopped.47 Blurred
vision with macular edema occurs very rarely. Prednisone is
contraindicated for use with nicotinic acid; co-administration
can result in patients manifesting clinical diabetes.

Clinical use

Many prescription and non-prescription forms of nicotinic
acid are available in the US. Although non-prescription
forms are usually less expensive, bioavailability may be a
problem. Niaspan, Nicolar and Rugby brands are highly
effective prescription nicotinic acids, and the latter is also
available as an over-the-counter formulation. The larger
crystalline-form tablets are scored, which allows easy tailor-
ing of the therapeutic regimen starting with a single low
dose of either 0·1 or 0·25 g/d. Dosing with the crystalline
form requires three or four administrations a day. No prepa-
ration or dosing regimen has been shown to be superior to
multiples of 0·1 g crystalline tablets administered four times
a day. Many patients will have little or no effect from two
administrations a day, unless using sustained-release prepa-
rations. Increases in the dosage are implemented only every
few days.46 Clinicians commonly reduce the number of
administrations to three times per day and use 0·5 g tablets
starting with 0·25 g qd for the first week. Sustained-release
preparations should be used only in those patients with a
documented response to immediate-release forms.

Nicotinic acid should always be taken with food. Hot
drinks and alcoholic beverages should be avoided at time of
administration and dosages should be reduced or perhaps
restarted if several successive doses are missed. Cutaneous
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flushing and pruritus will occur routinely if these precau-
tions are not followed. If symptoms occur, they are the most
severe during the first administration. Pretreatment with
aspirin or ibuprofen may lessen cutaneous reactions.

Although nicotinic acid may profoundly alter glucose
metabolism in some, many diabetic patients have had their
lipid disorders successfully managed with this agent. A 
fasting blood sugar �115 mg/dl predicts subjects who will
lose the acute insulin response with an intravenous glucose
tolerance test.48 A fasting blood sugar level �100 mg/dl
should identify those patients who can take nicotinic acid
without development of clinical diabetes.

Bile acid sequestering agents (resins) 
(Table 13.2)

This class of agents was first developed for the treatment of
cholestasis-related pruritus by Carey and Williams in 1960.
Hashim and Van Itallie subsequently demonstrated that
cholestyramine lowered plasma cholesterol and it has been

in clinical use for 30 years. Other agents in this class are
colestipol and the recently approved colesevelam.

Mechanism of action

The enterohepatic circulation of bile acids allows for only 
6 or 7% of them to be excreted each day. These polymers
with a molecular weight of over 106 are not absorbed and
function by binding bile acids in the gastrointestinal lumen.
Since an increase in bile acid excretion from the body and
an increased production in the liver occur, relative depletion
of cholesterol from the liver cells occurs inducing an
increased level of hepatic LDL-receptor activity.49,50 The 
net effect is an increase in the catabolism of LDL-C and
decreased plasma levels.

Dosage

Resins are dispensed in individual packets and are also avail-
able in a cost effective bulk formulation. Scoops, equivalent

Table 13.2 Summary of effects of non-statin lipid-altering agents

Agent Lipid/ Dosage and Response Common Comments
lipoprotein dosing expected adverse
indication effects

Nicotinic aTriglyceride 1–3 g/d bTGs 20–80% Cutaneous Start low dose
acid (TGs) bLDL-C 25–40% flushing, Advance slowly

aLDL-C 6–8 g/d aHDL-C 25% pruritis, GI Relative contraindications:
bHDL-C maximum bLp(a) 10–30% symptoms, aFBS, aLiver
aLp(a) dose “Flu-like” function test (LFTs)

3–4 admin/d syndrome

Bile acid aLDL-C 4–24 g bLDL-C 25–35% GI symptoms Premix, slow admin
sequestrants cholestyramine at maximum dose Alters absorption of 

5–30 g aTGs 15–20% other drugs, for 
colestipol aHDL-C 4–7% example, glycosides, 

warfarin, etc.

bHDL-C 2 admin/d,1 Contraindicated in
at major meal hypertriglyceridemia

Fibric acid aTGs Clofibrate 1 g bLDL-C 10–20% GI symptoms Will aLDL-C in
derivatives bid bTGs 40–55% hypertriglyceridemic

bHDL-C 15–20% patients

Gemfibrozil Contraindicated in those
0·6 g/bid with gall stones
Fenofibrate Marked dose alteration 
0·4 g qd in those with chronic 

renal failure

Selective bLDL-C Ezetimibe bLDL-C 16–19% No common
cholesterol aHDL-C 5 mg/d aHDL-C 3–3.5% AEs shown to
absorption 10 mg/d date
inhibitor
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in size to the number of grams in one packet, are used to
dispense from the parent container. The newest resin, cole-
sevelam, has a hydrogel tablet formulation.

Results

Resins are associated with significant reductions in plasma
total and LDL-C and with small increases in plasma HDL-C
levels.51 Plasma triglycerides are inconsistently affected, but
substantial increases may occur, if used in those with already
elevated plasma triglyceride levels.52 In familial dysbeta-
lipoproteinemia (type III or remnant removal disease) plasma
triglyceride levels may increase by more than threefold.

Adverse reactions

No long-term adverse effects have been demonstrated.51

Drugs that are highly charged, including the cardiac glyco-
sides, the anticoagulant warfarin, diuretic agents, as well as
thyroid hormone, will have their absorption affected53 if
taken in close proximity to resin administration. Concomitant
warfarin and resin therapy may be extremely challenging.

If a resin’s effect on the absorption of a specific medica-
tion is not known, the resin should be taken at least 4 hours
before or 2 hours after other medications. In clinical situa-
tions of existing gastrointestinal malabsorption, the absorp-
tion of fat-soluble vitamins may also be reduced.

Clinical use

The biggest proportional reduction in lipid levels occurs at
low doses and in those who have moderately elevated levels
of cholesterol.54 Careful selection of the vehicle and logistics
used in resin administration will promote long-term patient
adherence. Premixing with cold water (taking advantage of
the resin’s hygroscopic nature) and drinking the preparation
slowing is by far the most frequent and successful method of
administration. Still, some patients prefer mixing with a
heavily textured juice. Pre-existing gastrointestinal symp-
toms should be addressed before resin therapy is started.
Bloating, belching and increased flatus are related to rapid
ingestion. Dyspepsia and increased stool consistency or
frank constipation can be managed with increases in fluids
or dietary fiber intake.

The newest agent in the resin class is colesevelam, avail-
able for use in the US since 2000. It is a polymeric, high-
potency, water-absorbing hydrogel with a non-systemic
mechanism of action.55 Based on data from approximately
1400 subjects, colesevelam reduced LDL-C by a median 
of 20%; the reduction is dose-dependent. When combined
with lovastatin, simvastatin, or atorvastatin, colesevelam will
reduce LDL-C levels by 8 to 16% over that seen with the
statin alone.55 Colesevelam has also been shown to increase
HDL-C up to 9%; however, increases in triglycerides, as much

as 25%, have also been reported.56 Colesevelam does not
cause constipation, which is likely to improve patient adher-
ence,55 and is formulated as a tablet, which should eliminate
the palatability problems that some patients have with 
resin powders.56 In drug-interaction studies, colesevelam 
was coadministered with digoxin, warfarin, sustained-release
metoprolol and verapamil, quinidine and valproic acid, and
no clinically significant effects on absorption were reported.57

Fibric acid derivatives (Table 13.2)

The fibrates currently marketed in the US are clofibrate,
gemfibrozil, and fenofibrate. Fibrates available in other coun-
tries include bezafibrate, fenofibrate, ciprofibrate, becla-
fibrate, etiofibrate and clinofibrate. In a WHO study clofibrate
was shown to reduce modestly (P � 0·05) all cardiovascular
events. However, increases in non-cardiovascular morbidity
and mortality and total mortality occurred.58 In the Helsinki
Heart Study, gemfibrozil was associated with a 35% reduc-
tion in MIs, particularly in those with elevated levels of
plasma LDL-C and triglycerides and low levels of plasma
HDL-C. Increases in non-cardiovascular deaths and no
reduction in total mortality was observed,59 leading to con-
cerns about the use of fibrates. No fibrate trial has yet 
shown a significant decrease in total mortality. These agents
are approved for use primarily in those with hypertri-
glyceridemia. Clofibrate can be toxic; in some early studies
there was a high mortality rate from malignancy and gas-
trointestinal disease in association with its use. Therefore,
its use should be restricted to patients with severe hyper-
triglyceridemia unresponsive to other fibrates, niacin, or a
combination of niacin and fibrate.

Gemfibrozil has been shown to lower the risk of 
CHD and stroke in men with previous CHD, and low 
HDL-C and low LDL-C levels. In the Veterans Affairs HDL
Intervention Trial (VA-HIT),60 2531 men with CHD (mean
HDL-C 31·5 mg/dl and mean LDL-C 111 mg/dl) were ran-
domized to receive gemfibrozil 1200 mg/day or placebo.
There was a 22% reduction in CHD over 5 years.60 A more
recent VA-HIT study describes the effect of therapy on
stroke. There were 134 confirmed strokes (90% ischemic),
76 and 58 in the placebo and gemfibrozil groups, respec-
tively (P � 0·03). Risk reduction was evident after 6 to 
12 months of gemfibrozil use. Adjusted for baseline vari-
ables, the relative risk reduction with gemfibrozil was
31%.61 Attributing the reduction in CHD to a change in
HDL-C levels has been questioned by some. Clearly the
reduction in CHD may more properly be associated with
changes in other lipoprotein particles62 than with modest
changes in HDL-C levels. Although the number of strokes in
the study are modest,61 this is the first suggestion that stroke
can be reduced with a form of lipid-altering therapy that has
little effect on LDL-C.
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Mechanism of action

Decreased synthesis of VLDL with more efficient lipolysis
and increased VLDL triglyceride catabolism has long 
been speculated as the mechanism of action of fibrates on
lipid metabolism. Schoonjans et al in 1996 offered direct
evidence that fibrates and fatty acids work as ligands for a
class of compounds called peroxisome proliferator-activated
receptors, of the nuclear receptor superfamily.63 Peroxisome
proliferator-activated receptor alpha partially mediates the
inductive effects of fibrates on HDL-C levels by regulating
the transcription of HDL apolipoproteins, apo A-1 and apo
A-II. Four specific actions are noted:

1. increased hydrolysis of plasma triglycerides due to
induction of LPL and reduction of apo-CIII expression

2. stimulation of cellular fatty acid uptake and conversion to
acyl-CoA derivatives due to increased expression of genes
for fatty acid transport protein and acyl-CoA synthetase

3. increased peroxisomal and mitochondrial beta-oxidation
4. decreased synthesis of fatty acids and triglycerides with

a concomitantly decreased production of VLDLs.

Gemfibrozil was associated with a greater reduction in clini-
cal events than the amount of cholesterol lowering or
increase in HDL would predict.64 This suggests that its
effects on CHD are mediated by a different mechanism, pos-
sibly related to its effects on triglycerides or other lipopro-
tein particles and HDL. Fibrates also shift the size of LDL
particles from smaller, denser forms to larger, more buoyant
forms, which could be less atherogenic.

Dosage

Table 13.2 lists dosing information for the three fibrates
marketed in the US. Bezafibrate, 0·2 g, is given tid. (0·4 g,
sustained-release qd), fenofibrate, 0·3–0·4 g, is given qd,
and ciprofibrate, 0·1–0·2 g, is given qd.

Results

In patients with familial combined hyperlipidemia, LDL-C
levels may be reduced by fibrates, but, particularly in those
with elevated baseline levels of plasma triglycerides there
will almost uniformly be an increase in LDL-C levels as
VLDL-C levels decrease.65 Gemfibrozil and clofibrate had
similar impact on lipids and lipoproteins in a double-blind
crossover study.66 In patients with moderate to severe forms
of hypertriglyceridemia, reductions in plasma triglycerides of
40–60% may occur with concomitant increases of 12–30%
in HDL-C levels, but 100% increases in LDL-C may occur.67

Adverse reactions

Fibrates are associated with adverse effects in 5–10% of
patients. GI side effects (5%) are the most common, but only

rarely are these sufficient to warrant discontinuation of the
medication. The increased incidence of hepatobiliary disease
(particularly gallstones) occurs with all agents in this class.68

Minor alterations in several plasma biochemical values may
occur, but these are dose-dependent and usually transient.
The effective non-toxic dose-range is narrow, and at high
doses fibrates cause myositis. They may potentiate the effects
of oral anticoagulants and oral hypoglycemics and might also
interact with statins to raise the risk of rhabdomyolysis.

Clinical use

The primary indication for the use of these agents has
shifted to treatment of severe hypertriglyceridemia and
more specifically for familial dysbetalipoproteinemia, or
remnant removal disease. They are preferred by those who
are less experienced in the use of nicotinic acid in clinical
circumstances with increases in both plasma LDL-C and
reductions in HDL-C levels. Because of the long-term
adverse effects on hepatobiliary function and the potential
for increases in LDL-C levels, liver function tests and LDL-C
levels must be monitored closely. Chronic renal failure
requires a 50% reduction in gemfibrozil dose.69

Novel agents

Cholesterol lowering agents with different mechanisms of
action are in development. Ezetimibe is a novel cholesterol
absorption inhibitor that selectively and potently inhibits intes-
tinal absorption of dietary and biliary cholesterol.70 In phase II
clinical trials, ezetimibe at 10mg/day reduced LDL-C by
�15% in 68% of patients and by �25% in 22% over 12 weeks.
HDL-C increased by 3·5% and the drug was well tolerated.70

Ezetimibe may have additive effects if given in combination
with a statin. When given in a fixed combination tablet with
simvastatin, LDL-C was reduced by 52%.71 Policosanol is a
phytochemical that is a mixture of higher primary aliphatic
alcohols isolated from sugar cane wax.72 At dosages of 10 to
20mg/day, it decreased total-C by 17 to 21% and LDL-C by
21 to 29%, while raising HDL-C by 8 to 15%.72 Policosanol
appears to have an acceptable safety/tolerability profile.

Combination therapy

Combination drug therapy should be used when diet and
single drug therapy do not reduce LDL-C levels to the
desired levels. Verification of adherence to and the efficacy
of a prescribed regimen should be made on at least two
occasions at monthly intervals before adding to the regimen.
Table 13.3 describes a stepped approach to combination
therapy depending on the lipid or lipoprotein variable(s) 
that are the therapeutic objective. Recall that reduction in
LDL-C is the only alteration in lipid(s) or lipoprotein(s) that 
has been unequivocally demonstrated to reduce risks for CHD
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in clinical trials. Epidemiologic data demonstrate an increased
risk associated with reduced levels of HDL-C,64 increased
plasma Lp(a) (usually in association with increased LDL-C lev-
els), and, to a lesser extent, increased plasma triglyceride lev-
els (usually in association with other risk factors). Intervention
studies demonstrating reduction in CHD risk with changes in
other lipid and lipoprotein particles have yet to be done.

Guidelines for selecting combination therapy

Practitioners should review four questions before adding
other agents to initial diet and lipid-altering drug therapy
regimens.73

1. Has adherence to and efficacy of the initial regimen
been verified?

2. Does the patient have fasting hypertriglyceridemia?
(Bile acid sequestering agents should be used as second
or third agent only.)

3. What contraindications are present mitigating addition
of other lipid-altering agents? (Other diseases or clinical
conditions, or other lipid-altering agents.)

4. What are the total costs of additional drug therapy to
the patient?

Efficacy of various combinations

Selected examples of maximum lipid and lipoprotein alter-
ations are given in Table 13.4. Prior to the development of
atorvastatin the maximum lowering of LDL-C was demon-
strated with a combination of lovastatin (40 mg/day), coles-
tipol (30g/day) and nicotinic acid (5·5g/day) at 70%.
Triglyceride reductions of 80% can be effected with nicotinic
acid alone with little to be gained in efficacy by adding another
agent. Lp(a) levels are affected substantially only by nicotinic

Table 13.3 Stepped approach to lipid medication alter-
ing therapies

Elevated Elevated TG/LDL Elevated Markedly 
LDL-C decreased HDL-C Lp(a) elevated

TGs

1. Statin Niacin Niacin Fibrate/
niacin

2. Statin� Niacin�resin
resin

3. aStatin� aNiacin�resin
resin

4. aStatin� aNiacin�statin or
resin�
niacin or Statin�fibrate
ezetimibe

Table 13.4 Efficacy of selected combination of hyperlipidemic drug therapy
in modifying plasma concentrations of total, LDL and HDL cholesterol levels

Drug combination % change Reference

Total LDL HDL

Cholestyramine
�niacin �26 �32 �23 Angelin et al, 1986
�lovastatin �51 �61 �21 Leren et al, 1988
�pravastatin �36 �43 �18 Jacob et al, 1993

Colestipol
�niacin �41 �48 �25 Packard et al, 1980
�lovastatin �45 �54 �2 Illingworth et al, 1981
�niacin �55 �66 �32 Malloy et al, 1987
�simvastatin �41 �50 �9 Simons et al, 1992
�fenofibrate �39 �54 �15 Heller et al, 1981

Lovastatin
�gemfibrozil �34 �40 �7 Illingworth et al, 1989

Simvastatin
�gemfibrozil �54 �58 �18 Feussner et al, 1992

Atorvastatin Hunninghake et al, 2001
�colesevelam �31 �48 �11

Ezetimibe
�fenofibrate �27 �36 �1·9 Bays et al, 2001
�atorvastatin �38 �55 �1·1 Bays et al, 2001
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acid. HDL-C can be consistently raised by 25% with nicotinic
acid alone with little further gain by adding other agents.

Adverse effects

The important adverse effects of the single agents are
described in Table 13.2. As noted previously, the most seri-
ous interaction is seen when a statin drug is used in combi-
nation with cyclosporin and myopathy develops. While 
cessation of the statin allows symptomatic myopathy and
elevated muscle enzymes to resolve, continued therapy at
the same dose may lead to frank rhabdomyolysis necessitat-
ing hemodialysis. Statins have also been associated with
myopathic syndromes in patients using erythromycin, niacin
and gemfibrozil. Reduced levels of any statin should be used
in transplant patients in association with niacin and gemfi-
brozil with careful monitoring of muscle enzyme levels.
Erythromycin use should be absolutely contraindicated 
in transplant patients already on cyclosporin and a statin. 
If erythromycin is used the statin must be temporarily 
discontinued.

Clinical use

Although single-drug therapy offers a simple regimen, com-
bination therapy with low-dose statin and low-dose bile acid
sequestrant has been investigated.74,75 Since the largest 
portion of lipid alteration is effected at low doses of both of
these classes of agents and they work by very different
mechanisms, an additive or synergistic response may occur.
Low-dose combinations provide a good clinical alternative
for patients who have symptoms at higher statin dosages
and for organ transplant patients. They also appear to be
more cost effective than using a statin as a single agent.

The newest resin, colesevelam, has been studied in com-
bination with statins. Low-dose colesevelam and low-dose
lovastatin were given in a double-blind, placebo-controlled
study to 135 hypercholesterolemic patients.76 The combina-
tion lowered LDL-C by 34% and 32% (the agents were either
taken at the same time or colesevelam was taken at dinner,
lovastatin at bedtime). Both combinations were superior to
either agent alone, and both decreased total-C by 21%.
Neither combination treatment significantly changed HDL-C
or triglycerides. All treatments were well tolerated.76 The
resin was also studied alone or in combination with low-dose
atorvastatin in hypercholesterolemic men and women.
Combination therapy reduced LDL-C by 48%, statistically
different from either low-dose atorvastatin or colesevelam
alone, but did not affect triglycerides.77 All treatment groups
had similar frequency of adverse effects and the combination
was well tolerated.77 Colesevelam was also given in 
combination with simvastatin to 251 hypercholesterolemic
patients in a randomized, double-blind, placebo-controlled
format. All groups, including the placebo-treated patients,

had decreased LDL-C levels versus baseline. Among all com-
bination treatment groups (given different dosages of cole-
sevelam and simvastatin), the mean decrease in LDL-C was
42%; this exceeded the decrease with either simvastatin or
colesevelam alone.78 Combination therapy was not signifi-
cantly different from simvastatin monotherapy in effects on
HDL-C and triglycerides. Side effects were similar among all
treatment groups.78

Informed decisions about “gray zones”

Data have now accumulated on the use of lipid lowering
drugs in previously less-well-studied subgroups such as the
elderly, women, and diabetic patients. How and when
should we use lipid lowering drugs in the following groups?

The elderly

If one lives until age 80 in the US, the average additional life
expectancy is 8 years. Older individuals appear to be at least
as responsive to cholesterol lowering agents as those in
younger age groups. While some have suggested that risk
attenuates for those who have hypercholesterolemia at
older age, the absolute risk for developing CHD outcomes in
the elderly over a short time interval is much higher than it
is in younger individuals.

ATP III notes that most new CHD events and most coro-
nary deaths occur in persons older than 65 and that a high
LDL-C/low HDL-C level still has predictive power for devel-
opment of CHD in an older person.9

WOSCOPS,3 (primary intervention, or PI) included
patients up to the age of 64 years, 4S2 (secondary interven-
tion, or SI) up to the age of 70 years, Post-CABG8 (SI) up to
74 years and CARE5 (SI) previously provided limited data for
those up to 75 years. All except Post-CABG showed benefit
on CHD and CVD mortality. WOSCOPS and 4S showed ben-
efit on total mortality, although statistical significance of the
data from WOSCOPS was marginal. All of these studies
included limited analyses by age group. When data from
WOSCOPS were pooled in the PPP, pravastatin significantly
reduced relative risk of coronary events in older patients.79

More recently, the Heart Protection Study (HPS) enrolled
over 20 000 participants – including 5082 women, 3982
type 2 diabetic patients and 1263 elderly patients between
the ages of 75 and 80 years. It also enrolled 3421 subjects
with low baseline LDL-C levels, and follow up lasted for 
5·5 years.4 Recently reported results show that a dose of 
40 mg simvastatin once daily yielded striking results in
terms of reduced events: 12% reduction in total mortality,
17% reduction in vascular mortality, 22% reduction in CHD
events, 27% reduction in all strokes, and 16% reduction in
non-coronary revascularizations.4 Statin therapy appeared to
be beneficial at all cholesterol levels – even in participants
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whose baseline levels were well below the currently recom-
mended target levels of 100 mg/dl.4,80

Other ongoing trials that will provide needed information
on lipid therapy in the elderly are the Antihypertensive and
Lipid Lowering Treatment to Prevent Heart Disease Trial
(ALLHAT) and the Women’s Health Initiative (WHI).81

Complete ALLHAT results, involving 10 000 participants
without an upper age limit, are expected in 2002.81 WHI
will evaluate the effects of diet and lowering of fats in 
48 000 female participants, aged 79 or younger, with com-
pletion expected in 2007.81

According to ATP III, “hard-and-fast” age restrictions do not
appear to apply to the use of lipid lowering drugs in elderly
persons with established CHD.9 For primary prevention, ATP
III recommends therapeutic lifestyle changes, including low-
fat diet, exercise, and weight loss if overweight, and LDL 
lowering drugs if older persons are at increased risk because of
multiple risk factors or advanced subclinical atherosclerosis.9

Women

Women were not included in early cholesterol lowering 
trials because of concerns about confounding hormonal
effects on lipids, specifically in premenopausal women. Yet
the relationship between increases in plasma cholesterol
and CHD exists for women at all ages.

Based on recent secondary and primary prevention trials
that did not convincingly show that hormone replacement
therapy reduced CHD risk in postmenopausal women and
did show benefits with statins, ATP III recommends a cho-
lesterol lowering drug over hormone replacement for CHD
risk reduction in women.9 The later onset of CHD in
women should be factored into clinical decision making
regarding cholesterol lowering drugs.9

Of the “older” major clinical trials, CARE (Cholesterol and
Recurrent Events) enrolled a fairly high percentage of
women, 14%. It reported a 46% reduction in major coronary
events among women participants versus a 20% commensu-
rate risk reduction in men.4 In the PPP, which included
analysis of pooled data from CARE, pravastatin significantly
reduced relative risk of coronary events in women.22

The first CHD primary prevention trial of statins to
include women was the Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS).82

Among 997 postmenopausal women who received either
placebo or lovastatin (20 to 40 mg/day), statin therapy
showed consistent numerical decreases in first acute coro-
nary major events and in all prespecified secondary end
points (for example coronary revascularization, MI). The
study was insufficiently powered, however, to detect signifi-
cant differences between treatment groups.82

In HPS, 34% of participants enrolled were women, and
benefits were consistent regardless of sex.4 Male and female
participants experienced similar reductions in risk.

Diabetic patients

Although aggressive control of blood glucose levels in type 2
diabetic patients reduces microvascular clinical outcomes, its
effect on macrovascular disease outcomes remains unknown.
Other traditional CHD risk factors are believed to increase
dramatically the risk for clinical CHD events in these patients.
Inherent in the diabetic disease process is an abnormality of
lipoprotein lipase activity that is partially but not completely
corrected by optimal glucose control. Any additional lipid and
lipoprotein disorder(s) present in diabetic patients because of
either inherited or secondary causes (obesity, alcohol con-
sumption, etc.), accelerate atherosclerotic progression and
increase the risk of clinical CHD events. Treatment of lipid
disorders in diabetic patients with commensurate lowering of
blood cholesterol levels suggests a similar treatment benefit in
diabetic as in non-diabetic patients.2,3,5

The use of niacin in diabetic patients has traditionally not
been recommended because of concerns about adverse effects
on glycemic control. In the Arterial Disease Multiple Inter-
vention Trial (ADMIT), however, niacin was given to diabetic
patients in a prospective, randomized, placebo-controlled
study enrolling 468 subjects, 125 of them with diabetes and
diagnosed peripheral arterial disease.83 Niacin was given at
3000mg/day or to maximally tolerated dose, for up to 60
weeks. Niacin significantly increased HDL-C and decreased
triglycerides and LDL-C in all participants (P � 0·01: niacin v
placebo for all). It modestly raised glucose levels in all partici-
pants while HbA1c was unchanged from baseline through 
follow up.83 ADMIT investigators conclude that lipid-modify-
ing doses of niacin can be safely used in patients with diabetes
and that niacin may be considered an alternative therapy in
such patients who do not tolerate statins or in whom statins
do not correct hypertriglyceridemia or low HDL-C levels.83

In CARE, 586 normocholesterolemic diabetic patients
with CHD (14% of total sample) were given pravastatin or
placebo for 5 years. In the diabetic patients given pravastatin,
there were 8% and 25% reductions respectively in absolute
and relative risks of coronary events.84 Pravastatin also
reduced the risk for revascularization procedures among dia-
betic patients by 32%. In subjects who were not diabetic but
who had impaired glucose tolerance, pravastatin also sub-
stantially lowered the risk of recurrent coronary events.84

According to the pooled data in PPP, pravastatin significantly
reduced relative risk of coronary events in diabetic patients.79

The HPS trial included 3980 persons with diabetes and
2930 of these had no CVD. As noted above, the event
reductions seen with simvastatin occurred in diabetic
patients as well. There was a 24% decrease in CVD and a
25% decrease in total CHD.4

Peripheral vascular disease

In the Rancho Bernardo studies, patients with peripheral
vascular disease had a several-fold increased risk of dying of
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CHD. Greater than 80% of these individuals have CHD
although some will manifest few symptoms. It is reasonable,
but unsubstantiated, to treat these individuals as if they
have CHD.

Small dense LDL-C particles (phenotype B)

The entire population may be generally divided into two 
categories on the basis of predominant LDL species present
in plasma. People with a predominance of smaller, more
dense LDL particles exhibit an increased propensity for
oxidative susceptibility of these species.85 These individ-
uals have a higher risk for CHD, which may be associated 
to interrelated changes in plasma lipids, specifically an
increase in triglycerides and reduced plasma levels of HDL.
Alternatively, this pattern may be related to the insulin
resistance syndrome, or syndrome X, which consists of
impaired glucose tolerance, increased insulin levels, hyper-
tension and abnormalities of coagulation factors. No trial of
clinical outcomes and intervention of LDL subspecies has
been done.

Key points

Lipid and lipoprotein alteration for prevention of coronary
heart disease
1. Plasma LDL cholesterol lowering is effective in both

men and women. 
2. Plasma LDL cholesterol lowering is cost effective above

the age of 35 years. 
3. Plasma LDL cholesterol lowering is effective for ages at

least to age 80 years. 
4. Plasma LDL cholesterol lowering extends the patency

survival of coronary artery saphenous vein grafts.

5. The variables (NIDDM, hypertension, increased plasma
triglycerides, low plasma HDL-C, small-dense LDL and
increased PAI-1 levels) that are components of the 
so-called “insulin resistance syndrome” appear to 
be a marker for individuals with small-dense LDLs.

6. Alteration of plasma lipids (triglycerides) beyond total
plasma cholesterol and LDL-C has not been demon-
strated to affect CHD-cause specific morbidity or mor-
tality. 

7. Therapeutic increases in HDL-C may be associated 
with reductions in CHD. Associated changes in VLDL-
triglyceride-rich particles appear to have an important
role in CHD prevention. 

8. Since it is effective even in high risk individuals with 
low initial LDL levels, consider initiation of appropriate
therapy without initial determination of plasma lipid 
and lipoprotein levels. Best medical practice
supports monitoring LDL-C levels during treatment.
Grade C5

Grade A1a

Grade A1a

Grade A1a

Grade B2

Grade A1a

Grade A1a

Grade A1a

Grade A1a

Costs and cost effectiveness of lipid 
alterations for CHD prevention

True benefits for individuals and the public health have only
been demonstrated for alteration of plasma LDL-C. One
method for comparing the costs of cholesterol lowering is
shown in Table 13.5 where the cost of the various statins is
given in terms of the number of dollars per per cent of LDL-C
lowering per year.

Table 13.5 Comparative cost, dose and LDL-C lowering
of statins

Agent Dose LDL-C b AWP Cost/1%/
(mg) (%)b ($/day)c LDLR ($/yr)

Lovastatin 10a �21 1·49 11·45
20 �24 2·63 23·09

Simvastatin 10a �30 2·52 27·66
80 �47 4·40 75·27

Pravastatin 20a �32 2·78 32·47
80 �37 4·34 58·61

Fluvastatin 20a �22 1·47 11·80
40 �24 1·47 12·87

Atorvastatin 10a �39 2·30 32·87
80 �60 3·64 79·71

a Common starting dose, qd.
b From Physicians’ Desk Reference11

c From Red Book Update. Montvale, NJ: Medical Economics
Company; 2002
Cost/1%/LDLR was derived as cost/year/1% LDL 
reduction.

Until the release of results from the 4S study, reductions
in CHD morbidity from plasma cholesterol-related CHD had
been modest and reductions in CHD and total mortality had
not been demonstrated. Since elevated plasma cholesterol is
a major risk factor for CHD and is prevalent in Western
countries, evaluation of the cost effectiveness of plasma 
cholesterol lowering is important because of the size of the
potential population for intervention and the associated
healthcare costs of what can be lifelong medical therapy. 
In a sensitivity analysis,86 data from 4S demonstrate cost 
effectiveness of intervention for both men and women from
35–70 years and at plasma cholesterol levels above 213mg/dl.
The estimates of treatment costs for benefits observed in the
4S study, indicate that treatment is cost effective, among both
men and women and at all plasma cholesterol levels between
213 and 309mg/dl and with evidence of vascular disease.

A WOSCOPS economic analysis, comparing pravastatin
with dietary changes alone, showed the economic efficiency
of therapeutic intervention with a statin.87 Caro et al used 
a generalized model of cardiovascular disease prevention
and followed hypercholesterolemic men over a given time
period to quantify the effect on cardiovascular diseases



Evidence-based Cardiology

142

avoided. Over a broad range of inputs and regardless of
country, cost effectiveness ratios are below $35 000 per life-
years gained. Pravastatin is cost-efficient in preventing
CHD.87 Based on US medical price levels and the clinical
trial evidence up to 1998, Hay et al concluded that statin
therapy is cost effective (that is, cost less than $50 000/year
of life saved) in any patient with an annual CHD risk �1%,
including those with previous CHD or diabetes.88

In a recent cost-effectiveness analysis of the VA-HIT trial,
the cost per year of life gained with gemfibrozil was estimated.
Using the prices for gemfibrozil negotiated by the VA, gemfi-
brozil was cost-saving.89 Using prices for gemfibrozil paid out-
side the VA system, the cost of a quality-adjusted life-year
saved by gemfibrozil ranged from $6300 to $17000. The VA-
HIT investigators concluded that gemfibrozil reduced cardio-
vascular events in men with CHD and low levels of HDL-C
and LDL-C at annual drug cost-savings of $100 or less in 1998
dollars. Even at higher drug prices, the cost of a life-year saved
is well below the threshold considered cost effective.89

Malik et al 90 provide a graphic demonstration of how cost
effective statin therapy is versus other widely used therapies
for CHD, such as ACE inhibitors, � blockers, and non-CV
interventions, such as driver’s side air bags (Figure 13.1).
The cost effectiveness threshold here is £25 000/year of life
saved (US $35 000/year of life saved).

versus aggressive LDL lowering. For example what are the
risks and benefits of lowering LDL-C to 75 mg/dl compared
to about 100 mg/dl? The exact role of manipulation of other
lipoprotein particles also remains to be demonstrated.

Summary

The HMG-CoA reductase inhibitors are an important
advance in the treatment of CHD and there is compelling
evidence that LDL-C lowering with these agents can
decrease the risk of CHD events and total mortality in both
primary and secondary prevention. In addition to their
effects on LDL-C, statins have pleiotropic effects, which may
affect the development and the occurrence of clinical events
of atherosclerosis. Lipid lowering therapy benefits the eld-
erly, women, and diabetic patients, even if these individuals
have normal LDL-C levels. Effective single- and combina-
tion-agent regimens for intervention for other plasma lipid
and lipoprotein variables are also available.

Key points

Cardinal issues for using lipid altering agents
1. Is the diagnosis of hyperlipidemia certain?
2. Are there currently medications in the patient’s regi-

men that cause dyslipidemia or offer the potential
for drug interactions with hypolipidemic therapy?

3. ALWAYS start the therapeutic regimen with diet and
other lifestyle modifications. 

4. The statins act as a class of agents, but possess dif-
ferent dose response curves. Some may have sub-
stantial levels of adverse effects. 

5. The currently approved statins have powerful lipid-
altering effects and a very low order of adverse
effects. 

6. Nicotinic acid is a powerful agent which can be
effective in many people including some diabetic
patients when used carefully. 

7. Nicotinic acid is the most effective of any agent on
HDL-C levels and the only one with a possible effect
on Lp(a). 

8. Resin therapy can be effective for lowering LDL-C
plasma levels with careful attention to details of dos-
ing and administration, particularly when added to
low-dose statin or low-dose niacin. 

9. Fasting hypertriglyceridemia is a relative contraindica-
tion to primary or combination resin therapy. 

10. Fibrates are effective agents for lowering triglyc-
eride particularly when extremely high and moder-
ately raising HDL-C levels, but changes in LDL-C
levels need to be monitored. 

11. Are there contraindications to the specific hypolipi-
demic drug combinations?

12. Consider the direct and indirect costs before initiat-
ing primary lipid-altering therapy and with the addition
of each agent to the combined regimen.

Grade A

Grade A

Grade A

Grade A

Grade A

Grade A

Grade A

Grade A

Future directions

The benefits of statins beyond the coronary vascular bed 
are now being intensively investigated. In addition to their
lipid lowering properties, statins demonstrate pleiotropic
effects on many aspects of atherosclerosis, such as plaque
thrombogenicity, cellular migration, endothelial function,
and thrombotic tendency.18 Whether or not these effects
can be related to a decrease in progression of atherosclerosis
or to reductions in acute coronary syndromes remains to be
seen. Another area for more study is the benefit of moderate

Ramipril HOPE population

Ramipril high risk

Ramipril low risk
ACEI post-MI (AIRE)
ACEI post-MI (SAVE)

β blockers post-MI
Statins (4S)

Statins (WOSCOPS)
Mild HT treatment

Angiography
Post-MI

10 20 3 40
Cost effectiveness (£/life year saved)

50 1000

Driver’s side air bag

Hemodialysis

Figure 13.1 Comparison* of cost effectiveness of different
strategies in prevention
*Estimates from previous studies are in 1994–1995 UK pounds.
Adapted from: Malik IS, et al Heart, 2001;85:539–43
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Definition

A new classification of elevated blood pressure (BP) that
places greater emphasis on systolic BP was introduced in the
1993 Fifth Report of the Joint National Committee on
Detection, Evaluation and Treatment of High Blood
Pressure (JNC V)1 and slightly modified in the 1997 JNC
VI.2 Hypertension is defined as systolic blood pressure (SBP)
140 mmHg or greater and/or diastolic blood pressure (DBP)
90 mmHg or greater (Table 14.1). The new classification

addresses the issue of severity or increased risk by defining
three stages of hypertension, ranging from stage 1 (SBP
140–159 mmHg and/or DBP 90–99 mmHg) to stage 3 
(SBP �180 mmHg and/or DBP �110 mmHg).

In middle-aged populations, the most common type of
elevated BP is combined systolic-diastolic hypertension. A
second type, isolated systolic hypertension, generally occurs
in older persons, probably as a result of age-related stiffening
of the arteries. A recent Clinical Advisory Statement3 rec-
ommends that SBP should be the principal measure for the
detection, evaluation, and treatment of hypertension in both
middle-aged and older individuals.

Hypertension is also classified as complicated or uncom-
plicated according to the presence or absence of target 
organ manifestations. These manifestations, which can be
cardiac, cerebrovascular, peripheral vascular, renal, or reti-
nal, represent complications of hypertension, and they also
increase the risk of other hypertension-related complications
(Box 14.1).

Thus, hypertension is classified by its type (combined 
systolic-diastolic or isolated systolic hypertension), its 

14 Blood pressure and cardiovascular
disease
Curt D Furberg, Bruce M Psaty

Table 14.1 Classification of blood pressure for adults
aged 18 years and oldera

Category Systolic Diastolic
(mmHg) (mmHg)

Optimalb �120 and �80
Normal �130 and �85
High normal 130–139 or 85–89
Hypertension
Stage 1c 140–159 or 90–99
Stage 2c 160–179 or 100–109
Stage 3c �180 or �110

a Not taking antihypertensive drugs and not acutely ill. 
When systolic and diastolic blood pressures fall into different
categories, the higher category should be selected to 
classify the individual’s blood pressure status. For example,
160/92 mmHg should be classified as stage 2 hypertension
and 174/120 mmHg should be classified as stage 3 hyper-
tension. Isolated systolic hypertension is defined as SBP
�140 mmHg and DBP �90 mmHg and staged appropri-
ately (for example 170/82 mmHg is defined as stage 2 iso-
lated systolic hypertension). In addition to classifying stages
of hypertension on the basis of average blood pressure lev-
els, clinicians should specify presence or absence of target
organ disease and additional risk factors. This specificity is
important for risk classification and treatment.
b Optimal blood pressure with respect to cardiovascular risk
is �120/80 mmHg. However, unusually low readings should
be evaluated for clinical significance.
c Based on the average of two or more readings taken at
each of two or more visits after an initial screening.
Adapted from JNC VI 2

Box 14.1 Components for cardiovascular risk stratifica-
tion in patients with hypertension
Major risk factors
● Smoking
● Dyslipidemia
● Diabetes mellitus
● Age older than 60 years
● Gender (men and postmenopausal women)
● Family history of cardiovascular disease: women under

age 65 or men under age 55
Target organ damage/clinical cardiovascular disease
● Heart diseases

● Left ventricular hypertrophy
● Angina/prior myocardial infarction
● Prior coronary revascularization
● Heart failure

● Stroke or transient ischemic attack
● Nephropathy
● Peripheral arterial disease
● Retinopathy

Adapted from JNC VI2
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severity (stage 1–3), and by coexisting target organ manifes-
tations (if present, complicated, or uncomplicated). These
classifications are clinically important, since they have risk
as well as treatment implications.

Prevalence

In cohort analysis,4 mean SBP increases gradually with age,
regardless of initial BP (Figure 14.1). Mean DBP also
increases until the age of 55–60 years, when it levels off.4

Later in life there is a reduction in mean DBP, especially in
those with high initial levels (Figure 14.1). The age-related
changes in BP explain the increase in overall prevalence 
of hypertension with age and the increase in the prevalence
of isolated systolic hypertension with advanced age. The
prevalence of target organ manifestations also increases
with age, as a result of the increasing prevalence and the
longer duration of hypertension.

The prevalence of hypertension is greater for African-
Americans than for non-Hispanic Whites and Mexican-
Americans,5 and for less educated than more educated
people.

Natural history

Hypertension is one of the major risk factors for cerebrovas-
cular disease (stroke), coronary heart disease (acute myocar-
dial infarction [MI]), congestive heart failure (both systolic
and diastolic dysfunction), and renal dysfunction. The risk is
directly associated with the BP level and with the presence
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Figure 14.1 Arterial pressure components by age: group averaged data by sex. Averaged blood pressure levels from all available
data for each subject with 5 year age intervals (30–34 through 80–84) by SBP groupings 1 v 4. (Adapted from Franklin et al.4)

of target organ manifestations and other cardiovascular 
risk factors. Ferrucci et al.6 calculated the cardiovascular 
risk score for each participant of the Systolic Hypertension
in the Elderly Program (SHEP) using the Multiple Risk
Factor Assessment Equation.7 The simple risk score is based
on age, sex, total and HDL-cholesterol, SBP, smoking, and 
diabetes. In the placebo group, the 5 year rates of MI,
stroke, and heart failure were progressively higher with
higher quartiles of risk score in those who were free of 
cardiovascular disease at baseline. The relative event protec-
tion conferred by chlorthalidone-based treatment was 
similar across quartiles of risk. Thus, the absolute risk reduc-
tion increased by quartile of risk. This was reflected in 
a 2- to 10-fold lower “number needed to treat” (NNT) to 
prevent hypertensive complications in the highest-risk quar-
tile (Figure 14.2). The authors concluded that hypertensive
patients with additional cardiovascular risk factors should 
be the prime candidates for antihypertensive treatment.

Disease burden

Hypertension is one of the most common medical conditions
in the developed world. It has been estimated that as many
as 43 million adult non-institutionalized Americans have
hypertensive BP levels or are taking antihypertensive med-
ications. Another seven million persons may be controlling
their hypertension using non-pharmacologic methods.5

Over the last two decades, the National High Blood
Pressure Education Program has markedly raised the popu-
lation’s awareness concerning the high prevalence and com-
plications of hypertension.1 The number of patients taking
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antihypertensive medications and having their elevated BP
controlled has increased dramatically. The rates of aware-
ness, treatment, and control for hypertension for the new
definition of �140/90 mmHg in a US population sample in
1991–1994 were 68%, 54%, and 27%, respectively.2

The cost of antihypertensive drugs in the USA alone in
2001 has been estimated as high as $12·3 billion.8 Since as
many as half of all hypertensives (defined as �140/90)
remain untreated, the annual drug costs could easily double,
unless we can change lifestyles more successfully or can be
more efficient in allocating resources. During the late 1980s
and early 1990s, the shift away from the less expensive,
often generic diuretics and � blockers (with proven efficacy)
to the newer, generally more expensive, ACE inhibitors, 
calcium antagonists, 
 blockers and angiotensin II blockers
(with unproven efficacy) has been costly to society.9

Prevention of hypertension

Despite the established benefits of antihypertensive treat-
ment, concerns are often raised about the prospect of use of
antihypertensive drugs over decades by 20% or more of the
adult population. All drugs have adverse effects and the cost
of medical care for hypertension is considerable. Also, the
12 year follow up of approximately 350 000 middle-aged
men screened for the Multiple Risk Factor Intervention Trial
shows that 32% of the CHD deaths related to elevated BP
occurred below the level at which drug treatment would be
considered.10 Therefore, the prevention of hypertension is a
desirable goal.

The multifactorial etiology of hypertension is reflected 
by the large number of non-pharmaceutical approaches that
have been tested.11–13 Two types of populations have been
examined. In individuals with above optimal but non-
hypertensive BP levels, lifestyle interventions have been
tested to determine their effect on BP. The outcome has
been either BP reduction in short-term trials or prevention
of BP elevation with age and reduction in the incidence of
hypertension in long-term trials. Trials have also been con-
ducted in hypertensive patients with the objective of deter-
mining the BP-lowering effects of various non-pharmacologic
interventions. One rationale has been that the findings are
likely to be generalizable to non-hypertensive individuals.
Another rationale has been to determine the efficacy of
lifestyle modifications as definitive first-line or adjuvant ther-
apy for hypertension. All treatment guidelines recommend
lifestyle modifications as the first therapeutic approach in
newly diagnosed less severe hypertensive patients, with
pharmacologic treatment to follow only in those who fail to
respond adequately.

Cross-sectional or longitudinal observational studies have
found the following factors to be associated with BP and
prevalence or incidence of hypertension: adiposity, physical
inactivity, alcohol consumption, high intake of sodium, low

intake of potassium, magnesium, calcium, and certain types
of dietary fiber, intake of certain macronutrients, and chronic
stress.

Most of the 100� published randomized clinical trials
evaluating hypertension prevention and treatment were
small and short term, had follow up periods of weeks or
months, and focused on a single intervention. The interven-
tions required varying amounts of involvement by the
patients. Lifestyle modifications such as weight loss, exer-
cise, or reduced alcohol or sodium intake require substantial
counseling and commitment on the part of patients. Short-
term changes may be accomplished, but whether these are
sustained is often unknown. Other interventions have been
based on supplementation (potassium, magnesium, calcium,
fish oil, or fiber) by taking pills, capsules, or various forms 
of wheat bran, although some dietary trials have been 
conducted.

Trial results on the efficacy of interventions for prevention
of hypertension are summarized in Table 14.2. Based on lit-
erature reviews, including meta-analysis, evidence of efficacy
is conclusive for weight loss, exercise, diets high in fruits and
vegetables, and reduction in alcohol and sodium intake, and
potassium supplementation. A weight reduction
of 10 lb (4·5 kg) can be expected to lower the BP by approxi-
mately 4/3 mmHg. Since exercise, as part of efforts to
achieve caloric balance, influences weight, distinguishing an
exercise effect on BP from the effect of weight loss can be dif-
ficult, but there is good evidence of BP reduction from fitness
training.14 Low intensity/high frequency activity appears as
effective as or more effective than high intensity exercise. 
A sodium reduction of 80–100 mmol/day induces an 
average BP reduction of 5/3 mmHg in hypertensives and
2/1 mmHg in non-hypertensives.12 Similar BP effects were
observed in trials that accomplished alcohol reductions of
about 85% (a mean consumption of three drinks/day
reduced to three drinks/week).15

The BP effects of lifestyle modifications are modest, but
they appear to be additive under some circumstances.16 A
short-term study recently reported substantial BP reductions
in adults given a diet rich in fruits, vegetables, and low fat
dairy foods, and reduced saturated and total fat.17 A further
reduction of SBP was observed when the sodium intake was
reduced to below 100 mmol per day.18 However, counsel-
ing, if required on an indefinite basis through a traditional
clinical setting, may not be more cost effective than drugs.
Therefore, interventions (such as reducing salt intake by
modifying processed foods) that can potentially be accom-
plished on a population basis are attractive. The efficacy of
supplementation with magnesium, fiber, fish oil, or calcium
has been judged to be limited or unproven at this time.11

The trial findings are discordant and the effect sizes small.
Potassium supplementation (50–100 mmol KCl or equiva-
lent increase from food) moderately reduces BP, especially
in those who have a high sodium intake.13
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Long-term trials in individuals with high-normal BP 
have documented that the incidence of hypertension can be
reduced by as much as 50%. The most impressive
results are from a 5 year trial of a multifactorial intervention.19

The cumulative incidence of hypertension was 19·2% in the
control group and 8·8% in the intervention group. The main
factors contributing to this BP reduction were weight loss and
sodium reduction.16 Overweight adults with high-normal BP
appear to be prime candidates for this intervention.

Lifestyle modification is an integral part of management
of hypertension. The BP-lowering effects are on average
modest. Some patients do not respond or are unable to 
modify their lifestyles, while others respond well. As a con-
sequence, many patients do not have to be placed on anti-
hypertensive drugs and, if they are, lower drug doses or
fewer drugs may be required. The challenge is to sustain the
lifestyle modifications.

Drug treatment

Placebo-controlled trials

Despite efforts at lifestyle modifications, many patients
require pharmacologic treatment. In the USA, almost 
23 million civilian non-institutionalized adults are currently
taking antihypertensive medications.5 This high level of
drug use to treat an asymptomatic condition has been justi-
fied by the high population burden of major morbidity and
mortality causally related to untreated hypertension, and by
strong evidence of treatment efficacy and safety from large,
long-term clinical trials. In SHEP,20 which enrolled older
adults with isolated systolic hypertension, the 5 year event
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rates for the combined end points of CHD and stroke per
100 patients were 13·6 in the placebo group and 9·4 in the
active group. The risk difference of 4·2% means that about
24 older adults need to be treated for 5 years in order to 
prevent one coronary or cerebrovascular event. It must be
recognized that calculating the number needed to treat in
this manner from randomized clinical trials produces an
underestimate for several reasons, chiefly the selection or
self-selection of lower-risk patients into trials and the dilu-
tion of effects due to drop-in to active treatment by patients
in the control group. For middle-aged populations, who are
at lower risk, the number needed to treat would be much
higher. Because many people must receive therapy so that a
few will benefit, even uncommon adverse effects may mini-
mize or eliminate the BP-lowering benefits of antihyperten-
sive therapy. Only with large, long-term trials such as SHEP
can we be assured that the health benefits actually outweigh
the health risks of particular therapies. 

In a recent meta-analysis,21 the evidence from large, 
long-term, controlled clinical trials of antihypertensive 
therapy was reviewed. The 18 randomized trials
included 48 220 patients followed for an average of about
5 years. Clinical trials were classified according to the primary
treatment strategy. While most studies used more than one
drug, the agents were generally used in a stepwise fashion,
and it was usually easy to identify the first-line therapy.

Compared with controls, � blocker therapy was effective
in preventing stroke and congestive heart failure (Table 14.3).
Similarly, high-dose diuretic therapy, which typically started
with the equivalent of 50 mg/day of hydrochlorothiazide
and often went to 100 mg/day, was associated with a
reduced risk of stroke and heart failure. Despite lowering BP

Grade A

Table 14.2 Trial results on efficacy of interventions for primary prevention of hypertension

Intervention References Duration Change in targeted Change in BP, mmHg
(months) factors (systolic/diastolic)

Sodium reduction 16 6 �50 mmol/day �2·9/�1·6
16 18 �43 mmol/day �2·0/�1·2
16 36 �40 mmol/day �1·2/�0·7
12 0·5–36 �76 mmol/day �1·9/�1·1

Weight loss 16 6 �4·5 kg �3·7/�2·7
16 18 �2·7 kg �1·8/�1·3
16 36 �1·9 kg �1·3/�0·9

Exercise 14 1–16 To 65% maximum �2·1/�1·6
exercise capacity

Alcohol reduction 15 1·5 �2·6 drinks/day �3·8/�1·4

Potassium increase 13 0·3–36 �46 mmol/day �1·8/�1·0

Dietary pattern 17, 18 2 Increased fruit, vegetables, �3·5/�2·1
low fat dairy, protein,
lower saturated fat,
dietary cholesterol



by an average of about 5–6 mmHg, neither � blocker ther-
apy nor high-dose diuretic therapy demonstrated significant
reduction of coronary disease events (Table 14.3).

Compared with controls, low-dose diuretic therapy pre-
vented not only stroke and heart failure but also CHD and
cardiovascular and total mortality (Table 14.3). In contrast
to high-dose diuretic therapy, the adverse metabolic effects
of low-dose diuretic therapy are minimal. The safety and
proven effectiveness make low-dose diuretic therapy the
logical first-line pharmacologic treatment for hypertension.
� blockers, which clearly prevent stroke and heart failure 
in hypertensive patients, are an alternative. The current US
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guidelines2 appropriately identify low-dose diuretics and 
� blockers as preferred first-line agents in the treatment of
hypertension.

It is not clear why low-dose diuretic therapy prevents
CHD, but neither high-dose diuretic therapy nor � blocker
therapy is associated with a reduced risk of coronary disease.
The low-dose trials (see reference 21 for references) were
conducted mainly in older adults while the high-dose 
trials were conducted largely in middle-aged adults.
Evidence from observational studies suggests that, com-
pared with low-dose diuretic therapy, high-dose diuretic
therapy is associated with an increased risk of sudden

Table 14.3 Meta-analysis of randomized, placebo-controlled clinical trials in hypertension according to first-line 
treatment strategy

Outcome drug regimen Dose Trials Events, active RR (95% CI) RR (95% CI)
(n) treatment/

control 0·4 0·7 1·0

Treatment Treatment
better worse

Stroke
Diuretics High 9 88/232 0·49 (0·39–0·62) k l

Diuretics Low 4 191/347 0·66 (0·55–0·78)
� blockers 4 147/335 0·71 (0·59–0·86)
HDFP High 1 102/158 0·64 (0·50–0·82)

Coronary heart disease
Diuretics High 11 211/331 0·99 (0·83–1·18)
Diuretics Low 4 215/363 0·72 (0·61–0·85) 
� blockers 4 243/459 0·93 (0·80–1·09)
HDFP High 1 171/189 0·90 (0·73–1·10)

Congestive heart failure
Diuretics High 9 6/35 0·17 (0·07–0·41)
Diuretics Low 3 81/134 0·58 (0·44–0·76)
� blockers 2 41/175 0·58 (0·40–0·84)

Total mortality
Diuretics High 11 224/382 0·88 (0·75–1·03)
Diuretics Low 4 514/713 0·90 (0·81–0·99)
� blockers 4 383/700 0·95 (0·84–1·07)
HDFP High 1 349/419 0·83 (0·72–0·95)

Cardiovascular mortality
Diuretics High 11 124/230 0·78 (0·62–0·97)
Diuretics Low 4 237/390 0·76 (0·65–0·89)
� blockers 4 214/410 0·89 (0·76–1·05)
HDFP High 1 195/240 0·81 (0·67–0·97)

Trials indicate number of trials with at least 1 end point of interest. Abbreviations: RR, relative risk; CI, confidence interval; HDFP,
Hypertension Detection and Follow-up Program Study (5484 subjects in stepped care and 5455 in referred care). For these 
comparisons, the numbers of participants randomized to active therapy and placebo were 7768 and 12 075 for high-dose diuretic
therapy; 4305 and 5116 for low-dose diuretic therapy; and 6736 and 12 147 for � blocker therapy. Because the Medical Research
Council trial included two active arms, the placebo group is included twice in these totals, once for a diuretic comparison and again
for a � blocker comparison. The total number of participants randomized to active therapy and control therapy were 24 294 and
23 926, respectively.
Adapted from Psaty et al.21
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death.22 For high-dose diuretics, the most likely explanation
for this increased risk of sudden death is the dose of the
diuretics rather than the age of patients. Abrupt withdrawal
of � blocker therapy is associated with an increased risk of
MI in patients with high BP.23 It is possible that withdrawal
reactions from non-compliance with � blockers may have
minimized the drugs’ ability to prevent CHD in hyperten-
sive patients, who generally represent a low-risk population
group.

The findings for � blocker and high-dose diuretic therapy
provide direct evidence that BP lowering alone is not ade-
quate to predict the effect of an antihypertensive medication
on important health outcomes. “In light of all previous 
cardiovascular trials …” Topol and colleagues remark, 
“surrogate end points cannot be considered authentic 
measures of true clinical efficacy and safety.”24 Evidence
from individual comparative trials and meta-analyses of
comparative trials strongly indicates that it matters how ele-
vated BP is lowered (see below). Although average BP
reductions are similar across different classes of drugs,
important differences exist between these classes in terms of
their effects on major morbid events, especially heart failure
and acute MI.25 Yet drug regulatory agencies currently
approve antihypertensive medications primarily on the basis
of their ability to lower BP.

Results from several long-term, placebo-controlled trials 
of the newer classes of antihypertensive agents have been
published since 1997 (Table 14.4). A placebo-controlled
trial of nitrendipine, which is not available in the USA, 
in isolated systolic hypertension (Syst-Eur) found a statisti-
cally significant reduction in stroke risk and showed trends
for reductions in risks of acute MI and congestive heart 
failure.26 Two placebo-controlled trials in patients with 
type 2 diabetes and nephropathy, the Irbesartan Diabetic

Nephropathy Trial (IDNT)27 and the Reduction of Endpoints
in NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL) Study,28 investigated two different angiotensin II
receptor blockers. The primary end point in both trials was 
a composite renal outcome defined as a doubling of serum
creatinine, development of end stage renal disease, or death
from any cause. The primary results were very similar: the
composite renal outcome was lowered by 20% in IDNT by
irbesartan and by 16% in RENAAL by losartan (P �0·02 in
both trials). IDNT also evaluated the effect of amlodipine, 
a calcium-channel blocker, that did no better than placebo
for the renal outcome (RR 1·04). In neither trial did the
active treatments significantly reduce the risk of a composite
cardiovascular outcome in comparison to the placebo 
controls.

The Perindopril Protection against Recurrent Stroke
Study (PROGRESS) recently reported that ACE inhibitor-
based treatment reduced the risk of stroke by 28% and the
risk of total major vascular events by 26%.29 Those receiving
the combination of perindopril and the diuretic indapamide
(56% of the population) benefitted the most. In this 
subgroup, the mean reduction in BP was 12/5 mmHg and
the reduction in stroke risk was 43%. Those assigned to
perindopril alone experienced a small reduction in blood
pressure, 5/3 mmHg, with no significant reduction in 
stroke risk.

In conclusion, placebo-controlled trials conducted through
the early 1990s documented conclusively that low-dose
diuretics and � blockers used as first-line drugs markedly
reduce the devastating cardiovascular complications experi-
enced by hypertensive patients. This achievement
had two important consequences. First, it established low-
dose diuretics as the proper control group for comparative
trials. Second, it limited the opportunity for conducting 

Grade A

Table 14.4 Clinical effects of newer antihypertensive agents from recent placebo-controlled trials

Trial Study population First-line treatment Outcome RR (95% CI)

Syst-Eur26 ISH nitrendipine Stroke 0·58 (0·40–0·83)
AMI 0·70 (0·44–1·09)
Heart failure 0·71 (0·47–1·10)

IDNT27 Diabetic nephropathy irbesartan Composite renal 0·80 (0·66–0·97)
Composite CV 0·91 (0·72–1·14)

amlodipine Composite renal 1·04 (0·86–1·25)
Composite CV 0·88 (0·69–1·12)

RENAAL28 Diabetic nephropathy losartan Composite renal 0·84 (0·72–0·98)
Composite CV 0·90 (NA)

PROGRESS29 Stroke, TIA perindopril alone Stroke 0·95 (0·77–1·19)
Major vascular 0·96 (0·80–1·15)

perindopril � indapamide Stroke 0·57 (0·46–0·70)
Major vascular 0·60 (0·51–0·71)

Abbreviations: CV, cardiovascular; TIA, transient ischemic attack
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long-term, placebo-controlled trials, since withholding 
active treatment generally became ethically unacceptable.
Only in specific subgroups of hypertensive patients – for 
example, those with major comorbidity such as nephropathy
and cerebrovascular disease – were placebo-controlled
designs considered acceptable. The focus of clinical research
in hypertension has shifted from answering the question,
“Is blood pressure lowering beneficial?” to asking, “Does it
matter how elevated blood pressure is lowered?” The latter
question requires comparative or active-controlled trials.

Active-controlled trials

ALLHAT, initiated in 1994,30 is one of the first major active-
controlled or comparative outcome trial to examine
whether the type of drug used to lower high BP matters.
While the study hypotheses are formally two-sided, the 
primary interest is a test of superiority, with the overall
objective being to determine whether each of three drugs
from newer drug classes (ACE inhibitors, calcium-channel
blockers, and 
 blockers), when used as first-line therapy,
are superior to low-dose diuretics in reducing the risk of 
cardiovascular events. The 
 blocker (doxazosin) arm was
terminated early in 200031 for two reasons – a 25% excess
of major cardiovascular events, primarily congestive heart

failure, and a very small likelihood of observing that it is
superior to low-dose diuretics in reducing major coronary
events (Table 14.5). The fact that excess cardiovascular
events with doxazosin occurred despite BP reduction that
was similar to the diuretic group points to the importance of
drug selection in the treatment of hypertension.

A meta-analysis of nine randomized comparative clinical
trials of intermediate- and long-acting calcium-channel
blockers (CCB) was recently published.32 The comparators
were mostly low-dose diuretics, � blockers, and ACE
inhibitors. The mean BP reduction was almost identical in
the CCB and non-CCB groups. In the database that included
nearly 120 000 person-years of treatment, use of CCBs was
associated with approximately 25% excess rates of both con-
gestive heart failure and acute MI (P � 0·005) (Table 14.5).
No differences were observed between the groups for stroke
or all-cause mortality. When the database from a second
meta-analysis33 was used to examine the same question –
CCBs versus non-CCBs – the results were similar and statis-
tically significant.34

In a similar type of meta-analysis, the benefit of ACE
inhibitors was compared to that of non-ACE inhibitors, 
primarily CCBs in patients with diabetes.35 The pooled
analysis, supported subsequently by another trial,36 strongly
suggested that ACE inhibitors have advantages over 

Table 14.5 Clinical effects of newer antihypertensive agents from recent active-controlled trials

Study Study population Treatment Outcome RR (95% CI)

Study Control

ALLHAT31 Elderly, high-risk doxazosin chlorthalidone CHD 1·03 (0·90–1·17)
Mortality 1·03 (0·90–1·15)
Stroke 1·19 (1·01–1·40)
Combined CVD 1·25 (1·17–1·33)
CHF 2·04 (1·79–2·32)
Angina 1·16 (1·05–1·27)
Coronary revasc 1·15 (1·00–1·32)

Pahor et al.32 CCBs non-CCBs CHF 1·25 (1·07–1·46)
AMI 1·26 (1·11–1·43)
Stroke 0·90 (0·80–1·02)
Mortality 1·03 (0·94–1·13)

Pahor et al.35a Diabetics Non-ACEIs, ACEIs AMI 1·45 (1·12–1·89)
Mostly CCBs Stroke 1·08 (0·80–1·43)

CV event 1·20 (1·00–1·45)
Mortality 1·08 (0·86–1·35)

AASK37 Non-diabetic amlodipine ramipril Composite renal 1·61 (1·15–2·27)
nephropathy

IDNT27 Diabetic nephropathy amlodipine irbesartan Composite renal 1·32 (1·09–1·58)
Composite CV 0·97 (0·76–1·23)

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; AMI, acute myocardial infarction; CCBs, calcium-channel blockers; 
CHD, coronary heart disease; CHF, congestive heart failure; CV, cardiovascular; CVD, cardiovascular disease
a Updated to include reference 36.



non-ACE inhibitors in reducing the risk of acute myocardial
infarction and major cardiovascular events, in spite of simi-
lar BP reduction (Table 14.5).

The fourth source of evidence concerning the relevance
of how elevated BP is lowered comes from two very recent
trials with similar design in patients with nephropathy
(Table 14.5). The achieved BP levels were similar for the
two therapies – amlodipine versus a drug blocking the
renin– angiotensin system. In the AASK trial,37 among
patients with non-diabetic nephropathy, the amlodipine
group was terminated early owing to a more rapid decline in 
renal function and a 60% higher risk of a composite renal
outcome – renal disease progression, end stage renal dis-
ease, or death compared to the ramipril group. Amlodipine
was also inferior to irbesartan in patients with diabetic
nephropathy in IDNT.27 The risk of the composite renal out-
come was 32% higher in the amlodipine group compared to
the irbesartan group. There was no group difference for a
composite cardiovascular outcome.

In conclusion, these reports document that in certain cir-
cumstances it matters how elevated BP is lowered. It appears
that two types or classes of drugs, 
 blockers and CCBs, are
as effective as other antihypertensive agents in reducing SBP
and DBP in the reviewed trials, but less effective in reducing
the risk of heart failure (both classes) and MI (CCBs). In eld-
erly high-risk hypertensive patients, doxazosin was less effec-
tive than chlorthalidone in reducing risk of congestive heart
failure and stroke. There was no difference in risk
of major coronary events. It is likely that these observations
from ALLHAT apply to all 
 blockers. Two thirds of the heart
failure cases were either hospitalized or fatal. Several sources
of data32–37 show that CCBs are inferior to other agents in
reducing the hypertensive complications of congestive heart
failure and acute MI. These findings may be especially
relevant in patients with type 2 diabetes.35,36 Since diuretics,
� blockers and ACE inhibitors are effective in the treatment
and prevention of heart failure and most CCBs are con-
traindicated in patients with this condition, these observa-
tions should not be surprising. Similarly, � blockers and 
ACE inhibitors are beneficial in the prevention of CHD while 
the CCBs are not. Additionally, recent trials have reported
that amlodipine is inferior to drugs blocking the renin–
angiotensin system.27,37 In these small trials, there was no
difference in cardiovascular events.

Genetics, hypertension, and some potential
drug–gene interactions

The phenotype of high BP represents a complex trait influ-
enced by both genes and environment.38–40 While behav-
ioral factors such as obesity and physical inactivity are
clearly important in the etiology, family studies and twin
studies suggest that about 30% of the variation in levels of
BP can be attributed to genetic factors.39 Several monogenic
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forms of high BP have been identified, and they include, 
for instance, glucocorticoid-remediable aldosteronism and
Liddle’s syndrome.38,39 These monogenic forms of hyperten-
sion, though sometimes associated with profound elevations
of BP, are rare and do not contribute measurably to the 
burden of hypertensive disease in humans.

Essential hypertension, generally mild to moderate eleva-
tions of BP in the population, has been associated with sev-
eral genetic polymorphisms. Halushka and colleagues have
identified 874 single nucleotide polymorphisms in 75 candi-
date genes for BP homeostasis.41 Not surprisingly, the litera-
ture on genetics and hypertension is vast. This section will
illustrate the findings for several leading candidate genes,
including variations in the genes coding for angiotensino-
gen,42 the �-2 adrenergic receptor,43 and 
 adducin,44 with
special attention to potential drug–gene interactions that may
in the future affect treatment choices. The genetic studies of
hypertension are immensely important for understanding the
biologic and molecular etiologies of high BP and, potentially,
for the design of new drugs. The public health importance of
variations in candidate genes for hypertension remains to be
determined. While this work has enhanced our knowledge of
molecular biology, the polymorphisms associated with essen-
tial hypertension, though some are common, tend to have
small effects. As Corvol has aptly observed, “Most molecular
variants lead to a low attributable risk in the population or a
low individual effect at the individual level.”45

Angiotensinogen gene (AGT)

Polymorphisms in the AGT gene, especially the Met235Thr,
have been associated with hypertension.46,47 The
Met235Thr variant, which is associated with elevated
plasma levels of AGT, is in linkage disequilibrium with the 
A-6G promoter polymorphism, and the -6G variant is associ-
ated with increased gene transcription46,48 and aldosterone
production.49 In response to sodium restriction, patients with
the Thr235 variant and the -6A promoter variant have larger
reductions in level of BP than persons with the corresponding
wild type allele.50,51 Patients with the Thr235 variant also
have more pronounced responses to ACE inhibitors than
those with the Met235 allele.52 In one study,46 the AGT poly-
morphism predicted the BP response to treatment with ACE
inhibitors. The largest fall in BP was associated with the T235
allele of AGT, which is also associated with higher levels of
AGT.46 Since subjects with the Thr235 and -6A variant alleles
appear to be more salt sensitive, and since diuretics are more
effective in salt-sensitive hypertension, diuretics may be espe-
cially effective in subjects with these variant alleles.50,51

�-2 adrenergic receptor (�2AR)

Adrenergic receptors are members of a large family of 
receptors linked to guanine-nucleotide-binding proteins 
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(G proteins). Recent studies in molecular biology have con-
tributed to our understanding of the structure, function and
regulation of adrenergic receptors,53 including their interac-
tion with G-proteins in the heart.54–56 In a series of studies,
Liggett and colleagues identified several polymorphisms in
the �-2 receptors and their functional and clinical conse-
quences.57 Four of the nine point mutations resulted in
changes in the �2AR amino acid sequence, and several
appear to affect agonist-promoted downregulation of 
the �2AR.

The �-2 adrenergic receptors are important in BP 
regulation. Genetic variation in these receptors may account
in part for variation in the risk of hypertension or variation
in the response to drug treatment.58 In normotensive
African-Americans compared to White Americans, dilation
of forearm resistance vessels in response to the infusion of 
a �-2 adrenergic agonist is decreased.59 These findings sug-
gest that alterations in the response to �-2 adrenergic stimu-
lation may be important in the development of hypertension
in African-Americans. A polymorphism in the �-2 adrener-
gic receptor gene detected by a restriction fragment length
polymorphism (RFLP) is associated with hypertension, 
both in Whites and Blacks.60 In African-Americans, this 
�-2-related RFLP is associated with a salt-sensitive form of
hypertension.61 In African-Caribbeans, the Arg16Gly poly-
morphism of the �-2 adrenergic receptor is associated with
hypertension58 (OR � 2·74; 95% CI 1·72–4·36).

In one recent study, Dishy and colleagues describe the
association between several �2AR variants and responses to
isoproterenol with particular attention to the desensitization
that normally occurs with prolonged exposure.43 For the
Arg16Gly polymorphism, subjects homozygous for the
Gly16 variant were more resistant to the agonist-mediated
desensitization than subjects homozygous for the Arg16 as
measured by sustained venodilatation. For the Gln27Glu
polymorphism, subjects homozygous for the Glu27 variant
had higher maximal venodilatation in response to isopro-
terenol than those who were homozygous for Gln27.43

Taken together, these findings suggest that genetic 
variation in the �-2 adrenergic receptor may be important 
in hypertension, and that the risk may vary in subgroups
according to ethnicity or salt sensitivity. High-salt diets 
produce hypertension in part by downregulating the �-2
receptors.62 Thus, genetic variation in these �-2 receptors
may influence not only the development of hypertension
but also the response to diuretics as well as � blockers.

� adducin


 adducin is the first example of molecular genetic research
in the rat to provide key insights to human hypertension.40

A series of elegant experimental comparisons between the
Milan Hypertensive Strain (MHS) and the Milan Non-
hypertensive Strain identified � adducin as a candidate

gene.63,64 Adducin, a heterodimer of alpha and beta sub-
units, modifies the cell cytoskeleton and thereby modulates
the cell-surface exposure of the transmembrane proteins.65,66

This interaction between cytoskeletal proteins and trans-
membrane proteins helps to regulate ion transport. In the
MHS, the number of Na�/K� pump units and their activity
are increased, and Na-K ATPase activity is upregulated.66

In humans, a Gly460Trp polymorphism of 
 adducin was
recognized and investigated.67 The variant Trp460 allele is
associated with the prevalence of hypertension in Italians
and French (OR � 1·6, 95% CI 1·3–1·9).44 The variant
Trp460 allele also modifies the response to 2 months of
treatment with thiazide diuretics and to acute salt-sensitivity
testing.44 Subjects with one copy of the Trp460 variant
allele had a larger BP response to thiazide treatment than
those with the wild type (decrease of mean arterial pressure
of 14·7 for Trp460 versus 6·8 mmHg for the wild type).
Similarly, subjects with the Trp460 variant also had a more
pronounced response to the acute salt-sensitivity testing
(change in MAP of 15·9 v 7.4 mmHg). These findings are
consistent with role of 
 adducin in controlling renal
transepithelial ion transport in humans.68 The association
with hypertension has been confirmed in some69 but not all
clinic-based studies.70–72 In the only population-based study,
the OR for the association of adducin with hypertension was
1·67 (P � 0·02).73 The response of subjects with the variant
Trp460 allele to diuretic therapy is pronounced even in pop-
ulations where the variant allele is not associated with the
risk of hypertension.74

The 
 adducin polymorphism is strongly associated with
the salt-sensitive form of hypertension, and individuals with
one or two copies of the variant allele display an increased
rate of renal tubular sodium reabsorption after sodium deple-
tion or loading.75 In one large clinical trial of antihyperten-
sive therapy,76 it was observed that there was a reduction in
cardiovascular events, particularly stroke, in the treatment
group – a reduction that could not be completely accounted
for by the attained BP reduction. Among participants with
the adducin variant in a recent case–control study, diuretics
were compared with other antihypertensive drugs. It was
found that in those participants the use of diuretics was asso-
ciated with a 50% reduction in the risk for MI or stroke.77

Treatment with thiazides in people with salt-sensitive hyper-
tension may decrease the incidence of cardiovascular events
through other mechanisms than the direct lowering of BP.

Pharmacogenetics

Over centuries and across communities, large numbers of
polymorphisms have appeared in what are now called drug
receptors, drug effector pathways, and drug-metabolizing
enzymes. Indeed, some variant alleles have become 
common in the absence of any exposure to most modern
medications. For instance, the allele frequencies in various
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populations are 11–57% for 
 adducin, 42–72% for the
�2AR variants at positions 16 and 27, and 36–52% for
angiotensinogen. Interest in pharmacogenetics is often
inspired by the point of view of drug development.
Identifying the genes responsible for variation in or regula-
tion of BP may provide opportunities to design new drugs.78

While some studies suggest the possibility of drug–gene
interactions on the outcome of level of BP, no studies have
examined the potential for drug–gene interactions on the
occurrence of cardiovascular events. Another perspective is
the point of view of drug safety.79 Thousands of prescription
medications are already on the market. In 1994, 2·2 million
hospitalized persons experienced serious adverse drug reac-
tions, and 106 000 had fatal adverse drug reactions.80 Work
in pharmacogenetics can perhaps also improve the safety
profile of medications already commonly used in the USA.

The studies in molecular biology and genetics are occur-
ring at a breathtaking pace. The identification of polymor-
phisms at once answers questions about genetic variation
and, at the same time, raises questions about their clinical
applications in medical practice – important questions that
need to be answered before these genetic studies can begin
to benefit the health of the public. Many of these genetic
variants are exceedingly common. If screening for genetic
variants such as the Trp460 allele of 
 adducin identifies
patients for whom diuretics are particularly effective in pre-
venting cardiovascular events, then genetic screening for
selected polymorphisms might become as useful as renal
function tests in the initial work up of patients with high BP.
Much work needs to be done before genetic screening is
indicated.

Cost effectiveness

It has been estimated that medications account for 50–90%
of the direct cost of hypertensive treatment.81 The 1996
wholesale prices for starting doses of antihypertensive drugs

may vary by at least 40-fold. Thus, the choice of drug(s) has
a major effect on direct treatment costs.

The direct costs of routine outpatient physician visits and
laboratory tests are also substantial. If one assumes three
annual office visits (at $70 each) and two serum chemistry
panels (at $29), these non-drug costs of hypertension man-
agement amount to $268 per patient per year. For every one
million of the 20 million untreated patients in the USA
started on drug treatment, the total cost could be as low as
$450 million or as high as $1 billion annually. The question
from a cost-effectiveness viewpoint is not whether treat-
ment is effective, but whether the benefits justify the costs
in light of competing healthcare needs.

Formal cost-effectiveness analyses are not possible for the
newer antihypertensive agents because of the lack of data
on effectiveness. One has to make assumptions about the
magnitude of effectiveness. If we assume that
the newer agents are as effective as low-dose diuretics, the
wholesale medication costs to prevent a fatal or non-fatal
coronary event, a fatal or non-fatal stroke, a death from any
cause, and any of these complications among patients with
uncomplicated mild to moderate hypertension are as shown
in Table 14·6. The costs are given for low-dose diuretics and 
a prototype of the newer unproven agents, nifedipine GITS.
Recent cost data based on smallest tablet size available show
that retail prices currently vary approximately 20-fold.82

In the context of healthcare systems in which priorities
are being established (fixed budgets), the prime candidates
for antihypertensive drug treatment are:

● elderly patients
● patients with moderate to severe hypertension
● patients with other cardiovascular risk factors, target

organ manifestations.

These patient groups (among others) are at a higher risk
of clinical hypertensive complications. Since clinical trials
have demonstrated similar relative reductions in risk of
stroke, acute MI, congestive heart failure, and mortality in
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Table 14.6 Costs (US$) in wholesale medication prices to prevent a fatal or non-fatal CHD event, a fatal or non-fatal
stroke, a death of any cause or any of these events in patients with uncomplicated mild to moderate hypertension
assuming similar efficacya

Event Hydrochlorothiazide Nifedipine GITS

Middle-aged Elderly Middle-aged Elderly

CHD 21 374 3822 1 571 809 281 025
Stroke 7413 2453 545 141 180 372
Mortality 14 826 3931 1 090 281 289 078
Any of above 4730 1588 347 859 116 758

a The relative efficacy of calcium blockers compared to diuretics has not been reliably evaluated. These estimates assume similar
impact of the two agents.
Adapted from Pearce et al80



low-risk compared to high-risk patients, the absolute benefit
expressed as number needed to treat to prevent one event
or as number of events prevented per 100 patients treated is
substantially greater in the high-risk groups described above.

Unanswered questions

● In terms of clinical efficacy and safety, how do the
newest agents compare with the proven treatments,
low-dose diuretics, � blockers and ACE inhibitors? 
Are they superior, the same, or inferior? This question
and the following one are the key clinical questions
today. The answer to this question depends on large,
long-term trials that include an actively treated control
group. ALLHAT is an excellent example.30

● Compared to the older proven drugs, are the newer
agents cost effective? Regrettably, formal analysis to date
has been limited by a lack of efficacy data for the newer
agents. If, in ongoing trials, they turn out to be superior,
we have to decide whether the degree of superiority jus-
tifies the price differential and, if so, whether the newer
drugs deserve to be considered as first-line agents. If the
newer agents are the same or inferior, their use should
be restricted to second- or third-line agents, and be lim-
ited to patients who do not respond to low-dose diuret-
ics, � blockers, and ACE inhibitors, or who cannot
tolerate them or to specific targeted populations.

● What is the best method for risk stratification? How can
we implement feasible and acceptable risk stratification
in the clinical setting, thus, allowing treatment deci-
sions to be based on an individual’s overall cardiovascu-
lar risk?

● What is the optimal level of treated BP? Should the 
treatment goals be even lower than 140 mmHg 
(systolic) or 90 mmHg (diastolic) for certain high-risk
subpopulations?

● What are the optimal method(s) for long-term lifestyle
modifications?

● How can we best reduce the incidence of hypertension?
● Will genetic information improve the efficacy and safety

of drug treatment with specific antihypertensive agents?

Key points

● Hypertension should be classified by its type (diastolic/
combined v isolated systolic hypertension), its severity
(stage 1–3) and by coexisting target organ manifesta-
tions (complicated v uncomplicated). 

● If choices must be made, high-risk hypertensive 
patients – that is, elderly patients, those with moderate 
to severe hypertension and those with target organ 
manifestation – ought to be the prime candidates for
treatment owing to more favorable benefit–risk and
cost-effectiveness ratios. Grade A

Grade A

Key points Continued

● Lifestyle modification – primarily weight control and
sodium reduction – is an integral part of management of
hypertension. Good evidence on efficacy also exists for
increased physical activity, moderation of alcohol intake,
and ensuring adequate potassium intake. 

● Low-dose diuretics should be the first-line drugs
because of proven efficacy and safety; � blockers and
ACE inhibitors are alternatives. In patients with type 2
diabetes, ACE inhibitors appear to be the drugs of
choice. Emerging evidence suggests that
angiotension II receptor blockers convey benefit similar
to that of ACE inhibitors. The use of calcium antago-
nists, and 
 blockers ought to be restricted to patients
who do not respond to low-dose diuretics, � blockers
and ACE inhibitors or who cannot tolerate them.

● Major differences in direct drug cost between low-dose
diuretics and the newer and heavily promoted agents
ought to be a strong incentive to enhance use of the 
former. 
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Large epidemiologic studies have consistently shown that
patients with diabetes mellitus (DM) have a two-to fourfold
increased risk of cardiovascular disease relative to non-
diabetic patients.1–3 Patients with both type 1 and type 2
diabetes are at increased risk. For patients with type 1 dia-
betes, who present soon after the disease develops, this
increased risk is not apparent until 20 to 30 years after the
diagnosis is made. For patients with type 2 diabetes, who
constitute over 90% of all patients with diabetes, this
increased risk is apparent right at the time of diagnosis and
is independent of the duration of diagnosed diabetes.4–6 For
these patients, this observation may be due to a 5–10 year
antecedent history of undiagnosed diabetes, preceded by an
indeterminate period of elevated glucose levels that are
below the diabetic cut off.7

Recent studies suggest that in patients with diabetes, the
degree of glucose elevation is directly related to the risk of
cardiovascular disease. For non-diabetic patients, a critical
overview of the available epidemiologic studies suggests
that this continuous relationship extends below the diabetic
threshold and includes mildly elevated glucose levels that
are generally considered to be normal. There may or may
not be a lower glucose threshold to this risk. Thus, like total
cholesterol or diastolic hypertension, glucose appears to be a
continuous cardiovascular risk factor. Whether or not modi-
fication of this risk factor by interventions that lower glucose
levels will also prevent cardiovascular disease remains an
important and unanswered question.

Definition and epidemiology of diabetes and
impaired glucose tolerance

The diagnosis of DM applies to a heterogeneous group of
disorders that are all characterized by high levels of glucose
in the blood.8 This hyperglycemia is due either to absent or
minimal insulin secretion from insulin-producing � cells of
the pancreas, or to insufficient insulin secretion to overcome

a variable degree of “insulin resistance” that is present in a
large proportion of the general population. As insulin is the
primary hormone that prevents hyperglycemia, both by
inhibiting hepatic glucose production and facilitating glu-
cose clearance by muscle, insufficient insulin quickly results
in an elevated glucose level. The clinical classification of dia-
betes and the associated characteristics and suspected
causes of each type are listed in Table 15.1.

For many years it was apparent that patients with dia-
betes had a high risk of developing eye disease, kidney dis-
ease, peripheral nerve disease, and cardiovascular disease
(that is, coronary heart disease, cerebrovascular disease, and
peripheral vascular disease). In 1979 and 1980 it was also
recognized that these complications were occurring in
patients with both diagnosed diabetes and asymptomatic,
undiagnosed diabetes.9 On the basis of epidemiologic stud-
ies of the risk of eye and kidney disease according to the 
2 hour glucose level (during a 75 g oral glucose tolerance
test) in populations at high risk for diabetes, specific glucose
thresholds were defined for the diagnosis of diabetes 
(Table 15.2). These specific levels were those above which
patients were at high risk of diabetic retinopathy and
nephropathy; patients with levels below this threshold had 
a very low risk for these diabetic complications.7,8,10 The
fact that these thresholds were not chosen to reflect the 
risk of cardiovascular disease is apparent from many studies
demonstrating a high risk of cardiovascular disease in
patients with much lower glucose levels (see below).

At the time that these thresholds were established, it 
was clear that a large number of people had glucose levels
that fell below the diabetic threshold but that were 
nevertheless still elevated. This led to the classification of
Impaired Glucose Tolerance (IGT), which was defined on
the basis of the glucose level (Table 15.2) and not on the
basis of any particular clinical characteristics.8,9 Although
people with IGT were at low risk for diabetic retinopathy
and nephropathy, they had a higher risk for developing dia-
betes than people with normal glucose tolerance (defined by
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a fasting and 2 hour plasma glucose �6·1 and 7·8 mmol/l
respectively8).

Prevalence estimates

Data from both Canada11,12 and the USA13 suggest that
approximately 3–5% of all adults have a known diagnosis of
diabetes. A large survey completed in 1994 in the USA also
showed that one third of all cases of diabetes were undiag-
nosed.14 Thus up to 8% of all adults in North America have

diabetes. This prevalence varies with age, approaching
15–20% of all people over the age of 64 in the USA.13 It also
varies with race and ethnicity, and is higher in aboriginal
populations throughout the world, in East Indians, American
Blacks and Hispanics, and in Chinese and Indian migrant
communities.15 The prevalence of impaired glucose toler-
ance varies in a similar pattern; in most populations it is
approximately equal to the prevalence of diabetes (both diag-
nosed and undiagnosed);15 thus in the USA the prevalence of
IGT and diabetes exceeds 20% of people aged 40–74.14
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Table 15.1 Etiologic classification of diabetes mellitusa

Name Characteristics Etiology Epidemiology

Type 1 Primarily due to pancreatic Autoimmune or ~10% of patients with
islet �-cell destruction; prone idiopathic; genetics diabetes; 0·2% of
to ketoacidosis play a role the general population

Type 2 Results from insulin Genetics play a key role ~90% of patients with
resistance with an insulin diabetes; up to 10% of
secretory defect the adult population

Gestational Diabetes with onset or first Usually a result of Complicates ~4% of
diabetes recognition during pregnancy hormonal changes in pregnancies in USA

pregnancy; usually
resolves after delivery

Other specific Related to a genetic, Examples include Other forms of diabetes
types congenital, pancreatic, hemochromatosis, account for ~2% of all

endocrine, or infectious pancreatitis, patients with diabetes
acquired disease, hypercortisolemia
or drug-induced

a Adapted from reference 8. Note that patients with any form of diabetes may require treatment with insulin at some stage of their
disease. Use of insulin does not in itself classify the patient.

Table 15.2 Diagnostic thresholds for diabetes, impaired glucose tolerance, and impaired fasting glucosea

Classification Random plasma glucose Fasting plasma glucose 2 hour post-load (75 g glucose)
plasma glucose

Diabetes mellitus �11·1 mmol/l and classical signs �7·0 mmol /lb �11·1 mmol/lb

and symptoms of hyperglycemiab

Impaired glucose N/A �7·0 mmol/l �7·8 and �11·1 mmol/l
tolerance

Impaired fasting N/A �6·1 and �7·0 mmol/l N/A
glucose

a The diagnostic criteria for diabetes recommended by the Expert Committee of the American Diabetes Association have been
modified from those previously recommended by the National Diabetes Data Group (that is, fasting plasma glucose �7·8 mmol/l
on at least two occasions, or plasma glucose �11·1 mmol/l at 2 hours and at one other point in the test in an oral glucose toler-
ance test) and the World Health Organization (that is, fasting plasma glucose �7·8 mmol/l, 2 hour plasma glucose �11·1 mmol/l
in a 75 g oral glucose tolerance test, or both).
b Must be confirmed on a subsequent day by any one of the three methods.



Relationship between the glucose level and
retinopathy, nephropathy, and peripheral
neuropathy

In patients with diabetes, the risk of retinopathy, nephro-
pathy, and neuropathy is highly correlated with various
measures of glycemia including fasting plasma glucose, 
2 hour postprandial plasma glucose (after a 75 g oral glucose
load), and glycated hemoglobin level.10,16,17 For example,
the risk of retinal and renal disease is very low below a 
fasting and 2 hour plasma glucose of 7·0 mmol/l or
11·1 mmol/l respectively, and increases as these measures
increase within the diabetic range.

Therefore, the plasma glucose level is a continuous risk 
factor for these complications in patients with diabetes. It 
is also a modifiable risk factor. The Diabetes Control and
Complications Trial16 clearly showed that for patients with
type 1 diabetes, dramatic reductions of the risk of retinopathy
(63% risk reduction [RR]), laser therapy (51% RR), microalbu-
minuria (39% RR), clinical proteinuria (54% RR), and neu-
ropathy (60% RR) can be achieved by “tight” glucose control.
“Tight” glucose control also led to reductions in the risk of
any diabetes end point and microvascular end points in
patients with type 2 diabetes in the United Kingdom
Prospective Diabetes Study (UKPDS) (for example, there was
a 25% RR for the combined end point of renal failure or
death, vitreous hemorrhage, or photocoagulation).18 Thus
achieving and maintaining normoglycemia in patients with
diabetes is beneficial regardless of the etiology of the diabetes.

Relationship between the glucose level and 
the risk of cardiovascular disease

Risk of cardiovascular disease in 
patients with diabetes

As noted above, diabetes is an independent risk factor for
cardiovascular disease.2 People with diabetes have a two- to
fourfold higher risk of coronary, cerebrovascular, and periph-
eral vascular disease than non-diabetic people.1 The relative
risk is greater for women than for men.1,19 Diabetes is also 
a poor prognostic factor post myocardial infarction (MI); 
diabetic patients have a higher inhospital mortality, and post-
discharge mortality than non-diabetic patients, and a higher
risk of infarct-related complications.20,21

Just as the risk of eye, kidney, and nerve disease increases
with the degree of glycemia, a growing number of studies of
diabetic patients suggest that the risk of cardiovascular 
disease also rises with the degree of glycemia. For example,
the Wisconsin Epidemiologic Study of Diabetic Retinopathy
followed a population-based sample of 1210 patients with dia-
betes presenting before the age of 30 and 1780 patients with
diabetes presenting at or after the age of 30.22 In both groups
of subjects 10 year mortality increased with the baseline 

glycated hemoglobin quartile. After controlling for other risk
factors, a 1% increase in glycated hemoglobin was associated
with a 10% (older onset subjects) to 18% (younger onset 
subjects) increase in the hazard of dying from ischemic heart
disease.22 In addition, at least two other smaller population-
based epidemiologic studies noted a higher rate of CHD23 or
total mortality24 in subjects with higher glucose levels than in
those with better glucose control. In the UKPDS, every 1%
increase in hemoglobin A (HbA1c) in subjects with type 2 
diabetes increased the risk of death by 14%, myocardial
infarction by 14%, and stroke by 12%.25

Glucose levels and the risk for cardiovascular
disease in non-diabetic patients

Many prospective studies have consistently showed that the
relationship between glucose levels and the subsequent risk
of cardiovascular disease extends well below the diabetic
threshold. For example, after 10 years of follow up in the
Whitehall study of 18 050 non-diabetic male civil servants,
there was up to a twofold increase in coronary heart disease
and stroke mortality in subjects whose 2 hour postload cap-
illary glucose value was greater than 5·4 mmol/l compared
to those with lower glucose levels. This increase was inde-
pendent of age, smoking, blood pressure, cholesterol, and
occupation.26,27 The relationship of non-diabetic-range
hyperglycemia and cardiovascular disease was also clearly
noted after 14 years in the Rancho Bernardo study.28 In this
prospective study of 3458 non-diabetic men and women
aged 40–70 with a fasting plasma glucose �7·8 mmol/l, the
age-adjusted ischemic heart disease mortality rates approxi-
mately doubled in men as the fasting glucose rose from 5 to
7 mmol/l, and tripled in women as the fasting glucose rose
from 6 to 7·2 mmol/l.

Despite these, and other large cohort and cross-sectional
studies29–32 that showed a graded relationship between
non-diabetic, and even non-impaired glucose tolerance lev-
els of hyperglycemia and cardiovascular disease, some stud-
ies did not support such a relationship, especially with only
moderate degrees of glucose elevation.33–35 A systematic
overview and meta-analysis of all published cohort studies
of mainly non-diabetic populations was therefore done in
1998 to resolve these discrepancies, and to characterize the
relationship between glucose levels and cardiovascular dis-
ease.36 This analysis of studies describing more than one
million person-years of follow up found that the risk of 
cardiovascular disease increased continuously with glucose
levels above 4.2 mmol/l (75 mg/dl). This finding was sup-
ported by a recent prospective, population-based study of
4662 men aged 45–79, followed for up to 4 years, which
found a continuous relationship between all-cause, cardio-
vascular, and ischemic heart disease mortality and HbAlc
throughout the entire population distribution, with the 
lowest rates in those with HbA1c � 5%.37
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Hyperglycemia occurring at the time of an acute stress
may also increase the risk of mortality in non-diabetic indi-
viduals. Two meta-analyses of prospective studies concluded
that “stress” hyperglycemia increased the risk of mortality in
non-diabetic patients with acute MI (RR 3·9)38 and stroke
(RR 3·1).39

Therefore, glucose appears to be a continuous cardiovas-
cular risk factor, similar to cholesterol or blood pressure in
its dose-response relationship.40 We have suggested that the
term dysglycemia41 may be useful for describing this contin-
uous relationship between glucose and cardiovascular dis-
ease. Thus people with dysglycemia alone are at risk for
cardiovascular disease, people with dysglycemia and
impaired glucose tolerance (IGT) are at higher risk for car-
diovascular disease as well as DM, and people with DM are
at even higher risk for cardiovascular disease as well as eye,
kidney, and nerve disease (Figure 15.1).

Mechanisms relating hyperglycemia to
cardiovascular disease

Possible explanations for a glucose–cardiovascular disease
relationship include:

● direct toxic effects of glucose on cell function and 
structure

● indirect effects owing to insufficient insulin secretion to
maintain normoglycemia

● a long history of insulin resistance and hyperinsulinemia
prior to glucose elevations

● an association of dysglycemia with other recognized
and unrecognized risk factors for cardiovascular dis-
ease, including dyslipidemia, hypertension, abdominal
obesity, renal damage, and coagulation abnormalities.

Direct toxic effects of glucose

Glycation of a variety of proteins may directly promote car-
diovascular disease.42–45 Glycated albumin promotes albu-
minuria and endothelial cell dysfunction; glycated red cell
membranes are less deformable; glycated LDL apoproteins
are more susceptible than non-glycated LDL uptake by scav-
enger cells (which would increase foam cell formation), 
oxidation, and increase platelet aggregation; glycated HDL
is less able to transport cholesterol, and glycated fibrin and
platelet membranes adversely affect vascular homeostasis.
AGE (advanced glycation end product) proteins also 
accumulate on vessel walls and in the vessel matrix, and
may adversely affect endothelial cell function and promote
atherosclerosis.44–46

Glucose metabolism also results in the formation of reac-
tive oxygen species directly,47 and indirectly through activa-
tion of the polyol pathway and AGE formation.48 Any
increased glucose metabolism owing to higher ambient glu-
cose levels therefore presents an oxidative stress.48 Finally,
increased glucose metabolism to diacylglycerol may pro-
mote vascular cell growth, altered vascular permeability,
smooth muscle contraction, and synthesis of various
prostaglandins through protein kinase C activation.49

Insufficient insulin production

Glucose is the major stimulus for insulin secretion, which in
turn prevents rises in glucose levels. Therefore an elevated
glucose level implies a lack of sufficient insulin to maintain
normoglycemia. Such a lack of sufficient insulin may occur
in the presence of both low and high absolute levels of
insulin, depending on the degree of insulin resistance.

A number of observations support the possibility that
insufficient insulin secretion may be related to cardiovascu-
lar disease.

● Patients with both type 1 diabetes (with no endogenous
insulin secretion) and type 2 diabetes (who are not able
to make sufficient insulin to prevent hyperglycemia) are
at high risk for cardiovascular disease. Intensified
insulin therapy may decrease this risk, and certainly
does not seem to worsen it (see below).

● Patients with hypertension and other cardiovascular
risk factors are resistant to the antilipolytic effects of
insulin;50 any decrease in the secretory capacity of
insulin would accentuate this and promote free fatty
acid transport to the liver. The ensuing hypertriglyc-
eridemia may promote atherosclerosis.51
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Figure 15.1 Frequency distribution of glucose levels in the
general population. The significance of glucose as a risk factor
for chronic disease depends on the level. Glucose levels above
the diabetic threshold are associated with an increasing risk of
cardiovascular and microvascular disease, levels above the IGT
threshold are associated with an increasing risk of diabetes, and
elevated levels above some as yet undefined “dysglycemic”
threshold are associated with an increasing risk of cardiovascular
disease. CVD, cardiovascular disease; DM, diabetes mellitus; IGT,
impaired glucose tolerance.



● Patients with cardiovascular disease have increased 
levels of proinsulin and split products52,53 – a possible
biochemical marker of a failing � cell.54

● Many patients with atherosclerosis and/or cardiovascu-
lar disease are insulin resistant,55 and require high
insulin levels to prevent hyperglycemia. Such a pro-
longed demand may increase the risk of subsequent 
� cell failure and diabetes.56,57

Hyperinsulinemia

In non-diabetic people, fasting and 2 hour postload insulin
levels rise with fasting and 2 hour glucose levels.58,59 Thus
even mildly hyperglycemic patients have higher levels of
insulin than normoglycemic controls. Moreover, hyperinsu-
linemia is associated with coronary heart disease,60,61 and
many other cardiovascular risk factors including hyperten-
sion,62 left ventricular hypertrophy,63 elevated levels of
triglyceride,64–66 fibrinogen, von Willebrand factor-related
antigen, factor VIII activity, plasminogen activator inhibitor-1
(PAI-1) antigen, and PAI-1 activity,64 and depressed levels of
HDL65,66 and tPA.64,67 Insulin may promote hypertension
and atherosclerosis by stimulating renal sodium, water
retention,65 smooth muscle proliferation, and vascular
growth factor production,65 and sensitizing smooth muscle
to the pressor effects of angiotensin II,68 and increasing 
norepinephrine release through activation of the sympa-
thetic nervous system.69

Despite these associations, the role of hyperinsulinemia in
cardiovascular disease remains unclear.

● Hyperinsulinemia is not a consistent risk factor in 
large epidemiologic studies of non-diabetic patients
with cardiovascular disease.70

● Patients with insulinomas who are insulin resistant,
hyperinsulinemic, and hypoglycemic have normal lipid
profiles and blood pressure, and no clinical evidence of
cardiovascular disease.71

● Studies of intensified insulin therapy in patients with
type 1 diabetes taking multiple daily doses of insulin
suggest a reduced, and not an increased risk for the bio-
chemical changes associated with atherosclerosis.72

● The fact that non-diabetic insulin levels are correlated
with glucose levels suggests that the association of car-
diovascular disease with insulin levels may reflect an
association with glucose. The independent contribution
of insulin and glucose, and any interaction of the two,
to the risk of cardiovascular disease remains unclear
despite multivariate analyses.

Association with other risk factors

Hyperglycemia commonly clusters with hypertension, insulin
resistance, increased visceral fat, hypertriglyceridemia, and

microalbuminuria.66 It is also associated with obesity, poor
socioeconomic status, and low birth weight. As such, the
observed association between glucose and cardiovascular dis-
ease may be due to one of these other risk factors or to a
common antecedent, and not because of any direct causal
connection.73,74

Is glucose a modifiable cardiovascular disease
risk factor?

To date, several randomized controlled trials of intensive 
versus conventional glucose lowering therapy have been
completed in people with type 1 diabetes (in which different
insulin regimens were used to lower glucose levels) and 
people with type 2 diabetes (in which different regimens of
oral agents and/or insulin were used to lower glucose 
levels). None of these trials was designed or powered to
determine whether or not glucose lowering reduced cardio-
vascular events. Nevertheless, several trials did report a non-
significant trend in favor of a beneficial cardiovascular effect.

For people with type 1 diabetes, randomized trials of dif-
ferent levels of insulin-mediated glycemic control were
designed to determine the impact of glycemic control on
eye, kidney, and nerve disease (that is, microvascular dis-
ease). As such, they included mainly young people who had
a low annual rate of cardiovascular events. Nevertheless, an
exploratory analysis of results from the Diabetes Control
and Complications trial (DCCT)72 suggested that insulin-
mediated glucose lowering may be cardioprotective.
Moreover, in a recent meta-analysis that included this and
other randomized trials, there was a significant 45% reduc-
tion in the total number of cardiovascular events and a non-
significant 28% reduction in the risk of a first event.75

Clinical trials of different levels of glycemic control 
in people with type 2 diabetes also support the hypothesis
that glucose lowering may reduce cardiovascular events
(Tables 15.3 and 15.4). The strongest evidence was reported
in a Swedish study of 620 diabetic MI patients randomized to
conventional coronary care unit (CCU) therapy versus an
insulin infusion followed by intensified insulin therapy for at
least 3 months.76 Total mortality in the treatment group was
reduced by 31% (95% CI 4–51, P � 0·028) at 1 year, and
28% at 3 years.77 This study needs to be replicated.
Nevertheless, it supports the use of insulin in diabetic
patients with myocardial infaction. All of 
the other trials were done in ambulatory populations. The
largest dataset relevant to whether or not glycemic control is
cardioprotective was collected during the United Kingdom
Prospective Diabetes Study (UKPDS), in which MI, stroke,
and total mortality were recorded as secondary outcomes.18

The main UKPDS study included 3867 people with newly
diagnosed type 2 diabetes who were assigned to either 
conventional glycemic control or to intensive glycemic 
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therapy starting with either insulin or a sulfonylurea.
Participants assigned to the intensive policy had a median
HbA1c over 10 years of 7·0%, and had a non-significant 16%
relative risk reduction for MI compared to participants whose
median HbA1c was 7·9% (P�0·052). A small obese subgroup
of these participants was also assigned to either conventional
therapy or intensive therapy with either metformin
(n �342), insulin or a sulfonylurea (n�951). The group
assigned to metformin experienced a 39% risk reduction in
MI compared to the conventional group.78

These studies, as well as a 6 year Japanese study of inten-
sified versus conventional insulin therapy in patients with
type 2 diabetes,79 and one small pilot study of 153 men with
type 2 diabetes80 are summarized in Tables 15.3 and 15.4.

Taken together they suggest, but do not prove, that
glycemic control may lower the risk of cardiovascular dis-
ease in patients with DM. No large intervention studies of
the impact of reducing glucose levels in patients with ele-
vated glucose levels that are below the diabetic cut off have
been reported to date, and no studies have studied whether
or not targeting postprandial glucose is more or less impor-
tant than targeting fasting glucose levels.

Conclusion

There are a number of direct and indirect biologic pathways
linking dysglycemia to cardiovascular disease. Similar to 
dyslipidemia, in which ongoing studies are continuing to
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Table 15.3 Glucose-lowering trials and cardiovascular events in type 2 diabetes trials

Study Follow up HbA1c Drugs Event Relative risk reduction (95% CI)
(years) difference (%)

Reported (%) Per 1% HbA1c
difference (%)

UKPDS18 10 0·9 Insulin/SU MI 16 (0–29) 18
Stroke �11 (�51–9) 12

UKPDS78 10.7 0·6 Metformin MI 39 (11–55) 65
Stroke 41 (�18–71) 68

Kumamoto79 6 2·3 Insulin CV event 46 20

VACSDM80 2·3 2·2 Insulin/SU CV event �40 �18

DIGAMI77 3 0·8 Insulin Death 28 (8–45) 35

Abbreviations: CI, confidence interval; CV, cardiovascular; DIGAMI, Diabetes Mellitus, Insulin Glucose Infusion in Myocardial
Infarction; MI, myocardial infarction; SU, sulfonylurea; VACSDM, Veterans Administration Cooperative Study in Diabetes Mellitus;
UKBS, United Kingdom Prospective Diabetes Study

Table 15.4 Glucose lowering and cardiovascular events in the United Kingdom Prospective Diabetes Study

Participants HbA1c Initial drugs Event Relative risk reduction
difference (%)

Reported (%) Per 1% HbA1c
difference

All (n � 3867)18 0·9 Insulin/SU MI 16 17·7
Stroke �11 �12·2
Death 8 8·9

Obese (n � 1704)78 0·6 Metformin MI 39a 65
Stroke 41 68·3
Death 36a 60

Insulin/SU MI 21 35
Stroke �14 �23·3
Death 8 13·3

Metformin/insulin/SU MI 22·5 37·5
Stroke 0 0
Death 14·3 23·8

a Statistically significant.
Abbreviations: CV, cardiovascular; MI, myocardial infarction; SU, sulfonylurea



show the therapeutic value of reducing even minimally ele-
vated lipid levels,81 dysglycemia may be a continuous modi-
fiable cardiovascular disease risk factor: therapies that
reduce elevated glucose levels may reduce the risk of car-
diovascular disease.

A number of ongoing studies will address this issue. These
include the ACCORD (Action to Control Cardiovascular Risk
in Diabetes) study, which is testing whether intensive control
of blood glucose and associated risk factors can reduce car-
diovascular disease in people with type 2 diabetes.82 It also
includes the VA Diabetes Trial, which will study the effect of
intensive glucose therapy on cardiovascular outcomes in peo-
ple with poorly controlled type 2 diabetes.83 The BARI II
(Bypass and Angioplasty Revascularization Investigation) trial
is testing the effect of revascularization plus aggressive med-
ical therapy versus aggressive medical therapy alone for
patients with type 2 diabetes and stable coronary artery dis-
ease. Patients in BARI II are also randomized to an insulin-
providing versus and insulin-sensitizing strategy of glucose
control.82 For patients with impaired glucose tolerance,
strategies to prevent diabetes may also lead to a reduction in
cardiovascular disease. The Diabetes Prevention Program
showed that healthy lifestyle changes (which included 5–7%
weight loss through a low fat diet and at least 150 minutes of
exercise per week) prevented diabetes in obese adults with
impaired glucose tolerance. The drug metformin was also
effective to a lesser extent.84 Cardiovascular disease is a sec-
ondary outcome in this trial. Other strategies to prevent dia-
betes are being tested in ongoing clinical trials, in which
cardiovascular disease is a documented secondary outcome.
These strategies include ramipril and rosiglitazone (being
tested in the DREAM [Diabetes Reduction Assessment 
with ramipril and rosiglitazone Medications] study85); 
and acarbose (being tested in the Study to Prevent Non-
Insulin-Dependent Diabetes Mellitus86). These studies are
likely to shed new light on the relationship between glucose
and cardiovascular disease and may provide ways of prevent-
ing cardiovascular disease in many individuals.
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Introduction

The goal of this chapter is to review the scientific evidence
regarding the benefits and safety of physical activity and
exercise with respect to a series of health outcomes. Brief
coverage within this review is aimed at the adult American
population in order to acquaint the physician with the latest
recommendations for primary prevention. The major focus,
however, is on the coronary population with a minor focus
on elderly people, women, and those who are physically 
disabled. Existing evidence-based reviews and consensus
documents are used to support the evidence. The recom-
mendations are deliberately kept very brief, but the neces-
sary references are cited to assist the primary care physician,
internist or cardiologist in obtaining such documents.

Evidence for benefits of regular 
exercise in adults

An accumulation of scientific evidence provides consistent
substantiation to the assertion that light to moderate phy-
sical activity in healthy adults reduces the risk for all- 
cause mortality and cardiovascular disease (CVD) in men
and women.1–3 However, approximately 60% of US adults
are not regularly physically active and 25% are inactive.4

Physical inactivity is a serious, nationwide problem. It poses
a major public health challenge with a national burden of
unnecessary illnesses and premature death. Physical activity
and exercise are pivotal in health promotion and disease
prevention, especially now that the evidence for the hazards
of being physically inactive are clear.5 These statistics, repre-
senting low levels of exercise in the US population, call for
urgent action by health professionals. Primary care physi-
cians, internists, and cardiologists in particular need to pro-
vide evidence-based physical activity recommendations to
their patients.

Additionally, the Surgeon General’s Report5 urges 
healthcare providers to counsel their patients to do the 
following.

Box 16.1 Benefits and adverse effects in adults5

Physical activity improves health in the following ways:
● reduces risk of dying prematurely;
● reduces risk of dying from heart disease;
● reduces risk of developing diabetes;
● reduces risk of developing high blood pressure;
● helps reduce blood pressure in people who already have

high blood pressure.

Other documented health benefits include:
● reduces the risk of developing colon cancer;
● reduces feelings of depression and anxiety;
● helps control weight;
● helps build healthy bones, muscles, and joints;
● helps older adults become stronger and better able to

move about without falling;
● promotes psychological wellbeing.
Adverse effects of physical activity
Types of adverse effects:
● musculoskeletal injuries
● metabolic abnormalities
● hematologic and body organ abnormalities
● hazards
● infection, allergic, and inflammatory conditions
● precipitation of cardiac events.

1. Most skeletal muscular events are preventable by
gradually working up to a desirable level, avoiding
excessive amounts of activity.

2. Serious cardiovascular events can occur with phys-
ical exertion. Net effect is lower risk of mortality
from cardiovascular disease.

Recommendations for adults

Recent recommendations for physical activity from the
Centers for Disease Control (CDC) and National Institutes
of Health (NIH) suggest that American adults should engage
in physical activity at a level appropriate to their capacity,
needs, and interests. Regular exercise is recommended,
preferably daily, of at least 30–45 minutes of brisk walking
(3 mph), bicycling or working around the house or yard.

Grade A/B
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Activities may include formal exercise such as walking or
jogging or intermittent types of activity that include stair
climbing, gardening or housework.5

A well-rounded exercise program should include both
muscular strength training and joint flexibility exercises in
order to improve one’s ability to perform tasks and to reduce
the potential for injury.3,5 Upper extremity and resistance
(strength) training can improve muscle function and evi-
dence suggests that there may be cardiovascular benefit in
older patients and those with underlying CVD. This area,
however, is rather new and further evidence is needed before
recommendations can be made to the public. While these
recommendations are especially important for elderly people,
persons who have been deconditioned due to recent inactiv-
ity or illness may benefit as well. People who are already
physically active will benefit even more by increasing inten-
sity or duration of their activity. These recommendations are
intended primarily for the healthy sedentary population.5

Box 16.2 Essentials of physical activity counseling
● All subjects should be asked about their physical activity

status. Questions should address leisure and recre-
ational activities (that is, sports and exercise), as well as
intermittent activity (walking, stair climbing, household
and yard work).

● Assess whether activities meet the current activity rec-
ommendation guidelines (that is, activity should be at
least of moderate intensity or equivalent intensity to a
brisk walk at 3 mph on most or all days).

● Patients should be assisted in planning an appropriate
program of physical activity.

Evidence for benefits from regular exercise in
the coronary population

A recent comprehensive evidence-based review has been
completed on the benefits of exercise in the coronary popu-
lation.6 For brevity, this consensus document will be used as
a source of evidence along with other consensus documents.
The major focus of this review was on coronary patients
(including myocardial infarction (MI), coronary artery bypass
surgery (CABG), and percutaneous transluminal coronary
angioplasty (PTCA)), with a lesser focus on heart failure 
and cardiac transplantation literature and special populations
such as elderly people, women, and those with physical dis-
abilities (see Figure 16.1 for the criteria guiding this review).

Clinical and physiologic outcomes in the
coronary population

A comprehensive review by the Agency for Health Care
Policy and Research6 provides consistent scientific evidence
of the benefits of exercise training on a number of outcomes

that include morbidity, mortality, exercise tolerance, and
symptoms (see summary below). The evidence is less con-
sistent for the benefit of reduced blood lipids, smoking 
cessation, psychological wellbeing, social adjustment and
functioning, reduction in excess body weight, and a series of
physiologic measures.

Morbidity and safety issues

Forty-two studies – 15 randomized controlled trials (RCTs),
14 non-randomized studies, and 13 observational studies –
provide evidence that exercise training does not change the
rate of non-fatal re-infarction. The safety of exercise rehabil-
itation is well established; rates of infarction and cardio-
vascular complications are very low.6 No study documented
increased morbidity when comparing patients in the inter-
vention group to the control group, with 4578 patients
included in the controlled trials (randomized and non-
randomized reviewed).6

Reduced mortality

Thirty-one studies – 17 RCTs, eight non-randomized stud-
ies, and six observational studies – provide evidence that
exercise training programs significantly reduce total and 
cardiovascular mortality in patients following myocardial
infarction (MI).6

Exercise tolerance

A total of 114 studies – 46 RCTs, 25 non-randomized stud-
ies, and 43 observational studies – demonstrated that exer-
cise training consistently improved objective measures of
exercise tolerance, without significant cardiovascular com-
plications or other adverse outcomes. Therefore, appropri-
ately prescribed exercise training is recommended as an
integral component of cardiac services, particularly for
patients with decreased exercise tolerance. Maintenance of
continued exercise training is required to sustain improved
exercise tolerance.6 A minimum duration and frequency of
exercise has not been definitively determined and more
study is needed in this area.

Strength training (resistance training)

Seven studies – four RCTs and three non-randomized stud-
ies – have shown that strength training improves skeletal
muscle strength and endurance in clinically stable coronary
patients.6 In the majority of these studies, weight training
was added as a strength training component to the exercise
regimens of coronary patients, who had already partici-
pated in aerobic exercise training for 3 months or more.
Documented benefits occurred with both low and high
resistance training. Weight carrying tolerance (time) or
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increases in skeletal muscle strength after completion of
resistance training was reported by all studies. Five of the
seven strength training studies demonstrated that submaxi-
mal and peak resistance exercise, using a variety of resist-
ance training devices, resulted in significantly lower peak
heart rate, pressure rate products, and oxygen consumption
responses than did maximal treadmill exercise testing.6

Moreover, angina, ventricular arrhythmias, and ischemic 

ST-segment depression occurred less frequently during
resistance testing than during aerobic exercise testing to the
point of fatigue.7–9 These studies therefore provide indirect
evidence of the effectiveness of resistance exercise training
in selected patients with coronary disease.

A meta-analytic review by Buchner10 concluded that high
intensity exercise programs reported much more gain in
strength than did low intensity training. High intensity 

Summary of evidence for cardiac rehabilitation outcomes:a effects of exercise training

Outcome Evidence base

Total number Randomized Non-randomized Observational Grading of
of studies studies studies studies evidence

Exercise tolerance 114 46 25 43
Exercise tolerance 7 4 3 0
(strength training)

Exercise habits 15 10 2 3
Symptoms 26 12 7 7
Smoking 24 12 8 4
Lipids 37 18 6 13
Body weight 34 11 7 16
Blood pressure 18 9 6 3
Psychological wellbeing 20 9 8 3
Social adjustment 6 2 2 2
and functioning

Return to work 28 10 9 9
Morbidity 42 (�2 survey 15 14 13

reports)
Mortality 31 (�2 survey 17 8 6

reports)
Pathophysiologic 9 5 1 3
measures: changes
in atherosclerosis

Changes in hemodynamic 5 0 0 5
measurements

Changes in 11 6 2 3
myocardial
perfusion/myocardial
ischemia

Changes in myocardial 22 9 5 8
contractility, ventricular wall
motion abnormalities,
and/or ventricular
ejection fraction

Changes in cardiac 5 4 0 1
arrhythmias

Heart failure patients 12 5 3 4
Cardiac transplantation 5 0 1 4
patients

Elderly patients 7 0 1 6

a Number of studies from scientific literature by type of study design.

Grade B

Grade B
Grade A

Grade B

Grade B

Grade B

Grade B

Grade A/B

Grade B

Grade A
Grade A

Grade B
Grade B
Grade B
Grade C
Grade B
Grade B
Grade B
Grade B

Grade B
Grade A
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training was well tolerated by older adults, even those who
were frail. Improvements in muscle strength can improve
patients’ performance of activities of daily living.11 However,
most of the studies involved small numbers of “low-risk”
male patients, aged 70 years and younger, with good left ven-
tricular function; also, training was of relatively short dura-
tion (less than or equal to 12 weeks). Hence the application
of this intervention to women coronary patients is at this
time based on an extrapolation.

Recommendation for strength training exercises

The strength training exercise sessions were typically
started 4–6 weeks after MI or coronary artery bypass graft
(CABG) and were carried out each week. The intensity
ranged from 25% to 80% of the one repetition maximal; the
most typical format consisted of three 30–60 minute strength
training exercise sessions per week for 6–26 weeks.

Safety of strength training exercises in 
coronary patients

The lack of cardiovascular and orthopedic complications in
the 3 year follow up of strength training was largely attrib-
uted to strict preliminary screening and careful supervi-
sion.12 It is unclear if safety can be extrapolated to other
populations of coronary or cardiac patients (for example,
women, older men and women patients with low aerobic
conditioning, patients at moderate to high cardiovascular
risk) and this requires study. However, regimens designed 
to increase skeletal muscle strength can safely be included
in exercise programs of clinically stable coronary patients
when appropriate instruction and surveillance are provided.

Symptoms

Twenty-six studies – 12 RCTs, seven non-randomized stud-
ies, and seven observational studies – showed that exercise
training decreases both angina pectoris in patients with
coronary heart disease (CHD) and symptoms of heart failure
in patients with left ventricular (LV) systolic dysfunction.
Therefore, exercise training is recommended as an integral
component of symptom management for these patients.6

Return to work

Twenty-eight studies – 10 RCTs, nine non-randomized stud-
ies, and nine observational studies – provide evidence that
does not support an improved rate of return to work as a
result of exercise training alone. A likely explanation may 
be that exercise training exerts less influence on return to
work than many non-exercise variables including employer
attitudes, prior employment status, economic incentives,
and the like.6

Blood lipid levels

Thirty-seven studies – 18 RCTs, six non-randomized stud-
ies, and 13 observational studies – suggest that exercise
training is not recommended as a sole intervention for lipid
modification because of inconsistent effects on lipid and
lipoprotein levels. Optimal lipid management requires spe-
cific dietary and medically indicated pharmacologic manage-
ment in addition to exercise training.6

Smoking cessation

Twenty-four studies – 12 RCTs, eight non-randomized stud-
ies, and four observational studies – conclude that exercise
training has little or no effect on smoking cessation. Smoking
cessation is achieved primarily by targeted smoking cessa-
tion strategies.6 The smoking cessation guidelines developed
by an AHCPR evidence guideline panel provide detailed
guidance on the optimum strategies for smoking cessation.13

Psychological wellbeing

Twenty studies – nine RCTs, eight non-randomized studies,
and three observational studies – found that exercise train-
ing – with or without other cardiac rehabilitation services –
generally results in decrease in anxiety and depression and
improved physical function.6 Exercise is therefore recom-
mended to enhance psychological wellbeing, particularly
when it is one component of a multifactorial rehabilitation
program. Studies of exercise training in a supervised group
setting as a sole intervention do not show consistent
improvement in anxiety and depression. Studies of exercise
training as a sole intervention are confounded by the conse-
quences of group interactions, formation of social support
networks, peer and professional support, and counseling
and guidance, all of which may affect depression, anxiety,
and self-confidence.

Blood pressure

Eighteen studies – nine RCTs, six non-randomized studies,
and three observational studies – allow the conclusion that
exercise training as a sole intervention had no demonstrable
effect in lowering blood pressure levels. A multifactorial
education, counseling, behavioral, and pharmacologic
approach is the recommended strategy for the management
of hypertension according to the fifth report of the Joint
National Committee on Detection, Evaluation, and Treatment
of High Blood Pressure (1993).14

Social adjustment and functioning

Six studies – two RCTs, two non-randomized studies, and
two observational studies – provide evidence that exercise
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training improves social adjustment and functioning and is
therefore recommended in the care of cardiac patients. The
social benefits from participation in exercise and cardiac
rehabilitation are a favorable result. More research is
needed to evaluate the impact of cardiac rehabilitation on
social adjustment and functioning.6

Body weight

Thirty-four studies – 11 RCTs, seven non-randomized stud-
ies, and 16 observational studies – provide evidence that
exercise training alone has inconsistent effects on controlling
excess body weight and is not recommended as a sole inter-
vention for this risk factor. Optimal management of over-
weight patients requires multifactorial intervention including
intensive nutritional education, counseling and behavioral
modification as an adjunct to exercise training. The panel6

concluded that after a review of behavioral therapy literature
involving obese patients, state of the art weight loss pro-
grams were shown to be successful. Results of a meta-
analysis of 70 studies indicated that weight reduction through
dieting can also help normalize plasma lipids and lipoprotein
levels in overweight individuals.15 It is essential to note that
the comprehensive use of exercise, education, counseling,
and behavioral interventions as a multifactorial approach has
consistently yielded much stronger evidence, in terms of
health outcomes, than exercise programs alone.

Pathophysiologic measures

Atherosclerosis

Nine studies – five RCTs, one non-randomized study, and
three observational studies – provide convincing evidence
that exercise training as a sole intervention does not result
in regression, limitation or progression of angiographically
documented coronary atherosclerosis. But regression or lim-
itation in progression of atherosclerosis may occur when
exercise training is combined with intense dietary interven-
tion, with or without lipid lowering drugs.6

Hemodynamic measurement

Five observational studies provide evidence that exercise
training has no effect on development of coronary collateral
circulation and produces no consistent changes in cardiac
hemodynamic measurements during cardiac catheter-
ization. Exercise training in patients with heart failure 
and depressed ventricular ejection fraction produces favor-
able hemodynamic changes in the skeletal musculature.
Therefore, cardiac rehabilitation exercise training is recom-
mended to improve skeletal muscle function; however, it

does not enhance cardiac hemodynamic function or pro-
mote development of collateral coronary circulation.6

Myocardial perfusion/myocardial ischemia

Eleven studies – six RCTs, two non-randomized studies, and
three observational studies – provide evidence that exercise
training decreases myocardial ischemia as measured by
exercise ECG testing, ambulatory ECG recording, and
radionuclide perfusion imaging. Exercise training is recom-
mended to improve the measures of myocardial ischemia.6

Myocardial contractility, ventricular wall motion
abnormalities, and/or ventricular 
ejection fraction

Twenty-two studies – nine RCTs, five non-randomized stud-
ies, and eight observational studies – document that exer-
cise training has little effect on ventricular ejection fraction
and regional wall motion abnormalities. The effect of exer-
cise training on left ventricular function in patients after
anterior wall Q wave MI with LV dysfunction is inconsis-
tent. Exercise training is not recommended to improve
measures of ventricular systolic function.6

Other clinical populations

Heart failure and cardiac transplantation

Heart failure patients

Twelve studies – five RCTs, three non-randomized, and four
observational studies – provide evidence for the benefit of
exercise training in the heart failure population. Exercise
training in patients with heart failure and moderate to
severe LV dysfunction improves functional capacity and
symptoms, without changes in LV function. Exercise train-
ing is recommended in these patients to attain functional
and symptomatic improvement but there is a potentially
higher likelihood of adverse events. In summary, although
these studies had small numbers and populations of young
patients, predominantly male, and CAD was the major etiol-
ogy of heart failure, exercise training in patients with heart
failure and diminished ventricular systolic dysfunction
resulted in documented improvement in functional capacity.
The benefits are thought to be due predominantly to adapta-
tion in peripheral circulation and skeletal musculature.6

Cardiac transplantation patients

Seven studies – one non-randomized study and six observa-
tional studies – suggest that exercise training following car-
diac transplantation improves exercise tolerance and is
recommended for this purpose. These trials demonstrated
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that participation in an exercise program produced physio-
logical training responses that included: increased peak oxy-
gen uptake, resting heart rate, decreased peak exercise heart
rate, increased resting blood pressure, and decreased peak
systolic blood pressure compared with normal controls. No
change was observed in peak systolic blood pressure or pres-
sure rate product. However, these studies were uncon-
trolled and therefore these changes could be either the
result of spontaneous improvement or a treatment effect.
While there are few studies in this area and no RCTs, initial
observations demonstrate efficacy of this intervention. In
addition, it is believed that strength training before the
transplantation may help enhance recovery after the opera-
tion. However, more research is needed in this area to iden-
tify the extent of spontaneous recovery versus the added
benefit from exercise intervention.6

Changes in cardiac arrhythmias

Five studies – four RCTs and one observational study – 
provide evidence for the role of exercise in patients with
arrhythmias. Two of the four RCTs showed that exercising
patients, but not the controls, had a reduction in ventricular
arrhythmias.17,18 One demonstrated no statistically signifi-
cant difference between exercise patients and controls when
monitoring ventricular arrhythmia frequency or severity
with 24 hour ambulatory ECG.19 One RCT reported more
malignant premature ventricular contractions (PVCs) on 24
hour ambulatory ECG monitoring during exercise training
days in exercise patients compared to control patients.20 The
one observational study showed no difference in PVCs at
baseline versus after exercise training. Exercise training has
inconsistent effects on ventricular arrhythmias.

Special populations

Elderly patients

Elderly patients constitute a high percentage of those with
MI, CABG, and PTCA and are also at high risk of disability
following a coronary event. Seven studies – one non-
randomized study and six observational studies – provide
the evidence for this review.6 Also, the Surgeon General’s
report5 concludes that physical activity, including strength
training (resistance) exercise, appears to be protective
against falling and fractures among elderly people, probably
by increasing muscle strength and balance. Elderly coronary
patients have exercise trainability comparable to younger
patients participating in similar exercise rehabilitation.
Elderly female and male patients show comparable improve-
ment, but referral to and participation in exercise rehabilita-
tion is less frequent for elderly patients,5 especially females.
Physical activity need not be strenuous to achieve health

benefits.11 No complications or adverse outcomes of exer-
cise training in elderly subjects were described in any study.
Although few studies and no randomized controlled trials
specifically addressed the efficacy and safety of exercise
training and multifactorial rehabilitation in elderly people,
the available studies provide important new information of
beneficial functional improvement from exercise training 
for current clinical practice. Elderly patients of both 
genders should be strongly encouraged to participate in
exercise-based cardiac rehabilitation and special effort
should be taken to overcome the obstacles to entry and par-
ticipation in cardiac rehabilitation services for elderly
patients.

Women

The scientific evidence was either lacking altogether or
small numbers of women were included in RCTs, making
separate analyses for benefit impossible. This practice
resulted in lack of information at best and confusion at
worst. If indeed women do experience differing responses
than men in exercise training then the effects are likely to
be diluted for men and non-informative for women. The
consensus of the expert panel6 was that in most instances
women can benefit from exercise training. However,
women have unique considerations that require special
attention. In studies of CAD patients women tend to be
older, live alone more often (they are widowed or divorced),
and have fewer economic and social resources. These cir-
cumstances require that women be given special attention
to minimize the barriers to enrollment in exercise programs
and to continuation with the program.

The Center for Women’s Health at the National Institutes
of Health has as its primary goal compensation for this scien-
tific deficit regarding women’s health. Until these new initia-
tives have been completed and reported in the literature, only
scant scientific evidence exists to guide the physician regard-
ing specific recommendations for women.21 Many studies are
now in progress or have already been completed since the
formulation of the Center for Women’s Health in 1980.

People with physical disabilities

With the passing of the Americans with Disabilities Act
(1990), physicians in the USA are now required to address
the special exercise training needs of patients with a variety
of physical disabilities. People with physical disabilities 
are advised to see a physician before starting a program of
physical activity that is new to them.11 In particular, physi-
cally disabled patients with CVD should be referred to the
cardiologist for physical therapy or exercise prescription. 
A recent comprehensive review is available for the reader
who requires greater detail than is possible here.22,23
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General safety issues

Patients with chronic health problems, such as heart disease
or diabetes, should first obtain medical clearance before
beginning a new exercise program. Skeletal muscle and
other injury can be avoided by beginning exercises slowly
and gradually building up to the desired amount of exercise
(duration, frequency, and intensity) to give skeletal muscles
and the cardiovascular system time to adapt. It is recom-
mended that men over 40 and women over 50 consult a
physician prior to beginning a vigorous physical activity pro-
gram. This is to ensure that the patient does not have un-
diagnosed heart disease or other health problems that may
place them at increased risk and that may require special
modification in the exercise prescription or the monitoring
of their response to the exercise.5 The ACSM,24 AHA,25 and
AACVPR26 have issued guidelines for assessment of an 
exercise facility prior to beginning an exercise program. 
A medical evaluation, including an exercise test, is recom-
mended for individuals with known coronary risk factors or
a strong family history of CVD. Exercise testing is recom-
mended for persons over 40 years of age, especially if they
have two or more risk factors for CVD. But it is not 
recommended for apparently healthy individuals less than
40 years due to the relatively low predictive value of a 
positive test.25

Other organizational and clinical issues

Adherence to exercise

The evidence for exercise interventions for cardiovascular
risk reduction has been provided in the preceding pages.
However, the extent to which exercise is effective may
depend in large part on adherence.27 Burke and col-
leagues,27 in their comprehensive review on adherence, fur-
ther concluded that non-adherence, whether it occurs early
or late in the treatment course, is one mediator of clinical
outcomes. Hence, specific attention is given to adherence
here. Barriers to exercise are twofold: the lack of physicians’
exercise prescription and patient non-adherence. Since
physicians have had limited clear evidence on reduction of
“hard events” until recently, coronary patients have not con-
sistently received physician recommendations regarding
exercise or have received suggestions that were too general
to be beneficial. Cardiac rehabilitation programs are avail-
able for referral by the physician in virtually every major city
throughout the USA.

Much of the information on adherence is derived 
from multifactorial cardiac rehabilitation studies that were
designed not to evaluate or enhance adherence but to 
determine the effects of rehabilitation services on other out-
comes. These studies demonstrate a progressive decline
with longer treatment duration, with 20–25% of patients

dropping out within the first 3 months, 40–50% between 6
and 12 months, and little further change occurring during
the next 3–4 years.28 Although not confirmed, this trend for
high early dropout rates may relate to several factors: cost of
the exercise program, insurance reimbursement, conven-
ience associated with program scheduling and facility 
location, return to work or family demands or simply poor
motivation. Alternatively, patients may have mastered their
skills and dropped out because of adequate self-care. 
There are differences in adherence with different modes of 
delivery of exercise services; what is known about adher-
ence to cardiac rehabilitation is based largely on studies 
conducted when cardiac rehabilitation content, duration,
delivery, and goals were considerably different from what
they are at present.

Recommendations to improve adherence

Adherence may be enhanced if the physician understands
the factors that affect exercise behavior and accordingly
devises an exercise program that is tailored to the needs,
preferences, and health status of a given person.29 Patients,
in general, wish to be partners in healthcare decisions that
affect them or their families and improving communication
may be a potent adherence enhancing strategy. Attention 
to the interpersonal relationships between patient and
provider can result in greater cooperation and greater
patient and provider satisfaction, as well as improved adher-
ence.30 For example, increased involvement by the patient
in clinical decision making has been shown to improve
patient satisfaction,27 patient adherence, and patient out-
comes.28 In addition, limited evidence supports the impor-
tance of involving family members in promoting adherence
to cardiac rehabilitation services.35 If the objective of patient
counseling is to permit the patient to make informed deci-
sions about treatments, then a patient may decide to disre-
gard some or all professional advice. This suggests that what
is inappropriate behavior from the clinician’s perspective
(that is, not following recommendations) may in fact be
rational decision making from the patient’s perspective.
Many patients make the best decisions they can without
considering the importance or even the implications of
adherence and carry out their own risk–benefit analysis for
each treatment they are offered.36

Other factors that may influence patient adherence
include: emotional support; understanding the patient’s
(and family’s) values, viewpoints, and preferences; integra-
tion of the intervention into the patient’s lifestyle, as well as
patient characteristics and demographic characteristics;
aspects of treatment regimens including complexity, dura-
tion, and convenience (such as cost, facility location, time of
day); and disease factors such as severity of symptoms,
among others. Patient perceptions, as well as personal and
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social circumstances, determine patient decisions about fol-
lowing recommendations.

Adherence to exercise is in general lower than that for
pharmacologic interventions; Burke et al 27 suggest that the
increased behavioral requirements for maintaining an exer-
cise program may account for this. In general, adherence to
the exercise program was better in the home exercise pro-
grams than the community-based rehabilitation programs.27

Most likely, the convenience factor can account for these
improved rates of adherence.27

Strategies to improve adherence

Improving patient–provider communication with more
information about CVD and its treatments would likely
result in more informed decision making by the patient; pro-
viding culturally sensitive care may also improve adherence
and perhaps patient outcomes and is likely to improve
patient and clinician satisfaction.37,38 Successful strategies
for adherence include:

● Clear communication between patient (family) and
provider.

● Emotional support and alleviation of fears and anxieties.
● Understandable and practical explanations about regi-

mens that are compatible with the patient’s values,
preferences, and expressed needs, acknowledging the
patient’s social and cultural needs.

● Integration and coordination of patient care to provide
continuity of care between transitions.6

Alternatives to monitored exercise training

Eleven studies – seven RCTs and four non-randomized 
studies – informed this question. The evidence suggests that
alternative approaches to the delivery of cardiac rehabilitative
services, other than traditional supervised group interven-
tions, can be implemented effectively and safely for carefully
selected clinically stable patients. Transtelephonic and other
means of monitoring and surveillance of patients can extend
cardiac rehabilitative services beyond the setting of super-
vised, structured, group-based rehabilitation (see Box 16.3 for
guide to ECG monitoring). These alternative approaches have
the potential to provide cardiac rehabilitation services to low-
and moderate-risk patients, who comprise the majority of
patients with stable coronary disease, most of whom do not
currently participate in supervised, structured rehabilitation.
(For risk stratification guidelines, see Box 16.4.)

Box 16.3 Criteria for electrocardiographic monitoring39

● Two or more MIs
● New York Heart Association class 3 or greater
● Exercise capacity less than 6 METs

Box 16.3 Continued
● Ischemic horizontal or downsloping ST depression of

4 mm or more or angina during exercise
● Fall in systolic blood pressure with exercise
● A medical problem that the physician believes may be

life-threatening
● Previous episode of primary cardiac arrest
● Ventricular tachycardia at a workload of less than 6 METs

Note: MET, metabolic equivalent units

Box 16.4 Minimal guidelines for risk stratification
Risk level Characteristics
Low No significant left ventricular dysfunction

(that is, ejection fraction �50%)
No resting- or exercise-induced myocar-
dial ischemia manifested as angina and/ 
or ST-segment displacement

No resting- or exercise-induced complex 
arrhythmias

Uncomplicated myocardial infarction, coro-
nary artery bypass surgery, angioplasty or 
atherectomy

Functional capacity �6 METs on graded
exercise test 3 or more weeks after 
clinical event

Intermediate Mild to moderately depressed left ventri-
cular function (ejection fraction 31–49%)

Functional capacity �5–6 METs on graded
exercise test 3 or more weeks after
clinical event

Patients who consistently exceed the
intensity of their exercise prescription

Exercise-induced myocardial ischemia 
(1–2 mm ST-segment depression) or
reversible ischemic defects (echocardio-
graphic or nuclear radiography)

High Severely depressed left ventricular func-
tion (ejection fraction 	30%)

Complex ventricular arrhythmias at rest or
appearing or increasing with exercise

Decrease in systolic blood pressure of
�15 mmHg during exercise or failure to
rise with increasing exercise workloads

Survivor of sudden cardiac death
Myocardial infarction complicated by con-
gestive heart failure, cardiogenic shock,
and/or complex ventricular arrhythmias

Severe coronary artery disease and marked
exercise-induced myocardial ischemia
(�2 mm ST-segment depression)

MET, metabolic equivalent units
Source: From Guidelines for rehabilitation programs

(p. 14) by the American Association of Cardiovascular and
Pulmonary Rehabilitation, Champaign, IL: Human Kinetics
Books. Copyright 1995 by American Association of Cardio-
vascular and Pulmonary Rehabilitation. Reprinted by permission.
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Recent studies have explored new approaches to deliver
cardiac rehabilitation services, with the goals of increasing
availability and decreasing costs, while preserving efficacy
and safety. Case management approaches to exercise train-
ing, smoking cessation, and diet drug management of hyper-
lipidemia that rely on telephone contact can be provided to
appropriately selected patients with coronary disease.

Guidelines for participation in supervised and unsuper-
vised exercise training programs are published by the
American College of Sports Medicine.24 In brief, supervi-
sion is recommended for patients with two or more major
CAD risk factors and patients with known CAD with 
less than 8 MET functional capacity. Supervision is not 
suggested in apparently healthy individuals or persons 
who have equal or more than 8 MET functional capacity.
The generalizability of these case management systems 
to other treatment settings – including university centers,
public and community hospitals, and clinics – will depend
largely on formulas for reimbursement for services and 
the extent of physician support for this approach, as well 
as the state regulations regarding medical and health prac-
tices. Within each of these settings, managed care programs
seeking optimal methods for coronary risk factor reduction
and exercise rehabilitation may favor case management 
systems that provide convenient, individualized health care
at low cost.

Risk stratification

Appropriate risk stratification is recommended to minimize
any adverse effects that patients might experience. This
practice is also valuable in aiding the healthcare provider in
deciding the type and intensity at which an exercise regi-
men will be started and the degree of monitoring and super-
vision. Furthermore, careful risk stratification also identifies
the frequency of surveillance needed for a given patient,
alerts the practitioner to respond promptly to changes in
patient status, and promotes the safety of exercise training
in any delivery system.6

Focus of further scientific study

Scientific studies should address the following areas:6

● Evaluate exercise training in special populations,
including elderly people, women, members of different
ethnic groups, and those of low educational and socio-
economic status.

● Evaluate exercise therapy following contemporary ther-
apies, including thrombolysis and acute angioplasty.

● Evaluate effects of exercise training using return to
work as a primary outcome.

● Identify factors that promote adherence.

● Identify the optimum degree of supervision and moni-
toring for high-risk groups, such as those with heart fail-
ure, elderly patients, and those with complex medical
problems.

● Evaluate the safety and benefit of exercise training in
patients with compensated heart failure and impaired
ventricular systolic function.

● Evaluate a variety of different delivery models of exer-
cise therapy.

● Evaluate the safety and specific added benefits of resist-
ance training on cardiac patient outcomes.

Summary

Clear evidence exists for the recommendation of exercise
for all individuals for primary preventive purposes. The evi-
dence for patients with CAD is also well substantiated.
Further research is indicated to verify how exercise recom-
mendations are best delivered given the current rapid
change in healthcare practice.
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Key points

There is widespread belief among the general public, fostered
by the media, that psychologic and social factors influence
the risk of disease. Over the last three decades the scientific
community has picked up this interest in psychosocial fac-
tors – that is, those factors (such as work characteristics,
depression, and social support) that link psychologic phe-
nomena to the social environment. Much of this research has
focused on the effect of psychosocial factors on health, in
particular coronary heart disease (CHD), in part because
they may mediate the association between social class and
health. Our previous systematic review of prospective studies
published up until 1997 investigated the association
between psychosocial factors and CHD etiology and prog-
nosis.1 Here, in updating this review to June 2001, we have
used better search methods (and identified 71 new papers),
improved summaries of the results and discussed the find-
ings in an explicit framework of causality. Our objective for
this review is to assess the relative strength of the epidemio-
logic evidence for causal links between psychosocial factors
and CHD incidence among healthy populations, and progno-
sis among CHD patients.

Psychosocial factors as coronary risk factors

Over time there have been improvements in the measure-
ment of psychosocial factors, moving away from the general
idea of “stress” to concepts based on theoretical models that
can be tested. These psychosocial factors may relate to per-
sonality factors, such as type A behavior and psychological
disorders (for instance, depression and anxiety), and to fac-
tors more explicitly involving the social environment,
including work characteristics and social support. The valid-
ity and reliability of the questionnaire-based instruments
used to measure the psychosocial factors has been improved
through the use of psychometric techniques; increasingly
studies use identical measurement scales. However, such

standardization is more apparent for some factors, such as
depression, than others, such as work characteristics.

Two aspects of the association between CHD and psy-
chosocial factors have been researched intensively. The first
aspect is the effect of psychosocial factors on CHD incidence,
or newly diagnosed CHD. The second aspect is the impact of
psychosocial factors on survival among people with CHD.
Despite the large literature that has accumulated, the ques-
tion of whether psychosocial factors are causally related to
risk of, and survival from, CHD remains open for debate.
This systematic review aims to highlight key issues in ascrib-
ing causal status to one or more psychosocial factor.

Are psychosocial CHD associations causal?

An initial question to ask of an epidemiologic association
between psychosocial factors and CHD is, Can it be
explained by bias? Most attention has been paid to bias
intrinsic to study design as reported within a publication.
One example is self-report bias that may arise if study partici-
pants tend to report adversely on both the psychosocial 
exposures and symptoms of heart disease. Our review
addresses this issue by emphasizing death and non-fatal
myocardial infarction (MI) as outcomes rather than softer
end points, such as angina, which may be more prone to
reporting bias. However, for a systematic review, a poten-
tially more important set of biases lies extrinsic to individual
published reports in the stages between hypothesis specifica-
tion and communication to the scientific community. Of all
the existing psychosocial CHD data, an unknown amount
remains unreported. Positive studies may be more likely to
be published than negative studies; and, once published, pos-
itive studies may have greater impact than negative studies.

However, notwithstanding these potential biases, Bradford
Hill2 outlined a set of interrelated criteria for judging an 
association to be causal. This is used as a framework for 
discussing the results of the studies.
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● Consistency. Finding the same association in different
studies, in different populations and under different 
circumstances – that is, consistency – strengthens the
evidence for causation. As an example, depression is
related to risk for CHD in Finland,3 the USA4 and the
Netherlands,5 as well as in both men and women.6

However, as our review shows, studies are not unani-
mous for any psychosocial factor. These inconsistencies
in the data may arise from, inter alia, differences in study
designs or ways of measuring the psychosocial factors.

● Temporal association. In order to address the require-
ment that exposure should precede the disease, we lim-
ited our review to prospective cohort studies. However,
the presence of effects in shorter term follow up stud-
ies, which are not found in longer term follow up,
raises the possibility that early manifestations of disease
might have caused the psychosocial exposure.

● Confounders, mediators, and biologic mechanisms.
Demonstration of biologic pathways linking psychoso-
cial factors and CHD might strengthen the evidence for
a causal association. There are three plausible biologic
pathways by which psychosocial factors could be linked
to the incidence of CHD. These have been reviewed
elsewhere.7,8 First, psychosocial factors may influence
health-related behaviors, such as smoking, diet, alcohol
consumption, and exercise, which in turn have patho-
physiologic consequences.9,10 If this is true, then studies
that treat health behaviors as potential confounders may
be underestimating the effect of psychosocial factors.
Nearly all studies do this in our review; we are therefore
summarizing the direct effect of psychosocial factors on
CHD events, net of lifestyle variables, and we are not
assessing potential mediation of the association between
psychosocial factors and CHD by health behaviors.
Psychosocial factors themselves may contribute to the
pathway by which social position is inversely associated
with CHD. However, a minority of studies in the review
considered social position. Second, psychosocial factors,
including social support or depression, may produce real
or apparent hurdles to help-seeking behavior and access
to quality medical care, so that the progression of sub-
clinical to clinical disease is more rapid in people with
poor psychosocial characteristics. This possibility awaits
adequate investigation. Third, psychosocial factors may
produce direct or chronic physiologic changes that
increase the risk for CHD.11 Adverse psychosocial char-
acteristics can induce biologic arousal through neuro-
endocrine mechanisms affecting blood lipids, blood
fibrinogen, and blood pressure, or neuroendocrine
mechanisms that increase catecholamines and cortisol.

● Strength. Stronger associations are more likely to be
causal. This means that larger relative risks (RR) give
stronger evidence for causality than smaller relative
risks, so an RR of 2·86 (95% CI 1·19–6·89)12 is more

indicative of an association between type A behavior
and CHD than a RR of 1·43 (95% CI 0·63–3·26).13

● Dose response. The existence of a dose-response rela-
tionship between the exposure and disease also supports
causation, and an example of this is the higher relative
risks for the association between major depression, than
minor depression, and mortality in people with CHD.14,15

● Reversibility. Ultimately the purpose of cardiologic
practice is to intervene and reduce the risk associated
with psychosocial factors.

Methods of systematic review

The methods of this review, which updates our review of
publications to 1997,1 are similar to the first review in terms
of qualitative data analysis, but are improved as regards
searching for papers and summarizing data. A methodologic
quality filter was used to determine inclusion of papers in
the systematic review, so that the strength of evidence could
be compared across psychosocial factors. For inclusion,
papers had to meet four quality criteria relating to design,
size, psychosocial variable specification, and outcomes.

Study design

Since cross-sectional and retrospective case–control studies
are subject to recall bias, we limited the review to prospec-
tive cohort studies. Nested case–control studies were not
included in this review, because our search methods may not
distinguish nested and retrospective case–control studies.

Study size

This review was limited to studies that included at least 
500 participants (etiologic studies in healthy populations) or
100 participants (prognostic studies in populations of
patients with CHD). The number of participants included
was taken as the total number reported after exclusion of
ineligible subjects. Therefore, we do not report the restric-
tion of the cohort for subgroup analyses, which was occa-
sionally substantial.

Psychosocial variable specification

Psychosocial factors were included if they were used in at
least two eligible study populations. Unspecified “stress”
was not considered a valid psychosocial factor, since it was
too vague to be informative.16,17 Papers had to specify pre-
cisely which measurement scale was used.

Outcomes

Valid outcomes were limited to fatal CHD, sudden cardiac
death, incident non-fatal MI, incident angina, incident heart
failure, and, for prognostic studies only, all-cause mortality.
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Searching for eligible papers

The principal method of identifying new papers for updating
the review was through the Science Citation Index (accessed
on the web of science at www.webofscience.com). In June
2001 the Science Citation Index was used to identify papers
that cited any of the 65 papers included in our original
review. This search method yielded more eligible papers, and
missed none, compared to searches on PubMed. Abstracts 
of over 280 new papers identified with potentially relevant
titles were extracted and those papers obviously not eligible
were eliminated. Next, two independent researchers
assessed full text versions of over 100 potentially relevant
papers for inclusion criteria, as well as all the papers included
in the first review. Finally, the bibliographies of all retrieved
articles were manually searched to identify further studies,
which lead to the inclusion of four more studies. Multiple
papers from the same study were included if they met the 
eligibility criteria. Our search produced 71 new papers in
total for this review, of which 41 were published from 1998
to June 2001.

Summary of effect (Box 17.1)

We used relative risks, where available, to summarize the
association between the psychosocial factor and the out-
come, and this included incidence rate ratios, cumulative
incidence ratios, hazard ratios, and odds ratios (occasionally
these were calculated). Unless otherwise stated, we took

relative risks comparing the top (highest risk) versus bottom
(lowest risk) category of exposure and statistical significance
was inferred at P value of 	0·05, and, unlike the earlier
review, we report confidence intervals (CI). Where several
effect estimates were reported, we took the most highly
adjusted estimate, but avoided effect estimates that adjusted
for other psychosocial factors, as this may reflect overadjust-
ment. Effect estimates were reported separately for men and
women and for different outcomes, data allowing.

Number of citations per paper

In order to explore the extent to which the scientific 
influence of each study might relate to the degree of study
positivity, we recorded the number of times that each paper
was cited as of September 2001 using the Science Citation
Index. From this the mean number of citations across 
studies by the strength of the reported association was 
calculated separately for different years of publication.

Results

Type A behavior pattern (TABP) and hostility
(Table 17.1)

TABP is a personality trait characterized by hard driving and
competitive behavior, excessive job involvement, impa-
tience, hostility, and vigorous speech stylistics and psycho-
motor activity. Early positive findings for the effect of TABP
on CHD risk, reported by the Western Collaborative
Group’s Study and the Framingham Study,21–23 led to the
National Institutes of Health declaring type A to be an inde-
pendent risk factor for CHD and to the implementation of
intervention trials.24 As more data accumulated, however,
the early positive findings were not confirmed and interest
grew in hostility as the toxic component of TABP.

In the current review 18 etiologic studies were included.
As mentioned above, the three early studies provided mod-
erate support for the hypothesis,21–23 although two of these
studies were published from the Western Collaborative
Group Study,21,22 and this association disappeared with
extended follow up.25 Subsequently, 12 studies that did not
show a clear effect were published, including two very large
studies (MRFIT26 and the Scottish Heart Health Study27),
one of which showed evidence for a protective effect of
TABP on CHD risk in women.27 Last, the three smallest
studies strongly supported the hypothesis,12,28,29 although
for one the association was found only in women29 and for
the other only with respect to angina incidence.28

For the prognostic studies, 10 were not supportive of 
the underlying hypothesis that TABP worsened prognosis 
in patients with CHD. Three studies actually showed a 
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Box 17.1
The extent to which the paper supports the hypothesis that
adverse psychosocial characteristics increase risk of, or mor-
tality from, CHD, is summarized in a single symbol (�, 0, � or
��). The description of the summary symbols is as follows:
� Relative risk �0·75

“finding counter to hypothesis”
Example: One SD increase on the Bortner type A
behavior scale was protective for risk of mortality post
MI (RR � 0·70, 95% CI 0·51–0·96)18

0 Relative risk 0·75–1·50
“lack of clear association”
Example: Low social support was unrelated to risk of
fatal CHD (RR � 1·42, 95% CI 0·72–2·81) or risk of
non-fatal MI (RR � 1·00, 95% CI 0·58–1·71)19

� Relative risk �1·50 and �2·00
“moderate association in line with hypothesis”
Example: Depression increased risk for fatal and non-
fatal MI (RR �1·70, 95% CI 1·23–2·34)15

�� Relative risk �2·00
“strong association in line with hypothesis”
Example: Job strain substantially increased the 
risk of fatal CHD and non-fatal CHD (RR � 4·95, 
P value � 0·03)20
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significantly protective effect of TABP on prognosis after
CHD, one of which was the Western Collaborative Group
Study,30 although for the Framingham Heart Study the
effect was limited to men.31 There was only one small study
that showed a strong effect of hostility on prognosis, and
one study that showed a moderate increase in sudden car-
diac death among patients post-MI with TABP. Therefore
there was little overall support for an association between
TABP and CHD risk, nor was there evidence, as had been
hypothesized, that hostility alone predicted CHD.

Depression (Table 17.2)

The association between depression and CHD has attracted
a great deal of research interest in recent years, with 
29 studies published from 1998 to 2001 meeting our 
inclusion criteria. Depression, and anxiety (Table 17.3), dif-
fer from the other psychosocial factors reported here, since
they are defined psychiatric disorders and are amenable to
drug intervention. Furthermore, depression is a frequent
result of CHD and, moreover, depression and CHD may
share a common antecedent (for example, social support or
environmental stressors), so that elucidation of the cause
and effect association becomes particularly difficult.

Table 17.2 shows the results from the 22 prospective
studies that investigated the role of depression in the etiol-
ogy of CHD. Eight of these studies found a lack of clear
association, five studies were moderately and four studies
were strongly supportive of the hypothesis. The remaining
five studies all reported strong effects of depression on 
CHD incidence limited to men,32,33 angina incidence34,35 or
major depression.36 Interestingly, the three studies that sep-
arated angina from other outcomes reported stronger effects
of depression on angina,34–36 suggesting the existence of
reporting bias as angina is the CHD event least amenable to
objective corroboration. Both studies that focused on the
degree of depression found that risk of CHD was higher
among people seriously depressed than among those who
were only moderately depressed,4,5 suggesting a dose-
response association.

There were 34 studies that investigated the effect of
depression on prognosis for patients with CHD. Of these
studies 16 found a lack of clear association, seven were
moderately supportive, and 11 were strongly supportive
studies. There was, therefore, no evidence that the associa-
tion between depression and events differed between prog-
nostic and etiologic studies, although where associations
were observed they were generally of greater magnitude for
the prognostic studies. It is of note that for several prognos-
tic studies depression is predictive of prognosis in the unad-
justed analyses, but adjusting for traditional coronary risk
factors and markers of disease severity explained much of
the relationship, hence the association between depression
and prognosis might be mediated by lifestyle factors, disease

severity, and pharmacologic interventions. Five studies
looked separately at the effect of moderate and severe
depression on prognosis; one found a lack of clear associa-
tion,37 three showed a higher risk among patients with
major depression,5,14,15 and the last found a lower risk of
fatal CHD in patients with major depression compared to
those with depressive symptoms.38

Anxiety and distress (Table 17.3)

Of the eight etiologic studies identified, four studies showed
a lack of clear effect. Two papers, both published from the
Israeli civil servant cohort, reported strong or moderate
association between anxiety and the incidence of
angina.39,40 The remaining two studies gave evidence for an
association between phobic anxiety and fatal CHD, but did
not show a clear effect on non-fatal CHD or of free-floating
anxiety.41,42 Furthermore, the studies with longer follow up
were less likely to find a positive association than the studies
with less extended follow up. This is exemplified by the
Northwick Park Heart Study where the association between
anxiety and fatal CHD found after 10 years of follow up,41

disappeared when the follow up was extended by another
decade.43 Hence, anxiety may be a result of preclinical CHD
rather than a cause of fatal CHD.

Of the 18 prognostic studies, half found a lack of clear
association and one reported results significantly contrary to
the hypothesis. Four studies showed a strong association
between anxiety and prognosis and the remaining four 
studies showed moderate support for an association, either
in the entire group or in relation to a specific subgroup,
exposure or outcome.

Psychosocial work characteristics (Table 17.4)

The belief that stress at work has a deleterious effect on
health is common among the general public. To combat the
lack of precision in defining job stress, various constructs
have been made to explain how the interaction between 
a worker and the job environment causes stress, and how
this affects health. The Karasek and Theorell “job strain”
model44,45 proposes that high demands at work (the need to
work quickly and hard), in combination with low job con-
trol, produces stress. Thus, workers cannot moderate the
pressure caused by high job demands by organizing their
time, making new decisions or learning new skills, and this
stress has deleterious effects on health. Another model for
psychosocial work characteristics is Siegrist’s effort-reward
imbalance model.46 Here the mismatch between high work-
load and low payback (in terms of money, esteem, promo-
tion prospects, and job security) produces a condition of
emotional distress, which increases risk for CHD.

Despite these models, work characteristics have been
measured with a lesser degree of standardization than, for

Psychosocial factors in the primary and secondary prevention of CHD
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instance, depression and anxiety. Because of the lack of con-
sistency in measuring psychosocial work characteristics, it
was difficult to compare the strength of evidence for the two
theoretical models – a challenge when evaluating this litera-
ture and for future researchers. Moreover, work characteris-
tics can be measured either through self-report or ecologic
measurements (assigning a score on the basis of job title).
Self-reports may be biased by early manifestations of disease,
and ecologic measurements may lack precision.

There were 13 etiologic studies investigating the effect of
work characteristics on CHD that were included in this
review. Of these, three studies found a lack of clear associa-
tion between work characteristics and CHD, and five were
either moderately supportive, or supportive only for a subset
of the population, a particular outcome, or a particular expo-
sure. The final five papers showed strong evidence for an
effect of work stress on CHD incidence, although in three of
these studies the effect was limited either to particular psy-
chosocial work characteristics or to women. There is some
evidence that CHD incidence was more closely related to
individually, rather than ecologically, measured work char-
acteristics. This could suggest either that there is more non-
differential misclassification, and therefore bias towards the
null, for ecologic than individual measures, or that preclini-
cal CHD influences subjective reporting of work characteris-
tics. Of the four prognostic studies, two found a lack of clear
association between work characteristics and prognosis, and
two were moderately supportive of an association.

Social support (Table 17.5)

Social supports and networks relate to both the number 
and quality of a person’s social contacts, and this includes
emotional and confiding support. Social relationships may
improve health through the emotional and instrumental sup-
port they provide; friends and family may encourage health-
seeking behavior and discourage an unhealthy lifestyle.
Furthermore, isolation itself may induce an unfavorable men-
tal state, and conversely the presence of social contacts could
reduce physiologic arousal and buffer the effect of environ-
mental stressors. Reverse causation cannot be discounted:
lack of social participation could be the result of subclinical
coronary disease. Despite the interest in social support, there
is little consensus on how it is measured, therefore variables
ranging from “high love and support from wife”, to “social
network index” to “social isolation” were included.

Nine studies were included that used social support as
the etiologic agent. Three studies showed no clear associa-
tion, including the Health Professionals Follow-up Study.19

Four studies, using a range of different measures of social
support, were moderately supportive of the hypothesis that
social support is etiologically linked to CHD. Finally, two
studies were strongly supportive of an association between
social support and risk of CHD.

Of the 21 prognostic studies, 10 were strongly supportive
of the hypothesis, four were moderately supportive and
seven showed no consistent effect. The strongly supportive
studies included one of the largest studies47 and two with
extended follow up,47,48 and they were generally highly
adjusted for potential confounders, including lifestyle behav-
iors and indicators of disease severity. The stronger effect of
social support on prognosis for people with CHD than on
risk for CHD could potentially be explained if patients with
CHD with high levels of social support are better taken care
of or are more likely to seek medical care.

Modification of psychosocial factors

What are the implications of these findings for cardiologic
practice? Box 17.2 summarizes the main points. When
judged on the criteria used for drug interventions, the evi-
dence for psychosocial intervention supports “options to be
considered” rather than firm recommendations. There are
two ways in which such criteria may not be entirely appro-
priate when psychosocial factors are considered. First, 
psychosocial interventions – unlike drug and invasive inter-
ventions – have few if any adverse effects (and may be less
costly). Second, psychosocial factors may be interrelated
and the quest for a single “toxic component” on which to
intervene may not be as fruitful as in the case of, say, serum
cholesterol. Few studies have investigated this interrelated-
ness; instead researchers have tended to emphasize one 
factor over others.

Box 17.2
Implications for cardiologic practice: options to consider
● Psychosocial components of cardiac rehabilitation (B/C)
● Detect and treat depression in CHD patients (B/C)
● Mobilize social support (B/C)
● Use socioeconomic status and psychosocial factors to

risk-stratify patients (B/C)
A, strong evidence

(at least one well-designed RCT or effects strong and
consistent across observational studies)

B, moderate evidence
(RCT[s] suggest effect despite methodological concerns
or observational studies suggest an effect but conflicting
data or observational studies alone)

C, limited evidence
(published research evidence available but not B or C)

A meta-analysis of randomized controlled trials (RCT) by
Linden and colleagues49 has suggested that psychosocial
interventions are associated with a 41% reduction in mortal-
ity and a 46% reduction in non-fatal events in the first 
2 years of follow up after MI. These RCTs – overwhelmingly
in secondary prevention – have tended to be small, without
prolonged follow up, and they have involved a diverse range

Evidence-based Cardiology
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of interventions (relaxation, stress management, counsel-
ing), differing in duration and professional setting. Separate
analyses including the larger but non-randomized Recurrent
Coronary Prevention Project50 should be viewed with 
caution.

An appealing target for intervention among post-MI
patients is low social support and depression. Information
on patients’ families, friends, and colleagues is commonly
available to clinicians, and this may help to risk-stratify the
patient. Might improved detection and treatment of depres-
sion among CHD patients improve outcome? Frasure-
Smith51 randomized 453 male post-MI survivors to monthly
monitoring of minor psychiatric morbidity (general health
questionnaire) or usual care. The stress management inter-
vention was given to participants whose psychiatric morbid-
ity rose above a critical level; at 1 year the mortality was
4·4% in the intervention group and 8·9% in the control
group (P � 0·05).

However, despite this positive trial there have been three
large randomized trials that have failed to show improved
survival associated with psychosocial interventions among
post-MI patients. In Wales, a large RCT of psychologic 
rehabilitation post-MI found no difference in anxiety and
depression, and this may in part explain the lack of effect on
mortality.52 The Montreal Heart Attack Readjustment Trial
randomized 903 men and 473 women to psychosocial sup-
port or usual care.53 Among men there was no difference in
cardiac or all-cause mortality between the intervention and
control groups. By contrast, among women there was an
excess of cardiac deaths among the intervention group
(22/234) compared with the control group (12/239) (P �
0·06). The reason for this finding – in the opposite direction
to that hypothesized – awaits elucidation. A multicenter
trial of 3000 patients after MI (ENRICHD – enhancing
recovery in CHD) has recently been completed in the
USA.54 This trial targeted patients at high psychosocial risk
(those who were depressed or socially isolated) and
included large numbers of women and ethnic minorities.
The results, reported at the American Heart Association in
November 2001, suggest no survival benefit of the interven-
tion of cognitive behavioral therapy.

Some trials investigated the contribution of psychosocial
intervention in addition to conventional rehabilitation or
other lifestyle advice post-MI. Thus, for example, Ornish55

randomized 53 patients with coronary artery disease (CAD)
to stress management, low fat diet, smoking cessation, and
moderate exercise, and 43 patients to usual care. However,
only 28 patients in the experimental group and 20 patients
in the control group agreed to take part – a potential source
of selection bias. Although quantitative coronary angiogra-
phy demonstrated regression of CAD in 82% of the experi-
mental group at 12 month follow up, it is not possible to
attribute this to the stress management or any other compo-
nent of the intervention.
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The potential for primary prevention in relation to psy-
chosocial factors clearly lies outside the remit of cardiolo-
gists. Psychosocial factors themselves are determined largely
by social, political, and economic factors and it is therefore
policymakers who influence the structure and function of
communities – in the public and private domains – who
may have scope for primary prevention.

Challenges in improving this systematic review

Much of the literature used for this review was based on
secondary analyses of data collected for other primary pur-
poses; only a minority of studies were set up to investigate
psychosocial factors in relation to CHD. A comparison with
the systematic review of randomized trials is informative.
Unlike trials, few, if any, studies reported in our review had
published their hypotheses detailing primary exposure, 
confounder, and outcome relationships prior to reporting
results. This is of concern given the possibility of multiple
comparisons between numerous psychosocial variables and
CHD outcomes within one study. Unlike the situation with
randomized trials, there is no register of studies that are test-
ing or could test psychosocial hypotheses. Such a register
provides a “denominator of hypotheses”, which can then be
tracked through the stages of analysis, manuscript prepara-
tion, submission, publication, and scientific impact, to deter-
mine the extent of any bias.

Study size could potentially influence the likelihood of
achieving a strongly positive result. This effect was investi-
gated by calculating the mean number of study participants
in studies reporting null or negative, moderate or strong
associations in line with the hypothesis, separately for each
psychosocial factor. In etiologic studies on depression, the
mean number of participants per study was largest for those
studies that reported a moderate (n � 8805) compared to
those reporting a strong (n � 2993) or null/negative (n �
3780) association. This pattern was the same for etiologic
studies on anxiety (null/negative: 1577; moderate: 11 345;
strong: 8538) and work characteristics (null/negative:
3060; moderate: 139 496; strong: 5466). However, for type
A behavior (null/negative: 5521; moderate: 1919; strong:
1305) and social support (null/negative: 13 009; moderate:
6706; strong: 2730), the largest studies were more likely to
show null or negative results. This supports the argument
that depression, anxiety, and work characteristics are pre-
dictive of CHD occurrence, whereas for type A behavior
and social support the associations are produced by the bias-
ing effect of study size. The patterns for depression and
social support, but not type A behavior, anxiety, or work
characteristics, were similar among prognostic studies.

Furthermore, a number of psychosocial factors 
were examined in only a small number of studies, and 
these included anger, aggression, cynicism, dominance,
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hopelessness, neurosis, submissiveness, and vital exhaus-
tion.12,18,23,34,48,56–79 These less commonly used psychoso-
cial factors tended to report strong associations with the
etiology and prognosis of CHD, which is consistent with 
a role for publication bias.

A further bias may occur after publication. Positive stud-
ies may be more influential than studies in which there is a
lack of clear association. We attempted to evaluate the effect
of such an influence bias, using the number of citations on
the Science Citation Index. Figure 17.1 suggests that the
frequency of citation was highest for strongly positive stud-
ies, intermediate for moderately positive studies and lowest
for those lacking a clear association. In the first period of
assessment, studies not showing a clear association were
cited most frequently, and this result is strongly influenced
by the high frequency of citing the two major null studies on
the TABP–CHD association.26,80 This suggests that selective
citing of positive studies, rather than using systematic
reviews, may be used in specifying hypotheses. Moreover, 
it is clear from the tables that multiple reporting of results

from the same study is an important issue and that it is 
not always apparent that the same study has been used for
several papers. This further increases the opportunity for
influence bias.

Conclusion

Our systematic review of prospective studies published 
up until 2001 identified 70 reports of etiologic effects and
92 reports of prognostic effects by psychosocial factors
(Table 17.6). Based on prospective epidemiologic data, there
was evidence for an association between depression, social
support, and psychosocial work characteristics with CHD
etiology and prognosis. However, the randomized trial data
suggesting that psychosocial interventions reduce mortality
post-MI are conflicting: three large trials to date have been
negative. The field of psychosocial factors and CHD has
grown over the last decade: a key challenge in terms of car-
diologic practice in the next decade is to clarify the role, if
any, of psychosocial factors in secondary prevention.

We should be grateful for information on any eligible stud-
ies that we may have missed.
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studies (n � 70) studies (n � 92)

� 0 � �� � 0 � ��

Type A behavior/hostility 1 11 5 1 3 10 1 1
Depression 0 8 5 9 0 16 7 11
Anxiety 0 4 1 3 1 9 4 4
Work characteristics 0 3 5 5 0 2 2 0
Social support 0 3 4 2 0 7 4 10

�, finding counter to hypothesis; 0, lack of clear association; �, moderate association (RR �1·50 and �2·00); ��, strong 
association (RR � 2·00)
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Introduction

Reductions in cholesterol and blood pressure, and smoking
cessation, have been shown to be effective strategies in the
prevention of cardiovascular diseases (CVD).1 However,
these “classic” risk factors, along with known non-modifiable
risk factors, such as age, gender, and family history, may not
fully explain why certain individuals develop myocardial
infarction (MI) and stroke, while others do not.2

These observations suggest that factors other than known
risk factors for CVD play an important role in the pathogene-
sis of coronary heart disease (CHD) and stroke and that new
preventive therapies aimed at modifying these new risk fac-
tors may be additionally useful. In this chapter, we will review
a number of emerging risk factors and potential new preven-
tive strategies. In particular, we will review the evidence for:

● The potential role for oxidation of low density lipopro-
tein (LDL) in atherogenesis and the use of antioxidants
in CV prevention.

● The activation of neurohormonal pathways, particularly
the renin–angiotensin axis and its modification by
angiotensin-converting enzyme (ACE) inhibitors in
high-risk groups.

● Hyperhomocysteinemia and its modification by folic acid.
● Inflammation and infection and the potential therapeu-

tic use of anti-inflammatory and anti-infectious agents.

Other chapters in this book deal with dysglycemia, estro-
gens, and psychosocial factors.

Oxidative stress and use of antioxidants in
cardiovascular prevention

Pathophysiology and biologic rationale

Oxidative modification of LDL cholesterol is an important
step in the pathogenesis of atherosclerosis.3,4 Oxidized LDL
is potentially more atherogenic than native LDL. It is recog-
nized and rapidly taken up by “scavenger” macrophage
receptors, giving rise to foam cells; it is directly cytotoxic for
endothelial cells and attracts further macrophages to the
subintima; it stimulates vascular smooth muscle prolifera-
tion and autoantibody formation; and contributes to

increased vascular tone and coagulability. Experimental
studies in vitro as well as in vivo in different animal models
of atherosclerosis suggest that antioxidants could decrease
or prevent LDL oxidation and inhibit atherosclerosis.3

Epidemiology and randomized 
controlled clinical trials

Epidemiologic studies have generally reported inverse asso-
ciations between intake of various antioxidants and CHD
risk. Most attention thus far has been directed to the study
of naturally occurring antioxidants, particularly vitamin E,
vitamin C, and beta-carotene, although other carotenoids,
flavonoids, selenium, magnesium, and monounsaturated
fatty acids are also found in natural food products and may
reduce LDL oxidation. The major lipid soluble antioxidant
vitamins are vitamin E (alpha-tocopherol), the predominant
antioxidant present in plasma membranes, tissues, and LDL
cholesterol, and beta-carotene, a precursor of vitamin A.
The major water soluble antioxidant vitamin is vitamin C
(ascorbic acid), which can regenerate alpha-tocopherol from
the tocopheroxyl radical form, thus preserving lipophilic
antioxidant within the LDL particles. In addition to foods
rich in antioxidant vitamins, antioxidants are available as
vitamin supplements, generally at doses much higher than
those provided by balanced diets.

A number of epidemiologic studies suggest an inverse
association between dietary intake of vegetables and fruits,
which are generally rich in antioxidants, and CV risk.2,5,6 It
is unclear, however, which component of these dietary 
products might be cardioprotective. In addition, a number
of cross-sectional geographic correlation studies suggest a
strong inverse association between CHD prevalence and the
use of diets rich in antioxidants.7 Large prospective cohort
studies have evaluated associations between dietary and/or
supplemental antioxidant vitamins and CV risk, and large
randomized controlled studies have assessed the role of 
vitamin supplements in CV prevention.

Vitamin E

Vitamin E supplements, most of which contain 200–800 IU,
lead to intake far greater than the Recommended Daily
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Allowance (RDA) of 30 IU and well beyond those attainable
by diets. Large prospective epidemiological studies such as
the US Nurses’ Health Study and the US Male Health
Professionals’ Study suggested that the use of vitamin E 
supplements for two or more years, most commonly at
doses of 200–400 IU per day, is associated with a 20–40%
lower risk of CHD.8–10 However, other studies identified
vitamin E from food sources (but not supplements) to be
potentially cardioprotective, although in these studies sup-
plemental vitamin E use was low.11,12

In contrast to the epidemiological studies, most random-
ized clinical trials conducted to date have failed to confirm
benefit. A recent randomized trial evaluated the effects 
of vitamin E on the anatomic progression of carotid athero-
sclerotic vascular disease. The Study to Evaluate Carotid

Ultrasound Changes with Ramipril and Vitamin E (SECURE),
conducted in 732 middle-aged and elderly patients with vas-
cular disease, found supplementation with natural source
vitamin E (RRR-alpha-tocopherol acetate) 400 IU/day to have
a neutral effect on the rate of progression of carotid intimal-
medial thickness (IMT).13 Six large randomized placebo-
controlled trials of vitamin E supplementation with major
CV morbidity and mortality end points have been com-
pleted (Table 18.1). These trials have evaluated different
populations, comprising both low-risk individuals targeted
for primary prevention,14,15 and high-risk patients with coro-
nary and/or other vascular disease16–19 and have used dif-
ferent vitamin E preparations and doses. These trials have
generally failed to demonstrate a beneficial role for the use of
vitamin E supplements both in primary and secondary CV
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Table 18.1 Large (�1000 subjects) randomized trials of vitamin E

Trial Study Follow up Daily Outcomes Relative risk 
participants (yr) vitamin E reduction (%) 

dose (95% CI)

ATBC14 29 133 male 6·1 50 mg All-cause �2b (�9–5)
smokers in death
Finland CV death 2 (�8–11)

PPP15 4495 people 3·6 300 mg CV death, �7 (�56–26)
with risk non-fatal MI and
factor(s) for non-fatal stroke
CHD in Italy All-cause �7 (�49–23)

death
ATBC16a 1862 men 6·1 50 mg CHD death and 3 (�19–20)

with previous MI non-fatal MI
Non-fatal MI 11 (�20–33)
CHD death �5 (�37–20)

CHAOS17 2002 patients 1·4 800 IU/ Non-fatal MI 77 (53–89)
with CHD in 400 IU All-cause death �29 (�119–24)
the UK CV death �10 (�96–39)

GISSI18 11 324 3·5 300 mg All-cause death, 5 (�5–15)
patients with non-fatal MI
recent MI in and non-fatal stroke
Italy CV death, 2 (10–13)

non-fatal MI and
non-fatal stroke

HOPE19 9541 patients 4·5 400 IU CV death, �5 (�16–5)
with CV non-fatal MI
disease or and non-fatal
diabetes with stroke
additional CV death �5 (�22–10)
risk factor(s) MI �2 (�15–10)

Stroke �17 (�42–5)

a Substudy of study.14

b Minus sign indicates an increased risk.
Abbreviations: ATBC, Alpha-tocopherol, Beta-carotene Cancer Prevention Study; CHAOS, Cambridge Heart
AntiOxidant Study; GISSI, GISSI Prevenzione Trial; HOPE, Heart Outcomes Prevention Evaluation Study; PPP,
Primary Prevention Project



prevention and therefore the widespread use of this inter-
vention cannot be endorsed, especially if perceived as a
“replacement” for proven, effective preventive lifestyle mod-
ifications and pharmacological therapies.

The Secondary Prevention with Antioxidants in Endstage
renal disease (SPACE) trial was a randomized placebo-
controlled trial of 196 hemodialysis patients with pre-existing
CV disease.20 Patients in the vitamin E arm had a 54% rela-
tive risk reduction (95% CI 22–72; P � 0·014) in the pri-
mary study end point, the composite of fatal or non-fatal MI,
ischemic stroke, peripheral vascular disease, and unstable
angina. This relatively small trial conducted in a very high-
risk population requires further confirmation.

Beta-carotene

Large prospective epidemiologic cohort studies suggest an
inverse association between beta-carotene intake (derived
from nutritional sources and vitamin supplements) and CV
risk in men, particularly current or former smokers,8–12,21

but not in women. Several large, long-term, well-designed
randomized trials of beta-carotene in primary prevention
have consistently failed to show benefit from beta-carotene,
in the prevention of both CVD and cancer (Table 18.2).
Furthermore, concern about an increased risk of cancer was
present in some investigations. In a subset of patients with
previous MI (secondary prevention) enrolled in the ATBC
trial there was overall no CV benefit in subjects randomized
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Table 18.2 Large randomized trials of beta-carotene

Trial Study Follow up Beta-carotene Outcome Relative risk reduction (%)
participants (yr) dose (95% CI)

ATBC14 29 133 male 6·1 20 mg/day All-cause death �9b (�17 to �2)
smokers in
Finland

CV death �11 (�23–1)
Death from cancer �9 (�23–3)
New lung cancer �18 (�36 to �31)

CARET22 18 314 male 4·0 30 mg/daya All-cause death �17 (�33–3)
smokers, former
smokers and
workers
exposed to
asbestos in the
United States

CV death �26 (�61–1)
Death from cancer �46 (�100 to �7)
New lung cancer �28 (�57 to �4)

PHS23 22 071 male 12·0 50 mg/ All-cause death �2 (�11–7)
physicians in alternate days
the United
States

CV death �9 (�27–7)
Death from cancer �2 (�18–11)
New lung cancer 7 (�27–32)
MI 4 (�9–16)
Stroke 4 (�11–17)

SCPS21 1188 men and 8·2 50 mg/day All-cause death �3 (�30–17)
532 women in
the United
States

CV death �16 (�64–18)
Death from cancer 17 (�29–56)

a Patients randomized to beta-carotene also received 25 000 U/day of retinol (vitamin A).
b Minus sign indicates an increased risk.
Abbreviations: ATBC, Alpha-tocopherol, Beta-carotene Cancer Prevention Study; CARET, �-Carotene and Retinol Efficacy Trial;
PHS, Physicians’ Health Study; SCPS, Skin Cancer Prevention Study



to treatment with beta-carotene. A small increase in the risk
of fatal CHD was noted in the beta-carotene group.

Vitamin C

The epidemiological studies evaluating the supplemental use
of vitamin C are not very persuasive. The National Health
and Nutrition Examination Survey (NHANES) prospectively
evaluated 11348 US adults and found a 34% lower standard-
ized mortality ratio (95% CI 18·1–47·1) among subjects who
received 50mg of vitamin C per day by diet or vitamin supple-
ments compared with those who received less vitamin C.24

The study did, however, not correct for supplemental 
vitamin E use. Most other prospective data have not clearly
identified vitamin C as a significant cardioprotective agent.
Overall, the epidemiological data evaluating vitamin C and
CVD have significant inconsistencies and a number of large
prospective epidemiologic studies, after adjusting for other
risk factors and for use of other antioxidant vitamins, failed
to identify vitamin C use to be independently associated with
lower cardiovascular risk.10

There have been no large randomized clinical trials of
vitamin C supplementation. Three relatively small random-
ized trials performed in elderly patients failed to demon-
strate beneficial effects of vitamin C supplementation.25–27

Clinical trials using combined 
antioxidant vitamins

It was suggested that combined antioxidant vitamin therapy
might be more effective than the use of individual vitamins
alone. The Antioxidant Supplementation in Atherosclerosis
Prevention (ASAP) study reported that combined vitamin E
and C supplementation caused a significant reduction in
carotid IMT progression in men, with no benefit in
women.28 The HDL–Atherosclerosis Treatment Study
(HATS), however, found that the addition of antioxidant
vitamins (daily administration of 800 IU vitamin E, 1000 mg
vitamin C, 25 mg beta-carotene and 100 g selenium)
decreased HDL2-cholesterol levels and tended to diminish
the benefits achieved with simvastatin and niacin alone,
both on the anatomic progression of coronary lesions and 
on clinical outcomes.29 A large primary prevention trial 
conducted in China reported a marginally significant reduc-
tion in total mortality (RR, 9%; 95% CI 0–70) for a 
combination of daily vitamin E 30 mg, beta-carotene 15 mg,
ascorbic acid 120 mg, selenium 50 g, as well as other
micronutrients (retinol, zinc, molybdenum, and niacin),
with a trend towards reduced CV mortality (RR, 9%; 95% CI
�8–24).30 The generalizability of this study to Western and
other populations with very different diets remains 
uncertain. The Heart Protection Study randomized 
20 536 British patients with CVD, diabetes or treated 
hypertension to simvastatin (40 mg/day) or matching

placebo and to antioxidant vitamins – 600 mg vitamin E,
250 mg vitamin C and 20 mg beta-carotene daily – or
matching placebo using a 2�2 factorial design. Treatment
with antioxidant vitamins resulted in a neutral effect on all
study outcomes.31

Clinical trials using other antioxidants

Probucol is a lipid lowering agent, which reduces low den-
sity lipoprotein (LDL) but also lowers high density lipopro-
tein (HDL) and has been shown to be a potent antioxidant in
a number of experimental studies. The Probucol Quan-
titative Regression Swedish Trial (PQRST) in 274 hyper-
cholesterolemic subjects failed, however, to reveal any
benefit in the progression of femoral atherosclerosis.32 This
lack of benefit from probucol may be related to the significant
reduction in HDL cholesterol (by 24%) in patients treated
with probucol, compared with those in the placebo group. 
A small study found that probucol reduced the rate of resteno-
sis after balloon angioplasty in small coronary arteries.33

Antioxidants: conclusions and 
recommendations

Antioxidant vitamin supplements do not reduce CVD
events. 

Renin–angiotensin axis and impact of
angiotensin-converting enzyme 
(ACE) inhibitors

Pathophysiology and biologic rationale

Experimental and human studies suggest that ACE inhibitors
may reduce CV risk through both cardioprotective and
vasculoprotective effects mediated by blocking both circulat-
ing and tissue renin–angiotensin systems, as well as by
bradykinin potentiation.34 ACE inhibitors are antiprolifera-
tive, have antimigratory effects on smooth muscle cells,
increase nitric oxide bioavailability, restore endothelial-medi-
ated vascular reactivity, are potent antioxidants and have
antithrombotic action by decreasing platelet aggregation and
enhancing endogenous fibrinolysis.34 A possible link
between the activation of the renin–angiotensin system and
CV risk is supported also by some, although not all, epi-
demiological and genetic studies.35–38

Randomized clinical trials

ACE inhibitors are effective agents in the management of
hypertension and heart failure. Clinical trials in patients
with low left ventricular ejection fraction with or without
heart failure had unexpectedly demonstrated significant
reductions in the risk of MI in patients receiving long-term
ACE inhibitor therapy.39–41
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More recently, the impact of ACE inhibitor therapy 
in patients without hypertension and without heart failure
or low left ventricular ejection fraction has been evaluated.
Several mechanistic studies have evaluated the effects 
of ACE inhibitors on surrogate outcomes. These studies
demonstrate a wide range of blood pressure-independent
benefits of ACE inhibitor therapy, including: (a) improved
endothelial function, resulting in vasodilation in the coronary
and brachial circulation,42 and in enhanced endogenous 
fibrinolysis;43 (b) retardation in the anatomic progression 
of atherosclerosis, shown in some but not all trials;13 and 
(c) improvement in myocardial function and structure.44

The most persuasive evidence for the beneficial effect of
long-term ACE inhibitor therapy in high-risk patients without
heart failure and/or low left ventricular ejection fraction and
with or without hypertension, has been provided by the
Heart Outcomes Prevention Evaluation (HOPE) trial.45 This
trial enrolled 9297 patients aged 55 years or older with coro-
nary artery disease, peripheral arterial disease or prior stroke,
or diabetes with additional risk factors. Treatment with the
ACE inhibitor ramipril titrated up to 10 mg daily resulted in a
highly significant 22% reduction in the composite primary
end point of myocardial infarction, stroke or death from car-
diovascular causes (Table 18.3; Figure 18.1). In addition, the
risk of stroke, myocardial infarction, need for revasculariza-
tion procedures, heart failure and the development of 
diabetes were significantly decreased. In the 3577 patients
with diabetes, ramipril significantly reduced the risk of 
the composite primary outcome by 25% (95% CI 12–36; 
P � 0·0004), myocardial infarction by 22%, stroke by 33%,
CV death by 37%, all-cause death by 24%, revascularizations
by 17%, and overt nephropathy by 24%.46 These effects
were attained with only a modest reduction in blood pres-
sure (3 mmHg reduction in systolic and 1·8 mmHg in dias-
tolic blood pressure) in patients already treated with a variety
of cardioprotective, blood pressure lowering and anti-
ischemic medications, suggesting that the treatment benefit
was largely independent of blood pressure lowering.

The efficacy of a long-term ACE inhibitor-based therapeutic
strategy was shown also in the Perindopril pROtection aGainst
Recurrent Stroke Study (PROGESS) conducted in 6105
patients with prior stroke or transient ischemic attack. Patients
treated with perindopril with or without the addition of inda-
pamide had a 28% reduction in the risk of recurrent stroke
and a 26% reduction in the risk of major vascular events.47

Ongoing large randomized clinical trials are further evalu-
ating the use of ACE inhibitors in patients with CHD with pre-
served left ventricular systolic function, the combined use of
ACE inhibitors and angiotensin receptor blockers and the use
of angiotensin receptor blockers in ACE-intolerant individuals.

ACE inhibitors: conclusions and
recommendations

ACE inhibitors are effective in the prevention of major CV
events and death in a wide range of patients with vascular
disease or diabetes and additional risk factors. In addition,
ACE inhibitors are effective in the management of hyperten-
sion, heart failure, asymptomatic left ventricular dysfunction
and acute myocardial infarction and should be used consis-
tently in these broad categories of patients with vascular 
disease. 

Homocysteine and vascular disease

Pathophysiology and biologic rationale

Homocysteine is a sulfur-containing amino acid produced 
during catabolism of the essential amino acid methionine. It
can be irreversibly degraded by cystathionine-beta-synthase, 
a process requiring vitamin B6 as a cofactor. Alternatively, 
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Table 18.3 Effect of ramipril on major CV outcomes in
the HOPE trial

Relative risk P
reduction (%) 
(95% CI)

Myocardial infarction, 22 (14–30) �0·0001
stroke or CV death

Myocardial infarction 20 (10–30) �0·0001
Stroke 32 (16–44) �0·0001
CV death 26 (13–36) �0·0001
Revascularization 15 (6–23) 0·002
Heart failure 23 (13–33) �0·001
New diabetes 34 (15–49) �0·001

0·20 Ramipril
Placebo

RR = 0·78 (0·70–0·86)
  P = 0·000001
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Figure 18.1 Effect of ramipril on the composite primary out-
come of myocardial infarction, stroke and death from cardiovas-
cular causes in the HOPE trial. The relative risk of the composite
primary outcome in the ramipril group as compared to the
placebo group was 0·78 (95% Cl 0·70–0·86). (Reproduced with
permission from the New England Journal of Medicine45)



homocysteine can be remethylated to conserve methionine in 
a process requiring methionine synthase and methylcobal-
amin (vitamin B12) as a cofactor and methyl-tetrahydrofolate
reductase (MTHFR) as a cosubstrate. This metabolic pathway
requires an adequate supply of folate and the enzyme
MTHFR. Genetic and acquired abnormalities in the function
of these enzymes or deficiencies in folate or vitamin B6 or B12
cofactors can therefore lead to elevated concentrations of
intracellular homocysteine, which is then released to the
plasma. Very high levels of plasma homocysteine lead to
homocystinuria, which is caused by the rare homozygous defi-
ciency of cystathionine-beta-synthase or the even more infre-
quent homozygous deficiency in MTHFR or defects in
cobalamin metabolism. These distinct genetic abnormalities,
which share very high levels of plasma homocysteine, have
typical clinical manifestations, including severe premature 
atherosclerotic and thromboembolic disease. Histopatho-
logically, this vascular disease is characterized by vascular
endothelial injury, vascular smooth muscle cell proliferation,
progressive arterial stenosis, and hemostatic changes 
consistent with a prothrombotic state. These findings have 
led McCully to formulate the homocysteine theory of 
atherosclerosis.48

More recently, the modest elevation in plasma homocys-
teine levels has been evaluated as a potential CV risk factor.
Such “modest” elevations in plasma homocysteine can be
related to genetic, physiologic, pathologic, and nutritional
factors, including MTHFR mutations (for example, thermo-
labile MTHFR), older age, male gender, postmenopausal sta-
tus in women, smoking, sedentary lifestyle, dietary factors
including increased intake of animal proteins which have a
higher methionine content and low intake of folate, vita-
mins B6, and B12, renal failure, transplantation, and medica-
tions such as corticosteroids and cyclosporin which have
been associated with hyperhomocysteinemia.49

Potential mechanisms of atherothrombosis associated
with elevated homocysteine levels include:

� Endothelial dysfunction related to direct endothelial
cell damage and impaired production of nitric oxide.50

� Stimulation of smooth muscle cell proliferation.51

� Lipid abnormalities, including increased plasma triglyc-
erides and increased susceptibility to oxidation of LDL.52

� Increased thrombogenicity mediated by promoting the
adherence of platelets and release of platelet-derived
growth factors due to homocysteine-induced endothe-
lial damage, activation of factor V, factor Xa, inhibition
of protein C activation, inhibition of cell surface 
expression of thrombomodulin, and decreased tissue
plasminogen activator (tPA) activity.53

Epidemiology

Several studies have shown associations between the extent
of coronary or carotid atherosclerosis and plasma homocys-
teine levels.49 A large number of cross-sectional and retro-
spective observational studies suggest an association between
elevated homocysteine levels and CV risk. Boushey et al
reviewed the major retrospective epidemiologic investigations
of homocysteine and CVD up to 1995 and found a linear,
independent association between plasma homocysteine con-
centrations and CV risk;54 every 5 �mol/l increment in
homocysteine was associated with an increased odds ratio for
CHD of 1·6 for men (95% CI 1·4–1·7) and 1·8 for women
(95% CI 1·3–1·9), of 1·5 for cerebrovascular disease and of
6·8 for peripheral arterial disease.54 Subsequent retrospective
studies have generally confirmed these findings.49

Several, but not all, large prospective cohort studies
(using generally a nested case–control design) also found an
independent association between hyperhomocysteinemia
and increased CV risk (Table 18.4).

Randomized clinical trials

Homocysteine levels can be easily reduced by supplemen-
tation with folic acid and possibly vitamins B6 and B12, or a
combination of these. These simple, inexpensive and likely
risk-free interventions are currently evaluated in large random-
ized clinical trials. To date there are no completed large 
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Table 18.4 Large prospective cohort studies of homocysteine and CVD

Studya Subject Subjects Follow Major OR (95% CI)
selection (age in up (yr) end point(s)
years)

Physicians’ Health 14 916 men; 271 cases 5 Fatal/non-fatal 3·4 (1·3–8·8)b

Study physicians, USA 271 controls MI and CHD
(40–84) death

109 cases 5 Ischemic 1·2 (0·7–2·0)c

427 controls stroke
333 cases 7·5 Fatal/non-fatal 1·7 (0·9–3·3)h

333 controls MI and CHD
death



Approaches in cardiovascular prevention

225

Table 18.4 Continued

Studya Subject Subjects Follow Major OR (95% CI)
selection (age in up (yr) end point(s)
years)

149 cases 9 New angina, 1·0 (0·4–2·4)e

149 controls CABG
British United 21 520 men; 229 cases 8·7 Fatal CHD 2·9 (2·04–4·1)f

Provident United Kingdom 1126 controls
Association Study (35–64)

British Regional 5661 men; 107 cases 12·8 Fatal and non- 2·8 (1·3–5·9)g

Heart Study United Kingdom 118 controls fatal stroke
(40–59)

Nygard et al 587 men and 64 cases 4·6 CHD death 4·5 (1·22–16·6)h

women with
angiographic
CHD; Belgium
(median 62)

Zutphen study 878 men; 162 cases 10 MI 1·81 (1·07–3·08)i

The Netherlands Stroke 4·61 (1·18–11·89)i

(64–84)
Rotterdam study 7983 men and 224 cases 2·7 Stroke/MI 2·53 (1·19–5·35)c

women;  533 controls 2·43 (1·11–5·35)c

The Netherlands 
(�55)

North Karelia 7424 men and 265 cases 9 Fatal/non-fatal Men: 1·05 (0·56–1·95)d

Project women; Finland 269 controls MI, stroke
(40–64) Women: 1·22 (0·66–2·78)d

Atherosclerosis 15 792 men and 232 cases 3·3 All CHD 1·28 (0·5–3·2)c

Risk in women; USA 537 controls events
Communities (45–64)
(ARIC) study

Arneson et al 10 963 men and 123 cases 3·5 Fatal and non- 1·41 (1·16–1·71)g

10 863 women; 492 controls fatal CHD
Norway (12–61)

Multiple Risk 12 866 males; 93 non-fatal 11–17 Non-fatal MI, 0·82 (0·55–1·54)f

Factor Intervention USA MI cases CHD death
Trial (MRFIT) (35–57) 186 controls

147 CHD
death cases

286 controls
Jerusalem study55 808 men and 980 192 deaths 9–11 All-cause 1·70 (1·28–2·25)i

women; Israel 80 CV deaths death
(�50) CV death 1·81 (1·19–2·76)j

a The studies listed are referenced in the comprehensive review by Eikelboom et al.49

b For �95th percentile compared with 	10th percentile of homocysteine levels.
c Highest compared with lowest fifth of total of homocysteine levels.
d �95th percentile compared with �95th percentile of homocysteine levels.
e �95th percentile compared with 	75th percentile of total homocysteine levels.
f Highest compared with lowest quartiles of total of homocysteine levels.
g Per 4 �mol/l increment in homosysteine level.
h Homocysteine levels �20 �mol/l versus �9 �mol/l.
i Highest compared to lowest third of total homocysteine levels.
j Multivariate-adjusted analysis with plasma homocysteine entered as a continuous variable in the model.
Abbreviations: CABG, coronary artery bypass graft surgery; PTCA, percutaneous transluminal coronary angioplasty



randomized clinical trials of homocysteine lowering therapies. 
A number of large randomized clinical trials are ongoing.49

Homocysteine: conclusions and
recommendations

Although experimental and epidemiologic data are promis-
ing, evidence from ongoing randomized controlled trials is
critical in clarifying the role of homocysteine and of homo-
cysteine lowering therapies in CVD. In the meantime, it
appears prudent to ensure adequate dietary intake of folate
and vitamins B6 and B12. 

Inflammation and cardiovascular disease

There is increasing recognition of the involvement of inflam-
mation in human atherosclerosis, although the clinical impli-
cations are unclear. Whether inflammation is a fundamental
part of the process of atherosclerosis or a secondary phenom-
enon has yet to be determined. The destabilization of the
lipid-rich, “vulnerable” thin-capped arterial plaque may
involve activation of peripherally situated macrophages, lead-
ing to platelet activation and thrombosis.56 Chronic athero-
sclerotic lesions are characterized by inflammatory cells,
including lipid laden macrophages and T lymphocytes, and by
inflammatory proteins: endothelial expression of adhesion mol-
ecules such as Intercellular Adhesion Molecule-1 (ICAM-1) or
Vascular Adhesion Molecule-1 (VCAM-1), intralesional local-
ization of C-reactive protein (CRP) or fibrinogen, cytokines
such as interleukin-1 or 6, and chemokines such as inter-
leukin-8.57 Circulating inflammatory molecules provide 
prognostic information (“risk markers”), although the repro-
ducibility, validity, and tissue-specificity of many assays have
been poorly defined. Potentially, measurement of these
markers may guide the initiation or withholding of specific
therapies and stimulate the development of novel therapies.58

C-reactive protein (CRP)

CRP is an acute phase reactant synthesized by the liver on
stimulation by interleukin-6. It is a pentameric protein that
binds bacterial fragments and oxidized LDL, has a long
serum half life, lacks diurnal variability, and has been local-
ized within atheroma.

Elevated serum CRP has been associated with cardiovas-
cular events in primary and secondary prevention cohorts,
and in patients presenting with acute coronary syndromes.
In a meta-analysis of 14 prospective studies, with 2557
cases (mean age of 58 years and mean follow up of 8 years),
CRP concentrations in the highest versus lowest third 
were associated with an adjusted relative risk of 2·0 (95% 
CI 1·6–2·5) in primary prevention cohorts, and 1·9 (95% CI
1·5–2·3) in secondary prevention cohorts.59

Grade B

Higher serum CRP concentrations may identify patients
more likely to respond to aspirin or statin therapy. Among
543 cases and matched controls in the Physicians’, Health
Study, aspirin reduced myocardial infarction by 56% among
those with the highest quarter of baseline CRP level, versus
a 14% reduction in those in the lowest quarter.60 In the
CARE61 and AFCAPS/Texas CAPS62 studies, patients with
high CRP levels benefitted from statin therapy even in the
presence of low to normal LDL cholesterol. Statins lower
CRP concentrations,63 and may have anti-inflammatory
properties. The ongoing Pravastatin Inflammation CRP
Evaluation (PRINCE) study is testing the effectiveness of
statin therapy among patients with high CRP levels.64 ACE
inhibitors may also decrease inflammation. However, CRP
levels did not predict response to ramipril in the HOPE
study (Smieja et al., 2002, personal communication).

Other inflammatory markers

Two other acute phase reactants, fibrinogen and serum amy-
loid A (SAA), have also been associated with subsequent CV
events. A meta-analysis of 18 prospective studies with 4018
cases found an adjusted relative risk of 1·8 (95% CI 1·6–2·0)
for the top versus the bottom third of plasma fibrinogen con-
centrations.65 In four studies with 1057 cases, SAA was
associated with an RR of 1·6 (95% CI 1·1–2·2) for CV
events.59

The cytokines interleukin-1, tumor necrosis factor-alpha,
and interleukin-6 have been investigated as more “proxi-
mal” components of the inflammatory cascade. These are
localized within atheroma and are likely key mediators in
the induction of acute phase reactants, and in adhesion
molecular expression, and have systemic effects including
stimulation of acute phase reactant production and altering
glucose metabolism. In prospective studies, interleukin-6
was associated with cardiovascular outcomes, but was not
independent of CRP.66

The adhesion molecules ICAM-1 and VCAM-1, and the
selectins E-selectin and P-selectin, play critical roles in
endothelial cell adhesion and transmigration of inflammatory
cells. ICAM-1 may play an important role within atheroma,
but prospective data are limited. In the one prospective study
in which the three were compared, VCAM-1 was superior to
either ICAM-1 or E-selectin among 1246 patients with angio-
graphically proven CAD, and followed for a mean of 3 years
for CV outcomes in the AtheroGene study.67 The highest
quarter of VCAM-1 concentration was associated with an 
RR of 2·1 (95% CI 1·1–4·0) for fatal CV events.

Inflammation: conclusions and
recommendations

The role for measuring inflammatory markers is evolving,
with a demonstrated utility of high-sensitivity CRP for risk
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stratification. Whether high CRP levels require treatment,
and whether other inflammatory risk markers should be
measured routinely, is not clear from the available evidence.
Whether these inflammatory molecules play a causal role 
in atheroma formation also remains unknown. The benefi-
cial effects of aspirin and of statins in CV prevention may 
be mediated in part by their anti-inflammatory actions.

Infection and cardiovascular disease

Human atherosclerotic heart or cerebrovascular disease 
has been associated with previous exposure to the
bacteria Chlamydia pneumoniae,68,69 Helicobacter pylori,
or Porphyromonas gingivalis,70,71 and with the viruses cyto-
megalovirus,72 herpes simplex virus type 1 and 2,73 enter-
oviruses,74 or hepatitis A virus,73 but prospective studies
remain limited for all but the first two infections. Overall,
current data have not convincingly demonstrated an impor-
tant role for infections in human CV disease.

Chlamydia pneumoniae

Chlamydia pneumoniae is a Gram-negative, obligate intra-
cellular pathogen which has been demonstrated within
human atherosclerosis.75 The interpretation of cross-sectional
seroepidemiologic data has been difficult due to inter-
laboratory differences in antibody measurement and cut off
values, varying control groups, emphasis on multiple sub-
group analyses, and incomplete ascertainment of potential
confounders. A meta-analysis of 15 prospective studies which
included 3169 cases, and adjusted for potential confounders
including socioeconomic status, found no association between
C. pneumoniae, IgG antibodies, and subsequent CV events
(pooled odds ratio 1·15; 95% CI 0·97–1·36).76

Antichlamydial antibiotics have been administered to
patients after MI. In two pilot studies, the macrolide antibi-
otics azithromycin and roxithromycin decreased subsequent
CV events.77,78 These results were not statistically signifi-
cant on longer follow up in the latter study,79 nor in a sepa-
rate larger study.80 However, two large trials involving 9163
patients found no benefit with azithromycin (Dunne M and
Cevek B, 2002. American College of Cardiology 51st
Annual Scientific Session).

Helicobacter pylori

Helicobacter pylori, a major cause of peptic ulcers and gastric
carcinoma, has been studied in a number of cross-sectional
and prospective studies. A meta-analysis of 10 prospective
studies, with 2916 cases, found no association between
seropositivity and subsequent cardiovascular events, with an
adjusted odds ratio of 1·15 (95% CI 0·96–1·37).81

Grade B

Other infection and total pathogen burden

There are more limited data for other infections, such CMV,
HSV, or dental infections. These require further study in
prospective cohorts, with appropriate adjustment for CV risk
factors. A role for influenza can be inferred from observa-
tional studies of benefit from influenza vaccination.82

There has been recent demonstration by two separate groups
of investigators of a stepwise association between total
pathogen burden and subsequent CV events.83,84 These
investigators used a score including bacterial infections such
as C. pneumoniae and H. pylori, and viral infections such as
cytomegalovirus and other viruses in the herpes family.
These findings require validation in other study populations,
and do not clearly demonstrate whether markers of exposure
to infections represent confounding by other CV risk factors,
epiphenomena, or a causal association.

Infections: conclusions and recommendations

Meta-analyses of prospective studies of exposure to 
C. pneumoniae and H. pylori, as measured by serum anti-
bodies, found no association with human CV disease. The
possible association with multiple infections requires further
study. Antibiotic treatment is currently not recommended.

Key points

● The antioxidant vitamins E, C, and beta-carotene do not
reduce CV events.

● ACE inhibitors reduce the risk of myocardial infarction,
stroke and CV death in high-risk patients.

● Homocysteine lowering with folic acid and vitamin B6 is
currently under investigation in large clinical trials. For
now, the routine measurement of homocysteine levels in
CV risk assessment and the treatment of hyperhomo-
cysteinemia are not widely recommended.

● The role of inflammation in CVD is under investigation.
For now, the routine measurement of inflammatory
markers such as CRP is not recommended.

● Antibiotics are not recommended in CV prevention.
Further trials are awaited.
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The worldwide prevalence of obesity is increasing at an
alarming rate. Recent estimates indicate that 40–60% of the
population in industrialized countries and a substantial pro-
portion of the population in developing countries must now
be considered overweight or obese.1 In the United States,
the prevalence of adult obesity (defined as body mass index
�30 kg/m2), based on self-reported weight and height,
increased from 12·0% in 1991 to 18·9% in 1999, and it is
estimated that this trend is likely to continue over the next
decade.2 In the Third National Health and Nutrition
Examination Survey (NHANES III), conducted in two phases
from 1988 to 1994, 63% of men and 55% of women had a
body mass index of 25 kg/m2 or greater.3

In 1998 the American Heart Association reclassified
obesity as a major modifiable risk factor for coronary heart
disease.4 This is a step forward from the earlier notion that
obesity contributes to heart disease primarily through covari-
ates related to obesity, including hypertension, dyslipidemia,
and impaired glucose tolerance or type 2 (non-insulin depend-
ent) diabetes mellitus. Overweight and obesity are now also
recognized as important risk factors for stroke, renal dysfunc-
tion, gallbladder disease, certain types of cancer, osteoarthri-
tis, sleep apnea and a host of other disorders.5 Importantly,
increased body weight is also an important determinant of
impaired quality of life.6

Obesity is a complex multifactorial chronic disease that
develops from an interaction between genetic and environ-
mental factors. Our understanding of how and why obesity
develops is incomplete, but clearly involves the integration
of social, behavioral, cultural, physiological, metabolic and
genetic factors. Overweight and obesity are especially evi-
dent in some minority groups, as well as in those with lower
incomes and less education.1

Definition of obesity

Definitions of overweight and obesity in adults have varied
over time.7 Ideally, a health-oriented definition of obesity
would be based on the amount of excess body fat that deter-
mines the presence of weight-responsive health risk in an
individual.8 Body mass index (BMI), defined as weight in
kilograms divided by height in meters squared (kg/m2),
is an easily obtained measure that is now widely used, as
it has a high correlation with excess body fat or adiposity.
However, BMI is not a measure of body fat and does not

convey information on regional fat distribution. The latter is
important, as it is now well established that central or vis-
ceral fat deposition is a major independent determinant of
the metabolic and cardiovascular risk associated with an
increase in fat mass.9–11 Recent evidence-based guidelines
therefore recommend the use of both BMI and waist cir-
cumference in the assessment of overweight or obese
patients.1 Table 19.1 summarizes the current classification
of overweight and obesity by BMI, waist circumference and
associated disease risk in Caucasians.1 There are now also
data to indicate that in south Asians12 and other Asian pop-
ulations,13 for the same level of BMI or waist circumference
health risks may be higher than in Caucasians. Lower cut
offs have therefore been recommended for both BMI and
waist circumference in adult Asians (Table 19.2).14 The lev-
els of BMI or waist circumference that can be used to define
obesity related risk in other ethnic groups or populations (for
example, Pacific Islanders, Native Americans, Australian
Aboriginals etc.) remain to be determined.

Although there are benefits to the identification of cut-off
points for monitoring overweight and obesity, it is important
to realize that (as for other risk factors) health risks associ-
ated with increasing weight are part of a continuum, and
individuals with BMI �25kg/m2 can have substantial weight-
associated health problems (for example, impaired glucose
tolerance, hypertension), whereas others may have no iden-
tifiable health problems at BMIs significantly greater than
25. Individualized assessment of risk status and conditions
associated with obesity must therefore form an integral part
of patient assessment, before deciding on the potential ben-
efits to be derived from weight management in an individual
patient (Figure 19.1).15

Key points

● Practitioners should use the BMI to assess and classify
overweight and obesity and to estimate relative risk of
disease compared with normal weight. 

● The waist circumference should be used to assess
abdominal fat content. 

● For adult patients with a BMI of 25–34·9 kg/m2, sex-
specific waist circumference cut offs should be used in
conjunction with BMI to identify increased disease risk.

● Body weight alone can be used to follow weight loss and
to determine the efficacy of weight loss therapy. Grade C
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Grade B

Grade B
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Hypertension

Overweight and obesity have long been recognized as
important determinants of elevated blood pressure, in both
black and white hypertensive and normotensive individu-
als.3,16,17 The same appears true for Asian populations.18,19

Experimental studies have shown that weight gain consis-
tently elevates blood pressure and weight loss decreases
blood pressure independent of changes in sodium intake.
Nevertheless, the mechanisms underlying this relationship
remain poorly understood. Several mechanisms, including
increased sympathetic activity, sodium and volume retention,
renal abnormalities, insulin resistance and, more recently,
hyperleptinemia, have been implicated in the development of
obesity related hypertension.20,21

Based on an assessment of 76 RCTs on the effect of
weight loss on blood pressure, which included 35 lifestyle
trials and 10 on pharmaceutical intervention, the authors
of recent Clinical Guidelines on the Identification,
Evaluation, and Treatment of Overweight and Obesity in

Adults5 concluded that there was strong evidence that
weight loss due to lifestyle modifications reduced blood
pressure levels, and suggestive evidence that weight loss
produced by most weight loss medications in combination
with adjuvant lifestyle modifications will be accompanied
by reductions in blood pressure. Importantly, substantial
reductions in blood pressure, or even normalization, can be
achieved with rather modest weight loss of 5–10% of initial
weight.22

Since the appearance of this report, several newer non-
pharmacologic intervention trials have been published23–26

essentially confirming that lowering body weight lowers
blood pressure. Three studies perhaps deserve special
mention.

1. The Trials of Hypertension Prevention II (TOHP II),27 a
36 month randomized trial of weight loss versus usual
care in 1191 overweight adults (mean BMI around
31 kg/m2) with non-medicated diastolic blood pressure
of 83–89 mmHg and systolic blood pressure less than
140 mmHg. Although participants who lost at least
4·5 kg at 6 months and maintained this weight reduc-
tion for the next 30 months had a relative risk for
hypertension of 0·35 (95% CI 0·20–0·59), this group
only included 13% of the participants in the weight loss
arm. Sadly, over the 36 months body weight returned
to �0·2 kg below baseline in the weight loss group
and increased by 1·8 kg in controls. This study thus
clearly illustrates the limited success of achieving and
maintaining weight loss by lifestyle measures even over
a relatively short period.

2. The trial of non-pharmacologic interventions in the eld-
erly (TONE),28 which included 585 obese men and
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Table 19.2 Proposed classification of weight by BMI in
adult Asians14

Classification BMI, kg/m2 Risk of comorbidities

Underweight �18·5 Low
Normal range 18·5–22·9 Average
Overweight 23·0

At risk 23·0–24·9 Increased
Obese I 24·9–25·0 Moderate
Obese II 30·0 Severe

Table 19.1 Classification of overweight and obesity by body mass index (BMI), waist circumference, and associated
disease risk in Caucasians1

Disease risk* relative to normal
weight and waist circumference

Men, 102 cm; Men, �102 cm;
BMI, kg/m2 Women, 88 cm Women, �88 cm

Underweight �18·5 – –
Normal† 18·5–24·9 – –
Preobese 25·0–29·9 Increased High
Obesity, class

I 30·0–34·9 High Very high
II 35·0–39·9 Very high Very high
III 40 Extremely high Extremely high

* Disease risk for type 2 diabetes, hypertension and cardiovascular disease.
– indicates that no risk at these levels of BMI was assigned.
† Increased waist circumference can also be a marker for increased risk even in persons of normal weight.



women aged 60–80 years with systolic blood pressure
lower than 145 mmHg and diastolic blood pressure
lower than 85 mmHg on antihypertensive monother-
apy (withdrawn after 1 month), who were randomized
to reduced sodium intake, weight loss, both, or usual
care for 29 months. Relative to usual care, hazard ratios
for the combined outcome measure (diagnosis of high
blood pressure, treatment with antihypertensive med-
ication, or a cardiovascular event during follow up)
were 0·60 (95% CI 0·45–0·80; P � 0·001) for reduced

sodium intake alone, 0·64 (95% CI 0·49–0·85;
P � 0·002) for weight loss alone, and 0·47 (95% CI
0·35–0·64; P � 0·001) for reduced sodium intake and
weight loss combined.

3. A study on exercise and weight loss on blood pressure
in 133 sedentary overweight men and women with
unmedicated high normal BP or stage 1–2 hyperten-
sion, randomly assigned to aerobic exercise only; a
behavioral weight management program, including
exercise; or a waiting list control group.29 Weight
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• Assess weight status
• Provide counseling or treatment

Measure weight, height and waist
circumference
Calculate body mass index (BMI)

yes

yes

no

yes

no

yes

yes

Does patient want to lose weight?

Treat

yes

no

BMI 25 or waist � 88 cm (35 in)
(F) � 102 cm (40 in) (M)

BMI 30 or [BMI 25–29·9 or
waist � 88 cm (35 in) (F) � 102 cm
(40 in) (M) and 2 risk factors]

Patient encounter

Assess risk

• Established CAD
• Other atherosclerotic disease
• Type 2 diabetes
• Sleep apnea
• Other obesity-associated
   diseases
• Smoking
• Hypertension
• High LDL-C
• Low HDL-C
• Impaired fasting glucose
• Family history of premature
  CHD
• 45 yrs (M) 55 yrs (F)

Educate reinforce
• Advise to maintain weight
• Address other risk factors
• Check weight, BMI and waist
   circumference every 2 yrs

Figure 19.1 Evidence-based algorithm for the treatment of obesity (adapted from the National Institute of Health guidelines)15



management was associated with a 7 mmHg systolic
and a 5 mmHg diastolic BP reduction, compared to a
4 mmHg systolic and diastolic BP reduction associated
with aerobic exercise; the BP for controls did not
change. In general, 1 kg weight loss can be expected
to result in approximately 1 and 0·5 mmHg reduction
in systolic and diastolic blood pressure, respectively
(Table 19.3).30

the superiority of any class of antihypertensive agents in
obese hypertensive patients. Few small to moderate-sized
studies have specifically addressed the efficacy of antihyper-
tensive agents in obese patients. From these it appears that
� blockers are more effective than dihydropiridine calcium-
channel blockers,39 and that hydrochlorothiazide is less
effective at lower doses than the angiotensin converting
enzyme inhibitor lisinopril.40 An increased risk of type 2 dia-
betes41,42 and weight gain43 has been noted for � blockers.
This may make � blockers less well suited for managing
hypertension in the uncomplicated obese hypertensive. In
contrast, angiotensin converting enzyme inhibitors44,45 and
AT1 receptor blockers46 may reduce the risk of developing
type 2 diabetes and may therefore be preferable for use in
obese patients.

Key points

● Weight loss by lifestyle modification is recommended to
lower blood pressure in overweight and obese patients
with high blood pressure. 

● Dietary salt reduction (to �5 g/day) is recommended to
lower blood pressure in overweight and obese patients
with high blood pressure. 

● Weight loss with orlistat (120 mg t.i.d) or sibutramine
(10–15 mg/day), in combination with lifestyle modifica-
tion, can lower blood pressure in overweight and obese
patients with high blood pressure. 

● Patients managed on sibutramine must be regularly
monitored for a rise in blood pressure, deterioration in
blood pressure control, or a significant increase in heart
rate. 

● Angiotensin converting enzyme inhibition or angiotensin
receptor blockers may be best suited for antihyperten-
sive monotherapy in uncomplicated obese hypertensive
patients. 

● When other indications (for example, myocardial infarc-
tion, congestive heart failure, tachyarrythmias) support
the use of � blockers, these can also be used in obese
hypertensive patients. 

Diabetes

Overweight and obesity have long been recognized as
important determinants of elevated blood glucose, and the
vast majority of patients with type 2 diabetes are either over-
weight or obese. Both at a population and at an individual
level, the prevalence and incidence of type 2 diabetes is
dependent on the degree of obesity. Thus, in the 10 year fol-
low up (1986–1996) of middle-aged women in the Nurses’
Health Study and men in the Health Professionals Follow-up
Study, the risk of developing diabetes was approximately 20
times as high in those with a BMI of 35 or more as in their
same-sex peers with a BMI between 18·5 and 24·9.47

Grade C

Grade C

Grade C

Grade A

Grade A

Grade A

Evidence-based Cardiology

234

Table 19.3 Effect of weight loss on major coronary
heart disease risk factors (adapted from30)

Measure Units Mean change/1 kg 
weight loss

Systolic blood pressure mmHg �0·68
Diastolic blood pressure mmHg �0·34
Fasting glucose mg/dl �3·6
Total cholesterol mg/dl �2·28
LDL cholesterol mg/dl �0·91
Triglycerides mg/dl �1·54
HDL cholesterol mg/dl �0·07

New data have also recently emerged for some of the
newer pharmacologic weight reducing agents, orlistat and
sibutramine. Studies with both compounds have included
overweight and obese hypertensive patients. With the lipase
inhibitor orlistat the reduction in blood pressure and heart
rate for a given weight loss is similar to that expected
with weight loss from lifestyle intervention.31–35 With the
centrally active norepinephrine and serotonin reuptake
inhibitor sibutramine, weight loss in normotensive and
treated hypertensive patients is associated with a modest
reduction in blood pressure, that is about half of what might
be expected for a given degree of weight loss.36,37 In some
instances (1–5%) patients may experience a clinically signif-
icant rise in blood pressure (�10 mmHg). Sibutramine also
consistently increases heart rate by 3–5 bpm. Sibutramine
therapy should be discontinued if a patient experiences
an increase in resting heart rate of �10 bpm, or a rise in
systolic or diastolic blood pressure of �10 mmHg at two
consecutive visits. Similarly, treatment should
be withdrawn in the event of previously well controlled
hypertension shifting to a pattern of blood pressure �145/
90 mmHg on two consecutive visits, or signs of progressive
dyspnea, chest pain or ankle edema. 

Which antihypertensive agent is best suited for the obese
hypertensive patient? Current hypertension guidelines do
not make specific recommendations for the pharmacologic
management of obese patients. This may reflect the paucity
of “hard data” from prospective intervention studies in
obese hypertensives.38 Indeed, there are currently no stud-
ies documenting a reduction in morbidity and mortality, or
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Importantly, the rise in risk of developing type 2 diabetes
begins at BMI levels as low as 22, suggesting that adults
should try to maintain a BMI between 18·5 and 21·9 to
minimize their risk of type 2 diabetes and other disease. In
addition to BMI, abdominal fat distribution, as indicated by
an increased waist to hip ratio, is also an important inde-
pendent predictor of type 2 diabetes.48,49 An increased
prevalence of obesity has also been recently implicated in
the rising prevalence of glucose intolerance in childhood in
North America.50

Despite the close relationship between obesity and type 2
diabetes, it is important to note that at least 20% of type 2
diabetic patients are not obese, and over 80% of individuals
with high BMI and WHR remain non-diabetic. Thus obesity
must apparently interact with other inherited or acquired
factors that determine insulin resistance and � cell function
in order for diabetes to develop.

A large number of studies document the benefits of even
moderate (5–10%) weight loss in improving metabolic con-
trol in diabetic patients.30 However, the impact of weight
reduction on the long-term incidence of diabetic complica-
tions and survival has not been demonstrated. Improvement
in metabolic control depends more on the amount of weight
loss, rather than on the method by which this is achieved.
A 5kg weight loss should decrease fasting plasma glucose
levels in a diabetic individual by 1 mM or 18 mg/dl
(Table 19.3).30 This is of a magnitude similar to that pro-
vided by many of the oral hypoglycemic agents. Although
pharmacologic or surgical weight loss does not appear to
improve glucose control beyond that achieved by lifestyle
changes alone, both the degree of loss and the number of
individuals achieving and maintaining weight loss are gener-
ally higher when lifestyle changes are combined with med-
ication or surgery.5,15

Recent evidence from randomized prospective trials indi-
cates that lifestyle modification including modest weight
reduction will markedly reduce the incidence of type 2 dia-
betes in individuals at high risk. Thus in the recent Finnish
Diabetes Prevention Study51 522 middle-aged overweight
subjects (mean BMI 31) with impaired glucose tolerance
were randomly assigned to either the control group or the
intervention group, where participants received individual-
ized counseling aimed at reducing weight, total fat intake
and intake of saturated fat, and increasing their intake of
fiber and physical activity. A mean weight loss at the end of
1 year of around 4 kg versus a 1 kg gain in the control group
was associated with a 58% reduction in the incidence of dia-
betes after 4 years. Similarly, in the Diabetes Prevention
Project52 lifestyle intervention aimed at reducing body
weight by 7% and at least 150 minutes of physical activity
per week over 2·8 years in non-diabetic persons (mean BMI
34), with elevated fasting and postload plasma glucose con-
centrations, reduced the incidence by 58% compared with
placebo; the lifestyle intervention was also significantly

more effective than metformin in preventing the develop-
ment of type 2 diabetes.

In contrast to metformin and acarbose, other antidiabetic
medications, including sulphonylureas, thiazolidinediones
and insulin, promote weight gain. Weight gain in patients
with both type 1 and type 2 diabetes is associated with an
increase in blood pressure and deterioration of metabolic
control.53,54 In the UK Prospective Diabetes Study, met-
formin was more effective than sulphonylureas or insulin in
reducing diabetes related end points.55 Furthermore, met-
formin is both cost saving and extends life expectancy when
used as first-line pharmacologic therapy in overweight type
2 diabetics.56 Weight gain can be promoted by the use of
� blockers,43 and their use may increase the risk of develop-
ing type 2 diabetes.41,42 In contrast, ACE inhibitors44,45 and
angiotensin receptor blockers46 have been found to reduce
the incidence of diabetes in high-risk individuals.

Pharmacologically induced weight loss with orlistat57,58

or sibutramine,59,60 in conjunction with a lifestyle modifica-
tion program, significantly improves metabolic control and
lower HbA1c levels in patients with type 2 diabetes.

Key points

● Adults should maintain a BMI between 18.5 and 21.9 
to minimize their risk of developing type 2 diabetes.

● Weight loss is recommended to lower elevated blood
glucose levels in overweight and obese individuals with
type 2 diabetes. 

● Weight loss is recommended to prevent diabetes in
overweight and obese individuals at risk for developing
type 2 diabetes. 

● Metformin is both cost effective and extends life
expectancy when used as first-line pharmacologic ther-
apy in overweight patients with type 2 diabetes. 

● Use of � blockers is associated with greater weight gain
than are ACE inhibitors in patients with type 2 diabetes.

● Use of ACE inhibitors or angiotensin receptor blockers
may reduce the risk of developing diabetes in over-
weight or obese individuals at risk for developing type 2
diabetes. 

Dyslipidemia

Lipid abnormalities in overweight and obese individuals 
are typically characterized by high triglycerides, increased
small LDL particles and low HDL cholesterol levels.61 In the
presence of abdominal obesity, high serum triglycerides are
commonly associated with a clustering of metabolic risk fac-
tors known as the metabolic syndrome (atherogenic lipopro-
tein phenotype, hypertension, insulin resistance, glucose
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intolerance, prothrombotic and proinflammatory states).
Thus, in obese patients elevated serum triglycerides are a
marker for increased cardiovascular risk. The US National
Cholesterol Education Program (NCEP) Adult Treatment
Panel (ATP III) therefore recognizes the metabolic syndrome
as a secondary target of risk reduction therapy, after the pri-
mary target – LDL cholesterol.61

Numerous studies document the short- and medium-term
benefits on blood lipids associated with lifestyle modifica-
tion, including weight reduction.62 Current evidence-based
guidelines thus recommend weight reduction and increased
physical activity as first-line therapies for all lipid and non-
lipid risk factors associated with the metabolic syndrome.61

Weight reduction will enhance LDL lowering and reduce all
of the risk factors of the syndrome. Significant reductions in
blood triglycerides and increases in HDL cholesterol have
been observed in randomized controlled trials of pharmaco-
logically induced weight loss with orlistat63,64 and sibu-
tramine.65,66 Possibly because of its mode of action on
intestinal lipid absorption,67 the use of orlistat has been asso-
ciated with a greater reduction in LDL cholesterol than can
be expected by weight reduction alone.63 Observational
studies have shown profound metabolic benefits associated
with surgical weight reduction in the morbidly obese.68,69

However, as for other high-risk groups, the long-term effect
of weight reduction on morbidity or mortality in overweight
or obese dyslipidemic patients has yet to be demonstrated.

Key point

●  Weight loss is recommended to lower elevated levels of
total cholesterol, LDL cholesterol and triglycerides and
to raise low levels of HDL cholesterol in overweight and
obese individuals with dyslipidemia. 

Coronary artery disease

Overweight and obesity are now considered major inde-
pendent risk factors for coronary artery disease;4 neverthe-
less, the impact of excess body fat and fat distribution in
different populations (men and women, young and elderly,
ethnic groups) remains to be fully determined. In a recent
review of 11 independent studies, Anderson and Konz30

estimated an overall RR of 2·71 for women and 2·80 for
men for a BMI of 33 v 23 kg/m2, respectively. This
increased risk was partly (but not fully) accounted for by
other major risk factors for coronary artery disease, includ-
ing hypertension, lipids and diabetes. This may in part be
accounted for by an association between obesity and other
non-conventional risk factors for coronary artery disease,
including alterations in coagulation and risk for thrombosis
or increased inflammatory cytokines.70–72 A recent study
also found a substantially increased risk for angiographically
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assessed coronary artery disease associated with an increase
in waist circumference, that reached an odds ratio of over
12 in patients with familial hypercholesterolemia.73 Weight
gain has also been associated with a significant increase in
coronary risk.30 Thus, a weight gain of 15 kg after age 21
was associated with an increased coronary risk of 83% in
women and 46% in men.

Weight reduction has been consistently shown to lower
blood pressure, lower plasma glucose and insulin levels,
prevent the development of type 2 diabetes, lower plasma
triglycerides and raise low levels of HDL cholesterol, and
improve other risk factors for coronary artery disease.5,15 It
is therefore very likely that weight reduction will substan-
tially lower coronary risk in obese patients. However, there
are currently no hard end-point data from randomized con-
trolled trials of weight loss on morbidity and mortality in
patients with coronary artery disease.

In a large prospective study of patients surviving a first
myocardial infarction, overweight, grade I and grades II–III
obesity were associated with a 1·16, 1·49 and 1·80 relative
risk for a recurrent coronary event, respectively.74 Readily
measured markers of diabetes, hypertension and dyslipi-
demia explained some of the risk conferred by obesity.
Other investigators have identified obesity as an independ-
ent predictor of hospital mortality in older (but not younger)
patients with myocardial infarction.75 No effect of body
weight was found in 1 year mortality in overweight or obese
patients. Thus, although obese patients should certainly be
targeted for proven preventive therapies following acute
myocardial infarction, whether or not weight loss should be
included in these treatments remains an important but 
unresolved question.

Key points

● Weight reduction is recommended to reduce risk factors
for coronary artery disease, including hypertension, 
dyslipidemia and impaired glucose tolerance/type 2 
diabetes. 

● Weight reduction is recommended in patients with coro-
nary artery disease to reduce morbidity and mortality.

Congestive heart failure

In a recent report from the Framingham cohort, after adjust-
ment for established risk factors, there was an increase in
the risk of heart failure of 5% for men and 7% for women for
each unit increment in body mass index.76 Surprisingly,
however, a large retrospective observational study suggests
that increased BMI may confer a more favorable prognosis
in patients with overt heart failure.77 However, interpreta-
tion of these findings is complicated by the fact that lower
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BMI may reflect the presence of circulatory compromise,
ultimately leading to cardiac cachexia in patients with
advanced cardiac function. Nevertheless, based on available
data, it currently remains unclear whether weight loss pro-
motion in medically optimized patients with heart failure is
a worthwhile therapeutic goal.

Key points

● Increased body weight increases the risk for the develop-
ment of heart failure.

● Increased body weight may confer a more favorable
prognosis in patients with heart failure. 

● Weight reduction is currently not recommended for
patients with congestive heart failure. 

Sleep apnea and obesity hypoventilation
syndrome

Obesity is the most common precipitating factor for obstruc-
tive sleep apnea and is a requirement for the obesity
hypoventilation syndrome, both of which are associated with
substantial morbidity and increased mortality.78 Numerous
case reports and non-controlled trials document substantial
improvement in sleep apnea and the obesity hypoventilation
syndrome, particularly with surgically induced weight loss.
In a recent Cochrane review of lifestyle modification for
obstructive sleep apnea, the reviewers concluded that there
were currently no randomized trial data available for analy-
sis.79 Thus, there are currently no data regarding the magni-
tude of weight loss necessary to produce a clinically
significant improvement in obesity related obstructive sleep
apnea, nor regarding which group of patients is most likely
to benefit from this intervention.

Key point

● Surgically induced weight loss can improve the clinical
picture of sleep apnea and the obesity hypoventilation
syndrome. 

Goals for weight loss

The general goals of weight loss and management are to
reduce body weight, to maintain lower body weight over the
long term, and to prevent further weight gain.5,15 Weight
loss should be recommended for all patients with a BMI �30
and for those with a BMI �27 with two or more risk fac-
tors.5,15 There is consistent evidence from randomized 
controlled trials to indicate that overweight and obese
patients in well designed programs can achieve and main-
tain moderate (5–10%) weight loss over time if some form
of therapy continues. The initial goal of weight loss therapy
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should therefore be to reduce body weight by approximately
10% from baseline.

Randomized trials suggest that weight loss at a rate of
0·45–0·90kg/week commonly occurs for up to 6 months.5,15

The rate of weight loss in patients with type 2 diabetes may
be slower than in non-diabetics.

Key points

● Weight loss should be recommended for all patients
with a BMI �30 and for those with a BMI �27 with two
or more risk factors. 

● The initial goal of weight loss therapy should be to
reduce body weight by approximately 10% from base-
line. 

● Weight loss should be about 0·45–0·90 kg/week for a
period of 6 months. 

How to achieve weight loss

Successful weight loss requires the combination of multiple
interventions and strategies, including diet, physical activity,
behavior modification, pharmacotherapy and surgery. Because
obesity is a chronic condition, all treatment, including phar-
macotherapy, should be initiated with the expectation that
it will be long term.15 An evidence-based algorithm is pro-
vided in Figure 19.2.

Lifestyle intervention

With regard to dietary therapy, a review of 48 randomized
controlled trials5 concluded that an average weight loss of
8% can be obtained over 3–12 months with a controlled
energy low-calorie diet (LCD) aimed to reduce caloric intake
by 500–1000 kcal/day (2092–4184 kJ/day), and that this
weight loss effects a decrease in abdominal fat. It also
appears that lower-fat diets with energy reduction promote
greater weight loss than energy reduction alone. Very low-
calorie diets (VLCDs), generally involving the use of protein
and dietary supplements, can produce greater initial weight
losses that LCDs, but long-term (�1 year) weight loss
appears to be only marginally greater.80 Importantly, unless
accompanied by physical activity, weight loss with dietary
measures is not associated with an improvement in car-
diorespiratory fitness as measured by maximum oxygen 
consumption.5,15

A review of 13 randomized controlled trials provides strong
evidence that physical activity alone results in rather modest
weight loss but improves cardiorespiratory fitness, may reduce
abdominal fat and may help long-term weight maintenance.5

A review of 15 randomized controlled trials combining dietary
measures and physical activity provides strong evidence that
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the combination of these measures results in substantially
greater weight loss than either measure alone.5 There also
appears to be additional value in behavioral therapy,
although no one behavioral therapy appears to be superior
to any other in its effect on weight loss. In general, the

greater the intensity of the intervention, the greater the
weight loss. No additional long-term benefits of behavioral
therapy are found at 3–5 years. Nevertheless, there is evi-
dence to suggest that patient motivation is an important
determinant of success in weight loss programs.
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BMI �30
or

BMI 25–29·9 and �2 risk factors
waist circumference �89 cm (35 in) for women

or
�102 cm (40 in) for men and �2 risk factors

Maintenance
counseling

Yes

Yes

Clinician and patient
devise goals and

treatment strategy
for weight loss and
risk-factor control

Set goals
Advise patient to

lose 10% of
preintervention body
weight, or 0·5–1 kg

(1–2 lb)/wk for
6 mo of therapy

No

No

Does patient want
to lose weight?

Educate and reinforce

Advise patient to maintain
weight

Address other risk factors

Conduct periodic monitoring
of weight, BMI, and waist

circumference (every two years)

BMI 25–29·9 and
� 2 risk factors

or BMI � 30
Changes in lifestyle

Diet: 500–1000
kcal/day reduction,
30% or less of total

kcal from fat

Physical activity:
Initially 30–45 min of
moderate activity 3–5
times/wk, eventually

30 min or more of
moderate activity on

most, preferably
all, days

Progress being made
or goal achieved?

Dietary therapy
Behavior therapy
Physical activity

Periodic monitoring
of weight, BMI, and
waist circumference

BMI �27 and �2 risk
factors or BMI �30 

Pharmacotherapy

Adjunct to changes
in lifestyle

Consider if patient
has not lost

0·5 kg (1 lb)/wk by
6 mo after changes

in lifestyle

No

BMI �35 and �2 risk
factors or BMI �40

Vertical banded
gastroplasty or gastric

bypass

Requires lifelong
medical monitoring

Assess reasons for
failure to lose weight

Option 1

Behavior therapy

Option 2

Option 3

Weight-loss surgery

Consider if other
attempts at weight

loss have failed

Figure 19.2 Evidence-based algorithm for the treatment of obesity. Adapted from the National Institute of Health guidelines15



Key points

● Weight loss and weight maintenance therapy should use
a combination of low-calorie diets (LCDs), increased
physical activity and behavioral therapy. 

● Low-calorie diets (LCDs) providing a deficit of
500–1000 kcal/day (2092–4184 kJ/day) are a practi-
cal way to reduce calories and should be an integral part
of any program aimed at achieving a weight loss of
0·45–0·90 kg/wk over 6 months. 

● Physical activity should be an integral part of weight
loss therapy and weight maintenance, as it contributes
modestly to weight loss, increases cardiovas-
cular fitness, modestly decreases abdominal
fat, and may help with maintenance of weight
loss. 

● Initially, moderate levels of physical activity for 30–45
minutes, 3–5 days a week, should be encouraged, with
the long-term goal of accumulating at least 30 minutes
or more of physical activity on most or all days of the
week. 

● Behavioral therapy is a useful adjunct when incorpo-
rated into treatment for weight loss and weight mainte-
nance. 

● Practitioners need to assess the patient’s motivation to
begin weight loss therapy, assess their readiness to
implement the plan, and take appropriate steps to moti-
vate them for treatment. 

● A weight maintenance program should be a priority after
the initial 6 months of weight loss therapy. 

Pharmacotherapy of obesity

Strong evidence indicates that the use of appropriate weight
loss drugs can augment diet, physical activity and behavior
therapy in weight loss.5,15 Orlistat is gastrointestinal lipase
inhibitor that reduces enteral fat absorption by around
30%.81 Sibutramine is a centrally active serotonin and norep-
inephrine uptake inhibitor that reduces hunger, increases sati-
ety, and which may have a small thermogenic effect.82 Both
compounds have been approved by licensing authorities in
most countries for the pharmacologic treatment of obesity
and the management of overweight patients with related
comorbidities. They can be used as an adjunct to diet and
physical activity for patients with a BMI of 30 or greater with
no concomitant obesity risk factors or diseases, as well as
patients with a BMI of 27 or greater with concomitant obe-
sity related risk factors (hypertension, dyslipidemia, type 2
diabetes), when these patients have failed to reduce and
maintain weight loss by lifestyle interventions alone.5,15 Both
have been shown to decrease the rate of weight regain fol-
lowing weight loss induced by combining lifestyle interven-
tion with weight loss medication66,83,84 or very low-calorie
diets.85 Starting with the lowest dose and discontinuation in
non-responders can decrease the likelihood of adverse effects.
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Mode of action, efficacy, side effects and contraindica-
tions for the use of orlistat and sibutramine are summarized
in Table 19.4.

Unlike fenfluramine and dexfenfluramine, sibutramine
does not induce serotonin release and has not been impli-
cated in the development of valvular heart disease.86 Small,
dose dependent increases in heart rate and blood pressure
have been consistently noted with the use of sibutramine.87

Furthermore, reductions in blood pressure seen with 
sibutramine-induced weight loss tend to be less than the
reductions seen with weight loss obtained by other treat-
ments. Nevertheless, weight reduction in hypertensive
patients is accompanied by a fall in both systolic and dias-
tolic pressure, and several randomized controlled studies
have shown that sibutramine can be used in overweight and
obese patients with well controlled hypertension.88 As with
other weight loss interventions, sibutramine-induced weight
loss is associated with a significant improvement in meta-
bolic parameters.

Because of its lack of systemic effects on the heart and
circulation, orlistat has obvious advantages over sibutramine
for use in high-risk patients with established coronary artery
disease, arrhythmias, stroke or heart failure. Thus, weight
loss with orlistat results in a reduction in heart rate and
blood pressure corresponding to that expected for a similar
degree of weight loss achieved with non-pharmacologic
intervention. Furthermore, owing to its mode of action the
use of orlistat has been associated with a greater reduction
in LDL cholesterol than can be expected by weight reduc-
tion alone.63

Key points

● Orlistat and sibutramine may be used as part of a weight
loss program in patients with a BMI greater than 30, or
in patients with a BMI greater than 27 when associated
with obesity related comorbid conditions. 

● Weight loss drugs should not be used without concomi-
tant lifestyle modification. 

● Continual assessment of drug therapy for efficacy and
safety is necessary. 

● If the drug is efficacious in helping the patient to lose
and/or maintain weight loss and there are no serious
adverse effects, it can be continued; if not, it should be
discontinued. 

●  Starting with the lowest dose and discontinuation of
antiobesity medication in non-responders can decrease
the likelihood of adverse effects. 

Surgery

There is currently good evidence to support the use of surgi-
cal interventions in adults with clinically severe obesity
(BMI � 40 or above, or BMI � 35 with obesity related

Grade C

Grade C

Grade C

Grade B

Grade B
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comorbid conditions).5,15 In these patients, surgery can
result in substantial weight loss and a marked improvement
in comorbid conditions. Two types of operations have
proved effective: those that restict gastric volume (banded
gastroplasty) and those that, in addition to limiting food
intake, also alter digestion (Roux-en-Y gastric bypass).15

Patients who have undergone surgery require lifelong med-
ical surveillance.

Key point

● Weight loss surgery is appropriate for carefully selected
patients with clinically severe obesity (BMI � 40, or
BMI � 35 with comorbid conditions) when less invasive
methods have failed and the patient is at high risk for
obesity associated morbidity or mortality. Grade B
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Table 19.4 Medications approved for the long-term treatment of obesity* (adapted from15 and 89)

Orlistat Sibutramine

Trade names Xenical Reductil/Meridia

Mechanism of action Lipase inhibitor Mixed norepinephrine and
serotonin reuptake inhibitor

Dosage 120 mg 3 times/day with or 5–15 mg/day
within 1 h after fat-containing
meals, plus a daily multivitamin

Cost (US wholesale price) $3·56/day $2·98–3·68/day

Average weight loss when 4–7% 5–8%
used together with lifestyle
modification

Most frequent side effects Flatulence with discharge, fecal Dry mouth, headache,
urgency, fecal incontinence, insomnia, constipation,
steatorrhea, oily spotting, anorexia, increase in heart
increased frequency of rate, increase in blood
defecation, decreased absorption pressure†

of fat-soluble vitamins

Potential drug interaction Cyclosporine SSRIs, MAOIs, centrally
active anorexants,
sumatriptan,
dihydroergotamine,
dextromethorphan,
meperidine, pentazocine,
fentanyl, lithium,
tryptophan

Contraindications Chronic malabsorption Uncontrolled hypertension,
syndromes, cholestasis severe renal impairment,

severe hepatic dysfunction,
narrow-angle glycoma,
history of substance abuse,
coronary artery disease,
congestive heart failure,
arrhythmias, stroke

* Ephedrine plus caffeine and fluoxetine have also been tested for weight loss but are not approved for use in
the treatment of obesity. Mazindol, diethylpropion, phentermine, benphetamine and phendimetrazine are
approved only for the short-term use for the treatment of obesity. Herbal preparations are not recommended
as part of a weight loss program. These preparations have unpredictable amounts of active ingredients and
unpredictable, potentially harmful effects.
† If there is a sustained increase in blood pressure or heart rate, either a reduction in the dose or discontinu-
ation should be considered.



Summary

Obesity is now recognized as an important risk factor for
cardiovascular morbidity and mortality. Weight reduction
induced by lifestyle, pharmacologic or surgical measures has
been shown to substantially improve obesity related comor-
bidities, perhaps with the exception of congestive heart
failure. Weight loss programs should focus on weight main-
tenance rather than weight loss alone. Randomized con-
trolled outcome studies with hard end points, required to
establish weight loss as an effective measure that reduces
cardiovascular mortality, are still lacking.
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Gender and cardiovascular disease

In the United States the number of women who die annually
from cardiovascular disease is higher than men. The 
cardiovascular disease burden is particularly high in older
women. In women aged 55 and older, major cardiovascular
diseases (ICD 390–448·9) accounted for 473569 deaths in
1997 compared to 402310 deaths in older men.1 Major car-
diovascular diseases accounted for 44% of all deaths in older
women and 40% of all deaths in older men. The number of
deaths from coronary heart disease (CHD) was only slightly
higher in older women (229628) than in men (223246), but
the number of deaths from stroke was considerably higher 
in women (88768 compared to 55149 respectively). There
were 4607 deaths from pulmonary embolism in older women
compared to 3465 in men. As exemplified by these absolute
numbers of deaths, cardiovascular disease now represents 
a larger health problem in older women than in older men.

CHD in particular occurs at a later age in women than in
men, and this is one reason why early trials (including estro-
gen trials) attempting to prevent “premature” CHD focused
on middle-aged men. On average, death from CHD occurs
about 10 years later in women (Figure 20.1) than in men. The

incidence rate of CHD mortality rises after the age of 65, and
rises particularly steeply after 75 years when the great major-
ity of CHD events occur. Though their incidence rates remain
lower at any age than in men, the fact that older women with
CHD outnumber men explains why the absolute number of
CHD deaths is higher in women. Deaths from strokes and pul-
monary embolism also rise markedly with age. Since CHD
and strokes are the major contributors to overall cardiovascu-
lar disease rates, the effects of estrogen on these conditions
will dominate the overall cardiovascular outcome.

The sex differential in the age of onset of CHD is also one
of the reasons why estrogen is of interest as a potential pre-
ventive treatment for CHD. Lipid levels in children of both
sexes are similar until puberty, when high density lipopro-
tein (HDL) cholesterol levels fall by about 10 mg/dl in boys
only, while low density lipoprotein (LDL) cholesterol levels
decrease by about 5 mg/dl in girls.2 These changes may be
attributable to rising androgen and estrogen levels in boys
and girls respectively. The sex differential for HDL choles-
terol persists through adult life, but is less marked in older
persons. LDL cholesterol levels rise during adulthood, 
and in older women LDL cholesterol levels eventually 
catch up with those in men. Estrogen levels in women grad-
ually decline, starting some years before the menopause,
during which time LDL cholesterol levels rise and HDL cho-
lesterol levels decrease.3 These lipid changes may underlie
the lower CHD risk in premenopausal women, and the
gradual increase in postmenopausal women. However, the
menopause does not represent a sharp demarcation in risk;
some longitudinal studies have not shown changes in risk
factors over the menopause, and the rise in coronary rates
may simply reflect the effects of aging itself, as suggested
when the data for coronary deaths are plotted on a semi-
logarithmic scale (Figure 20.2).1,4 Nonetheless, premature
menopause due to oophorectomy is associated with a higher
CHD risk, and oophorectomy followed by estrogen therapy
is not associated with increased risk for CHD.5 When exoge-
nous estrogen is administered via the oral route to post-
menopausal women, LDL cholesterol levels decrease, HDL
cholesterol levels increase, triglyceride levels increase, and
lipoprotein (a) levels decrease.6–10 However, exogenous oral
estrogen has multiple non-lipid effects. Some changes in
coagulation factors are potentially favorable (for example, 
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Coronary heart disease

Throughout this chapter, the term postmenopausal hor-
mone therapy (sometimes shortened to hormone therapy) 
is used to describe the use of estrogen or estrogen plus a
progestin in postmenopausal women. The term hormone
replacement therapy is not used, because this term implies 
a judgment that postmenopausal women suffer from a 
hormone “deficiency” that needs treatment.

More than 30 observational studies have suggested that
women who are taking estrogen appear to have a lower risk
of heart disease, and several have shown similar apparent
risk reductions for estrogen when it is used in combination
with progestin.19–23 Only a few key studies will be reviewed
in detail, since they illustrate sufficiently the findings from
observational studies, and their limitations. “Primary pre-
vention” studies are those in which women with prevalent
coronary artery disease (CAD) were removed from the
cohort, while “secondary prevention” studies followed 
only those women with a history or other evidence of CAD
at baseline. The growing body of evidence from clinical 
trials with surrogate outcomes and clinical trials, with
“hard” clinical outcomes for secondary prevention, will be
reviewed in detail. Thus far, these secondary prevention 
trials have failed to confirm the cardiovascular benefit 
predicted from observational studies, and in fact the 
trials suggest that there is likely to be harm in the first few
months to years after initiation of hormone therapy.
Substantive data from primary prevention trials have yet to
be published.

Primary prevention

Observational studies

With the exception of the initial report from Framingham 
on this issue, all the observational studies of healthy 
postmenopausal women comparing hormone users with
non-users described an association of hormone use (particu-
larly current hormone use) with lower risk for CHD.19–24

However, as reviewed elsewhere, the consistency of these
results may be due to powerful systematic biases in observa-
tional studies, which may lead to an overestimation of 
benefit and an underestimation of harm associated with 
hormone use.25,26

The Nurses’ Health Study is representative of the obser-
vational studies, and the women in this study comprise one
of the largest and best studied cohorts in the USA.21 The
1976 baseline examination included 121 700 nurses aged
30–55 years of whom 21 726 were postmenopausal. With
the passage of time a progressively larger proportion entered
the menopause and these women contributed data to a
series of papers on the associations between menopause,
hormone therapy, and cardiovascular disease. Data on 
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a decrease in fibrinogen level7–9) while others are potentially
unfavorable (for example, an increase in factor VII8,9), and
the net effect of estrogen on coagulation is uncertain.
Similarly, some effects on markers of inflammation are
potentially unfavorable (for example, increases in C-reactive
protein) and others favorable (for example, decreases in vas-
cular endothelial adhesion molecules).11,12 Other potential
influences of estrogen on vascular biology include direct
effects on the vessel wall, which improve blood flow,13,14

and antioxidant properties that may slow the early stages of
atherosclerosis.15 It should be noted that many, but not all,
of the biologic effects of estrogen are counteracted by the
progestins, which are now routinely prescribed in combina-
tion with estrogen in women with intact uterus.7–9

Thus, there is a plethora of potential mechanisms by which
estrogen may reduce the risk of CHD.16 Unfortunately, the
existence of mechanisms does not necessarily translate into
clinical benefit. A treatment that has a favorable effect on an
intermediate mechanism may decrease the incidence of target
clinical events, or may turn out to have no effect, or may actu-
ally increase the event rates. The treatment may also have
unanticipated adverse effects on other clinical events.17 For
example, a number of early lipid lowering drugs, such as thy-
roxin and estrogen, were abandoned after it was found that,
although these drugs decrease cholesterol levels, they also
increase the cardiovascular morbidity and mortality in men.18

Box 20.1
● Cardiovascular disease is a major health problem in

older women.
● Coronary heart disease occurs at a later age in women

than in men.
● The later onset of coronary disease may be due to gender-

specific hormone-induced changes in blood lipid levels.
● Increased rates of coronary heart disease after the

menopause may be due to declining estrogens or may
be due to aging.
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hormone use and health status were updated biennially by
questionnaire. The most recent analysis included 70 533
women with up to 20 years average follow up for a total
experience of 808 825 person-years during which time the
study accrued 1258 major coronary events (non-fatal
myocardial infarction or coronary death).21 There were 662
major coronary events during the 358 125 person-years of
never users, 337 events during the 185 497 person-years 
of past users, and 259 events during the 265 203 person-
years of current users of postmenopausal hormone therapy.
Conjugated equine estrogen (CEE) accounted for about two
thirds of the estrogen used. Proportional hazards models
were used to calculate relative risks for incidence of clinical
outcomes, using women who had never used hormones as
the reference group. Multivariate adjustments were made
for age, body mass index, history of diabetes, hypertension,
high cholesterol level, cigarette smoking, and parental 
history of premature heart disease.

The adjusted relative risk of major coronary disease 
in current users compared to never users was 0·61 (95% 
CI 0·52–0·71), and in past users it was 0·82 (95% CI
0·72–0·94). Current users of CEE alone had a relative risk
of 0·55 (95% CI 0·45–0·68), and current users of CEE with
medroxyprogesterone acetate (MPA) had a relative risk of
0·55 (95% CI 0·49–0·85). Duration of hormone use
appeared to have little influence; however the relative risk
appeared to be lowest in current users for less than 1 year
(0·41, 95% CI 0·21–0·77) (Figure 20.3). The reduced risk
for CHD was observed at all estrogen doses, but appeared to
be more marked at the doses of 0·3 mg conjugated equine
estrogen (0·58, 95% CI 0·37–0·92) and 0·625 mg (0·54,
95% CI 0·44–0·67) than at the dose of 1·25 mg or higher
(0·70, 95% CI 0·51–0·97) (Figure 20.3).

An earlier publication from the Nurses’ Health Study
noted that the rates of coronary revascularization did 
not differ between current users and non-users.27 Since it
differs from the findings for fatal and non-fatal myocardial

infarction, this observation argues against an immediate
beneficial effect of estrogen on the vessel wall. Most patients
undergo revascularization for symptoms and, if estrogens
had a direct effect, symptoms would have been less likely in
users. The data as regards to revascularization have implica-
tions for the interpretation of the data for CHD events: if
estrogen confers no immediate benefit, the finding of lower
CHD rates in current users may be due to the compliance
bias known to operate in subjects who are regularly taking
medications, or to selection bias as to who goes onto estro-
gen and who is removed from therapy.

Data on risk for CHD in healthy women soon after initia-
tion of estrogen therapy are sparse and inconsistent,
although most studies suggest reduced initial risk in estrogen
users. As noted above, the Nurses’ Health Study observed
the lowest relative risk during the first year of use.21 Several
other studies found little or no association of hormone use
with risk in the first year or two after initiating therapy,28–30

while two suggested some early increase in risk.31,32 By 
contrast (see below) the data for secondary prevention are
much more consistent in suggesting cardiovascular harm
after initiation of therapy.

Clinical trials

A pooled analysis of 23 randomized controlled trials, which
were done for the study of non-cardiovascular short-term
effects of hormone therapy but which recorded numbers of
clinical events, found twelve cardiovascular (arterial) events in
the hormone groups and five in the control groups.33 Though
not statistically significant, the results were in the opposite
direction to that predicted by the observational studies.

Large clinical trials of estrogen in healthy women with
sufficient statistical power to provide a definitive answer 
to the question of benefit for cardiovascular disease are
underway (Table 20.1). The first of these forms part of the
Women’s Health Initiative (WHI) in the USA. The WHI
enrolled 27 347 women aged 50–79 in the trials of
menopausal hormone therapy during 1993–1998 and will
be completed in 2005 after 8·4 years average follow up.34

The study comprises two randomized controlled clinical 
trials: the 16 608 women with an intact uterus randomized
to CEE 0·625 mg/day plus MPA 2·5 mg/day or placebo,
and the 10 739 women with a hysterectomy randomized to
CEE 0·625 mg/day or placebo. No results have yet been
published, but in 2000 the trial participants were advised
that during the first 2 years after randomization small
excesses in numbers of heart attacks, strokes, and blood
clots in the lungs were observed in the active treatment
groups.35 In 2001 a follow up communication to partici-
pants stated that small absolute excesses of these conditions
persisted beyond the first 2 years, but that the trials will 
continue because the overall risk and benefit remained
uncertain.35
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Relative risk (95% CI)

1 1·25
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>1·25 mg
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Figure 20.3 Relative risks and 95% confidence intervals for
CHD by duration and dose of current hormone use in the
Nurses’ Health Study21
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A second large trial being conducted in the United Kingdom
and New Zealand, known as the Women’s Intervention Study
of long-Duration Oestrogen after the Menopause (WISDOM),
is enrolling women aged 50–64 and randomizing women
with a uterus to CEE 0·625mg/day plus MPA 2·5mg/day or
placebo, and women who have had a hysterectomy to CEE
0·625mg/day, CEE 0·635mg/day plus MPA 2·5mg/day, or
placebo.36 Up to 34000 women will be enrolled. The primary
analysis will compare CEE plus MPA to placebo, and the sec-
ondary analysis will compare CEE plus MPA to CEE alone.
The primary outcome of interest is combined CHD and stroke.

Box 20.2
● The effect of postmenopausal hormone therapy on risk

for CHD in healthy women remains unknown.
● Observational studies suggest potential benefit for CHD

in long-term hormone users, but these studies can be
biased towards benefit.

● Pooled data from short-term clinical trials suggest possi-
ble cardiovascular harm.

● One major clinical trial in healthy women has informed
participants of a small excess of CHD in the hormone
groups during the first few years of the study, but has
not published the results.

Secondary prevention

Observational studies

Observational studies in women undergoing angioplasty or
coronary artery bypass grafting (CABG) have found that 
use of postmenopausal hormone therapy was associated
with lower rates of cardiovascular events and improved 
survival.37–40 A retrospective analysis of postmenopausal
women undergoing angioplasty found that 12% of patients
taking hormones had cardiovascular events over 7 years 
of follow up, compared to 35% of non-users.37 A second
similar study found that inhospital and 2 year mortality after
angioplasty was lower in hormone users.38 In women
undergoing CABG, one study found that hormone use was
associated with a 62% survival benefit; however, this was
not confirmed in a subsequent study.39,40 Several observa-
tional studies have compared the experience of women 
currently on hormone therapy and who suffer a myocardial
infarction with those who were not on hormone therapy at
the time of the myocardial infarction.41–44 These studies
have consistently found better outcomes for women who
were currently on hormone therapy at the time of the event.

The largest study of inhospital mortality was performed
prospectively in 114724 women aged over 55 who were
entered into the National Registry of Myocardial Infarction-3.41

At the time of hospitalization, 6·4% of women reported 
current use of hormone therapy. There were significant dif-
ferences between hormone users and non-users. Hormone
users were younger, more likely to be white, less likely to
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have a history of diabetes, heart failure, prior myocardial
infarction, and prior stroke compared to non-users, but were
more likely to have high blood cholesterol and family his-
tory of CAD, or to smoke. Hormone users were also more
likely to receive aggressive inhospital care including angio-
graphy, angioplasty, bypass grafting, reperfusion therapy,
aspirin, heparin, � blockers, and nitrates (Table 20.2).
Complication rates were similar in users and non-users;
however, after adjustment for the potential confounders, hor-
mone use was associated with a reduced odds of inhospital
mortality (0·65, 95% CI 0·59–0·72). The association was
strongest in the youngest group of women (age 55–64 years).
The authors acknowledge that some or all of this apparent
survival benefit could be due to one or more sources of bias
– for example, residual differences between users and non-
users or the healthier profile that decreased mortality may
also have increased the likelihood of taking hormone ther-
apy; or the hormone users may have received care at hospi-
tals with greater experience of myocardial infarction care; or
hormone users may have been better at compliance with
treatment and may thus have an improved survival. The
many differences in patient characteristics and inhospital
treatment observed between hormone users and non-users
illustrate the difficulties of interpretation of observational
studies.

Three observational studies have suggested that recent
initiation of hormones after the index myocardial infarction

Table 20.2 Observational study of inhospital treatment
of postmenopausal women with myocardial infarction
and adverse events by prior usage of hormone 
therapy41

Hormone replacement therapy

Users Non-users 
(n � 7353) (n � 107 371) 
(%) (%)

Antiplatelet agent 87 79
Heparin 74 64
� blocker 56 47
ACE inhibitor 25 26
Nitrate 55 46
Initial reperfusion 29 19
Coronary 65 42

angiography
Revascularization 37 23

procedure
Heart failure 19 28
Recurrent ischemia 14 10
Recurrent 2 2

myocardial infarction
Stroke 2 2
Death 7 16
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is associated with an increased risk for recurrent events in
the short term; two of these studies provided data suggest-
ing a possible decreased risk in later years among the 
survivors (Table 20.3).42–44 This pattern of increased risk in
the first year with apparently reduced risk in later years is
similar to that observed in several randomized controlled
clinical trials, notably the Heart and Estrogen/progestin
Replacement Study (HERS).45 It should be noted that these
analyses of risk by recency of hormone use were performed
after publication of the HERS results; therefore the possibil-
ity of publication bias cannot be excluded.

Clinical trials with surrogate outcomes

The primary outcome of the Estrogen Replacement and
Atherosclerosis (ERA) trial was change in the angiographic
minimal diameter of coronary artery lesions.46 Women 
(n � 309) with angiographically defined CAD were random-
ized to one of three groups: CEE 0·625 mg, CEE 0·625 mg
plus MPA 2.5 mg, or placebo. At the end of the trial, com-
pliance ranged from 74% in the estrogen-only group to
84–86% in the other groups. Over the mean treatment
duration of 3·2 years, all three groups showed a decrease 
in minimal coronary artery diameter and there were no 

differences between the groups. In other words, treatment
with estrogen with or without MPA failed to arrest the pro-
gression of existing coronary artery lesions, even though the
estrogen and estrogen plus MPA treatments lowered LDL
cholesterol by 9·4 and 16·5%, and raised HDL cholesterol
levels by 18·8 and 14·2%, respectively. Several additional
clinical trials with angiographic outcomes are underway.

Clinical trials

A randomized controlled clinical trial in 293 post-
menopausal women with unstable angina, aged 43–93,
failed to demonstrate benefit with estrogen or estrogen plus
progestin for reduction in number of ischemic episodes.47

The premise of the trial was that endothelial dysfunction
with subsequent impairment of coronary blood flow has an
important pathophysiologic role in acute coronary syn-
dromes, and that reversal of the endothelial dysfunction by
estrogen would improve the clinical outcome. Participants
received one of three study treatments within 24 hours of
the onset of symptoms: an infusion of 1·25 mg of CEE fol-
lowed by oral CEE 1·25 mg/day for 21 days, or an infusion
of CEE followed by oral CEE plus MPA 2·5 mg/day, or an
infusion of placebo followed by oral placebo. The trial was

Table 20.3 Risk of recurrent coronary events in relation to recent initiation of hormone therapy in observational 
studies of women with prior coronary heart disease

Author Type of study Risk for recurrent coronary events by Comment
interval since starting hormone therapya

Short-term Long-term

Grodstein42 Cohort of 2489 female 1·25 (0·78–2·00%) for 0·38 (0·22–0·66%) P � 0·002 for trend, main analysis;
nurses with prior use �1 yearb for use �2 years replicates HERS and includes 
myocardial infarction or women who commenced 
documented hormones before initial event
atherosclerosis

2·10 (0·88–5·10%) for 0·50 (0·32–0·77%) P � 0·02 for trend, alternative
use �1 yearb for use �2 years analysis; short-term use largely 

reflects women who commenced 
hormones after initial event

Heckbert43 Cohort of 981 women 2·16 (0·94–4·95%) for 0·76 (0·42–1·36%) P � 0·05 for trend
hospitalized for acute use 0–60 daysb for use �1 year
myocardial infarction

Alexander44 Cohort of 1857 1·44 (1·05–1·99%) No data Increased risk for composite
postmenopausal women over median of primary outcome exclusively due 
enrolled in trial of 15 monthsc to unstable angina; no increase in 
coumadin and aspirin risk among prior/current users
within 3–21 days of acute
myocardial infarction

a Current hormone users compared to never users.
b Acute myocardial infarction or coronary death.
c Death/acute myocardial infarction/unstable angina.
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stopped short of its planned enrollment of 351 when the Data
and Safety Board determined that there was no difference
between treatment groups. During the first 48 hours the
mean number of ischemic episodes per patient recorded by
ambulatory ECG monitoring was 0·74, 0·86, and 0·74 in the
estrogen, estrogen plus progestin, and placebo groups respec-
tively, and symptomatic ischemia occurred in 39%, 52%, and
42%. Inhospital incidence of refractory ischemia, death,
myocardial infarction, and revascularization procedures were
similar in the three groups (Table 20.4). The groups did not
differ at 21 days for ischemia, or at 6 months for clinical
events. The authors cite several possible reasons for the fail-
ure of the estrogen therapy to improve ischemia: lack of func-
tional estrogen receptors in advanced lesions or with age,
countervailing adverse effects of estrogen on thrombosis or
inflammation, and the fact that participants almost uniformly
received standard anti-ischemia therapy (including heparin,
aspirin, � blockers, and nitroglycerin). The numbers of
ischemic episodes were also lower than anticipated in the
power calculations. From this study it would appear that
acute estrogen therapy is not a useful addition to the standard
therapy for acute coronary syndromes.

HERS is a landmark study, as it represents the first sub-
stantive test of the hypothesis that hormone therapy pre-
vents coronary events in women with existing disease
(Table 20.1).45 The 2763 postmenopausal women aged
44–79 who enrolled all had established CAD and had not
had a hysterectomy. They were randomized to CEE
0·625 mg/day plus MPA 2·5 mg/day or to placebo. The hor-
mones induced the expected lipid changes, reducing LDL
cholesterol by 11%, raising HDL cholesterol by 10%, and
raising triglycerides by 8% compared to placebo. Over the
average study duration of 4·1 years there was no net benefit
for the principal outcome of CHD (non-fatal myocardial
infarction plus coronary death) with 172 cases in the
placebo group and 176 cases in the active treatment group.

However, in the first year of HERS there was a nominally
significant (P � 0·05) 52% excess of coronary events in the
treatment group compared to the placebo group (Figure 20.4).
In the second year there was no difference in event rates
and thereafter there was a trend towards a reduction in the
active treatment group, mainly due to a reduction in non-
fatal myocardial infarction. The trend for coronary heart 
disease risk over time was significant (P � 0·009). However,
it should be noted that the significance of the trend
depended on the adverse direction of events in the first year,
and that events after the first year were recorded in sur-
vivors of the first year (that is, after the first year the arms
were no longer balanced). There was no benefit for any other
cardiovascular outcome, including angina or revasculariza-
tion procedures. Other important findings were a significant
increase in venous thromboembolism and a marginally 
significant increase in gallbladder disease (84 in hormone

Table 20.4 Inhospital treatment and clinical outcomes of postmenopausal women with unstable angina randomized to
hormone therapy or placebo47

Conjugated equine Conjugated equine estrogen Placebo
estrogen 1·25 mg 1·25 mg plus MPA (n � 99)
(n �100) 2·5 mg (n � 94) (%) 
(%) (%)

Antiplatelet agent 92 93 98
Heparin 79 85 77
� blocker 75 77 80
Nitrate 74 72 77
Refractory ischemia 16 20 15
Revascularization procedure 36 35 34
Myocardial infarction 3 3 5
Death 5 5 3

Abbreviation: MPA, medroxyprogesterone acetate

Overall CHD

Year 1

Year 2

Year 3

Year 4+5

0 0·5 1 1·5

Relative hazard (95% CI)

2 2·5

Figure 20.4 Relative hazard and 95% confidence intervals
for CHD in HERS over the entire trial duration and by year
since randomization45



other secondary prevention trials for coronary disease and
one for stroke (and as noted above, in the WHI primary pre-
vention trial, a pooled analysis of short-term studies, and in
several observational studies).35,42–44,51–53 Stimulated by the
HERS findings, a re-analysis of data from an earlier trial of
CEE 2·5 mg/day in men with existing heart disease revealed
a pattern of no overall benefit but with increased risk for
CHD in the first 4 months after randomization (relative haz-
ard 1·58, 95% CI 1·04–2·40) similar to that found in HERS
for the same period (2·29, 95% CI 0·94–5·56).51 A trial of
transdermal estradiol (with cyclic norethisterone for women
with a uterus) was stopped after an average of 2·5 years 
follow up for reasons of futility and possible harm 
(Table 20.1).52 At the time of stopping this trial, 255 women
with angiographically defined CAD had been enrolled and
only 61% of women were still on estrogen. Though clearly
underpowered, with short follow up, and reported only in
abstract form, the results were nonetheless consistent with
HERS in that there was a 23% (P � 0·3) excess of unstable
angina, myocardial infarction, and death. Finally, the
Women’s Estrogen for Stroke Trial (WEST) in women with a
recent stroke found that oral estradiol did not prevent recur-
rent strokes overall, and compared to placebo there was a
higher risk for fatal strokes, and a higher risk for all strokes
in the first 6 months.53 The combined data from these clini-
cal trials leave little room for doubt that, at least in women
with existing arterial disease (coronary or cerebrovascular),
estrogen use for up to 4 years is unlikely to result in benefit,
and in the first few months to a year is associated with an
increased risk for arterial complications.

One other trial testing estradiol valerate versus placebo in
1017 women with CHD is due to report results soon.54 A sec-
ondary analysis of safety data from a trial of raloxifene (a selec-
tive estrogen receptor modulator) in 7705 women with
osteoporosis showed no benefit for cardiovascular outcomes
over 4 years of treatment, but suggested a risk reduction of
40% (95% CI 5–62) in a subset of 1035 women with
increased cardiovascular risk at baseline.55 A randomized con-
trolled clinical trial of raloxifene (a selective estrogen receptor
modulator) versus placebo is underway in several countries in
order to test whether raloxifene reduces the risk for CHD and
breast cancer in women with existing heart disease or who are
at high risk for heart disease.56 This trial has enrolled 10101
women and the study is planned to end after 1670 partici-
pants have experienced a coronary event (expected in 2005).

Box 20.3
● Postmenopausal hormone therapy does not benefit

women with existing heart disease, and initiation of hor-
mone therapy after a coronary event may increase risk
in the short term.

● Observational studies of women with heart disease 
suggest reduced risk for coronary disease in long-term
hormone users.
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group and 62 in the placebo group, P � 0·05). There was no
reduction in fractures (130 compared to 138).

Thus, HERS provided some results for hormone therapy
that were expected (increased risk for venous thrombo-
embolism and gallbladder disease) and some that were unex-
pected (no overall reduction in CHD, and no reduction in
fractures). The trend over time for coronary disease was also
unexpected, and in fact the investigators anticipated that the
immediate effects of estrogen – for example, on fibrinolysis
and vascular reactivity – might have led to early benefit, sus-
tained in later years by beneficial changes in plasma lipid
concentrations. The observed early adverse effect needs to
be explained: possibilities include that hormone therapy
induces inflammatory changes in unstable plaques, or that a
procoagulant effect predominates early on. There is no doubt
that menopausal hormone therapy is procoagulant, as shown
by the excess of venous thromboembolism. The findings may
be explained by the existence of a subset of women who are
particularly susceptible to one or more of the adverse meta-
bolic or local tissue changes induced by hormone therapy,
and that the remaining women who did not have an early
event reap the later benefit of lipid lowering. Alternatively,
there may be no real benefit, and the apparent later benefit
may simply reflect a survivor effect in that women most sus-
ceptible to an adverse effect of the treatment have been
removed from the cohort. A post-hoc analysis of HERS data
indicated that women with higher lipoprotein (a) levels were
less likely to have an initial adverse outcome, and were more
likely to benefit in later years, presumably because some of
the adverse effects of the hormones were counteracted by 
a reduction in high lipoprotein (a) levels.10

One possible explanation for the HERS findings is that
MPA negated any possible benefit from estrogen, for example
by blocking the direct vascular effects of estrogen and 
blunting the rise in HDL cholesterol induced by estrogen.
(However, it is noted that HDL cholesterol levels in fact
increased by 10%.) Another explanation might be that many
participants were receiving medications that would lower 
risk for recurrent coronary events (for example, aspirin, 
� blockers, lipid lowering medications, and to a lesser extent
angiotensin-converting enzyme [ACE] inhibitors), thus mask-
ing any potential for benefit from estrogen. This seems
unlikely, but even if true the trial still demonstrates that hor-
mone therapy is not a useful adjunct to established secondary
prevention treatments. Other possible explanations offered
are that the women in HERS were too old and their arteries
too diseased to benefit from hormone therapy, or that the type
and dose of hormones was not optimal.48–50 These explana-
tions ignore the fact that the observational studies suggesting
benefit and which prompted the need for HERS were con-
ducted in populations similar to that studied in HERS, and the
hormones were the same as those tested in HERS.

Though unexpected and controversial, the pattern of
early harm observed in HERS has found support in two
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Box 20.3 continued
● Several observational studies suggest increased risk for

recurrent coronary disease during the first year in women
who initiate hormone therapy after a coronary event.

● In a randomized controlled trial, conjugated equine estro-
gens and conjugated equine estrogens with MPA failed
to slow progression of coronary disease on angiography.

● Acute postmenopausal hormone therapy did not reduce
the rate of recurrent ischemia in women with unstable
angina.

● Two randomized controlled trials with clinical outcomes
failed to show benefit for postmenopausal hormones,
and provide evidence for an increased initial risk.

● The apparent reduction in risk after the first 2 years
observed in one of these trials is subject to a variety of
interpretations, including real long-term benefit or a sur-
vivor effect only.

Abbreviation: MPA, medroxyprogesterone acetate

Cerebrovascular disease

Primary prevention

Because stroke may be fatal, and often leaves the survivors
cognitively and functionally impaired, primary prevention is
of the greatest importance.

Observational studies

As reviewed elsewhere, the data for stroke are less 
consistent than those for CHD.57 Five case–control studies
of risk for incidence of all stroke or ischemic stroke reported
essentially null results, and six of 16 internally controlled
cohort studies reported a significant reduction in risk while
two reported significantly increased risk among hormone
users. Data on stroke subtypes are scanty and variable.
Among current users in five cohort studies, three studies
found essentially no effect on ischemic stroke while one
each found an increased risk and the other a decreased risk.
Similarly, the data on duration and type of hormone therapy
(estrogen alone or combined with progestin) are variable.
Data for thromboembolic, intracerebral hemorrhage, and
subarachnoid hemorrhage stroke subtypes are very scanty.

A meta-analysis of stroke studies suggested that, in aggre-
gate, estrogen users had the same risk for all incident
strokes as non-users; however, this meta-analysis antedated
the most recent data from the large Nurses’ Health Study.19

Examination of the 20 year follow up data from the Nurses’
Health Study is not entirely reassuring.27 The relative 
risk for all strokes (767 strokes during 808 825 person-
years) in current hormone users compared to never users
was 1·13 (95% CI 0·94–1·35), but for ischemic strokes (432
cases) the relative risk was somewhat higher (1·26, 95% CI
1·00–1·61). Furthermore, for all strokes and for ischemic
strokes there was a significant increase in relative risk at the

usual dose of 0·625 mg, with a further increase at the higher
dose of 1·25 mg or greater (Figure 20.5). For example, at
the most commonly used dose of 0·625 mg/day the relative
risk for all stroke was 1·35 (95% CI 1·08–1·68) and for
ischemic stroke it was 1·44 (95% CI 1·07–1·93). The asso-
ciation of stroke with hormone use was stronger in women
who used estrogen combined with progestin (1·45, 95% CI
1·10–1·92) than in women who used estrogen alone (1·18,
95% CI 0·95–1·46). There was no excess of strokes in past
users. Unlike in CHD, duration of hormone therapy did not
appear to influence the risk for stroke (Figure 20.5).

Data for fatal stroke are somewhat more consistent across
studies in suggesting an association with reduced risk in cur-
rent users. Of nine internally controlled cohort studies,
there was a significantly reduced risk in three, and with one
exception the point estimates for the remaining six studies
were below unity.56

Clinical trials with surrogate outcomes

A randomized placebo-controlled trial of oral estradiol in 
202 (199 with evaluable outcomes) healthy postmenopausal
women aged 46–80 years found that the rate of progression
of carotid intima media thickness (IMT) over 2 years was
lower in those taking unopposed estradiol than in those on
placebo (P � 0·046).58 Adherence to study medications was
very good (95% in estradiol group and 92% in placebo
group). Per protocol, 122 participants received lipid lower-
ing medications (primarily statins) because their LDL 
cholesterol values exceeded 160 mg/dl. The numbers were
similar in the estradiol and placebo groups. The participants
in the estradiol group who received lipid lowering medica-
tions lowered their LDL cholesterol levels by 20%, com-
pared to 15·1% change in the placebo group (P � 0·02), and
both estradiol and placebo groups experienced some regres-
sion of intima media thickness. In the 77 participants who
did not receive lipid-lowering therapy, estradiol lowered
LDL cholesterol by 10·5% compared to 1·1% in the placebo

<1 year
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>1·25 mg

0·3 mg

0 0·25 0·5 0·75 1·25
Relative risk (95% CI)

1·5 1·75 2 2·25 2·51
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1–1·9 years
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5–9·9 years

Duration of
hormone
therapy

Dose of conjugated
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Figure 20.5 Relative risks and 95% confidence intervals for
stroke by duration and dose of current hormone use in the
Nurses’ Health Study21



group (P � 0·001), and in this subgroup the estradiol group
but not the placebo group showed regression (P � 0·002 for
difference). The authors conclude that reduction in the pro-
gression of subclinical carotid atherosclerosis was seen in
women who did not take lipid lowering medication but not
in those who took these medications. From these results, it
would appear that estrogens would not augment the known
benefits of statins for inhibiting atherosclerosis.

Clinical trials

WHI is the only clinical trial of healthy women that has pro-
vided any indication of the effect of hormone therapy on
strokes. As noted above, study participants have been
informed of a small absolute increase in the number of
strokes in the hormone groups compared to the placebo
groups during the first few years of the trial.35 Stroke is also
a predefined outcome of interest in the WISDOM trial.36

Box 20.4
● The effect of postmenopausal hormone therapy on

stroke in healthy women remains unknown.
● Observational studies provide mixed results for strokes,

but several suggest no effect on stroke incidence but
some reduction in stroke mortality.

● The Nurses’ Health Study suggested an increased risk
for ischemic stroke, and an increased risk for all strokes
at higher doses of estrogen or if estrogen was com-
bined with progestin.

● One randomized trial of estradiol showed less increase
in carotid intima media thickness in the subset of
women who did not receive statin therapy.

● One major clinical trial in healthy women has informed
participants of a small excess of strokes in the hormone
groups during the first few years of the study, but has
not published the results.

Secondary prevention

Clinical trials with surrogate outcomes

A randomized trial of oral estradiol 1 mg with standard dose
progestin (gestodene 0·025 mg 12 days every month), or
estradiol with low-dose progestin (gestodene 0·025 mg 
12 days every third month), or placebo for 4 years in 321
women aged 40–70 at high risk for cardiovascular disease
(that is, carotid IMT �1 mm) failed to show any benefit for
reducing the rate of progression of subclinical atherosclero-
sis in the carotid arteries.59 Exclusion of the small number of
subjects (14%) who received lipid lowering therapy did not
alter these results. LDL cholesterol decreased by 13% in the
active treatment groups and fibrinogen by 20%. Adherence
was good with only 12–20% of participants discontinuing
study medications; compliance was 98% in the remaining
participants. Reasons for the difference in outcome of this
study with the study of Hodis et al 58 are not known. It is
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possible that the addition of a progestin to the estradiol may
have negated the effects of estradiol, but the fact that the
results in the standard and low-dose gestodene groups did
not differ argues against that possibility. Though this study is
regarded as secondary prevention, the distinction is some-
what artificial and is based on the entry level of carotid IMT.

Clinical trials

Where HERS examined the effect of hormone therapy on
recurrent coronary disease, WEST is its counterpart for
recurrent stroke.53 There are important parallels between
the two trials, and also a few differences. WEST randomized
664 women aged 46–91 who had suffered a transient
ischemic attack or stroke in the previous 90 days to receive
oral estradiol 1 mg or placebo and followed them for an
average of 2·8 years. By the end of the trial 34% had stopped
estradiol and 24% had stopped placebo. Compared to
placebo, estradiol had no effect on the primary outcome of
combined non-fatal stroke and all-cause mortality, or on
non-fatal stroke or death individually (Table 20.5). However,
estradiol increased the risk for fatal stroke (relative risk 2·9,
95% CI 0·9–9·0) and the non-fatal strokes in the estradiol
group were associated with more functional and neurologic
deficits. A post-hoc analysis of strokes by time since ran-
domization indicated that during the first 6 months, there
were three fatal strokes and eighteen non-fatal strokes in the
estradiol group, compared to one fatal and eight non-fatal
strokes in the placebo group (relative risk for any stroke 2·3, 
95% CI 1·1–5·0). There were no differences in the rates of
transient ischemic attacks or myocardial infarction.

Table 20.5 Selected outcomes according to treatment
assignment in the WEST53

Outcome Estradiol Placebo Relative
group group hazard 
(n � 337) (n � 327) (95% CI)

Death or 99 98 1·1 (0·8–1·4)
non-fatal stroke

Death 48 41 1·2 (0·8–1·8)
fatal stroke 12 4 2·9 (0·9–9·0)
CHD 11 13 0·8 (0·4–1·9)

Non-fatal stroke 51 52 1·0 (0·7–1·4)

Non-fatal 14 12 1·2 (0·5–2·5)
myocardial 
infarction

HERS has published a more complete analysis of the
stroke data, which indicated that there was no significant
effect of hormone therapy on any category of stroke (fatal,
non-fatal, ischemic, hemorrhagic, any stroke, transient
ischemic attack).60 However, the point estimate was above



unity for each category except transient ischemic attack
(0·90, 95% CI 0·57–1·42), and the highest relative risk was
for fatal stroke (1·61, 95% CI 0·73–3·55). The trend
towards an excess of more severe strokes in the hormone
group is similar to that observed in WEST.

Box 20.5
● Postmenopausal hormone therapy has no effect on the

overall risk for strokes in women with existing cerebro-
vascular disease or with existing CHD.

● Observational studies suggest no effect of post-
menopausal hormone therapy on stroke incidence but a
possibly reduced risk for fatal strokes.

● Estradiol failed to reduce progression of carotid intima
media thickness in a randomized controlled trial.

● A randomized controlled trial of estradiol in women who
had recently suffered a stroke failed to show benefit for
recurrent strokes, but strokes in the active treatment
group tended to be more severe and there was
increased risk for strokes in the first 4 months after 
randomization.

● A secondary prevention trial of women with CAD did 
not show benefit for strokes, and fatal strokes were 
non-significantly higher in the active treatment group.

Venous thromboembolism

Observational studies

Early observational studies did not suggest an increased risk
for venous thromboembolism (deep vein thrombosis or pul-
monary embolism) in postmenopausal hormone users; how-
ever, as reviewed elsewhere, several more recent studies have
found a two- to fourfold increased risk in hormone users.61

The studies are consistent in showing an increased relative
risk for current but not past use of hormones. Recent onset of
current use conferred higher risk than long duration of use,
consistent with an immediate effect on coagulation factors.
Some but not all studies reported a dose-response relationship.
Estrogen alone, as well as estrogen with progestin, appeared
to be associated with higher risk. Though transdermal estra-
diol causes less perturbation of coagulation proteins than oral
estrogen, one study suggested that the risk for venous throm-
boembolism was present for this formulation also.

Clinical trials

Venous thromboembolism is usually recorded as an adverse
effect in clinical trials of hormone therapy. A pooled analysis
of short-term trials found five thromboembolic events in the
hormone groups and one in the control groups.33 HERS
found a significant, almost threefold increase in the risk for
venous thromboembolism (34 in the hormone group and 
13 in the placebo group, relative hazard 2·7, 95% CI
1·4–5·0, P�0·003).62 The trend towards higher excess risk
in the first few years was not significant, and some excess 

persisted over the duration of the study. These findings on an
adverse event from a clinical trial are very similar to those from
the observational studies. In exploratory analyses, other risk
factors for venous thromboembolism included older age at
menopause, lower extremity fractures, cancer, being within
90 days of inpatient surgery, or non-surgical hospitalization.
After non-fatal MI the risk was increased for 90 days. Use of
statins or aspirin appeared to decrease risk; it should be noted,
however, that these were non-randomized comparisons and
that the large number of comparisons performed may have led
to chance findings. The WEST study investigators stated that
there were no differences in venous thromboembolism
between treatment groups.53 As noted above, healthy women
in the WHI have been informed of an excess risk during the
first few years of the study.35 Some trials with intermediate or
surrogate outcomes (for example, the Postmenopausal
Estrogen-Progestin Interventions and ERA) have also noted
small numbers of venous events, with more events in the
active treatment groups than the placebo groups, although
numbers were too small for statistical testing.7,46

One randomized controlled trial, initiated before it was
known that estrogen increases risk for venous thrombo-
embolism, strongly suggested that hormone therapy
increases the risk for recurrent events.63 Women with prior
venous thromboembolism (n �140) received either oral
estradiol 2 mg and norethisterone acetate 1 mg or placebo
for 2 years. Though predefined stopping boundaries had not
been crossed, the trial was stopped prematurely because of
the emergence of data from observational studies and clini-
cal trials, and the clustering of end points (recurrent venous
thromboembolism) in one treatment group. There were
eight events in the active treatment group (10·7%) and one
in the placebo group (2·3%) indicating a 4·6-fold increase in
the hormone group. All of the recurrent events in the active
treatment group occurred during the 9 months, while the
single event in the placebo group occurred at 14 months.
Five of the eight cases with recurrent events in the hormone
group also had familial thrombophilia (three with factor V
Leiden, two with anticardiolipin antibodies).

Box 20.6
● Postmenopausal hormone therapy increases the risk for

venous thromboembolism two- to fourfold.
● The risk is increased more markedly in the first few months

to years after initiation, but persists for up to 4 years.
● Several observational studies have shown an 

association of hormone therapy with risk for venous
thromboembolism.

● A pooled analysis of short-term clinical trials suggested
an increased risk for venous thromboembolism, but
numbers were small.

● One major clinical trial in healthy women has informed
participants of a small excess of venous thrombo-
embolism in the hormone groups during the first few
years of the study, but has not published the results.

contd
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found to screen out women at high initial risk for cardiovas-
cular complications), then hormone therapy may in future
play a more prominent role as a viable prevention strategy.

However, until these clinical trial data are known, it may
be wise to consider alternatives to hormone therapy even
for proven indications such as prevention of osteoporosis.65

For osteoporosis prevention, exercise, diet, calcium, and
vitamin D may be recommended, and for treatment the bis-
phosphonates and raloxifene have been shown to prevent
fractures. Lifestyle measures and medical management of
risk factors such as high blood cholesterol and high blood
pressure will prevent many cases of CHD and stroke, and
for secondary prevention of CHD aspirin, statins, � block-
ers, and ACE inhibitors have all been found to be effec-
tive.64 The AHA statement acknowledges that the current
recommendations are based mainly on data from trials using
standard doses of conjugated equine estrogens and medrox-
yprogesterone, and that evidence is insufficient for different
preparations, routes of delivery, and doses that may have a
more favorable or more adverse effect on cardiovascular
outcomes.

Box 20·7
● Postmenopausal hormone therapy is not recommended

for primary prevention of CHD, because the observa-
tional studies may have overestimated benefit, and there
are no substantial clinical trial data. 

● If there is no benefit from reductions in CHD, the poten-
tial harm from breast cancer, endometrial cancer, venous
thromboembolism, gallbladder disease, and pancreatitis
may exceed the benefit from reduced fracture risk.

● Postmenopausal hormone therapy is not recommended
for secondary prevention because trials have not shown
benefit for CHD or stroke, and observational studies and
trials suggest cardiovascular harm in the first few
months to 1 year after initiation. 

● Until and unless the currently ongoing clinical trials 
provide evidence to the contrary, the focus of CHD 
prevention efforts should be on proven effective and
safe measures. 

● Reasons for early coronary harm need to be identified
with a view towards screening out a subset of women at
high risk.

● Clinical trials of different hormone regimens (dose, 
formulation, route of administration) are needed.

● Women with prior venous thromboembolism should be
counseled against using hormones. 

Addendum

On July 9, 2002, the National Heart, Lung, and Blood
Institute announced that the WHI trial67 of estrogen plus
progestin versus placebo in 16 608 healthy women with 
an intact uterus had been stopped early, after an average of

Grade A

Grade A

Grade A

Grade B

Grade B
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● A large trial for the secondary prevention of coronary
heart disease showed an increased risk for venous
thromboembolism.

● A randomized trial in women with prior venous throm-
boembolism strongly suggested that hormone therapy
increases the risk for recurrent events, particularly in
women with familial thrombophilia.

Treatment recommendations

Based on current evidence, postmenopausal hormone ther-
apy is not recommended for prevention or treatment of
CHD or stroke.64 For primary prevention, the American
Heart Association (AHA) states that firm recommendations
should await the results of ongoing randomized clinical tri-
als, and that there are currently insufficient data to suggest
that hormone therapy should be initiated for the sole pur-
pose of primary prevention of cardiovascular disease.64

The AHA makes a stronger statement that hormone therapy
should not be initiated for the secondary prevention of 
cardiovascular disease; however women on hormone ther-
apy for several years do not necessarily have to stop since
they have presumably passed through the period of initial
increased risk. Women with a prior history of venous throm-
boembolism should be counseled against using hormone
therapy.62

Because the trials have failed to show benefit for second-
ary prevention, and there are no published trial data for 
primary prevention, in both instances decisions about 
hormone therapy should be based on established non-
cardiovascular risks and benefits.64 The major proven bene-
fits of estrogen are relief of the symptoms accompanying the
menopause, urogenital atrophy, and prevention of osteo-
porosis. Known risks include endometrial cancer, venous
thromboembolism, pancreatitis (in women with high blood
triglycerides), and gallbladder disease. At the average age of
menopause, the risk for cardiovascular and non-cardiovascu-
lar disease conditions is low, and therefore, the short-term
use of estrogens to manage the menopause is not at issue.65

However, long-term use (5 years or more) of hormone
therapy is more problematic, given the possible increase in
breast cancer associated with prolonged use.65 Calculations
show that in older women and with prolonged use, the
potential risks for breast cancer, stroke, and venous throm-
boembolism, may outweigh the potential benefit for reduc-
tion in fractures if the treatment does not reduce risk for
CHD.66 Since CHD and stroke are by far the most common
causes of disease and death in older women, the clinical
trial data on the long-term effects of hormone therapy on
cardiovascular disease will provide the key information on
whether long-term estrogen should be prescribed for any
indication in older women. If these trials show that long-
term use confers cardiovascular benefit (and if methods are



5·2 years of follow up rather than the planned 8·5 years. The 
reasons for stopping were that an increased risk for breast
cancer started emerging at 4 years, which by 5 years had
crossed the prespecified monitoring boundary. In addition,
there was evidence of overall harm. At the time of stopping,
the hazard ratios (HR) for the major adverse effects were:
breast cancer 1·26 (95% CI 1·00–1·59), CHD 1·29 (95% CI
1·02–1·63), stroke 1·41 (95% CI 1·07–1·85), and pul-
monary embolism 2·13 (95% CI 1·39–3·25). There were
benefits for colorectal cancer, HR 0·63 (95% CI 0·43–0·93),
and for hip fracture, HR 0·66 (95% CI 0·45–0·98), while
endometrial cancer and all-cause mortality were not affected.
The investigators conclude that the risk-benefit profile found
in this trial is not consistent with the requirements for a
viable prevention treatment, and in particular that this regi-
men should not be initiated or continued for the primary pre-
vention of CHD. In addition, the substantial risks for
cardiovascular disease and breast cancer must be weighed
against the benefit for fracture in selecting from the available
agents for osteoporosis. WHI has answered the question of
whether combined estrogen plus progestin, given by mouth
for several years, prevents cardiovascular disease: it does not,
and it does in fact increase the risk. However, as stated by the
investigators, the use for a few years (less than 4 years) to
treat the symptoms of menopause may be reasonable, since
the benefits may outweigh the small absolute risk of cardio-
vascular disease in younger women. Of importance, the WHI
trial of estrogen only in women who have had a hysterec-
tomy is continuing, because the overall balance of benefits
and risks remains uncertain. 

Disclaimer

The views expressed in this chapter are those of the author
and do not necessarily reflect the views or policy of the
National Heart, Lung, and Blood Institute, or of the Steering
Committee of the Women’s Health Initiative. The conclu-
sions are based on a review of the published literature 
and public documents, and not on any confidential or
unpublished information to which the author might have
access.
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Introduction

The major risk factors for cardiovascular disease (CVD), which
include elevated blood pressure, elevated cholesterol, cigarette
smoking, and diabetes, have been derived from epidemiologic
studies conducted primarily in white populations.1 Globally,
non-white populations constitute the majority of the world’s
population, although the most influential risk factors for CVD
in these populations remain unconfirmed. Ethnicity-related
research provides important epidemiologic information that
documents the rates of known risk factors for a disease, identi-
fies new risk factors, provides us with clues regarding similari-
ties and differences in disease causation, and allows us to
define high-risk populations for specific diseases.2 Further,
knowledge of variations in response to preventive strategies,
medical therapies, and healthcare utilization patterns can lead
to specific prevention strategies that are appropriately tailored
to culturally diverse groups. Therefore, studies that explore
reasons for the differences in CVD rates among ethnic popula-
tions are of major public health importance.

General issues

Defining ethnic groups

The concept of race was based on the belief that members 
of a race were homogeneous with respect to biological
inheritance.3 However, over the past 20 years, as our ability
to unravel the genetic code has increased, there is little evi-
dence to support the contention that the historical “racial”
divisions represent differences in genetic make-up.3,4

Ethnicity on the other hand is used to describe a group of
people whose lifestyles are characterized by distinctive
social and cultural traditions which are maintained within
the group and passed on from generation to generation.
Therefore ethnicity has both sociocultural and biological
components.5 Given that variations in disease rates between
populations may be explained by socioeconomic, socio-
cultural, biologic, and genetic factors, classification by ethnic
origin rather than race is desirable.6

Interpretation of studies in ethnic populations

The methodologic limitations of studies of ethnic popula-
tions must be recognized.7 Mortality statistics often provide

the first clues of differences in CVD rates between ethnic
groups. Most developed countries have methods to collect
reliable mortality statistics, although this system is not 
as well developed among poor nations.8 In developing coun-
tries, where mortality statistics are not available, conclu-
sions about disease rates are usually based upon data 
from sample registration systems, community surveys, and 
hospital admissions.

Worldwide patterns of disease

Globally, 58·8% of the total global morality is attributable to
non-communicable diseases such as cardiovascular disease
(CVD), cancer, and diabetes.9 CVD accounted for approxi-
mately 30·9% of all deaths in 1998, as well as 10·3% of the
total disease-related burden.10 Approximately 78% of global
CVD mortality, and 86% of the global CVD morbidity is
experienced in the low and middle income countries.9–11

In most developed countries CVD rates are declining due
to primary prevention of CVD risk factors, and improved
secondary prevention strategies.12 However, in developing
countries an epidemiologic transition from acute infectious
diseases to a rise in the major non-communicable diseases 
is occurring. Reasons for this include increasing life exp-
ectancy associated with a decline in childhood and adult
deaths from infections, and an increase in the prevalence 
of CVD risk factors associated with industrialization and
urbanization.13

Population differences in the CVD mortality rates are
influenced by geographical and environmental differences.
Ethnic variations in disease rates are closely tied to 
geographical patterns of disease.14 Often the first clue that
ethnic variations in disease burden exist comes from obser-
vations made between countries. These geographical differ-
ences have provided many of the initial hypotheses of the
association between lifestyle factors and CVD. One of the
first epidemiologic studies to highlight the variation in coro-
nary heart disease (CHD) rates between countries was the
Seven Countries Study.15 In this major longitudinal cohort
study, 16 cohorts of men aged 49–59 years were examined
and followed for CHD mortality and total mortality. Large
differences in CHD mortality between countries were
observed, with low CHD rates in Japan and the
Mediterranean countries, and high CHD rates in Finland
and the USA. These differences were in large part explained
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by differences in diet, serum cholesterol, and blood pres-
sure. More recent data from WHO MONICA (MONItoring
of trends and determinants in CArdiovascular disease), 
a CVD surveillance project which includes 117 reporting
units in 40 centers from 26 countries,16 indicate a greater
than 14-fold difference in CHD mortality among men, and
more than 11-fold differences in CHD mortality for women
exists between countries (Table 21.1). These inter-country
observations have raised questions as to whether these dif-
ferences are due to differences in ethnic group susceptibility
to CVD, differences in environmental factors, or both.

Migrant groups

Observational studies reveal that when members of a given
ethnic group change to a new environment (migration) their
physical response to a given set of environmental factors 
differs from those who remain in their native lands. This sug-
gests that environmental influences are very powerful factors
in CVD causation. Conversely, despite different environ-
ments, similarities in disease rates within an ethnic group
suggest a predominant genetic propensity towards or protec-
tion from CVD. Comparing the mortality rates of long-settled
migrants to the disease rates in their country of origin helps
to establish the relative contribution of genetic and environ-
mental influences to differences in mortality rates. The 
Ni-Ho-San Study of Japanese migrants to Hawaii and San
Francisco revealed that changes in disease rates in this popu-
lation likely reflected changing environmental influences.17

The age adjusted CHD mortality rate rose as the Japanese
moved from Japan, to Hawaii, and to California. More than
half of the increase in CHD was attributable to different lev-
els of conventional risk factors, as the US cohort had a higher
fat diet and higher mean serum cholesterol compared to the
Hawaii or Japan cohorts.17 This suggests that the low rates 
of CHD mortality in Japan may be attained in Japanese

migrants by maintaining their risk factors at levels similar to
those in Japan. This, however, can only be achieved if the
Japanese maintain their traditional lifestyle, most notably
their dietary and physical activity patterns.

Specific ethnic groups

The following sections review the CVD profile of seven
major ethnic groups. Based on the best available data, we
will document their disease burden and changes in disease
rates over time, and review common/influential CVD risk
factors. We then suggest special ethnic group specific pre-
ventive strategies which need to be developed or reinforced.

European origin (including North Americans)

People of European origin include those who originate from
Northern Europe such as the Nordic countries and Germany,
Western Europe including the United Kingdom and France,
Southern Europe including Spain and Italy, and Eastern
Europe which includes the Slavic countries.

Disease burden

Differences in the Age Standardized Mortality Rates (ASMR)
vary widely between European populations. Data from the
WHO indicate that wide variations in disease rates exist
between the Eastern European countries and Southern
European countries such as Italy and France.18 In 1998, the
ASMR for CHD among males in the Russian Federation was
639 per 100 000 compared to 85 per 100 000 among males
in France.18 The cerebrovascular disease (CBVD) ASMR was
361 per 100 000 among males in the Russian Federation
compared to 4118 per 100 000 in France.18 Although in all
countries the CVD mortality rates are much lower among
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Table 21.1 Inter-country CVD mortality rates, 1996–99

Country CHD CBVD CHD CBVD
mortality mortality rates mortality rates mortality rates
rates (men) (men) (women) (women)

Russian Federation (1998) 639 361 230 229
Finland (1998) 288 72 81 40
USA (1999) 230 41 95 33
Argentina (1996) 140 116 39 63
China, rural (1999) 64 243 41 152
China, urban (1999) 106 217 71 147
France (1998) 85 41 21 22
Japan (1997) 57 79 20 41

*Rates for ages 35–74 per 100 000, adjusted to the European Standard population.
Source: Bothing (MONICA Project)16



women, these impressive between-country differences 
persist. Over the past 30 years most European countries
have experienced declines in the CVD mortality rates. The
Eastern European countries (for example, Ukraine, the
Russian Federation, Hungary, and the Czech Republic) con-
tinue to have among the highest rates of CHD and CBVD 
in the world, with a few showing a decline (Poland) and
several showing an increase (Ukraine) (Table 21.2).18,19

Common risk factors

Throughout European populations the high rates of CVD 
are mainly attributable to the classical CVD risk factors,
namely diets high in saturated fats, elevated serum choles-
terol, elevated blood pressure, diabetes, and smoking. The
epidemic of CVD in the Eastern European countries is in
part related to high levels of smoking in the face of diets
high in saturated fat, along with excessive alcohol consump-
tion and social disparity.14,20 Research to explain why the
Italian and French populations remain relatively “protected”
from CHD has yielded numerous hypotheses. It is likely that
dietary differences primarily account for the differences in
disease rates. It is believed that the high consumption of
monounsaturated fats such as olive oil and antioxidants are
responsible for the low rates of CHD in Italy. In France,
despite having similar saturated fat consumption, serum
cholesterol, blood pressure, and smoking, the CHD mortal-
ity rate remains very low.21 This immunity to CHD has been
attributed to high consumption of ethanol (wine), which is
usually ingested with meals and may offer cardioprotection
by increasing HDL cholesterol levels, or inhibiting post-
prandial hyperlipidemia and platelet aggregation.22 Others
believe the lower rate of CHD mortality may simply be due
to a time lag between increases in consumption of animal fat
and elevations in serum cholesterol concentrations (which
have occurred only recently) and the expected increase 
in CHD mortality.23 The total mortality rate in France is no

different from other Western countries, which suggests 
an increase in alcohol-related non-CHD deaths such as 
cirrhosis occurs.22

Influential risk factors

CHD, like other epidemics, relates closely to social condi-
tions and its prevalence appears to be strongly related to the
social and cultural conditions of society more so than its
genetic make-up. This is evidenced by the rapid decline in
the rates of CHD in parallel to economic changes in the
United States and Japan, and the increase in CHD rates 
in the Eastern European countries. These changes have
occurred too quickly for changes in gene frequencies to
have occurred.14 Therefore, rather than explaining differ-
ences in CHD rates between populations largely on genetic
differences, rapid changes in CHD rates can occur and are
usually explained by changes in diet (including alcohol 
consumption), smoking or economic factors.

Special approaches to prevention

It is clear that major lifestyle changes, and vigilant treatment
of risk factors, result in declines in CVD rates. In Finland, 
an impressive 60% reduction in CHD mortality and stroke
was observed between 1972 to 1994, and it is estimated that
approximately 75% of this decline in CHD mortality can be
explained by a substantial lowering of serum cholesterol by
13% (0·88 mmol/l) in men and by 18% (1·19 mmol/l) 
in women, diastolic blood pressure by 9% (6·6 mmHg) in
men and 13% (12·2 mmHg) in women, and a significant
reduction in smoking rates (30% in men).24

Furthermore in the USA a 34% decline in CHD mortality
occurred between 1980 and 1990. One quarter of this
decline is attributable to primary prevention efforts, and
29% is explained by secondary prevention efforts such as
reduction in serum cholesterol, diastolic blood pressure, 
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Table 21.2 CVD mortality rates in selected Eastern European countries

Country CHD mortality CBVD mortality CHD mortality CBVD mortality
rates (men) rates (men) rates (women) rates (women)
1996/98 1996/98 1996/98 1996/98

Bulgaria 216/222 183/189 126/131 140/144
Czech 240/207 122/112 129/106 92/91
Republic

Estonia 392/385 166/150 208/203 120/117
Kyrgyzstan 328/326 225/207 196/190 172/164
Latvia 394/382 204/190 178/195 152/151
Romania 247/232 212/202 155/149 172/161
Ukraine 454/453 187/172 279/277 141/133

Source: WHO18 and Thorvaldsen et al (MONICA Project)19



and smoking. Furthermore, 43% of this decline is attributed
to improved medical and surgical management in patients
with established coronary disease.25 More recently in
Poland, during the 1990s, a rapid decrease (about 25%) in
CHD deaths in early middle age was observed. This decline
in CHD rates is attributed in large part to marked dietary
changes such as the reduction in consumption of animal
fats.26 Therefore efforts at reducing the consumption of ani-
mal fat, diastolic blood pressure, and decreasing tobacco
consumption can lead to large reductions in CHD deaths.
By contrast, a marked increase in death rates from CVD,
accidents, violence, and infectious diseases has been
observed in Russia over a relatively short time period, and 
is thought to be due to socioeconomic upheaval.27 The
rapidity with which CV diseases rise (as in Russia) or fall (as
in Poland) indicates that societal factors can have a substan-
tial and rapid impact on disease rates.

Japanese

Disease burden

Mortality rates from CVD are much lower in Japan than
Western countries18 (see Figure 21.1) Initial data from the
Seven Countries study confirmed that the Japanese experi-
ence relatively lower rates of CVD compared to Western
populations.15 In Japan, the pattern of CVD differs from
Western populations as they tend to experience relatively
higher proportions of CBVD (ASMR: M 79, F 41/100 000)
and less CHD (ASMR: M 57, F 21/100 000).

Temporal trends

In parallel with a rise in economic prosperity, the CHD 
rates in Japan have declined more markedly than those of
Western countries. For CHD the ASMR has decreased from
47/100 000 in 1995 to 42/100 000 in 1997 among males,
and from to 25 to 21/100 000 during the same time period
among females.18 Given the low rate of CHD in Japan, the
life expectancy in Japan is among the highest in the world.28

The mortality from CBVD has also declined substantially in
men and women in Japan since 1950.14 Between 1995 and
1997, ASMR decreased for both men from 82/100 000 in
1995 to 79/100 000, and in women from 54 to 41 during
the same time period. Dietary changes such as reduction in
salt consumption and increased pharmacologic treatment of
hypertension in a socially stable environment are probably
responsible for the declines in CHD and CBVD.14,28

Common risk factors

A review of CVD risk factors in the Japanese population
reveals that hypertension is the most significant determinant
of CVD, more so than cholesterol and cigarette smoking.28

Low serum cholesterol related to a diet low in saturated fat
and cholesterol is probably responsible in part for the low
rates of CHD mortality observed in the Japanese. Despite
the fact that two thirds of Japanese men smoke, CHD rates
remain unexpectedly low. However, the prevalence of type 2
(non-insulin dependent) diabetes in Japanese males and
females is higher than the rates in most Western countries.
In the Hisayama cohort study the prevalence of type 2 dia-
betes was 13% in males, and 9% in females and the relative
risk of type 2 diabetes for CVD was 3·0 (95% CI 1·8–5·2).29

Furthermore, the prevalence of type 2 diabetes appears 
to be increasing among young children, with a 1·5-fold
increase observed over the past two decades among 
children younger than 18 year of age.30 This increase has
been associated with the increasing prevalence of obesity.
Therefore, type 2 diabetes appears to be an emerging and
important risk factor for both stroke and CHD in the general
Japanese population.29,31

Influential risk factors

Over the past 30 years blood pressure levels have declined in
Japan due to increased diagnosis and treatment of hyperten-
sion.32 However, during this period a two- to threefold
increase in glucose intolerance and type 2 diabetes, as well
as obesity, and more recently hypercholesterolemia (the
mean cholesterol is only 10% lower than in the USA in
1989) has occurred.28,31 The increase in diabetes, obesity,
and serum cholesterol is most likely due to “Westernization”
of Japanese lifestyle. It is possible that as cholesterol levels
and glucose levels rise the impact of high cigarette smoking
may result in increased CVD rates in the future.

Special approaches to prevention/treatment

With increasing adoption of urban lifestyles in Japan,32

the rates of CHD risk factors are approaching those of
Americans. Ecological studies between Japan and the USA
demonstrate this difference in CHD rates may be explained
by differences in diet and serum cholesterol. However,
recent studies have documented that the average serum
cholesterol concentration among Japanese has increased
from 1980 to 1989. The age adjusted total serum choles-
terol levels increased from 4·84 to 5·22 mmol/l in men and
from 4·91 to 5·24 mmol/l among women, and this com-
bined with the substantial use of tobacco among Japanese
males (59%) suggests that Japan may soon experience a 
significant increase in CHD rates.28 Therefore, mainte-
nance of a low fat diet, prevention of obesity (through 
decreased energy intake and regular physical activity), and
avoidance of cigarette smoking should prevent the 
development of elevated cholesterol, type 2 diabetes, and
ultimately CVD.
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Chinese

Disease burden

Although the overall mortality from CVD is less in China
than in Western countries, CVD is the most common cause
of death in mainland China and Taiwan. When compared 
to Western populations, Chinese experience higher stroke
rates, and relatively lower rates of CHD, a pattern similar to
that observed in Japan. In 1999 in urban China, the ASMR
for CHD in men aged 35–74 was 106/100 000 and women
71/100 000.18 These rates are fivefold lower than the high-
est rates observed in the MONICA project from Western
and Eastern Block countries.18 In 1999, the ASMR for
CBVD in men aged 35–74 was 217 and 147 per 100 000 
in Chinese women.18 Recent data from the Sino-MONICA
study in China reveal that by international standards, the
incidence of CHD in Chinese is low. The highest incidence
was 108·7/100 000 (1987 to 1989) for men 35–64 years of
age whereas by international standards the incidence of
cerebrovascular disease is high. The highest incidence of
stroke was 553·3/100 000 (1987 to 1989) for men 35–64
years. There were significant geographic variations in both
CVD incidence and mortality rate, with higher rates in 
the north and lower rates in the south. Comparison with
five stroke registries from the West suggests that intracere-
bral hemorrhage occurs between two and three times more
frequently in the Chinese than in Caucasians.33 Only
6–12% of strokes in whites are reported as intracerebral
hemorrhages compared to 25–30% of hemorrhagic strokes
in Chinese.19

Temporal trends

Death rates from the major adult CVD (particularly CHD)
have been increasing in China in recent decades.34

Mortality attributable to CVD increased from 86/100 000
(12% of total death) in 1957 to 214/100 000 (36%) in a
recent analysis of urban Chinese.34 Although most Western
countries report a decline in CVD mortality, the decline in
stroke deaths in China has not been as striking. A recent
study in Shanghai from 1984 to 1991 reported no changes
in the stroke incidence, yet a decline in the case fatality rate
from stroke in both rural and urban China.33 In China, CVD
mortality increased as a proportion of total deaths from
12·8% in 1957 to 35·8% in 1990.35 This rise is attributable
to the rapid pace of urbanization, with the associated
lifestyle changes. Data from the Sino-MONICA project,
which is a 7 year study monitoring trends and determinants
of cardiovascular disease (CVD) in geographically defined
populations in different parts of China, indicate that
between 1987 to 1993 increasing trends were found in
CVD rates in some populations, whereas decreasing trends
were found in others.36

Common risk factors

A case–control study from Hong Kong of acute myocardial
infarction (AMI) sufferers provides evidence that conven-
tional CVD risk factors are important among people of
Chinese origin.37 The odds ratio for AMI associated with
cigarette smoking was 4·3, 3·3 for hypertension, and 2·4 
for diabetes. Although the mean serum cholesterol among
Chinese would be considered low by Western standards, 
a prospective observational study of approximately 9000
Chinese in urban Shanghai demonstrated that serum choles-
terol was directly related (continuous relationship) to CHD
mortality even at these low levels.38 Cigarette smoking is
highly prevalent among Chinese males, as over 60% of men
smoke and there is evidence that these rates are increas-
ing.39,40 Positive associations between body mass index
(BMI) and CV risk factors have also been reported for a 
very lean rural Chinese population (mean BMI approxi-
mately 20).41 While the problem of underweight and 
undernutrition still exists in rural China, the prevalence of
overweight is increasing in both urban and rural areas, 
with larger increases observed among urban residents.42

Further, in a recent prospective cohort study conducted
among 37 655 urban Chinese, systolic blood pressure was a
significant determinant of stroke, as the risk of stroke
increased by 25% for every 10 mmHg rise in systolic blood
pressure.43

Influential risk factors

Although the rates of cigarette smoking are high, elevated
blood pressure appears to be the most influential risk factor
for CVD in this group. However, with increasing urbanization
(increasing BMI), and the subsequent increase in serum cho-
lesterol, these factors may lead to increased rates of CHD.

Geographic variations

Trends in morbidity and mortality from CVD within China
indicate that the mortality rate attributable to CVD is higher
in North China (Beijing) than in South China (Guangzhou)44

(Table 21.3). Comparison of urban and rural areas in China
indicate that CHD rates increase by twofold in urban areas
compared to rural areas, although the stroke rates are higher
among rural Chinese compared to urban dwellers, espe-
cially among men44 (see Table 21.1). The prevalence of
hypertension, mean serum cholesterol, and mean BMI were
all lower in the South compared to the North and in rural
compared to urban areas (see Table 21.3). However, the
greatest differences in the prevalence of cigarette smoking
exist between men and women (74% v 20%), and it does
not share the same geographic distribution as do the other
major CVD risk factors.
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Migrant patterns

Data from Chinese migrants to Singapore and Mauritius pro-
vide evidence that the effects of exposure to urban environ-
ments lead to adverse risk factor profiles for CVD.45,46

Another survey of three populations undergoing three differ-
ent grades of transition in mainland China and Taiwan 
confirmed that adverse risk factor profile (based on blood pres-
sure, BMI, lipid levels, HbA1c and dietary patterns) was asso-
ciated with increased level of urbanization.47 In a comparative
study of Chinese migrants to Mauritius the prevalence of
CHD revealed by ECG was six times greater (24% v 4%) than
in Beijing, China. Also, the prevalence of diabetes and the
mean serum cholesterol was higher in Mauritius Chinese 
(5·5mmol), than in Beijing Chinese (4·4mmol/l), whereas
the prevalence of hypertension and smoking was greater in
Beijing.45 Therefore, although the prevalence of hypertension
and smoking may decline with migration, the rates of obesity,
late onset diabetes, elevated serum cholesterol, and CHD
appear to increase. A comparison of rural Chinese in China to
urban Chinese subjects living in Hong Kong and Australia,
found that despite a slightly better risk factor profile among
the urban Chinese (based on HDL cholesterol and lower
blood pressure), carotid atherosclerosis was lower among the
rural subjects (0·50�0·10mmHg) than among urban sub-
jects (0·56�0·12mmHg).48 Among Chinese migrants to
Canada, Chinese exhibit markedly lower rates of CHD com-
pared with other groups, and have low and similar rates of
CBVD compared with Canadians of South Asians and
European origin.49 Given that Canada has the second lowest
rate of strokes in the world, these data indicate that marked
declines in stroke rates can occur among Chinese without a
concomitant increase in CHD. The low rates of risk factors
among Chinese in Canada are accompanied by relatively
lower prevalence of the conventional CV risk factors, athero-
sclerosis, and CHD.50 These data also suggest that if risk 

factors levels rise among Chinese to levels that are similar to
Europeans, the rates of CHD may become similar.

Special approaches to prevention

Economic modernization in China is resulting in an
increased prevalence of conventional CVD risk factors over
time in urban populations.30,42,51 This offers a major chal-
lenge for prevention efforts among urban Chinese both in
China and abroad, as the Chinese who have traditionally had
a very low prevalence of CHD will likely not remain pro-
tected from developing CHD with their changes in lifestyle.
Important prevention strategies in this group include 
smoking cessation/prevention, maintenance of a traditional
Chinese diet (high consumption of vegetables, high fish
intake, and low saturated fat intake) to prevent increases in
BMI, diabetes, serum cholesterol, and blood pressure.

South Asians

South Asians include people who originate from India, 
Sri Lanka, Bangladesh, and Pakistan.

Disease burden

Studies of South Asian migrants demonstrate that this group
suffers a higher mortality from CHD when compared to
other ethnic groups (Table 21.4).

Within India

There are relatively few mortality studies from India as there
is no uniform completion of death certificates, and no cen-
tralized death registry for CVD.52 However, the WHO and
the World Bank data indicate that mortality attributable to
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Table 21.3 North (Beijing)–South (Guangzhou) and urban–rural comparisons of CVD risk factors in China

Factor Urban Beijing Rural Beijing Urban Guangzhou Rural Guangzhou

Hypertension (men) (%) 29·6 25·5 9·4 7·6
Hypertension (women) (%) 25·1 17·9 12·4 4·0
Cholesterol (men) (mmol/l) 4·78 4·42 4·71 4·11
Cholesterol (women) (mmol/l) 4·83 4·34 4·83 4·0
HDL (men) (mmol/l) 1·37 1·39 1·29 1·26
HDL (women) (mmol/l) 1·52 1·47 1·37 1·24
Smoking – current (men) (%) 71·0 78·0 73·0 77·0
Smoking – current (women) (%) 23·0 31·0 3·0 7·0
BMI (men) 23·0 22·0 21·0 20·0
BMI (women) 24·0 23·0 22·0 20·0

Source: PRC–US Cardiovascular and Cardiopulmonary Epidemiology Research Group44



CVD has increased in parallel with the expanding population
in India, and now accounts for a large proportion of disabil-
ity adjusted life years (DALY). Of all deaths in 1990, approx-
imately 25% were attributable to CVD, which is greater
than the 10% due to diarrheal diseases, the 13% due to res-
piratory infections, and the 8% due to tuberculosis.11

South Asian migrants

Studies of South Asian migrants to countries such as 
the United Kingdom, South Africa, Singapore, and North
America provide evidence that South Asians suffer between
1·5 and 4·0 times higher CHD mortality compared to other
ethnic groups (see Table 21.4).53

Temporal trends

In India the CHD rate is expected to rise in parallel with 
the increase in life expectancy due to an increase in per
capita income, and a decline in infant mortality. The average
life expectancy has increased from 47 years in 1960 to 58 
in 1990. This trend is expected to continue, with life
expectancy at birth reaching 72 years by 2030 leading to
large increases in CVD prevalence.54 Although the CHD
mortality rate of South Asians compared to other populations
remains high, a decline in CHD rates has been observed in
most South Asian migrants over the past ten years, although
this decline has been less than that observed in the general
population in most countries except Canada.55,56

Common risk factors

South Asians, despite having increased rates of CHD, do not
typically display an excess of conventional cardiovascular

risk factors such as smoking, hypertension, or elevated cho-
lesterol.50,57,58 However, over the past several decades, the
prevalence of these conventional risk factors – for example,
hypertension – has been increasing, especially in urban
areas.59 These factors remain strong determinants of CHD
in South Asians. Data from a case–control study in
Bangalore, India60 in which 200 cases of AMI were com-
pared to 200 age and sex matched controls, revealed60 an
increasing relative risk of MI as the number of conventional
risk factors increased. The odds ratio for smoking was 3·6,
2·6 for diabetes, and 2·7 for hypertension. In this study
serum cholesterol did not seem to differ between cases and
controls and the levels were similar to Western values.
Cross-sectional studies of CHD risk factors in South Asians
living in North America have identified that this group suf-
fers a high prevalence of diabetes, impaired glucose toler-
ance, central obesity, elevated LDL cholesterol,53 elevated
triglycerides, and low HDL cholesterol.58,61 The prevalence
of impaired glucose tolerance and type 2 diabetes is four to
five times higher in South Asian migrants than in Europeans
by the age of 55 (20% v 4%).57,58 The prevalence of diabetes
in South Asians in the UK was 10–19%, 21% in Trinidad,
25% in Fiji, 22% in South Africa, 25% in Singapore, 20% in
Mauritius, and 10% in Canada.50,58 In rural India it is 3%,
and between 11% and 30% in urban India, which is similar
to the rates reported among Indians living abroad.62 There 
is preliminary evidence that South Asians have elevated 
levels of Lp(a) – a lipoprotein which is genetically medi-
ated and associated with increased atherosclerosis and
thrombogeneis.63,64 Recent studies have confirmed that
South Asians also have higher levels of homocysteine, fib-
rinogen, and plasminogen activator inhibitor (PAI-1),50 all of
which could increase the risk for thrombosis. Although the
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Table 21.4 Standardized mortality ratios (SMR) (per 100 000) for CHD in South Asians worldwide

Study (first author) Country Reference Age Age SMRa

group (yr)

Wyndham128 1968–77 South Africa Whites 15–64 300
Steinberg129 1968–85 South Africa Whites 35–74 502
Baligadoo130 Mauritius Europeans 40–45 260
Toumilehto131 1971–80 Fiji Melanese 40–60� 350
Beckles132 1977–84 Trinidad Blacks 35–69 260
Hughes133 1980–84 Singapore Chinese 30–69 380
Hughes133 1980–84 Singapore Malays 30–69 190
Adelstein134 1970–72 UK Whites 20� 115
McKeigue135 1979–83 UK Whites 20–64 160
Balarajan55 1979–83 UK Whites 20–69 M:136, F:146
Sheth56 1979–83 Canada Whites 35–74 M:122, F:139
Sheth56 1979–83 Canada Chinese 35–74 M:329, F:344
Sheth56 1989–93 Canada Whites 35–74 M:95, F:131
Sheth56 1989–93 Canada Chinese 35–74 M:275, F:369

a Standardized mortality to reference indigenous population of 100.



degree of subclinical atherosclerosis is related to clinical
events, it appears that South Asians have a higher propen-
sity for clinical events compared with Europeans or
Chinese, even after adjusting for all known risk factors and
the degree of atherosclerosis (Figure 21.1). This suggests
that South Asians may have an increased rate of plaque rup-
ture due to differences in plaque composition, and or an
increased propensity to develop thrombosis in response 
to plaque rupture which leads to an increased number of
clinical events.

Influential risk factors

Glucose intolerance, abdominal obesity, and its associated
dyslipidemia appear to be dominant factors associated with
the development of CHD in South Asians. This cluster of fac-
tors is also associated with impaired fibrinolysis, increased 
C-reactive protein, and enhanced thrombogenesis. Increa-
singly, data support the idea that elevations of glucose in the
non-diabetic range which is prevalent among South Asians 
is associated with the development of atherosclerosis among
South Asians.65,66

Geographic variations

During the last half of the twentieth century, the urban pop-
ulation of India doubled from 17% to 34% of the total popu-
lation.67 Epidemiologic data support a striking urban–rural
difference in the prevalence of CHD and CHD risk factors in
South Asians living in India and abroad.68 Data from India
demonstrate at least a twofold excess of CHD in urban 

compared to rural environments. A recent overview of
prevalence surveys in India reported a ninefold increase of
CHD in urban centers, compared with a twofold increase in
rural population over two decades of study.69 Although
these studies used somewhat different methods of sampling
and varying definitions for CHD, collectively, they suggest
that this is likely a real increase in CHD; however, the mag-
nitude of the increase remains uncertain. Data from a study
by Reddy et al. conducted in 1989–94 in which a popula-
tion-based sample from urban Delhi was compared to a sim-
ilar sample from rural Haryana revealed the CHD
prevalence was 10/1000 in Delhi compared to 2/1000 in
rural Haryana.70 Associated with this increase in CHD rates
in urban areas is an increase in the prevalence of lipid and
glucose abnormalities. An increased prevalence of IGT, and
type 2 diabetes, lower HDL cholesterol and higher triglyc-
erides, increased abdominal obesity BMI, and hypertension
is observed in the urban areas compared to the rural71

(Table 21.5). By contrast, the rates of tobacco smoking are
higher within rural environments among both men and
women.

Migration patterns

An urban–rural difference in CHD prevalence and risk fac-
tors is observed within India and abroad. A recent study
which compared the risk profiles of urban South Asians 
living in the UK with their siblings living in India revealed 
that the UK cohort had a higher BMI (27 v 23), systolic 
BP (144 mmHg v 137 mmHg), total cholesterol (6·35 v
5·0 mmol/l), a lower HDL cholesterol (1·14 v 1·27 mmol/l),
and higher fasting glucose (5·4 v 4·6 mmol/l) compared to
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Figure 21.1 Overall P value �0·0001, comparing slopes of
atherosclerosis v CVD between SA, CH and EU. For a particu-
lar level of atherosclerosis, the rates of clinical events vary
between the three ethnic groups. P for trend is within each
ethnic group. IMT, intimal medial thickness.

Table 21.5 Urban–rural comparisons of CVD risk 
factors in India

Factor Delhi Haryana 
urban rural

Diabetes mellitus (men) (%) 10·9 2·9
Diabetes mellitus (women) (%) 11·2 2·6
Hypertension (men) (%) 25·5 14·0
Hypertension (women) (%) 29·0 10·8
Cholesterol (men) (mmol/l) 4·96 4·4
Cholesterol (women) (mmol/l) 5·01 4·28
HDL (men) (mmol/l) 1·01 1·02
HDL (women) (mmol/l) 1·12 1·08
Smoking – current (men) (%) 28·7 54·7
Smoking – current (women) (%) 2·6 25·3
BMI (men) 23·6 19·9
BMI (women) 25·1 20·3
W/H ratio (men) 0·99 0·95
W/H ratio (women) 0·83 0·83

Source: Adapted from Reddy et al70



their siblings. Lp(a), which is genetically determined, was
similarly high in both groups (Table 21.6).72 Therefore,
adverse changes in CVD risk factors and disease rates are
observed when South Asians adopt an urban lifestyle,
whether they live in India or abroad (see Table 21.5).

Prevention strategies

Changes in the risk factor profiles of South Asians are attrib-
utable to lifestyle changes associated with urbanization such
as decreased physical activity and increased energy con-
sumption which leads to obesity, abdominal obesity, and its
harmful sequelae. Clearly strategies to prevent the develop-
ment of obesity are required to decrease the number of
South Asians who suffer from glucose intolerance, its associ-
ated dyslipidemia, and ultimately CHD.

Arabs

The term Arab refers to Semitic people who originate from
the Middle East. Included in this region are the countries of
Egypt, Saudi Arabia, Jordan, Iran, Iraq, and the United Arab
Emirates.

Disease burden

CVD is the leading cause of death among Arabs living in the
Middle East.11 This is primarily caused by the rapid socio-
economic development, urbanization, and improved survival
over the past several decades. The Global Burden of Disease
report estimates that the acute myocardial infarction (AMI)
rate among men and women was 139/100 000 and
124/100 000 respectively in 2000, which is an increase of
12% among men and 5% among women since 1990.11

Temporal trends

While national incidence and mortality data are not readily
available for many Arab counties, one indication of the
increase in CVD is the rise in hospital admission for CVD
over time. In Egypt the proportion of hospital admissions
due to CVD has increased in Egypt from 12% of deaths in
1970 to close to 40% in 1990.73 In Saudi Arabia, CHD rep-
resented the leading cause of admissions in 1995.74,75 In
Oman during 1985–87 CHD and CBVD accounted for 30%
of hospital deaths in the age group 15 years and above.76

Common risk factors

Overweight (defined as BMI in the range of 25–30) and
obesity (BMI � 30) are highly prevalent in the Arabian
Peninsula, and over half of all adults aged 40–69 years are
either overweight or obese.77 Obesity rates vary from 16%
to 25% among men and from 17% to 43% among women.
Adverse lifestyles associated with socioeconomic develop-
ment and urbanization, such as diminished physical activity
(with the availability of domestic help, private cars, popular-
ity of television etc.) and altered dietary patterns (increased
fat and energy intakes) influence the prevalence of obesity.77

The prevalence of leisure time physical activity from a
nationally representative sample in Bahrain was low among
all age and sex groups, though higher among men (30–49
years: 19·9%) than among women (30–49 years: 9·9%).78

The high rates of overweight and obesity in this region are
associated with the increasing prevalence of type 2 diabetes
observed in this region. In 1995, prevalence of diabetes in
Middle Eastern was approximately 6·3% (18·3 million peo-
ple), and the prevalence of diabetes is expected to increase
to 8·2% (53·5 million people) by the year 2025.79 Rapid
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Table 21.6 Comparison of South Asians from India and migrants in the United Kingdom

Indian subcontinent Sibling migrants UK Significance

Mean age (yr) 45·0 46·0 NS
Serum glucose (men) (mmol/l) 4·5 5·7 0·001
Serum glucose (women) (mmol/l) 4·7 5·1 0·05
Serum cholesterol (men) (mmol/l) 4·9 6·5 0·001
Serum cholesterol (women) (mmol/l) 5·1 6·2 0·001
HDL cholesterol (men) (mmol/l) 1·21 1·12 NS
HDL cholesterol (women) (mmol/l) 1·34 1·16 0·05
Serum Lp(a) (men) (mg/dl) 17·4 18·8 NS
Serum Lp(a) (women) (mg/dl) 18·9 20·4 NS
Systolic/diastolic blood pressure (men) (mmHg) 132/87 146/93 0·001/NS
Systolic/diastolic blood pressure (women) (mmHg) 142/88 143/86 NS/NS
BMI (men) 22·9 26·8 0·001
BMI (women) 22·7 27·4 0·001

Source: Bhatnagar et al72



urbanization, increasing obesity, abdominal obesity, and
sedentary lifestyles are key factors underlying this increase
of type 2 diabetes. In 1995, there were approximately twice
the number of diabetics in urban compared to rural areas of
the Middle East. By 2025, this ratio will increase dramati-
cally, and there will be approximately 3·5 times the number
of diabetics in urban compared to rural areas.79 The high
prevalence of obesity and sedentary lifestyles may also be
associated with high levels of hypertension in this region.
National surveys have demonstrated high prevalence of
hypertension in Oman (27%),80 Egypt (26%),81 and the
United Arab Emirates (37%).82 In the United Arab Emirates,
26% of hypertensive subjects were aware that they had high
blood pressure, 41% were being treated for the disease, 
and only 19% were under control.82 This high prevalence,
coupled with low awareness and poor control, suggest the
need for additional focus on prevention. The prevalence of
hypercholesterolemia in Saudi Arabia is also associated with 
age level of obesity and glucose tolerance.83 Results of 
a National Survey conducted in Saudi Arabia, indicated that
the prevalence of total cholesterol levels �5·2–6·2 mmol/l
was 9% for males and 11% among females respectively,
while prevalence of total cholesterol �6·2 mmol/l was 7%
for males and 8% among females.84 These levels are lower
than observed elsewhere, however they reflect a young 
population (60% of the Saudi population is �30 years old),
therefore the prevalence of hyperlipidemia is likely to
increase as the population ages. Smoking is typically 
more common among men than women for cultural rea-
sons, and the prevalence varies markedly between countries
within the region. In Saudi Arabia, the prevalence of smok-
ing is 12% among men, compared to only 1% among
women.83 However, the increasing use of the “water pipe”
has resulted in increased smoking among women. In
Bahrain, approximately 46% of men and 30% of women
reported smoking. Furthermore, women more often
reported exposure to passive smoke (44%) compared to
men (29%).78

Influential risk factors

In comparison with European populations with similar
degrees of obesity and glucose tolerance, Arabs experience
more hyperglycemia associated with insulin resistance. This
suggests that Arab people may have an increased genetic
susceptibility to abdominal obesity (for example, the “thrifty
gene”), which is expressed as glucose intolerance and
excess abdominal fat in the face of an environment of abun-
dant energy intake and relatively little physical activity.85

Profound changes associated with urbanization which have
occurred in Arab countries during the past 30 years are
associated with the emergence of both obesity and diabetes,
and this trend is expected to continue.

Special approaches to prevention

Increased susceptibility to insulin resistance among Arabs 
suggests that control of obesity and primary prevention and
control of type 2 diabetes are critical. Attention to lifestyle
practices that promote obesity, such as sedentary lifestyles
and increased energy intake, should be a focus. Cultural
beliefs about overweight and obesity for both men and
women must be understood in order to develop effective pre-
vention strategies. These directions have already been estab-
lished in many countries of the Arabian Peninsula, and more
recently in collaboration with the World Health Organization.

Hispanics

The term Hispanic includes Cuban Americans, Mexican
Americans, and Puerto Rican Americans. There are approxi-
mately 35·3 million Mexican Americans living in the USA,
and they comprise approximately 12·5% of the US popula-
tion.86,87 The majority of information on CVD in Hispanics
has been derived from studies in Mexican Americans.

Disease burden

CVD is the leading cause of death among Hispanic males
(28%) and females (34%).87 Although death certificate reg-
istries report that the age adjusted mortality rates for major
CVD among Mexican Americans (28·8 and 26·6 per 100000
men and women respectively) are lower than those of African
Americans (40·5 and 39·6 respectively) and whites (30·0 and
23·8 respectively) in the USA,88 the Corpus Christi Heart
Project (CCHP), Texas reported a greater incidence of MI in
Mexican Americans compared to non-Hispanic whites over 
a 4 year period.89 This population-based surveillance project
conducted between 1988 and 1992 reported that age
adjusted incidence ratios comparing Mexican Americans to
non-Hispanic whites were 1·52 (95% CI 1·28–1·80) and 
1·25 (95% CI 1·10–1·42) among women and men respec-
tively.89 Although cross-sectional studies reveal a similar or
lower prevalence of MI among Mexican Americans than non-
Hispanic whites, the CCHP has reported a greater case-fatality
rate following MI among Mexican Americans than non-
Hispanic whites. Therefore a lower CHD prevalence in
Mexican Americans does not necessarily reflect a lower inci-
dence of CHD.

Under the age of 60 years Hispanics have a significantly
elevated CBVD death rate compared to non-Hispanics
whites (M 32 v 19, F 23 v 18 per 100 000 respectively).
However in older age categories the CBVD rate in Hispanics
is substantially lower than whites (M 589 v 765, F 535 v
847 per 100 000).18 Therefore, overall the CBVD death rate
over 45 years of age in Hispanics is lower when compared
to whites (M 115 v 147 per 100 000 and F 110 v 209 per
100 000).18
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Temporal trends

Although declines in CHD and CBVD mortality have
occurred in Mexican Americans over the past 20 years, this
decline has been less than that which has occurred among
non-Hispanic whites.18,90,91

Common risk factors

Mexican Americans suffer a high prevalence of conven-
tional CVD risk factors such as smoking (42·5% in men 
and 23·8% in women), hypertension (17% men and 14%
women), low HDL cholesterol (�0·90 mmol/l: 15·2% men
and 5% women), elevated cholesterol (total cholesterol
�6·2 mmol/l: 16·5% men and 16·5% women), diabetes
(24%), physical inactivity (39%), and obesity (BMI �85th
percentile, 30% men and 39% women).92 The San Antonio
Heart Study reported that Mexican Americans had 2·5
times the prevalence of NIDDM compared to the non-
Hispanic whites as diagnosed by the oral glucose tolerance
test.92 They also observed that a socioeconomic gradient
within the Hispanic population existed, with diabetes being
more prevalent in the lower socioeconomic groups.93

Furthermore, Mexican Americans have higher blood con-
centrations of triglycerides and lower HDL cholesterol levels
compared to non-Hispanic whites.91

Influential risk factors

Glucose intolerance appears to be the most influential risk
factor for CHD among Mexican Americans.87 The greater
mortality observed among Mexican Americans following MI
in comparison to non-Hispanic whites is attributed in large
part to the increased prevalence of diabetes.94 Furthermore,
glucose intolerance also defines which Mexican Americans
are more likely to suffer CHD events within their own 
population, as diabetic Mexican Americans are four times
more likely to suffer an MI compared to their non-diabetic
counterparts.95

Geographic variations

This population suffers a high prevalence of glucose meta-
bolic derangements upon the adoption of an urban lifestyle.

Special approaches to prevention/treatment

Due to the discrepant data concerning the CHD mortality
rates of Mexican Americans, despite their adverse risk factor
profile, many researchers believe they remain “protected”
from CHD.95 Clearly, the burden of CHD among Mexican
Americans is considerable, and risk factor modification 
of conventional CHD risk factors must be initiated. 

Furthermore, primary prevention strategies such as preven-
tion of obesity through environmental changes, and
increased physical activity will reduce the rate of glucose
intolerance in this group. Promotion of these strategies is
important given that Mexican Americans are less likely to
receive treatment for diabetes, hypercholesterolemia, and
hypertension compared to non-Hispanic whites.88,89

Therefore, it is critical that culturally sensitive strategies to
bring about both primary and secondary prevention in this
growing group of Americans be developed.

Aboriginal populations

Disease burden

Although mortality rates for CVD among aboriginal popula-
tions appear to be lower than whites, CHD is the leading
cause of death in North American Indian and Alaskan
Native males and females.18 Although research in this 
ethnic group is limited, the Strong Heart Study,96 which 
was initiated in 1988, studied 4549 American Natives 
aged 45–74 years from 13 tribes in the Southern US. The
prevalence estimates of definite MI in those aged 45–74
years was 2·8% in men without diabetes, and 5·3% in men
with diabetes, 0·4% in women without diabetes, and 1·4%
in women with diabetes. Data from US cohort studies indi-
cate that Native Americans may have a lower prevalence 
of MI than whites (7·9%), African Americans (6·1%), and
Hispanics (5·6%).96 However, data from Canada indicate
that Aboriginal people suffer higher rates of CHD compared
to the general population.97,98

There is little published information concerning the epi-
demiology of CBVD in native populations. In the USA the
CBVD mortality rate under the age of 65 years is similar in
Native Americans and white Americans, and substantially
lower than rates in African Americans.99 Over the age of 65,
the CBVD rate in Native Americans is substantially lower
than whites. The age adjusted mortality rate for CBVD 
in Native American men in 1988–98 was approximately 
80 per 100 000 compared to 120 per 100 000 in white
American men, and 60 per 100 000 compared to 100 per
100 000 in Native women compared to white American
women.18 In Canada, CVD is the leading cause of death
among Aboriginal peoples.100,101 Although the CHD mortal-
ity rates among Aboriginal and Canadian males are similar,
the CHD mortality among Aboriginal women is 61% higher
compared with Canadian women. In addition, the stroke
mortality rate is 44% and 93% higher among Aboriginal
men and women respectively, compared with the general
Canadian population.101 However, all of the above data are
based on studies conducted more than 10 years ago. More
recent data from a prevalence study in Canada indicates a
2·5-fold higher rate of CVD among Aboriginal peoples com-
pared with Canadians of European origin.98
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Temporal trends

As more Aboriginal people give up their traditional lifestyles
and adopt “urban” lifestyles, the prevalence of CVD and its
risk factors will likely increase.

Common risk factors

The common CHD risk factors among Aboriginal people
include obesity, abdominal obesity, diabetes, elevated blood
pressure, low HDL cholesterol, and tobacco use. The preva-
lence of cigarette smoking is generally high and increasing
among Aboriginal people; the prevalence varies greatly
between reserves.98,102 The prevalence of diabetes in 
the Strong Heart Study was an astounding 48% in the 
45–64 year age group compared to approximately 5·5%
in the US general population, and the prevalence of obe-
sity was between 26% and 41%, with an average BMI 
of 31 and waist–hip ratio of 0·96 in men.103 Interes-
tingly, the prevalence of hypertension and elevated serum 
cholesterol among Aboriginal people appears to be lower
when compared to the general US population. In Canada,
however, the prevalence of hypertension requiring drug
treatment, and elevated cholesterol requiring medication,
was significantly increased among Aboriginal people com-
pared to a similar sample of non-Aboriginal people.98 In
addition, the prevalence of low HDL cholesterol is greater in 
this group, as approximately 25% of Aboriginal people 
have HDL cholesterol values less than 0·90 mmol/l.98 In 
a recently completed Canadian study, Aboriginal people 
had a higher prevalence of CVD, atherosclerosis, glucose

abnormalities, obesity, abdominal obesity, and tobacco use
compared to European-origin Canadians.98 Furthermore, a
high proportion of Aboriginal people in North America live
in poverty.98 This is important to note as a strong inverse
relationship exists between low income and an increased
prevalence of CVD risk factors and CVD (Figure 21.2).104

Influential risk factors

Clearly obesity, diabetes, and tobacco use among Aboriginal
people are the most influential risk factors for future CHD.
Aboriginal people who are diabetic are two to four times
more likely to suffer CVD than non-diabetic people.102,103 In
the Strong Heart Study other important risk factors for CHD
included hypertension, obesity, and low HDL cholesterol.103

Geographic variations

Studies in aboriginal populations in North America have
revealed important regional and inter-tribal differences in
the prevalence of CVD risk factors (diabetes and cigarette
smoking) and disease rates.96–98 Most of the current data on
Aboriginal CVD rates and risk factors have come from stud-
ies of Native people living on reserves. There is relatively lit-
tle information regarding these profiles among city-dwelling
Aboriginal people.

Special approaches to prevention/treatment

Control of obesity using environmental strategies to promote
increased physical activity and lower energy consumption is
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required by Aboriginal people who have adopted 
a predominantly Western lifestyle. While tobacco has a cul-
tural role in the lives of some Aboriginal people, increased
tobacco taxes and other disincentives are required to 
prevent smoking initiation and promote smoking cessa-
tion on reserves. Despite community prevention strategies,
the imbalance in socioeconomic circumstances between
Aboriginal people and non-Aboriginal peoples must be
addressed, as socioeconomic disparity is clearly associated
with adverse lifestyle practices, psychosocial stress, and
CVD prevalence.

Blacks of African origin

Disease burden

CVD mortality data from countries in Sub-Saharan Africa
(SSA) are limited, as only 1·1% of all deaths are registered
with a central agency.10 Data from other sources such as sam-
ple registries and small scale population studies in 1990 indi-
cate that the prevalence of acute MI in males and females of
all ages was 4·5 million DALY, and that the CHD mortality
was 41/100000.105 These rates are considerably lower than
those of whites and South Asians who live in Africa, as well as
rates of most Western countries, which are on average five
times higher. Even so, in SSA, the proportional mortality 
rate from CHD accounts for 26% of all deaths, and in the
60–70 year age group it is responsible for over 80% of all
deaths.10,105 Furthermore, the case-fatality rate of CHD is
higher in SSA compared to Western countries, meaning that
once an individual develops CHD in SSA, the probability of
death in SSA is higher than in Western countries. This proba-
bly reflects the limited access to acute and chronic treatment
strategies.

Risk factors

The prevalence of most conventional risk factors for CHD 
is lower among blacks compared to other groups within
Africa, and the world, with the exception of hypertension
and smoking among urban blacks.106–110 Data from the
WHO Inter-Health Program, a substudy of the MONICA
project, assessed the risk factor profile of men and women
aged 35–64 years from Tanzania.107 The prevalence of
smoking was 37% among men, and 4% among women, 
the mean BMI was 21 in men, and 22 in women, the 
mean BP was 126/79 mmHg among men compared to
125/79 mmHg in women, the mean serum cholesterol was
4·1 mmol/l in men, and 4·3 mmol/l in women. When com-
pared to the risk factor profile of other developing and devel-
oped countries, Tanzania’s was more favorable, with the
exception of smoking among men. Furthermore, the preva-
lence of multiple risk factors for CHD was low, as 65% of
the population had no identifiable risk factors, 30% had a

single risk factor, and only 5% had at least two risk factors,
compared to 50%, 40%, and 10% in the USA.107

Geographic variations

In most urban and virtually all rural regions of SSA the
prevalence of traditional CVD risk factors among blacks 
is low. However, with urbanization, an increase in con-
ventional cardiovascular risk factors and CVD rates is
expected.111 An example of this is found in South Africa, as
the rapid migration of blacks to urban centers has led to
increased poverty, obesity, hypertension, LDL cholesterol,
and a decrease in HDL cholesterol.112–115

Special approaches to disease prevention

Although CHD rates among people of African origin remains
relatively low, the data are limited, and given the increased
migration of blacks to urban centers, and a subsequent 
rise in the number of conventional CHD risk factors, the
rates of CHD and CBVD are expected to rise. Primordial pre-
vention strategies such as reducing the availability of satu-
rated fats, and increasing the availability of monounsaturated
fats, control of cigarette smoking by increasing the price of
cigarettes, controlling the amount of salt consumption, and
promoting regular physical activity are required on a commu-
nity level, especially among urban populations. Key primary
and secondary prevention strategies among blacks include
control of hypertension, and tough antismoking campaigns.

West Indies

Disease burden

In Trinidad, data from 1989 reveal that the age adjusted
incidence of CHD in people of African origin was 6·8/1000
person years at risk among men, and 5·4/1000 person years
at risk among women. The rate in men approximated that 
of males of European decent (6·8 v 6·5/1000), whereas 
the rates among women were higher in blacks (5·4 v
2·9/1000). The rates in both sexes and groups were 
substantially lower than males (16 per 1000) and females
(13/1000) of South Asian origin.116

Risk factors

The most prevalent and influential risk factor among West
Indian blacks is hypertension. In Trinidad the prevalence 
of hypertension among African blacks was 33%, diabetes
8·1%, and smoking 39%.116 Furthermore, the mean HDL
and LDL cholesterol in men was 1·03 and 4·04 mmol/l, and
in women 1·30 and 4·11 mmol/l. The most important pre-
dictors of CHD in this cohort were hypertension, high LDL
cholesterol, low HDL cholesterol, and diabetes mellitus.
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African Americans

African Americans comprise the largest non-white popula-
tion in the USA and represent approximately 13% of the
population.

Disease burden

CVD is the leading cause of death among African Americans,
and the incidence of both CHD and CBVD is higher in
African Americans compared to white Americans. The CHD
mortality rate in African American males is 2·4% higher than
in white males (138·1 v 134·8 per 100 000), and 33% higher
in African American women compared to white American
women (85 v 64 per 100 000).18 Moreover, sudden cardiac
death (defined by ICD codes 410-414) are more common
among African American men (137/100 000) compared to
white American men (122/100 000) aged 35–74 years, and
women (67 v 41/100 000) respectively.117 The CBVD mor-
tality rate is 98% higher in African American males com-
pared to white males (52 per 100 000 v 26 per 100 000) and
77% higher in African American females compared to white
females (40 per 100 000 v 22 per 100 000).18

Temporal trends

Although there has been a decline in mortality rates from
CVD in both African Americans and white Americans over
the past 30 years, these declines have been less marked in
African Americans.18

Common risk factors

Compared to whites, African Americans develop high blood
pressure at an earlier age, and it is more severe.18 The reason
for black–white differences in hypertension prevalence likely
involves a complex interaction between environmental res-
ponse to diet, and stress, and a potential genetic/physiologic
difference such as differences in sodium/potassium excre-
tion, perhaps linked to their origins in Africa. Serum choles-
terol levels are not higher among African Americans than
white Americans, as 47% of African American men have
cholesterol values over 5·2 mmol/l, compared to 54% of
white males, and 51% of women have levels greater than 
5·2mmol/l, compared to 53% of white females.18 On average,
African Americans have higher HDL cholesterol levels com-
pared to whites, a difference which is more marked among
women. The prevalence of cigarette smoking is greater
among African American males (33% v 27%) than in white
men, whereas fewer African American females smoke com-
pared to white American women.18 Obesity is an emerging
problem among African Americans especially in women, as
approximately 50% of African American women are reported
to be overweight, compared to 33% of white American

women.18 Closely linked to the prevalence of obesity is 
a low prevalence of self-reported regular physical activity.
Approximately 65% of African Americans lead a sedentary
lifestyle compared to about 56% of whites.18 Furthermore,
the prevalence of diabetes in African Americans is higher
than in whites, as demonstrated by NHANES II conducted
from 1976 to 1980 in which African Americans aged 20–74
years showed a prevalence of type 2 diabetes of 9·9% com-
pared to 6% in white Americans.18 Furthermore, the rate of
type 2 diabetes is increasing faster among African Americans
than among whites, especially in women, as it is closely tied
to the development of obesity.18 Although elevated levels 
of Lp(a) are found more often in African Americans than
whites, whether or not elevated Lp(a) levels are related to an
increased CHD risk among African Americans is unclear.118

However, even after consideration of “biomedical” differ-
ences in conventional risk factor prevalence such as hyper-
tension, smoking, and obesity, other factors are likely to play
a role in slower decline in CVD rates which has been
observed among blacks. Differences in socioeconomic status
between African American and whites translate into
decreased access to medical therapies and hospital services
and results in the performance of fewer diagnostic tests and
lower rates of coronary revascularization procedures.119,120

Influential risk factors

Black and white differences in CVD mortality appear to 
be largely due to differences in hypertension prevalence.
However, late onset diabetes is an increasing problem
among African Americans due to the increase in obesity.
Even so, at least 30% of the excess CHD mortality between
blacks and whites can be accounted for by differences in
socioeconomic status, and these socioeconomic differentials
lead to less access to healthcare services and acceptance of
preventive strategies.120

Geographical variations

Early investigators noted high stroke mortality rates among
black Americans in the Southeastern coastal states. By late
1980s, this “stroke belt” had dissipated in the Southeastern
coastal areas and shifted to the Midwest regions of the
Mississippi and Ohio river valleys.121 CHD mortality has
shown a similar westward shift to the so called coronary val-
ley. The increased CVD mortality among blacks has been
mainly confined to the Southern states (Mississippi river val-
ley). Although changes in regional profile of risk factors,
local environment, and migration pattern may have played 
a role, recent economic shifts in these areas may be the 
principal reason for changes in disease rates.122 Whereas
Southeastern coastal areas have undergone considerable
economic development, the more westwardly regions have
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not kept pace.124 In Mississippi, one of the most economi-
cally and educationally disadvantaged US states, CVD mor-
tality has risen among African Americans over the past two
decades while among whites there has been a decline.123

Similar patterns are also observed in the Northeastern states
and the Midwest.124,125

Special approaches to prevention/treatment

The rates of CHD among blacks in Africa are relatively low
compared to the rates in most Western countries. With
urbanization, however, both within Africa and among
migrant Africans to the West Indies and the USA, the rates
of CVD are comparable to or higher than the rates of most
Western countries. As in other populations, conventional
CVD risk factors remain important, but the dominant CVD
risk factor among people of African origin is hypertension.
Special efforts at detection, prevention, and treatment of
hypertension, both through lifestyle changes and appro-
priate pharmacologic therapy, are necessary. In the USA, 
the socioeconomic disparity of this population results in
enhanced disease burden. This black–white differential in
disease rates, risk factors, and access to medical treatments
necessitates that specific prevention strategies be initiated in
this group. Such strategies include primary prevention 

programs to prevent unhealthy lifestyle behaviors such as
poor dietary practices and cigarette smoking. As these risk
factors are closely tied to low SES, other factors besides “bio-
medical” ones must be targeted. Health care providers must
ensure equal access to healthcare services especially among
the lower socioeconomic status black population. However,
in order to overcome the larger differential in socioeco-
nomic status between African Americans and whites, over-
all changes in social policy are required at the national level.

Studies of multiple ethnic groups

Studies of diverse ethnic populations who reside in a single
country and hence are exposed to a similar environment
indicate that the pattern of CHD mortality between these
groups initially resembles that of their home country.
However, through the process of acculturation, prolonged
exposure to new environmental factors results in similarities
in CVD risk factors and trends within multiethnic popula-
tions. A study of multiple ethnic groups in the US revealed
that CVD mortality rates were highest among African
Americans, followed by whites, and Hispanics.126 By con-
trast Japanese, Chinese, Koreans and Filipinos had much
lower CHD mortality rates. Another study conducted in
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Table 21.7 Summary of disease rates by ethnic group in North Americaa

USAb White Caucasian Japanese Black African Hispanic Aboriginal

CHD mortality per 100 000 M 230 M 81 M 222 M 112 124
in North America F 95 F 38 F 120 F 52

CBVD mortality per M 41 M 25 M 102 M 31 40
100 000 in North America F 33 F 33 F 83 F 25

CVD prevalence 7·5% 3% 8% 4% 4%
(aged 35–75 yr)

CHD incidence per 1000 M 26 M 11 M 16 M 14 M 7
(65–74 yr) F 8 F 13 F 14 F 12

CBVD incidence per 1000 M 14 M 8 M 12 M 8 M 15
(65–74 yr) F 6 F 16 F 3 F 8

Canada White Caucasian Chinese South Asians Aboriginal

CHD mortality per 100 000c M 320 M 107 M 320 M 320
F 110 F 40 F 144 F 176d

CBVD mortality per 100 000c M 49 M 46 M 47 M 71
F 35 F 42 F 39 F 67

CVD prevalence 5·4% 2·4% 10·7% 17%
(aged 35–75 yr)e

a Note that disease rates will vary by study. This table provides a useful but approximate comparison between ethnic groups.
b From the American Heart Association. 2002 Heart and stroke statistical update. Dalls TX: American Heart Association, 2001.
c Age (35–74 yr) standardized death rates per 100 000.
d Estimated from Mao et al, 1992.
e From the Study of Health Assessment and Risk in Ethnic Groups.



California between 1985 and 1990 compared CHD and
CBVD death rates in six ethnic groups. Once again, African
American men and women in all age groups were found to
have the highest CVD death rates. Hispanics, Chinese, and
Japanese had much lower CVD rates, although the CBVD
deaths were proportionally a more important cause of death
among the Chinese and Japanese. Furthermore, a study that
compared the rates of hospitalization for CHD among Asian
Americans compared to Americans in Northern California
revealed that the risk of hospitalization for CHD was the
lowest among the Chinese Americans (0·6), and the highest
among the South Asians (3·7, P � 0·001).126 Recent data
from the United Kingdom (UK) reveals that although the
CHD mortality rates were approximately 43% higher among
South Asian men and women compared to the general UK
population (ASMR men 282/100000, women 89/100000),
among South Asians a decline of 26% in men and 18% in
women in the CHD rates occurred.127 This is in keeping
with a decline in CHD mortality in the UK as a whole over
the past decade. In Canada, an analysis of the Canadian
national mortality database of South Asians, Chinese and
Canadians of European origin (EU), demonstrated that 
the ASMR per 100 000 for CHD in South Asians (M 320, 
F 144) was similar compared to those of EU origin (M 320,
F 110), yet was much higher than Chinese (M 107, F 40).
Furthermore, a significant decline in CHD death rates
between 1979–83 and 1989–93 was observed in all groups,
with the greatest declines being apparent among South
Asian men and women compared to EU and Chinese
respectively (M 22%, 13%, and 5·4%, F 6%, 4%, and 2%)49

(Table 21.7). Furthermore, in Canada the inverse relation-
ship between mortality and socioeconomic status is
observed in European Canadians, but not in South Asians
and Chinese. This raises the issue of whether this relation-
ship is acquired within societies and therefore is potentially
preventable/modifiable.

Conclusions

CVD accounts for the largest percentage of deaths world-
wide. To date, recognition and modification of the major
CVD risk factors have led to declines in CVD rates in most
Western countries, although these declines have lagged
behind in most non-white populations. Socioeconomic
development, urbanization, and increasing life expectancy
have led to a progressive rise in the CVD rates in developing
countries such as India and China.

It is clear that elevated serum cholesterol, elevated blood
pressure, cigarette smoking, and glucose intolerance are the
major risk factors for CHD and CBVD in most populations.
However, the prevalence of these factors and the strength 
of association of these factors to CVD vary between ethnic
groups. Furthermore, other risk or protective factors (levels

of endogenous fibrinolysis, dietary factors such as flavonoids
and antioxidants) probably exist. Identification of these 
factors is important so that new approaches to prevention of
CVD in these populations may be developed. Research into
ethnic populations who suffer adverse glucose and lipid
changes upon urbanization (that is, Hispanics, Aboriginal,
and South Asians) should be a priority, as a greater propor-
tion of these groups are adopting urban lifestyles which 
are associated with observed increases in CVD rates.
Furthermore, in developed countries, research into reasons
for social disparity and its impact on the distribution of CVD
risk factors among ethnic groups must be continued so that
specific interventions may be developed to reduce the adop-
tion of unhealthy lifestyle behaviors, and barriers to health-
care services may be reduced. Ultimately all of this
information will lead to special strategies for prevention
which may be tailored to ethnic populations, and generate
important areas for future study.
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Hitherto the search for the causes of coronary heart disease
(CHD), and the way to prevent it, has been guided by a
“destructive” model. The principal causes to be identified
are thought to act in adult life and to accelerate destructive
processes, for example the formation of atheroma, rise in
blood pressure, and loss of glucose tolerance. This model,
however, has had limited success. Obesity, cigarette smok-
ing, and psychosocial stress have been implicated, and 
evidence on dietary fat has accumulated to the point where
a public health policy of reduced intake is prudent, if not
proven. The effects of modifying adult lifestyle, when 
formally tested in randomized trials have, however, been
disappointingly small.1 The model has proved incapable of
answering important questions. For example, in Western
countries the steep increase in the disease has been associ-
ated with rising prosperity, so why do the poorest people,
and those living in the poorest parts of these countries, have
the highest rates?2

One explanation for our failure to understand and pre-
vent rising epidemics of CHD is that people are hetero-
geneous in their responses to environmental influences.
Smoking, for example, is harmful to some people but not
others. Some statisticians argue that we therefore need
much larger studies to overcome this, while geneticists
argue that the heterogeneity results from genes as yet
unknown. There is, however, another way forward which is
to examine the biologic basis of the differences between
individuals. The recent discovery that people who develop
CHD grew differently to other people during fetal life,
infancy, and childhood encourages this view,3 and has led to
a new “developmental” model for the disease.4,5

Growth and CHD

Figure 22.1 shows the growth of 357 boys who in later life
were either admitted to hospital with CHD or died from it.3

They belong to a cohort of 4630 men who were born in
Helsinki, and their growth is expressed as Z-scores. The 
Z-score for the cohort is set at zero, and a boy maintaining 
a steady position as large or small in relation to other boys
would follow a horizontal path on the figure. Boys who later
developed CHD, however, were small at birth, remained

small in infancy but had accelerated gain in weight and
body mass index (BMI) thereafter. In contrast, their heights
remained below average. Table 22.1 shows hazard ratios for
CHD according to size at birth. The hazard ratios fall with
increasing birthweight and, more strongly, with increasing
ponderal index (birthweight/length3), a measure of thin-
ness at birth. These trends were found in babies born at
term or prematurely and therefore reflect slow intrauterine
growth. Table 22.2 shows that the hazard ratios also fell
with increasing weight, height, and BMI at age 1 year. Small
size at this age predicts CHD independently of size at birth.
In a simultaneous analysis with birthweight the hazard ratio
associated with each unit decrease in Z-score for weight
between birth and 1 year is 1·21 (95% CI 1·08–1·36,
P � 0·001).

The association between CHD and small size at birth 
has been shown in studies in Europe, North America, and
India.6–10 The association with poor weight gain in infancy
was first shown in Hertfordshire,6 and confirmed in
Helsinki:3 the strength of the association being similar in the
two studies. The association with rapid childhood weight
gain was first shown in a study of an older cohort of men
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born in Helsinki,11 while the association with low rates of
height growth is consistent with the known association
between the disease and short adult stature in men.12

Figure 22.2, based on the same data used in Figure 22.1,
shows the combined effects of ponderal index at birth and
BMI in childhood in the Helsinki cohort.3 The figure uses
BMI at age 11 years, but BMI at ages around this gives sim-
ilar results. The lines on the figure join points with the same
hazard ratios. For example, the line for the highest ratio,
1·75, is associated with low ponderal index at birth but
above average BMI in childhood. Boys who had a low pon-
deral index at birth increased their risk of CHD if they
attained even average BMI in childhood. In contrast, among
boys with a high ponderal index, no increased risk was asso-
ciated with a high childhood BMI. The interaction between
ponderal index at birth and BMI in childhood is strongly 
statistically significant (P � 0·001). Findings among girls are
similar, and again the risk of CHD is determined more by
the tempo of weight gain than the body size attained.13

Table 22.3 is taken from the total Helsinki cohort which
comprises 15 846 men and women of whom 13 517 had
their BMI recorded at 11 years of age.3,11,13 It is based on
1235 patients who were admitted to hospital or died from
CHD, and 480 patients who died from the disease. It shows
hazard ratios according to birthweight and quarters of BMI
at age 11 years. The risk of disease falls with increasing
birthweight and rises with increasing BMI. The pattern is
similar in the two sexes. The hazard ratios for admissions
and deaths are 0·80 (95% CI 0·72–0·90) for each kilogram
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Table 22.2 Hazard ratios for CHD according to body
size at one year3

Hazard ratio Cases (n)/
(95% CI) Men (n)

Weight (kg)
up to 9 1·82 (1·25–2·64) 96/781
up to 10 1·17 (0·80–1·71) 85/1126
up to 11 1·12 (0·77–1·64) 89/1243
up to 12 0·94 (0·62–1·44) 49/852
�12 1·00 38/619

P for trend �0·0001

Height (cm)
up to 73 1·55 (1·11–2·18) 79/636
up to 75 0·90 (0·63–1·27) 68/962
up to 77 0·94 (0·68–1·31) 87/1210
up to 79 0·83 (0·58–1·18) 64/1011
�79 1·00 59/802

P for trend 0·007

Body mass index (kg/m2)
	16 1·83 (1·28–2·60) 72/654
up to 17 1·61 (1·15–2·25) 89/936
up to 18 1·29 (0·91–1·81) 83/1136
up to 19 1·12 (0·77–1·62) 59/941
�19 1·00 54/954

P for trend 0·0004

Abbreviation: CHD, coronary heart disease

Table 22.1 Hazard ratios for CHD according to body
size at birth3

Hazard ratio Cases (n)/
(95% CI) Men (n)

Birthweight (kg)
	2500 3·63 (2·02–6·51) 24/160
up to 3000 1·83 (1·09–3·07) 45/599
up to 3500 1·99 (1·26–3·15) 144/1775
up to 4000 2·08 (1·31–3·31) 123/1558
�4000 1·00 21/538

P for trend 0.006

Ponderal index (kg/m3)
	25 1·66 (1·11–2·48) 104/1093
up to 27 1·44 (0·97–2·13) 135/1643
up to 29 1·18 (0·78–1·78) 84/1260
�29 1·00 31/578

P for trend 0·0006

Abbreviation: CHD, coronary heart disease
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increase in birthweight and 1·06 (95% CI 1·03–1·10) for each
kg/m2 increase in BMI at age 11 years. The hazard ratios for
deaths alone are 0·83 (95% CI 0·69–0·99) and 1·10 (95% CI
1·04–1·16).

Growth and hypertension and type 2 diabetes

There is now a substantial body of evidence showing that
people who were small at birth remain biologically different
to people who were larger. The differences include an

increased susceptibility to hypertension and type 2 diabetes,
two disorders closely linked to CHD.14–17 Table 22.4 is based
on 698 patients being treated for type 2 diabetes and 2997
patients being treated for hypertension. It again shows odds
ratios according to birthweight and quarters of BMI 
at age 11 years. The two disorders are associated with the
same general pattern of growth as CHD. The risks for each
disease fall with increasing birthweight and rise with increas-
ing BMI. The odds ratio for type 2 diabetes is 0·67 (95% CI
0·58–0·79) for each kilogram increase in birthweight and
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Table 22.3 Hazard ratios (95% CI) for CHD according to birthweight and BMI at 11 years: 13 517 men and women born
1924 to 1944

Birthweight (kg) BMI at 11 years (kg/m2)

up to 15·7 up to 16·6 up to 17·6 �17·6

Hospital admissions and deaths (1235 cases)
up to 3·0 1·4 (0·8–2·4) 1·6 (0·9–2·8) 1·8 (1·0–3·2) 2·1 (1·1–3·8)
up to 3·5 1·3 (0·7–2·2) 1·5 (0·9–2·7) 1·5 (0·8–2·6) 1·6 (0·9–2·9)
up to 4·0 1·3 (0·7–2·3) 1·4 (0·8–2·4) 1·3 (0·8–2·4) 1·4 (0·8–2·6)
�4·0 1·0 1·2 (0·6–2·3) 1·1 (0·6–2·1) 1·0 (0·5–1·8)

Deaths (480 cases)
up to 3·0 1·4 (0·5–4·0) 1·8 (0·6–5·1) 2·1 (0·7–6·2) 3·0 (1·0–8·6)
up to 3·5 1·4 (0·5–3·9) 1·9 (0·7–5·2) 2·2 (0·8–6·1) 2·7 (1·0–7·6)
up to 4·0 1·9 (0·7–5·3) 1·8 (0·7–5·2) 1·7 (0·6–4·8) 1·6 (0·6–4·5)
�4·0 1·0 1·4 (0·4–4·6) 1·6 (0·5–4·7) 1·3 (0·4–4·0)

Abbreviations: BMI, body mass index; CHD, coronary heart disease

Table 22.4 Odds ratios (95% CI) for hypertension and type 2 diabetes according to birthweight and BMI at 11 years:
13 517 men and women born 1924 to 19443,11,13

Birthweight (kg) BMI at 11 years (kg/m2)

up to 15·7 up to 16·6 up to 17·6 �17·6

Men and women (n)
up to 3·0 991 719 581 560
up to 3·5 1394 1422 1264 1246
up to 4·0 827 984 1122 1110
�4·0 167 254 413 463

Type 2 diabetes (698 cases)
up to 3·0 1·3 (0·6–2·8) 1·3 (0·6–2·8) 1·5 (0·7–3·4) 2·5 (1·2–5·5)
up to 3·5 1·0 (0·5–2·1) 1·0 (0·5–2·1) 1·5 (0·7–3·2) 1·7 (0·8–3·5)
up to 4·0 1·0 (0·5–2·2) 0·9 (0·4–1·9) 0·9 (0·4–2·0) 1·7 (0·8–3·6)
�4·0 1·0 1·1 (0·4–2·7) 0·7 (0·3–1·7) 1·2 (0·5–2·7)

Hypertension (2997 cases)
up to 3·0 2·0 (1·3–3·2) 1·9 (1·2–3·1) 1·9 (1·2–3·0) 2·3 (1·5–3·8)
up to 3·5 1·7 (1·1–2·6) 1·9 (1·2–2·9) 1·9 (1·2–3·0) 2·2 (1·4–3·4)
up to 4·0 1·7 (1·0–2·6) 1·7 (1·1–2·6) 1·5 (1·0–2·4) 1·9 (1·2–2·9)
�4·0 1·0 1·9 (1·1–3·1) 1·0 (0·6–1·7) 1.7 (1.1–2.8)

Abbreviation: BMI, body mass index



1·18 (95% CI 1·13–1·23) for each kg/m2 increase in BMI at
age 11 years. The corresponding figures for hypertension are
0·77 (95% CI 0·71–0·84) and 1·07 (95% CI 1·04–1·09).
Similarly to CHD the risk of disease is determined not only by
the absolute value of BMI in childhood but also by the 
combination of body size at birth and during childhood.15,17 It
is the tempo of growth as well as the attained body size that
determine risk.

Associations between low birthweight and hypertension
and type 2 diabetes have been found in other studies.14–17

There is also a substantial literature showing that birthweight
is associated with differences in blood pressure and insulin
secretion within the normal range.14,18,19 These differences
are found in children and adults but they tend to be small.
For example, a 1 kg difference in birthweight is associated
with around 1–2 mmHg difference in systolic pressure.19

This contrasts with the large effects on hypertension. A pos-
sible explanation for this is that, following an intrauterine
lesion, regulatory mechanisms may maintain homeostasis for
many years until further damage, owing to age, obesity, or
other influences, initiates a self-perpetuating cycle of progres-
sive functional loss.20 Brenner has proposed such a model for
the development of hypertension following reduced nephron
numbers at birth, a known correlate of low birth weight.20

Biologic mechanisms

The association between altered growth and CHD has 
led to the suggestion that the disease may originate in two
phenomena associated with development – “developmen-
tal, or phenotypic plasticity” and “compensatory growth”.
Phenotypic plasticity is the phenomenon whereby one
genotype gives rise to a range of different physiologic or
morphologic states in response to different environmental
conditions during development.21,22 Such gene–environment
interactions are ubiquitous in development. Their existence
is demonstrated by the numerous experiments showing 
that minor alterations to the diets of pregnant animals,
which may not even change their offspring’s body size 
at birth, can produce lasting changes in their physiology 
and metabolism – including altered blood pressure and 
glucose/insulin and lipid metabolism.23,24 The evolutionary
benefit of phenotypic plasticity is that, in a changing envi-
ronment, it enables the production of phenotypes that are
better matched to their environment than would be possible
if one genotype produced the same phenotype in all envi-
ronments.22 When undernutrition during development is
followed by improved nutrition many animals stage acceler-
ated or “compensatory” growth in weight or length. This
restores the animal’s body size but may have long-term costs
which include reduced life span.25

There are several possible mechanisms by which reduced
fetal and infant growth followed by accelerated weight gain in

childhood may lead to CHD. Babies who are thin at birth lack
muscle, a deficiency that will persist as the critical period for
muscle growth is around 30 weeks in utero, and there is little
cell replication after birth.26 If they develop a high BMI in
childhood, they may have a disproportionately high fat mass.
This may be associated with the development of insulin resist-
ance, as children and adults who had low birthweight but are
currently heavy are insulin resistant.18,27,28

Small babies have reduced numbers of nephrons.20,29 It
has been suggested that this leads to hyperperfusion of each
nephron and resulting glomerular sclerosis, further nephron
death, and a cycle of increasing blood pressure and nephron
death. This may be exacerbated if accelerated growth
increases the degree of hyperperfusion. This framework 
fits with the hypothesis that essential hypertension is a dis-
order of growth with two separate mechanisms, a growth-
promoting process in childhood and a self-perpetuating
mechanism in adult life.30

People who were small at birth also have different vascu-
lar structure. One aspect of this is that they have reduced
elastin in their larger arteries as a consequence, it is thought,
of the hemodynamic changes that accompany growth retar-
dation in utero.31 Elastin is laid down in utero and during
infancy and thereafter turns over slowly. Reduced elastin
leads to less compliant, “stiffer” arteries and to a raised pulse
pressure. The gradual loss of elastin, and its replacement
with collagen that accompanies aging, tends to amplify the
increase in pulse pressure.31

The existence of such self-perpetuating cycles, initiated 
in utero, but triggered by aging, obesity, or other influences
in later life, would explain the small effects of birth size on
blood pressure in the normal population, but its large effects
on blood pressure in people with hypertension. Studies in
South Carolina showed that hypertensive patients with 
low birthweight more often require second-line therapy,
with calcium-channel blocking agents or ACE inhibitors, as
opposed to first-line therapy with diuretics or � blocking
agents.32 The suggestion that among hypertensive patients
those with the lowest birthweights have the highest 
blood pressures has been confirmed in the Helsinki cohort
(unpublished).

Findings in Hertfordshire suggest that one of the mecha-
nisms linking poor weight gain in infancy with CHD is
altered liver function, reflected in raised serum concentra-
tions of total and low density lipoprotein cholesterol, and
raised plasma fibrinogen concentrations.33,34 Unlike organs
such as the kidney, the liver remains “plastic” during its
development until the age of around 5 years. Its function
may be permanently changed by influences that affect its
early growth.35–37 Support for an important role for liver
development in the early pathogenesis of CHD comes from
findings in Sheffield.38 Among men and women, reduced
abdominal circumference at birth a measure that reflects
reduced liver size, gave stronger predictions of later serum
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cholesterol and plasma fibrinogen than any other measure of
body size at birth.

Responses to adult living standards

Observations on animals show that the environment during
development permanently changes not only the body’s struc-
ture and function but also its responses to environmental
influences encountered in later life.21 Men who had low
birthweight are more vulnerable to developing CHD and
type 2 diabetes if they become overweight.8,17 Table 22.5
shows the effect of low income in adult life on CHD occur-
rence among men in Helsinki.39 As expected, men who had
a low taxable income had higher rates of the disease.2,40,41

There is no known explanation for this and it is a major com-
ponent of the social inequalities in health in Western coun-
tries. The effect of low income, however, is confined to men
who had slow fetal growth and were thin at birth, defined by
a ponderal index less than 26 kg/m3. Men who were not
thin at birth were resilient to the effects of low income on
CHD, so that there was a statistically significant interaction
between the effects of fetal growth and adult income.

One explanation of these findings emphasizes the psy-
chosocial consequences of a low position in the social 
hierarchy, as indicated by low income and social class, and
suggests that perceptions of low social status and lack of
success lead to changes in neuroendocrine pathways and
hence to disease.42 The findings in Helsinki seem consistent
with this. People who are small at birth are known to have
persisting alterations in responses to stress, including raised
serum cortisol concentrations.43 Rapid childhood weight
gain could exacerbate these effects.

Strength of effects

The associations between slow fetal, infant, and childhood
growth and later CHD are strong and graded. Men and
women in the Helsinki cohort who had birthweights above
4 kg and whose body mass index at 11 years was in the 
lowest quarter, had around half the risk of CHD, type 2 dia-
betes, and hypertension when compared with people who
had birthweights below 3 kg but whose BMI was in the
highest quarter (Tables 22.3 and 22.4). Boys who at birth
had a ponderal index above 26 kg/m3 and who at 1 year of
age were above the cohort average for BMI (17·7 kg/m2)
and height (76·2 cm) were at half the risk of developing
CHD before the age of 65 years.3 Such findings confirm the
strong effects of early growth on later disease.

Statements such as, “Low birthweight explains only a small
proportion of diabetes”,44 are not merely statistically incorrect
but misrepresent biology in two ways. First, birthweight is an
inadequate description of those phenotypic characteristics of a
baby that determine its long-term health.5 One commentator
has pointed out that, “Birthweight and ponderal index (as well
as body mass index) are crude measures of how fetal nutrition
has affected body composition, so the true size of the effect of
fetal growth on later disease is hard to measure.”45

Furthermore, the wartime famine in the Netherlands pro-
duced lifelong insulin resistance in babies who were in utero
at the time with little alteration in birthweight.46

The second point has been described already. The effect
of a high body mass in childhood is conditioned by size at
birth (Figure 22.2). The effect of poor living standards in
adult life is conditioned by size at birth (Table 22.5). The
effects of any single influence cannot therefore be quantified
as “small proportion” or “large proportion” of disease. It
depends on the path of development that preceded it. The
pathogenesis of CHD or type 2 diabetes cannot be under-
stood within a model in which risks associated with adverse
influences at different stages of life add to each other.47

Rather the consequences of adverse influences depend on
events at earlier critical stages of development.3 This embod-
ies the concept of developmental “switches” triggered by
the environment.21 The effects of any particular birthweight
on disease will depend not only on the subsequent path of
development but also on the path of growth that led to that
birthweight. The same weight can be attained by many 
different paths of fetal growth and each is likely to be
accompanied by different gene–environment interactions,
though this remains to be demonstrated.48

Mothers and babies today

Given the body of evidence showing that CHD, and 
the related disorders stroke, hypertension, and type 2 dia-
betes, originate through undernutrition and other adverse
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Table 22.5 Hazard ratios (95% CI) for CHD according
to ponderal index (kg/m3) at birth and taxable income in
adult life

Household Ponderal Ponderal
income index index 
1000 marks �26.0 �26.0 
(pounds sterling) (n � 1475) (n � 2154)
per year

�140 (15 700) 1·00 1·19 (0·65–2·19)
111–140 (15 700) 1·54 (0·83–2·87) 1·42 (0·78–2·57)
96–110 (12 400) 1·07 (0·51–2·22) 1·66 (0·90–3·07)
76–95 (10 700) 2·07 (1·13–3·79) 1·44 (0·79–2·62)
	75 (8400) 2·58 (1·45–4·60) 1·37 (0·75–2·51)

P for trend �0·001 0·75

P for interaction between the effects of ponderal index at
birth and income � 0·005.
Abbreviation: CHD, coronary heart disease



influences in utero, followed by accelerated weight gain
thereafter, protecting the nutrition and health of young
women and their babies must be part of any effective strat-
egy for preventing these diseases. The so-called “fetal ori-
gins” hypothesis resulted from studies of the geographical
association between CHD and poor living standards in
England and Wales, and the realization that a poor intrauter-
ine environment played a major role in this association.49

Areas of the country with high coronary mortality are char-
acterized historically by poor maternal nutrition and health,
reflected in high maternal and neonatal mortality.50

As yet we do not know the impact of maternal nutrition
on fetal development.51 The relatively disappointing effects
of dietary interventions in pregnancy on birthweight in
humans have led to the erroneous view that fetal nutrition
is little affected by maternal nutrition.48 It is becoming clear,
however, that the concept of maternal nutrition must be
extended beyond the mother’s diet in pregnancy to include
her body composition and metabolism both during preg-
nancy and at the time of conception.51–55 Moreover, 
birthweight is an inadequate summary measure of fetal
experience, and we need a more sophisticated view of opti-
mal fetal development, which takes account of the long-
term sequelae of fetal responses to undernutrition. If we are
to protect babies, we must also protect girls in childhood
and adolescence. Body composition is established by child-
hood growth, and obesity and eating habits are entrained
during childhood and adolescence.

CHD epidemics

As Westernization improves the nutrition of undernour-
ished populations, fetal nutrition improves more slowly than
nutrition during childhood or adult life, because the fetus 
is linked to its mother by a long and precarious supply line
that is partly established during the mother’s fetal life. It may
require more than one generation of improved nutrition
before fetal growth responds, whereas child growth responds
in one generation. During this phase of economic develop-
ment, children who were small at birth undergo acceler-
ated, compensatory growth. This is the path of growth that
leads to CHD and, it seems, may generate the epidemics of
the disease (Figure 22.1). As a consequence of phenotypic
plasticity and the costs of compensatory growth, people
who follow this path are permanently biologically different
and at increased risk of CHD. They are also more vulnerable
to the effects of poor living standards (Table 22.5), obesity,
and other adverse influences in adult life.

Conclusion

This chapter outlines a new “developmental” model for the
origins of CHD and the related disorders type 2 diabetes,

hypertension, and stroke. The finding that people who
develop these disorders have altered growth in utero, 
during infancy, and childhood provides a new starting point
for research. This research, now being carried out in many
countries, has two goals: preventing disease in the next gen-
eration and treating disease in the present one. The immedi-
ate prospect for prevention is through protecting infant
growth and preventing accelerated weight gain in children
made vulnerable to later disease by small size at birth and
during infancy. Ultimately we need to optimize maternal
diet and body composition before and during pregnancy.
Despite current levels of nutrition in Western countries the
nutrition of many fetuses and infants remains suboptimal,
because the nutrients available are unbalanced or because
their delivery is constrained by the long and vulnerable fetal
supply line.5,48 We need to know more about fetal responses
to undernutrition; what they are; what genes underlie
them; what induces them; how they leave a lasting mark
upon the body; and how this gives rise to CHD.
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The sequencing of the human genome is likely to be a land-
mark study of millennium proportions. The implications for
cardiology of knowing the sequence of the human genome
are many, among which the most obvious is identifying the
gene responsible for familial disorders. Abnormalities of the
heart and blood vessels are the most common of human
birth defects, occurring in about 1% of live births.1,2 Genetic
diagnosis and management are expected to be routinely
incorporated into the practice of cardiology by the end of
this decade.3 Knowing the etiology and understanding the
pathogenesis of genetic disorders is most likely to improve
the diagnosis, prevention and treatment of those disorders,
and in addition often provides fundamental insights into
acquired disorders that simulate the phenotype. A good
example is that of familial hypercholesterolemia, in which
there is a defective receptor for cellular uptake of choles-
terol.4 This confirmed that cholesterol was a major factor in
coronary artery disease and subsequently led to unraveling
of the synthesis, transport and degradation of cholesterol.
The standard treatment today for coronary artery disease,
both familial and acquired, is the use of statins to lower the
cholesterol. The identification of a gene responsible for dis-
ease and its associated network should provide new targets
for which specific therapy can be developed to treat the
acquired form of the disease. It must be emphasized that
practically all genetic disorders have an environmental com-
ponent, and the resulting phenotype is usually due to an
interaction between the gene (genotype) and the environ-
ment (phenotype).5 An obvious example of the importance
of environmental factors is that of familial hypertrophic
cardiomyopathy. This is a single gene disorder that is trans-
mitted in an autosomal dominant fashion, giving rise to
a phenotype of left ventricular hypertrophy.6 The same
genetic defect is present in the same abundance in the right
ventricle, yet the disease is seldom manifested in the right
ventricle. This would imply that the high pressure of the
left ventricle is an important stimulus in the pathogenesis
of the phenotype of hypertrophy. Genetic disorders are con-
sidered in three categories, namely, chromosomal abnor-
malities, single gene disorders and polygenic disorders.
Chromosomal abnormalities are usually detected by the
pediatric cardiologist while the infant is still very young.
Examples of adult forms of chromosomal abnormality

would be Turner’s syndrome. In this discussion, emphasis
will be on single gene disorders because we do not yet have
much information on polygenic disorders; however, the
future promise will be with polygenic disorders.

Mutations responsible for single gene disorders

Inherited diseases caused by an abnormality in a single gene
are inherited in a predictable pattern termed mendelian
transmission. Each individual has two copies of the gene,
one from each parent, referred to as alleles. The odds of
inheriting the mother’s allele rather than the father’s are by
chance alone, that is, 50%. Genes are units of heredity that
are passed on and transmitted independently to the next
generation. The two genes, separated on different chromo-
somes, assort themselves independently through the process
of crossover between chromosomes. The greater the dis-
tance between two loci, the more likely they are to be sepa-
rated during genetic transmission. The same disease may be
due to multiple mutations in the same gene (allele hetero-
geneity), or to a single or multiple mutation(s) in two or
more genes (locus heterogeneity). It is important to bear in
mind, however, that within any one family the gene and the
mutations responsible for the disease are the same, and that
only rarely would two genes be transmitted for the same
disease. Mutations involving only a single nucleotide are
known as point mutations and are responsible for 70% or
more of all adult single gene disorders (Table 23.1). A point
mutation may be due to substitution of one nucleotide for
another (missense mutation); or it may change the amino
acid to a stop signal which will truncate the protein (trun-
cated mutant); or it may eliminate a stop signal so that the
protein is elongated (elongated mutant). Nucleotides may
be deleted or added, which will result in a different reading
from left to right, and the gene may be read entirely differ-
ently, resulting in a non-functioning product (nonsense).

Patterns of inheritance of single gene disorders

Autosomal dominant disorders are so named because the
disease occurs despite a mutation in only one of the alleles.
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Males and females are equally affected, with about 50% of
the offspring being expected to have the defective gene
(Figure 23.1). The following features are characteristic of
autosomal dominant inheritance: each affected individual
has at least one affected parent; 50% of the offspring will
have the defective gene; normal children of an affected indi-
vidual bear only normal offspring; males and females are
equally affected; both sexes are equally likely to transmit
the abnormal allele to male and female offspring, and male
to male transmission occurs; vertical transmission through
successive generations occurs; and it is typical for autosomal
dominant disorders to have a delayed age of onset and vari-
able clinical expression. Autosomal dominant is the main
form of inheritance in adult cardiovascular disorders, and
examples would be familial hypertrophic cardiomyopathy
(HCM) and long QT syndrome. Autosomal recessive inheri-
tance, in contrast, requires both alleles to be defective and
so both parents must have the defective gene. The following
are characteristics: parents are clinically normal heterozy-
gotes; alternate generations are affected, with no vertical
transmission; both sexes are affected with equal frequency;
and each offspring of heterozygous carriers has a 25%
chance of being affected, a 50% chance of being an unaf-
fected carrier and a 25% chance of inheriting only normal
alleles. Examples of autosomal recessive disorders affecting

the heart include Jervell and Lang-Nielson long QT syndrome
and Pompe’s disease.

X-linked inherited disorders are caused by genes located
on the X chromosome. Because a female has two X chromo-
somes, she may carry either one mutant allele or two
mutant alleles; the trait may therefore display dominant or
recessive expression. Because males have only a single X
chromosome they are likely to display the full syndrome
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Figure 23.1 Mendelian patterns of inheritance

Table 23.1 Cardiac diseases with an identified genetic locus or gene 

Cardiomyopathies Chromosomal locus

Hypertrophic cardiomyopathy 1q3, 3p, 7q3, 11q11, 12q, 14q, 15q2, 19p3
Dilated cardiomyopathy without conduction defects 1q32, 6q1, 9q12, 10q24, 15q1, 2q31
Dilated cardiomyopathy with conduction defects 1q1, 3p22, 6q23
Arrhythmogenic right ventricular dysplasia 1q12, 2q32, 14q12, 14q23, 3p23
Mitochondrial cardiomyopathies

Mitochondrial DNA

Cardiac septal defects
Holt–Oram syndrome 12q2
Di George syndrome 22q
Noonan syndrome 12q

Aortic diseases
Aneurysms 11q23–24
Supravalvular aortic disease 9q
Marfan’s syndrome 15q

Conduction disorder
Familial heart block 19q13, 1q32

Ventricular arrhythmias
Long QT Syndrome 3p21, 4q24, 7q35, 11p15, 21q22
Brugada syndrome 3p21
Idiopathic VT 3p21

Atrial arrhythmias
WPW 7q3
Atrial fibrillation 9q

Grade A1a



whenever they inherit the abnormal gene from their
mother. Hence, the terms X-linked dominant and X-linked
recessive apply only to the expression of the gene in
females. As males must pass on their Y chromosome to all
male offspring, they cannot pass on mutant X alleles to their
sons; therefore, no male to male transmission of X-linked
disorders can occur. All females receiving a mutant X chro-
mosome are thus carriers, and those who become affected
clinically are usually homozygous for the defective gene.
The characteristic features of X-linked inheritance are as
follows: (1) no male to male transmission; (2) all daughters
of affected males are carriers; (3) sons of carrier females
have a 50% risk of being affected and daughters have a 50%
chance of being carriers; (4) affected homozygous females
occur only when an affected male and a carrier female have
children; and (5) the pedigree pattern in X-linked recessive
traits tends to be oblique because of the occurrence of the
trait in the sons of normal carrier sisters of affected males.
Examples of X-linked disorders of the heart include X-linked
cardiomyopathy, Barth’s syndrome and muscular dystrophy.

Another uncommon inheritance pattern is that of mito-
chondrial abnormalities. Mitochondria have their own
genome of about 37 genes contained in 16K of DNA in a
single circular chromosome. Most of the disorders involve
oxidative phosphorylation and are usually evident very early
in life. Phenotypes due to mitochondrial DNA mutations
are transmitted by maternal inheritance only, as the ovum
has mitochondria but the sperm does not. The characteristic
features of mitochondrial disease inheritance include: equal
frequency and severity of disease for each sex; transmission
through females only, with offspring of affected males
being unaffected; all offspring of affected females may be
affected; extreme variability of expression of disease within
a family; phenotypes may be age dependent; and organ
mosaicism is common. An example of mitochondrial inher-
ited cardiac disease is the cardiomyopathy of Kearns–Sayre
syndrome.

Polygenic inheritance of cardiac disease

Many important cardiac disorders are due not to a single
gene but rather to several genes, which increases suscepti-
bility to the disease; examples are hypertension and coro-
nary artery disease. There is ample evidence from dizygotic
and monozygotic twins, as well as endemic populations, to
indicate that such diseases have a significant genetic predis-
position,7 owing to the inheritance of multiple genes.
However, each gene may contribute less than 5% suscepti-
bility to the phenotype, and thus most computer models for
mapping and detecting genes require a much more domi-
nant effect, such as in single gene disorders. There is a lack
of mathematical models for detecting a 5% influence on a
disease. It is highly likely that 20 or 30 genes contribute to

the susceptibility of diseases such as atherosclerosis or
hypertension. The small effect of any one gene requires a
sample size of several thousand. The sequencing of the
human genome in itself will accelerate finding the suscepti-
ble genes, but the recent hope for polygenic diseases is
with the new chromosomal markers referred to as single
nucleotide polymorphisms (SNP). The new markers (SNP)
distributed throughout the human genome are present
about every 1000 base pairs (bp), as opposed to conven-
tional markers at every 10 million bp.8 Thus, as the markers
are so close they can detect even a 5% effect. This is still a
formidable task, in that one must genotype for several hun-
dred thousand markers, but the sample size can be less.
Automation is now available for high throughput of SNP. It
is hoped that some of the SNP represent mutations that alter
susceptibility to polygenic diseases. The SNP will at the very
least serve as signposts to map genes responsible for suscep-
tibility to disease. The combination of technology for high-
throughput genotyping of thousands of markers, together
with high-throughput sequencing, may enable one to map
and identify genes responsible for polygenic disorders.
Several genes have been identified to add susceptibility 
to disorders such as hypertrophy and coronary artery dis-
ease, but primarily from association through case studies,
which remain suspect until there is a proven causative rela-
tionship. Examples would be the DD allele of angiotensin-
converting enzyme, which predisposes to hypertrophy and
sudden death,9 and alleles of fibrinogen that predispose to
thrombosis.10

Family history and inherited cardiovascular
disorders

Diseases that segregate in a particular family are identified
from the family history. Obtaining a careful family history
has not been a priority for the cardiologist and so represents
an area not hitherto emphasized. Recognizing the impor-
tance of family history in single gene disorders, and also in
family cluster disorders such as atherosclerosis and hyper-
tension, must be at the fore-front of the history and physical
examination. Certain ethnic groups may direct specific test-
ing, such as for hemoglobinopathies in populations from the
Mediterranean, or sickle cell disease in African Americans.
The first individual to be recognized as having the disease is
usually referred to as the proband. Once a proband is recog-
nized, information should be collected on all first, second
and third degree relatives. The information should include
also medical problems, pregnancies, and information on
deceased relatives. Frequently, it is important to pursue
miscarriages, birth defects and other problems that might
appear to be unrelated. A pedigree should be constructed to
determine the pattern of inheritance, analogous to those
shown in Figure 23.1.
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Genetic counseling

Once it has been established that there is a familial disease it is
important to provide information appropriate to the level of
education of the individual or parents. Every attempt must be
made to explain the disease, so that important issues are
understood by the individual. An attempt must be made to
outline the diagnosis, prognosis if known, and mode of trans-
mission, together with a discussion of the psychological and
social issues. It is also important in young couples to empha-
size the mode of transmission and their chances of passing on
the disease, as well as the availability of prenatal diagnosis if
appropriate. The information must be provided in a non-judg-
mental and unbiased manner. The family must be able to
make a decision with respect to their religious, social and cul-
tural background. It is sometimes frustrating for the counselor
but personal bias must be avoided. Sometimes the issues are
extremely sensitive and the options must be presented with
concern and compassion while still remaining non-directional.

Single gene cardiovascular disorders

Several cardiovascular disorders have been shown to have a
familial basis. These diseases cover a wide spectrum, from
structural defects such as familial atrial septal defects to
functional defects such as long QT syndrome (Table 23.1).
For most of these diseases the chromosomal location (locus)
has been mapped but the gene has not yet been identified.
However, diseases such as the cardiomyopathies, particu-
larly hypertrophic cardiomyopathy, have undergone major
investigations, with elucidation of the pathogenesis. Animal
models of human familial HCM have been developed
and therapies have been evaluated. There is considerable
progress in the identification of genes responsible for ven-
tricular arrhythmias, particularly the long QT and Brugada
syndromes. It is still premature to manage these disorders
based on their genetic etiology. This is partly because
genetic screening is not available and the populations stud-
ied have not yet been adequately characterized to provide
generalized approaches to treatment. A few of these disor-
ders will be discussed to indicate progress in improving diag-
nosis, prevention and treatment. It also indicates the trends
for the future, when most of these genes will be identified
and data be available on the pathogenesis and prognosis as
they relate to the specific molecular defects.

Long QT syndrome 

Several mutations have been identified in the sodium or
potassium channel genes responsible for long QT syndrome,
which predisposes to ventricular arrhythmias and sudden
death. The inherited form of long QT syndrome is caused by
discrete mutations in genes that encode ion channels.
Several mutations have been identified in the sodium chan-
nel gene SCN5A.11–13 The long QT associated mutations in

SCN5A are associated with increased sodium flux and pro-
long depolarization. The mechanism believed to be respon-
sible for the arrhythmias is an imbalance between the
inward and outward currents during the plateau of the
action potential. Most of the mutations in the sodium chan-
nel appear to be gain of function. The pattern of inheritance
is most frequently autosomal dominant, although a rare
recessive form has also been identified.

Several mutations have also been noted in potassium
channels, which reduce potassium flux through a loss of
function.12,14 These mutations appear to have a dominant
negative effect. Rarely, the QT syndrome is inherited in an
autosomal recessive manner and may be associated with
deafness, such as in the Jervell and Lang-Nielsen syndrome.
This led to the recognition that the inward potassium cur-
rent is necessary for endolymph production in the inner
ear.15 There is extensive phenotypic variability among these
various genes and mutations, and within the same family, in
keeping with other genes, there are many modifiers yet to
be recognized to properly interpret genotype/phenotype
correlations. 

Another form of cardiac channelopathy is idiopathic ven-
tricular fibrillation. The electrocardiogram may be normal,
although some individuals have an associated electrocardio-
graphic abnormality that includes ST segment elevation
V1–3 together with right bundle branch block, referred to
as Brugada syndrome.16–18 Mutations responsible for this
disease have been linked to SCN5A with dominant inheri-
tance. There is at present no proven mechanism for the ven-
tricular arrhythmias; however, it is believed to be due to
inhomogeneity between the epicardium and the endo-
cardium during repolarization, which leads to reentry.

Genetic studies have led to improved treatment for some
of these disorders. Patients with long QT syndrome due to
mutations in SCN5A can be treated by sodium channel
blockers such as mexelitine. These drugs block the mutant
sodium channel’s current and have been shown to be selec-
tive and effective. No specific treatment for long QT syn-
drome due to potassium channels has yet been identified,
except for oral potassium supplementation and automatic
indwelling defibrillators. It is expected that many more of
these channelopathies will be identified, and it is reasonable
to assume that most of the channels responsible for atrial
and ventricular currents will be discovered through muta-
tions. A locus for familial atrial fibrillation has been mapped
to 10q32 but the gene has yet to be identified.19 A gene
responsible for an uncommon form of Wolff–Parkinson–
White (WPW) syndrome was identified and shown to be
AMPK.20,21 Several mutations in AMPK have since been
identified22–24 as inducing WPW, which is associated with
hypertrophic cardiomyopathy, conduction disorders and a
high incidence of atrial fibrillation. It appears that AMPK
induces abnormalities in glycogen which leads to all three
phenotypes.
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Familial hypertrophic cardiomyopathy

Clinical and pathological features of HCM

HCM is an autosomal dominant disease defined by cardiac
hypertrophy in the absence of an increased external load
(unexplained hypertrophy). Patients exhibit protean clinical
manifestations, ranging from minimal or no symptoms to
severe heart failure and sudden cardiac death (SCD). The
clinical manifestations often do not develop until the third
or fourth decades of life and the majority of patients are
asymptomatic or mildly symptomatic. HCM is a relatively
benign disease with an estimated annual mortality rate of
�0·7% in the adult population.25 However, SCD is often the
first and tragic manifestation of HCM in the young.26 HCM
is the most common cause of SCD in young competitive ath-
letes, accounting for approximately one third of all SCD
cases.26 The main pathological features of HCM include
myocyte hypertrophy and disarray, interstitial fibrosis and,
to a lesser extent, thickening of the media of intramural
coronary arteries. Whereas hypertrophy and fibrosis are the
common responses of the heart to all forms of injury,
myocyte disarray is considered the pathological hallmark of
HCM.27 Cardiac hypertrophy and interstitial fibrosis are the
major determinants of mortality and morbidity in HCM.28–32

In those with mild or no cardiac hypertrophy, myocyte 
disarray is a major predictor of SCD.33

Molecular genetics

HCM is a genetic disease with an autosomal dominant mode
of inheritance. A family history is present in approximately
two thirds of all index cases (familial HCM) and the
remainder are sporadic. Sporadic cases are also caused by
genetic mutations, albeit de novo, and affected individuals
transmit the mutation and disease to their offspring in 

the same patterns as familial cases. HCM usually is due
to mutations in at least 10 contractile sarcomeric proteins
(Table 23.2). Over 100 mutations in 10 genes have been
identified. 

Genotype/phenotype correlations

Genotype/phenotype correlation studies suggest that causal
mutations affect the magnitude of cardiac hypertrophy and
the risk of SCD (Figure 23.2). Mutations in �-MyHC are gen-
erally associated with an early onset and more extensive
hypertrophy and a higher incidence of SCD.34–36 In contrast,
mutations in MyBP-C are associated with a low penetrance,
relatively mild hypertrophy, late onset of clinical manifesta-
tions and a low incidence of SCD.34–38 Mutations in cTnT are
usually associated with a mild degree of hypertrophy but a
high incidence of SCD and more extensive disarray.33,39,40

Mutations in 
 tropomyosin are generally associated with a
benign phenotype and mild left ventricular hypertrophy.
However, a phenotype of mild hypertrophy and a high 
incidence of SCD also has been described.41 Mutations in
essential and regulatory myosin light chains have been asso-
ciated with midcavity obstruction in HCM and skeletal
myopathy in some,42 but not in others.43 Mutations in titin44

and 
 actin45–47 have been observed in a small number of
families. 

The results of genotype/phenotype correlation studies
are subject to a large number of confounding factors, such as
the small size of the families; the small number of families
with identical mutations owing to the low frequency 
of each mutation; variability in the phenotypic expression 
in affected individuals within the same family or among
families with identical mutations; the influence of modifier
genes;48 the influence of non-genetic factors; and, rarely,
homozygosity for causal mutations and compound 
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Table 23.2 Causal genes for HCM: genes coding for sarcomeric proteins 

Gene Symbol Locus Frequency % Mutations

�-Myosin heavy chain MYH7 14q12 �35 �70, predominantly missense mutations
Myosin binding protein-C MYBPC3 11p11·2 �20 �40, predominantly splice junction and 

insertion/deletion mutations
Cardiac troponin T TNNT2 1q32 �20 �15, mostly missense

-Tropomyosin TPM1 15q22·1 �5 �5 missense mutations
Cardiac troponin I TNNI3 19p13·2 �5 3 missense and 1 deletion mutations
Essential myosin light chain MYL3 3p21·3 �5 2 missense mutations
Regulatory myosin light MYL2 12q23-24·3 �5 7 missense and 1 truncation mutations
chain

Cardiac 
-actin ACTC 15q11 �5 2 missense mutations
Titin TTN 2q24·1 �5 1 missense mutation

-Myosin heavy chain MYH6 14q1 Rare 1 missense and 1 rearrangement mutation
Cardiac troponin C TNNC1 3p21·3-3p14·3 Rare 1 missense mutation in a patient with HCM

Grade A1a



mutations.49–51 Correlations between the small number of
patients studied suggest prognostic stratification by the
mutations, but caution must be exercised until larger stud-
ies are performed52 (Figure 23.2).

Pathogenesis of HCM

The initial defects induced by the mutant sarcomeric 
proteins are diverse. They comprise impaired actomyosin
interaction and cardiac myocyte contractile performance,
altered Ca2� sensitivity, reduced ATPase activity, sarcomere
dysgenesis, altered subcellular localization and altered stoi-
chiometry of the sarcomeric protein.53 However, despite the
diversity of the initial defects, the final phenotype is hyper-
trophy, fibrosis and disarray. We have proposed that a com-
mon link between the initial defect and the final phenotype
is impaired cardiac myocyte contractile function,54 which
increases myocyte stress and leads to the activation of stress-
responsive intracellular signaling kinases and trophic 
factors. Release of trophic factors activates the transcription
machinery, leading to cardiac hypertrophy, interstitial 
fibrosis and other histological and clinical phenotypes of
HCM.54 Accordingly, myocyte hypertrophy and disarray,
interstitial fibrosis and thickening of the media of intramural
coronary arteries are considered “secondary” phenotypes
and thus potentially reversible. In addition, the severity of
the phenotype is affected by factors other than the causal
genes, that is, the environmental factors and the modifier
genes. In support of this hypothesis, we have shown that
stress-responsive signaling kinases ERK1 and 2 are activated
in the heart of transgenic animal models of HCM, and that
cardiac hypertrophy and interstitial fibrosis could be
reversed or attenuated by pharmacologic interventions dis-
cussed later. 

Dilated cardiomyopathy (DCM)

Genetics of dilated cardiomyopathy

Dilated cardiomyopathy (DCM) is a primary disease of the
myocardium, diagnosed by a decreased left ventricular 
ejection fraction (�0·45) and an increased left ventricular
cavity size (end diastolic diameter �2·7 cm/m2). Clinical
features of DCM are those of heart failure, including syn-
cope, cardiac arrhythmias and SCD. The etiology of DCM is
diverse and a family history is present in approximately half
of all index cases.55–57 In such cases DCM is therefore con-
sidered a familial disease. The remainder have no family his-
tory and thus DCM is considered sporadic. A significant
number of patients with DCM and their affected relatives are
asymptomatic and are mistakenly considered normal, unless
subjected to clinical and genetic investigation.55 Familial
DCM is commonly inherited as an autosomal dominant dis-
ease55 which clinically manifests during the third and fourth
decades of life. An X-linked and an autosomal recessive pat-
tern of inheritance also occur, which often manifest early and
often during the second decade of life. The mode of trans-
mission is matrilineal when DCM occurs because of muta-
tions in the mitochondrial DNA. DCM also occurs in
conjunction with the triplet repeat syndromes and follows
their pattern of inheritance.

DCM is an extremely heterogeneous disease (Table 23.3).
Despite the diversity of the causal genes and mutations, the
vast majority of them encode for proteins that are either
components of the myocardial cytoskeleton or support it.
Therefore, DCM is considered a disease of cytoskeletal pro-
teins. Given the diversity of causal genes and mutations, it is
not surprising that each causal gene accounts for a very small
fraction of familial DCM and that none predominates.
Collectively, the mapped genes account for approximately
half of all familial DCM cases, and in a significant number of
families although the chromosomal loci have been mapped,
the causal genes remain unidentified. The gene encoding
cardiac 
 actin (ACTC) was the first causal gene identified
for familial DCM, with an autosomal dominant mode of
inheritance.58 The authors proposed that defects in the
cytoskeletal proteins could, by impairing the transmission of
contractile force, cause DCM.58 Recently, mutations in two
additional components of the sarcomere, namely the �
myosin heavy chain and cardiac troponin T, were found in
patients with DCM.59 As discussed earlier, mutations in
ACTC, MYH7 and TNNT2 are also known to cause HCM.
Thus, these findings suggest that the topography of the muta-
tions within the sarcomeric proteins plays a significant role in
determining the ensuing clinical phenotype. Mutations in
cytoskeletal proteins � sarcoglycan,60 metavinculin and dys-
trophin61 are also known to cause DCM. Mutations in 

sarcoglycan (adhalin) cause an autosomal recessive form of
DCM that occurs in conjunction with limb–girdle muscular
dystrophy. An intriguing causal gene for familial DCM is the
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Figure 23.2 Stratification of risk according to mutation.
Shown here are two different mutations in the �-MHC gene.
The mutation in Family 152 is associated with essentially nor-
mal life span, whereas Family 2 has a mean life span of about
28 years. This emphasizes the potential prognostic signifi-
cance of individual mutations.
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lamin A/C gene,62–64 which encodes a nuclear envelope pro-
tein. The observed phenotype resulting from mutations in
the rod domain of lamin A/C is progressive conduction dis-
ease, atrial arrhythmias, heart failure and SCD. Finally, muta-
tions in the intermediary filament desmin and its associated
protein 
/B crystallin have been identified in patients with
DCM.65–67 Often such mutations lead to a phenotype of car-
diac and skeletal myopathy referred to as desmin-related
myopathy.66 Collectively, these findings suggest that muta-
tions affecting the integrity of the cystoskeleton can cause
DCM. Systematic genotype/phenotype studies are not yet
available.

Pathogenesis of DCM

Mutations in cardiac 
 actin, � myosin heavy chain, cardiac
troponin T and other cytoskeletal proteins impart a 
dominant-negative effect on transmission of the contractile
force to the extracellular matrix proteins.58 Mutations in the
dystrophin gene lead to a decreased expression level of dys-
trophin, a major cytoskeletal protein in skeletal and cardiac
muscles. Decreased expression of dystrophin impairs effi-
cient mechanical coupling and myocyte shortening. In X-
linked DCM, the severity of the clinical phenotype
correlates inversely with the expression level of dystrophin.
The pathogenesis of DCM resulting from mutations in

desmin and 
/B crystallin involves the deposition of
desmin, and 
/B crystallin aggregates in the myocardium.
The molecular pathogenesis of DCM caused by mutations in
lamin A/C or emerin remains largely unknown. It is likely
that lamin A/C is also involved in maintaining the integrity
of the cytoskeleton. The pathogenesis of cardiomyopathies
in patients with the triplet repeats syndrome is also unclear.
Expansion of the CTG (CUG in mRNA) repeats in the 3�
untranslated region of the myotonin protein kinase gene
could lead to unstable mRNA and decreased expression of
the protein. It is also possible that proteins that bind to CUG
repeats may be necessary for proper transcription, splicing,
translation and nuclear transport of mRNAs of cardiac
genes.

Arrhythmogenic right ventricular 
dysplasia (ARVD)

ARVD is the primary abnormality of the myocardium, char-
acterized by a progressive loss of myocytes, fatty infiltration
and replacement fibrosis, which occur predominantly in the
right ventricle.68 ARVD, also named arrhythmogenic right
ventricular cardiomyopathy, often manifests as ventricular
arrhythmias originating from the right ventricle. A character-
istic electrocardiographic pattern is the presence of � wave,
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Table 23.3 Genetic causes of dilated cardiomyopathy 

Gene Symbol Locus Frequency Phenotypes

Cardiac 
-actin ACTC 15q11-14 Low DCM or HCM, based on topography of the
mutation and probably genetic background

�-Myosin heavy chain MYH7 14q11-13 Low DCM or HCM, based on topography of the
mutation and probably genetic background

Cardiac troponin T TNNT2 1q32 Low DCM or HCM, based on topography of the
mutation and probably genetic background

�-Sarcoglycan SGCD 5q33-34 Low DCM
Dystrophin DMD Xp21 Low X-linked DCM
Lamin A/C LMNA 1p21.2 Low DCM and conduction defect

Emery–Driefus muscular dystrophy,
lipodystrophy (Dunnigan variety)

Taffazin (G4.5) TAZ Xq28 Low DCM, ventricular non-compaction, skeletal
myopathy, mitochondrial abnormalities

Desmin DES 2q35 Low Desmin-related myopathies

B-Crystallin CRYAB 11q35 Low Desmin-related myopathy
Desmoplakin DSP 6p23-25 Low Recessive DCM
? ? 1q32 ?
? ? 2q14-22 ? DCM � conduction defect
? ? 2q31 ?
? ? 3p22-25 ? DCM � conduction defect
? ? 6q23-24 ? DCM � hearing loss
? ? 9q13-22 ? DCM � conduction defect � adult-onset 

limb–girdle dystrophy
? ? 10q21-23 ? DCM � MVP

Grade A1a



and less characteristic findings are depolarization/repolar-
ization abnormalities in the right precordial leads. The age
of onset of the disease is variable but commonly ARVD 
manifests with minor arrhythmias during adolescence, 
progressing to serious ventricular arrhythmias during the
third and fourth decade of life leading to SCD. In Italy,
ARVD is a relatively common cause of SCD in the young.69

Gradual fibrofatty infiltration of the myocardium leads to
regional and global right ventricular dysfunction and, less
frequently, left ventricle failure. In advanced stages both
ventricles are involved and heart failure is the predominant
manifestation.

Several loci for ARVD have been mapped, including loci
on 14q23-q24 (ARVD1),70 1q42-q43 (ARVD2),71 14q12-
q22 (ARVD3),72 2q32-q32·3 (ARVD4),73 3p23 (ARVD5)74

and 10p14-p12 (ARVD6).75 The causal gene for the ARVD2
locus on chromosome 1q42-q43 has been identified as the
cardiac ryanodine receptor gene (RYR2).76 Mutations in
RYR2 have been identified in four independent families with
ARVD.76 It is also likely that catecholaminergic (stress-
induced) ventricular tachycardia, although it classically
occurs in a structurally normal heart, is a phenotypic variant
of ARVD, as mutations in RYR2 have been identified in such
patients.77 Naxos disease, so named because it was first
reported from the island of Naxos in Greece, is an autoso-
mal recessive disorder characterized by ARVD, palmoplan-
tar keratoderma and other ectodermal features, such as
woolly hair.78 Recently, a 2 bp deletion mutation in the
plakoglobin gene, located on 17q21, was identified in
patients with Naxos disease.78

Genetics of hypertension

Hypertension is among the top three or four most common
diseases worldwide. It is an independent risk factor for car-
diac morbidity and mortality and a major stimulus for cardiac
hypertrophy, which itself significantly increases susceptibil-
ity for sudden cardiac death. Hypertension, as indicated 
previously, is primarily a polygenic disease. It is expected that
there are several genes that increase susceptibility to devel-
oping hypertension. These genes interact with the envi-
ronment, and the onset of hypertension is usually age
dependent, with 20–30% of the population being hyperten-
sive in their elderly years. Identification of the susceptibility
genes remains an elusive goal and is likely to occupy most of
the present decade. A recent study emphasizes the impor-
tance of identifying the genes responsible for hypertension.
Geller and his associates79 recently identified a family with
early onset of hypertension. The disease segregates as a dom-
inant mendelian disorder. A mutation was identified in the
mineralocorticoid receptor. The patient had severe hyperten-
sion, decreased plasma renin activity, decreased serum aldos-
terone, and no other underlying cause for hypertension. The

mutation was a missense in which leucine was substituted
for serine at codon 810, and is in the domain of the receptor
that binds to the hormone. Normally, 21-hydroxyl group
steroids are necessary to activate this receptor. In contrast,
the receptor with the mutation seems to activate itself and
does not require 21-hydroxyl stimulation. The potent antag-
onist spironolactone, which normally would block mineralo-
corticoid activity in normal individuals, acts as an agonist in
individuals with this mutation, causing hypertension and
further activating mineralcorticoid activity. This is quite a
drastic and unexpected change for the mutation not only to
have a positive effect, but to change the receptor to respond
to hormones and drugs in a manner opposite to normal.
Another important observation was in pregnancy, in which
about 6% of individuals develop hypertension and may pro-
ceed to pre-eclampsia. It was noted that progesterone,
which normally does not activate the mineralcorticoid
receptor, does so in individuals with the mutation. This has
significant implications in pregnancy, as progesterone levels
are normally increased 100-fold and thus women with this
mutation would be expected to develop hypertension.
Furthermore, treatment with spironolactone would increase
the hypertension and may precipitate pre-eclampsia. Two of
the carriers in this family had undergone pregnancies all
complicated by hypertension. It is also of note that while
pregnant, these women had a decreased serum potassium
and aldosterone levels, in keeping with the expected abnor-
mal response induced by the mutation. Although this is not
one of the polygenic causes of hypertension, it emphasizes
the pathogenetic mechanism involved and has clearly
improved the treatment of this condition, which is particu-
larly important in pregnancy. It is hoped that other
mendelian disorders causing hypertension will be identified,
as although they form a very small percentage of the etiol-
ogy of hypertension compared to polygenic forms, 
they could have significant implications for prevention and
treatment.79

Coronary artery disease

Although atherosclerosis is a polygenic disease, certain sus-
ceptible genes have been ascertained through association
studies in populations enriched for coronary artery disease.
The results of these studies are still regarded as preliminary
until causation is proved. Nevertheless, these susceptibility
genes have shed light on the pathogenesis and are likely to
be incorporated into future genetic profiles for risk stratifica-
tion and treatment. There are obviously several components
to coronary artery disease, namely, lipids and coagulation
factors. The list of potential candidate genes for coronary
atherosclerosis is extensive (Table 23.4). Two examples,
ABCA1 and CYBA, are discussed briefly. Plasma levels of
high density lipoprotein C (HDL-C) and its apolipoprotein A1
are under tight control of genetic factors, which are largely
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unknown. Mutations in the adenosine triphosphate (ATP)
binding cassette transporter (ABCA1) gene in patients with
Tangier disease80 have very low plasma levels of HDL-C and
apoA1 and an increased risk of coronary atherosclerosis.
This suggests a major role for the ABCA1 protein in regulat-
ing plasma HDL-C and apoA1 levels and thus the risk of ath-
erosclerosis. This notion is further supported by a recent
observation of increased frequency of coronary artery dis-
ease in members of families with Tangier or familial hypoal-
phalipoproteinemia who are heterozygous for mutations in
the ABCA1 gene.81

Recent studies have implicated variants of ABCA1 in sus-
ceptibility to coronary atherosclerosis in the general popula-
tion.81,82 We recently reported that a single nucleotide

polymorphism (SNP) located in the promoter region of ABCA1
was associated with increasing severity and progression of
coronary atherosclerosis.82 Subjects with the TT variant,
which is associated with reduced promoter activity, had more
severe coronary atherosclerosis than those with the CC geno-
type, and those with the CT genotype had an in-between risk.

A second example is the CYBA gene, which is involved 
in maintaining the delicate balance between oxidation 
and reduction (redox) in the vessel wall. CYBA codes for
p22phox protein, which is a component of the plasma 
membrane-associated enzyme NADPH oxidase. NADPH oxi-
dase is the most important source of superoxide anion, the pre-
cursor to a variety of potent oxidants, in intact vessel walls.
p22phox in conjunction with gp91 forms a membrane-bound
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Table 23.4 Selected candidate genes for coronary atherosclerosis and myocardial infarction 

Gene Locus Polymorphism Allele Function

Vascular homeostasis
ACE 17q23 I/D D aACE
AGT 1q42 M235T T aAGT
AT1 3q22 C1166A AA Unknown
ENOS 7q35-36 A/b a Unknown

Gln298Asp Asp ?

Hemostatic factors
�-Fibrinogen 4q2 G-453A A aFibrinogen
PAI-1 7q21·3-22 4G/5G 4G aPAI-1
GpIIb/IIIa 17q21·32 PI A1/A2 (T/C)PIA2 ?
Factor V 1q25-25 Arg506Gln Gln Resistance to APC
Factor VII 13q34 Arg353Gln Arg bVII
Thrombomodulin 20p1 GG-9/-10AT AT ?

Lipids and associated factors
Paraxoxonase 7q21-22 A/B (Gln92Arg) B (Arg) aactivity
LPL 8p22 Asn291Ser Ser bHDL, aTG

Asp9Asn Asn bHDL, aTG
Gly188Glu Glu bHDL, aTG

Hepatic lipase 15 Various mutations bHDL
LDLr 19p13·3 Various mutations aLDL
ApoE, (& C1, CII) 19q13·2 E2/E3/E4 E4 aLDL, aVLDL
ApoAI-CIII-AIV 11q23 Various mutations – bHDL, aTG
ApoB100 2p24 Various mutations aLDL, aVLDL
Apo(a) 6q26 KIV repeats aLp(a)
CETP 16q22 Few mutations bHDL
LCAT 16q22 Few mutations bHDL

Metabolic factors
MTHFR 1p36·3 C677T T aHomocysteine
CBS 21q22·3 Various mutations – aHomocysteine

Abbreviations: ACE, angiotensin-1 converting enzyme; AGT, angiotensinogen; AT1, angiotensin II receptor 1; CBS, cystathionine 
� synthase; CETP, cholesteryl ester transfer protein; eNOS, endothelial nitric oxide synthase; GpIIb-IIIa, glycoprotein IIb-IIIa; HDL,
high density cholesterol; LCAT, lecithin cholesteryl acyltransferase; LDLr, low density lipoprotein receptor; LPL, lipoprotein lipase;
MTHFR, methylenetetrahydrofolate reductase; PAI-1, plasminogen activator inhibitor-1; VLDL, very low density cholesterol

Grade B3



heterodimeric protein referred to as flavocytochrome b558.
The latter is considered the redox center of the NADPH oxi-
dase. The p22phox protein is essential for the assembly and
activation of the NADPH oxidase and plays a major role in
NADPH-dependent O2

� production in the vessel wall.
CYBA is located on chromosome 16q24 and has several

allelic variants, including a 242C/T transition that results in
replacement of histidine by tyrosine at amino acid position
72 (H72Y), a potential heme binding site. We determined
the association for the 242C/T variant with severity
and progression of coronary atherosclerosis and response
to treatment with a statin in a well characterized cohort
of Lipoprotein Coronary Atherosclerosis Study (LCAS)
patients.83 We showed that in the placebo group, subjects
with the mutation had three to fivefold greater loss in mean
minimum lumen diameter (MLD) and lesion-specific MLD
than those without. Progression was also more and regres-
sion less common in those with the mutation. These results
suggest that variants of p22phox are involved in the progres-
sion of coronary atherosclerosis.

Genetics and future therapy

Once the gene responsible for a disease is identified, it is
usually possible through genetic animal models to deter-
mine the function as well as the pathogenesis of the disease.
Genetic animal models of human FHCM have been devel-
oped in both mice and rabbits.84–86 In mice, expression of
Arg 403, known to cause human FHCM, exhibited myocyte
and myofibrillar disarray, impaired cardiac function and
extensive fibrosis. However, there is very little hypertrophy.
Expression of this same mutation Arg 403 in rabbits was
associated with a phenotype that is virtually identical to that
observed in human FHCM.86 This may be because the rab-
bit has �MHC as the predominant myosin in the heart, just
as is found in human myocardium, whereas the mouse
heart has 
MHC. In the transgenic rabbit there is myocyte
disarray, impaired systolic and diastolic function, extensive
interstitial fibrosis, and extensive septal and posterior wall
hypertrophy. There is also a significant incidence of sudden
death. Utilizing these two models, the pathogenesis of
FHCM has been considerably elucidated. It does appear that
impaired contractility due to the inherited defect in �MHC
leads to impaired contractility,54 which in turn is associated
with disarray and upregulation of several growth factors that
stimulate fibroblast proliferation, with increased matrix for-
mation, myocyte hypertrophy and further disarray.54 It has
been shown that in human FHCM several growth factors
are upregulated,54 and the pathology is that of fibrosis and
hypertrophy. As the fibrosis and hypertrophy are secondary
phenotypes, it would imply that, with appropriate therapy,
there could be attenuation, prevention or even regression of
these phenotypes.

A single blinded placebo controlled study87 was performed
in the animal mouse model with 12 transgenic mice receiving
placebo, 12 receiving losartan, and 12 controls. This study
showed that, despite a fully developed phenotype of disarray
and fibrosis, there was essentially a reversal of the phenotype
to normal after about 6 weeks of therapy. The fibrosis in the
treated group was similar to that in controls, along with
improved cardiac function. Transforming growth factor �
(TGF�), which is known to be a stimulus of fibroblastic activ-
ity and collagen deposition, also returned to control levels. It
is thus likely that TGF� is a major mediator of fibrosis in the
mouse. In the rabbit model, a similar single blinded placebo
controlled study88 was performed with simvastatin. After 
12 weeks of therapy this model showed a 37% reduction 
in hypertrophy and fibrosis and a significant improvement in
ventricular function. The mechanism whereby simvastatin
induces regression of hypertrophy and fibrosis is most likely
via the inhibition of isoprenylation of signaling proteins. This
process is necessary to induce growth of the cardiac myocytes
and/or fibroblasts. These studies are very exciting and pro-
vide compelling evidence for an appropriate clinical study in
patients. We are even more excited about these results
because both drugs are known to be safe, as they have been
taken by millions of patients for other reasons. These animal
models provide the potential to identify other targets for the
development of new therapies, but clearly losartan and sim-
vastatin can be evaluated in the near future. Studies are now
under way in animals to determine whether it is possible to
prevent the development of hypertrophy and fibrosis in the
transgenic rabbit expressing �MYC. It is of note that one sel-
dom sees FHCM in humans prior to puberty, and thus there is
at least a 10–12 year window in those positive for the muta-
tion in which one could, with appropriate therapy, prevent or
modulate the rate of development of the phenotype of fibrosis
and hypertrophy. There is also of course the possibility that
one could inhibit the fibrosis separately, which would lead to
more specific therapy for the treatment of the disease in
humans. It is an example of how one can work from the bed-
side to the bench in identifying the gene, and then back to the
bedside having developed therapies in animal models that can
be evaluated in clinical trials.

A diagnostic test for preclinical FHCM derived
from genetic animal models

We are very excited about a novel diagnostic means for the
preclinical diagnosis of FHCM. In the transgenic rabbit model
of human FHCM induced by expression of the Arg 403 muta-
tion, tissue Doppler velocities of the myocardium were
assessed. It was observed that rabbits positive for the muta-
tion, and despite having no hypertrophy, exhibited impaired
tissue Doppler velocities. These animals developed hypertro-
phy and the full phenotype, but not until several months
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later.89 Tissue Doppler velocities were evaluated in patients
with FHCM, those positive for a mutation but without any
clinical features, and controls:90 11 patients positive for muta-
tions without hypertrophy or any other clinical phenotype
exhibited decreased myocardial tissue velocity. We compared
their findings with controls and patients with a clinical pheno-
type of FHCM. Tissue Doppler imaging had a sensitivity of
85% and specificity of 90% in individuals without other clini-
cal findings. These findings have been confirmed by other
investigators (personal communication) and hopefully will be
used to initiate therapy for prevention, and possibly for screen-
ing of athletes. The combination of effective therapy in animal
models and a non-invasive test for preclinical diagnosis in
patients offers great promise for the future.

Key points

● In single gene disorders the phenotype is predominately
due to the effect of a single gene. Other genes (modifier
genes), together with environmental factors, interact to
give the observed differences in the phenotype.

● Polygenetic disorders often have no predominant gene,
but rather multiple genes interacting with the environ-
ment to give the phenotype.

● Single gene disorders exhibit mendelian patterns of
inheritance and the genes can be mapped and identified
utilizing two and three generation families.

● Familial hypertrophic cardiomyopathy is caused by more
than 10 genes involving more than 150 mutations.

● Familial dilated cardiomyopathy: although several have
been mapped only a few have been identified.

● Long QT syndrome and Brugada syndrome are present
in either the sodium or the potassium channels.

● Wolff–Parkinson–White syndrome has so far been
shown to be due to mutations in AMPK gene.

● A gene responsible for atrial fibrillation has been
mapped to chromosome 10q32 but the gene has not
yet been identified.

● Genetic animal models of human familial FHCM treated
with losartan or simvastatin have had a reversal of the
phenotype, including fibrosis and hypertrophy.

● Tissue Doppler echocardiography has been shown to
diagnose FHCM in humans and in animal models prior
to the development of cardiac hypertrophy and other
features on the phenotype.
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Introduction

Medical care for cardiovascular disease is expensive. In the
US, the total annual direct cost of caring for coronary heart
disease, stroke, hypertension and heart failure patients is
estimated to be $130 billion, with another $18·6 billion lost
owing to the effects of these diseases on employment and
productivity.1 Although Canada, western Europe and many
other industrialized countries spend less on medical care
than the US, their incidence and prevalence of cardiovascu-
lar diseases are similar and their spending on this segment of
the medical population as a proportion of all medical spend-
ing is comparable to that of the US. Because cardiovascular
diseases are chronic, therapies are largely palliative rather
than curative. Patients may live 20 or 30 years with these
disorders, during which time they can experience numerous
cardiovascular complications, often necessitating expensive
hospitalizations and interventions.

In this context, it is easy to see why preventive medical
care is appealing. By pre-empting the first manifestation of
disease, the entire set of downstream consequences (with
their attendant morbidity and cost) is also prevented.
Because it is rarely (if ever) possible to know precisely
which at-risk subject will develop clinically manifest disease,
however, preventive therapies must be given to many in
order to protect a few. Consequently, the number needed to
treat to prevent one new case of cardiovascular disease is
often quite large. Also, as preventive therapies must gener-
ally be used indefinitely, the associated lifetime treatment
costs are often substantial. For this reason, the economic
attractiveness (assessed as the cost per additional unit of
medical benefit produced) of preventive therapies has been
controversial.2

In an earlier chapter, Hlatky reviewed the basic principles
of cost-effectiveness analysis (see Chapter 6). As he pointed
out, cost effectiveness is a type of economic analysis that
relates the extra benefits of a new strategy or therapy to the
extra costs required to produce those benefits. Most com-
monly, such cost-effectiveness ratios are expressed as dollars
(or other currency) required to add an extra life year (or a
quality-adjusted life year) with the new therapy. In this con-
text, an economically attractive (“cost effective”) therapy is
one that yields an extra life year for 	$50 000, whereas an

economically unattractive (“not cost effective”) therapy is
one that requires �$100 000 for every extra life year pro-
duced. (These benchmarks should not be interpreted dog-
matically.3) For reasons reviewed in detail by Hlatky, the
incremental effectiveness of a new therapy often has a much
greater impact on its cost-effectiveness ratio than its incre-
mental cost. Consequently, therapies where the number
needed to treat to produce one extra unit of benefit (for
example, one extra survivor, one extra coronary artery dis-
ease (CAD) free subject) is large may not be economically
attractive at even a modest price per subject treated,
whereas therapies that are very effective or which are
applied to high-risk populations may be economically attrac-
tive at a substantially greater cost per subject.

Preventive therapies are now typically divided into those
used in disease-free subjects to prevent the initial manifesta-
tion of disease (that is primary prevention) and those used
to prevent complications or disease progression in patients
with established disease (that is secondary prevention). In
this chapter we will review what is known about the eco-
nomics of both types of prevention for atherosclerotic coro-
nary artery disease.

Cholesterol lowering

Primary prevention 

Many observational studies (reviewed in Chapter 12) have
established a strong dose–response relationship between
cholesterol level and risk of coronary artery disease (CAD).
These data suggest that therapies that reduce cholesterol the
most should prevent the greatest number of coronary events.
Trials evaluating the first generation of lipid-lowering agents
(for example, Helsinki [gemfibrozil], LRC-CPPT [cholestyra-
mine], and WHO [clofibrate]) yielded modest reductions in
cholesterol (�10%) and produced equivocal clinical results.
Given the limited clinical effectiveness of these agents, cost-
effectiveness analyses indicated that cholesterol reduction
using them in primary prevention was economically unat-
tractive, although therapy targeted at high-risk subjects with
multiple risk factors had a more favorable economic profile.4

With HMG-CoA reductase inhibitors (statins), total and LDL
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cholesterol reductions of 20–30% or more can be achieved,
with a resulting decrease in all-cause mortality of 21%.5 As a
consequence, the cost effectiveness of preventive therapy
with these agents appears more favorable.

There are two major primary prevention trials with statin
therapy that have published economic data: the West of
Scotland Coronary Prevention Study (WOSCOPS) and the
Air Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS). WOSCOPS randomized 4159 men
between the ages of 45 and 65 without overt coronary dis-
ease who had LDL cholesterol levels �155 mg/dl to either
pravastatin (40 mg/day) or placebo.6 During the mean fol-
low up of 4·9 years, pravastatin reduced the total choles-
terol by 20% and decreased all-cause mortality by 22%
(P � 0·051) (Table 24.1).

To evaluate the economic profile of statin therapy in pri-
mary prevention, Caro and colleagues7 used the WOSCOPS
database along with long-term survival of Scottish subjects
(matched to the WOSCOPS subjects on age, gender and
cardiac event profile) obtained from the Scottish Record
Linkage system. This allowed the creation of a full survival
curve for each treatment arm (empirical data for 5 years,
Scottish survival data after 5 years based on subject event
profile). Cost data were derived from Scottish 1996 medical
prices and are cited below in their US dollar equivalents.
Caro and colleagues estimated that to prevent one extra
subject progressing from an asymptomatic state to clinical
disease (indicated in the WOSCOPS database by death, MI,
stroke, revascularization or angina) 31·4 men would need
to be started on statin therapy.8 Pravastatin therapy (the
average daily dose in the trial was 40 mg) was assigned a
cost of $934 per year. The investigators estimated a drug
treatment cost (over 5 years) of $3735 per subject, with a
cost offset of $85 per subject owing to adverse events pre-
vented by treatment, leaving a net undiscounted 5 year
incremental cost per subject of $3650 ($3196 discounted at
6%). On the medical benefit side, the investigators projected
an average (undiscounted) increase in life expectancy per

subject of 0·25 years (approximately 0·10 years discounted).
The resulting base case cost-effectiveness ratio indicated
that statin therapy as primary prevention in the WOSCOPS
population added an additional life year at a cost of approxi-
mately $29 132. Using the benchmarks cited earlier, this
would be an economically attractive therapy (that is
�$50 000 per life year added).

The AFCAPS/TexCAPS trial randomized 6605 subjects
free of clinically evident CAD who had average total choles-
terol and LDL cholesterol levels to lovastatin or placebo.9

Over a mean follow up of 5·2 years, lovastatin reduced the
incidence of a first major acute coronary event by 37%
(P � 0·001) (Table 24.1). In an analysis of the cost conse-
quences in this trial, lovastatin cost $4654 per patient over
the duration of the trial and saved $524 owing to reduced
cardiac events and procedures.10 These savings came from a
19% reduction in coronary bypass graft surgery (CABG), a
37% reduction in percutaneous transluminal coronary angio-
plasty (PTCA), and a 26% reduction in cardiovascular hospi-
tal days. A cost-effectiveness analysis of AFCAPS/TexCAPS is
not planned. The availability of generic lovastatin in the near
future will probably substantially reduce the net cost of this
therapy.

A third important analysis in this area was performed
using the Coronary Heart Disease (CHD) Policy Model, a
computer simulation model that estimates the annual inci-
dence of coronary disease in subjects aged 35–84 based
on their risk factor profile.11 The effectiveness of diet and
statin therapy was estimated from analysis of pooled clinical
trials. The model estimated that for men with an LDL cho-
lesterol �160 mg/dl primary prevention with statin therapy
relative to a Step I diet had a cost-effectiveness ratio between
$130 000 and $260 000 per QALY added.12 Further classify-
ing risk by considering HDL cholesterol, smoking status
and blood pressure led to the identification of subgroups
with cost-effectiveness ratios as low as $54 000 per QALY
(male aged 35–49 years with all three additional risk fac-
tors) or as high as $420 000. Most of the subgroups had

Table 24.1 5 Year clinical outcomes and costs of lipid lowering in major randomized trials

Study Reductions per 1000 patients Cost per patient ($)

Deaths MI Revasc Tx Offset Net

1� Prevention
WOSCOPS 5 19 8 3700 100 3600
AFCAPS 4 26 31 4654 524 4130

2� Prevention
4S 32 47 59 4650 3900 780
CARE 11 18 47 5550 1660 3890

Adapted from Mark DB, Hlatky MA. Clinical cardiology: new frontiers medical economics and the
assessment of value in cardiovascular medicine. Circulation 2002;106:516–20.
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ratios above $100 000. For women, cost effectiveness (CE)
ratios for primary prevention with statin therapy were even
higher, with the most favorable being $61 000 per QALY
and the least favorable subgroup having a ratio of $1·4 mil-
lion per QALY.

There are several possible reasons why the WOSCOPS
analysis and the CHD Policy Model analysis reached differ-
ent conclusions about the economic attractiveness of statin
therapy as primary prevention. The most important is prob-
ably the different amount of incremental life expectancy
attributed to statin therapy by the two models. In particular,
the 0·25 year incremental life expectancy per patient esti-
mated in the WOSCOPS analysis may overstate the benefit
of a therapy that saves one life per 1000 per year of therapy.

Primary prevention with statins is most economically
attractive in high-risk subjects. Thus, a recent model-based
analysis estimated that primary prevention with statin ther-
apy was economically attractive in both diabetic men (CE
ratio �$10 000 per year of life saved) and women (CE ratio
�$40 000 per year of life saved).13

Secondary prevention 

The National Cholesterol Education Program May 2001
update identifies an LDL level of �100 mg/dl as optimal in
patients with established CAD.14 Several major clinical trials
have demonstrated significant clinical benefit for statin ther-
apy as secondary prevention. The Scandinavian Simvastatin
Survival Study (4S) was a double-blind placebo-controlled
trial of adjusted-dose simvastatin in 4444 men and women
between the ages of 35 and 60 with a history of angina
or prior MI and total cholesterol levels between 210 and
310 mg/dl despite dietary interventions.15 Median follow
up was 5·4 years. The majority of patients received
20 mg/day of simvastatin, but more than one third required
40 mg/day. Simvastatin reduced total cholesterol by 25%
and LDL-C by 35%, and it decreased all-cause mortality by
30% (P � 0·003) (Table 24.1).

Pedersen and colleagues16 evaluated the incremental cost
of simvastatin therapy in the 4S trial. During the 5·4 years of
trial follow up, simvastatin therapy reduced hospitalizations
for acute cardiovascular disease by 26% (P � 0·0001) and
total hospital days by 5138 (P � 0·0001). The beneficial effect
of simvastatin on hospitalization first became evident after 
10 months of therapy, became statistically significant after 
22 months, and appeared to increase over time. The use of
antianginal and other cardiovascular drugs was not altered by
statin therapy. Using US DRG-based reimbursement rates as
cost weights, Pedersen and coworkers estimated that simvas-
tatin therapy would save an average of $3872 per patient,
owing to reduced need for hospitalization. The cost of the
drug itself over the 5 year trial period averaged $4400 (dis-
counted) per patient. Added to this were the cost of laboratory
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monitoring of the statin therapy (three to four lipid and
transaminase measurements in the first year, and annually
thereafter), which amounted to $250 (discounted) per
patient. Thus, the net cost of the statin arm in the 4S trial over
a mean of 1915 days of follow up was $778 per patient,
which equates to approximately $148 per patient per year.16

Johanesson and colleagues17 constructed a modified
Markov model to estimate the cost effectiveness of using statin
therapy for 5 years as secondary prevention for subgroups
defined by age, sex and cholesterol level. The increased life
expectancy produced by statin therapy was estimated from
the 4S trial data. For a 59 year old male with a pretreatment
cholesterol level of 261 mg/dl, life expectancy was pro-
longed by 0·28 years; for a 59 year old woman the corre-
sponding figure was 0·16 years. Cost figures were derived
from four Swedish hospitals and converted to US dollars.
For the prototypical 59 year old man cited above, treatment
costs averaged $2242 with a cost offset of $718 owing to
reduced morbidity, leaving a net incremental cost of $1524
per patient. The cost per year of life added with statin ther-
apy for this patient was $5400.17 For the corresponding
59 year old woman, the net incremental cost was $1685
and the cost per life year added with statin therapy was
$10 500. The cost effectiveness of 5 years of simvastatin
ranged from $3800 per life year added for a 70 year old man
with a cholesterol of 309 mg/dl, to $27 400 for a 35 year
old woman with a cholesterol of 213 mg/dl. Extensive sen-
sitivity analyses showed that statin therapy as secondary pre-
vention was economically attractive under a wide range of
assumptions. A recent model-based analysis estimated that
statin therapy for secondary prevention was economically
attractive in the diabetic subpopulation in the US, with CE
ratios from $7000 to $15 000 for diabetic men and $24 000
to $40 000 for diabetic women.13

Differences between cardiovascular care in Sweden and
North America raise the question of how generalizable an
economic analysis of the 4S trial is. For example, Swedish
use of coronary revascularization procedures was far lower
than in the US and many European countries. In the 4S
trial, the 5 year rate of revascularization was 17·2% in the
placebo arm, and 81% of those procedures were coronary
bypass surgeries. With the higher procedure rates in the US,
even a modest relative reduction in the need for revascular-
ization could generate greater cost savings than were seen
in 4S. In addition, important benefits of therapy may be
seen in patients who have undergone revascularization.
For example, in the Post Coronary Artery Bypass Graft
Trial, aggressive lipid lowering with lovastatin to an LDL-
cholesterol �100 mg/dl reduced the need for repeat revas-
cularization over a 4 year follow up by 29% relative to
moderate lipid lowering therapy.18

The CARE (Cholesterol and Recurrent Events) trial random-
ized 4159 postmyocardial infarction (MI) patients with an
average total cholesterol of 209 mg/dl to either pravastatin
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40mg/day or placebo.19 After 5 years of follow up, death and
non-fatal MI were reduced by 24% (P �0·003) (Table 24.1).

A cost-effectiveness analysis based on the CARE trial
results has recently been published.20 Based on the mean
pravastatin dose in the active therapy arm, the cost of
pravastatin therapy in the trial was $925 per year ($5 550
for the 6 years of the trial). Use of other cardiac medications
was similar in the two arms (about $1250 per year). Over
the 6 year follow up, the pravastatin arm saved about $1700
in hospital costs relative to placebo. Extrapolated to a life-
time perspective, the average cost of the pravastatin strategy
discounted at 3% per year was $53 177, whereas that for
the placebo arm was $42223 for an incremental cost of
$10954. Extrapolating the observed (non-significant) mortal-
ity difference in CARE yielded a discounted quality-adjusted
life expectancy of 13·62 QALYs for the pravastatin arm and
13·27 QALYs for placebo, for an incremental benefit of 0·35
QALYs. The resulting cost-effectiveness ratio was $31000 per
QALY saved with pravastatin therapy. Results were similar in
men and women. For patients 60 and older the CE ratio was
$9100 per QALY, and a similar result was obtained in patients
with pretreatment LDL-cholesterol �150mg/dl. On the
other hand, for patients with an LDL-cholesterol �125mg/dl,
this analysis estimated that pravastatin therapy would be both
more costly and less effective than placebo. These results
show that statin therapy is economically attractive when
applied to the majority of CARE participants, namely post-MI
patients with an “average” cholesterol level.

What remains unsettled is the value of treating previously
untreated patients with LDL-cholesterol values �125 mg/dl.
Also unsettled is the value of very aggressive lipid lowering
in secondary prevention populations to LDL-cholesterol lev-
els substantially below 100 mg/dl. Ongoing clinical trials
should provide additional guidance in these areas over the
next 5 years.

Cessation of smoking 

Cigarette smoking has many adverse health effects, includ-
ing a significant risk of coronary disease. Given the addictive
nature of smoking, most smoking cessation programs have
limited success (�6% more patients stop smoking in
12 months than do controls).21 As reviewed in previous
chapters, observational data suggest that those who succeed
in quitting experience a sharp decline in the high cardiovas-
cular risk associated with smoking in the first 6 months, and
their risk reaches the level of non-smokers after 1–2 years.
This decrease in cardiovascular risk from smoking cessa-
tion has been estimated to increase life expectancy for each
quitter by between 2 and 5 years.22 Furthermore, each
smoker who quits is associated with an average reduction 
in CAD-related medical costs of about $900 over the ensuing
8 years.23
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In a primary prevention study, Cummings and colleagues24

created a model to examine the cost effectiveness of physi-
cian counseling (versus no counseling) on smoking cessa-
tion. In their model, the authors assumed that physician
counseling led to a 2·7% decrease in smoking at 1 year, with
a subsequent 10% relapse rate. They assumed that the cost
of this brief advice would be $12. These data yielded CE
ratios from about $1000 to $1400 per year of life saved for
men, and from about $1700 to $3000 per year of life saved
for women. Sensitivity analysis of a worst case scenario (cost
increased to $45, cessation rate decreased to 1%, 50%
relapse after the first year) still indicated that brief physician
advice to quit smoking was economically attractive.
Although physician counseling is only very modestly effec-
tive, it remains an important prevention strategy because it
is so inexpensive.

A similar analysis was performed by Oster and coworkers
comparing nicotine gum as an adjunct to physician advice
versus physician advice alone.25 Based on randomized clini-
cal trials, the authors assumed that nicotine gum for
4 months resulted in a cessation rate of 6·1% versus 4·5%
for physician counseling. The cost of 4 months of nicotine
gum was $161 (1984 figures). The CE ratios for this form of
smoking cessation intervention ranged from about $6000 
to $9000 per life year added for men, and about $9500 to
$13 000 for women.

In the arena of secondary prevention, Krumholz and col-
leagues evaluated the effect of a nurse counseling smoking
cessation program for post-MI patients.26 Data from a previ-
ously published randomized trial was used in a decision
model to define the 1 year quit rate and postcessation mor-
tality.27 The model assumed an incremental life expectancy
of 1·7 years per quitter. The estimated cost of the program
was $100 per patient. With an incremental smoking cessa-
tion rate of 26%, the program’s cost-effectiveness ratio was
highly favorable at $265 per life year added. Sensitivity
analyses showed that the cost-effectiveness ratio remained
attractive at below $10 000 per life year added if only 1%
of smokers quit (instead of 26%), or if quitters gained only
0·1 year of life expectancy (instead of 1·7 years).

For those who are able to stop smoking, observational
data suggest significant gains in life expectancy. When these
favorable estimates are combined with the relatively modest
cost of smoking cessation interventions, these programs
appear very economically attractive.

Treatment of hypertension 

Hypertension is an ideal disease for preventive therapy. It is
a highly prevalent disorder, with more than 60 million
Americans (one in four adults) estimated to have the dis-
ease.1 If untreated, hypertension leads to significant morbid-
ity and mortality, with coronary disease, heart failure and
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strokes being the main cardiovascular complications. Finally,
numerous interventions capable of lowering the blood pres-
sure are available, including a wide spectrum of antihyper-
tensive pharmacologic agents.

Using data from the Framingham study, Stason and
Weinstein evaluated the cost effectiveness of treatment of
hypertension as primary prevention by modeling stepped
care, from screening for hypertension to drug compliance.28

When stratified by initial blood pressure, age, gender and
race, most subgroups had cost-effectiveness ratios of less
than $50 000 per quality-adjusted life year. Not surprisingly,
the cost effectiveness was more favorable for those with
higher initial blood pressures. Other determinants of cost
effectiveness were gender, age and compliance.

Because hypertension usually requires lifetime therapy,
and as most antihypertensive agents are equally efficacious
at reducing blood pressure, an important determinant of the
economic profile of this form of prevention is the cost of the
antihypertensive regimen. Edelson29 evaluated the cost
effectiveness of five specific monotherapies in persons with-
out coronary disease aged 35 to 64. The study involved sim-
ulation of 20 years of therapy (1990–2010) based on the
Coronary Heart Disease Policy Model. Effectiveness data
was based on a meta-analysis of 153 studies in the literature.
A key assumption was that if different agents produce the
same reduction in diastolic blood pressure, then the clinical
benefit would be the same. Of the five agents studied, pro-
pranolol and hydrochlorothiazide had the most favorable
cost-effectiveness ratios, at $10 900 per year of life saved
and $16 400 per year of life saved, respectively (expressed
in 1987 dollars). Captopril had a higher cost and a lower
estimated reduction in diastolic blood pressure, yielding a
cost-effectiveness ratio of $72 100 per life year saved. A lim-
itation of the study was that estimates of 20 year outcomes
were based on trials often lasting only several months. More
recently, Littenberg and colleagues30 modeled the cost effec-
tiveness of treating mild hypertension (diastolic pressure
from 90 to 105) and also found that the cost-effectiveness
ratio was more attractive when the least costly antihyper-
tensive agent was used.

Even though the various antihypertensive agents are all
capable of lowering blood pressure, evidence for a mortality
benefit is strongest for diuretics and � blockers.31 In an
overview of four trials, ACE inhibitors were found to reduce
stroke (by 30%) and coronary heart disease (by 20%).32 In
placebo-controlled trials, calcium channel blockers reduced
stroke (by 39%) and major cardiovascular events (by 28%).
Some continue to argue that long-acting calcium-channel
blockers are inferior to other antihypertensives based on the
available trial data, but this point remains contentious.33

Although no recent economic models have evaluated treat-
ment of hypertension in the elderly, an overview of the avail-
able randomized trial data showed that two to four times 
as many younger subjects needed to be treated for 5 years
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to equal the benefits of therapy in preventing morbid and
fatal events in the older population.34 Thus, the economic
profile of treatment in the elderly would be expected to be
correspondingly favorable.

No large randomized clinical trials have evaluated hyperten-
sion control as secondary prevention, and no cost-effectiveness
models addressing this issue have been published.

Exercise as therapy

Many epidemiologic data support the idea that regular exer-
cise is associated with less coronary heart disease and
improved longevity (see Chapter 16). The improved out-
comes are attributed, at least in part, to improvements in
blood pressure, weight and cholesterol levels. Analysis of
the economic benefits of regular exercise in the primary pre-
vention of cardiovascular disease has been limited to model
simulations of clinical outcomes based on epidemiologic data.
In 1000 hypothetical 35 year old males, a 2000 kcal/week
jogging program (�20 miles) was assumed to reduce CHD
risk by 50% compared with no exercise.35 Direct costs
attributed to the program included exercise equipment and
a portion of an annual physician visit ($100 per year). The
model also used a sliding scale of indirect costs due to lost
productivity for time spent in jogging, based on how much
the individual disliked exercise ($9·00 per hour for subjects
who disliked exercise, $4·50 per hour for neutral subjects,
and $0 for subjects who enjoyed exercise). The cost-
effectiveness ratio using direct costs was $1395 per quality-
adjusted life year added; with the indirect costs, the ratio
increased to $11 313 for regular exercise versus no exercise.
The model assumed that compliance was 100% even for
those who disliked exercise.

A second analysis of this issue used the Cardiovascular
Disease Life Expectancy Model to forecast the long-term
benefits of exercise training.36 This model is based on the
risk factor and outcome data from the Lipid Research Clinics
Program Prevalence and Follow-Up Studies. This model was
applied to the average risk profiles of a population-based
cohort of Canadian men and women with and without car-
diovascular disease to estimate life expectancy. The effec-
tiveness of exercise was projected based on its reported
effects on blood lipids (a 4% decrease in LDL, a 5% increase
in HDL) and blood pressure (6 mmHg decrease in systolic
pressure). Costs were based on Canadian sources and con-
verted to 1996 US dollars. Two exercise programs were
considered: a supervised exercise class at $605 for the first
year and $367/year after year 1, and an unsupervised walk-
ing program at $311 for the first year and $73/year after
that. Adherence was estimated at 50% for the first year,
dropping to 30% for all subsequent years. The unsupervised
exercise program had an estimated cost per year of life saved
of $12 000, for both primary and secondary prevention.



The supervised exercise program was also economically
attractive, with cost-effectiveness ratios of $20 000 per year
of life saved for secondary prevention in men, and between
$20 000 and $40 000 per year of life saved for secondary
prevention in women and for primary prevention in men.
With greater adherence than was assumed, the economic
attractiveness of both exercise programs improves.

Most studies of exercise as secondary prevention in coro-
nary disease involve structured programs of cardiac rehabili-
tation in post-MI patients. Because of limited sample size,
no single randomized trial has definitely shown that cardiac
rehabilitation reduces cardiac events. Two meta-analyses
pooled data from the available trials and estimated a
20–25% reduction in death and non-fatal MI with cardiac
rehabilitation in post-MI patients.37,38 In 1993, Oldridge39

published an economic evaluation of an 8 week cardiac
rehabilitation program in post-MI patients with mild to mod-
erate depression and/or anxiety. There were no differences
in mortality or non-fatal MI, but quality of life, as measured
by the time trade-off method, did improve, leading to 0·052
quality-adjusted life years gained during the 1 year of follow
up. The corresponding cost-effectiveness ratio in this analy-
sis was around $10 000 per quality-adjusted life year added.
A second, more recent analysis of formal cardiac rehabilita-
tion after acute MI estimated a cost-effectiveness ratio of
$4950 per year of life saved (1995 dollars).40

The value of these analyses on the cost effectiveness of
exercise is heavily dependent on the credibility of the
assumptions about the amount of benefit to be derived. In
this respect, the absence of large-scale mortality trials repre-
sents a weakness in the evidence that economic models can-
not rectify.

Pharmacologic secondary prevention 

For those with coronary disease, aspirin therapy leads to a
substantial reduction in death and non-fatal MI, and its costs
and long-term side effects are minimal.41 Even though there
are no formal cost-effectiveness analyses of aspirin therapy,
its efficacy and low price make aspirin a “best buy” of sec-
ondary prevention therapy.

For post-MI patients, several trials have shown that
� blockers prevent death and cardiac events. Goldman and
coworkers performed a cost-effectiveness analysis of
� blocker therapy after an acute MI in men.42 The model
assumed a mortality reduction of 25% per year for the first
3 years of therapy, and 7% per year for years 4–6, with gradual
attenuation over the subsequent 9 year period, based on an
overview of the available literature. After 6 years of therapy,
the model assumed that � blockers were discontinued. The
average cost of propranolol therapy used in this study was
$208 per patient per year (1987 rates). The cost-effectiveness
ratios ranged from $2300 per life year added in high-risk
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patients, to $13 600 per life year saved for low-risk patients.
The �-blocker trials upon which this model was based were
all completed in the prethrombolytic era and the cost effec-
tiveness of this form of secondary prevention has not been
re-examined in patients undergoing reperfusion therapy.
Furthermore, recent analyses of the Beta Blocker in Heart
Attack Trial (BHAT) showed that MI patients who survived
the first year with low- to moderate-risk courses (the typical
profile of a postreperfusion therapy patient) did not evidence
any long-term benefit from � blockers.43

A more recent analysis using the CHD Policy Model
examined the epidemiologic impact and cost effectiveness
of increasing � blocker use in acute MI survivors from cur-
rent levels (estimated to be 44% in 2000) to target levels
(estimated to be 92%).44 Treatment was projected to con-
tinue over 20 years. The additional costs of this full-use
�-blocker strategy were estimated at $570 million for the
USA. However, with a cost offset from decreased CAD-
related events, the net cost was estimated at $158 million.
The incremental cost per QALY added with full use
� blocker therapy was $4500. A strategy of phasing in
higher � blocker use by concentrating on achieving target
use levels in all first-MI survivors over the next 20 years was
estimated to save 72 000 lives and be cost saving (a domi-
nant strategy). Thus, improving evidence-based use of 
� blockers in CAD offers major health gains at a very attrac-
tive cost, and may even be cost saving.

Angiotensin-converting enzyme (ACE) inhibitor efficacy
in secondary prevention was demonstrated in the SAVE
(Survival and Ventricular Enlargement) trial, a double-blinded
placebo-controlled trial of captopril in 2231 acute MI sur-
vivors with an ejection fraction (EF) 	40%. SAVE showed a
19% reduction in mortality during the average follow up of
3·5 years. Based on the SAVE results, Tsevat and colleagues45

created a decision model to determine the cost effectiveness
of ACE inhibitors in 50–80 year old acute MI survivors with
an ejection fraction (EF) of 	40%. Assuming that the survival
benefits of captopril extended beyond 4 years, the cost-
effectiveness ratios averaged $10 400 per QALY or less (1991
dollars), depending on age. The use of 6 weeks of lisinopril
therapy in acute MI patients was recently reported to be
economically attractive ($2080 [1993 US dollars] per extra
6-week death avoided), based on the GISSI-3 trial data.46

Between 1993 and 1995, the Heart Outcomes Prevention
Evaluation (HOPE) Study randomized 9297 patients aged
55 or greater who had either manifest vascular disease
(CAD, stroke, peripheral vascular disease) or diabetes plus
one other risk factor to ramipril or placebo.47 Over a mean
follow up of 4·5 years, the ramipril group experienced a
22% reduction in the composite of cardiovascular death, MI
or stroke (P � 0·005). All-cause mortality was reduced 16%
(P � 0·005) and non-fatal MI was reduced 20% (P � 0·001).
In addition, ramipril decreased the need for revasculariza-
tion by 15% (P � 0·002). Lamy and colleagues recently
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examined the economic implications of ramipril therapy in
HOPE.48 Medicare reimbursements were used to estimate
hospital costs and the Medicare Fee Schedule provided
physician costs. The retail cost of 10 mg per day of ramipril
therapy in the US is approximately $440 per year. Over the
follow up of the HOPE Study the cost of the ramipril was
$1480 per patient. Use of ramipril had no significant effect
on use of other cardiac medicines. However, hospitalization
costs were reduced by $614, and revascularization costs
(coronary, carotid, peripheral) were reduced by $750.
Although this economic analysis was retrospective and
therefore could not include all costs of interest, use of the
Medicare cost weights was conservative. Similar results
were obtained when the analysis was done using Canadian
cost weights. Thus, over the duration of the study follow up,
ramipril appeared to pay for itself by reducing complications
and related need for hospital-based care. This study did not
attempt to project results out to a lifetime perspective. Based
on the HOPE economic analysis, therefore, ramipril used in
HOPE-eligible patients is a dominant therapy (better clinical
outcomes, equivalent costs).

Preventive strategies ripe for 
cost-effectiveness analysis

Multiple risk factor interventions 

The studies reviewed thus far have focused on the cost
effectiveness of single risk factor interventions independent
of other risk factors. In clinical practice patients have multi-
ple risk factors that require multiple concurrent interven-
tions. The Stanford Coronary Risk Intervention Program
(SCRIP) evaluated the effect of multifactor risk modification
on the progression of angiographic CAD in 300 patients.49

The intervention program consisted of exercise, dietary
modifications, weight loss, lipid lowering pharmacotherapy
and smoking cessation. After 4 years, patients in the inter-
vention arm had on average a 20% increase in exercise
capacity, a 4% decrease in weight, and a 22% reduction in
LDL cholesterol compared with those receiving usual care.
Angiographically, those in the risk intervention arm had sig-
nificant attenuation of coronary disease progression. In addi-
tion, there was a decrease in the composite end point of
death, non-fatal MI, PTCA and CABG (P � 0·05). Based on
these results and the reduction in cardiac hospitalizations,
Superko and coworkers estimated the net cost of the pro-
gram at $630 per patient per year.50

Diabetes 

Diabetes leads to many long-term complications, including
retinopathy, neuropathy, nephropathy and atherosclerosis.
However, only recently has control of glucose level been
demonstrated to reduce these complications. The DCCT
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(Diabetes Control and Complications Trial) randomized
1441 insulin-dependent diabetic patients to intensive
insulin therapy versus conventional therapy, with a mean
follow up of 6·5 years.51 The intensive therapy arm showed
significant reductions in retinopathy, neuropathy and
nephropathy. However, as there were few cardiovascular
events in this primary prevention study the lower rate of
cardiovascular events in the intensive therapy arm was not
significant (P � 0·08). A Monte Carlo simulation model
based on the reduction of renal, neurological and retinal
complications estimated that the cost effectiveness of life-
time intensive insulin therapy compared with conventional
therapy was $28 661 per life year added.52

Conclusions

Based on the available cost-effectiveness data, the following
preventive strategies are considered economically attractive:
secondary prevention with statins in hyperlipidemia; smok-
ing cessation programs for both primary and secondary pre-
vention; treatment of hypertension for primary prevention,
especially with � blockers and thiazide diuretics; secondary
prevention with ACE inhibitors in high-risk vascular disease
patients (meeting eligibility for the HOPE Trial); primary
prevention with a regular exercise program; secondary pre-
vention with cardiac rehabilitation; and for post-MI patients,
the use of � blockers and ACE inhibitors. Even though no
formal cost-effectiveness analysis has been carried out for
aspirin (in secondary prevention), given its low cost and sub-
stantial clinical benefits it should be considered in the “best
buy” category. The cost effectiveness of clopidogrel added to
aspirin for secondary prevention is currently under study.
The cost effectiveness of primary prevention with statins in
hyperlipidemia remains unsettled. We await more clinical
effectiveness data prior to consideration of cost-effectiveness
analysis for achieving euglycemia in diabetics for both pri-
mary and secondary prevention. Finally, it is important to
bear in mind that as therapeutic options and their associated
cost change, cost effectiveness will need to be reassessed.
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Introduction

The rapid escalation of the global epidemic of cardiovascular
diseases (CVD), projected for the first quarter of the twenty-
first century, requires a comprehensive public health
response that can reduce risk at both population and indi-
vidual levels.1 Diet, as regularly consumed, and the nutri-
ents supplied by it are major determinants which initiate
and influence the course of atherothrombotic vascular dis-
ease. Identification of increased or decreased risk associated
with dietary patterns or specific nutrients, in a methodologi-
cally rigorous manner, should lay the scientific foundation
for general dietary recommendations to populations as well
as specific nutritional interventions in individuals at a high
risk of CVD.

Methodological issues in the 
study of causal associations

Issues related to study design

Studies investigating the influence of diet on CVD or cardio-
vascular risk factors have employed a wide variety of study
designs: ecological studies within and across populations,
cross-sectional surveys, case–control studies (de novo or
nested), cohort studies, community-based demonstration
projects, randomized clinical trials, and before-after type 
of metabolic studies. These differ widely in terms of their 
ability to (a) identify, avoid, and adjust for confounding; 
(b) establish a temporal relationship of cause preceding the
effect; (c) minimize bias; (d) provide a wide range of expo-
sure; (e) ascertain composite end points, including fatal out-
comes; (f) evaluate population attributable risk; and (g) yield
generalizable results.

These issues related to study design become relevant
when interpreting the results of reported studies on diet 
and CVD and assessing their public health implications.
Frequently, conclusions from studies employing weak
designs are negated by the results emerging from method-
ologically stronger studies. Public policy and clinical practice
must both be judiciously guided by credible evidence pro-
vided by scientifically stronger studies and not be misled by
controversial results emerging from feeble study designs.

Clinical trials, if well designed, provide the best frame-
work for studying associations, as free from the effects of

bias and confounding as possible. However, they often eval-
uate interventions that are relatively short term and intro-
duced late in the natural history of disease and may not
replicate the effects of long-term dietary exposures. Genetics
now offer a possible alternative to clinical trials through
“mendelian randomization”. This approach takes into
account that genotypic differences in the metabolism of food
ingredients may cause lifelong differences in exposure to
food components and their metabolites or to purported risk
factors. It may be a powerful way to establish causality 
without the need for prolonged follow up.2,3

A related issue is the use of experimental animals.
Although these are often referred to as “animal models”
their validity in predicting outcomes in humans is unclear.
Lipid metabolism especially is species-specific, as exempli-
fied by the lack of efficacy of cholesterol lowering statin
drugs in many animal species, including monkeys.4

Experiments in animals are therefore best reserved for eluci-
dating mechanisms, and cannot be used to argue that a par-
ticular food will have a particular effect on cardiovascular
disease in humans.

Issues involving outcome variables

These principally relate to a choice between disease end points
and intermediate variables and the types of variables, which
are selected for study within each category. Ideally, disease-
related end points are preferable since they clearly demon-
strate the benefits or risks of dietary exposures. In an exposure
such as diet, effects may extend beyond cardiovascular out-
comes. The need to evaluate impact of diet on total mortality
and major co-morbidities, therefore, becomes an imperative. 
It must also be recognized that dietary exposures which influ-
ence thrombotic pathways may have different effects on the
risk of hemorrhagic stroke and thrombotic stroke, often in
opposite directions. The need to differentiate the types of
stroke in outcome evaluation is, therefore, clear and has
important implications for populations that differ in their
stroke profiles. Similarly, selective benefits limited only to non-
fatal outcomes, as in the case of CHAOS study which reported
a possible benefit of vitamin E administration on non-fatal
myocardial infarction,5 are seldom replicated and cannot influ-
ence either public health policy or clinical practice.

The ascertainment of disease-related end points, as the pri-
mary outcome, has most often been attempted in large and
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long-term cohort studies, or in clinical trials conducted in pop-
ulation groups in whom high event rates were anticipated in 
a short or medium time frame. Thus, observational cohort
studies investigating the long-term impact of diet on primary
prevention of cardiovascular disease frequently compete with
secondary prevention trials. If the results are discordant, it is
difficult to interpret whether the differences are due to
methodologic reasons of confounding or due to the fact that
exposures occurred at different times and for variable periods
in the natural history of the disease. It must, however, be 
recognized that pathologic processes such as endothelial 
dysfunction, plaque instability, thrombosis and cardiac ar-
ryhythmias can be influenced even by short-term exposures.

Intermediate variables have been frequently utilized in
studies evaluating the association of dietary constituents or
dietary patterns to cardiovascular diseases (CVD). Most often,
these are risk factors like blood pressure or plasma lipids.
However, it must be recognized that similar changes in total
plasma cholesterol may be associated with variable effects on
levels of LDL cholesterol and HDL cholesterol and on the ratio
of total to HDL cholesterol. The impact on risk of atheroscle-
rotic CVD may thus vary. The 25 year follow up experience of
the Seven Countries Study revealed that while the increase in
relative risk of CHD for comparable levels of plasma choles-
terol elevation was similar across diverse populations, the
absolute risk of CHD varied widely at the same level of plasma
cholesterol, possibly due to other dietary and non-dietary
influences.6 Dietary changes may also influence LDL particle
size differentially, as also the level of plasma triglycerides, with
variable net effects on the atherogenicity of the plasma lipid
pool. Such limitations were clearly illustrated in a study by
Rudel et al 7 where monkeys fed monounsaturated fat had
similar lowering of LDL cholesterol as monkeys fed polyunsat-
urated fat but developed atherosclerosis equivalent to those
fed saturated fat. In monkeys fed monounsaturated fatty acids,
there was an enrichment of cholesteryl oleate in plasma cho-
lesteryl esters, which correlated with coronary artery choles-
teryl ester concentration.8 Plasma lipids, as intermediate
variables, could not also explain the degree of cardiovascular
protection conferred by the Mediterranean diet in the Lyon
Diet Heart Study.9 While studies of intermediate variables are
useful in identifying mechanistic pathways of dietary harm or
benefit and plasma cholesterol has served well so far to
explain much of the coronary risk associated with certain
diets, there is a need for methodologically strong studies
which relate dietary patterns or dietary interventions to hard
end points such as total mortality, cardiovascular mortality,
and combined fatal and non-fatal cardiovascular events.

Issues involving the exposure variables

These involve the type of exposure selected for study, the
methods of measurement employed as well as the duration
and dose of exposure. First, the types of dietary exposure

assessed for associations with CVD, have varied from specific
nutrients (such as saturated fat) to dietary items (such as fish)
to food groups (such as fruit and vegetables) to dietary patterns
(such “Mediterranean” diet or “Adventist” diet) and compos-
ite dietary interventions (such as the DASH diet). A reduction-
ist approach has inherent limitations in the area of diet,
because multiple interactions among many nutrients are likely
to determine the physiologic effects and pathologic outcomes
much more than the individual effects of an isolated nutrient.
Multi-component dietary exposures, however, render identifi-
cation of mechanistic causal pathways difficult to elucidate.
While this frustrates efforts to develop and market specific
food supplements or nutriceuticals, interests of public health
are likely to be better served by a combined food- and food-
component-based approach to a causal inquiry exploring the
connections between diet and cardiovascular health.

Second, the strengths and limitations of various methods 
of collecting accurate food consumption data are well recog-
nized.10 Questionnaire methods of ascertaining information
related to habitual food intake pose problems of validity 
and reproducibility even within well defined populations, but
these problems are likely to be magnified when such instru-
ments are applied across different cultures. Even if the nutri-
ent composition of self reported diets is accurately estimated,
different cooking methods may alter the final bioavailability
of those nutrients as actually consumed. The need for valid
and reproducible biomarkers is, therefore, important when
studies of specific nutrients are proposed. For example, adi-
pose tissue fatty acid composition is a suitable biomarker 
for habitual type of dietary fat intake.11 There may, however,
be technical and financial constraints which limit the use of
such biomarkers in large epidemiologic studies.

Third, a causal inquiry needs to recognize the lag time
effect, wherein a long period of exposure to dietary variables
is required before effect is evident on outcome variables
(especially disease-related end points of atherosclerotic vas-
cular disorders). Short-term studies may be incapable of
identifying true effects even when they exist. This is clearly
illustrated by trials evaluating the effect of sodium restric-
tion on blood pressure, where benefit was demonstrated
only in trials in which the duration of exposure was at least
5 weeks.12 The dose of exposure is another critical variable
in an area like diet, where many of the nutrients are physio-
logic requirements at a certain level but may pose risk of 
cardiovascular dysfunction and disease at other levels. The
relationships may vary from linear to J-shaped or threshold,
for different variables. Ascertainment of dose-related effects
is essential, whether the exposure is salt, alcohol or fish.

Issues related to diet as an 
independent variable

These relate to the association of dietary behaviors with
other behaviors which influence cardiovascular risk and the
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impact of diet on several cardiovascular risk factors which
may partly or wholly be in the causal pathway to CVD as
intermediate variables. Unhealthy dietary behaviors often
occur in association with other unhealthy behaviors such 
as physical inactivity and smoking. Furthermore, unhealthy
dietary practices such as high consumption of saturated fats,
salt and refined carbohydrates as well as low consumption
of fruit and vegetables tend to cluster together. In contrast,
persons who habitually adopt one healthy dietary practice
are more likely to adopt other healthy dietary habits as well
as practice regular physical activity and abstinence from
smoking. Dietary behaviors may also reflect patterns influ-
enced by social class and may be influenced by stress levels.
Dissociating the specific effects of individual dietary compo-
nents from other dietary components, physical activity lev-
els, and other behaviors becomes difficult outside the setting
of a carefully controlled clinical trial. In observational stud-
ies, the question arises whether some dietary practices are
merely a surrogate for other dietary practices or for a com-
posite of multiple health behaviors. Whether diet should be
considered in dissociation from physical activity or should
preferably be studied in combination is also an issue for
observational research.

The effects of diet on multiple cardiovascular risk factors,
ranging from body weight to blood lipids and blood pressure
to thrombotic mechanisms, also poses the question of when
and how far to adjust for these variables in evaluating the
relationship of diet to CVD. Since many of these are inter-
mediate variables linking diet to CVD, adjustment to
exclude their effect would underestimate the effect of diet.
However, such variables are also influenced by factors other
than diet. In such cases, the decisions related to adjustment
should be carefully considered.

Nutrients and CVD

Dietary fats

The relationship between dietary fats and cardiovascular 
disease (CVD), especially coronary heart disease (CHD), 
has been extensively investigated, with strong and consis-
tent associations emerging from a wide body of evidence
accrued from animal experiments, as well as observational
studies, clinical trials, and metabolic studies conducted in
diverse human populations. The relationship of dietary fat 
to CVD was initially considered to be mediated mainly
through the atherogenic effects of plasma lipids (total cho-
lesterol, lipoprotein fractions, and triglycerides). The effects
of dietary fats on thrombosis and endothelial function as
well as the relationship of plasma and tissue lipids to the
pathways of inflammation have been more recently under-
stood.11,13 Similarly, the effects of dietary fats on blood pres-
sure have also become more evident through observational
and experimental research.

Cholesterol in the blood and tissues is derived from two
sources: diet and endogenous synthesis. Dairy fat and meat
are major sources. Egg yolk is particularly rich in cholesterol
but, unlike dairy and meat, does not provide saturated 
fatty acids. Dietary cholesterol raises plasma cholesterol 
levels.14 Although both HDL and LDL increase, the effect 
on the total/HDL ratio is still unfavorable, but small.15

Observational evidence on an association of dietary choles-
terol intake with cardiovascular disease is contradictory.16,17

The upper limit for dietary cholesterol intake has been pre-
scribed, in most guidelines, to be 300 mg/day. However,
since there is no requirement for dietary cholesterol, it is
advisable to keep the intake as low as possible.13 If intake of
dairy fat and meat are controlled, there would be no need
for a severe restriction of egg yolk intake, although some
limitation remains prudent.

Fatty acids are grouped into three classes – saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA). While such a classifica-
tion is useful in providing a structural grouping, it tends to
oversimplify the effects of dietary fats. Individual fatty acids,
within each group, are now known to have differing effects
on lipids, lipoproteins and platelet-vascular homeostasis.
SFA and MUFA can be synthesized in the body and hence
are not dietary essentials. PUFA are essential fatty acids,
since they cannot be synthesized in the body.

Saturated fatty acids (SFAs) as a group raise total and LDL
cholesterol, but individual SFAs have different effects.11,18

Myristic and lauric acids have greater effect than palmitic
acid, but the latter is more abundant in food supply. The
plasma cholesterol raising effects of these three SFAs is
higher when combined with high cholesterol diets. Stearic
acid has not been shown to elevate blood cholesterol and is
rapidly converted to oleic acid (OA) in vivo. Metabolic (feed-
ing) studies demonstrate a marked elevation of both HDL
and LDL cholesterol induced by SFA diets.19,20 Replacement
of saturated fatty acids by polyunsaturated fat reduces the
total to HDL cholesterol ratio but replacement by carbohy-
drates does not. Also, tropical fats rich in lauric acid (C12)
raise total cholesterol strongly, but because of their specific
effect on HDL, the ratio of total to HDL cholesterol falls.
Thus effects on blood lipids can be variable, depending on
which blood lipids are studied, and we need data on actual
outcomes to determine the true effects of fats on coronary
heart disease.21 The relationship of dietary saturated fat to
plasma cholesterol levels and to CHD was graphically
demonstrated by the Seven Countries Study involving 
16 cohorts, in which saturated fat intake explained 73% of
the total variance in CHD across these cohorts.22 In the
Nurses Health Study20 the effect of saturated fatty acids was
much more modest, especially if saturates were replaced by 
carbohydrates. The most effective replacement for saturated
fatty acids in terms of coronary heart disease outcome is 
by polyunsaturated fatty acids – that is, linoleic acid. This
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agrees with the outcome of large randomized clinical trials,
in which replacement of saturated and trans fats by polyun-
saturated vegetable oils effectively lowered coronary heart
disease risk (see Figure 25.1).23

Trans fatty acids (t-FAs) are geometrical isomers of unsat-
urated fatty acids that assume a saturated fatty acid-like con-
figuration. Partial hydrogenation, the process used to create
t-FA, also removes essential fatty acids such as linoleic acid
and 
-linolenic acid. Metabolic studies have demonstrated
that t-FAs render the plasma lipid profile even more athero-
genic than SFA, by not only elevating LDL cholesterol to
similar levels but also decreasing HDL cholesterol.24 As a
result, the ratio of LDL cholesterol to HDL cholesterol is sig-
nificantly higher with a t-FA diet (2·58) than with a SFA diet
(2·34) or an oleic acid diet (2·02). Evidence that intake of 
t-FA increases the risk of CHD initially became available
from large population-based cohort studies in the USA25,26

and has recently been corroborated in an elderly Dutch pop-
ulation.27 Levels of t-FA in a biochemical analysis of repli-
cated baseline food composites correlated with the risk of
coronary death in the cohorts of the Seven Countries Study.
Most t-FAs are contributed by industrially hardened oils, but
the dairy and meat fats of ruminants are also a source.
Whether these two sources have the same effect on coro-
nary heart disease risk is unclear, but reductions in ruminant
fats are already advisable for other reasons. Eliminating t-FAs
from the diet would be an important public health strategy
to prevent cardiovascular disease. Since these are commer-
cially introduced agents into the diet, policy measures
related to the food industry would be required along with
public education. Trans fatty acids have been eliminated
from retail fats and spreads in a large part of the world, but
deep-fat fried fast foods and baked goods are a major and
increasing source.28

The only nutritionally important monounsaturated fatty
acid (MUFA) is oleic acid, which is abundant in olive and
canola oils and also in nuts. The epidemiologic evidence
related to MUFA and CHD is derived from studies on the

Mediterranean diet, as well as from the Nurses Health Study
and other similar studies, which investigated the association
and controlled for confounding factors.29 MUFAs have 
been shown to lower blood glucose and triglycerides in 
type II diabetic patients and may decrease susceptibility of
LDL to oxidative modification.

Polyunsaturated fatty acids (PUFAs) are derived from
dietary LA (n-6 PUFAs) and dietary ALNA (n-3 PUFAs). 
The important n-6 PUFAs are arachidonic acid (AA) and
dihomogammalinolenic acid (DHGLA), while the important 
n-3 PUFAs are eicosapentaenoic acid (EPA) and docasa-
hexaenoic acid (DHA). Eicasanoids derived from AA have
opposing metabolic properties to those derived from DHA.
A balanced intake of n-6 and n-3 PUFAs is, therefore, 
essential for health.

The biologic effects of n-3 PUFAs are wide ranging,
involving lipids and lipoproteins, blood pressure, cardiac
function, arterial compliance, endothelial function, vascular
reactivity, and cardiac electrophysiology as well as potent
antiplatelet and anti-inflammatory effects including reduced
neutrophil and monocyte cytokine production.11,30 Recent
data have also shown that EPA and DHA have differential
effects on many of these. DHA appears to be more responsi-
ble for the beneficial effects of fish and fish oils on lipids and
lipoproteins, blood pressure, heart rate variability, glycemic
control, in comparison to EPA, while a mixture of DHA and
EPA significantly reduced platelet aggregation in comparison
to ALNA in vitro.11,31 The very long chain n-3 polyunsatu-
rated fatty acids powerfully lower serum triglycerides, but
they raise LDL cholesterol.32 Therefore, their effect on coro-
nary heart disease is probably mediated through pathways
other than cholesterol.

Much of the epidemiologic evidence related to n-3 PUFAs
is derived from the study of fish consumption in populations
or interventions involving fish diets in clinical trials. Fish oils
were, however, used in the GISSI study of 11 300 survivors
of myocardial infarction.33 In this factorial design, fish oil
(1 g/day) and vitamin E (300 mg/day) were compared,
alone and in combination, to placebo. After 3·5 years of fol-
low up, the fish oil group had a statistically significant 20%
reduction in total mortality, 30% reduction in cardiovascular
death, and 45% decrease in sudden death. While most 
published studies do not indicate that dietary n-3 PUFA pre-
vent restenosis after percutaneous coronary angioplasty or
induce regression of coronary atherosclerosis, one study
reported that occlusion of aortocoronary venous bypass
grafts was reduced after 1 year by daily ingestion of 4 g fish
oil concentrate.34

The Lyon Heart Study incorporated an n-3 fatty acid (alpha
linolenic acid) into a diet altered to develop a “Mediterranean
diet” intervention.9 In the experimental group plasma ALNA
and EPA increased significantly and the trial reported a 70%
reduction in cardiovascular mortality at 5 years in its initial
report. Total cholesterol and LDL cholesterol were identical 
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Figure 25.1 Change in CHD risk associated with replace-
ment of saturates by other fats: Nurses Health Study (based on
Hu et al 22).



in the experimental and control groups, suggesting that throm-
botic and perhaps arrhythmic events may have been favorably
influenced by n-3 PUFA. Since the diet altered many other
variables, such as fiber and antioxidants (by increasing fruit
and vegetable consumption), direct attribution of benefits to
n-3 PUFA becomes difficult to establish.

The effect of different fatty acids on cardiac arrhythmias
has been an area of great interest. Diets rich in saturated
fatty acids increase the risk of ventricular fibrillation and
sudden cardiac death in primates. A recent population-based
case–control study, using biomarkers, revealed a modest
association of trans fatty acids in general and a strong asso-
ciation of trans isomers of linoleic acid in particular, with
primary cardiac arrest in humans.35 Several studies in differ-
ent animal models, primate and rodent, have shown that 
n-3 PUFA are protective against cardiac arrhythmias, espe-
cially ventricular fibrillation.36 It has been suggested that the
fall in coronary heart disease mortality in USA and Australia,
since 1967, is probably attributable to an increase in polyun-
saturated fat consumption in both countries since 1960.37

The decline in CHD mortality in the Zutphen cohort has
similarly been attributed to a decreased consumption, over
time, of trans fatty acids.27

The proportions of SFA, MUFA, and PFA as constituents
of total fat intake and total energy consumption have
engaged active attention, in view of the strong relationship
of these fatty acids to the risk of CVD, especially CHD. 
The reduction of SFA in the diet has been widely recom-
mended, but its replacement remains an area of debate as 
to whether the place of reduced SFAs should be taken 
by MUFA, PUFA or carbohydrate. Both MUFA and PUFA
improve the lipoproteins profile, although polyunsaturated
fatty acids are somewhat more effective. In view of this,
recent US dietary recommendations suggested that SFA
should be reduced to 7–8%, MUFA should be increased 
to 13–15%, and PUFA raised to 7–10% of daily energy, 
with the total fat contributing to no more than 30% of all
calories consumed.29,38 These may need to be adjusted 
for populations who consume less quantities of total fat, so
as to ensure an adequate intake of MUFA and PUFA even
under those circumstances.

The total quantity of fat consumed, as a proportion of
daily energy intake, has not shown a relation to CVD that is
independent of the SFA content. It has been argued that the
type of fat consumed in diet is far more important than the
total amount of fat consumed.39 The compatibility of high
fat Mediterranean diets (with total fat contributing �30% 
of calories) with coronary protection has also been cited as
supportive evidence. While the emphasis on the type of fat
is well placed, it must be recognized that high fat diets are
also high in energy. Whether this contributes substantially
to overweight is a subject of much debate.40

Enhancing the nutritional quality of dietary fat consump-
tion, to provide greater cardiovascular protection, may be

attempted by decreasing the sources of saturated fats and
eliminating trans fatty acids in the diet, increasing the con-
sumption of foods containing unsaturated fatty acids 
(both MUFA and PUFA) and decreasing dietary cholesterol
consumption. Modification of cooking oils, either through
appropriate admixture of different oils41 or through genetic
modification of oilseed crops,42 may provide methods for
improving the quality of dietary fat consumed through 
edible oils.

Carbohydrates

The relationship of dietary carbohydrates to CVD appears to
be mediated through indirect mechanisms: contribution 
to total energy and its effect on overweight and obesity;
influence on central obesity; effects on plasma lipids, espe-
cially triglycerides; and effects on glycemic control. The bal-
ance between carbohydrates and fat as sources of energy 
as well as the fiber component of the diet are also areas 
of interest while considering this relationship. In feeding
experiments, an increase in dietary energy from carbohy-
drates is usually associated with a moderate increase in fast-
ing plasma triglyceride levels in the first few weeks but
these return to near original levels in the first few weeks.
Epidemiologically, high carbohydrate intakes are associated
with low plasma cholesterol and variable plasma triglyceride
concentrations.43

The effect of a high carbohydrate diet on HDL cholesterol
and thereby on the total LDL to HDL cholesterol ratio as
well as on the particle size of LDL are matters of interest
while considering the influence on vascular function and
risk of CVD. High carbohydrate diets appear to reduce HDL
cholesterol levels and increase the fraction of small dense
LDL, both of which may impact adversely on vascular dis-
ease. This dyslipidemic pattern is consistent with the eleva-
tion of plasma triglycerides. There is as yet no clear evidence
that the risk of CVD is altered independently by the carbo-
hydrate levels in the diet. The glycemic index of foods might
also be a determinant of the extent to which carbohydrates
can influence the glycemic status. Carbohydrate diets with
high glycemic index might adversely impact on glucose 
control, with associated changes in plasma lipids.44,45

Dietary fiber

Dietary fiber is a heterogeneous mixture of polysaccharides
and lignin that cannot be degraded by the endogenous
enzymes of vertebrate animals.46 Water soluble fibers
include pectins, gums, mucilages, and some hemicelluloses.
Insoluble fibers include cellulose and other hemicelluloses.
Most soluble fibers reduce plasma total and LDL cholesterol
concentrations, as reported by several trials.47 Pectins, 
psyllium, gums, mucilages, algal polysaccharides, and 
some hemicelluloses lower total and LDL cholesterol levels
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without affecting HDL cholesterol, the reductions in total cho-
lesterol being usually in the range of 5–10%. Human experi-
ments have clearly shown that oat fiber tends to lower plasma
total and LDL cholesterol but wheat fiber does not. Rice, bran,
and barley may also lower cholesterol.48 Fiber consumption
predicted insulin levels, weight gain, and cardiovascular risk
factors like blood pressure, plasma triglycerides, LDL and
HDL cholesterol, and fibrinogen more strongly than other
dietary components in the CARDIA cohort study of young
adults.49 However, fiber intake may be confounded with
many other determinants of cardiovascular health.

Between 1996 and 2001, five very large cohort studies in
the USA, Finland, and Norway have all reported that sub-
jects consuming relatively large amounts of whole grain
cereals have significantly lower rates of CHD.48,50 High
intake of fiber from cereal sources was associated with a
reduced risk of CHD in the Nurses Health Study50 and was
inversely associated with the risk of hypertension in the
Health Professionals Follow-up Study.51 Available evidence
supports a recommendation for consumption of about 15 g/
1000 kcal of fiber.47 Since some of the reported benefits may
have arisen from other dietary components occurring in
association with fiber in natural foods, dietary consumption
of high fiber foods should be recommended rather than iso-
lated fiber. Addition of wheat or cereal bran may be consid-
ered, where necessary, to supplement natural foods in order
to attain the recommended dietary intake.

Antioxidants

The oxidation of LDL by oxygen free radicals results in 
the unregulated uptake of modified LDL by macrophages 
in arterial walls, accelerating the atherosclerotic process.
Antioxidant nutrients, which can directly scavenge free rad-
icals, include alpha-tocopherol (vitamin E isomer) and ascor-
bic acid (vitamin C), which have shown antioxidant activity
both in vitro and in vivo, as well as beta-carotene (a provita-
min A carotenoid) which has displayed anti-oxidant activity
in vitro.52 These mechanisms suggested that increased
dietary intake or supplementation of these nutrients would
be protective against atheroslerotic vascular disorders. This
was supported by evidence from observational studies for
vitamin E and beta-carotene, but results of clinical trials
employing supplements have been disappointing.

Observational cohort data suggest a protective role for
carotenoids. In a meta-analysis, the pooled relative risk
reduction for cardiovascular death in those who ate diets rich
in beta-carotene was 31% (95% CI 41–20), when dietary
and blood carotene levels were measured to compare high
and low consumers. The randomized trials, in contrast,
reported a moderate adverse effect of beta-carotene supple-
mentation, with a relative increase in the risk of cardiovascu-
lar death of 12% in a meta-analysis of four trials.53 Cancer
risk was also increased.

Several large cohort studies showed significant reductions
in the incidence of cardiac events in men and women taking
high-dose vitamin E supplements.52 However, the HOPE
trial, a definitive clinical trial relating vitamin E supplemen-
tation to cardiovascular outcomes, revealed no effect of 
vitamin E supplementation (at 400 IU/day, for a mean fol-
low up of 4·5 years) on MI, stroke or death from cardiovas-
cular causes in men or women.54 Other trials also failed 
to demonstrate a cardioprotective effect of vitamin E 
supplements.55

The conflict between diet-based observational studies and
clinical trials employing supplements may arise because of
one or more explanatory factors: confounding, interactions/
synergistic activity (among antioxidants – with other nutri-
ents), isomers with differing activity in food compared to
supplements, other associated protective elements in natu-
ral foods (for example, flavonoids, phytoestrogens) and/or
temporal dissociation of antioxidant blood levels from fat
intake in meals when administered as once a day pills.
While the failure of pill supplementation does not necessar-
ily exclude protective effects of dietary antioxidants, current
evidence does not support supplementation of any of these
antioxidant vitamins for prevention of CHD. However,
intake of their primary food resources, especially fruit and
vegetables, may be encouraged.

Folate

The relationship of folate to CVD has been mostly explored
through its effect on homocysteine, which has been incrim-
inated as an independent risk factor for CHD and probably
stroke.56–59 Folic acid is required for the methylation of
homocysteine to methionine. Reduced plasma folate has
been strongly associated with elevated plasma homocys-
teine levels and folate supplementation has been demon-
strated to decrease those levels.60 However, the role of
homocysteine as an independent risk factor for CVD has
been subject to debate, in view of the data from several
prospective studies which did not find this association to be
independent of other risk factors.61 It has also been sug-
gested that elevation of plasma homocysteine is a conse-
quence and not a cause of atherosclerosis, wherein impaired
renal function due to atherosclerosis raises plasma homocys-
teine levels.62

Whether homocysteinemia is the cause or consequence
of atherosclerosis, its role in promoting thrombosis makes
an intervention with folate appear attractive. There is also
recent evidence that suggests that homocysteinemia results
in endothelial dysfunction, an effect that is reversed by oral
folate supplementation.63,64 An independent antioxidant
role for folate has also been postulated. Data from the
Nurses Health Study showed that folate and vitamin B6,
from diet and supplements, conferred protection against
CHD (fatal and non-fatal events combined) and suggested 
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a role for their increased intake as an intervention for pri-
mary prevention of CHD.65 Food grain fortification with
folate and cyancobalamin has also been recommended as a
cost effective measure for CHD prevention.66

Recommendations related to folate supplementation
must, however, await the results of ongoing clinical trials.
Dietary intake of folate through natural food sources may be
encouraged in the meanwhile, especially in individuals at 
a high risk of arterial or venous thrombosis and elevated
plasma homocysteine levels.67

Flavonoids and other phytochemicals

Flavonoids are polyphenolic antioxidants which occur in a
variety of foods of vegetable origin, such as tea, onions and
apples. Data from several prospective studies indicate an
inverse association of dietary flavonoids with coronary heart
disease.68 A benefit on stroke risk has also been reported.69

However, confounding may be a major problem and may
explain conflicting results of observational studies on
flavonoids and coronary heart disease. Fruit and vegetables
also contain other phytochemicals that may have protective
properties, including isothiocyanates and indoles (found in
cruciferous vegetables), sulfides (found in onions and garlic),
terpenes (found in citrus oils), and phytoestrogens.47 While
their role in relation to CVD risk is not clearly established
and trial evidence related to garlic supplements is generally
not supportive, their consumption in the natural food form
may have benefits, which need to be evaluated.

Minerals: blood pressure and 
cardiovascular disease

Sodium

High blood pressure (HBP) is a major risk factor for coronary
heart disease (CHD) and both forms of stroke (ischemic and
hemorrhagic). The relative risk of CVD for both systolic and
diastolic blood pressures operates in a continuum of increas-
ing risk for rising pressure but the absolute risk of CVD is
considerably modified by coexisting risk factors.70

Of the many risk factors associated with high blood pres-
sure, the dietary exposure most investigated has been daily
sodium consumption. It has been studied extensively in ani-
mal experimental models, in epidemiological studies, con-
trolled clinical trials, and in population studies on restricted
sodium intake.70 Salt or sodium intake has been directly cor-
related with mean blood pressure levels and prevalence 
of hypertension in many populations. Comprehensive epi-
demiological evidence was provided by the INTERSALT
Study71,72 which investigated the relationship of 24 hour uri-
nary electrolyte excretion to blood pressure in 52 population
groups across 32 countries, using standardized methodology

to provide comparable data. In adults aged 20–59 years,
there was a significant positive relationship between urinary
sodium excretion and blood pressure across the 52 popula-
tion samples. Further, it was also observed that in four of
these populations in whom the mean 24 hour urinary
sodium excretion was lower than 100 mmol/day, systolic
blood pressure did not rise with age.73

The consequences of increased sodium consumption
accompanying urbanization, on blood pressure levels, was
demonstrated in the Kenyan Luo Migration Study wherein
rural farmers who traditionally consumed a low salt diet
were observed to have an elevation of blood pressure when
they migrated to an urban environment. These migrants
exhibited blood pressure levels higher than rural controls
and comparable to levels observed in Western popula-
tions.74 This rise in blood pressure was related to an
increase in salt consumption and a reduced dietary intake of
potassium. An overview of observational data in populations
suggested that a difference in sodium intake of 100 mmol/
day could be associated with average differences in sys-
tolic blood pressure of 5 mmHg at age 15–19 years and 
10 mmHg at age 60–69 years.75 Diastolic blood pressures
are reduced by about half as much, but the association
increases with age and the magnitude of the initial blood
pressure. It was estimated that a universal reduction in
dietary intake of salt by 50 mmol/day would lead to a 50%
reduction in the number of people requiring antihyperten-
sive therapy, a 22% reduction in number of deaths due to
strokes, and a 16% reduction in number of deaths from
coronary heart disease.75

A recently reported cohort study in Finland prospectively
followed up 1173 men and 1263 women aged 25–64 years,
with complete data on 24 hour urinary sodium excretion
and cardiovascular risk factors.76 The hazard ratios for
CHD, CVD, and all-cause mortality, associated with a 
100 mmol increase in 24 urinary sodium excretion, were
1·51 (95% CI 1·14–2·00), 1·45 (95% CI 1·14–1·84) and
1·26 (95% CI 1·06–1·50) respectively, in both men and
women. The frequency of acute coronary events, but not
acute stroke events, rose significantly with increasing
sodium excretion. Disaggregated analyses revealed signifi-
cant risk ratios in men only and revealed that sodium pre-
dicted mortality in men who were overweight. Despite the
limitations of such subgroup analyses, the overall associa-
tion of increasing sodium excretion with CVD and all-cause
mortality further support the evidence linking increased
sodium intake to adverse cardiovascular health outcomes.

Several clinical intervention trials, conducted to evaluate
the effects of dietary salt reduction on blood pressure levels
in hypertensive and normotensive individuals, have been
systematically reviewed.12,77 Many of the earlier trials were
of limited size, short duration, and deficient in statistical
power. Based on an overview of 32 methodologically 
adequate trials (22 in hypertensive subjects and 12 in 
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normotensive persons), Cutler et al12 concluded that a daily
reduction in intake of sodium by 70–80mmol was associated
with a lowering of blood pressure both in hypertensive and
normotensive individuals, with systolic and diastolic blood
pressure reductions of 4·8/1·9mmHg in the former and
2·5/1·1mmHg in the latter. Clinical trials have also demon-
strated the sustained blood pressure lowering effects of sodium
restriction in infancy,78 as well as in the elderly population, in
whom it provides a useful non-pharmacologic therapy.79

The results of the low sodium – DASH – diet trial80

further strengthen the conclusion that reduction of daily
sodium intake, through salt restricted diets, lowers blood
pressure effectively and is additive to the benefits conferred
by the DASH diet. This trial revealed that low sodium diets,
with 24 hour sodium excretion levels around 70 mmol/day,
are effective and safe. Sodium consumption has also been
linked to the presence of left ventricular hypertrophy81,82

and restricted sodium intake has been demonstrated to
result in regression of this important indicator of cardiovas-
cular risk.81,82

Of three population studies on restriction of salt, two (the
Portuguese Salt Trial and the Tianjin trial in China) revealed
significant reductions in blood pressure in the intervention
group, while the third (the Belgian Salt Intervention Trial)
did not reveal success because of difficulties in reducing salt
consumption.83–85 Animal models as well as ecological asso-
ciations derived from the INTERSALT suggest a direct rela-
tionship between sodium consumption and the risk of
stroke, though the methodology employed in these studies
is not strong.86,87

Based on the observational and trial data so far available,
it would be justified to recommend a daily salt intake of less
than 5 g/day.80 Such advice would be appropriate even in
tropical climates, as sodium homeostasis regulates sodium
excretion in sweat and urine without adverse effects under
such conditions.

Potassium

Cardioprotective effects of dietary potassium have been
hypothesized as the basis for low CVD rates in populations
consuming “primitive” diets and in vegetarians in industrial-
ized cultures.88 The INTERSALT study provided evidence of
an inverse association between urinary potassium excretion
and blood pressure levels, across diverse populations.71

Migrant studies also revealed a rise in blood pressure when
diets changed to a lower potassium and higher sodium
intake.74

A protective effect of potassium on blood pressure was
suggested by clinical studies reporting that severe short-term
potassium restriction induces salt sensitivity in normoten-
sive humans,89 as well as the blood pressure lowering 
effect of potassium supplements to the diet (ranging from
24–104 mmol/day) in hypertensive subjects.88

Whelton et al concluded from a meta-analysis of ran-
domized controlled trials that potassium supplements
reduced mean blood pressures (systolic/diastolic) by
1·8/1·0 mmHg in normotensive subjects and 4·4/2·5
mmHg in hypertensive subjects.90 An increase in dietary
intake of potassium, from approximately 60 to 80
mmol/day, was shown to be inversely and significantly
related to the incidence of stroke mortality in women.91

While dietary potassium has been shown to have protec-
tive effects on blood pressure and CVD, there is no evidence
to suggest that long-term potassium supplements should be
administered for cardiovascular protection. The beneficial
effects of fruit and vegetables recommend their regular use
in daily diets at a level that should assure an adequate intake
of dietary potassium.

Calcium and magnesium

A meta-analysis of studies involving calcium supplements
reveal modest effects on blood pressure. The estimated
blood pressure reduction was 2·1 mmHg for systolic blood
pressure and 1·1 mmHg for diastolic blood pressure.92 A
review of 29 studies of magnesium was inconclusive due to
methodological problems but suggested that there was no
negative association of blood pressure with magnesium.93

There is presently no evidence to recommend public health
or clinical interventions involving the use of these minerals
for cardiovascular protection in populations or individuals,
other than in the form of a balanced diet providing an 
adequate daily intake.

Food items and food groups

Fruit and vegetables

While the consumption of fruit and vegetables has been
widely believed to promote good health, evidence related to
their protective effect has only been presented in recent
years.94–96 A systematic review reported that nine of ten
ecological studies, two of three case–control studies and six
of sixteen cohort studies found a significant protective asso-
ciation for coronary heart disease with consumption of fruit
and vegetables or surrogate nutrients.96 For stroke, three of
five ecological studies and six of eight cohort studies found 
a significant protective association.96

A 5 year follow up study of 39 876 female health profes-
sionals,97 observed a significant inverse association between
fruit and vegetable intake and CVD risk. For increasing
quintiles of total fruit and vegetable intake, the relative risks
were 1·0, 0·78, 0·72, 0·68, and 0·68. After excluding partic-
ipants with a self reported history of diabetes, hypertension
or high cholesterol at baseline, the multivariate adjusted 
relative risk was 0·45 when extreme quintiles were com-
pared (95% CI 0·22–0·91). In a 12 year follow up of 
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15 220 male physicians in the USA,98 men who consumed
at least 2·5 servings of vegetables per day were observed to
have an adjusted relative risk of 0·77 for coronary heart dis-
ease, compared with men in the lowest category (�1 serv-
ing per day). Combining analyses of data from two large
prospective cohort studies of women and men respectively,
Joshipura et al reported that overall fruit and vegetable con-
sumption were inversely related to the risk of ischemic
stroke after adjusting for confounders.99 Assessed as a con-
tinuous trend, an increment of 1 serving/day was associated
with 6% lower risk of ischemic stroke among men and
women combined. When analyzed separately for the type of
fruit and vegetables, the lowest risks were observed for high
consumption of cruciferous vegetables, green leafy vegeta-
bles, citrus fruits, vitamin C-rich fruits and vegetables.

The effects of increased fruit and vegetable consumption
on blood pressure alone or in combination with a low fat
diet, were assessed in the DASH trial.100 While the combi-
nation diet was more effective in lowering blood pressure,
the fruit and vegetable diet too lowered the blood pressure
in comparison to the control diet (2·8 mmHg systolic 
and 1·1 mmHg diastolic). Such reductions, while seeming 
modest at the individual level, would result in a substan-
tial reduction in population-wide risk of CVD by shifting 
the blood pressure distribution.

Fish

Most, but not all, population studies have shown that fish
consumption in populations is associated with a reduced
risk of CHD.101–103 A systematic review concluded that the
discrepancy in the studies may be due to differences in the
populations studied, with only high-risk individuals benefitt-
ing from increasing their fish consumption.103 It was esti-
mated that, in high-risk populations, an optimum fish intake
estimated at 40–60 g/day would lead to approximately 
a 50% reduction in death from coronary heart disease. 
In the Diet and Reinfarction Trial, 2 year mortality was
reduced by 29% in survivors of a first myocardial infarction
in persons receiving advice to consume fatty fish at least
twice a week.104 While the protective effects of fish on CHD
are principally mediated by n-3 PUFA, the contribution 
of other constituents of fish cannot be ruled out. The effect
of dietary fish on the risk of stroke has been investigated 
in cohort studies, with conflicting results on the risk of
ischemic stroke.105,106 A recent study reported that fish con-
sumption is associated with a reduced risk of death from all
causes as well as CHD and stroke mortality, using data from
36 countries.107

Nuts

Five large epidemiological studies have, thus far, demon-
strated that frequent consumption of nuts was associated

with decreased risk of CHD, the best known among them
being the Adventist Health Study.108–111 The relative risk
ranged from 0·43 to 0·82 for subjects who consumed nuts
more than five times per week compared to those who
never consumed nuts. An inverse dose–response relation-
ship was demonstrated between the frequency of nut con-
sumption and the risk of CHD, in men as well as in women.
Most of these studies considered nuts as a group, combining
many types of nuts.

The effect of specific nuts on lipid and lipoprotein end
points were evaluated in several clinical studies. The nuts
studied to date include walnuts, almonds, legume peanuts,
macadamia nuts, pecans, and pistachio nuts.108 Collectively,
these clinical studies indicate that inclusion of nuts in a lipid
lowering diet has favorable effects, but does not provide
unequivocal evidence of an additive effect of nuts to the
effects of a low saturated fat diet per se. The fatty acid pro-
file of nuts (high in unsaturated fatty acids and low in satu-
rated fatty acids) contributes to cholesterol lowering by
altering the fatty acid composition of the diet as a whole.
Nuts are also a rich source of dietary fiber. It must, however,
be recognized that the high fat content of nuts makes them
high in calorie content and advice to include nuts in the diet
must be tempered in accordance with the desired energy
balance. While further research is needed to characterize
the independent protective effects of nuts against CVD and
identify the mechanisms of such protection, available evi-
dence suggests that nuts should be recommended as part 
of an energy-appropriate healthy diet which is intended to
reduce the risk of CHD.

Soy

Several trials indicate that intake of soy has a benefi-
cial effect on plasma lipids.112,113 A composite analysis of 
38 clinical trials found that an average consumption of 47 g
of soy protein a day led to a 9% decline in total cholesterol
and a 13% decline in LDL cholesterol in subjects free of
CHD.112 The benefit of soy consumption was associated
with baseline cholesterol levels, such that those with the
highest cholesterol levels derived the maximum benefit
(subjects with total cholesterol �335 mg/dl showed a 19%
reduction in total and 24% reduction in LDL cholesterol).
Cholesterol lowering of this magnitude could potentially
reduce the risk for CAD by 20–40%.

Soy is rich in isoflavones, compounds that are structurally
and functionally similar to estrogen. Several animal experi-
ments suggest that intake of these isoflavones may provide
protection against CHD,114 but human data on efficacy and
safety are still awaited. Naturally occurring isoflavones, iso-
lated with soy protein, reduced the plasma concentrations of
total and LDL cholesterol without affecting the concentra-
tions of triglycerides or HDL cholesterol in mildly hypercho-
lesterolemic individuals, in a casein-controlled clinical trial.115

Diet and cardiovascular disease

317



Dairy products

Milk and milk products are important contributors to
dietary fat and can be high in saturated fat and cholesterol.
They are also sources of minerals like potassium, magne-
sium, and calcium. Milk protein has been implicated in a
study reporting elevated levels of antibodies to milk protein
in myocardial infarction patients in comparison with healthy
controls.116 Dairy consumption has been correlated posi-
tively, in an ecological study, with blood cholesterol as well
as coronary mortality. Milk consumption correlates posi-
tively with coronary mortality rates in 43 countries and with
myocardial mortality in 19 regions of Europe.117,118 In con-
trast, a population-based study in men of Japanese ancestry
in Honolulu reported a reduced risk of ischemic stroke in
older middle aged men, which could not be explained by
the intake of dietary calcium.119

On the basis of presently available evidence, reduced intake
of high-fat dairy foods should be recommended for cardiovas-
cular protection. Whether milk or milk products modified to
substantially lower the content of saturated fat are associated
with an increase or decrease in cardiovascular risk cannot be
commented upon at present. They formed a component of
the DASH diet which significantly lowered blood pressure and
may be considered as part of a composite dietary advice.

Alcohol

The relationship of alcohol to overall mortality and cardio-
vascular mortality has generally been J-shaped, when 
studied in Western populations in whom the rates of
atherothrombotic vascular disorders are high.120–124 The
protective effect of moderate ethanol consumption is prima-
rily mediated through its effect on the risk of coronary heart
disease (CHD), as supported by more than 60 prospective
studies.121 A consistent coronary protective effect has been
observed for consumption of one to two drinks per day of an
alcohol-containing beverage, but heavy drinkers have higher
total mortality than moderate drinkers or abstainers, as do
binge drinkers. Moderate alcohol consumption (up to two
drinks per day) has also been associated with a reduced risk
of ischemic stroke in men and women.125 Long-term heavy
alcohol consumption (�60 g/day) increases an individual’s
risk for all stroke subtypes.

Several mechanisms for the cardioprotective effects of
alcohol have been proposed: increase in plasma HDL choles-
terol; reduced platelet aggregation or clotting; enhanced fib-
rinolysis; phenolic constituents of some alcoholic beverages
acting as antioxidants or platelet inhibitors.126 Genetic varia-
tions which slow alcohol metabolism have been shown to
increase HDL cholesterol and reduce the risk of myocardial
infarction.3 Based on current evidence, the benefit of moderate
alcohol consumption seems to be a generic effect regardless
of the type of beverage.127 While the specific advantages of

red wine over other alcoholic beverages is unproven, the
claimed beneficial effects of flavonoids on lipoprotein oxida-
tion are available from grape juice as from wine.128

The possible beneficial effects of moderate ethanol con-
sumption must be weighed against the deleterious effects of
high intake, including increased risk of hypertension, cardio-
myopathy, and hemorrhagic stroke. Alcohol consumption,
in excess of three drinks per day, is associated with a rise in
blood pressure and plasma triglyceride levels. Reduction or
cessation of alcohol consumption is a widely recommended
measure for non-pharmacologic therapy of hypertension, in
many international guidelines. The recommendations
related to alcohol should be made in accordance with the
cultural practices of the populations and the clinical profile
of individuals, with advice to avoid excess in all cases.

The optimal intake, for cardiovascular protection 
depends on age, gender, presence of other risk factors or
associated diseases, and on the intake of folic acid. However,
it is generally recommended to be about two drinks a day
for men and one a day for women.

Eggs

Eggs are unique because of their high cholesterol content.
Major effects on atherosclerosis are observed in experimen-
tal animals but extrapolation to humans is doubtful. A large
observational study suggested that there was no increase in
the risk of CHD up to one egg per day (except in a diabetic
subgroup), in the US population.129 In terms of global rec-
ommendations, it may still be prudent to limit the intake to
three to four eggs per week.

Dietary patterns and composite dietary
interventions

The Mediterranean diet

The traditional Mediterranean diet has been described to
have eight components: (i) high monounsaturated-to-saturated
fat ratio; (ii) moderate ethanol consumption; (iii) high 
consumption of legumes; (iv) high consumption of cereals
(including bread); (v) high consumption of fruit; (vi) high
consumption of vegetables; (vii) low consumption of meat
and meat products; and (viii) moderate consumption of milk
and dairy products.130 Most of these are found in many
diets. The characteristic component is olive oil, and many
equate a Mediterranean diet with consumption of olive oil.

Based on ecological comparisons, Keys et al131 hypothe-
sized that traditional Mediterranean diet conferred protection
against CVD and several other disorders, principally because
of a low saturated fat content. Three prospective population
studies in Greece, Denmark, and Australia provided support-
ive evidence of protective effects on overall mortality.132
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However, this traditional form of “Mediterranean diet” has
not been tested in controlled clinical trials.

A secondary prevention trial of dietary intervention in sur-
vivors of a first recent myocardial infarction, which aimed to
study the cardioprotective effects of a “Mediterranean type”
of diet, actually left out its most characteristic component,
olive oil.133 This diet was designed to supply �35% of energy
as fat, �10% of energy as saturated fat, �4% of the energy as
linoleic acid (n-6) and �0·6% of energy as alpha– linolenic
acid (n-3). The main fat source was rapeseed oil. Vegetables
and fruit were also increased in the diet. Two major biologic
factors were modified by the intervention: plasma levels of
alpha-tocopherol and ascorbic acid were elevated and plasma
n-3 fatty acids increased along with a decrease in n-6 fatty
acids. Other biologic mediators of altered risk, like
flavonoids, folate and minerals like potassium were probably
altered but not measured. While the initial publication
reported a 70% reduction in recurrence of myocardial infarc-
tion and cardiac death, the 4 year follow up study reported a
72% reduction in cardiac death and non-fatal myocardial
infarction. The risk of overall mortality was lowered by 56%.9

Vegetarian diets

A reduced risk of CVD has been reported in populations of
vegetarians living in affluent countries134–136 and in case–
control comparisons in developing countries.137 Reduced
consumption of animal fat and increased consumption of
fruit, vegetables, nuts and cereals may underlie such a pro-
tective effect. However vegetarian diets per se need not be
healthful.136 If not well planned, they can contain a large
amount of refined carbohydrates and trans fatty acids while
being deficient in the levels of vegetable and fruit consump-
tion. The composition of the vegetarian diet should, there-
fore, be defined in terms of its cardioprotective constituents
rather than use or endorse the “vegetarian” label as an
omnibus category.

“Prudent” v “Western” patterns

Using factor analysis on a 131-item food frequency ques-
tionnaire, Hu et al. identified two major dietary patterns at
baseline in 44 875 men followed up for 8 years in the
Health Professionals Follow-up Study.138 The “prudent” pat-
tern was characterized by higher intake of vegetables, fruit,
legumes, whole grains, fish, and poultry whereas the
“Western” pattern was characterized by higher intake of red
meat, processed meat, refined grains, sweets and desserts,
French fries, and high fat dairy products. After adjustment
for age and other coronary risk factors, relative risks, from
the lowest to the highest quintiles of the prudent pattern
score, were 1·0, 0·87, 0·79, 0·75, and 0·70. In contrast, the
relative risks, across increasing quintiles of the Western pat-
tern, were 1·0, 1·21, 1·36, 1·40, and 1·64. These associa-
tions persisted in subgroup analyses according to cigarette

smoking, body mass index, and parental history of myocar-
dial infarction.

Japanese diet

The traditional Japanese diet has attracted much attention
because of the highest life expectancy and low CHD mortal-
ity rates among the Japanese.139 This diet is low in fat and
sugar and includes soy, seaweeds, raw fish, and a predomi-
nant use of rice. It has been high in salt, but salt consump-
tion has recently been declining in response to Japanese
Health Ministry guidelines. There is also recent trend
towards increased fat consumption and plasma cholesterol
levels have risen, and their effects on CHD and CVD mor-
tality rates need to be watched.

DASH diets

The effects of composite dietary interventions on blood pres-
sure levels, in “normotensive” and “hypertensive” individu-
als were studied in well designed clinical trials.80,100 The
initial dietary intervention, used in the Dietary Approaches
to Stop Hypertension (DASH) trial, involved a diet that
emphasized fruit, vegetables, and low fat dairy products,
and included whole grains, poultry, fish, and nuts while
reducing the amounts of red meat, sweets, and sugar-
containing beverages. Two variants of the intervention diet
were used: a fruit and vegetables (F-V) diet and a low fat 
F-V (DASH) diet. The latter was designed to lower the
intake of total and saturated fat as well as dietary choles-
terol. In comparison with a “typical” diet in the USA, both
intervention diets lowered blood pressure but the DASH
diet was more effective in substantially reducing systolic and
diastolic blood pressures, both in people with hypertension
and in those without hypertension.80 The DASH diet was
also demonstrated to be effective as first line therapy in indi-
viduals with stage I isolated systolic hypertension (that is,
with a systolic blood pressure of 140–159 mmHg and a dias-
tolic blood pressure below 90 mmHg), with 78% of the 
persons on the DASH diet reducing their systolic blood pres-
sure to �140 mmHg, in comparison to 24% in the control
group.140 The DASH diet resulted in lowering plasma levels
of total cholesterol and LDL cholesterol but these changes
were also accompanied by a reduction in HDL cholesterol
levels.141 While the Framingham risk score improved as a
result of the impact on total and LDL cholesterol as well as
blood pressure, the impact of the associated reduction in
HDL cholesterol needs to be assessed.

The DASH trial was followed by a well designed factorial
trial combining the DASH diet with high, intermediate, 
and low levels of sodium consumption and measuring the
effects on blood pressure, in comparison to a control diet 
typical of the USA, administered with similar graded varia-
tions in the sodium content.100 Within each assigned group
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(DASH v typical), participants ate foods with high intermedi-
ate and low levels of sodium for 30 consecutive days each, in
random order. Reduction in sodium intake, at each level,
resulted in significant lowering of systolic and diastolic blood
pressures in both DASH and control groups. The fall was,
however, maximal when the DASH diet was modified to
reduce the sodium content. As compared with the control
diet with a high sodium level, the DASH diet with a 
low sodium level led to a mean systolic blood pressure that
was 7·1 mmHg lower in participants without hypertension
and 11·5 mmHg lower in participants with hypertension
(Figure 25.2). There was also a �4·5 mmHg difference 
in the mean diastolic pressure level, between the low
sodium–DASH diet phase and the high sodium–control diet
phase of the trial.

● A very low intake of trans fatty acids (hydrogenated oils
and fats): less than 1% of daily energy intake. 

● Adequate intake of polyunsaturated fatty acids (PUFA):
6–10% of daily energy intake, with an optimal balance of
n-6 PUFA and n-3 PUFA at 5–8% and 1–2% levels of
daily energy intake, respectively. 

● Intake of monounsaturated fatty acids (MUFA) to make
up the rest of daily energy intake from fats, with daily
total fat intake ranging between 15% and 30% of daily
energy intake (this may be based on current levels of
population consumption in different regions and modified
in accordance with age, activity and goals of body
weight). 

● While there is no evidence that links the quantity of
dietary fat to CVD, independent of the effects of fat com-
position and unhealthy weight gain, there are concerns
over potential excess energy consumption associated
with an unrestricted fat intake. These support a recom-
mendation that fat intake should not exceed 30% of
daily energy intake. However, in very active groups with
healthy dietary practices and stable healthy weight, fat
intake may go up to 35% of energy. 

● Restriction of dietary cholesterol consumption: less than
300 mg per day, mainly through the restriction of dairy
fats. 

● Daily intake of fresh fruit and vegetables (including
berries, green leafy and cruciferous vegetables and
legumes) in an adequate quantity: 400–500 g per day is
recommended to reduce the risk of CHD, stroke and
high blood pressure. 

● Restriction of daily salt (sodium chloride) intake: less
than 5 g per day. This should take into account total
sodium intake from all dietary sources. 

● Minimization of other forms of sodium consumption 
such as through food additives or preservatives, such as
monosodium glutamate (MSG). 

● Potassium intake at a level which will keep the
sodium:potassium ratio close to 1: a daily potassium
intake level of 70–80 mmol per day. This may be
achieved through adequate daily consumption of fruit
and vegetables. Such a balance may also be obtained
through use of potassium enriched low sodium salt 
substitutes. 

● Consumption of fish and other marine foods to provide
over 200 mg per day of docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA). 

● Regular low to moderate consumption of alcohol (that is,
1–2 drinks per day ) is protective against CHD, concerns
about other cardiovascular and health risks associated
with alcohol consumption (including stroke, hypertension,
and some cancers) do not favor a general recommenda-
tion for its use. 

Source: adapted from WHO Expert Consultation on Diet and
Prevention of Chronic Diseases, 2002: http://www.who.int/
hpr/nutrition/ExpertConsultationGE.htm
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Figure 25.2 Effect of the low sodium–DASH diet on systolic
blood pressure (adapted from Sacks et al 80)

The effects of the low sodium–DASH diet have a 
great potential for application in both population-based and
individual focused strategies for prevention and control 
of high blood pressure and associated CVD. Adoption of 
the low sodium–DASH diet, by populations at large, is 
likely to be safe and beneficial in shifting the population 
distributions of blood pressure (and plasma cholesterol)
towards lower levels of cumulative risk of CVD in those
populations. Similarly, this diet will also provide an effective
non-pharmacologic therapeutic intervention in the clinical
management of individuals identified to be at an increased
risk of CVD because of high blood pressure and associated
risk factors.

Dietary recommendations for cardiovascular health
● A low intake of saturated fatty acids (SFA): less than 7%

of daily energy intake (within these limits, intake of foods
rich in myristic and palmitic acids should be especially
reduced). Grade A



Implications for policy

The rising global burden of CVD requires a rapid response
that integrates policies and programs which enable effective
prevention and control in diverse geographical and resource
settings. Diet and nutrition play a critical role in the causa-
tion of major CVDs and, along with physical activity, influ-
ence many of the biologic variables that mediate the risk of
those diseases. There is, therefore, an opportunity to alter
the direction and dimensions of the global CVD epidemic
through policy interventions (at the local, national, and
global levels), which promote the availability, affordability,
and acceptability of health promoting diets and restrain the
marketing and consumption of unhealthy foods.

Currently available evidence strongly indicates that cardio-
vascular health is strongly influenced by the quality of dietary
fat and the quantity of fruit and vegetables as well as salt con-
sumed daily. While several other food items also contribute to
enhanced or decreased risk of CVD, these remain the princi-
pal determinants of diet-related CVD risk. Whether the evi-
dence is derived from controlled clinical trials or an ecologic
study of reasons for a sharp decline in coronary mortality 
in Poland since 1991, the evidence suggests that dietary
changes can substantially alter the risk of CVD.142,143 Policies
must, therefore, address these directly and decisively.

These measures must encompass a wide range of educa-
tional as well as regulatory measures, acting through price
and non-price mechanisms. That success in reducing CVD
risk factor levels as well as CVD mortality is achievable
through such measures that influence usual diet patterns 
is clear from the experience of developed countries.144

Developing countries like Mauritius have shown that popu-
lation levels of CVD risk factors can be altered by a combina-
tion of community education and regulatory interventions
related to the price of edible oils.145

Measures to influence the quality of dietary fat (as well as
the total quantity) consumed must address the elimination
of trans fats and reduction of saturated fats from the daily
diet. Governments must work with the food industry to
influence production, processing, pricing, and labeling of
food products so that these goals can be met. Consumer
education must be enhanced so that informed choices can
be made, even as the availability of healthier foods is 
promoted through such measures. As market economy
becomes a globally pervasive economic model, it must be
recognized that markets are not autonomous entities and
should be molded, for public good, by consumer conscious-
ness as well as enlightened regulatory measures.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.
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A major problem … is the lack of sufficient data com-
paring antianginal and placebo treatment.1

The major anti-ischemic drugs are, in historical order of
appearance, the nitrates, the � adrenergic blockers, the 
calcium-channel antagonists, the metabolic modifiers, and
the potassium-channel openers. In addition, there is increas-
ing evidence that the angiotensin converting enzyme (ACE)
inhibitors and the statin lipid lowering drugs have indirect
anti-ischemic properties. Preservation of endothelial func-
tion may also be an indirect anti-ischemic procedure. The
antiplatelet agents, including aspirin, clopidogrel, and the
GPIIb/IIIb receptor blockers, as well as the antithrombotics
and thrombolytics, will not be considered here but in the
following section of Part III on acute ischemic syndromes.
Special attention will be paid to the potential effect of the
standard anti-ischemic drugs not just in giving symptomatic
relief of angina, but, in keeping with the aim of this book, on
hard outcome end points such as re-infarction and mortality.

What is ischemia?

Ischemia of the myocardium is probably the most important
cause of cardiovascular and total mortality and morbidity in
Western societies. Although there are many definitions, in
the end they come down to an inadequate blood supply to
the myocardium.2 The Greek ischo means “to hold back”
and haima means “blood”. The word “ischemia” was, it
seems, first used by Rudolf Virchow in 1858, to describe a
situation in which limitation of blood flow resulted from an
increased resistance to blood flow. The “modern” concept of
supply-demand imbalance as a cause of ischemia dates back
to observations made nearly two hundred years ago on the
exercising limb3:

If we call into vigorous action a limb around which
we … applied a ligature, we find then that the mem-
ber can only support its action for a very short time;
for now its supply of energy and its expenditure do
not balance each other.

Myocardial ischemia therefore exists when the reduction
of coronary flow is so severe that the supply of oxygen is
inadequate for the demands of the tissue, which is the gen-
erally accepted situation in acute effort angina. Ischemia is

often distinguished from infarction, the latter reflecting pro-
longed irreversible ischemia with myocardial cell death.
Therefore the ischemia is also the underlying situation in
unstable angina and the very early phase of the clinical syn-
drome of acute myocardial infarction (AMI), when reperfu-
sion can still reverse the ischemic myocardial damage.
Myocardial ischemia is also thought to contribute, together
with the underlying anatomical substrate, to the potentially
lethal ventricular arrhythmias found in patients with
ischemic heart disease.

Myocardial ischemia may also occur chronically, as pro-
posed for hibernation. In the latter case, the proposal is that
the myocardium has undergone a chronic adaption to
ischemia by downregulation of contraction. The simplified
concept is “little blood, little work”.4

Therefore, there is a wide spectrum of conditions in
which myocardial ischemia is clinically relevant (Table 26.1)
and for which anti-ischemic drugs can be used. As will be
argued, the hard evidence for their long-term benefit is, in
general, strikingly absent.

Safety and efficacy

General aspects 

Safety and efficacy are ultimately linked: the more pro-
nounced the beneficial effects of a therapeutic regimen, the
greater the degree of side effects that may be tolerated. A drug
that significantly prolongs life, such as alteplase or strepto-
kinase in AMI, is recommended for use despite an increased
incidence of hemorrhagic stroke, because the balance of mor-
tality plus stroke favors the use of the drug. There exists a
hierarchy for the significance of end points, the most impor-
tant primary end point being prolongation of life, with a sec-
ondary end point being an improved quality of life, either by
reduction of morbidity or by relief of symptoms such as angi-
nal pain. Tertiary end points are those that neither improve
the quantity nor the quality of life, but which are expected to
prevent disease by reducing risk factors, examples being the
treatment of mild asymptomatic arterial hypertension.

Evidence for the first of these end points is, in general,
scant in relation to the anti-ischemic drugs. Information
gathered in one situation is not necessarily directly relevant
to another. Thus, for example, the benefits of � blockade 
in post-MI prevention5 do not necessarily show that these
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drugs also prolong life in stable effort angina. The present
author agrees with Hjemdahl et al 1 that the pathophysiologic
situation in patients with symptomatic angina is often very dif-
ferent from that in the post-MI setting. In MI, there is 
a zone of dead tissue, and depending on its size there will be
reactive remodeling in the rest of the ventricle, introducing 
a different pathophysiologic situation and predisposing to 
left ventricular (LV) failure. Also, the presence of viable 
and non-viable myocardium creates electrical inhomogeneity 
that predisposes to re-entry with risks of lethal ventricular
arrhythmias. Furthermore, the possibility of the coexistence of
stunning, hibernation, and preconditioning, collectively called
the new ischemic syndromes, all predispose to a highly com-
plex and multifarious spectrum that constitutes ischemic LV 
dysfunction.6 Although some of these abnormalities may be
found in chronic stable angina because there may be coexist-
ing previous MI, nonetheless the predominant and basic
pathology is in the one case transient myocardial ischemia
causing effort angina, and in the other case dead tissue with
reactive ventricular remodeling. Of note, a sizable portion of
patients in studies on chronic stable angina – up to one third –
have had previous infarcts.1 Post-MI angina therefore merits
specific consideration, but again outcome studies are missing.

How is safety assessed? The hierarchy of
evidence

Safety is not well defined but could be regarded as the
absence of significant adverse effects when the drug is used

with due regard for its known contraindications.7 Safety
implies the added assurance that there are no hidden dan-
gers in the legitimate use of the drug. Evidence for safety,
like evidence for efficacy, can come from a variety of
sources. There is a hierarchy of evidence regarding safety,
starting from anecdotal case reports as the least reliable, fol-
lowed by case series, case–control studies, cohort studies,
going through to more coherent information with emphasis
on large controlled randomized trials (RCTs) and carefully
conducted meta-analyses of these trials. These lead to accept-
ance of the overall evidence as favoring a position where 
the benefit and the safety of a drug group is well established
(which is the most reliable evidence).7 For example, in the
case of calcium antagonists, most of the earlier evidence on
adverse effects comes from case–control or cohort studies or
small RCTs. Such data are subject to serious intrinsic prob-
lems of the methodology, which can generate hypotheses
without providing proof or otherwise. On the other hand, in
the case of � blockers, there is concordant evidence for ben-
efit in the data on post-MI patients from many large trials,5

and a very large observational study on over 200 000
patients.8

Are there safety concerns regarding calcium
antagonists and � blockers?

A number of safety concerns have been raised in relation to
calcium antagonists, and to some extent also to � blockers.
Many of these are based on case–control or cohort studies,
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Table 26.1 The clinical spectrum of acute ischemia and the various drugs used

Clinical syndrome Pathophysiology Drug therapy Outcome in RCTs

Effort angina Imbalance of oxygen Nitrates, � blockers, None for nitrates 
supply–demand, calcium antagonists, or metabolic modifiers, 
transient metabolic modifiers, limited for � blockers 

K-channel openers and calcium antagonists,
positive for K-opener

Unstable angina, acute As above, prolonged As above, antithrombins, None for anti-ischemic
NSTE coronary syndrome antiplatelet agents drugs

Threatened MI As above prior to � blockade Possible benefit for
start of cell necrosis � blockade, harm for

nifedipine

Ischemic arrhythmias Ischemia-induced rise in � blockade Indirect evidence 
cyclic AMP and cell calcium; strongly favors 
increased If in Purkinje fibers; � blockade, 
lipid changes but no RCTs have

been directed towards
ischemic arrhythmias

Abbreviations: If, “funny current”; MI, myocardial infarction; NSTE, non-ST elevation; RCTs, randomized controlled trials



which are not a reliable source of information.7,9

There are major contradictions between the various studies.
The question of cancer and gastrointestinal hemorrhage as
possible side effects is reviewed by the WHO-ISH commit-
tee, and by Opie et al 7 without a causative association 
being found.10 In the case of cancer, one small cohort study
is outweighed by two bigger negative studies.11,12 In the
case of hemorrhage, the evidence is incomplete and not 
supported by prospective studies. In general, it is the 
short-acting calcium antagonists,13 and in particular short-
acting nifedipine, that have been associated with adverse
effects.7,14

There is long-standing good evidence that short-acting
instant release (IR) nifedipine in capsule form can increase
mortality in acute ischemic syndromes7,15,16 so that it is 
contraindicated in unstable angina or early phase MI unless
accompanied by � blockade. It follows that:

● the mechanism of the adverse effects of IR nifedipine is
very probably by reflex adrenergic activation;

● even in stable effort angina, neither short-acting nifedip-
ine nor any other short-acting dihydropyridine should
be used in the absence of an accompanying � blocker.

Indirect data from a meta-analysis of effort angina17 could
also suggest that any short-acting dihydropyridine should 
be avoided in effort angina. Experience in unstable angina
would, however, suggest that combination with � blockade
would be safe. 

Safety concerns have also been raised in relation to 
� blockers. Case–control studies suggest an increased inci-
dence of sudden cardiac arrest or death in hypertensive
patients treated by � blockade.18,19 In a prospective observa-
tional study on 12 550 hypertensive patients over 6 years,20

those taking calcium antagonists or ACE inhibitors were at
no increased risk of diabetes versus hypertensive patients
not receiving therapy, whereas with � blockers there was 
a 28% increase (RR 1·28, 95% CI 1·04–1·57). Although the
potential weakness of observational studies must again be
emphasized, other short-term studies have shown that 
� blockade added to thiazide therapy for hypertension has 
a hyperglycemic effect.21

Safety v safe use

Whenever a serious side effect of any given drug becomes
known, and acted on, then that safety issue should be obvi-
ated so that the drug becomes safer. For example, � blockers
are no longer given to patients with pre-existing excess
bradycardia, sick sinus syndrome, or asthma. In that sense,
the increased mortality long known in relation to the use of
IR nifedipine in acute ischemic syndromes is a safety issue
that should already have been overcome by the appropriate
warnings.

Grade B

RCTs

Calcium antagonists and � blockers in 
effort angina

Regarding trials with outcome end points, the major studies
are two relatively small RCTs comparing calcium antagonists
with � blockers in effort angina, neither trial having a placebo
arm. In the APSIS22 study, slow release verapamil was com-
pared with metoprolol, the main prognostic end points being
a combination of morbidity and mortality (total and cardio-
vascular), and non-fatal cardiovascular complications includ-
ing MI, revascularization, stroke, and peripheral vascular
events, as well as treatment failure. These end points did not
differ significantly between the treatments, nor were side
effects or quality of life indices different between the two
drugs. Because of the very low death rate, which was about
2% per year of follow up, it is impossible to exclude that
either drug might be better than the other, or that one 
or the other drugs might be better or worse than placebo 
(not tested). Studies to settle the mortality issue are unlikely
to be undertaken, so we must evaluate the combined end
points actually tested. On present evidence there are not
enough data to conclude that either the calcium antagonists
or the � blockers differ one from the other, or from placebo.

TIBET23 compared slow release nifedipine (twice daily
formulation) with atenolol. As there were three treatment
arms including the combination of these drugs, and only
682 patients in total to start with, there were only 450
patient-years in each group. Outcome was assessed by a
combination of end points considered either “hard” (cardiac
mortality, MI, or unstable angina) or “soft” (revasculariza-
tion or treatment failure). Thus the major conclusion of this
study is that it is underpowered for hard end points and
even for combined hard and soft end points. The firm con-
clusion is the poor tolerance of nifedipine tablets.

The more recent Stanford meta-analysis24 added 59 short-
term studies in which cardiac death or MI were reported 
during the use of � blockers or calcium antagonists for effort
angina, giving 116 extra events, still with no differences
between the outcomes and an odds ratio very close to unity.

In addition there are two placebo-controlled trials, ASIST
and PREVENT. The ASIST25 study is the only one in mild
effort angina or silent ischemia that compares a � blocker,
atenolol, with placebo. Patients with moderate to severe
angina were excluded. Over 1 year, atenolol gave better
event-free survival, using a mixed bag of end points, includ-
ing death, resuscitation, non-fatal MI, hospitalization for
unstable angina, aggravation of angina, and revasculariza-
tion. There were only a few serious events and the most 
evident difference was that there was less aggravation of
angina with atenolol (9 of 152 v 26 of 154 with placebo,
P � 0·003). This trial, therefore, tells us that atenolol is
antianginal, which is not surprising. PREVENT makes
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roughly a similar message for the long-acting dihydropyri-
dine (DHP), amlodipine, which reduced unstable angina
and revascularizations when added to existing treatment,
which often included a � blocker.26

The combined message emerging from APSIS, TIBET,
ASIST, and PREVENT is this: the real problem is that the
incidence of hard end points, such as mortality, infarction,
or unstable angina, is so low in chronic stable effort angina
that vast trials would be needed to show beyond doubt that
calcium antagonists or � blockers do more than relieve
symptoms. For example, it can be estimated that a study of
600 total deaths in effort angina, even with a risk reduction
of one quarter, would need about 30 000 patients in a long-
term trial (60 000 if the end point is cardiac mortality) to
show any differences between calcium antagonists and 
� blockers. Trials of this size are, in the view of the present
author, unlikely ever to be undertaken. Rather, it makes
much more sense to select high-risk patients (see section on
nicorandil) with clusters of risk factors, such as age, male
gender, hypertension, smoking, and hypercholesterolemia.
Alternatively, trials carefully designed to establish whether
or not two treatments have an equivalent effect may be con-
sidered because fewer numbers are required than in mega-
trials.27 From the point of view of evidence-based medicine,
and except for nicorandil the data currently available are
insufficient.

Therefore the author has argued that the choice of drug
between � blocker and calcium-channel blocker should be
geared to the needs and the pathophysiology of the individual
patient.28 For example in a middle-aged man athletically
active and anxious to avoid impotence, a calcium-channel
blocker would be first choice. In a person with a
compromised myocardium or with a previous MI, a � blocker
appropriately titrated would be first choice. In
someone at high risk of MI, antihypertensive therapy started
with a � blocker is somewhat safer than starting with a 
calcium-channel blocker, while, if the major aim is prevention
of stroke and hence intellectual integrity, a calcium-channel
blocker may be preferable (Figure 26.1).29

Combination therapy: calcium antagonist added
to � blocker in higher risk effort angina

ACTION is a large trial testing the outcome efficacy of 
long-acting nifedipine (GITS, gastro-intestinal tract system)
in higher risk patients with chronic effort angina.30 It is
powered both for efficacy (death, AMI, heart failure, stroke)
and for safety (death, AMI, stroke). Of the 7720 entrants,
78% were already taking � blockade. Therefore this trial is
chiefly going to tell us about changes in hard end points
when nifedipine GITS is added to a � blocker. Extrapolating
from what little is already known from unstable angina, but
with only 48 hour re-infarction as the outcome, the combi-
nation of nifedipine with a � blocker is likely to improve

Grade A

Grade B

outcome. The trail will terminate in late 2003. There may
be enough of a difference in the subgroup of those not
receiving a � blocker to help judge on the efficacy of long
acting nifedipine alone.

Nitrates in effort angina

There are no such trials reported and none is being planned.
Nitrates therefore remain strictly in the realm of agents that
provide symptomatic relief, without evidence for outcome
benefit. Theoretically, the reflex tachycardia that
they invoke might adversely affect the long-term outcome in
ischemic states. Equally theoretically, their capacity to act as
nitric oxide donors might protect the vascular endothelium
and provide protective preconditioning.31

Unstable angina as an example of 
prolonged ischemia

This condition has two major components: acute myocar-
dial ischemia and a disturbance of the thrombotic mecha-
nism. Antianginal drugs therefore constitute only part of 
the therapy. In contrast to the good data on the benefit of
heparin and aspirin, and now on clopidogrel, there is again
no good evidence for the benefit of nitrates in unstable
angina. Compared with intravenous diltiazem, intravenous
nitroglycerin was less effective on short-term end points
such as refractory angina and MI.32 Furthermore, there was
still a benefit in favor of diltiazem-treated patients at 1 year

Grade C
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Figure 26.1 Outcomes in a meta-analysis of hypertension 
trials, comparing calcium-channel blocker (CCB)-based therapy v
therapy conventional therapy (starting with either diuretic or �
blocker). Note decrease (P � 0 · 013) in non-fatal stroke, the
increase in non-fatal myocardial infarction (MI) (P � 0 · 036), and
unchanged cardiovascular (CV) and total mortality. Figure cor-
rected from error in original publication of Opie and Schall.29



of follow up.33 Regarding long-term outcome with nitrates
in unstable angina, there has been only one trial, which
compared transdermal nitroglycerin with placebo therapy
over 4 months, each arm receiving in addition conventional
medical treatment. Outcome events such as death, MI or
refractory angina were similar in the nitrate and placebo
arms.34

There is a difference in the safety profile of the dihydro-
pyridines (DHPs) and the non-DHPs (such as verapamil and
diltiazem). Of the DHPs, only IR nifedipine has been well
tested, with an adverse outcome in two trials. In the 
HINT study,27 IR nifedipine was inferior to placebo with 
MI within 48 hours as an end point (OR 2·0, 95% CI
1·1–3·6) so that the trial was stopped,35 while in the other
study36 there was an increase in early mortality. The heart
rate-increasing effect of IR nifedipine36 was probably the
result of adrenergic activation because a benefit for the addi-
tion of IR nifedipine to prior � blockade was shown in both
these trials and also by Gerstenblith et al.37 By contrast, the
non-DHP diltiazem was successfully used in comparison
with a nitrate, both agents being given intravenously with a
relative risk of 0·49 in favor of diltiazem for short-term
events, chiefly recurrent pain.32 Diltiazem decreased the
heart rate whereas the nitrate increased it. Although there has
been no similar trial with verapamil, several smaller trials sug-
gest efficacy.38–40 While it is possible that long-acting DHPs
such as amlodipine that do not increase the heart rate might
be safe in unstable angina, no such trials are likely to be done.
The conclusion from the safety point of view is that the 
non-DHP diltiazem is best tested without the trial being
large enough to yield outcome data, that verapamil may be 
similar in its effects though even less well tested, and that
the DHPs as a group are relatively contraindicated in the
absence of � blockade, with short-acting nifedipine (and
nicardipine) totally contraindicated.

In the case of � blockade, there are no good studies in
unstable angina, the only one available showing an insignifi-
cant trend to short-term benefit as measured by the decrease
in recurrent ischemia or MI within 48 hours.35 Neither of
two older studies had hard end points.41,42

Prinzmetal’s variant angina

This type of angina at rest is caused by coronary spasm and
is specifically relieved by calcium antagonists. There are no
outcome studies with hard end points, perhaps because 
the condition is potentially fatal and therefore placebo-
controlled trials would be impossible. Some of the studies
with remission of attacks as end point are reviewed by Opie
and Maseri.43 Short-acting agents are standard.
Of these, nifedipine should not be used unless the diagnosis
is firm and it is sure that the patient does not have unstable
angina or threatened MI.

Grade B

Threatened infarction

In this situation where ischemia is threatening to develop
into infarction, IR nifedipine had adverse short-term (2 week)
effects in a relatively small randomized trial, in which 
mortality was increased from 0 of 82 placebo patients to 7 of
89 nifedipine patients (P � 0·018).15 By contrast, in another
relatively small trial with propranolol started intravenously
within 4 hours of the onset of symptoms of AMI and then
continued orally, there were fewer completed infarcts as
shown by a limitation of blood enzyme rise,42 and the 
incidence of ventricular fibrillation was less.44

When given in a pilot study to patients with clinically
threatened MI, atenolol reduced eventual infarction but, as
the authors point out, the small numbers mean that the sta-
tistics are far from robust.45 These small trials do not provide
definitive information but are in agreement with the general
concept that adrenergic activation is harmful in threatened
infarction42 so that � blockade is the preferred mode of 
therapy. This recommendation is, however, not based on
good trial data.

Postinfarct effort angina

Two large RCTs suggest that long-term post-AMI therapy 
by instant release capsular nifedipine in standard doses is
not beneficial or possibly harmful.16,46 The pre-
sumed mechanism is reflex sympathetic stimulation. Angina
was not a specific end point. Even though evidence from
cohort studies is contradictory,47,48 this agent is far from
ideal for post-MI patients with angina.

Only one of the post-MI trials with calcium antagonists
specifically reported on the incidence of angina pectoris in a
subgroup of the postinfarct DAVIT II study,49 in which vera-
pamil 360 mg/day was started 7–15 days following infarct
and continued for up to 18 months. Verapamil was signifi-
cantly antianginal.50 Regarding the outcome of the DAVIT II
study as a whole, in the verapamil group there was a reduc-
tion (RR 0·80, 95% CI 0·64–0·99) in the combined end
point predetermined as death and/or re-infarction. Although
total mortality did not fall, the RR was also 0·80 (95% CI
0·61–1·05), and the lack of significance could possibly be
ascribed to the relatively small numbers involved. Regarding
heart failure, analysis of predetermined subgroups, under-
taken before the code was broken, showed that in patients
without prior heart failure during their stay in the coronary
care unit, there was a mortality reduction (P � 0·024).
There was no effect of verapamil, either beneficial or harm-
ful, in those with prior (not concurrent) heart failure.
However, subgroup analysis even with predetermined end
points is open to criticism. 

Regarding diltiazem, the MDPIT post-MI study, in which
diltiazem was given as 240 mg/day for a mean of 25 months,

Grade B
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did not report on effort angina.51 An earlier study in which
diltiazem was given for 14 days after non-Q wave infarction
found no difference in the incidence of chest pain “recog-
nized as angina pectoris”.52 Outcome evidence that this
drug increases cardiac events (cardiac deaths and/or non-
fatal infarction) in post-MI patients with congestive heart
failure cannot be disputed.51

Regarding � blockers, there is impressive evidence that
these drugs prolong life in post-MI patients.5 Furthermore,
in a very large observational study on over 200 000 post-MI
patients, mortality was reduced by about 40% in all sub-
groups of those receiving � blockers, including those with
prior revascularization.8 Therefore, although
there appear to be no formal trials on antianginal properties
in post-MI patients, the large number of post-MI trials and
the many patients studied, mean that these drugs have more
overall compelling evidence in their favor in the postinfarct
situation than does verapamil and much more compelling
evidence than for the DHP calcium antagonists. First princi-
ples suggest it is likely that they are exerting their benefit at
least in part by an anti-ischemic effect, although benefits on
remodeling and postinfarct heart failure are a reasonable
alternative.53,54

Ischemic arrhythmias

The Cape Town hypothesis is that � blockers have a ven-
tricular antiarrhythmic effect in AMI by limiting metabolic
changes, such as increased levels of cyclic AMP in the
ischemic tissue.55 Nonetheless, other modes of action are
possible, for example by inhibition of the current If that ini-
tiates pacemaker activity in injured Purkinje cells. A meta-
analysis has shown that � blockade is effective when given
as prophylactic antiarrhythmic therapy in the context of
AMI, and that it reduces mortality with an odds ratio of
0·81 in 55 trials.56 Further evidence for outcome benefit 
for � blockers, as in postinfarct patients, comes from the
Cardiac Arrhythmia Suppression Trial (CAST) in which prior
� blockade therapy was associated with a one third reduc-
tion in arrhythmic death or cardiac arrest.54 By contrast, cal-
cium antagonists had a slightly increased relative risk, albeit
not of statistical significance. Yet these findings do not prove
that the � blockers were acting as anti-ischemic agents, and
only provide indirect evidence that � blockers are safe when
deliberately chosen as anti-ischemic drugs in other clinical
situations.

Calcium antagonists in stable angina after
angioplasty

There still is no convincing evidence that pharmacologic
therapy by any of the anti-ischemic drugs alters the incidence
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of restenosis. There is some evidence from a meta-analysis
that calcium antagonists as a group may help to prevent
restenosis,57 which should mean lessened effort angina – 
a possibility that was not reported. In one specific study over
6 months, twice daily verapamil reduced restenosis follow-
ing percutaneous transluminal coronary angioplasty (PTCA),
but only in patients with stable angina.58 � block-
ers appear to be untested in this situation.

Congestive heart failure and effort angina

There are no studies with this combination as a predeter-
mined end point. In view of the consistent benefit that
accrues to patients with heart failure, already receiving a
diuretic and an ACE inhibitor when a � blocker is carefully
phased in, such added therapy can be expected to improve
angina. However, direct evidence is missing. 

ACE inhibitors as potential anti-ischemic drugs

There are at least four potentially anti-ischemic mechanisms
whereby ACE inhibitors may operate. First, angiotensin II 
is known to facilitate sympathetic adrenergic transmission,
also in humans.59 Second, ACE inhibitors, by formation of
bradykinin, indirectly promote the formation of nitric oxide,
which in turn inhibits myocardial oxygen consumption.60

Third, ACE inhibitors are potentially antihypertensive and
thereby reduce the afterload. Fourth, in 15 hypertensive
patients of whom 11 had effort angina, ACE inhibitors
improved coronary flow reserve after long-term therapy.61

The mechanism may be by reversal of endothelial dysfunc-
tion. Not surprisingly, these agents have a documented
antianginal effect in hypertensive patients with angina62,63

without, however, any outcome data. In patients with low
ejection fractions, below 35%, chronic therapy by enalapril
in the Studies of Left Ventricular Dysfunction (SOLVD) trials
led to less hospital admissions for unstable angina, and
therefore might well have reduced stable effort angina, but
the data are not clear on this point.64 In the SAVE study
there was an unexpected reduction in recurrent MI in the
group given captopril.65

The hypothesis that ACE inhibitors can protect against
manifestations of ischemic heart disease in those at high risk
was tested in HOPE,66 in which one of the predetermined
secondary or other outcomes was reduction of revascular-
ization (RR 0·85, 95% CI 0·77–0·94) and of worsening
angina (RR 0·89, 95% CI 0·82–0·96). However, what is con-
troversial is the mechanism: is it just blood pressure reduc-
tion,67 or an additional explanation specific to ACE
inhibition such as an increased formation of bradykinin?
Objective anti-ischemic effects can be found in hypertensive
but not normotensive people.68 In “standard”Grade A

Grade C

Grade B
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angina of effort, without hypertension or heart failure, ACE
inhibitors have an inconstant effect, as reviewed else-
where.69 Logically, the expected benefit would be more in
patients with more severe ischemia and a greater activation
of the adrenergic and renin–angiotensin systems.70

Metabolic modifiers

Trimetazidine and ranolazine are antianginals that act meta-
bolically, probably through multiple mechanisms including
partial fatty acid oxidation. While there is no doubt about
their antianginal efficacy, supported by the recent oral pres-
entation of data on 800 patients in the case of ranolazine,
there are no outcome trials.

Nicorandil

This antianginal drug acts through several mechanisms
including nitric oxide formation and potassium channel
opening, the latter leading to preconditioning and to an anti-
adrenergic effect during experimental ischemia.71 In a large
prospective trial on higher risk patients with stable effort
angina,72 the primary composite end point was achieved,
namely a reduction of coronary heart disease death, non-
fatal MI, or unplanned hospitalization for cardiac chest pain.
The secondary end point, coronary heart disease death or
non-fatal MI, showed a strong trend to reduction without
significance being reached. This trial is remarkable because
it shows that a trial testing hard end point reduction in 
effort angina can be undertaken. Nicorandil is thus, in the
view of the present author, the only antianginal that has
strong evidence-based data in its favor. It is licensed in the
UK, Japan, and several other countries, but not in the USA.

Statins as potential anti-ischemic drugs

Statins have made a considerable difference to the 
mortality of patients with ischemic heart disease in several
studies. In the West of Scotland Coronary Prevention Study
(WESCOPS), pravastatin was able to reduce hard end points
in middle-aged hypercholesterolemic men without prior MI.
In this group, the occurrence of angina pectoris was highly
correlated (P � 0·0001) with the primary end point, which
was definite coronary heart disease death or non-fatal MI.73

Therefore, in hypercholesterolemic males with angina,
statins are able to reduce hard end points. That they have a
direct anti-ischemic effect is shown by reduction of ST seg-
ment deviations on 48 hour Holter traces in patients with
stable angina pectoris, documented coronary artery disease
and pre-existing antianginal therapy, the latter not being
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specified.74 Statin therapy can improve endothe-
lial function, measured in the brachial artery, within 3 days
in high-risk patients (elderly patients).75 Formal prospective
proof that cholesterol lowering by a statin has clinical
antianginal efficacy is provided by the MIRACL study
(Myocardial Ischemia Reduction with Aggressive Cholesterol
Lowering) in which a high daily dose of atorvastatin
(80 mg/day) reduced symptomatic ischemia and hospitaliza-
tion in patients within 16 weeks of an acute coronary 
syndrome.76

Diuretics as potential anti-ischemic drugs

Short-term diuretic therapy has an antianginal effect, 
possibly by reduction of the left ventricular preload.77 No
outcome data are available. Some case–control studies 
on hypertensive patients have suggested increased mortality
on diuretics when given in high doses and without potas-
sium supplementation.18,19

Conclusions

There are few if any satisfactory outcome studies available
with the conventional antianginal drugs in effort angina.
There are no trials at all on nitrates, and only rather small
trials comparing � blockers and calcium antagonists. Some
indirect evidence suggests that the ACE inhibitors may have
antianginal properties. Statins are indirectly antianginal.
Adequately powered outcome trials in patients with cardiac
death and non-fatal MI as end points in effort angina would
require mega-trials in view of the low incidence of these
events. It would be more practicable to select high-risk cate-
gories or to aim trials at showing drug equivalence. Thus in
higher risk patients with effort angina, the relative new
antianginal nicorandil gave a positive outcome with a reduc-
tion in the primary end point of coronary heart disease
death, non-fatal MI and hospitalization, or unplanned car-
diac chest pain. In unstable angina, where ischemia is 
prolonged, there are no good trials showing that nitrates, 
� blockers or calcium antagonists – all commonly used
drugs – have outcome benefit. Although � blockers have
good evidence favoring their use as prophylactic antiar-
rhythmic drugs in AMI, with a reduction in mortality shown
by meta-analysis, it is not certain that they are acting as anti-
ischemic drugs in this situation.

Key points

● Standard anti-ischemic drugs (nitrates, � blockers, calcium
antagonists) relieve anginal pain but their effect on 
outcome in effort angina is not known. Two relatively small
trials and a meta-analysis suggest equivalence between
calcium antagonists and � blockers. It is desirable but 
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unlikely that mega-trials will be conducted to settle this
issue.

● Nicorandil is a relatively new anti-anginal with hard out-
come data in its favor when tested in higher risk patients
with effort angina.

● Likewise in unstable angina, outcome data for the anti-
ischemic agents are lacking.

● An exception is short-acting nifedipine, which in two tri-
als in acute ischemic syndromes has increased mortality,
probably by reflex adrenergic activation.

● The closer the patient is to AMI, the stronger are the
data for the safety of � blockers.

● In the postinfarct phase the data for safety and efficacy
of � blockers are especially strong. The only calcium
antagonist with good evidence for safety is verapamil, 
but without mortality benefit in the relatively small trials
conducted.

● In acute ischemic ventricular arrhythmias, there is indi-
rect evidence for the prophylactic effect of � blockers
on mortality, even though there is no formal trial.

● Indirect evidence suggests that angiotensin converting
enzyme inhibitors have some anti-ischemic properties
without clear evidence for antianginal efficacy except in
hypertensive patients. A large prospective study shows
that ramipril protects from worsening angina in high-risk
patients.

● In one trial, early use of high-dose statin following an
acute coronary syndrome reduced symptomatic ischemia
within 16 weeks.
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Coronary artery disease (CAD) is the leading cause of death
worldwide and a major determinant of morbidity, use of
healthcare resources, and lost productivity from illness. Since
the original descriptions of surgical1 and percutaneous2 revas-
cularization, the number of revascularization procedures has
increased yearly (Figure 27.1). By 1998, 1202000 cardiac
catheterizations, 926000 percutaneous transluminal coro-
nary angioplasty (PTCA) procedures, and 553000 coronary
artery bypass graft (CABG) operations were being performed
annually in the USA alone.3 An equivalent number are likely
being performed in the rest of the world. Because the imme-
diate risks of invasive procedures must be balanced against
future potential benefits, it is important to critically evaluate
the evidence supporting the use of these procedures, and to

define the types of patients most likely to benefit and those
unlikely to have any substantial benefit.

Considered empirically, there are three broad potential
reasons to recommend myocardial revascularization:

● to alleviate symptoms caused by myocardial ischemia;
● to improve the likelihood of long-term survival; and
● to reduce the risk of future non-fatal cardiac events

such as myocardial infarction, serious arrhythmias, or
congestive heart failure.

Within these categories, the potential and magnitude of
benefit must be balanced against the intrinsic risk of inva-
sive procedures. These considerations require thorough
knowledge of both the technical aspects and the pertinent
evidence, in particular relative efficacies with respect to out-
comes of interest, estimation of individual risk-to-benefit
ratios, and an understanding of the limitations and potential
harm of each procedure. This chapter reviews the evidence
comparing CABG surgery, PTCA, stents, and medical ther-
apy for chronic CAD with respect to both fatal and non-fatal
clinical outcomes. By building a conceptual framework, this
chapter attempts to place the evidence from more recent tri-
als of percutaneous revascularization into the context of pre-
vious trial data that compared CABG with medical therapy.
Limitations of the available data and application to clinical
practice are also discussed.

CABG surgery versus medical therapy

The first generation of randomized clinical trials of chronic
CAD tested CABG surgery against medical therapy. Three
moderate sized, prospective randomized studies conducted
two decades ago provide the bulk of the data: the European
Coronary Surgery Study (ECSS), the Veterans Administration
(VA) Coronary Artery Bypass Surgery Cooperative Study
Group, and the Coronary Artery Surgery Study (CASS).4–6

These trials and numerous retrospective studies from associ-
ated registries demonstrated that the benefits of CABG were
proportional to the long-term risk among patients who
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Table 27.1 Clinical and angiographic characteristics of
patients enrolled in randomized trials of CABG versus
medical therapy

Characteristica % of patients

Age distribution (years)
	40 8·5
41–50 38·2
51–60 46·0
�60 7·3

Ejection fraction (n � 2474)
�40 7·2
40–49 12·5
50–59 28·0
�60 52·3

Male 96·8

Severity of angina
none 11·2
class I or II 53·8
class III or IV 35·0

History
myocardial infarction 59·6
hypertension 26·0
heart failure 4·0
diabetes mellitus 9·6
smoking (n �1949) 83·5
current smokers (n � 2298) 45·5

ST-segment depression �1 mm
resting (n � 2423) 9·9
exercise (n �1985) 70·5

Drugs at baseline
� blockers (n � 2308) 47·4
antiplatelet agents (n �1195) 3·2
digitalis (n � 2319) 12·9
diuretics (n �1940) 12·6

Number of vessels diseased
left main coronary artery 6·6
one vesselb 10·2
two vesselsb 32·4
three vesselsb 50·6

Location of disease
proximal left anterior descending 59·4
left anterior descending diagonal 60·4
circumflex 73·8
right coronary 81·6

Abbreviation: CABG, coronary artery bypass graft
a Data on some characteristics are not available for all patients.
b Without left main artery. (From Yusuf et al7 by permission of
The Lancet Ltd.)

received medical therapy.5–7 Although both the VA study and
CASS failed to demonstrate a difference in overall mortality
between the medical and surgical groups that was statisti-
cally significant, subgroups in which CABG appeared to be
superior to medical therapy were identified early. These sub-
groups included patients with left main CAD,8,9 so-called left
main equivalent disease,10 and three vessel disease with left
ventricular dysfunction.11 Because each trial was relatively
small (350–400 patients per treatment arm), only the ECSS
trial demonstrated a decrease in mortality overall that was
statistically significant.4,9

The three major trials (CASS, VA, and ECSS) plus four
smaller trials (50 patients per treatment arm), in which
patients were followed for 10 years, have been subjected to
meta-analysis.7 In all, 2649 patients randomly allocated to
CABG or medical therapy were included. Original clinical
and angiographic data were collected and analyzed accord-
ing to uniform definitions. Enrolled patients had stable
angina pectoris, whereas those with medically refractory 
or unstable angina generally were not included. The base-
line angiographic and clinical characteristics are listed in
Table 27.1. Of note, the majority had three vessel (50·6%)
or left main CAD (6·6%), most of the patients were between
40 and 60 years old, almost all were male, and only 20%
had an ejection fraction less than 50%. About half of the
patients were taking � adrenergic blockers, but only 3·2%
were receiving antiplatelet drugs at enrollment.

Mortality

Cumulative mortality after initial medical therapy or initial
CABG over 12 years of follow up is shown in Figure 27.2.
Because of the perioperative mortality associated with
CABG, 1 year mortality was not different between the
groups and a net benefit in favor of CABG was not observed
for 2 to 3 years (Figure 27.2). The advantage in favor of an
initial strategy of CABG substantially widened at 5 to 7 years,
before narrowing again by 10 to 12 years. At 5, 7, and 10
years, 10·2%, 15·8%, and 26·4% of patients, respectively,
assigned to CABG had died, compared with 15·8%, 21·7%,
and 30·5% of their medically assigned counterparts. Risk
reductions were significant at all three time points (relative
risk [RR], 0·61, 0·68, 0·83), even though 40% of patients ini-
tially assigned to medical treatment had delayed CABG sur-
gery by 10 years. Because such crossovers tend to occur in
the highest risk medical patients (left main coronary artery or
three vessel disease, unstable angina), these trials may under-
estimate the real benefits of CABG surgery compared with
medical therapy alone, and this underestimation would be
greatest among high-risk subsets. This tendency for the rela-
tive – but not the absolute – benefit to converge is likely due
to high rates of crossover to surgery among the highest risk
medical patients, the development of graft atherosclerosis,
and progression of underlying native vessel disease.

Significant heterogeneity of treatment effect was
observed between various angiographic and clinical sub-
groups (Table 27.2). In general, the survival advantage of
CABG over medical therapy was proportional to the 
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Table 27.2 Outcomes of various subgroups in medical therapy versus CABG trials at 5 years

Subgroup Overall number Medical therapy Odds ratio P for CABG v P for

Deaths Patients
mortality rate (%) (95% CI) medical treatment interaction

Vessel disease
one vessel 21 271 9·9 0·54 (0·22–1·33) 0·180 0·19
two vessels 92 859 11·7 0·84 (0·54–1·32) 0·450
three vessels 189 1341 17·6 0·58 (0·42–0·80) �0·001
left main artery 39 150 36.5 0·32 (0·15–0·70) 0·004

No LAD disease
one or two vessels 50 606 8·3 1·05 (0·58–1·90) 0·880 0·06
three vessels 46 410 14·5 0·47 (0·25–0·89) 0·020
left main artery 16 51 45·8 0·27 (0·08–0·90) 0·030
overall 112 1067 12·3 0·66 (0·44–1·00) 0·050

LAD disease present
one or two vessels 63 524 14·6 0·58 (0·34–1·01) 0·050 0·44
three vessels 143 929 19·1 0·61 (0·42–0·88) 0·009
left main artery 22 96 32·7 0·30 (0·11–0·84) 0·020
overall 228 1549 18·3 0·58 (0·43–0·77) 0·001

LV function
normal 228 2095 13.3 0·61 (0·46–0·81) �0·001 0·90
abnormal 115 549 25·2 0·59 (0·39–0·91) 0·020

Exercise test status
missing 102 664 17·4 0·69 (0·45–1·07) 0·100 0·37
normal 60 585 11·6 0·78 (0·45–1·35) 0·380
abnormal 183 1400 16.8 0·52 (0·37–0·72) �0·001

Severity of angina
class 0, I, II 178 1716 12·5 0·63 (0·46–0·87) 0·005 0·69
class III, IV 167 924 22·4 0·57 (0·40–0·81) 0·001

Abbreviations: CABG, coronary artery bypass graft; CI, confidence interval; LAD, left anterior descending; LV, left ventricle 
(From Yusuf et al7 by permission of The Lancet Ltd.)

number of diseased coronary arteries (three vessel RR, 0·58;
P � 0 · 001, or left main RR, 0·32; P � 0 · 004), particularly
if the left anterior descending artery was involved (RR,
0·58). Although the relative benefits were similar regardless
of left ventricular function (RR, 0·61 if normal and 0·59 if
abnormal), the absolute benefit was greater among patients
with an abnormal ejection fraction, because the risk of
death was twice as high in this group (5 year medical mor-
tality rate of 25·2% with an ejection fraction �50% v 13·3%
if it was �50%). Similarly, absolute (and to some extent rel-
ative) mortality benefits were greater among patients with
evidence of myocardial ischemia (abnormal exercise test
results or severe angina).

To put the relative and absolute benefits of CABG further
into the perspective of baseline risk, a score stratified by clin-
ical and angiographic markers was developed. This indicated
that patients at high risk (5 year medical mortality, 23%)
experienced a clinically and statistically highly significant
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Figure 27.2 Overall survival after random allocation to med-
ical treatment or coronary artery bypass graft (CABG). (From
Yusuf et al7 by permission of The Lancet Ltd.) 



improvement in survival (RR, 0·50; P � 0·001). Those at
moderate risk (5 year medical mortality, 11·5%) also bene-
fitted (RR, 0·63; P � 0·05), but the absolute benefits were
smaller. No evidence of a survival benefit was observed
among those at low risk (5 year medical mortality, 5·5%; 
RR, 1·18; P �0·70).

Myocardial infarction and other non-fatal 
end points

Registry studies have suggested a favorable effect on late
myocardial infarction only among the highest risk subsets,
such as patients with three vessel disease and severe angina
pectoris.12 In the meta-analysis, no overall effect of CABG
on subsequent infarction could be demonstrated, primarily
because of an excess of infarction in the perioperative period
(10·3% incidence of death or myocardial infarction at 
30 days) among those assigned to surgery.7 Although the
risk of subsequent myocardial infarction was lower during
extended follow up, this was not statistically significant
(24·4% incidence of death or myocardial infarction at 5 years
for the CABG group v 30·7% for the medical group).7 Most
trials did not prospectively collect data on rehospitalization
for unstable angina, stroke, quality of life, or cost.

Recent trials

Few randomized data from the modern era compare CABG
surgery with medical therapy. The Asymptomatic Cardiac
Ischemia Pilot (ACIP) prospectively assigned 558 patients
with asymptomatic ischemia to one of two medication strate-
gies or to routine revascularization with CABG or PTCA.13,14

Despite the relatively small sample size, mortality (1·1% v
6·6% and 4·4% for the two medical groups, P � 0·02), and
death or myocardial infarction (4·7% revascularization v
12·1% and 8·8%, P � 0·04) was significantly lower after 
2 years of follow up among the patients assigned to routine
revascularization.15 Rates of non-protocol revascularization
procedures and hospital admission were also lower among
the routine revascularization group (29% of medically
assigned patients “crossed over” to invasive procedures).

The Medicine, Angioplasty, or Surgery Study (MASS)
prospectively enrolled 214 patients with proximal left 
anterior descending artery stenoses to CABG surgery with
an internal thoracic arterial conduit (n � 70), to PTCA
(n � 72), or to medical therapy alone (n � 72). Rates of
death (one in each group) or non-fatal myocardial infarction
(one CABG, two PTCA) were very low over a mean 3 year
follow up. After 3 years, 98% of patients assigned to CABG
and 82% assigned to PTCA were free of angina, compared
with only 32% of those in the medical group; however, 
21 patients (29%) in the PTCA group required repeat proce-
dures. No patient in any treatment group had severe angina
(class III or IV).

Because previous trials have systematically tended to
exclude elderly patients, precise estimates of relative risks
and benefits are not available and must be extrapolated from
other data. A recently published Swiss study focused on 
elderly patients. Patients older than 75 years (mean age, 
80 years; 44% women) who had chronic, severe angina pec-
toris were randomly assigned to either an invasive approach
or continued medical therapy.16 Of 155 patients assigned to
the invasive approach, 80 received PTCA, 33 CABG sur-
gery, and 34 continued medical treatment. A third of the
medical group required non-protocol revascularization for
symptom control. By 6 months, angina severity and quality
of life measures had improved in both groups but to a signif-
icantly greater extent in the invasive group. In the invasive
group, 16·3% of patients had either died or had a non-fatal
infarction, compared with 15·5% in the medical group. 
A greater proportion of the medical group (49% v 9·8%)
required hospital admission during the ensuing 6 months.
Although this was a relatively small trial, the findings
affirmed the role of revascularization in improving symp-
toms and quality of life among elderly patients, the most
important goal of treatment in this group.

Although the findings described above were derived from
relatively small trials, they suggest that among patients with
evidence of myocardial ischemia, modern revascularization
techniques may be more effective than previously thought.
These data point to a need for larger, more definitive ran-
domized trials that test current revascularization techniques
against modern medical therapy so that reliable estimates 
of effect of size on clinical outcomes with narrower confi-
dence intervals can be made.

Conclusions

The available data suggest that a strategy of early CABG 
surgery improves long-term survival in a broad spectrum 
of patients at moderate to high risk with medical therapy.
Relative reductions in mortality risk of about 40% over 
5 years can be expected in comparison with the alternative
of medical therapy. Absolute benefits are proportional to the
risk expected with medical therapy. Clinical and angiographic
markers of risk, including severity of CAD, left ventricular
dysfunction, and myocardial ischemia, can identify patients
in various risk strata. The benefits of CABG are greatest
among those who are at highest risk with medical therapy
(5 year mortality greater than 20%).

Limitations of first generation randomized
clinical trials

During the last two decades, advances have occurred 
in both surgical and medical treatments that potentially
could alter the results if trials were repeated today. These
advances include the use of left internal thoracic artery 
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conduits that have long-term patency rates markedly supe-
rior to venous bypass grafts, and aggressive lipid lowering
and chronic antiplatelet therapies.17,18 The CABG surgery
versus medical therapy trials were confined to patients 
65 years or younger, but more than 50% of CABG proce-
dures are now performed on patients 65 years or older.3

Similarly, only CASS enrolled women, whereas women now
commonly undergo CABG surgery. The use of internal tho-
racic conduits was limited to only 14% of the patients in
CASS, and this conduit was not used in the other trials. Lipid 
lowering agents were not widely used, HMG-CoA reductase
inhibitors were not available, and aspirin was not widely
used in either the medical or surgical groups. High-risk
patients, such as those with severe angina and left main
coronary artery stenosis, were underrepresented in these 
trials. These considerations and the results of the small
recent trials suggest that the benefits of CABG surgery on
clinical outcomes are likely to be larger than in the old ran-
domized trials, especially among subsets of high risk patients.

PTCA versus medical therapy

PTCA was first introduced in the late 1970s as a treatment
for single vessel CAD,2 and it has become one of the most
commonly performed major procedures. Most PTCA proce-
dures are still performed for single vessel disease,19,20 but 
its role in multivessel disease is expanding, and rates of pro-
cedural success and complications19,20 have been described
in large observational databases. Six prospective trials have
enrolled patients to strategies of initial medical therapy 
versus balloon angioplasty.21–26

The first of such trials, A Comparison of Angioplasty With
Medical Therapy in the Treatment of Single-Vessel Coronary
Artery Disease (ACME), was published in 1992,21 13 years
after the first report of PTCA.2 In this trial, 212 patients with

stable, single vessel CAD and exercise induced myocardial
ischemia were randomly assigned to PTCA or medical ther-
apy. The proportion of patients free of angina at 6 months
was greater in the PTCA arm (64% v 46%, P � 0·01), and
the number of monthly anginal episodes was fewer among
those with angina despite a low (by current standards) tech-
nical success rate of only 80% with PTCA. These patients
required fewer medications and had better improvement in
treadmill exercise duration (increase, 2·1 v 0·5 minutes; 
P � 0·0001) and psychologic wellbeing scores. However,
these symptomatic improvements came at a considerable
price, which included two emergency CABG operations and
five myocardial infarctions. An accompanying trial from the
ACME group enrolled 328 patients with double vessel dis-
ease and was reported in 1997. In this trial, functional
improvement occurred in both the medical and angioplasty
treated groups, and without statistically significant differ-
ences between the groups.25

The largest prospective trial of PTCA versus medical 
therapy was the multicenter Randomized Intervention
Treatment of Angina (RITA) 2 trial.23 Most of the patients
had mild symptoms (80% Canadian Cardiovascular Society
class 0 to II), 60% had single vessel CAD, and 33% had two
vessel disease; only 6% had marked left ventricular dysfunc-
tion. The primary end point of death or myocardial infarc-
tion occurred in 6·3% of the PTCA group and 3·3% of the
medical therapy group (absolute difference, 3·0%, 95% 
CI 0·4–5·7; P � 0·02). The combined rates of death,
myocardial infarction, and non-protocol revascularization
were about 25% in both groups by 3 years of follow up, 
and were primarily due to repeat procedures in the PTCA
group and progression of symptoms in the medical group
(Figure 27.3). Angina pectoris and treadmill exercise time
improved significantly in both groups. Patients with grade 2
or worse angina appeared to benefit more from PTCA; 
they had a lower incidence of angina and longer treadmill
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exercise times than that of the medical therapy group.
Patients with mild symptoms at enrollment had no measur-
able improvement from PTCA. Quality of life measures
were assessed at 6 months and at 1 and 3 years with the 
SF-36 instrument.1 Both groups experienced improvement,
with PTCA producing greater improvement in physical func-
tioning, vitality, and general health at 3 months and 1 year;
33% of the PTCA group and 22% of the medical therapy
group rated their health much improved (P � 0 · 008). These
improvements were related to breathlessness, angina, and
treadmill exercise time. By 3 years, no intergroup differences
were observed, which may be explained partly by the 27%
crossover to PTCA among the medical therapy group.27

The Atorvastatin Versus Revascularization Treatment
(AVERT) trial26 randomly assigned 341 patients with low risk
CAD (99% of patients had stable Canadian Cardiovascular
Society class 0 to II angina) to percutaneous revascularization
plus usual medical care, or to medical care including aggres-
sive therapy with atorvastatin. Over a mean follow up of 
18 months, the PTCA group experienced more cardiac events
(cardiac death or arrest, revascularization, stroke, or worsen-
ing angina) overall than the atorvastatin group (21% v 13% 
for PTCA and atorvastatin groups, respectively, P�0·048).
However, a greater proportion of the PTCA group had
improvement in anginal symptoms (54% v 41%, P�0·009).

The findings of the individual trials are reinforced by a sys-
tematic review of PTCA versus medical treatment for stable
CAD.28 The review included data from six randomized clini-
cal trials that enrolled 953 patients given balloon angioplasty
and 951 given medication. Treatment with PTCA resulted 
in significant improvement in angina (RR, 0·70, 95% CI
0·50–0·98); however, patients who had PTCA required
CABG more frequently (RR, 1·59, 95% CI 1·09–2·32). 
No differences in death (RR, 1·32, 95% CI 0·65–2·70) or
myocardial infarction (RR, 1·42, 95% CI 0·90–2·25) were
observed (Figure 27.4). Because a substantial proportion of
patients enrolled in medical arms required PTCA for symp-
tom control, the overall odds of non-protocol PTCA did not
differ despite the occurrence of restenosis after initial PTCA
(RR, 1·29, 95% CI 0·72–3·36).

Conclusions: PTCA versus medical therapy

On the basis of the results of the above trials, it is evident
that among patients with low risk symptomatic CAD
(Canadian Cardiovascular Society class II or greater and
average mortality of �1% per year), PTCA can improve
symptoms and measures of quality of life compared with
medication alone. No apparent reduction can be expected
in overall mortality, need for subsequent PTCA, myocardial
infarction, or CABG (which may be higher than with 
medical therapy). These data suggest that PTCA is indicated
if the desired level of anginal relief and physical activity 

cannot be achieved with medical therapy. Aggressive lipid
lowering therapy is indicated for all patients with stable
CAD. With the excess risk of cardiac events seen in several
trials, PTCA purely for the treatment of an anatomical 
coronary artery stenosis or for ischemia without symptoms
cannot be recommended. Similarly, PTCA for prevention of
myocardial infarction is not indicated.

Theoretic considerations for comparison of
CABG, PTCA, and medical therapy

Although PTCA was conceived originally as an alternative
to CABG, rates of both PTCA and CABG have increased
consistently and in parallel.3 This and the fact that most
PTCA procedures have been performed for single vessel dis-
ease suggest that PTCA has been used primarily as an alter-
native to medical therapy rather than to CABG. More
recently, with increased experience and technical advances,
the pattern of use of PTCA has increasingly included subsets
of patients previously referred for CABG. Several prospec-
tive randomized clinical trials have compared multivessel
PTCA, CABG, and stents. Before the results of these trials
are reviewed (which compare two active invasive therapies
without medical or placebo controls), several methodologic
issues need to be considered.

Moderate- to high-risk patients

As mentioned above, several outcomes can be assessed in
comparing PTCA with CABG: mortality, non-fatal events
(such as non-fatal myocardial infarction), symptoms, cost, and
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surrogate laboratory end points (such as left ventricular 
function). Because neither PTCA nor CABG has been shown
to decrease the incidence of non-fatal myocardial infarction
compared with medical therapy, this end point is unlikely to
be sensitive to a possible differential effect of the two proce-
dures. Indeed, considering non-fatal infarction in a composite
end point may dilute event rates sufficiently to preclude
detection (by lowering statistical power). Similarly, inclusion
of low-risk subgroups in which CABG has not been shown to
improve survival compared with medical therapy, such as sin-
gle vessel disease, would decrease the ability to demonstrate
mortality differences. An exception would occur if PTCA
were significantly worse than medical therapy or substantially
superior to CABG (both of which can be considered unlikely).

It has been demonstrated that CABG is associated with 
a 30–50% mortality risk reduction in moderate- and high-
risk subgroups at 5 years compared with medical therapy.
The detection of a difference in relative risk difference of
half this magnitude (15–25%) between CABG and PTCA
would be clinically relevant. If such a comparison indicated
superiority of PTCA over CABG, it could reasonably be 
concluded that PTCA was superior to both medical therapy
(indirect extrapolation) and CABG (direct inference).
However, if a 20% difference in the relative risk of mortality
in favor of CABG existed, surgical revascularization gener-
ally would be preferred over PTCA for such patients if the
goal were improvement in prognosis. If the available data
from such a comparison were large, the confidence interval
of any observed difference would be narrow enough (for
example, 20% � 10%) to suggest that PTCA was superior to
medical therapy to a clinically worthwhile extent, an indi-
rect extrapolation that would be necessary in the absence of
a medical control arm.

If no difference were observed between CABG and PTCA,
it could be concluded that PTCA is equivalent to CABG only
if trials were large enough to reliably detect or exclude rela-
tive differences in mortality of about 20% (with narrow confi-
dence intervals) and included a large number of patients for
whom CABG has been shown to improve prognosis. Because
approximately 600 deaths would be needed in the “control”
group to exclude a relative risk difference of 20% with 90%
power, trials with about 8000 moderate- to high-risk patients
would be needed. If a 30% risk difference were considered
the smallest clinically important difference, then trials of
about 4000 patients would be required. Moreover, in such a
comparison, if the confidence limits of any difference included
the possibility that PTCA was worse than CABG by 50% 
(relative risk), it could not be inferred that PTCA had any
favorable effect on survival compared with medical therapy.

Low-risk patients

Among low-risk patients (annual mortality �2%), it may 
be moot to assess mortality differences between PTCA and

CABG, because CABG has not been shown to decrease
mortality. Conducting a trial to detect clinically important
differences in such patients would be extremely difficult
because of the large number of patients that would be
required. For example, if a control group annual mortality
rate of 1% is assumed, 8000 patients would need to be 
followed for 5 years to detect reliably a 30% risk reduction
(or 16 000 patients to detect a 20% risk reduction). In 
such low-risk patients, any absolute benefit is likely to be 
too small to justify the costs and risks associated with revas-
cularization. A large difference (for example, a 50% risk
reduction that could be demonstrated with about 4000 ran-
domized patients) would be extremely unlikely.

Therefore, among low-risk patients, the most relevant com-
parison is between PTCA and medical therapy. Such trials are
unlikely to demonstrate a difference in mortality between
PTCA and medical therapy (unless PTCA were harmful), 
and symptom improvement is the most relevant outcome 
of interest. Effects on a combined clinical variable could be 
compared, potentially including other non-fatal events such
as myocardial infarction, severe angina, cost, and need for 
further revascularization procedures. Non-fatal events in 
a composite end point would need to be chosen carefully. As
mentioned above, neither CABG nor PTCA has been shown
to decrease the risk of subsequent non-fatal myocardial infarc-
tion, and inclusion of such an end point would dilute relative
differences and decrease the likelihood of detecting differ-
ences. Both PTCA and CABG are effective in relieving angina
and myocardial ischemia, and a relevant composite end point
could include death plus severe angina. Such trials are feasi-
ble and could provide clinically relevant answers. It must be
borne in mind that invasive procedures may increase rates of
myocardial infarction, because of periprocedural risks, while
decreasing subsequent angina pectoris.

Conclusions

These considerations indicate that to reliably compare the
relative effect of PTCA versus CABG and to avoid missing
clinically important differences, the following conditions
need to be met:

● inclusion of subgroups in which surgery has been
shown to be superior to medical therapy;

● inclusion of a sufficient number of patients (that is, ade-
quate statistical power);

● follow up of at least 4–5 years to accrue a sufficient num-
ber of end points and to obtain data well beyond the early
period when periprocedural events predominate; and

● a high rate of compliance to the original treatment 
allocation.

If a substantial proportion of patients crossover (30–40% by
5 years), the ability to detect differences in survival decreases
markedly.
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Trials of PTCA versus CABG

Technologic advances in the last 5–7 years have increasingly
allowed wider application of PTCA, and a number of prospec-
tive, randomized trials have directly compared PTCA with
CABG. A systematic review of eight of these trials29 has been
published.

Single vessel disease

In patients with single vessel CAD, medical therapy gener-
ally is indicated first, but revascularization may be indicated
for symptom relief. Both PTCA and CABG offer a high rate
of procedural success in such patients. Three randomized
trials have provided data comparing PTCA and CABG for
single vessel disease. The largest of these was the British
RITA trial, which included 456 patients with single vessel
disease.30,31 After a median 6·5 years of follow up, no 
significant difference in death plus myocardial infarction
was found (16·7% CABG v 19·3% PTCA, P � 0·56) among
patients with single vessel disease. Patients randomly
assigned to PTCA required a significantly greater number of
repeat interventional procedures (38% v 12%, P � 0·01).

The results of MASS, the only three-way randomization
among PTCA, CABG, and medical therapy to date, have
been reviewed above. A second, single-center Swiss study
was published in 1994.32 In this trial, 134 patients with 
isolated proximal left anterior descending coronary artery
stenosis were randomly assigned to angioplasty or CABG
with a left internal thoracic artery conduit. Over 2·5 years 
of follow up, only one cardiac death occurred in the CABG
group and none in the PTCA group, confirming the gener-
ally low-risk status of these patients. No significant differ-
ence was found in cardiac death or myocardial infarction
(4·5% CABG v 11·7% PTCA, P � 0·21), and the only 
significant difference between the two groups was a higher
rate of repeat revascularization in the PTCA group (34%)
because of restenosis. Relief of angina was achieved in a
high proportion of each group (more than 95% of patients
were in Canadian Cardiovascular Society class I at 1 year),
and no difference in the duration of the exercise test was
found.

The meta-analysis of Pocock et al 29 included 732 
patients with single vessel disease. Results of an updated
meta-analysis, including the RITA long-term follow up data,
are presented in Table 27.3. No significant differences were
found in overall mortality. Rates of death or myocardial
infarction favored CABG but did not reach statistical signifi-
cance. Rates of additional revascularization procedures were
significantly higher after PTCA.

In summary, the data available suggest that both PTCA
and CABG are effective in providing symptom relief for
patients with severe single vessel CAD. Rates of myocardial
infarction may be higher after PTCA, likely because of

periprocedural events; however, because no such difference
was found for multivessel disease (see below), caution is
needed to avoid overinterpretation of these data. Patients
undergoing PTCA unequivocally have a greater likelihood of
repeat procedures because of restenosis. If this is acceptable
to patients and their physicians, then PTCA offers a simpler
and less invasive method of revascularization. Of note, 
the meta-analysis of CABG versus medical therapy trials 
suggested a mortality benefit for CABG in one or two vessel
disease with involvement of the proximal left anterior
descending coronary artery (odds ratio, 0·58, 95% CI 0·34–
1·01).7 These patients have a large area of myocardium at
jeopardy and are at higher risk for death than those with
other forms of single vessel disease and may represent a
group that merits special consideration. For single vessel 
disease, the current conclusions and recommendations 
are based on a relatively small number of patients and
events (n � 731, with 44 deaths), and the possibility that
potentially important differences between therapies were
missed cannot be excluded.

Multivessel disease

For multivessel disease, CABG has remained the mainstay
of therapy, especially for moderate- and high-risk patients
such as those with severe two or three vessel disease with
concomitant left ventricular dysfunction. The group of
patients with multivessel disease is a heterogeneous group,
with marked heterogeneity in the location and extent of
anatomical stenosis, clinical symptoms, ventricular function,
and coexistent disease. Thus, characteristics of patients
enrolled need to be evaluated carefully when comparing
trial results.

Nine prospective randomized clinical trials have com-
pared PTCA (that is, balloon angioplasty) with CABG sur-
gery in the treatment of multivessel disease.24,30,32–38 These
trials have enrolled 5200 patients and, although they vary in
design, methods, and stage of follow up, they are broadly
comparable and it is instructive to consider them together.
The main characteristics of these trials are compared in
Tables 27.3 and 27.4. All trials shared important features:
treatment allocation to PTCA or CABG was randomly
assigned, a high degree of compliance with the assigned
therapy was achieved (more than 95%), and follow up data
describing vital status, incidence of myocardial infarction,
and prevalence of angina pectoris (or measures of myocar-
dial ischemia) were collected. No trial individually was pow-
ered to detect or to exclude differences in mortality, and
various composite clinical end points were used. Length of
follow up varied, and in some instances, additional follow
up is planned.

The largest of the PTCA versus CABG trials, the Bypass
Angioplasty Revascularization Investigation (BARI), was
published in 1996.39 Designed as an “equivalence” trial,
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sample size calculations were predicated on an estimated
cumulative 5 year mortality of about 5%, with the goal that
the upper 95% confidence limit for any observed difference
would not exceed 2·5%.37 Approximately 30% of screened
angiograms of patients with multivessel disease were consid-
ered eligible and 1829 patients were enrolled. About 40% of
these patients had three vessel disease, and 22% had an ejec-
tion fraction less than 50%. Assignment to PTCA or CABG
was randomly allocated, and follow up was continued for 5
years before the first results were presented. Five year mortal-
ity among patients assigned to CABG was 10·7%, and 13·7%
among those assigned to PTCA (absolute difference 3·0%,
95% CI �0·2–6·0; P�0·19). The study was interpreted as
negative because the 22% relative risk reduction in favor of
CABG did not reach statistical significance, but the study had
less than 40% power to detect the observed difference.
Extension of follow up to 7 years demonstrated a mortality
advantage to CABG that was nominally significant (15·6% v
19·1% for PTCA, P�0·043).40 The entire difference appears
to be confined to the subgroup of 353 (19% of total enrollees)
patients with diabetes mellitus (7 year mortality 23·6% CABG
v 44·3% PTCA, P�0·0011). No difference in survival was
noted among the remaining 1476 (81%) patients (7 year 
mortality, 13·6% CABG v 13·2% PTCA, P � 0·72).
Implications of the findings in the diabetic subgroup are dis-
cussed in more detail below; however, considerable caution
should be applied to interpretation of these findings unless
they are confirmed by other randomized clinical trials.

A systematic review of eight of these trials has been 
published;29 however, BARI was published after the initial
meta-analysis. Results of updated systematic reviews of 
all-cause mortality (death or myocardial infarction) and 

non-protocol revascularization after the initial randomly
assigned treatment are presented in Table 27.3. Inclusion of
late follow up data, particularly from BARI, yielded a nomi-
nally significant difference in total mortality in favor of
CABG (11·1% PTCA v 9·5% CABG; odds ratio 1·20, 
95% CI 1·00–1·45; P�0·05). The combined end point of
death or myocardial infarction, however, did not differ 
(17·2% PTCA, 16·8% CABG; odds ratio 1·04, 95% CI
0·89–1·20). Rates of repeat procedures were much higher
after PTCA (52% v 11%; odds ratio 9·15, 95% CI 7·9–10·6).

Substudies have demonstrated that PTCA and CABG 
produce similar benefits on quality of life measures and
return to employment, and are roughly equivalent in cost
over 3–5 years of follow up.41–44 CABG is associated with
more complete revascularization, but differences in degree
of revascularization of major lesions are less pronounced.43

Conclusions: PTCA (balloon angioplasty) versus
CABG

In summary, 5200 patients with multivessel CAD have been
enrolled in nine trials of PTCA versus CABG. When long-
term follow up data are considered, cumulative mortality
rates are lower with CABG than with PTCA, and fewer
patients require repeat procedures. However, the initial
morbidity is less with PTCA, rates of myocardial infarction
are similar, and overall anginal relief is nearly equivalent by 
3 years. Restenosis continues to be a major limitation of
PTCA. These data suggest that for patients at high risk for
death, CABG is preferred. For other patients, PTCA is a rea-
sonable alternative if a higher rate of repeat procedures is
acceptable.
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Table 27.4 Patient profiles in nine randomized trials of PTCA versus CABG

BARI37 CABRI35 EAST33 ERACI36 GABI34 MASS24 RITA30 Swiss32 Toulouse38

Number of stenotic vessels (%)
one 0 0 0 0 0 100 45 100 —
two 56 58 60 55 81 — 43 — 49
three 43 40 40 45 19 — 12 — 14

Mean ejection fraction (%) 58 63 61 61 ? 75 ? ? ?

Average age (years) 61 61 62 57 59 56 57 56 ?

CCS class 3 or 4 angina (%) ? 65 80 ? 65 ? 60 89 ?

Mammary artery used 82 ? 90 77 37 100 74 100 ?
(% of CABG procedures)

Male:female 74:26 63:37 74:26 54:46 80:20 58:42 81:19 80:20 ?

Previous MI (%) ? 41 41 32 47 ? 43 0 ?

Abbreviations: CABG, coronary artery bypass graft; CCS, Canadian Cardiovascular Society; MI, myocardial infarction 
(Adapted from Raco D, Rihal CS, Yusuf S. Randomized trials of percutaneous transluminal coronary angioplasty: comparison 
of medical and surgical therapy. In: Grech ED, Ramsdale DR, eds. Practical interventional cardiology. St. Louis: Mosby, 1997. By 
permission of Martin Dunitz)



Can it be concluded, then, that PTCA and CABG are
roughly equivalent modes of revascularization for multives-
sel disease among angiographically eligible patients, except
for the unsolved problem of restenosis? To answer this ques-
tion, it is necessary to consider the marked heterogeneity 
of what is termed “multivessel disease”. Although discrete
lesions of the right coronary and circumflex arteries in a
patient who has a normal left ventricle or diffuse three ves-
sel disease in a patient with an ejection fraction of 30% can
rightly be classified under the term “multivessel disease”,
the prognoses, risks, and potential benefits of revasculariza-
tion vary considerably.

In the recent PTCA versus CABG trials, enrolled patients
were relatively low risk: fewer than 20% had left ventricular
dysfunction and almost 70% had one or two vessel disease.
In the meta-analysis of Pocock et al,29 for example, the
observed first year mortality of 2·6% and 1·1% per year
thereafter confirms the relatively low-risk status of these
patients. (However, no medical control arms were present.)
Patients enrolled in BARI had higher observed mortality
rates and more closely approximated moderate-risk patients,
in part because of the higher proportion of patients with 
diabetes mellitus. Even in BARI, however, nearly 60% of
patients had two vessel coronary artery disease. In contrast,
patients enrolled in the earlier CABG versus medical ther-
apy trials had a 20% prevalence of left ventricular dysfunc-
tion and 60% had three vessel or left main CAD.7 Thus, the
current PTCA versus CABG trials include a high proportion
of patients in whom CABG has not been shown to be supe-
rior to medical therapy. Moreover, the total enrollment of
5200 patients falls short of the roughly 8000 needed to
demonstrate clinically important differences in mortality of
20–30% among low- and moderate-risk patients. It is rea-
sonable to surmise that, if CABG were superior to PTCA in
moderate- and high-risk patients, the current PTCA versus
CABG trials would have low power to reliably detect signif-
icant differences, and that such a difference cannot be ruled
out. Large mortality differences on the order of 40–50%,
however, are unlikely, given the current data. Also, these
trials were performed before the wide use of intracoronary
stents, and whether stents may change the observed out-
comes is discussed below.

Relative effect of PTCA and CABG in 
patients with diabetes

BARI findings

On 21 September 1995, the National Heart, Lung, and Blood
Institute took the unusual measure of issuing a Clinical Alert
to physicians in the United States about the observed superi-
ority of CABG over PTCA among the 353 treated diabetic
patients enrolled in the BARI randomized trial.45 After 5 years
of follow up, the cumulative mortality after CABG was 19%

among patients with diabetes compared with 35% for those
treated with PTCA (P�0·0024). The findings, however,
were unexpected. At the initiation of the trial, patients were
categorized into four subgroups for purposes of analysis: by
anginal status, left ventricular function, extent of ischemia,
and angiographic risk. Patients with diabetes were not among
the original four pre-assigned subgroups, but within 1 year
after the trial began, the Data and Safety Monitoring Board
requested that these patients be monitored separately.46

The magnitude of the difference favoring CABG met the 
pre-specified significance criteria (P�0·005) for subgroup
analyses and led to the Clinical Alert.

The recently published 7 year outcome data have
extended these observations.40 Among the patients with
diabetes in the BARI randomized trial, estimated 7 year 
survival was 76·4% after CABG and 55·7% after PTCA
(P � 0·0011). The difference in outcome was confined to
diabetic patients who received at least one internal mam-
mary arterial graft (7 year survival 83·2%, n �140), whereas
diabetic patients who received only saphenous vein grafts
had a 7 year survival (54·5%, n � 33), similar to those who
had PTCA (55·5%, n �170).40 Long-term follow up from
the much smaller Emory Angioplasty versus Surgery Trial
(EAST) that included 59 patients with diabetes was consis-
tent with these results, although it did not attain statistical
significance (8 year survival, 75·5% after CABG and 60·1%
after PTCA; P � 0·23).47 Of course, the key question is
whether the BARI outcomes among diabetic patients were
real or only a play of chance. Several lines of evidence sug-
gest it is real, and they have been reviewed in detail.46

In a combined analysis from the BARI trial and registry of
641 diabetic patients and 2962 non-diabetic patients, 5 year
death (20% v 8%) and Q wave myocardial infarction (8% v
4%) rates were significantly higher among those with dia-
betes.48 Multivariate analysis identified insulin treated dia-
betes, heart or renal failure, black race, and older age as most
strongly associated with high overall mortality.49 The only sig-
nificant interaction term was between treatment and insulin
treated diabetes (P� 0·042).49 Overall, CABG did not have a
protective effect against the incidence of Q wave myocardial
infarction; however, CABG greatly decreased the risk of death
among diabetic patients when infarction occurred (RR 0·09,
95% CI 0·03–0·29; P�0·001). This effect may account for
up to 50% of the overall reduction in mortality after CABG
observed in the diabetic subgroup of BARI.

An independent, angiographic case–control study has sug-
gested a significantly higher propensity for the development
of new coronary vascular lesions among patients with dia-
betes, both when previously instrumented (16·9% v 12·7%
of non-diabetic arteries) and de novo (13·2% v 7·3%).50

Unpublished 5 year angiographic follow up data from BARI 1
(Frye RL, read at the American College of Cardiology 50th
Annual Scientific Sessions, Orlando, Florida, 20 March 2001)
have suggested similar findings. These data suggest that

Impact of revascularization procedures in chronic CAD on clinical outcomes

349



CABG, particularly with internal mammary artery conduits,
confers a protective shield against the complications of pro-
gression of the underlying vascular disease in patients with
diabetes. Whether intensive medical therapy for diabetes
can influence progression of macrovascular complications in
this group is not known.

The results of the BARI subgroup have not been repro-
duced in other large trials, and observational data sets and
caution must be exercised in the interpretation of the BARI
diabetic data.51–55 Retrospective analysis of small subgroups
may overestimate or even misdirect the treatment effect. 
A Duke University study of 3230 patients (24% with dia-
betes), selected for similarity to BARI enrollees, found that
diabetes was a marker of a worse prognosis after both CABG
and PTCA, but with no clear superiority of one procedure
over the other.52

The largest database study of patients with diabetes
undergoing revascularization is from Emory University,
where 2639 such patients with multivessel coronary artery
disease who underwent PTCA or CABG between 1981 and
1994 were examined. CABG was superior only among the
889 patients treated with insulin, but confidence intervals
were wide (hazard ratio for mortality after PTCA 1·35, 
95% CI 1·01–1·79 compared with CABG). This finding is
consistent with the BARI trial, in which CABG superiority
was more pronounced among patients with diabetes who
were taking insulin.54 In the BARI observational registry,
which accompanied the randomized trial, a clear difference
in outcomes after CABG or PTCA was not observed.53

Five year mortality among diabetic patients after PTCA
(n �182) was 14·4% and 14·9% after CABG (n �117; 
RR 1·10, P�0·86).54 Significant differences in adverse
socioeconomic and angiographic characteristics (such as
number of significant lesions and presence of diffuse disease)
between patients treated with PTCA or CABG were present.
Generally, patients who had PTCA had fewer adverse risk fac-
tors than those assigned to CABG. After adjustment for these
differences, the hazard ratio for mortality after PTCA rose to
1·41 but did not attain significance (95% CI 0·60–3·29).

Conclusions: revascularization in 
patients with diabetes

In both trials and observational data sets, diabetes mellitus 
is clearly a marker for high risk and, in comparison with
non-diabetic patients, the prognosis is worse after either
PTCA or CABG. In the largest randomized trial of PTCA
versus CABG, patients with diabetes who received internal
mammary artery grafts had better outcomes than those
treated with PTCA. However, large non-randomized registry
data suggest equivalent outcomes after either procedure as
long as the sicker patients are triaged to surgery. One conclu-
sion that may resolve the apparent dilemma is that selected
patients with diabetes, such as those with favorable 

angiographic characteristics, may do as well with PTCA and
CABG, whereas those with more diffuse or advanced coro-
nary artery disease do better with CABG as initial therapy.
Because 5200 patients have been enrolled in trials of PTCA
versus CABG surgery, collaborative meta-analysis based on
individual patient data may allow more definitive characteri-
zation of outcomes after revascularization among diabetic
patients. It remains to be determined whether the use of
stents, particularly in combination with parenteral
antiplatelet drugs and aggressive metabolic management, will
change these conclusions.

Although no prospective randomized trial of myocardial
revascularization in patients with diabetes exists, the BARI 2
trial will test the hypothesis that revascularization for dia-
betic patients early in the stages of CAD may significantly
decrease 5 year mortality. This study will incorporate strict
metabolic and risk factor control and test both insulin-pro-
viding and insulin-sensitizing agents.

Effect of stents on outcome after
revascularization

Since first approved by the US Food and Drug Administration
in 1993, coronary stents have been adopted rapidly and
widely as the main method of percutaneous revasculariza-
tion, although the pace of adoption has outstripped the pace
of the accompanying clinical investigation and regulatory
approval.56,57 Likely, more than 1000000 patients now
receive intracoronary stents in the USA annually, with an
equivalent number in the rest of the world, primarily Europe.

The first indication for stents was for the treatment of
severe coronary artery dissection with acute or threatened
vessel closure. The National Heart, Lung and Blood Institute
1985–86 PTCA registry documented the risks of balloon
angioplasty before the development of stents. Abrupt vessel
closure occurred in 6·8% of all procedures, with 32% of
these patients requiring emergency CABG and 42% having
a myocardial infarction; the case fatality rate was 5%.58

A prospective multicenter registry of 518 patients with
acute or threatened vessel closure after PTCA treated with
stents was reported in 1993.59 Successful stent deployment
occurred in 95·4% of cases. The rates of inhospital emer-
gency CABG and myocardial infarction among these
patients with severe coronary artery dissections were 4·3%
and 5·5%, respectively, markedly lower than the historical
control rates mentioned above. Although not randomized,
this study and others60 established the role of stents in the
treatment of arterial dissections after PTCA.

Numerous prospective, randomized trials published over
the past 10 years have compared elective stenting to balloon
angioplasty under various circumstances. These studies
have enrolled patients with various lesion types, including
elective procedures for single discrete lesions in vessels 
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of 3·0 mm or larger,61–71 restenosis lesions after previous 
balloon angioplasty,72 lesions of saphenous vein grafts,73

small caliber vessels,74–77 and chronic total occlusions.78–84

The effect of stents versus balloon angioplasty on the clinical
outcomes of death, death or myocardial infarction, and repeat
procedures, and the angiographic outcome of restenosis are
shown in Table 27·5. In total, almost 7000 patients have
been randomly allocated in published trials of stent versus
balloon angioplasty, including 4694 who had systematic
angiographic follow up. As shown in Table 27·5, overall
mortality was low (1·5% v 1·9% for stent versus balloon
angioplasty patients, respectively; odds ratio 0·83, 95% CI
0·57–1·21), as were death or myocardial infarction rates
(6·1% v 6·5%; odds ratio 0·93, 95% CI 0·77–1·14). The
impact of stenting on clinical end points was related to the
need for repeat revascularization (14·7% after stenting v
23·9% after balloon angioplasty; 9·2% absolute risk reduc-
tion; odds ratio 0·53, 95% CI 0·46–0·60). A significant
decrease in the incidence of angiographic restenosis was

found (27·5% v 42·2%; odds ratio 0·50, 95% CI 0·44–0·57)
among patients who had systematic follow up angiography
(26·6% stent v 41·6% PTCA; odds ratio 0·48, 95% CI
0·42–0·56).

As with any rapidly evolving therapy, advances have
occurred in techniques of stenting – for example, high pres-
sure inflations85 and improved antiplatelet therapy with
oral86,87 and parenteral antiplatelet69 agents – that have
allowed wider application.

A novel approach to the further optimization of results –
the use of local drug delivery to inhibit the restenotic process
after intracoronary stenting – is being evaluated in multiple
trials. The first published trial tested a metal stent coated with
the macrolide antibiotic sirolimus, an immunosuppressive
agent that is a potent inhibitor of lymphocyte and smooth
muscle cell proliferation.88 In animal studies, sirolimus has
been shown to be a potent inhibitor of restenosis.89 The trial
enrolled 238 patients with standard clinical indications for
stenting and randomly assigned them to receive stents
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Table 27.5 Summary of meta-analyses of revascularization for chronic coronary artery disease

PTCAa v CABG

Variable PTCA (%) CABG (%) Trials (n) Patients (n) OR (95% CI)

Single vessel disease
All cause mortality 5·6 6·4 3 732 0·86 (0·47–1·59)
Death or MI 15·0 11·7 3 732 1·33 (0·87–2·05)
Repeat revascularization 33·8 8·1 3 732 4·73 (3·32–6·77)

Overall
All cause mortality 16·2 14·6 9 5200 1·14 (0·98–1·34)
Death or MI 17·2 16·8 9 5200 1·04 (0·89–1·20)
Repeat revascularization 52·6 13·1 9 5200 8·24 (7·14–9·52)

Stents v PTCA

Variable Stents (%) PTCA (%) Trials (n) Patients (n) OR (95% CI)

Mortality 1·5 1·9 21 6929 0·83 (0·57–1·21)
Death or MI 6·1 6·5 21 6929 0·93 (0·77–1·13)
Repeat revascularization 14·7 23·9 21 6929 0·53 (0·44–0·57)
Angiographic restenosis � 50% 27·5 42·2 20 4694 0·50 (0·77–1·33)

Stents v CABG

Variable Stents (%) CABG (%) Trials (n) Patients (n) OR (95% CI)

Mortality 5·5 5·6 5 3218 0·98 (0·72–1·34)
Death or MI 7·9 8·9 4 2764 0·87 (0·67–1·14)
Repeat revascularization 19·0 4·5 5 3218 5·00 (3·83–6·51)

Abbreviations: CABG, coronary artery bypass graft; CI, confidence interval; MI, myocardial infarction; OR, odds ratio; PTCA, percu-
taneous transluminal coronary angioplasty
a Meta-analyses were performed using RevMan 5·0 software (Cochrane Collaboration). To accrue the largest number of events
possible, data used represent the longest term follow up available for each trial included, whether published or presented orally; 
1 was added to all zero cells. Data are presented in summary form only. Details of each meta-analysis are beyond the scope of the
current review.



coated with a sirolimus-polymer matrix or uncoated stents.
Results were assessed by routine angiography at 6 months.
None of the patients who received a sirolimus-coated stent
had restenosis, as defined by at least 50% stenosis within the
stent, compared with 26·6% of those who had a bare metal
stent (P � 0·001). After 1 year of clinical follow up, there
were no episodes of stent thrombosis, and 5·8% of the
sirolimus group experienced an adverse cardiac event
(death, MI, CABG, or revascularization of the original target
vessel) compared with 28·8% of control stent group
(P � 0·001). Although the decrease in restenosis rate and 
the corresponding reduction in need for further procedures
are striking, the trial was only a relatively small single study
with follow up limited to 1 year. Whether potent intra-
arterial immunosuppression will have unanticipated long-term
problems related to impaired arterial healing is unknown. 

Several prospective randomized trials have compared 
multivessel stenting with multivessel CABG, although follow
up periods remain short. The Arterial Revascularization
Therapy Study (ARTS)90 enrolled 1205 patients with multi-
vessel disease (average, 2·7 treated lesions) to either 
stenting or CABG. At 12 months of follow up, 2·5% of the
600 stent patients and 2·8% of the 605 CABG patients had
died. Kaplan–Meier estimated rates of the irreversible end
points of death, stroke, or myocardial infarction at 1 year
were 9·5% for the stent group and 11·2% for the CABG
group (RR 0·92, 95% CI 0·62–1·35; P � 0·65). Stent
patients required more follow up procedures than those
assigned to CABG, with cumulative event rates at 1 year of
26·2% for the stent group and 12·2% for the CABG group
(absolute difference, 14%). Within the stent group, the
incremental 16·7% event rate at 1 year attributable to repeat
revascularization was about half of the corresponding 33·7%
1 year repeat revascularization rate after balloon angioplasty
in a meta-analysis of the balloon versus CABG trials,29 and
was consistent with the findings of the stent versus balloon
trials described above. For comparison, 1 year rates of repeat
revascularization after CABG have remained constant: 3·3%
in the meta-analysis and 3·5% in ARTS.

Data from four other trials of stents versus CABG have
been published or presented, including Stents or Surgery
(Sigwart U, read at the American College of Cardiology 
50th Annual Scientific Sessions, Orlando, Florida, 20 March
2001), a multicenter European study of nearly 1000 patients;
Argentine Randomized Trial of PTCA Versus Coronary Artery
Bypass Surgery in Multivessel Disease (ERACI) II,91 a multi-
center Argentinian study of 450 patients; and Stenting versus
Internal Mammary Artery (SIMA),92 a Swiss–Italian study of
123 patients. Findings are summarized in the accompanying
meta-analyses in Table 27.3 and are consistent with those of
ARTS. Data from Angina With Extremely Serious Operative
Mortality Evaluation (AWESOME),93 a prospective random-
ized clinical trial conducted at 16 Veterans Affairs Medical
Centers that assigned 454 patients with refractory angina and

markers of high risk to either percutaneous coronary inter-
vention or CABG, are included because a high proportion of
the patients in the percutaneous coronary intervention group
received stents. Together, these randomized clinical trials
have enrolled 3218 patients. No significant differences in
mortality (5·45% after percutaneous coronary intervention v
5·61% after CABG; odds ratio 0·98, 95% CI 0·98–1·34), or
death or myocardial infarction (7·9% after percutaneous coro-
nary intervention v 8·9% after CABG; odds ratio 0·87, 
95% CI 0·67–1·14) were found. The need for repeat proce-
dures remains higher after stenting (19% v 4·5% after CABG;
odds ratio 5·54, 95% CI 3·83–6·51), although lower than the
rates reported earlier after multivessel balloon angioplasty.

Longer follow up and accrual of events is necessary
before final conclusions can be drawn. Similarly, the num-
ber of patients with diabetes enrolled was small and no 
specific conclusions can be drawn yet.

Miscellaneous interventional device trials

Numerous devices have been developed to allow or facili-
tate percutaneous revascularization. After balloon angio-
plasty, the directional atherectomy catheter was the first
such device, gaining FDA approval in 1990. This device
allows cutting and removal of coronary plaque in a con-
trolled (“directional”) manner. The hypothesis was that
plaque removal would cause less trauma to the artery, incite
a less vigorous neointimal response, and, ultimately, signifi-
cantly decrease rates of restenosis and repeat procedures.
Although marginal benefits regarding angiographic restenosis
were observed in some trials (CAVEAT, BOAT),94,95 this was
not so in others (CCAT).96 Worrisome increases in rates of
myocardial infarction, death, and other major complications
were noted in several trials (BOAT, CAVEAT, CAVEAT-II).97,98

The rapid ease of use and rapid adoption of intracoronary
stents have made directional atherectomy a so-called niche
device, used only for particular anatomic circumstances.

Rotational atherectomy is another procedure that can be
used for performing lesion debulking. It is performed with a
high-speed rotating, diamond-tipped abrasive burr. The device
allows recanalization of heavily calcified lesions or fibrotic
lesions as well as debulking. No tissue is removed, and the
device pulverises atherosclerotic plaque into tiny particles that
pass through the microcirculation and are removed by the
reticuloendothelial system. The device is associated with a rel-
atively high incidence of poor flow after use and non-Q wave
myocardial infarction and has had no particular benefit on
restenosis (ERBAC).99–101 Currently it is used primarily to facil-
itate stent deployment when this would otherwise be impossi-
ble because of severe calcification or fibrosis of the target lesion.

Intracoronary brachytherapy, or the local delivery of radi-
ation to inhibit the restenotic process, was approved for the
treatment of in-stent restenosis, a vexing problem that is 
difficult to treat initially and has high recurrence rates. Two
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competing systems, one capable of delivering beta radiation,
and the other, gamma radiation, have been widely used.
These devices have been demonstrated to significantly lower
the rates of subsequent recurrent restenosis (14·6% v 60·8%
in pooled data from three studies totalling 442 patients) and
adverse cardiac events (24·5% v 70% P < 0·001).102–6 

A triple-blind design with dummy radiation sources was used
in some studies.104 A delayed risk of stent thrombosis, partic-
ularly when a new stent was placed at the time of the proce-
dure, was observed in follow up (6·2% of brachytherapy
patients with a new stent v 0·7% of control patients with a
new stent).102 Avoidance of placement of new stents and
continuation of dual antiplatelet therapy with aspirin and
clopidogrel for 6–12 months has largely obviated this prob-
lem. If local drug-elution essentially eliminates or greatly
reduces the incidence of in-stent restenosis, utilization of
coronary brachytherapy is expected to decrease.

Database studies

Prospective randomized trials provide the highest level 
of evidence for clinical decision making; nonetheless, 

information from trials frequently must be supplemented
and enhanced by observational studies. Long-term survival
for 9263 patients with angiographically documented CAD 
has been reported recently from Duke University Medical
Center.107,108 Although treatment assignment was non-
random, the 97% complete follow up of this consecutive
series has provided insight into the outcomes after various
treatments (2449 patients, medical only; 2924, PTCA; and
3890, CABG), with concurrent controls. Nine risk strata
based on the number and extent of diseased coronary arteries
were identified (left main CAD and stenoses less than 75%
were excluded). Long-term survival comparisons between
treatments were assessed with Cox proportional hazards
models and Kaplan–Meier survival analysis. CABG was signif-
icantly associated with improved long-term outcomes in com-
parison with medical therapy for patients in moderate-and
high-risk strata (for three vessel disease [n�2771]: odds ratio,
0·44, 95% CI 0·42–0·80) (Figure 27.5). PTCA, however, was
superior to medical therapy only among low-risk strata.108

In comparison with PTCA, CABG was associated with
improved outcomes among high-risk strata, namely, all
patients with three vessel disease and two vessel disease with
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95% involvement of the proximal left anterior descending
coronary artery. Conversely, adjusted hazard ratios demon-
strated superiority of PTCA over CABG among low-risk
patients (Figure 27.6) and a trend toward superiority among
moderate-risk patients.

These prospective observational data are broadly consistent
with the previously presented framework placing PTCA ver-
sus CABG trials in the context of CABG versus medical ther-
apy trials. Although a definitive benefit of CABG over medical
therapy for one and two vessel disease could not be demon-
strated in the randomized trials (with the possible exception
of proximal left anterior descending CAD), non-significant
trends favoring CABG were found. The relatively low 
number of observed events (113 deaths over 5 years) in these
trials may have precluded detection of even a large benefit
(type II error). The Duke observational data extended the 
randomized trials and, by virtue of the much larger number of
events (related to the larger number of patients and longer
duration of follow up), allow further characterization of possi-
ble treatment differences. As with any non-randomized study,
important limitations related to intrinsic biases in patient

selection remain, and definitive conclusions require perform-
ance of larger randomized trials. For example, determination
of time zero is a problem and deaths occurring while awaiting
revascularization were assigned to medical therapy, which
would tend to inflate event rates among medical patients.

Limitations of current data

In an evolving field, all trials designed to address specific clin-
ical questions at a specific time should be interpreted in the
context of relevant changes in the procedures and comple-
mentary treatments. This is especially notable for the CABG
versus medical therapy trials performed 20 to 25 years ago.
The wide application of antiplatelet, antihyperlipidemic, and
ACE inhibitor therapy in current practice may substantially
mitigate the published results. Temporal changes in angio-
plasty and surgical techniques are continuing and, in some
cases, accelerating. The development of new interventional
devices designed to deal with procedural complications, spe-
cific high-risk lesions, or previously unapproachable lesions
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has broadened the feasibility of percutaneous procedures.
Coronary stents have decreased the incidence of both emer-
gency and late CABG and lower restenosis. New adjunctive
medical therapies such as platelet IIb/IIIa receptor antago-
nists reduce the risk of non-fatal myocardial infarction and
emergency CABG with interventional procedures. CABG,
too, has undergone considerable technologic advances.
Internal thoracic arterial conduits with excellent long-term
patency are now widely used. Improved myocardial preser-
vation techniques, adjunctive medical therapies, and less
invasive surgical approaches have been developed.

Specific methodologic concerns also exist about the avail-
able data. All the trials discussed above compared two active
treatments and were not placebo controlled, decreasing the
chances of detecting differences among arms. Invasive or
surgical trials are logistically very complex, tend to be small
compared with drug therapy trials, and are inherently 
open label. The possibility of missing potentially important
differences, even when one exists, is always higher for 
small trials. Although systematic reviews, preferably based
on individual patient data, can provide some redress, larger
definitive trials (along with meta-analysis of their results) are
preferable. In trials of invasive treatments, crossover to the
other therapy occurs with increasing frequency during the
course of follow up, necessitating consideration of therapeu-
tic strategies rather than specific treatments. As with many
large surgical trials, applicability of results to medical centers
with lower volume and different levels of experience remains
unproven.109–111

The greatest limitation of the currently available data is
the low statistical power to detect potential differences 
in clinical outcomes, in particular the PTCA trials, whereas
PTCA rates have grown dramatically. This situation could 
be rectified partly by long-term follow up of the trials that
have been completed, accompanied by a collaborative 
meta-analysis based on individual patient data. Even if 
this were done, however, the lack of large trials incorporat-
ing all three major approaches to patients with coronary
artery disease – medical, interventional, and surgical –
would limit comprehensive comparisons to observational
databases.107

Summary: overview of the evidence for
myocardial revascularization in patients with
chronic stable angina

CABG surgery versus medical therapy

● Among patients with medically refractory angina pec-
toris, CABG is indicated for symptom improvement.

● Among patients with medically stable angina pectoris,
CABG is indicated for left main coronary artery or three

Grade A1a

vessel disease, regardless of left ventricular function, for
prolongation of life. 

● CABG may be indicated for prolongation of life if the
proximal left anterior descending coronary artery is
involved, regardless of the number of diseased vessels.

Percutaneous coronary intervention versus
medical therapy

● Among patients with medically refractory angina pec-
toris, PTCA is indicated for symptom improvement.

● In the absence of symptoms or myocardial ischemia,
PTCA is not indicated merely for the presence of an
anatomical stenosis. 

● Stents are indicated for the treatment of arterial dissec-
tions with abrupt or threatened vessel closure after 
balloon angioplasty. 

● Electively placed stents are superior to balloon 
angioplasty for reducing the need for repeat proce-
dures and, likely, the risks of periprocedural myocardial
infarction and emergency CABG surgery. 

Percutaneous coronary intervention versus
CABG

● For single vessel disease, both PTCA and CABG provide
excellent symptom relief, but repeat revascularization
procedures are required more frequently after PTCA.

● For multivessel disease, the higher the baseline risk of
the patient, the more CABG is to be preferred.

This includes both diabetic and non-dia-
betic patients with three vessel or diffuse disease or with
left ventricular dysfunction. The following caveats
should be considered:
● Large differences in mortality (40–50%) between

PTCA and CABG are unlikely, but smaller differ-
ences in mortality (on the order of 20–30%) cannot
be excluded given the available data.

● CABG is associated with more complete revascular-
ization and superior early relief of angina, but these
differences are lessened after 3–5 years.

● No significant differences in rates of myocardial
infarction have been demonstrated.

● Repeat revascularization procedures are required
significantly more often after PTCA, an effect partly
mitigated by the use of stents.

● The cost, quality of life, and return to work are 
initially more favorable with PTCA than CABG, but
these variables roughly equalize over 3–5 years.

Grade A1c

Grade A

Grade A1a

Grade B

Grade A

Grade A

Grade A1c

Grade A1a
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Introduction

The introduction of percutaneous transluminal coronary
angioplasty (PTCA) has proven to be a major step forward in
the treatment of coronary heart disease. Unfortunately, the
gain has not come without a price: frequent and serious
complications can occur, acute as well as chronic. In 1977,
when Gruentzig introduced PTCA, it was clear that the
technique required pharmacologic support. Since then, the
development of adjunctive therapy has come a long way.
Great progress has been made, but some major problems
still wait to be resolved.

The goal of this chapter is to provide the reader with a
general overview of adjunctive therapy directed primarily
against acute complications, and the pathophysiologic princi-
ples involved in percutaneous coronary interventions (PCI).

Key points

Acute complications of PCI
● Intimal dissection with or without thrombus
● Plaque rupture with thrombus
● Spasm
● Perforation
● Distal embolization

Acute complications

The complications in the key points box can each lead 
to abrupt vessel closure. This occurs in 6·8–8·3% of PTCA
procedures and is responsible for a sizeable mortality (up 
to 1·7%), acute myocardial infarction (1·3–8·6%), emer-
gency bypass surgery (1·3–3·6%), and emergency re-PTCA
(4·5%).1–5 Abrupt vessel closure usually happens in the
catheterization laboratory, with the great majority taking
place within 6 hours post-PTCA. If it is not possible to open
the vessel rapidly, major problems can be expected: persist-
ing anginal pain and myocardial infarction, hemodynamic
instability and arrhythmias. Rather unexpectedly, these 
difficulties can also arise with the abrupt re-closure after
opening a chronically occluded vessel. The incidence of
abrupt vessel closure is more frequent in unstable coronary
syndromes and in angiographically complicated lesions.

Intimal dissection is caused by intravascular maneuver-
ing of guidewires, balloons or other devices. It occurs in a
wide variety, from minor and acceptable to major and occlu-
sive. It is usually but not always accompanied by thrombus
formation. At present, the only feasible therapy for a signifi-
cant dissection is mechanical. The most widely used therapy
used to be prolonged balloon inflation at the site of the dis-
section, preferably with a perfusion catheter, but this has to
a large extent been replaced by the application of stents.6,7

Plaque rupture results from pressure applied to an 
atherosclerotic lesion. The fibrous cap of the plaque rup-
tures, uncovering highly thrombogenic plaque contents, in
many ways resembling the events in the acute coronary syn-
dromes. This probably happens in a large number of angio-
plastic maneuvers, often without deleterious consequences.
It is only harmful if excessive flow limitation and thrombus
formation takes place, leading to coronary occlusion or near
occlusion. Antiplatelet strategies usually prevent thrombus
formation to a large extent. However, it may still occur and
treatment often proves to be difficult. Though often used,
thrombolysis in the form of intracoronary urokinase,8 strep-
tokinase or intravenous or intracoronary rTPA has not been
proven to be effective in a randomized fashion. Furthermore,
it may complicate an ensuing emergency bypass operation.
It is likely that abciximab can be helpful in these often-
awkward situations and it is indeed frequently used for this
indication, but its beneficial effect has not yet been demon-
strated in a randomized trial.9

Spasm can be caused by the mere touch of the intracoro-
nary guidewire. Isolated spasm, without dissection or plaque
rupture, can rarely lead to abrupt vessel closure. More often,
spasm is associated with dissection and/or plaque rupture.
Antispasmodic therapy usually consists of intracoronary
nitroglycerin.10,11 In refractory cases a calcium antagonist
can be given.12,13

Chronic sequelae

Restenosis is an indirect sequela of angioplastic trauma 
to the endovascular structures. Six months after successful
conventional angioplasty, it is angiographically present in
approximately 40% of cases. Causal factors of chronic
restenosis are shown in the key points box.

28 Adjunctive medical therapy in
percutaneous coronary intervention
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Key points

Events leading to chronic restenosis
● Elastic recoil
● Formation of mural thrombus
● Intimal proliferation and synthesis of intracellular matrix
● Pathological arterial remodeling

Many drugs have been named as potentially valuable in the
prevention of chronic restenosis. A host of trials have been
conducted but only a few have reported a positive outcome. It
was shown in a double-blind, placebo-controlled, randomized
trial that probucol, an antioxidant, was effective in reducing
the restenosis rate.14 One month before PTCA, 317 patients
were randomly assigned to receive one of four treatments:
placebo, probucol (500mg bid), multivitamins (30000 IU of
betacarotene, 500mg of vitamin C, and 700 IU of vitamin 
E, bid), or both probucol and multivitamins (bid). Patients
were treated for 4 weeks before and 6 months after angio-
plasty. Follow up angiography 6 months after PTCA showed
restenosis in 20·7% in the probucol group, 28·9% in the com-
bined treatment group, 40·3% in the multivitamin group, and
38·9% in the placebo group. The difference between the
probucol and non-probucol groups is statistically highly signif-
icant (P � 0·003). More recently, a double-blind, placebo-
controlled, randomized trial of folate treatment revealed a
reduction in restenosis. A total of 205 patients were random-
ized after successful PCI to folate treatment (folic acid 1mg,
vitamin B12 400micrograms and pyridoxine 10mg) or
placebo for a total of 6 months. Follow up angiography was
carried out at 6 months (or earlier if clinically indicated). The
rate of restenosis was significantly reduced in the folate group
(19·6% v 37·6%, P � 0·01), as was the need for revasculariza-
tion (10·8% v 22·3%, P � 0·047).15 These results need confir-
mation in other trials before probucol or folate treatment can
be advocated as an indispensable adjunct to PTCA.

Pharmacologic suppression of restenosis is, however, still
under intense research. Trials are presently being conducted
with new pharmacologic agents, systemically or locally
delivered. Promising new strategies include drug-eluting
stents. Stents alone have been successful, at least in large
vessels.16,17 Effects in smaller coronary arteries are awaited,
but seem to be less promising. Stenting prevents recoil and
pathological remodeling to a large extent, but leaves forma-
tion of mural thrombus and intimal proliferation unham-
pered. Stenting is therefore at best a partial remedy to the
problem of chronic restenosis, reducing the incidence of
restenosis but not abolishing it. However, drug-eluting
stents may provide the ability to localize therapy without
systemic effects. Rapamycin, an anti-rejection drug, has
shown the most promise to date. The recent RAVEL study, 
a double-blind, placebo-controlled, randomized trial of
rapamycin drug-eluting stent versus bare stents revealed 
a significant decrease in both restenosis (0% v 26·6%,

P � 0·001) and major adverse events (5·8% v 28·8%,
P � 0·001) at 6 months. A total of 238 patients were ran-
domized of which 88·7% underwent 6 month angiograms.18

However promising these agents appear, more studies are
required to fully evaluate the efficacy, safety and cost effec-
tiveness of drug-eluting stents.

Thrombus, platelets, and thrombin

Thrombus formation

This plays a leading role in abrupt vessel closure and may 
be of importance in chronic restenosis. The composition 
of arterial thrombi (“white thrombi”), with their predomi-
nance of platelets, shows that thrombocytes are central in
angioplasty-related thrombus formation and acute vessel
occlusion. A second agent of great importance is thrombin.

Platelets, physiology, and pathophysiology

The properties of platelets relevant to the formation of throm-
bus are shown in the key points box and are discussed in
some detail below. Platelets are produced by the megakary-
ocyte. Through processes yet unexplained, this cell fragments
into many platelets, which are disk-shaped cells with a diam-
eter of 2–3 �m derived from the cytoplasm of the megakary-
ocyte without a nucleus. They do contain platelet-specific
granules and a dense tubular system as well as a skeleton
consisting of actin. The surface has a host of receptors for a
wide variety of agents all playing a role in the very complex
processes of adhesion, aggregation, and release of granules.

Normally, platelets are in contact solely with the other
blood components and the endothelial lining of the blood
vessels. Any other contact is inducive to platelet adhesion,
with the potential to escalate to aggregation. As long as the
endothelial lining of the blood vessels is intact, platelets are
not activated. This does not mean that they are inert.
Platelets produce substances responsible for the mainte-
nance of the integrity of the vessel walls.

Platelets are normally heterogeneous, both physically and
functionally. Younger platelets seem to be larger and more
responsive to thrombin than older ones.19 The lifespan of the
platelet is 7–10 days. They are not distributed evenly through-
out the lumen; the arterial flow pattern is such that platelets
tend to concentrate near the wall, while red blood cells are
present predominantly in the central part of the vessel.

Key points

Platelet properties relevant to thrombus formation
● Adhesion
● Aggregation
● Synthesis and release of prostaglandins, thromboxane,

and intracellular granules
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Adhesion

Platelets contacting surfaces other than erythrocytes, leuko-
cytes or intact endothelium can adhere to them. They
adhere to subendothelial structures, macrophages, activated
leukocytes, and endothelial cells activated by inflammatory
cytokines, and through the expression of membrane inte-
grins, a subset of the glycoprotein receptors situated on the
platelet membrane. The main endothelial adhesive protein
is the von Willebrand factor, but many others can play 
a role. Adhesion denotes the deposition of thrombocytes on
a surface perceived as foreign, involving a monolayer of
platelets and, at least theoretically, having the effect of 
providing a more natural environment for the other blood
corpuscles. Often, however, aggregation ensues.

The most frequently encountered foreign structure is
subendothelial tissue that is exposed when endothelium 
is damaged, for example, during angioplasty. The level of
platelet adherence is dependent on the nature of the foreign
structure; deeper seated structures are a stronger stimulus
than those just under the endothelial lining,20 and on the
presence of the von Willebrand factor. The von Willebrand
factor can bind to certain types of collagen and form com-
plexes that bind to the platelet membrane glycoprotein GP
IIb and thus cause adhesion.21 Adhesion involves one single
layer of thrombocytes only.

On adhesion, contact with subendothelial collagen can
initiate the following physiologic events:

● intracellular platelet granules are released into the
extracellular space;

● P-selectin, a platelet membrane glycoprotein, expresses
itself on the platelet surface, mediating adhesion to
white blood corpuscles;

● activation of the intraplatelet eicosanoid pathway, 
starting with the emanation of arachidonic acid;

● a profound change in the shape of the platelets, from 
a smooth disc to a spiculated structure.

These reactions together constitute the activation of the
platelets which leads to platelet aggregation, a process that
accelerates itself considerably in a short passage of time.

Aggregation

More extensive vessel damage induces platelets to aggre-
gate. Activation and ensuing aggregation can be caused by
many factors including adenosine diphosphate (ADP) and
serotonin, which are produced (among many others) by the
release of platelet granules, thromboxane A2 (TXA2), which
is generated in the interior of the platelet as an end product
of the eicosanoid pathway, and platelet activating factor,
which is produced by injured endothelial cells. Adrenaline,
noradrenaline, and thrombin (most powerful) also activate
platelets, and vice versa; platelet activation catalyzes the

conversion of prothrombin to thrombin, thereby accelerat-
ing the process of activation and aggregation. Fibrillar colla-
gen, which is exposed when the vessel is damaged, not only
promotes adhesion, but also induces aggregation.

After the specific agents have made contact with the
platelet membrane, the platelet changes in shape from disc
to spiculated sphere. This change in shape is regulated by a
skeleton of actin situated interior to the plasmalemma. The
filopodial projections that constitute the spiculae probably
facilitate contact between GP IIb/IIIa, the receptor on the
platelet surface which is the final common pathway respon-
sible for aggregation, and crucial proteins: fibrinogen and
von Willebrand factor. In the next stage the GP IIb/IIIa
receptor changes in conformation, allowing fibrinogen and
von Willebrand factor to bind simultaneously to the GP IIb/
IIIa receptors on the surface of two platelets, thus creating a
link between them. This usually irreversible linkage is called
aggregation. A plug of linked platelets constitutes a throm-
bus and may obstruct a vessel lumen.

Synthesis and release of prostacyclin,
thromboxanes, and intracellular granules

The eicosanoid pathway exists in endothelial cells as well as
in the interior of the platelet. Arachidonic acid is converted
by cyclo-oxygenase to endoperoxides that form prostacyclin
in the endothelial cells but generate TXA2 in the platelet.
TXA2 enhances aggregation, and is a vasoconstrictor; prosta-
cyclin, on the other hand, has strong vasodilatory and anti-
aggregant properties. Platelets contain at least three
different types of intracellular storage granules. These gran-
ules contain a host of substances that can be liberated from
the activated platelets by an exocytotic mechanism.22 The
various materials are able to potentiate platelet aggregation
and blood coagulation and increase vascular permeability.

Thrombin

Thrombin is the second major player in the pathogenesis of
acute coronary thrombosis. It is at the center of reactions
essential to thrombus formation. It can activate platelets
strongly and independently.23 Thrombin can cause the
release of the von Willebrand factor from endothelium, and
facilitates the activation of factor V and VIII and the transi-
tion of fibrinogen to fibrin. It promotes the formation of a
fibrin mesh around thrombi. Thrombin is abundantly gener-
ated during angioplasty.24

Antiaggregatory strategies

Four major classes of antiaggregatory agents can be discerned:

● cyclo-oxygenase inhibitors, for example, aspirin;
● thienopyridines, for example, ticlopidine, clopidogrel;
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● glycoprotein IIb/IIIa inhibitors, for example, abciximab
(Reopro), eptifibatide (Integrilin) and tirofiban (Aggrastat);

● thrombin inhibitors, for example, heparin, LMWH and
hirudin.

Aspirin

Platelet aggregability can be inhibited to some extent by
aspirin. In thrombocytes, aspirin irreversibly inhibits cyclo-
oxygenase and thereby the generation of TXA2 which is an
aggregation promotor. Aspirin thus inhibits platelet aggrega-
tion and thrombus formation. However the production of
antiaggregatory prostacyclin is also reduced in the endothe-
lium. Possibly this unfavorable side effect becomes more
pronounced with higher doses of aspirin, rendering the
lower doses relatively more effective.25 Aspirin leaves other
platelet activation pathways untouched. It is therefore 
a relatively weak antiaggregatory agent.

Aspirin has been used as premedication to angioplasty since
its debut in 1977 and is a universally used adjunctive,26 but
with few prospective trials ever having proven the efficacy.
In one trial, a daily dose of 990 mg aspirin combined with
dipyridamole (225 mg daily) showed no effect on restenosis
compared to placebo, but periprocedural infarctions were
significantly less in the treatment group.27 Among the 376
randomized patients, there were periprocedural Q wave
infarctions in 6·9% in the placebo group and 1·6% in the active
drug group, the difference reaching statistical significance
(P � 0·0113). A retrospective angiographic study also showed
a clear periprocedural advantage of aspirin and dipyridamole.28

After doubts had been raised concerning the contribution of
dipyridamole to the antithrombotic action of aspirin,29 this
drug disappeared from the adjunctive armamentarium.

The optimal daily dosage of aspirin with a reliable effect in
angioplasty is not known. In the USA, 325 mg is usual, while
in Europe 100 mg or 80 mg is accepted. The higher dosages
(over 100 mg) are associated with more, predominantly
gastrointestinal, side effects but not convincingly with
greater efficacy. Aspirin is rapidly absorbed from the stomach
and upper small intestine. Following ingestion, peak plasma
levels are reached 20 minutes after ingestion.30 Clinically rel-
evant inhibition of platelet aggregation requires 80–90%
blockade of TXA2 synthesis.31 With daily oral dosages of 
80 mg it takes 48 hours to develop this effect on TXA2 pro-
duction and aggregation.32 In higher dosages effective inhibi-
tion is reached earlier. It is therefore advisable to start oral
aspirin at a low dose at least 48 hours before the angioplasty.
Often time is lacking to prepare the patient along these lines.
If an immediate procedure has to be performed and the
patient is not on aspirin, chewing of enteric coated aspirin
results in a sufficient antiplatelet effect after 30 min.33

Intravenous injection of 250 or 500 mg aspirin results in an
even more immediate platelet inhibition, however this is not
readily available in many countries.34

Ticlopidine and clopidogrel

Ticlopidine is metabolized to an as yet unknown substance,
which inhibits ADP-induced platelet aggregation but has no
effect on TXA2-induced aggregation. It leads to a remarkable
prolonging of the bleeding time. An effect on platelet aggre-
gation is demonstrable only after 3–5 days of medication.

Ticlopidine has proven its usefullness in conjunction with
aspirin in the prevention of acute and subacute stent throm-
bosis. This complication occurs after insertion of an intra-
coronary stent in 2–8% of cases, usually between days 2 and
14 with a peak between days 5 and 7 after stent placement.
Very extensive regimens, consisting of vitamin K antago-
nists, dipyridamole, and dextran as well as aspirin and
heparin, did not positively influence this complication and
led to unacceptable bleeding complications.16 However, the
combination of aspirin and ticlopidine achieved a significant
decrease of stent thrombosis as well as bleeding complica-
tions.35 Simultaneously, significant improvement of stent
delivery technique such as high pressure implantation also
affected results. Until recently, the standard of practice was
to administer ticlopidine daily, beginning 7 days before
scheduled stent placement. If a stent is inserted as a bailout
procedure or because of a suboptimal result, it is customary
to start the drug immediately after the procedure. It is con-
tinued for 30 days in a regimen of 250 mg bid. The main
untoward but reversible effect is bone marrow depression,
especially of the neutrophil granulocytes, occurring in less
than 2% of patients.36 In less than 1%, thrombocytopenia is
encountered. Two weeks after starting ticlopidine, a white
blood cell and thrombocyte count should be performed.

However, clopidogrel is now utilized for most patients
treated by PCI in North America and Europe. While in many
respects similar to ticlopidine (though it differs in its chemi-
cal structure and shares no common metabolites), it displays
a lesser tendency to bone marrow depression and other
adverse side effects, prompting its use in lieu of ticlopidine.37

Multiple studies of clopidogrel versus ticlopidine have been
carried out.38–47 Initially, evidence for clopidogrel use in PCI
came from non-randomized, single center registries.38–44

These centers initially had altered their practices from ticlo-
pidine to clopidogrel due to the belief that the benefits of the
two drugs would be similar, but the side effects of ticlopidine
were significantly worse. Moderate-sized randomized trials
were subsequently carried out comparing ticlopidine (plus
aspirin) and clopidogrel (plus aspirin) in PCI. These included
the Clopidogrel Aspirin Stent International Cooperative
Study (CLASSICS), the Ticlid Or Plavix Post-Stent (TOPPS)
trial and another by Muller et al.45–47 CLASSICS was the
largest study and the only one that was double-blinded.
None of these individual studies revealed any significant dif-
ferences in terms of 30 day major adverse cardiac events. 
A meta-analysis of these registries and trials reveals that
clopidogrel is associated with a lower adverse cardiac event
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rate (2·1% v 4·0%, OR 0·51; P � 0·001) and mortality (0·48%
v 1·09%, OR 0·44; P � 0·001) at 30 days.48 Overall, given
the totality of evidence, clopidogrel appears as effective if not
more effective at reducing adverse events in standard PCI.

Patients with unstable angina or non-ST elevation myocar-
dial infarction undergoing PCI are a known higher-risk subset
with regard to adverse cardiac events. Pretreatment with 
300 mg and continued treatment after one month with 75mg
per day of clopidogrel (in addition to aspirin) prior to PCI in 
the CURE-PCI study decreased adverse cardiac events at both
30 days (adjusted relative risk 0·65, P�0·01) and long-term
follow up at 12 months (adjusted relative risk 0·72,
P�0·03).49

IIb/IIIa receptor blockers

Although there are many ways to activate the platelet, all
converge into the same final common pathway, the IIb/IIIa
receptor. Blockade of this receptor impedes aggregation to 
a very large extent, if not completely, with all modes of
platelet activation using the final common pathway.

Presently, IIb/IIIa blockers are known in four forms:

● a chimeric monoclonal antibody (derived from murine
antibodies), abciximab, which is commercially available;

● naturally occurring snake venom polypeptides. These
non-enzymatic peptides have a low potency and short
half life, diminishing their therapeutic value;50

● synthetic peptides, for example, integrilin and tirofiban;
● non-peptide IIb/IIIa inhibitors, which have not been

efficacious until now.

Relevant large scale clinical investigations have been con-
ducted with abciximab, integrilin, and tirofiban.

Abciximab was tested in the CAPTURE, EPILOG, EPIC
and EPISTENT trials. All were prospective, multicenter, ran-
domized, double-blind, placebo-controlled, Phase III stud-
ies, with over 8500 patients. Table 28.1 shows the main
results of these studies.

EPIC studied 2099 patients at increased risk for ischemic
complications during or after PTCA51: unstable angina and/
or recent non-Q wave infarction, acute Q wave infarction
within 12 hours of symptom onset, and clinical and angio-
graphic characteristics predictive of increased risk of
ischemic complications according to AHA Medical/Scientific
Statement Guidelines.52 Patients were randomized to one of
the following regimens:

● placebo bolus�infusion;
● abciximab bolus 0·25 mg/kg IV�12 hour infusion of

placebo;
● abciximab bolus 0·25 mg/kg IV�12 hour infusion of

abciximab 10 migrograms/min.

Treatment started at least 10 min before PTCA, all 
patients received 325mg aspirin orally and 10000–12000 IU

heparin intravenously. Abciximab dosages were devised to
reach a receptor blockade of at least 80%. Patients were fol-
lowed for 30 days, 6 months and 3 years post-procedure.
The 30 day composite end point, as in the other two studies,
comprised death from any cause, acute infarction or the
need for urgent coronary intervention and was statistically
significantly reduced by 34·8% in the group treated with
bolus and infusion of abciximab as compared to placebo
bolus and infusion (P � 0·008). Thirty days emergency repeat
PTCA was necessary in 6% of the placebo group and in 1% of
the bolus plus infusion group (P � 0·002). At 6 months and
after 3 years, the 30 day benefits were sustained.

Thrombocytopenia (�100 000/ml) was seen more often
in the bolus plus infusion than in the placebo group (res-
pectively 5·2% and 3·4%; P � 0·01). Of the patients who
received abciximab, 6·5% developed human antichimeric
antibody, mostly in low titers; none showed allergic reac-
tions. Major hemorrhagic complications immediately after
angioplasty, predominantly involving the access site, were
higher in the abciximab treated patients. Hemorrhage was
especially prominent in patients with a body weight under
75 kg receiving abciximab bolus plus infusion, suggesting
that the fixed dose heparin was to blame.

This concept was tested in EPILOG.53 A total of 2792
patients undergoing elective angioplasty were allocated
among three regimens. In the EPIC trial an abciximab regi-
men was used almost similar to the bolus plus infusion in
two of the three groups: one with standard dose heparin
(100 IU/kg with a maximum of 10 000 IU) and one with
low dose heparin (70 IU/kg, with a maximum of 7000 IU).
A third cohort received placebo with standard dose heparin.
In all groups additional heparin was administered to keep
ACT above 300 seconds.

It was demonstrated that the efficacy of abciximab was
preserved under the low dose regimen of heparin. It was
also shown that the rate of major bleeding could be reduced
to acceptable values: 2·0% in the low dose heparin group
versus 3·1% and 3·5% in the heparin-only and the standard
heparin with abciximab groups respectively (P � NS). Minor
bleeding was 3·7% in the heparin-only group, 4·0% in the
low dose heparin with abciximab and 7·4% in the standard
heparin and abciximab group (P � 0·01). In this study, too,
the benefit of abciximab was preserved after 6 months: pri-
mary end points after 30 days were reached in 11·7% in the
heparin-only group, 5·2% in the standard dose heparin with
abciximab group, and 5·4% in the low dose heparin with
abciximab group (P � 0·0001).

In the CAPTURE trial, 1265 patients with refrac-
tory unstable angina were randomized to abciximab (bolus
and infusion 18 hours preceding angioplasty) or placebo.
Abciximab was given as a bolus and an infusion during
18–24 hours preceding the PTCA procedure. This infusion
was stopped 1 hour after PTCA. Heparin was administered
prior to randomization, until at least 1 hour after PTCA and
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adjusted to keep APTT between 2·0 and 2·5 times normal
or an ACT of 300 s.54

It should be noted that EPILOG and CAPTURE were ter-
minated early, interim analyses demonstrating a significant
reduction in end points in the abciximab treated groups.

The relative reduction of primary end points was of the
same magnitude as in EPIC. The difference in primary end
points between CAPTURE (placebo v active drug: 15·9% v
11·3%; P � 0·012) and EPIC (12·8% v 8·3%; P � 0·008) can
be explained by inclusion of more severely unstable patients
in CAPTURE (“refractory” v “high risk”). The significance of
the difference in regimens – abciximab being administered
before and during angioplasty in CAPTURE, and during and
after in EPIC – is not clear.

Stent use was low in these early studies. However, practice
patterns changed with increased stent use and less PTCA
alone or “plain old balloon angioplasty” (POBA). The
Evaluation of Platelets IIb/IIIa Inhibitor for Stenting (EPIS-
TENT) was initiated to evaluate the use of abciximab in PCI
with stent implantation.55 A total of 2399 patients were ran-
domized to one of three treatment arms; stent plus abcix-
imab, PTCA plus abciximab or stent plus placebo. Patients
were otherwise treated with standard medications including
aspirin, ticlopidine, and heparin. The primary end point was a
composite of death, myocardial infarction and the need for
urgent target revascularization in the first 30 days. Patients
randomized to the stent/abciximab therapy had a lower
event rate compared to stent/placebo (5·3% v 10·8%,
P � 0·001, hazard ratio 0·48) and PTCA/abciximab (5·3% v
6·9%, P � 0·007, hazard ratio 0·63). Major bleeding compli-
cations were not significantly different, but this study was not
powered to detect this. The benefits of abciximab appear to
be maintained over time.56 Debate over the implications of
the results continues to occur. Many of the events prevented
were troponin and CK rises which may or may not be an
accurate surrogate of mortality. As with any therapeutic inter-
vention, higher-risk patients probably benefit most from
abciximab. In the case of PCI, diabetic patients appear to ben-
efit both in the short-term and longer follow up. However,
evidence from EPISTENT is a substudy analysis with different
baseline characteristics. Other non-randomized studies have
confirmed the 30 day but not the long-term results.57

Eptifibatide was tested in the IMPACT II study,58 which
involved 4010 patients undergoing angioplasty or atherec-
tomy. The incidence of major ischemic complications or
emergency revascularization at 24 hours was lower in two
groups treated with integrilin (135 micrograms/kg bolus plus
0·5 micrograms/ kg/min or 0·75 micrograms/kg/min, both
for 20–24 hours) than in the placebo treated patients, but
this was not statistically significant after 30 days (11·4% v
9·2% v 9·9% respectively for placebo, low-dose, and high-
dose eptifibatide; P � 0·063 placebo v low-dose eptifi-
batide). There was no difference in the occurrence of major
bleeding. The IMPACT II study displayed statistically 

non-significant results. However, it was felt that platelet inhi-
bition was not optimal. The Enhanced Suppression of the
Platelet IIb/IIIa Receptor with Integrilin Therapy (ESPRIT)
trial compared eptifibatide to placebo in stable patients
undergoing PCI with stent.59 Patients in this study were
deemed appropriate not to necessarily need GP IIb/IIIa
inhibitor, therefore considered lower risk than patients in the
abciximab trials. Furthermore, patients were excluded if
they were pretreated with clopidogrel greater than 24 hours.
The ESPRIT study utilized a significantly higher dose of epti-
fibatide (2 boluses 180micrograms/kg 10min apart plus 
2·0micrograms/kg/min for 18–24 hours). The primary end
point was the composite of death, myocardial infarction,
urgent target vessel revascularization and bailout glycoprotein
IIb/IIIa inhibitor use at 48 hours. ESPRIT was terminated
early due to efficacy. The primary end point was reduced in
the eptifibatide group (6·6% v 10·5%, P � 0·0015). There
appeared to be continued benefit out to 6 months.60

However, many of the events in the ESPRIT trial were
arguably of borderline significance such as enzymatic rise
and bailout use of glycoprotein IIb/IIIa inhibitor.

Tirofiban was tested in the RESTORE (Randomized
Efficacy of Tirofiban for Outcomes and Restenosis) study in
2139 patients with unstable angina or acute myocardial
infarction, undergoing PTCA or atherectomy. Tirofiban
(bolus of 10 micrograms/kg � 0·15 micrograms/kg/min for
36 hours) was compared with placebo, both groups receiv-
ing aspirin and heparin. At 30 days, the incidence of a com-
posite end point of death, acute infarction, urgent or
emergent PTCA or CABG was 10·5% in the placebo group
and 8·0% in the tirofiban group (P � 0·052). Here also, the
incidence of major bleeding did not differ significantly.61

The RESTORE study did not conclusively prove that
tirofiban provided protection from adverse events peri-PCI.
However, since there were differences between the 
small-molecule inhibitors (eptifibatide and tirofiban) and 
monoclonal antibodies (abciximab) in both structure and
cost, a direct comparison was carried out. The TARGET (do
Tirofiban And ReoPro Give similar Efficacy Trial) was
designed as a non-inferiority trial of tirofiban and abciximab.
This was a double-blind, double-dummy randomized trial of
4809 patients undergoing PCI with stent. Primary end point
was a composite of death, non-fatal myocardial infarction,
and urgent target vessel revascularization at 30 days. A sig-
nificantly higher number of patients treated with tirofiban
reached the primary end point (7·6% v 6·0%, P � 0·038).
Importantly, pretreatment with clopidogrel was associated
with fewer adverse events in both treatment arms.62

Comparison of abciximab, eptifibatide, and tirofiban
shows that abciximab is probably the most effective in
reducing ischemic complications. This can be possibly
explained by the tightness of the abciximab-IIb/IIIa binding,
while eptifibatide and tirofiban are loosely bound. Also,
actual dosages of the small molecule GP IIb/IIIa inhibitors
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may be inadequate. Furthermore, it is probable that only
abciximab also binds to the vitronectin receptor (which
shares an epitope with IIb/IIIa), extending its blocking
capacities. Unfortunately, a direct comparison of abciximab
and eptifibatide is not currently available.

Antithrombins

The most widely used thrombin antagonist is heparin. In its
unfractionated form, it has been used in PTCA since its
introduction. Its effect on peri-procedural complications has
never been demonstrated unequivocally.

Heparin is not a simple substance but consists of a combi-
nation of agents that all bind to antithrombin III (ATIII). Its
molecular weight is 15 000. Through a reversible binding
with ATIII, a naturally occurring inhibitor of activated blood
coagulation factors,63,64 heparin converts ATIII from a slow
inhibitor to a rapid inhibitor of factors XIIa, XIa, IXa, Xa, and
thrombin. Thrombin is more sensitive to the effects of
heparin than is Xa and in keeping with this, unfractionated
heparin exerts its action mainly through inhibition of 
thrombin-induced activation of factors V and VIII.65 For
thrombin inhibition it is necessary that both thrombin and
ATIII bind to heparin. This requires a minimum chain length
of 18 monosaccharides.

Heparin also comes in fractionated forms. These low
molecular weight heparins (LMWH) have a molecular
weight of 4000–5000 and a chain length �18 monosaccha-
rides. These LMWH, when compared to the heavier compo-
nents of unfractionated heparin, are more prone to bind to
ATIII. They cannot bind to thrombin but they retain anti-Xa
activity. The heavier components, on the other hand, are
probably responsible for heparin-associated thrombocyto-
penia and possibly for some platelet activation. LMWH can
be administered subcutaneously once daily.

In accordance with the better binding to ATIII, LMWH are
more effective than unfractionated heparin in the prevention
of deep venous thrombosis.66 Hopes for a better safety profile
did not materialize: in a meta-analysis of 62 studies with 
a total of over 20000 patients, it was shown that LMWH 
are associated with a higher bleeding risk than heparin.67

In the treatment of unstable angina, LMWH were proven
valuable in various trials as compared to unfractionated
heparin, without excessive bleeding.68–70 LMWH inhibits 
in vitro smooth muscle cell migration and proliferation with-
out affecting endothelial cell growth.71 However, in vivo,
one LMWH, enoxaparin, did not show any effect on the
incidence of restenosis nor did another,72 reviparin, com-
pared to unfractionated heparin in patients undergoing
PTCA.73 Reviparin was not associated with a decrease in the
incidence of bleeding complications nor did it show any
advantage in the occurrence of acute complications during
and after PTCA. Further studies have been carried out by
the National Investigators Collaborating on Enoxaparin

(NICE) utilizing enoxaparin with (NICE-4) and without
(NICE-1) abciximab. These were registries, but the results
appear promising. Presently, there are no compelling 
evidence-based arguments to replace unfractionated heparin
with LMWH as an adjunctive to PTCA.

Heparin is a relatively weak antiplatelet agent, in part
because it does not inhibit the other platelet activators that
operate independently from thrombin. Also, it tends to bind
to the platelet surface, thus increasing platelet activity.74,75

Furthermore, thrombin is incorporated into a developing
thrombus and binds to fibrin. This fibrin bound thrombin
can generate activated factors V and VIII, producing addi-
tional thrombin and promoting thrombus growth.

The heparin-ATIII complex is a potent inhibitor of free
thrombin but only weakly inhibits fibrin bound thrombin.
Heparin therefore can only inhibit but not completely pre-
vent the growth of thrombi.76,77 Moreover, heparin can 
only exert its influence in the presence of adequate levels 
of antithrombin III.

Direct thrombin inhibitors have been developed to cir-
cumvent the need for antithrombin III. Hirudin is a natural
antithrombin, produced by the salivary glands of the
European leech. A recombinant form is equipotential. Both
inhibit all known functions of thrombin,50 at least theoreti-
cally overcoming many of the disadvantages of heparin.
However, in contrast to heparin, thrombin generation is left
intact. In the HELVETICA (Hirudin in a European Trial ver-
sus Heparin in the Prevention of Restenosis after PTCA) trial
hirudin was compared with heparin in patients with unstable
angina undergoing PTCA.78 This study in 1141 patients was
designed to evaluate the effect of hirudin on chronic resteno-
sis. In the occurrence of early cardiac events, a clear advan-
tage could be attributed to hirudin: after 96 hours a
combination of death, myocardial infarction, bypass surgery
and second angioplasty occurred in 11% of the group treated
with heparin, 7·9% in the intravenous hirudin group and
5·6% in the intravenous and subcutaneous hirudin group
(P � 0·023). There was a particular benefit in patients in
Braunwald class III angina;79 in patients who had angina at
rest during the 48 hours before randomization, the event
rate was 21·6% in the heparin group as compared with 5·3%
in the patients receiving intravenous hirudin and 12·3%
among the patients receiving intravenous and subcutaneous
hirudin (P � 0·006). After 7 months, however, there was 
no difference in major end points between the three cohorts,
nor was there any difference in the angiographic degree of
restenosis. Bleeding complications did not differ significantly.
It was argued that the hirudin dosage was sufficient to limit
acute thrombin mediated platelet aggregation and thus could
affect acute complications, but insufficient to produce an
adequate level of anticoagulation to influence restenosis.

In the GUSTO IIb study, in acute myocardial infarction,
immediate angioplasty was performed in a subgroup.
Patients were randomized to heparin and hirudin and to
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immediate angioplasty and thrombolysis. No beneficial
effect of hirudin over heparin was found.80

Hirulog is a synthetic peptide designed on the structure 
of hirudin. Its effectiveness in angioplasty was studied in 
a prospective double-blind randomized trial of 4098 patients
with unstable angina who were treated with either heparin
or bivalirudin (hirulog).81 No difference was demonstrated
in short- and long-term complications. Bivalirudin was asso-
ciated with a lower incidence of major hemorrhage.

At present, neither a direct thrombin inhibitor nor LMWH
can be advocated to take the place of heparin in PTCA.
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Introduction

Percutaneous coronary interventions have revolutionized
the treatment of coronary atherosclerosis, creating an alter-
native strategy to medical and surgical therapy for myocar-
dial ischemia and acute coronary events. The concept was
that atherosclerotic plaque can be fractured, removed or
ablated within the vessel by different device technologies.
However, it was quickly understood that following the inter-
vention, a healing response, known as restenosis, signifi-
cantly reduced the long-term success of the procedure.

Restenosis is a substantial medical problem, both because
it occurs in 40–50% of patients undergoing coronary revas-
cularization procedures, with increased patient morbidity,
but also for the significant burden of medical costs,1,2 which
is estimated to be of nearly $2·0 billion per year.3 Restenosis
may be effectively treated by repeat angioplasty. However,
further interventional procedures entail additional cost, and
the redilated lesions are more prone to the development of
restenosis than native lesions.

Because of this unacceptably high restenosis rate and the
huge health cost implications, it is not surprising that in the
past ten years or so there have been intense efforts to eluci-
date the pathophysiologic mechanisms of this process and,
most importantly, extensive clinical trials aimed at a wide
array of strategies to prevent restenosis. Today, while the
cellular mechanisms and interactions involved in the patho-
biology of restenosis have been better understood, and pow-
erful effects have been obtained in some animal models
with the use of different drugs and devices, the search for
successful therapeutic effects continues, because when
transferred into clinical practice, restenosis is still a shadow
over the broad use of the interventional techniques. The
introduction of the drug-eluting stent has recently offered a
light at the end of the tunnel. As we stand on the verge of a
“cure” for restenosis, it is interesting to ask, “Why has it
taken so long?”

Since the late 1970s, enormous efforts and resources
have been directed to the problem of restenosis. Our under-
standing of restenosis evolved slowly, but major compo-
nents in the evolution of the restenosis process have been
identified, and in the early 1990s several pivotal studies dis-
tinguished basic restenosis mechanisms such as early recoil,
negative remodeling, and proliferative response to injury.4,5

Other landmark studies established the concept that the

extent of luminal “late loss” at follow up is proportional to
the amount of “acute gain” achieved during the initial pro-
cedure.6 Although this strategy provided incremental reduc-
tion in restenosis under the philosophy of “bigger is better”,
the scientific community soon realized that restenosis could
not be eliminated using only mechanical devices like bare
stents. Thus, the fertile soil for the development of drug-
eluting stents was created. This also required the develop-
ment of predictable animal models to allow precise,
quantitative documentation of the in vivo response to
injury.7 The initial stent coatings, however, were dismal fail-
ures.8 Only recently, biocompatible materials have been
developed that maintain adequate patency in the animal
model. Another problem was applying coating to stent struts
and then sterilizing the combination without altering the
properties of the coating or the drug.

With these aspects kept in mind, this chapter will review
four aspects of the restenosis problem. First, it will highlight
the mechanisms of restenosis, including neointimal hyper-
plasia, acute recoil, and vascular remodeling. These, in turn,
influence the response of the vessel wall to mechanical
injury. Second, the issue of mural thrombus in restenosis
will be addressed for both stenting and balloon angioplasty,
since blood elements and factors produced by circulating
cells play a key role in the initiation and propagation of
neointima formation. The importance of antithrombotic
agents such as GPIIb/IIIa receptor antagonists in reducing
morbidity and mortality after percutaneous transluminal
angioplasty (PTCA) and their potential in reducing the
restenosis process will be reviewed. Third, emerging con-
cepts in gene therapy and moreover in drug-eluting stents
and their clinical trials will be reviewed.

The problem of restenosis

Defining restenosis

Restenosis studies have suffered to various degrees from
methodological problems. Since native coronary atheroscle-
rotic and restenotic lesions are both identified and treated
with the use of angiography, one would hope that a uniform
angiographic definition of restenosis exists. Unfortunately,
such definitions are currently lacking, representing a major
limitation in comparing different studies.
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The numerous angiographic definitions used in clinical
studies,9 and more recently, definitions based on absolute
changes in minimal lumen diameter at follow up,10 have led
to confusion and hampered investigations in this field11

(Box 29.1).

Box 29.1 Angiographic definitions of restenosis
● An increase of �30% from immediate postangioplasty

diameter stenosis to follow up stenosis
● An initial diameter stenosis �50% after angioplasty,

increasing to �70% at follow up angiography
● An increase in diameter stenosis at follow up angiogra-

phy to within 10% of the preangioplasty value
● A loss of �50% of the initial diameter stenosis gain

achieved by angioplasty, from immediate postangio-
plasty to follow up angiography

● A postangioplasty diameter stenosis �50% increasing
to �50% at follow up angiography

● A decrease in the minimal lumen diameter at the lesion
of �0·72 mm from immediate postangioplasty to follow
up angiography

● Cumulative distribution of MLD

Using clinical criteria, restenosis may be defined by evi-
dence of recurrent myocardial ischemia after the revascular-
ization procedure discovered during clinical tests by the
presence of symptoms (that is, recurrence of angina, need
for target vascular revascularization). Difficulties occur with
a discordance between angiography and clinical status. 
A patient with a lesion fitting the angiographic criteria for
restenosis but who is asymptomatic and/or has negative
tests for ischemia will likely not be recatheterized on the
basis of clinical criteria alone.

Moreover, restenosis has been previously characterized as
an “all or none” phenomenon and, by subsequent studies,
as a continuous variable that takes place to a different extent
in all treated lesions.12 Many studies have been small, and
the timing and methods of follow up have been variable,1,13

introducing the selection biases and misleading interpreta-
tions of the data.

It is clear that a more uniform definition, that includes a
combination of angiographic and clinical criteria, and stud-
ies with more uniform groups of patients, may provide a
more accurate picture of the restenosis phenomenon.14

Predicting restenosis

While many clinical studies have been performed to identify
correlates of restenosis,1,13,15–19 the ability to predict an
excessive healing response after percutaneous interventions
has remained particularly difficult.20

Three different categories of variables are related to an
increased risk of restenosis. These include clinical patient-
related factors, anatomic-related factors, and interventional
procedure-related factors. Patient-related variables include

older age, male gender, diabetes, hypertension, hyper-
lipidemia, unstable angina prior to angioplasty, vasospastic
angina, and continued smoking after angioplasty. Anatomical
and procedural factors include ostial lesions, longer lesions,
total occlusions, multilesion and multivessel angioplasty pro-
cedures, saphenous vein graft location, left anterior descend-
ing location, presence of calcium, balloon-to-artery ratio,
suboptimal results with significant residual stenosis, and
extent of dissection.

However, no variables have yet been found that predict
restenosis with absolute certainty. Of all the factors, the
most consistent in predicting a better long-term outcome
appears to be a large postprocedural lumen diameter.21 This
finding has led to the current aphorism “bigger is better”,6

which has been widely applied as a therapeutic strategy of
angioplasty and which may explain the improved long-term
outcome observed with coronary stents or directional
atherectomy.22,23

Other factors that are not yet fully evaluated may also
predict restenosis. Angioscopic observations suggest that
coronary thrombus is an important determinant of the late
outcome.24 Recent clinical studies using the glycoprotein
IIb/IIIa receptor antagonist 7E3 have shown in support of
the role of thrombus a significative reduction in the inci-
dence of restenosis.25 Experimental evidences suggest that
oxidative stress may be important in the restenotic process,
and the results of the MVP study26 indicate that probucol 
is effective in reducing restenosis by means of low density
lipoprotein oxidation prevention, decreasing platelet aggre-
gation and modulation of prostaglandin and leukotriene 
synthesis.27–29

Studying restenosis

Traditionally, animal models are the cornerstone to test
strategies aimed at developing treatments for pathologic
conditions and for understanding pathophysiologic mecha-
nisms that may cause that particular condition. In this
respect, restenosis is no exception and several animal mod-
els have been developed during the past decade in an
attempt to reproduce restenotic lesions and find a therapeu-
tical strategy to reduce neointimal formation. Unfortunately,
although several models of restenosis have been evaluated
in the past 15 years, there is no perfect animal model for
human restenosis. Common models include the rat carotid
air desiccation or balloon endothelial denudation model,30,31

the rabbit femoral or iliac artery balloon injury model with
or without cholesterol supplementation,32 and the porcine
carotid and coronary artery model.33

The rat model, based on elastic arteries, does not develop
severe stenotic neointimal lesions, and is therefore very 
permissive in terms of efficacy of pharmacological inter-
ventions. The cholesterol-fed rabbit model has been criti-
cized for the high level of hyperlipidemia required for the
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development of lesions. The latter results in a large macro-
phage foam cell component, resembling fatty streaks rather
than human restenotic lesions. Conversely, the histopatho-
logic features of neointima obtained in porcine models
closely resemble the human neointima, and the amount of
neointimal thickening is proportional to injury severity. This
has allowed the creation of an injury–neointima relationship
that can be used to evaluate the response to different thera-
pies. However, the repair process in the pig coronary artery
injury model using normal coronary arteries is certainly
more rapid and may be different from the response to bal-
loon angioplasty that characterizes human coronary athero-
sclerotic plaques.

The major limitation in the use of animal models of
restenosis is that agents effective in reducing neointima in
those models are ineffective when transferred into the clini-
cal arena. Many explanations might support those differ-
ences. Different animal species, types of artery, degree of
arterial injury, volume of neointima, drug dosages and timing
regimens, and atherosclerotic substrate might be considered.

To address this concern, we believe that before transfer-
ring the results obtained in animal models into clinical trials,
standardization of injury type, the method of measurement,
and the dose and timing of drug administration among 
different animal models is necessary.

Other issues in the study of restenosis are the limitations
in the design of restenosis clinical trials. Incomplete angio-
graphic follow up leading to the occurrence of selection and
withdrawal biases, followed by inadequate power due to
small patient sample leading to the potential of � (type II)
errors, are the most common problems. Non-uniform defini-
tions of angiographic restenosis and poor correlation between
angiographic and clinical outcome are other problems that
need to be resolved when comparing different trial results.
Future restenosis studies should utilize composite clinical
outcomes as primary end points, with multiple, simultaneous
treatment approaches and careful choice of the appropriate
regimen. These studies should also include an angiographic
or IVUS subset to allow assessment of mechanisms of action,
and using these data can help limit sample size necessary to
detect efficacy at reducing neointima.

Understanding restenosis

To better understand the mechanisms of restenosis, it is use-
ful briefly to review the potential mechanisms by which
coronary interventional procedures increase lumen patency.
Since the explanation given by Dotter and Judkins,34 who
ascribed the enlargement of vessel lumen by balloon angio-
plasty to compression of atheromatous plaque against the
arterial wall, several morphologic and histologic observa-
tions have been made both in human necropsy studies35–37

and experimental models.38 Different mechanisms of action
have been identified. The original concept of plaque 

compression is unlikely to occur because the majority of 
atherosclerotic plaques are composed of dense fibrocollage-
nous tissue with hard calcium deposits, and thus, are diffi-
cult to compress. However, this mechanism can play a
major role in the dilation of newly formed atherosclerotic
plaque – that is, soft plaques – or recently formed thrombus.

Subsequent data suggest that the major mechanisms of
action of coronary angioplasty are breaking, cracking, and
splitting of the intimal plaque with partial disruption of the
media and stretching of the plaque-free vessel wall.39–41 In
particular, intravascular ultrasound studies have shown 
that those mechanisms may vary depending on the histo-
logic plaque composition, with more plaque dissection in
calcified lesions and more vessel expansion in non-calcified
plaques.42

Conversely, directional and rotational coronary atherec-
tomy improve lumen caliber by tissue removal, with little
disruption and expansion of the vessel wall. Finally, the
mechanism of laser angioplasty is related to atherosclerotic
tissue photoablation and dissection associated with vessel
expansion.

Based on these clinical and experimental observations,
the presumed healing and repair processes leading to arte-
rial restenosis may be categorized as follow: (a) exagger-
ated cell proliferation at the site of injury; (b) incomplete
plaque dissection by balloon angioplasty or incomplete tis-
sue removal by directional coronary atherectomy (DCA),
rotational atherectomy, and laser angioplasty; (c) thrombus
formation and organization at the site of injury; (d) favorable
or unfavorable artery wall remodeling.

Pathobiologic events in restenosis: from 
growth regulatory factors to cell cycle genes

It has been more than a decade since Essed et al first docu-
mented intimal proliferation after PTCA as a cause of
restenosis.43 During this interval, enormous progress has
been made in defining the pathogenetic mechanisms of
human restenotic lesions. At the same time, molecular tech-
niques coupled with increasing understanding of the regula-
tory events at the level of nucleic acids have been applied to
investigation of the restenotic process. Today, there is a gen-
eral consensus that restenosis involves the interactions of
cytokines, growth factors, vascular elements, blood cells,
and the extent of injury.

Based on the experiences derived from experimental
models, cell culture, human pathologic evidence as well as
angiographic, angioscopic, and intravascular ultrasound
observations, the sequence of events that take place in the
artery and that characterize the restenotic process can be
divided into three phases (Figures 29.1 and 29.2). 

1. A first phase of elastic recoil, usually occurring within
24 hours of the procedure.
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2. A second phase of mural thrombus formation and
organization associated with inflammatory infiltrate at
the site of vascular injury in the subsequent 2 weeks. In
this phase, immediately after stent implantation, activa-
tion, adhesion, aggregation, and deposition of platelets
and neutrophils occurs. The platelet thrombus formed
can even become large enough to occlude the vessel.
Within hours the thrombus at the injured site becomes
fibrin-rich and also fibrin/red cell thrombus adheres to
the platelet mass. From day 3 the thrombus is covered
by a layer of endothelial-like cells and intense cellular
infiltration begins at the injury site with monocytes
(which become macrophages after migration into the
mural thrombus) and lymphocytes. In the process these
cells progressively migrate deeper into the mural
thrombus and vessel wall.

3. A third phase of cell activation, proliferation, and extra-
cellular matrix formation, which usually lasts from 2 to
3 months. In this phase, smooth muscle cells from dif-
ferent vessel wall layers proliferate and migrate and
thereafter resorb the residual thrombus until all of it is
gone and replaced by neointimal cells. For several
weeks proliferative activity can be detected in the
endothelial layer, the intimal layer, the medial layer,
and in the adventitia. Thereafter a more or less quies-
cent fourth state will ensue, characterized by further
buildup of extracellular matrix.33,44

Therefore, several factors may influence the production
of excessive neointimal volume, including the amount of

platelet–fibrin thrombus at the injury site, the total number
of smooth muscle cells (SMC) within the neointima, and the
amount of extracellular matrix elaborated by neointimal
cells. Limiting one of those steps, either individually or in
combination, might perhaps reduce the neointimal response
following mechanical injury (Table 29.1).

Phase I: elastic recoil

The vessel wall itself can participate in acute lumen loss
observed in some patients just after coronary interventions
by a mechanism termed “recoil”. Elastic recoil occurs
within minutes to hours following balloon angioplasty and
seems to be the consequence of the “spring-like” properties
of the non-diseased vascular wall responding to its over-
stretching.45–47 Other possible explanations are vasocon-
striction due to vessel endothelial disruption48 or platelet
activation and thrombus formation with consequent release
of vasoconstrictive substances.49,50 Whenever the normal
wall is significantly stretched, recoil may be the predomi-
nant mechanism of restenosis. Different studies, indeed,
have shown that this very early vessel wall recoil increases
the likelihood of subsequent restenosis with a rate of 73·6%
for the lesions that had lumen loss �10% and only 9·8% for
lesions that diminished by �10%.51,52 Early recoil may pos-
sibly have a significant importance in restenosis when the
vessel has not been severely injured and the lesion consists
of SMC. When the vessel wall injury is more severe, throm-
bus formation with consequent activation of growth factors
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and release of cytokines may be, instead, the predominant
mechanism of restenosis.

Prevention of phase I: mechanical v
pharmacologic approaches

It is clear that the utilization of methods to minimize the
angioplasty injury, reduce the elastic recoil and enlarge the
lumen size should result in a lower incidence of restenosis.

Balloon angioplasty allows manipulation of only few
parameters that cause injury or recoil. Several studies have
evaluated the number of balloon inflations,53,54 duration of
inflation,53,55–57 inflation pressure,58–60 and balloon–artery
ratio.54,59,61,62 Although higher inflation pressures and
larger balloon size have been related to a small decrease in
restenosis rate, they also cause a substantial increase in
acute complications such as rate of emergency surgery and
myocardial infarction.59,63
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Coronary stents, by means of their rigid structure, signifi-
cantly decrease acute recoil. One of the most important
advantages of intracoronary stents is that those devices rep-
resent the “bigger is better” approach. Stents address
restenosis from the direction of greater luminal gain and a
decrease in the elastic recoil. By this radial support, the
technique results in increased residual lumen and expansion
of the artery at the long-term follow up.6,64 Furthermore,
coronary stents limit the exposure of deep vessel wall tissue
to blood elements, diminishing the activation of unfavorable
rheological factors and allowing a higher anterograde flow
through a smooth contoured lumen.

Randomized studies such as the Stent in Restenosis Study
(STRESS)65 and the European Belgian–Netherlands Stent
trial (BENESTENT)22 have both shown a significant decrease
in restenosis in the groups with stent placement compared
with conventional balloon angioplasty.22,66 The
STRESS investigators reported a 10% decrease in restenosis
rate with Palmaz–Schatz stent compared with balloon 

Grade A

angioplasty (32% v 42% respectively), and the BENESTENT
trial also demonstrated a 10% decrease in restenosis (22% in
the stent group v 32% in the PTCA group), with better event-
free survival and fewer revascularization procedures at 
8 month follow up. Stenting technique has continued to
evolve and other trials have compared conventional balloon
angioplasty with contemporary stenting techniques – high
pressure deployment,67 IVUS,68 reduced anticoagulation,68

ostial placement,69 – always demonstrating a reduction of
restenosis rate in patients receiving coronary stents.

The pilot phase of a new study, the BENESTENT-II
trial, has shown that the rate of restenosis was impressively
reduced to less than 13% when heparin coated stents were
placed with high pressure delivery.70 These results were con-
firmed by the BENESTENT-II trial,71 which demonstrated
that use of a heparin coated stents plus antiplatelet therapy
resulted in better event-free survival at 6 months compared
to standard balloon angioplasty. However, with respect to an
antiproliferative effect of heparin, data of preclinical studies
as well as from the BENESTENT-II trial suggest no reduction
of neointimal hyperplasia within the stent in comparison to
uncoated stents.71–74

Other devices, such as directional atherectomy, rotational
atherectomy, and TEC atherectomy, improve lumen patency
by tissue removal and are associated with less vessel wall
recoil and dissection.75,76 The CAVEAT-I and the C-CAT tri-
als did not show a significative advantage of atherectomy
over conventional balloon angioplasty.77–79 This was a sur-
prising finding since experimental and clinical studies have
shown that a larger final lumen correlates with lower
restenosis rates. However, it is important to note that 
in those trials the final lumen achieved with atherectomy
did not differ compared with that obtained by balloon 
angioplasty. Indeed, a prospective multicenter registry of
199 patients treated by optimal DCA (�15% residual steno-
sis), the OARS study,80 demonstrated a 6 month restenosis
rate of 28·9% with a target lesion revascularization rate 
of 17·8% at 1 year follow up. These results have been recently
confirmed by the Balloon versus Optimal Atherectomy Trial
(BOAT),81 which randomized 1000 patients with single 
de novo, native vessel lesions to DCA (�20% short-term
post-treatment residual stenosis) or PTCA and demonstrated
that optimal DCA provided lower angiographic restenosis
than conventional PTCA (31·4% v 39·8%, respectively) at 
6 month follow up. Other debulking modali-
ties, such as aggressive rotational atherectomy utilized in
the STRATAS study, demonstrated a trend toward increasing
late loss index, restenosis, and target revascularization.82

Phase II: platelet aggregation/thrombus
formation and inflammation

As an integral part of the dilation mechanism, coronary
angioplasty results in injury to the arterial wall, including
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Table 29.1 Potential therapeutic approaches for the
treatment of the different phases of the restenotic
process

Response to Potential therapy
vessel injury

Early elastic recoil Achievement of greater MLD by 
stents

Thrombus formation Antithrombotic agents
Antiplatelet agents
Rapid re-endothelization
Molecular therapies

Inflammation Coated/drug-eluting stents
Neointimal proliferation

SMC activation Molecular therapies, coated/
drug-eluting stents

SMC migration Rapid re-endothelization, MMP
inhibitors, coated/drug-eluting 
stents

SMC proliferation Antiproliferative agents, 
brachytherapy, rapid 
re-endothelization, molecular
therapies, coated/drug-eluting 
stents

ECM formation Antiproliferative agents, rapid 
re-endothelization,
molecular therapies,
coated/drug-eluting stents

Chronic vascular Stents
remodeling

Abbreviations: ECM, extracellular matrix; MLD, minimal
lumen diameter; MMP, metalloproteinase; SMC, smooth
muscle cells



endothelial damage with loss of antithrombotic properties
(EDRF, PGI2, t-PA), induction of procoagulant factors
(thrombin, tissue factor) and inflammatory infiltrate at the
site of vascular injury. In addition, rupture of the internal
elastic lamina and medial disruption, with exposure of the
blood elements to wall constituents like collagen, von
Willebrand factor, and extracellular matrix components,
stimulates the interaction with platelet surface receptors
(primarily glycoprotein Ib and IIb/IIIa integrins), resulting
within minutes to hours after the intervention in platelet
activation and deep mural thrombus formation83–86 inacces-
sible to the action of heparin.87,88 Experimental and clinical
studies have also shown that platelets are activated by 
contrast medium.89,90 Activated platelets secrete several
substances from their 
 granules that stimulate vasocon-
striction, chemotaxis, and activation of neighboring
platelets.91,92 In addition, platelet aggregation releases or
stimulates the production of several factors and cytokines
including thrombin, tromboxane A2, serotonin, plasmino-
gen activator inhibitor (PAI-1), platelet derived growth 
factor (PDGF), transforming growth factor-� (TGF-�), 
basic fibroblast growth factor (b-FGF), epidermal growth fac-
tor (EGF), insulin-like growth factor (IGF-1), interleukin-1,
and monocyte chemoattractant protein-1 (MCP-1) (Box
29.2).93–95 These factors are believed to be responsible for
neointimal growth by attracting and stimulating SMC
migration and proliferation at the site of injury. (Figure
29.3).96–99 The severity of the thrombogenic response
depends on the degree of vascular injury, the surface area 
of exposure, the type of substrate exposed in the underlying
vessel wall, and the rheological conditions such as shear
stress and time of exposure.

Platelet activation leads to the recruitment of glycopro-
tein IIb/IIIa integrin surface receptors, which mediate
platelet aggregation and thrombus formation by binding fib-
rinogen molecules between adjacent receptors.93,100,101

Aggregated platelets accelerate the conversion of prothrom-
bin to thrombin, which in turn stimulates further platelet
activation.102 Thrombin is involved in both thrombus 
formation, upregulation of E-selectin and P-selectin expres-
sion on endothelial cells, monocyte and neutrophil 
migration in the injured wall,103 and stimulation of endo-
thelin and tissue factor release from endothelial cells with 
a mitotic effect on SMC.104 Of interest, there is also evi-
dence that monocyte-macrophage recruitment may con-
tribute to thrombus myofibrotic organization.105 Genes for
the PDGF ligands and receptor components are expressed 
in normal and injured rat carotid arteries.106 Basic FGF 
and FGF receptor Type 1 are both expressed by endothelial
cells and SMC after mechanical injury and inhibition of 
this growth factor reduces neointimal formation.94,107,108

TGF-� seems to be the principal growth factor involved in
the regulation and synthesis of proteoglycans, the major
components of the extracellular matrix.109–111 TGF-�

induces both migration and proliferation of vascular cells
and recent evidences suggest that this is an important fac-
tor in the vascular remodeling process associated with
restenosis.112,113

Box 29.2 Extracellular factors involved in restenosis
● Angiotensin-II
● Collagen
● Collagenase
● Colony stimulating factors (CSFs)
● Elastic fibers
● Endothelins (ETs)
● Epidermal growth factor/transforming growth factor 


(EGF/TGF-
)
● Fibroblast growth factors, acidic and basic (a-FGF, b-FGF)
● Heparin
● Heparin-binding epidermal growth factor (HB-EGF)
● Insulin-like growth factor 1 (IGF-1)
● Interferon � (IFN-�)
● Interleukin-1 (IL-1)
● Low density lipoprotein, oxidized (oxLDL)
● Monocyte-macrophage colony stimulating factor 

(M-CSF)
● Monocyte chemotactic protein 1 (MCP-1/MCAF-1)
● Nitric oxide/endothelium-derived relaxing factor

(NO/EDRF)
● Plasmin
● Plasminogen activator inhibitor (PAI-1)
● Platelet derived growth factor A (endothelium, PDGF-

AA)
● Platelet derived growth factor B (smooth muscle cells,

PDGF-BB)
● Prostacyclin (PGI2)
● Prostaglandin E
● Proteoglycans
● Thrombin
● Thromboxane A2 (TXA2)
● Tissue plasminogen activator (tPA)
● Transforming growth factor � (TGF-�)
● Tumor necrosis factor 
 (TNF-
)

Following platelet activation, circulating inflammatory
cells adhere to the site of injury and migrate into the throm-
bus. Neutrophils, lymphocytes, and monocytes have been
observed within the mural thrombus 1–5 days following
angioplasty in an atherosclerotic rabbit model,114 and pres-
ence of leukocytes and macrophages has been demonstrated
by scanning electron microscopy adherent to the luminal
surface of stented arteries in different animal models.115,116

Stent deployment can also cause a foreign body reaction due
to deeper arterial injury compared to balloon angioplasty.117

Karas et al found reactive inflammatory infiltrates and 
multinucleated giant cells surrounding the stent wires at 
4 week follow up in a porcine model of coronary injury.118

Recently, the present authors demonstrated in a large
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autopsy series that acute inflammation (mainly composed by
neutrophils) linked to the extent and location of vessel
injury and that chronic inflammation (lymphocytes and
macrophages) was frequently observed around metallic
struts at different time points following stent placement 
in humans.119 Furthermore, it has been demonstrated that
the extent of inflammatory reaction is significantly corre-
lated, both independently and in combination with the
degree of arterial injury, with the amount of neointimal for-
mation.120 The inflammatory response after stent deploy-
ment is also related to the material, design, and surface of
the stent.8,121–124

In summary, the extent of vessel wall injury, amount of
thrombus formation, and likelihood of neointimal prolifera-
tion are interrelated. Although the relationship of thrombus
formation to restenosis remains to be elucidated, evidence
suggests that thrombus contributes directly to restenosis by
vessel occlusion125 and indirectly by mediating the release
of several factors, which in turn are also involved in the
third phase of the restenotic process.126

Prevention of phase II: the role of new
antithrombotic drugs

Since platelet function and consequent thrombus formation
are important in the vascular response to injury, they have
been logical targets of several therapeutic strategies. In addi-
tion to existing antithrombotic and anticoagulant drugs (that
is, heparin and aspirin), antiplatelet therapies to prevent
restenosis have been recently boosted by the development

of newer agents that specifically inhibit critical steps in the
coagulation cascade and proteins on the surface of platelets.
These new drugs include inhibitors of thrombin generators
(factor Xa inhibitors),127,128 thrombin action (direct thrombin
inhibitors),129 or platelet aggregation (Gp IIb/IIIa receptor
antagonists).130

Although aspirin,131 dypiridamole,132 ticlopidine,133 war-
farin,134–136 thromboxane antagonists,137–139 and prostacy-
clin analogs,140,141 have been shown to be effective in
animal models of restenosis, these drugs have failed to show
any benefit in clinical practice. However, several
factors may confound the interpretation of those studies. For
example, differences in the lesion substrate, inappropriate
drug doses, or incomplete block of the target, may explain
the discrepancy between animal models and human studies.
Moreover, while the magnitude of injury and thrombus for-
mation correlate with the degree of neointimal formation in
animals, the relationship in humans is by no means estab-
lished. In addition, specific anticoagulant agents such as
heparin,142–145 low molecular weight heparin,146,147 hirudin
and hirulog,148–151 did not show any favorable effect either
on angiographic or clinical outcome related to restenosis.
Recently, dietary fish oils have been demonstrated to inhibit
platelet aggregation and thromboxane synthesis.152 It has
also been shown that fish oil intake reduces blood and red
cell viscosity and reduces the inflammatory response to
injury.153,154 However, the two largest trials designed to test
the hypothesis that restenosis could be reduced by fish oil
intake have definitively demonstrated the lack of efficiency
of these agents in the clinical arena.155,156 Grade A
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Both animal models of restenosis and clinical trials
demonstrated a reduction of neointimal proliferation by
blocking the platelet Gp IIb/IIIa (
IIb�3) or the vitronectin
receptors (
v�3).25,157–160 By using a chimeric 7E3 antibody
directed against the platelet membrane IIb/IIIa receptor
complex, the EPIC trial demonstrated a reduction in the
onset of acute complications and clinical restenosis in high-
risk angioplasty.25 Since this trial was published, other stud-
ies have evaluated the effect at 6 month follow up of IIb/IIIa
antagonists versus placebo. Unfortunately, IMPACT161,
IMPACT-II160, RESTORE162, EPILOG, and CAPTURE
trials,163,164 that studied the efficacy of integrilin, tirofiban,
and abciximab, respectively, did not demonstrate a reduc-
tion in target vessel revascularization compared to placebo
treatment. The EPISTENT trial demonstrated lower need
for repeat target vessel revascularization among diabetic
patients receiving abciximab compared to placebo,165,166 as
previously noted at 6 months.167

Aggarwal et al reported results of platelet Gp IIb/IIIa 
antibody eluting from cellulose polymer coated stents,
implanted in iliac arteries of rabbits after balloon injury.
There was a significant improvement in patency rates after
both 2 hours and 28 days, but no difference in mean neo-
intimal thickness at 28 days.168 A clinical trial
has been planned (UK RESOLVE trial), but thus far clinical
results have not been reported. Alt et al coated a Palmaz-
Schatz stent with a 10 �m layer of biocompatible and
biodegradable high molecular weight poly-l-lactic acid and
incorporated in this coating recombinant polyethylene gly-
col (r-PEG)-hirudin and the prostacyclin analog iloprost.
Both drugs have antithrombotic and potentially antiprolifer-
ative effects. Stents were implanted in the non-overstretch
model in sheep and in the overstretch pig model and com-
pared to non-coated controls. At 28 days a greater luminal
diameter was seen with a significant reduction of mean
restenosis area of 22·9% in the sheep and 24·8% in the pig
model, independently of the extent of vascular injury.169

Prevention of phase II: the role of 
anti-inflammatory approaches

The inflammatory reaction in restenosis relates to neointi-
mal formation and arterial remodeling. Therefore, inhibition
of the inflammatory response after vascular injury may have
some beneficial effects on restenosis.

P-selectin, a protein stored in the 
 granules of platelets
and Weibel–Palades bodies of endothelial cells, and binding
to circulating monocytes and leukocytes, plays a crucial role
in the early inflammatory response. Manka et al reported
that apolipoprotein E-deficient mice with targeted disrup-
tion of the P-selectin gene exhibited dramatically decreased
monocyte infiltration into the arterial wall and significantly
decreased neointimal formation in a carotid artery injury
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model.170 Mac-1 (CD11b/CD18, 
M�2), a leukocyte inte-
grin, promotes adhesion and transmigration of leukocytes
and monocytes at the site of vascular injury. Upregulation 
of Mac-1 in patients is associated with increased resteno-
sis.171,172 M1/70, a CD11b blocking Mab, was shown to
inhibit neutrophil infiltration and medial SMC proliferation
in a balloon denudation model.173 Administration of recom-
binant human interleukin-10 (rhuIL-10), an anti-inflammatory
cytokine, inhibited monocytes and macrophage infiltration
in hypercholesterolemic rabbits, which was associated in
turn with dramatic reduction in neointimal hyperplasia.174

In addition, due to a broad range of anti-inflammatory and
immunosuppressive activities, dexamethasone stent coating
has been shown to reduce neointima hyperplasia compared
to uncoated stents in canine femoral arteries.175 Tranilast, a
novel anti-inflammatory agent, has been shown to interfere
with the PDGF-induced proliferation and migration of
SMCs. This drug has been evaluated in the largest interven-
tional anti-restenosis trial conducted to date, the Prevention
of Restenosis with Tranilast and Its Outcome (PRESTO)
trial,176 which enrolled more than 11500 patients after suc-
cessful percutaneous coronary intervention. Unfortunately,
this trial provided unequivocal evidence that this compound
has no effect on both restenosis and clinical events.

Phase III: smooth muscle cell activation and
synthesis of extracellular matrix

This final phase of vascular healing is predominantly charac-
terized by neointimal formation due to SMC proliferation
and extracellular matrix accumulation produced by the
neointimal cells at the injury site.45,177–180 The healing
response is a normal process which is essential in maintain-
ing vascular integrity after an injury to the vessel wall, but
varies in the degree to which it occurs. One pathogenetic
explanation of restenosis is, indeed, an exaggeration of this
healing response.

Phase III could be further divided into three different
waves.44 In the first wave (days 1–4 after vessel injury),
medial SMC from the site of injury and possibly from adja-
cent areas are activated and stimulated by the triggering fac-
tors mentioned earlier. In addition to mitogenic factors
released by endothelial cells, stretching of the arterial wall is
a potent stimulus for SMC activation and growth.181 Once
activated, SMC undergo characteristic phenotypic transfor-
mation, from a “contractile” to a “synthetic” form,178 which
is responsible for the production of extracellular matrix 
rich in chondroitin sulfate and dermatan sulfate seen in 
the first 6 months after injury. The second wave (3–14 days
after vessel injury) and the third wave (14 days to 
months after vessel injury) are respectively characterized 
by the migration of SMC through breaks in the internal 
elastic lamina into the intima, the local thrombus,182 and
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SMC proliferation followed by extracellular matrix forma-
tion.126,183–186 Those events are characterized by complex
interactions between growth factors, second messengers,
and gene regulatory proteins resulting in phenotypic change
from a quiescent state to a proliferative one.96 The peak of
proliferation is observed 4–5 days after balloon injury but
the duration of migration is not known, nor is it known
whether a phase of cellular replication is required before
SMC migration. Few studies have been done to identify the
matrix molecules involved in the migration into the intima.
Osteopontin is expressed in sites of marked remodeling,187

and antibodies to osteopontin inhibit SMC migration into
the intima after balloon angioplasty.188 Proteoglycans 
may also be important for the formation of neointima.
CD44, a receptor for hyaluronic acid, seems to play a role 
in the migration of cells into fibrin or osteopontin.189,190

SMC migration presumably requires degradation of the
basement membrane surrounding the cells. Several metallo-
proteinases, including tissue type plasminogen activator,
plasmin, MMP-2, and MMP-9, may be responsible for this
process,191,192 and the administration of a protease inhibitor
reduces SMC migration into the intima.193 Cell migration 
is probably initiated by recognition of extracellular matrix
proteins by a family of cell surface adhesion receptors
known as integrins.194,195 In vitro and in vivo studies have
demonstrated that the selective blockage of the 
v�3 inte-
grin inhibits SMC migration and reduces neointimal 
formation.158,196

Experimental studies have suggested that endothelin-1
(ET-1) and endothelin receptors may also be indirectly impli-
cated in the SMC migration and matrix synthesis.197–199

Immunohistochemical studies demonstrate a time-dependent
increase in endothelin immunoreactivity after balloon angio-
plasty in the rat model.200 The administration of endothelin
receptor antagonists in different animal models of balloon
injury has been shown to be effective in reducing neointi-
mal formation.197,201,202

Several in vitro studies have suggested that different
growth factors, such as PDGF-AA, PDGF-BB, �-FGF, IGF,
EGF, FGF, TGF-�, and angiotensin II, may also play a major
role in this process.96,185,203–207 Control of SMC prolifera-
tion is regulated by the actions of mitogens (that is, PDGF)
and the opposing effect of inhibitors (that is, TGF-�). The
growth factors bind to cell surface receptors and initiate a
cascade of events which leads to cell migration and division.
Components of the cascade include different tyrosine
kinases, coupling proteins, and membrane-associated and
cytoplasmic protein kinases (see Figure 29.3). On stimula-
tion by growth factors, proto-oncogenes are transiently acti-
vated and together with other cell cycle-dependent proteins
such as zinc finger proteins, mediate the effects within the
nucleus. Several studies have demonstrated that stimulation
of SMC in vitro is associated with an increase of the proto-
oncogenes c-myc, c-myb, and c-fos.208–210 The ornithine

decarboxylase (ODC) gene and the thymidine kinase 
(TK) messenger RNA are both expressed in stimulating 
cells and in continuously cycling cells.210 SMC proliferation
may also result from a reduction in an inhibitory 
factor which normally prevents cell division. Proteins such
as p21 are inhibitors of the cyclin-dependent kinases (cdks)
which regulate the entry of the cell in the cycle (see Figure
29.3). Stimulation of these proteins, indeed, inhibits SMC
proliferation and neointima formation after balloon
injury.211

As smooth muscle cells decrease their proliferation rate,
they begin to synthesize large quantities of proteoglycan
matrix. The extracellular matrix production continues for
up to 20–25 weeks and over time it is gradually replaced by
collagen and elastin, while the SMC turn into quiescent
mesenchymal cells. The resulting neointima is composed of
a fibrotic extracellular matrix with few cellular constituents.
The endothelial cells proliferate and cover the denuded area
resulting in a re-endothelization process, and the new
endothelium begins to produce large quantities of heparan
sulfate and nitric oxide, both of which inhibit SMC prolifer-
ation.86 However, whether SMC proliferation and extracel-
lular matrix production cease after re-endothelization is still
unknown at this time.

Prevention of phase III: the past 
and the future

Multiple experimental and clinical trials212,213 have been
carried out specifically to target what seemed the key in 
the restenosis process: smooth muscle cell proliferation. 
To date, with only few exceptions, no pharmacologic or
mechanical agent has been conclusively shown to reduce
restenosis.

Antiproliferative approaches

The aim of an antiproliferative approach to restenosis is to
control and modulate the action of possible mediators of
proliferation at any point in the biologic pathway in which
they are involved or to enable the cell to respond appropri-
ately to the proliferative stimulus. Two different strategies to
inhibit neointima hyperplasia are available:

1. the cytostatic approach, by which regulation and
expression of cell cycle modulating proteins at any level
along the pathway is performed;

2. the cytotoxic approach, by which proliferating cells are
killed and eliminated.

The latter approach has the disadvantage of necrosis induc-
tion, associated with inflammation, which may contribute
to vessel wall weakening. Hence, the cytostatic approach is
conceptually more attractive.
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Several antiproliferative agents targeting SMC migration and
proliferation have been evaluated, including glucocorticoids,
colchicine, somatostatin, hypolipidemic drugs, antineoplastic
agents, and angiotensin-converting enzyme (ACE) inhibitors.
Both natural and synthetic corticosteroids are potent
inhibitors of SMC proliferation, leukocyte migration, and
degranulation, PDGF and macrophage derived growth factor
release, and matrix production.214 While experimental and
preclinical studies215–217 have reduced SMC proliferation
with the use of local glucocorticoids delivery, three different
human trials using oral steroid dosage have failed to shown
any reduction in restenosis rate.131,218,219

Contradictory results have been obtained as well with
antineoplastic agents such as methotrexate, cytarabine, aza-
thioprine, etoposide, vincristine, taxol, and doxorubicin.
While some in vitro and in vivo studies show an attenuation
of vascular SMC proliferation,220,221 other studies show 
no efficacy in reducing the incidence of restenosis after
PTCA.222–224 Colchicine, which has an antimitotic and anti-
inflammatory action in addition to an inhibitory effect on
platelet aggregation and release of secretory products, 
has been shown to reduce restenosis in animals.225 However,
no clinical benefit has been seen with colchicine in two ran-
domized placebo-controlled clinical trials.226,227

As with other chemotherapeutic agents, the narrow thera-
peutic index of these drugs may be of concern. However, the
recent availability of new local delivery systems (Box 29.3),
such as drug eluting stents, has increased interest in the
antiproliferative approach and has led to the evaluation of a
multitude of compounds with antiproliferative properties.
Furthermore, local therapy offers the combined advantages
of high local concentrations at the injury site and diminished
systemic levels, with decreased risk of adverse effects. The
problem of systemic toxicity may be overcome.228–233

Box 29.3 Local drug delivery systems
● Double balloon system
● Iontophoretic porous balloon
● Balloon with hydrophilic polyacrylic polymer (hydrogel)
● Channel catheter
● Transport porous catheter
● Dispatch catheter
● Rheolytic system
● Ultrasonic energy and radiofrequency
● Balloon over a stent
● Biodegradable drug eluting polymer stent
● Dacron stent
● Silicone stent
● High molecular weight poly-l-lactic acid stent
● Nitinol stent with polyurethane coating
● Fibrin coated stent
● Stent with cell layer
● Stent with radioactive substance
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After verification of an inhibitory effect on neointimal
hyperplasia in animal models,234–236 ACE inhibitors have
been extensively studied to assess the clinical effect on
restenosis. Unfortunately, two large clinical studies (MER-
CATOR and MARCATOR), with over 2129 patients
enrolled, failed to show any impact on clinical or angio-
graphic restenosis.237,238 Intensive treatment
with cholesterol lowering agents such as the HMG-CoA 
(3-hydroxy-3methylglutaryl coenzyme A) reductase inhibitors
lovastatin, pravastatin, simvastatin, and fluvastatin, reduces
intimal hyperplasia in the rat and rabbit models,224,239,240

probably for serum lipid reduction and decreased platelet
aggregation. Despite this promising preliminary data,
chronic high-dose lovastatin treatment does not attenuate
the incidence of clinical restenosis.241 Antioxidant agents
such as probucol, ascorbic acid and 
-tocopherol may be
useful in limiting restenosis by reducing platelet aggrega-
tion, and modulating prostaglandin and leukotriene synthe-
sis. Both animal242,243 and clinical26,244 studies have recently
shown a reduction in restenosis with the use of such agents.

Paclitaxel is a cytostatic drug which is extensively used in
cancer therapy. It is a micro-tubule stabilizing agent with
antiproliferative activity as well as inhibition of migration of
smooth muscle cells. In vitro studies with cultured human
vascular smooth muscle cells (VSMC) and endothelial cells
show strong antiproliferative effects on the VSMC.245

In rabbits an antiproliferative effect was seen at 1 month,
which was dose-related. However, in this in vivo model
more inflammation was seen in the paclitaxel group as well
as a poor endothelization.246 Herdeg et al have reported a
significant reduction in neointimal stenosis after balloon
dilation and subsequent local paclitaxel delivery with a 
double balloon catheter, compared to balloon dilation 
alone in rabbit carotid arteries. They observed
marked enlargement of vessel size with positive remodeling 
after paclitaxel treatment (at 7, 28, and 56 days).247

Phosphorylcholine (PC) coated stent with incorporated
angiopeptin has also been tested (Table 29.2). This is a
somatostatin analog which is hypothesized to prevent
myointimal thickening after vessel injury mainly by inhibit-
ing secretion of growth factors. After balloon injury effective
inhibition of intimal hyperplasia has been shown in porcine
coronary arteries.248 In a randomized clinical trial including
553 patients with 742 lesions the incidence of events was
significantly reduced in the angiopeptin treatment group,
despite no difference in angiographic variables at follow
up.249 De Scheerder et al demonstrated the fea-
sibility of loading a polymer coated stent with angiopeptin
and significant reduction of neointimal proliferation was
found 6 weeks after stenting in porcine coronary arteries.250

Armstrong et al demonstrated in pig coronary arteries using
125-I angiopeptin loaded PC stents that the drug was still
detectable in the vessel wall after 28 days.251 Impressive
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results have been demonstrated in the RAVEL trial252,253

using rapamycin coated stent (Sirolimus). 
Rapamycin is a potent immunosuppressive agent that
inhibits vascular SMC proliferation by blocking cell cycle
progression. Significant reduction of arterial proliferative
response after systemic administration of rapamycin was
already shown in the porcine coronary model by Gallo 
et al.254 Finally, other drugs, such as tranilast, a novel
inflammatory agent, batimastat, a matrix metalloproteinases
inhibitor, and nitric oxide-eluting polymer coated stents are
currently under investigation and the clinical results are
eagerly awaited. In the case of the Batimast-coated stent,
preliminary results are negative.

The concept and technique of applying ionizing radiation
to the arterial wall (brachytherapy) during percutaneous
coronary intervention procedures has emerged and gained
considerable momentum,255–261 including entry in clinical
trials.262,263 Ionizing radiation affects dividing cells by chro-
mosomal damage in the vascular smooth muscle cells,
fibroblasts, and, when present, endothelial cells, resulting in
the loss of cells’ ability to reproduce, with mitotic cell
death.264 Radiation may also reduce neointima proliferation
by increasing the rate of apoptosis within the intima.265

External beam radiotherapy involves the generation of 

Grade A

a beam of radiation from a source external to the patients,
for example linear accelerator or 60Co unit. Brachytherapy is
a method of delivering radiation to a target organ by placing
radioactive sources, for example 90Yt or 192Ir sources, close
to or within an organ. This method is well suited (as
opposed to external beam radiation) to deliver high doses of
radiation to a small defined region. Both � and � emitters
have been utilized in clinical trials of intracoronary radiation
therapy.266–269 However, � emitters deliver a more uniform
dose to the arterial wall than � emitters, but at the cost of
increased radiation risk. In addition, radioactive stents,
made either by bombardment with subatomic particles, ion
implantation of the stents with radioisotopes, or by chemical
methods that incorporate the radioactive material into 
the metallic stents, have been evaluated.270 Encouraging
results from small human clinical studies utilizing both � and
� emitters have set the stage for human clinical trials. 
The SCRIPPS trial263 was the first randomized, placebo-
controlled clinical trial to evaluate the safety and efficacy of
coronary brachytherapy with a � radiation source (192Ir) in
reducing restenosis. At 6 months, the angiographic resteno-
sis rate was 53·6% in the control versus 16·7% in the irradi-
ated group. The clinical benefit was maintained at 2 year
follow up with target vessel revascularization of 15·4% as
against 44·8% of the placebo group.271 The GAMMA-1 trial
randomized 252 patients with in-stent restenosis to placebo
or gamma irradiation. The restenosis rate was 22% in the
irradiated arm compared to 51% for the placebo arm.272

Several clinical trials (ARREST, Angiorad Radiation for
REStenosis trial; ARTISTIC, Angiorad Radiation Therapy for
In-Stent Restenosis Intra-Coronary trial; SMART, Smart
Artery Radiation Therapy trial; WRIST-SVG, Washington
Radiation for In-Stent Restenosis-Saphenous Vein Graft trial)
are still ongoing and the results as awaited. BETA CATH,
which is the largest multicenter placebo-controlled trial
assessing intracoronary � radiation therapy (90Sr/Y source)
for restenosis prevention, recently started the enrollment
phase. In this trial, clinical end points will be MACE at 
8 months, 1 and 2 years follow up. BRIE (Beta Radiation in
Europe) is a European trial in 180 patients with encouraging
interim results.270 Finally, European trials on radioactive
stents, such as the 32P-Isostent BXTM stent, resulted in an
increased restenosis rate (43–50% of the lesions treated)
due to neointimal hyperplasia development at the stent
edge, the so called “candy wrapper effect”.273

Growth factor approaches

For the reason that several growth factors have been impli-
cated in the pathogenesis of restenosis, interference with
the cellular processes that control cellular migration, replica-
tion, and matrix deposition has attracted much interest in
the continuous search for pharmacologic agents to reduce
the incidence of restenosis.
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Table 29.2 Stent coating and covering categories

Material type Examples

(In)-organic/ceramic Gold, iridium oxide, silicium 
materials carbide, diamond-like carbon, 

biogold

Synthetic and biologic PC, PU, PLA, PE, cellulose
polymers

Human polymers Chondroitin sulfate, 
hyaluronic acid, fibrin, elastin, 
endothelial cells

Immobilized drugs Heparin, paclitaxel, abciximab

Eluting, degradable PLA-hirudin-iloprost, 
matrices PLA-paclitaxel,

PC-angiopeptin, 
cellulose-abciximab,
PU-forskolin, PLA-PC-viral 
vector, PE-DNA

Covering substances PTFE, autologous vein

Different materials can be used to cover a stent surface using
an array of techniques such as dipping, (plasma) spraying,
plating, sputtering, and surface induced mineralization. Some
materials have been used as coatings per se, while others
have been tested as a platform for local drug delivery. 
Abbreviations: PC, metacrylyl phosphorylcholine lauryl-
methacrylate; PE, polyester; PLA, poly-l-lactic acid; PTFE,
polytetrafluoroethylene; PU, polyurethane.



Angiopeptin, an analog of somatostatin, prevents the
mitotic effect of several growth factors, including
somatomedin-C, epidermal growth factor, insulin-like
growth factor, and PDGF. It inhibits SMC proliferation and
reduces neointimal hyperplasia in different experimental
models.274–276 A multicenter trial in which 1246 patients
were randomized to receive placebo or three different doses
of angiopeptin showed no reduction in clinical events and
restenosis rates between the different groups.277

On the other hand, in a smaller randomized study, angio-
peptin treatment reduced restenosis after PTCA (7·5% v
37·8% of the placebo group).278 However, using the same
drug regimen, this promising finding was not confirmed by
another multicenter European study.279 Questions remain
whether a more prolonged dosing of this agent is needed to
affect neointimal growth.

Trapidil is a potent thromboxane-A2 and PDGF antago-
nist which significantly reduces neointimal formation in ani-
mal models of restenosis.280 The STARC trial randomized
305 patients to receive trapidil versus aspirin and showed a
reduction in restenosis rate by 40%, and reduction in clini-
cal symptoms at 6 month follow up in the trapidil treatment
group.281 The efficacy of trapidil in the preven-
tion of restenosis after balloon angioplasty has also been
reported in a meta-analysis by Serruys and coauthors.282

However, results from a randomized trial of trapidil versus
aspirin (performed in the stent era) showed no benefit in
terms of late restenosis in patients treated systemically with
trapidil compared to the aspirin control group.283

Molecular approaches

With the growing understanding that the failure of several
antiproliferative agents to reduce neointima hyperplasia may
be related to the amplification and redundancy present in
the membrane and nuclear protein signaling, several
attempts have been made to control and transform the gene
expression at the molecular level.284 The mechanisms by
which genetic material is transferred into the target tissue
include:

1. in vivo gene transfer by infusion of naked DNA or anti-
sense oligonucleotides;285

2. transport by hybrid liposomes containing viral coat 
particles;286

3. transport by cationic liposomes containing the DNA;287

4. via viral vectors using retro- or adenoviruses.288,289

Besides the potential safety concern of gene therapy, there
are also problems of transfection efficiency and which gene
should be delivered. In previous years, in agreement with
the restenosis hypothesis, SMC have been the preferential
target. In more recent years, however, with the improved
knowledge of the pathogenetic mechanisms involved in the
restenosis phenomenon, other targets have been selected,
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including endothelial cells, thrombus formation, growth fac-
tors, matrix production, and vascular remodeling.290–294 In
addition, increased extracellular growth inhibitors of SMC
proliferation might be another potential approach.211,295,296

Other future approaches may include enhancement of 
re-endothelization and repair by cell seeding,297–300 and pho-
todynamic therapy with light which shows cytotoxic proper-
ties on SMC and cell membranes through the production of
activated singlet oxygen species.301–304

New etiologies in restenosis: the role of chronic
vascular remodeling and adventitia

Vascular remodeling, first described in relation to atheroscle-
rosis,305,306 has assumed great importance as a cause of
coronary restenosis in the past few years in non-stented
patients.307 In atherosclerotic vessels a chronic focal
enlargement of the artery occurs in response to plaque
increase, in order to preserve blood flow.308–312 Artery size
changes also occur following coronary angioplasty313 and
the artery may exhibit three different remodeling responses:

1. compensatory enlargement;314

2. absence of compensation;315 or
3. vascular constriction.316,317

Intravascular ultrasound (IVUS) has become an important
means to understand the concept of remodeling. IVUS imag-
ing has shown that after PTCA there is an axial plaque redis-
tribution, and that failure to cause dissection is one of the
causes of early lumen loss by elastic recoil.39,42 More
recently, serial IVUS studies indicated that the restenotic
lesion led to contraction of the artery and late lumen nar-
rowing.5,318–320 While the mechanisms of chronic remodel-
ing are poorly understood, several explanations have been
postulated to explain the late lumen narrowing after PTCA:
fibrosis of the vessel wall underlying the lesion, rearrange-
ment of extracellular matrix composition and structure, and
response to increased shear stress.4,321–323 A recent paper
suggests that 
v�3 may regulate contraction of the vessel
wall.324 The integrins may therefore play a role in active
contraction as well as migration of SMC. Animal studies
indicate that after PTCA, stretching of the adventitia may
result in the proliferation and synthesis of extracellular
matrix by myofibroblasts within the adventitia, itself with
consequent scar-like contraction and compression of the
underlying vascular wall.325–327 This mechanism, however,
does not seem relevant for late lumen narrowing in human
coronary arteries subjected to balloon angioplasty.328

The potential impact of neointimal hyperplasia and geo-
metric remodeling on restenosis requires further studies.
Methods to prevent constrictive remodeling or to promote
compensatory enlargement should be investigated. The
metallic stent or drugs like cytokalasin B, which seems to
function as a biologic stent, may serve this function.329
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Conclusions: is the end of restenosis possible?

The failure effectively to circumvent the problem of resteno-
sis, after 15 years of research, underscores the complexity of
this biological process, which, to date, has not yet been fully
understood. The elimination of the intimal healing response
to injury is probably not achievable, nor is it desirable, con-
sidering that this physiologic response to preserve vascular
integrity has been maintained across millions of years in dif-
ferent species. The more we delve into it, the more complex
and redundant this process appears.

From the above description of the postulated model 
of restenosis, although SMC proliferation and neointima 
formation undoubtedly play a central role in restenosis, 
it is more likely that multifactorial mechanisms, involving 
different stimuli, interacting in a synergistic manner, are
responsible for the restenosis phenomenon. Given the
multimechanistic nature of restenosis, it is too simplistic to
expect that a single drug or mechanical device will solve
this problem completely. The solution, as the problem, will
most likely be multifactorial, possibly involving the use of
drug therapy in conjunction with adjunctive second-
generation mechanical devices. Of these devices, coronary
stents are the most promising, especially for their ability to
achieve the best post-treatment luminal size in comparison
with other devices.

In the history of medicine, human attempts to interfere
with the natural course of a disease by active interventions
have often led to undesired consequences. Restenosis is a
new disease, one of the many that medicine has encoun-
tered trying to solve an old disease. Enormous progress has
been made in the past years in understanding the patho-
genetic mechanisms of restenosis and in the search for a
cure. If the efficacy of drug eluting stents was to be con-
firmed, this would lead to a repositioning of the indications
for percutaneous coronary interventions. Most of the events
observed after balloon angioplasty, with or without stent
implantation, in recent multicenter trials were linked to the
problem of restenosis in the first months of evolution. It may
well be that in the future new clinical trials could demon-
strate that percutaneous coronary intervention is proven to
be superior to surgical revascularization techniques. To
some it may seem a nightmare, to us, as interventional car-
diologists, and to our patients, it may indeed seem like a
dream.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Introduction and historical perspective

The definition of acute myocardial ischemic syndromes as
well as their management has dramatically changed over
the past two decades. Not long ago, clinical acute myocar-
dial ischemia was classified as stable angina, Q and non-Q
wave myocardial infarction, and unstable angina. The latter
encompassed all the highly heterogeneous manifestations of
ischemia intermediate between stable angina and myocar-
dial infarction. Fowler proposed the terminology of unstable
angina in 1971,1 following half a century of retrospective
observations on the premonitory symptoms of myocardial
infarction and of prospective studies of the clinical out-
comes. The importance of risk stratification became recog-
nized, at that time focusing on ischemic chest pain patterns
and on ST-T abnormalities. A variety of interventions were
also attempted to interrupt the disease process and prevent
death or myocardial infarction. One of these studies by
Wood was prematurely interrupted because of the observa-
tion of a greater efficacy of oral anticoagulants versus no
anticoagulants observed in a few patients.2 The term “acute
coronary syndromes” was introduced in 1985 by Fuster to
highlight the specific pathophysiologic mechanisms that 
distinguish unstable angina and myocardial infarction from
stable coronary artery disease.3 Pathologic studies by
Michael J Davies4,5 and by Erling Falk6,7 had then docu-
mented the presence of intracoronary thrombus on a rup-
tured plaque in 95% of patients with unstable angina
suffering sudden cardiac death. Thrombi of various ages
were described.6 They could be at multiple sites, typically
occurring on lesions of only moderate severity, and were
often associated with platelet aggregates in small intra-
myocardial arteries and microscopic foci of necrosis.4,5

DeWood documented that an occlusive thrombus was con-
sistently present in angiograms obtained very early after the
onset of myocardial infarction.8 The analyses of angiograms
in unstable angina then shifted from descriptions of the
severity and extent of atherosclerosis, which could not 

distinguish unstable angina from stable angina, to morpho-
logic descriptions of the culprit lesion. Complex plaques
with fissures and ruptures and partially occlusive thrombi
were identified and confirmed by angioscopic studies. The
concept of the active vulnerable plaque was established,
opening a new era of advances in cell biology and clinical
investigation. The science was advanced and oriented by
clinical trials that reached a level of unprecedented sophisti-
cation, providing the setting for the current evidence-based
approach to clinical medicine.

New dimensions and definitions

Unstable angina has achieved the maturity of a syndrome
with a well-defined spectrum of clinical manifestations, epi-
demiology and prognosis, pathophysiology, and options for
effective treatment. Delineation of the syndrome has led to
unique research opportunities for better understanding of
atherosclerosis and mechanisms of plaque activation, and
potential patient management. The definition has evolved to
become practical by incorporating algorithms for rapid diag-
nosis, risk stratification, patient orientation, and therapy.

The diagnosis of an acute coronary syndrome implies
recognition of a change in the pattern of ischemic chest pain –
or equivalent symptoms – to more severe, in the absence of
evidence of an extracoronary cause for the increased sever-
ity. Thus, the diagnosis of an acute coronary syndrome is
first clinical. Current nomenclature has been developed to
provide clinicians with a logical framework within which to
categorize patients who present with a constellation of clin-
ical symptoms that are compatible with acute myocardial
ischemia, and to guide early diagnosis and management.
The nomenclature is also helpful for ensuring consistency in
clinical trials and in epidemiologic studies. Hence, the acute
coronary syndromes are considered to encompass unstable
angina, non-ST-segment elevation (non-Q wave) myocardial
infarction (NSTEMI), and ST-segment elevation (Q wave)
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myocardial infarction (STEMI). The designation of possible
acute coronary syndrome (ACS) is useful when patients first
present, at a point where there is uncertainty about the like-
lihood of the presence of myocardial ischemia. As ECGs are
done and biochemical cardiac markers are assessed over the
next few hours, the patient may eventually be characterized
as having unstable angina, non-Q wave MI or Q wave MI.
Unstable angina has been traditionally classified as new onset
angina, increasing angina, rest angina, and recurrent ischemia
after myocardial infarction (Table 30.1).9 Braunwald classified
unstable angina by severity of symptoms and clinical circum-
stances (Table 30.2).10 Details of timing and duration of pain
have been included in these classifications to optimize their
specificity. Thus, classification as new onset angina and
increasing angina requires a component of severity, and rest
pain a component of duration.

The clinical management first requires a search for ST-
segment elevation, the presence of which or a new left bun-
dle branch block, mandates consideration for immediate
reperfusion therapy.10 In the absence of ST-segment eleva-
tion, the working diagnosis is non-ST-segment elevation
acute coronary syndrome.11 Table 30.1 summarizes the
clinical manifestations, Table 30.2 the Braunwald classifica-
tion, and Figure 30.1 an early and highly practical diagnos-
tic scheme. Most ST-segment elevation will evolve to a Q
wave myocardial infarction. Most non-ST-segment elevation
ACS will eventually be diagnosed as unstable angina or non-
ST-segment elevation MI according to the absence or pres-
ence of an elevation of the various markers of cell necrosis.
Accordingly, all patients with suspect symptoms should be
evaluated clinically and should have a 12-lead ECG as soon
as possible – immediately if ischemic pain is present. The
availability of troponin T and troponin I has increased the
sensitivity of the diagnosis of myocardial infarction and has
sharpened the distinction between unstable angina and
myocardial infarction.12 The troponins are highly sensitive
and specific markers of cell damage and permit the diagnosis
of cell necrosis and myocardial infarction in up to 30% of
patients who would otherwise be diagnosed as having
unstable angina based on normal CK-MB blood values.13

The new insights into disease have modified previous sta-
tistics on the incidence and prognosis of unstable angina
versus myocardial infarction. Thus myocardial infarction is
more frequently diagnosed with the use of the troponins.
However, the non-ST-segment elevation MI is often small,
does not affect ejection fraction, and is considered and man-
aged more like unstable angina. Epidemiological data may
include ST- and non-ST-segment elevation MI in a single cat-
egory, whereas clinical data reflect on one hand STEMI and,
on the other, unstable angina and NSTEMI.
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Table 30.1 Clinical presentation of ACS

Rest angina Angina occurring at rest and 
prolonged, usually �20 minutes

New onset angina New onset angina of at least CCS
class III severity

Increasing angina Angina that has become distinctly
more frequent, longer in duration,
or lower in threshold (that is,
increased by greater than or equal
to 1 CCS class to at least CCS
class III severity)

Early post-MI Ischemic chest pain recurrent within
ischemia 30 days after MI

Source: adapted from Braunwald et al 24

Table 30.2 Braunwald classification of unstable angina

Clinical circumstances

Severity A: Develops in presence B: Develops in absence of C: Develops within 2 weeks
of extracardiac condition that extracardiac condition after acute myocardial infarction 
intensifies myocardial ischemia (primary unstable angina) (postinfarction unstable angina)
(secondary unstable angina)

New onset of severe IA IB IC
angina or accelerated 
angina: no rest pain

Angina at rest within IIA IIB IIC
past month but not 
within preceding 48 h 
(angina at rest, subacute)

Angina at rest within IIIA IIIB IIIC
48 h (angina at rest, acute)

Source: reproduced with permission from Braunwald10



Incidence and prognosis

It is estimated that the number of consultations for chest
pain in emergency departments in the USA approximates 
5 500 000 yearly.14 In the 1990s, hospital discharges for
unstable angina exceeded 700 000 annually, about equal to
those for MI, one third of which were of the non-Q wave
type.15,16 In 1996, a total of nearly 1 500 000 patients were
hospitalized for unstable angina or NSTEMI, exceeding the
number of hospitalizations for STEMI.

There is evidence that the incidence of acute coronary
syndromes defined as unstable angina and non-ST-segment
elevation has been increasing, whereas that of ST-segment
elevation MI has been decreasing. Epidemiologic data 
using the WHO MONICA criteria for the diagnosis of 
Q wave myocardial infarction from Halifax county (Canada),17

Turku (Finland), Oxfordshire (England),18 Denmark,19 the
Netherlands,20 France, and northern Italy showed that 
the mortality rates from Q wave MI have decreased by 
more than 30% between 1975 and 1995, two thirds of 
the decline being attributable to reduced incidence and one
third to decreased hospital mortality. These decreases were
observed in women as well as men.

On the other hand, the number of patients hospitalized
for a non-ST-segment ACS exceeds that of ST-segment eleva-
tion MI and statistics suggest that the magnitude of the
excess is increasing. In the ENACT registry of 3092 patients
from 29 European countries performed in the mid-1990s,
the admission diagnosis was unstable angina/NSTEMI in
46%, myocardial infarction in 39%, and a suspected ACS in
14% (ratio 1·2 :1) and is similar across Europe.21 The Global
Registry of Acute Coronary Events (GRACE) extended the
data collection to 10 693 patients recruited between 1999
and 2001 from North and South America, Australia, New
Zealand, and Europe. Two thirds of admitted patients had
unstable angina/non-ST-segment elevation ACS, and one
third STEMI.22

A large epidemiologic study of 5832 residents from met-
ropolitan Worcester, Massachusetts has shown that the inci-
dence of Q wave MI progressively decreased between
1975/78 (incidence rate � 171/100000 population) and
1997 (101/100000 population).23 By contrast, the incidence
of non-Q wave MI has progressively increased during the
same period (62/100000 population in 1975/78 and
131/100000 population in 1997). While the hospital mortal-
ity of Q wave MI has progressively declined from 24% in
1975/78 to 14% in 1997, that of non-Q MI has remained
constant at 12%. These trends persisted after adjusting for
potentially confounding prognostic factors. Therefore, despite
impressive declines in the incidence of Q wave MI and the
inhospital and long-term mortality, the incidence of non-Q
wave MI has been increasing with unchanged mortality rates
compared to about 22 years ago.

The shifts in the clinical manifestations of acute coronary
syndromes correspond to changes in patterns of practice and
referral in accordance with the emphasis on primary and
secondary prevention and earlier intervention. Public edu-
cation programs may also favor early diagnosis, referral, and
treatment. Figure 30.2 describes the distribution of admis-
sion diagnoses in the Coronary Care Unit of the Montreal
Heart Institute, a referral center, over the past decade. There
is a major shift in the distribution of admissions from STEMI
to non-ST-segment elevation ACS, as well as an increase in
the total number of admissions.

Natural history

Patients admitted for an ACS experience 10 times more
events in the short term than patients with stable angina
and several-fold more than individuals with high cholesterol
values and no known coronary disease. The natural history
of unstable angina/NSTEMI is determined by the severity
and extent of coronary artery disease, the presence of
comorbid conditions, age, and the ischemic pain pattern
which may range from the simple onset of new angina, 
to profound and prolonged episodes of angina at rest,
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Acute coronary syndrome

No ST-segment elevation ST-segment elevation

NSTEMI

Unstable angina NQwMI
Myocardial infarction

QwMI

Figure 30.1 Nomenclature of acute coronary syndromes
(ACS). The spectrum of clinical conditions that range from
unstable angina  to non-Q wave AMI and Q wave AMI is
referred to as acute coronary syndrome. Patients with ischemic
discomfort may present with or without ST-segment elevation
on the ECG. Most patients who present with non-ST-segment
elevation ACS will eventually be classified as having unstable
angina or non-Q wave MI. The distinction between these two
diagnoses is ultimately made based on the presence or
absence of a cardiac marker detected in the blood. Only a
minority of patients with non-ST-elevation MI will develop 
Q wave MI. Most patients with ST-segment elevation will evolve
to develop Q wave MI. Adapted with permission from Antman
and Braunwald.11



accompanied by LV dysfunction and resistance to medical
therapy.24 The risk of the disease is highest in the first few
days, decreases over the following weeks and months, and
eventually becomes similar to the prognosis of patients with
stable angina. The long-term prognosis is influenced by the
severity of the underlying disease. In the OASIS registry, the
incidence of events was 10% at one month and increased
steadily in the following 2 years to reach more than 20%
after 24 months (Figure 30.3), higher in diabetic patients and
in patients with previously known coronary artery disease.25

In the GUSTO-II study, the inhospital mortality rate was
highest, as expected, in patients with STEMI; however,
increasing mortality during follow up in patients with ST-
segment depression eventually exceeded that of patients
with ST elevation after 6 months, reaching 8·7% as against
6·8% (Figure 30.4).26 The empirical concept that NSTEMI
represents an unresolved acute coronary syndrome at risk of
being completed by a recurrent MI may therefore be partially
true in many patients, and is likely explained by an underly-
ing disease process that remains active. This is supported by
data showing that markers of inflammation and of activation
of coagulation may remain elevated months past the acute
phase of an episode of acute coronary syndrome.27,28 It is 
difficult to evaluate the effect of advances in treatment on
the natural history of unstable angina/NSTEMI, since the

diagnostic criteria have evolved concurrently. Recent ran-
domized trials have shown an impressive decrease in MI
and death. Prior to the routine prescription of bed rest,
nitrates and � blockers for unstable angina, the rate of MI
after one month was in the range of 40% and of death,
25%.29 By the 1970s these rates had fallen to about 10%

Evidence-based Cardiology

400

30

25

20

15

10

5

0
0 3 6 9 12

RR = 1·56 (1·4, 1·7)

C
V

 d
ea

th
/M

I/s
tr

ok
e 

(%
)

No diabetes

P < 0·001

Diabetes

mth
15 18 21 24

Figure 30.3 Kaplan-Meier event curves for diabetic and non-
diabetic patients for total cardiovascular death, MI, stroke, and
new onset of congestive heart failure for a 24 month follow up
period after an episode of non-ST-segment elevation ACS.
Data from the OASIS Registry study reproduced with permis-
sion from Malmberg et al .25
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Figure 30.2 This figure describes the distribution of admis-
sion diagnosis in the Coronary Care Unit of the Montreal 
Heart Institute, a referral center, over the past decade. The 
total number of patients admitted through the past decade 
has nearly doubled. A major shift has occurred, however, in the
distribution of ST-segment elevation versus non-ST-segment
elevation ACS. Patients with a non-ST-segment elevation 
ACS now represent more than two thirds of patients admitted 
in the CCU, while the incidence of ST-segment elevation 
MI has decreased from 40% to 20% of admissions. This 
phenomenon is observed in most hospitals in industrialized
countries.



and 2%. In 1979–80, a study of all patients hospitalized
with unstable angina in Hamilton, Canada over a period of
one year noted inhospital and 1 year mortalities of 1·5% and
9·2% respectively.30 By the time of the re-evaluation of
heparin in the late 1980s, study inclusion criteria had
shifted toward patients at somewhat higher risk, and some
trials included patients with NSTEMI. In these trials, the
rates of the composite outcome of death or non-fatal
myocardial infarction by 5 days were about 10%.31,32 These
rates fell to the range of 4% with the addition of heparin to
aspirin, and fell further with enoxaparin and the glycopro-
tein IIb/IIIa antagonists. The event rates at 30 days in
recent trials with new antithrombotic therapies and an inva-
sive management strategy are shown in Figure 30.5.33–44

identified by the two approaches. These include older age,
presence of ST-segment shifts, elevation of the cardiac mark-
ers, and recurrent ischemia (Table 30.3). Ejection fraction is
not available in the majority of patients but is known to be a
potent predictor of prognosis in all manifestations of coro-
nary artery disease. Cardiac risk factors are in general poor
predictors of acute risk in patients with an ACS but are use-
ful for the evaluation of the likelihood of coronary artery dis-
ease and its prognosis.45 The rate of the progression of the
severity of chest pain is clinically recognized as suggesting a
more rapidly evolving coronary stenosis. There is a gradient
in risk from new onset, to crescendo, to prolonged rest
angina.9 Women and the elderly are more likely to have
atypical presentations. The prognosis for patients who have
atypical symptoms at the time of their infarction can be
worse than that of patients with more typical symptoms.46

Women enrolled in clinical trials are in general older than
men and have more risk factors such as diabetes and hyper-
tension. The proportion of women with ST-segment eleva-
tion is less than in men but their prognosis is then worse.
Women who present with a non-ST-segment elevation acute
syndrome less often have an elevation of the cardiac mark-
ers and have a better prognosis. The odds for infarction and
death in the GUSTO-IIb study in women compared to men
was 0·65 (95% CI 0·49–0·87; P � 0·003),47 and in the non-
invasive strategy arm of the FRISC-II study 0·64 (95% CI
0·43–0·97; P � 0·03).48 Coronary angiography in general
revealed less severe coronary artery disease for women than
for men.48 Diabetes is present in 20–25% of patients
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Figure 30.5 Rates of death and of death or myocardial infarc-
tion in contemporary trials that evaluated new antithrombotic
drugs and routine invasive treatment strategy in patients with
non-ST-segment ACS. Data are the average of events in the
intervention and control groups. The interventions resulted in a
reduction in rates of death ranging from �5% to 36% and in
rates of death or myocardial infarction ranging from �8% to
27%.33–44

Risk stratification

A gradient in risk exists in ACS from relatively benign to
severe; accordingly, patient management should be guided
by clinical risk stratification. The high-risk features for death
and ischemic events present at admission, or developing rap-
idly, have been identified in many registries and clinical tri-
als. Registry studies look at a broad spectrum of patients with
acute chest pain, while clinical trials enroll more selected
populations predefined by entry criteria in a specific study.
Recent registries have focused mainly on regional differences
in application of drug therapy and interventional proce-
dures,21,22,25 whereas trials have evaluated specific predic-
tors, biased by entry criteria of the trials. Nevertheless,
important common determinants of risk have been 

Table 30.3 Determinants of prognosis

Determinants of short-term prognosis
Confirming the Clinical pattern of pain
diagnosis of ACS ST-T ischemic changes

Troponin T or I elevation
Hemodynamic or electrical instability

Other major Older age
determinants Left ventricular dysfunction

Recent myocardial infarction
Recurrent ischemia
Diabetes
Previous myocardial infarction
Previous CABG
Previous aspirin use
Depression

Determinants of long-term prognosis
Left ventricular dysfunction
Diabetes
Extensive coronary artery disease
Strongly positive provocative testing
Elevated CRP levels
Depression



enrolled in trials in ACS. Diabetes carries a major negative
impact on morbidity and mortality in the setting of ACS and
after percutaneous interventions and coronary artery bypass
grafting. In the OASIS registry, diabetes was an important
and independent predictor of 2 year mortality (RR 1·57;
95% CI 1·38–1·81; P � 0·001), as well as of cardiovascular
death, new myocardial infarction, stroke, and new conges-
tive heart failure.25 The risk of death in diabetic women was
significantly higher than the risk in diabetic men (RR 1·98
and 1·28 respectively). Diabetic patients without prior car-
diovascular disease had the same event rates for all out-
comes as non-diabetic patients with previous vascular 
disease (see Figure 30.3). The impact of depression on prog-
nosis is more and more recognized. In a study of 430
patients with a non-ST-segment elevation ACS, depression
predicted the end point of cardiac death or non-fatal MI,
with an adjusted odds ratio of 6·73 (95% CI 2·43–18·64;
P � 0·001) after controlling for other significant prognostic
factors that included baseline ECG, left ventricular ejection
fraction, and number of diseased coronary vessels.49

The 12-lead ECG and the troponin T or I blood levels have
become powerful instruments for risk evaluation. They are
now part of the entry criteria in clinical trials and of recom-
mended treatment algorithms. Troponin elevation in the
blood follows the ischemic insult by 6 hours, as does 
CK-MB. Myoglobin serum concentration rises earlier, within 
2 hours after the onset of pain, and peaks within 4–6 hours.
Myoglobin can be useful as an early and sensitive marker of
necrosis, but it is non-specific, mandating confirmation of
the cardiac origin with the CK-MB or troponin levels.
Although failure to detect a rise of myoglobin after 
2–4 hours rules out an infarction, the prognostic value with
regard to recurrent coronary events in patients with non-ST-
segment elevation ACS has been less well characterized.

The presence of ST-segment shifts and/or the elevation in
troponin T or I levels confirm the working diagnosis of a
non-ST-segment elevation ACS, identify the patient at high
risk for an ischemic event, and are useful for immediate
patient orientation and management by identifying those
who will benefit most from the new treatment strategies
that include enoxaparin, the Gp IIb/IIIa antagonists and
revascularization procedures. The absence of such changes
does not rule out the diagnosis, but places the patient in a
more favorable risk category. Patients with an indefinite but
possible diagnosis of an ACS need to be observed for the
clinical evolution, changes on serial ECGs, and elevation of
troponin levels after 8–12 hours.

Prognostic value of troponin levels

In contrast to CK-MB and myoglobin, cardiac troponins T
and I are usually not detectable in the peripheral blood and,
thus, provide a more distinct and sensitive marker of minute

cardiomyocyte damage. The damage detected is usually of
ischemic origin but may be due to non-ischemic myocardial
injury, such as myocarditis, severe heart failure, pulmonary
embolism, trauma or cardiotoxic agents. Multiple studies
since the original publication by Hamm et al have validated
the prognostic value of an elevation in the blood troponin
levels.50

Figure 30.6 depicts the results of one trial of patients
enrolled in a clinical trial18 and of one study of patients con-
sulting in the emergency department for acute chest pain;18

the 30 day rate of death or myocardial infarction was high-
est in patients with elevated troponin T or troponin I levels,
intermediate in patients with ST-segment depression, and
lowest in patients with normal troponin levels. The higher
the elevation in troponin levels,51 the worse the prognosis,
but even small elevations are associated with a significantly
impaired prognosis.52 In the FRISC study, among patients
with a non-ST-segment elevation ACS, the risk of myocar-
dial infarction or cardiac death at 6 months was respectively
4·3%, 10·5%, and 16·1% in patients within the first, second,
and third tertile of maximal elevation of troponin during the
first 24 hours.53
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Figure 30.6 Risk of death or non-fatal myocardial infarction
during 30 days of follow up by troponin T (TnT) and I (TnI) lev-
els, elevation (positive) or no elevation (negative), and ST-
segment depression on the ECG. The risk for myocardial
infarction and death increases with increasing serum troponin
concentrations and may be 20% in 30 days and 25% within 
6 months in patients with the highest troponin levels.
Reproduced with permission from Hamm et al .13

Three meta-analyses were performed and provided
results in the same direction. The first, including 12 reports
with troponin T and nine with troponin I of patients with
unstable angina, demonstrated risk ratios for occurrence of
myocardial infarction at 30 days of 4·2 (95% CI 2·7–6·4;
P � 0·001) for troponin I and of 2·7 (95% CI 2·1–3·4;
P � 0·001) for troponin T.54 The second included 18 982
patients with unstable angina from 21 studies and showed
odds of death or myocardial infarction at 30 days of 3·44



(95% CI 2·94–4·03; P � 0·00001) for the total population
of troponin positive patients, 2·86 (95% CI 2·35–3·47;
P � 0·0001) for patients with ST-segment elevation, 4·93
(95% CI 3·77–6·45; P � 0·0001) for patients with non-
ST-segment elevation, and 9·39 (95% CI 6·46–13·67;
P � 0·0001) for patients with unstable angina.55 The third
meta-analysis included seven clinical trials and 19 cohort
studies. The odds of mortality among 11 963 patients with
positive troponin T or I was 3·1 (5·2% v 1·6%). The discrim-
inative value of elevated troponin levels was greater in
cohort studies than in clinical trials, 8·4% v 0·7% (OR 8·5)
for troponin I, and 11·6% v 1·7% (OR 5.1) for troponin T.56

Determination of troponin levels has many utilities.
Beyond providing a highly sensitive and specific test for the
diagnosis of myocardial infarction, any elevation provides
important prognostic information in acute coronary syn-
dromes. Patients with troponin elevation are also more
likely to profit from therapy with a Gp IIb/IIIa antagonist,57

from a low molecular weight heparin,58 and from interven-
tional procedures.59 All evidence converges to relate the
elevation of troponin to an ongoing intracoronary throm-
botic process, associated with small foci of myocardial
necrosis, likely related to distal embolization of thrombotic
material originating from the culprit lesion.

Prognostic value of the 12-lead ECG

Current information on the prevalence of ECG abnormali-
ties is difficult to obtain, in part because ECG criteria are
often used to define eligibility for clinical studies and the use
of heterogeneous inclusion criteria among trials. In a report
by Langer et al on 135 patients hospitalized with unstable
angina without evidence of acute myocardial infarction, 
ST-segment depression was found in 25% of patients, 
ST-segment elevation in 16%, both in 4%, and none in 55%.60

In this study, ST-segment depression and the magnitude of
depression were both associated with a higher prevalence of
multivessel and left main disease.60 In the TIMI-3 Registry
of 1416 patients enrolled because of unstable angina or 
non-Q wave MI, ST-segment deviation �1 mm was present
in 14·3% of patients, isolated T wave inversion in 21·9%,
and left bundle branch block (LBBB) in 9·0%. By 1 year fol-
low up, death or MI occurred in 11% of patients with ST-
segment depression, 6·8% of patients with isolated T wave
inversion, and in 8·2% of those with no ECG changes. ST-
segment depression 0·5 mm or more and LBBB were signifi-
cant predictors of death and MI, with rates of 16·3% and
22·9%, respectively.61 The ECG is not infrequently con-
founded by LBBB, left ventricular hypertrophy, paced
rhythm or other derangements. In the PARAGON-A study,
these confounders were associated with near doubling in
the 1 year mortality rates (12·6% v 6·5%).62 Among the 12142
patients enrolled in the GUSTO-II trial with symptoms at

rest within 12 hours of admission and ischemic ECG
changes, 22% had T wave inversion, 28% ST-segment eleva-
tion, 35% ST-segment depression, and 15% ST-segment ele-
vation and depression.26 The 30 day rates of death or
myocardial re-infarction were 5·5%, 9·4%, 10·5%, and
12·4% respectively (P � 0·001). The cumulative rates of
death in this study are shown in Figure 30.4.

There exists therefore a gradient of increasing risk of
death or myocardial infarction in hospital and up to 1 year,
from non-specific ECGs to T wave inversion to ST-segment
depression including confounding ST-T changes. Such a gra-
dient exists from ST-segment depression �0·05 mm, to �1
mm, to �2 mm, to �2 mm, and to depression in more than
two contiguous leads.62 The prognostic value of ST-segment
depression extends to 4 years following hospital discharge.63

Special attention is required for patients showing deep 
T wave inversions in leads V1 through V6 and in leads 1
and AVL on the admission or subsequent ECGs; the changes
are quite specific for the presence of significant disease in
the proximal left anterior coronary artery disease and are
predictive of a high risk of progression to an infarction that
can be massive.64

The importance of recording the 12-lead ECG during
chest pain must be emphasized. The detection of ST-
segment depression during pain has diagnostic and prognos-
tic value.65 Occasionally, transient ST-segment elevation will
be detected associated with a critical dynamic coronary
artery stenosis caused by spasm or thrombus formation. ST-
segment shifts during pain occurring on medical manage-
ment indicate refractory ischemia, an end point commonly
used in clinical trials. Refractory ischemia predicts near
tripling of adjusted 1 year mortality.66

Risk scores

Prognosis can be predicted by various clinical, ECG, and lab-
oratory parameters. Accordingly, predictive models have
been derived from various databases by applying multiple
regression analyses to identify the independent predictors of
prognosis. The results of such analyses are influenced by the
characteristics of the test populations and by the baseline
data collected. From the population of 9461 patients
enrolled in the PURSUIT trial, more than 20 parameters
were predictive of mortality and the composite end point of
death or MI, the most important being age, heart rate, sys-
tolic blood pressure, ST-segment depression, signs of heart
failure, and cardiac enzyme elevation.67

The TIMI risk score has gained popularity, since it can be
readily and simply assessed at admission or shortly thereafter.
It was derived from the control cohort of patients in the
TIMI-11B study.68 The seven independent predictors of
death, myocardial infarction or recurrent ischemia that were
identified are shown in Table 30.4. Their mathematical 
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addition provided a seven-point score that could discriminate
a 10-fold difference in risk through 14 days (Figure 30.7).
The score was subsequently validated in other populations
including PRISM-PLUS69 and TACTICS.44 Greater treat-
ment benefit was observed with enoxaparin treatment,68

Gp IIb/IIIa antagonists69 and reperfusion procedures44 in
patients with higher scores, ST-segment shifts, and elevated
troponin levels.

Inflammation markers

Blood levels of numerous markers of inflammation are 
elevated in patients with an ACS, including acute phase 
proteins (C-reactive protein, serum amyloid A protein, 
fibrinogen), pro-inflammatory cytokines (interleukin-6, TNF-
,
interleukin-18), soluble adhesion molecules (sVCAM-1,

sICAM-1, E-selectin, P-selectin), and matrix metallopro-
teinases. C-reactive protein (CRP) is a non-specific but highly
sensitive marker of an inflammatory state. Interleukin-6,
which is induced by TNF-
, IL-1, IL-18, platelet derived
growth factor, antigens, and endotoxins, is the main stimulus
for the production of CRP by the liver. CRP has a half life of
19 hours and can be assessed in the blood by tests with high
sensitivity. Many epidemiologic studies in individuals with
or without known cardiovascular disease have consistently
shown a 3- to 3·5-fold increase in the risk of cardiac events
in the highest distribution quartile. The predictive value is
additive to that of cholesterol levels.70 CRP levels are ele-
vated in myocardial infarction. The elevation preceded that
of markers of myocardial necrosis in patients who had previ-
ous unstable angina, but not in patients who had no preced-
ing angina.71 Levels are elevated in 40–50% of patients with
a non-ST-segment elevation acute coronary syndrome 
and remain high for months after the acute phase. These
elevated levels are associated with high rates of late car-
diac events, including death/MI/recurrent ischemia at 
12 months,72 death/MI at 6 months73,74 and up to 2 years,75

and death at 36 months.76 The predictive value for occur-
rence of early events has been less consistent. In the TIMI-
11A study of 630 patients with a non-ST-segment elevation
ACS, the risk of death at 14 days was highest with elevated
troponin T and CRP, intermediate when either marker 
was elevated, and lowest when both were normal
(CRP � 1·55 mg/l).77 In the CAPTURE trial of 447 patients,
CRP levels �10mg/l did not predict mortality or myocardial
infarction at 72 hours in contrast to elevated troponin T lev-
els, but did predict death or MI at 6 months (18·9% compared
to 9·5%), independently of the troponin status (Figure 30.8).74

The assessment of CRP levels is not currently part of the
recommendations of various guidelines. The cut points that
best predict early and late prognosis as well as the ideal tim-
ing for blood sampling at admission or hospital discharge
remain to be better defined. Moreover, the impact on risk
evaluation of treatment with statins, which reduce the CRP
levels and the prognostic significance of elevated levels,78

and of aspirin, which reduces the prognostic value,79 need
additional characterization. Of interest, PCI or CABG appear
to have little effect on the 1 year excess of recurrent ischemic
events in patients with a non-ST-segment elevation ACS and
high CRP levels. Elevated CRP levels are associated with
increased risk of restenosis and of acute complications after
PCI,80,81 and with an increased risk of new ischemic events
up to 8 years after CABG.82

Pathophysiology

This section will focus on the mechanisms of acute coronary
syndromes that are the most relevant with respect to man-
agement. Interested readers are referred to more exhaustive
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Table 30.4 Components of the TIMI risk score

Age 65 yr
At least three risk factors for CAD
Significant coronary stenosis (for example, prior coronary
stenosis 50%)

ST-segment deviation
Severe anginal symptoms (for example, two anginal events
in last 24 h)

Use of aspirin in last 7 days
Elevated serum cardiac markers

Source: Antman et al 68
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Figure 30.7 Original validation of the TIMI risk score. Rates
of all-cause mortality, myocardial infarction, and severe recur-
rent ischemia prompting urgent revascularization through 
14 days by TIMI risk score at admission. The score discrimi-
nates a gradient in risk from 5% to 40%. Reproduced with 
permission from Antman et al .68



reviews.83–85 Figure 30.9 outlines the cascade of patho
physiologic events that build up on an atherosclerotic 
plaque and eventually result in myocardial infarction and
death. The culprit lesion becomes clinically manifest only
with the development of an obstruction severe enough to
impede coronary blood flow at rest, or when it is the site of a
thrombotic occlusion shedding thromboembolic material
into the distal circulation. Therefore, the active plaque is clin-
ically detected only at an advanced stage of the underlying
disease. Further, the concept of a single active plaque has
been challenged. Pathologic studies have shown multiple
rupture sites and thrombi at multiple sites often associated
with platelet aggregates in small intramyocardial arteries and
microscopic foci of necrosis.7,86–88 An angiographic study in
253 patients with an acute myocardial infarction docu-
mented that complex and ruptured plaques could be found
in 40% of patients and that these were associated with a 
10-fold increase in the risk of a recurrent ACS.89

Atherosclerosis is the substrate for ACS. The severity of 
atherosclerosis in acute coronary syndromes is highly variable,
ranging from absence of significant stenoses to the presence
of left main disease in 5–10% of patients, and single, double
or three vessel disease in respectively 20%, 30%, and 40%.90

A severely obstructive lesion is most often identified, provid-
ing a rationale for coronary revascularization. On inspection
and histologic analyses, the culprit lesion is clearly distinct
from the stable plaque; it is most often of only moderate
severity, with an inner core rich in cholesterol and choles-
terol esters and a thin fibrous cap, poor in connective tissue
and smooth muscle cells.83 At microscopy, the culprit lesion
is rich in monocyte-macrophages, mast cells, lymphocytes,
and neutrophils. Biologically, it is extremely active, with 
an intense inflammatory reaction marked by heterotypic cell-
to-cell interactions and activity of proinflammatory cyto-
kines, matrix-degrading metalloproteinases, and growth
factors.84,85 This culprit lesion is the site of a rupture or 
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Figure 30.8 Rates of death or MI at 7 days (top left panel) and at 6 months (top right panel) by troponin T (TnT) status (top panels),
and C-reactive protein (CRP) status (lower panels) at admission. PCI was performed in all patients 20–24 hours after admission. The
risk of death or MI was especially high in TnT positive patients within the first 7 days and increased only slightly thereafter. The event
rates were not statistically different for CRP negative patients and CRP positive patients after 7 days (including the coronary inter-
vention) (10·3% v 8%; P � 0·41). During the 6 month follow up period, however, the event rate curves for CRP positive and CRP neg-
ative patients continually diverged. There were significant differences both after 30 days (14·1% v 7·6%; P � 0·03) and especially at 
6 months (18·9% v 9·5%; P � 0·003). The excess events in CRP-positive patients were related to higher incidence of MI (13·5% v
8·4%; P�0·16) and of mortality rate (5·4% v 1·1%; P � 0·005). Reproduced with permission from Heeschen et al .74



fissure, occurring most often at the shoulder region of the
plaque. The endothelial disruption is occupied by a thrombus
extending variably within the lumen of the artery and the
vessel wall.83 The mainstay of immediate therapy in ACS is
the control of the thrombotic activity to prevent its rapid pro-
gression to occlusion or distal microembolization of throm-
botic material. The best results have been achieved with
combinations of antiplatelet and anticoagulant therapy con-
sistent with the contributions of both intravascular coagula-
tion and platelet activation and aggregation to arterial
thrombosis. Circulating platelets adhere within seconds to
the damaged endothelium through receptor–ligand interac-
tions. Gp Ib/IX recognizes von Willebrand factor present in
large quantities in the subendothelium, and Gp Ia/IIa recog-
nizes collagen. Platelet adhesion and other local agonists pro-
duce intracellular signaling that increases cytosolic Ca2�

content and induces shape change, release of potent vaso-
active, proaggregant and procoagulant substances, and acti-
vation of the Gp IIb/IIIa receptor.83 The activated Gp IIb/IIIa
receptor recognizes and binds the RGD sequence of various
moieties, particularly fibrinogen, resulting in platelet cross-
bridging and platelet aggregation. The outside translocation
of the inner anionic phospholipid layer of platelets early dur-
ing activation provides a membrane surface well suited for
the assembly of coagulation factors and thrombus formation
and growth. Tissue factor, expressed by lipid laden
macrophages in the core of the atherosclerotic plaque and
the diseased endothelium, forms a complex with circulating
factor VIIa to activate factors IX and X of the coagulation cas-
cade. Factor IXa is part of the intrinsic tenase complex that

activates factor X. Factor Xa converts prothrombin to throm-
bin within the prothrombinase complex. Thrombin has mul-
tiple pathophysiologic effects. It converts fibrinogen to fibrin,
activates factor XIII which cross-links fibrin, amplifies its own
generation by activation of factors V, VIII, and XI on the
platelet surface, and is a potent platelet agonist. P-selectin
expressed on the platelet membrane and on the endothelial
cell attracts leukocytes, linking thrombosis and inflammation.

In addition to antithrombotic therapies, other strategies
may be employed to control the acute coronary syndromes, as
shown in Figure 30.9. The prevention of atherosclerosis is the
ultimate goal. Realistic targets in the shorter term are plaque
passivation to control the pathophysiologic triggers to plaque
rupture and thrombus formation, and cell protection to pre-
vent progression of ischemia to irreversible cell necrosis.91

Management

The goals of treatment in ACS are to decrease the substantial
risk of myocardial infarction and death, relieve pain, and pre-
vent recurrent ischemia. These objectives can be collectively
regrouped under the term plaque passivation, implying the
conversion of an unstable plaque into a plaque that will be
stable and not prone to complications. During the acute
phase, this is best achieved with prompt use of antithrom-
botic agents, and in selected patients reperfusion procedures.
Anti-ischemic therapy is also used to control symptoms.
Therapies to control the inflammatory processes within the
plaque are effective in secondary prevention and their poten-
tial is now being investigated during the more acute phase.

Acute therapy

The therapeutic approaches include general measures, anti-
ischemic therapies, antithrombotic therapies, and revascular-
ization procedures. The intensity of treatment is guided by
risk as estimated from the clinical presentation, the 12-lead
ECG and the troponin levels, as discussed above. Additional
patient characteristics associated with an enhanced risk must
also be considered. These are listed in Table 30.3 above,
along with other predictors of an impaired long-term progno-
sis. Risk stratification is an ongoing process that must be
repeatedly updated during the clinical course and integrated
with the results of the various tests performed.

General measures

The patient may present in a non-medical setting or by tele-
phone, in the office, or in the hospital emergency room or
ward. Those with the simple new onset of angina or mild
exacerbation of previously stable angina, with no angina at
rest, ECG changes, or hemodynamic abnormalities should
be carefully assessed, initial treatment and educational
materials provided, and medical follow up planned, but they
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Cascade of events to ACS

Classic and new risk factors Endothelial dysfunction

Atherosclerosis

Inflammation

Rupture/fissure

Thrombosis

Ischemia

Necrosis

Mono/macrophages, T cells,
lipid, SMC

CD40/CD40L, platelet-PNM,
cytokines, growth factors

MMPs, II-18, IFγ

Tissue factor, platelets

Occlusive thrombus,
distal embolization

No-reflow, reperfusion damage,
apoptosis

Figure 30.9 Cascade of events leading to ACS. There is a
progression of events at the level of an atherosclerotic plaque
to excessive inflammation, plaque degeneration, plaque rupture,
and intravascular thrombus formation. These events become
clinically manifest only when the thrombus becomes obstructive
or sheds distal emboli to cause myocardial ischemia and even-
tually myocardial infarction and death. The cascade of events
offers multiple possibilities for intervening at various levels to
control and prevent ACS. Il-18, interleukin 18; IF�, interferon �.



may generally be managed as outpatients with initial limita-
tion of activities, providing that necessary investigations can
be performed promptly. High-risk patients require admission
to the CCU, generally to remain for about 24 hours follow-
ing the last episode of rest pain. Patients at intermediate risk
might go to the CCU, an intermediate care unit, or even to
a regular ward depending on the availability of facilities and
the specific level of risk.

Whatever the pathophysiology of the acute ischemia in a
given patient, there is an imbalance of myocardial oxygen
supply and demand, and restricted activities and rest in bed
or a recliner chair will be helpful in reducing myocardial
oxygen demand. Stool softeners are likely to be helpful.
Emotional distress with its attendant increase in myocardial
oxygen demand should be minimized by judicious control
of environmental noise and light, supportive medical and
nursing care, limitation and education of visitors, provision
for restful sleep, and control of ischemic pain with intra-
venous narcotics and nitrates, and other specific anti-
ischemic agents as appropriate. Special attention is indicated
to detect depressive symptoms that carry an impaired prog-
nosis independently of other predictors.49 Routine oxygen
administration is not recommended unless chest pain is
ongoing or respiratory or left heart failure are present.

Finger pulse oximetry is then recommended to
monitor arterial oxygen saturation. 

Anti-ischemic therapies

Nitroglycerin has been a mainstay in the therapy of unstable
angina since the prognostic importance was first recognized,
and as longer-acting nitrate preparations became available,
these were incorporated into treatment regimens without
rigorous comparisons to placebo. Studies of the use of 
IV nitroglycerin among patients with unstable angina have
been relatively small, of sequential or case–control design,
and the dose regimens have varied considerably.92 At least
partial relief of anginal episodes is usually achieved, occa-
sionally relief is complete, and absence of benefit is an infre-
quent observation. However, the trials have been of brief
duration, generally a few days only, and problems of nitrate
tolerance and recurrence of ischemic events emphasize that
nitrates are not definitive therapy for unstable angina beyond
the acute phase. A trial comparing nitrate therapy and dilti-
azem93 indicates that diltiazem is more effective in control-
ling angina and preventing ischemic events but these studies
do not reflect clinical approaches that have employed long
acting or intravenous nitroglycerin in combination with a 
� blocker or a rate limiting calcium antagonist. The widespread
use of oral, topical, and IV nitrates in unstable angina is based
upon reasonable extrapolation from pathophysiologic obser-
vations, case series, evidence of modest reduction of mortal-
ity in acute MI,94–96 and extensive clinical experience using
regimens developed in careful clinical studies.96 Grade B

Grade B
Grade C

Patients must be monitored for the potential adverse effect
of marked arterial hypotension, which must be managed
quickly to avoid exacerbating ischemia. The use of sildenafil
(Viagra) within the preceding 24 hours is a contraindication
to nitrate therapy.97 Efforts should be made to
minimize the development of nitrate tolerance by reducing
IV dosage and intermittent dosing by non-IV routes when
ischemic pain allows.

The � blockers were introduced in the 1960s and their
effectiveness in the treatment of stable angina resulted in
rapid acceptance for the management of unstable angina.
There was remarkably little objective evidence for the 
efficacy of � blockers prior to their widespread use.29

Subsequently, � blockers were evaluated in well-designed
studies. In one study, a group of 126 patients hospitalized
with unstable angina (characterized by progressive or rest
ischemic pain plus ECG changes with pain and documented
coronary artery disease) were randomly allocated to the
addition to their regular therapy of either nifedipine or 
the combination of propranolol/isosorbide dinitrate, with
appropriate placebos.98 The principal outcome was absence
of recurrent chest pain for at least 48 hours, and the period
of evaluation was 14 days. There was no overall difference
between the two treatment regimens. However, in a post-
hoc analysis of the data amongst the 59 patients not receiv-
ing � blocker on admission, the propranolol/isosorbide was
more effective than the nifedipine in producing pain relief
(P � 0·001). Conversely, among the 67% of patients already
receiving a � blocker on admission, nifedipine was more
effective than augmentation of � blocker accompanied by
isosorbide (P � 0·026).

The HINT study99 examined metoprolol and nifedipine in
patients hospitalized with prolonged rest pain. The 338
patients who were not receiving � blocker on admission
were randomly allocated to nifedipine, metoprolol, both, or
neither in a double-blind placebo-controlled fashion. The
outcome of AMI or recurrent angina with ST change within
48 hours occurred with the following frequencies: placebo
(37%), nifedipine (47%), metoprolol (28%), nifedipine plus
metoprolol (30%). Metoprolol was significantly more effec-
tive than nifedipine (P � 0·05). The 177 patients already on
a � blocker on admission were randomly allocated in double-
blind fashion to nifedipine or placebo and treatment failure
occurred in 51% of placebo and 30% of nifedipine
(P � 0·05).

Gottlieb et al.100 studied 81 patients hospitalized with at
least 10 minutes of ischemic chest pain at rest. All patients
were receiving “optimal” doses of nitrates and nifedipine
and were therefore treatment failures on this regimen. They
were randomly allocated to the addition of either propra-
nolol or placebo. In the first 4 days, propranolol resulted in a
statistically significant reduction of recurrent rest angina
episodes, duration of angina, nitroglycerin requirement, and
ECG abnormalities. Although recurrences of rest angina
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remained less among the propranolol treated group over the
next 4 weeks, the incidence of aortocoronary bypass, AMI,
and sudden death was no different between the two groups.

In another study, patients hospitalized with prolonged
pain accompanied by ECG abnormalities, and who had
failed maximum treatment with propranolol and long-acting
nitrates, were randomized to the addition of nifedipine or
placebo;101 the failure of medical treatment (sudden death,
AMI, or bypass surgery) was less frequent with nifedipine
than with placebo (P � 0·03). The benefit was most marked
among patients with ST-segment elevation.

These trials suggest that among patients not receiving a 
� blocker on hospitalization, the institution of � blockade
and the institution or maintenance of nitrates is more effec-
tive treatment than the institution of nifedipine. 
Amongst patients whose pain persists with optimal doses of
nitrates and nifedipine, the addition of a � blocker is effica-
cious in the initial few days, although the incidence of
ischemic outcomes (bypass surgery, AMI, sudden death) is
not reduced. On the other hand, in patients hos-
pitalized and already receiving a � blocker, then the addi-
tion of nifedipine is more effective than simply augmenting
the � blocker dose. Recent data suggesting
potentially harmful effects of short-acting dihydropy-
ridines102 indicate that a more prudent choice for the addi-
tion to a � blocker would be a long-acting dose preparation
or an agent with an intrinsically long half-life such as
amlodipine, although rigorous studies have not been 
conducted. 

Diltiazem was compared to propranolol in a randomized
single-blind study of patients hospitalized for crescendo rest,
or following MI angina accompanied by ECG abnormali-
ties.103 Chest pain frequency was significantly reduced by
both regimens, and there was no difference in efficacy. The
5 month follow up was rather discouraging in both groups,
with a high incidence of AMI, death, and bypass surgery,
and few patients without bypass surgery were symptom
free. In another study, patients with rest angina were ran-
domized to diltiazem or propranolol in maximum tolerated
doses.104 The agents were equally effective in reducing the
frequency of daily anginal episodes, but in the subgroup
with angina only at rest, diltiazem was efficacious whereas
propranolol was not.

There is little rigorous evidence for the value of verapamil in
unstable angina. Small placebo-controlled trials105,106 demon-
strated statistically significant reductions in the frequency of
ischemia. Long-term follow up in these small trials107 showed
that in general ischemic pain continued to be well controlled
but there was a high incidence of AMI and death.

In addition to reducing ischemic episodes, a reduction in
MI would be desirable. Yusuf et al108 examined five trials
involving about 4700 patients with threatened MI who
were placed on intravenous � blocker followed by oral ther-
apy for about a week. There was a modest 13% reduction 
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in the risk of development of MI in this group. Meta-analysis
of studies of calcium antagonists among patients with unsta-
ble angina shows no reduction of death or non-fatal MI.108

Diltiazem and verapamil appear to be effective as initial 
single agents in the management of unstable angina, and dil-
tiazem appears to be no different in efficacy from propra-
nolol in one direct comparison. However, the meta-analytic
data for benefit of � blocker but not calcium antagonists 
and the evidence for improved long-term outcomes with 
� blocker therapy among survivors of myocardial infarc-
tion,108 and those with chronic ischemia, support � block-
ers over rate-limiting calcium antagonists as the first choice
therapy in patients with unstable angina. 
Patients at high risk may have benefit from initial intra-
venous � blocker, followed by an oral regimen. 
Diltiazem or verapamil are suitable alternatives for patients
with a contraindication to � blocker therapy. 
Nifedipine should not be the initial single agent for patients
with unstable angina.98 The new dihydropy-
ridines have not been evaluated in patients with an acute
coronary syndrome. Nicorandil, an ATP sensitive potassium
(K�) channel opener with arterial and venous vasodilator
properties and cardioprotective potential by pharmacologic
preconditioning, was shown in one small trial of 188
patients to reduce the number of transient ischemic
episodes on continuous Holter monitoring.109 Nicorandil is
not approved for use in North America.

Among patients with variant angina, characterized by
recurrent ischemic episodes occurring mainly at rest and 
in the early morning hours accompanied by transient ST-
segment elevation, randomized placebo-controlled, double-
blind trials of verapamil,110–112 diltiazem,113–116 and nifedip-
ine117–119 have demonstrated the efficacy of each of these
agents in reduction of angina frequency. Several comparisons
of calcium antagonists to � blockers have demonstrated
greater efficacy with the calcium antagonists.111,112,116 These
agents are regarded along with nitrates as the therapy of
choice for variant angina, although there is little direct 
comparative data with long-acting nitrates. 

Antithrombotic therapy

Antithrombotic therapy is cornerstone therapy in ACS. It
prevents death or myocardial infarction in patients managed
medically and in patients undergoing a reperfusion proce-
dure. Optimal benefit is obtained with combined inhibition
of platelets and of the coagulation process. Thrombolytic
therapy is beneficial in ST-segment elevation MI but con-
traindicated in non-ST-segment elevation MI.120

Antiplatelet therapy – Whereas aspirin has long been, and is
still, the gold standard of antiplatelet therapy, a new arma-
mentarium of agents acting on different platelet functions has
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been developed. Physicians now have options in drug selec-
tion used in mono- or poly-therapy. Antiplatelet agents evalu-
ated in ACS have been aspirin, dipyridamole, prostacyclin,
sulfinpyrazone, inhibitors of thromboxane synthase and/or its
receptor, ticlopidine, clopidogrel, and the intravenous and oral
Gp IIb/IIIa antagonists. The various drugs can be classified
first by their site of action on the main steps of platelet func-
tion from adhesion to activation and aggregation, and second-
arily by their specific effects at each step (Figure 30.10).
Adhesion can be inhibited by agents under development act-
ing mainly on von Willebrand factor and its ligand, Gp 1b/IX.
Activation can be inhibited by agents acting on intracellular
calcium mobilization such as dypiridamole, which prevents
catabolism of cAMP and nitric oxide, which promotes pro-
duction of cGMP, and by agents inhibiting specific activation
pathways. Aspirin blocks the thromboxane pathway and
ADP-receptor antagonists block purinergic receptors on
platelets. Gp IIb/IIIa antagonists occupy the receptor to pre-
vent fibrinogen binding and platelet aggregation.

Aspirin – Four conclusive trials have shown consistent ben-
efit with aspirin in patients with non-ST-segment elevation
ACS, despite different study designs and different doses.
The Veterans Administration Study, performed between
1974 and 1981, included 1338 men with unstable angina
randomly allocated within 72 hours of admission to ASA 324
mg or placebo.121 The rate of death or myocardial infarction
was reduced from 10·1% to 5·0% (RR 49%, P � 0·0005)
over a 12 week treatment period.

In the Canadian Multicenter Trial conducted between
1979 and 1984, 555 patients (73% men) with unstable
angina were randomized before hospital discharge to aspirin
(325 mg four times daily), sulfinpyrazone (200 mg four
times daily), placebo, or both drugs.122 The outcome of
death or myocardial infarction at 2 years was reduced from
17% to 8·6% (RR 49·2%; P � 0·008) by efficacy analysis and
by 30% (P � 0·072) by intention-to-treat analysis, and the
outcome of death was reduced by 71% (P � 0·004) and
43·4% (P � 0·035) respectively. Sulfinpyrazone had no 
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Figure 30.10 Mechanisms of platelet adhesion, secretion and aggregation, and sites of action of various antiplatelet drugs. The
drugs approved for clinical use are in bold and the drugs under development in italics. Adhesion to the damaged endothelium and
other agonists triggers intracellular signaling with an increase in cytosolic free calcium content (Ca2�), shape change, and release of
numerous proaggregants, procoagulants, growth factors, and inflammatory mediators. The GP IIb/IIIa receptors undergo conforma-
tional changes making them competent to cross-link fibrinogen to form platelet aggregates and the platelet thrombus. ADP, adeno-
sine diphosphate; ASA, aspirin; Mab, monoclonal antibody; PDGF, platelet derived growth factor; PGI1, prostacyclin; TP, thromboxane
receptor; TxA2, thromboxane A2; vWF, von Willebrand factor. Reproduced with permission from Theroux P. Thrombosis in coronary
artery disease: its pathophysiology and control. Dialogues Cardiovas Med 2002;7:3–18.



significant effect or interaction with aspirin. In the Montreal
study, 479 patients were randomized during the acute
phase of disease to aspirin (325 mg bid), heparin, both or
neither in a 2 � 2 factorial design.32 Aspirin reduced the risk
of death or myocardial infarction at 6 days from 6·3% 
to 2·6%, a 63% risk reduction (P � 0·04). The RISC study
randomized 945 patients to aspirin (80 mg daily), intra-
venous heparin, both or placebos.31 End points were
assessed in 796 patients meeting the entry criteria. Aspirin,
compared to no aspirin, reduced the rate of death or MI at 
5 days from 5·8% to 2·6% (P � 0·033), at 7 days from
13·4% to 4·3% (P � 0·0001), and at 30 days from 17·1% to
6·5% (P � 0·0001).

The Antiplatelet Trialists’ Collaboration updated their 
initial meta-analysis by including 287 studies involving 
135 000 patients administered antiplatelet therapy versus
control and 77 000 patients randomized to different
antiplatelet regimens.123 Overall, among high-risk patients,
allocation to antiplatelet therapy reduced the outcome of
any serious vascular event by 25%, non-fatal MI by 33%,
non-fatal stroke by 25%, and vascular mortality by 16%.
Aspirin was the most widely studied antiplatelet drug. 
The absolute benefit of aspirin increases with the inherent
risk of the condition for which it is prescribed, and is sub-
stantial in patients with a non-ST-segment elevation ACS, as
illustrated in Figure 30.11.124 Aspirin has numerous physio-
logic effects on platelets and the inflammatory process,
many of which are only partly characterized. The mecha-
nism accounting for the benefit in ACS is believed to be 
the irreversible inhibition of cyclo-oxygenase-1 (COX-1) in
platelets, blocking formation of thromboxane A2; the doses
of 75–160 mg daily that have been shown to be at least as
clinically effective as higher doses are quite specific for this
effect.123 This inhibition is dose-related, cumulative and
irreversible. A loading dose of 160–365 mg is recommended
followed by doses of 80–160 mg daily. Higher
doses have anti-inflammatory effects and inhibit cyclo-
oxygenase-2 (COX-2). COX-2 is not constitutive and is
expressed in endothelial cells and white cells in response 
to an inflammatory stimulus. It is inhibited selectively by 
the coxibs and less selectively by the non-steroidal anti-
inflammatory drugs (NSAIDs). The term aspirin resistance 
is increasingly used to describe failure of aspirin to prevent
events in some patients. Laboratory data suggest that there
is a non-optimal biologic response in about 30% of
patients.125,126 Practical reasons for the failure of aspirin are
non-compliance to therapy and intake of NSAIDs prior to
aspirin. NSAIDS, and typically ibuprofen, flurbiprofen,
indomethacin, and suprofen, bind COX-1 on the same ser-
ine residue as aspirin to mask the active site; the biologic
actions of aspirin are therefore prevented when these
NSAIDS are present in blood, an effect that is favored by 
the short plasma half life of aspirin.127 Other reasons for
aspirin failure could be individual variations in metabolism
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of low doses of aspirin possibly influenced by genetic poly-
morphism, thromboxane A2 independent pathways of
thrombus formation, generation of thromboxane A2 by
COX-2, and agonists of thromboxane receptors other 
than thromboxane A2, such as the isoprostanes which are
non-enzymatically derived products of arachidonic acid.128

The diagnosis of aspirin resistance is based on clinical suspi-
cion as no single test has so far been prospectively and
reproducibly validated. Since an alternative therapy to
aspirin exists with drugs that have been shown to be at least
as useful as aspirin, aspirin monotherapy should be ques-
tioned in patients clinically suspected of aspirin resistance
because of recurrent ischemic events occurring on aspirin
therapy. 

Other agents acting on the cyclo-oxygenase pathway –
The inhibition of prostacyclin (PGI2) generation by aspirin
does not appear to limit its protective effects significantly.
Nevertheless, it was shown that an infusion of prostacyclin
in unstable angina patients resulted in no benefit.129 Analogs
of PGI1 that are more stable and that have less hemodynamic
effects are now being investigated in various situations. 
The thromboxane synthase inhibitors and/or receptor antag-
onists investigated so far were not shown to be superior or

Grade B

Evidence-based Cardiology

410

�

�

�

�

60

50

40

30

20

P
re

ve
nt

io
n 

of
 v

as
cu

la
r 

ev
en

ts
(p

er
 1

00
0 

pa
tie

nt
s 

tr
ea

te
d)

10

0
0 5 10 15 20

MI survivor

Unstable angina

Stable angina

Healthy individuals

Risk of a vascular event on placebo (%/yr)

Figure 30.11 Benefits of aspirin by risk groups. The absolute
risk of vascular complications is the major determinant of the
absolute benefit of antiplatelet prophylaxis. Data are plotted
from placebo-controlled aspirin trials in different clinical set-
tings. For each category of patients, the abscissa denotes the
absolute risk of experiencing a major vascular event as
recorded in the placebo arms of the trials. The absolute benefit
of antiplatelet treatment is reported on the ordinate axis as the
number of subjects in whom an important vascular event (that
is, non-fatal MI, non-fatal stroke, or vascular death) is actually
prevented by treating 1000 subjects with aspirin for 1 year.
Reproduced with permission from Patrono et al.124



inferior to aspirin. S18886 is a new agent under clinical
investigation, which blocks the thromboxane (TP) receptor
and has favorable pharmacokinetic and pharmaco-
dynamic profiles. Experimental data have suggested that 
the drug could be protective against progression of 
atherosclerosis.130

ADP receptor antagonists
The thienopyridines ticlopidine and clopidogrel are the two
ADP receptor antagonists currently approved. Clopidogrel
has replaced ticlopidine as it is devoid of the serious life-
threatening adverse effects of leukopenia and thrombocyto-
penia found with ticlopidine. Clopidogrel is also more
potent than ticlopidine and can be safely administered in
loading doses to achieve full drug effects approximately 
2 hours after the administration of a bolus dose of 300 mg.
Clopidogrel effects are dose-related, cumulative, and irre-
versible, as are those of aspirin. Placebo-controlled trials
with ticlopidine in unstable angina and in the secondary pre-
vention of stroke have documented risk reductions in the
range of those observed with aspirin.131 One direct compar-
ison trial has shown superiority of ticlopidine over aspirin in
the secondary prevention of stroke.132 Many trials in coro-
nary stenting have confirmed the greater efficacy and safety
of clopidogrel.133

Clopidogrel was evaluated in two large trials, in one as
single therapy,134 and in the other as combined therapy 
with aspirin versus aspirin alone.135 In the CAPRIE trial, a
total of 19 185 patients with atherosclerotic vascular disease
manifested as recent ischemic stroke, recent myocardial
infarction, or symptomatic peripheral vascular disease were
randomized to aspirin, 325 mg/day, or clopidogrel, 75 mg/
day.134 The annual risk of ischemic stroke, myocardial
infarction, or vascular death during a follow up of 1–3 years
was reduced by 8·7% from 5·83% to 5·32% by clopidogrel
(P � 0·043). The risk reductions (RR) were, however, het-
erogeneous among the entry groups: 23·8% (P � 0·00028)
in patients enrolled because of peripheral vascular disease,
7·3% in patients enrolled because of stroke, and an excess of
5·03% (P � 0·66) in patients enrolled because of a myocar-
dial infarction.

In the CURE trial, 12562 patients were randomized within
24 hours after the onset of a non-ST-segment elevation ACS to
receive clopidogrel (300mg bolus, 75mg daily) or placebo 
in addition to aspirin 160–360mg daily for 3–12 months.
The primary composite outcome of cardiovascular death,
non-fatal MI, or stroke occurred in 9·3% of patients in the
clopidogrel group and 11·4% of patients in the placebo group
(RR 0·80; 95% CI 0·72–0·90; P � 0·001) (Figure 30.12).136

Clopidogrel further reduced the rates of inhospital severe
ischemia and of revascularization, the need for thrombolytic
therapy or intravenous Gp IIb/IIIa-receptor antagonists, 
and the occurrence of heart failure. The benefits became

apparent within a few hours of treatment initiation and
increased throughout the follow up period to one year.
These benefits were homogeneous among all secondary end
points, subgroup analyses, and patients at low, medium, and
high risk, enhancing the clinical relevance of the trial. Thus
even patients with no ST-segment depression and patients
with no elevation of cardiac markers benefit, contrasting
with the benefits of enoxaparin and the Gp IIb/IIIa antago-
nists which are apparent only in high-risk patients. There
were significantly more patients with major bleeding in the
clopidogrel group than in the placebo group (3·7% v 2·7%; 
RR 1·38; P � 0·001), but there was no excess in life-
threatening bleeding (2·2% v 1·8%; P � 0·13) or hemor-
rhagic stroke (0·1% v 0·1%). The risk of major bleeding was
particularly increased in patients undergoing CABG surgery
within the first 5 days of stopping clopidogrel (9·6% v 6·3%,
RR 1·53; P � 0·06) but not when CABG was performed
after 5 days (4·4% v 5·3% with placebo). The CURE trial
was mainly aimed at medical management, although revas-
cularization was performed during the initial admission in
23% of the patients, among whom there was a benefit 
of clopidogrel. A benefit of clopidogrel was also noted in
patients who received thrombolytic therapy or a Gp IIb/IIIa
antagonist, but these drugs were administered in only 1·1%
and 5·9% of patients respectively.

Gp IIb/IIIA-receptor blockers – Three Gp IIb/IIIa antago-
nists are approved for clinical use: abciximab, eptifibatide,
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and tirofiban. Clinical trials failed to show a benefit of lami-
fiban, a synthetic Gp IIb/IIIa antagonist with properties sim-
ilar to those of eptifibatide and tirofiban.37,137 Abciximab is a
Fab fragment of a chimeric monoclonal antibody that binds
the RGD and dodecapeptide recognition sequences of the
receptor. The plasma half life of the drug is approximately
10 minutes but the biologic half life extends to 6–12 hours.
Abciximab has strong affinity for the receptor and receptor
occupancy persists weeks after drug exposure, although
platelet aggregation progressively returns to normal within
12–24 hours. Abciximab is not specific for the Gp IIb/IIIa
integrin, also inhibiting the vitronectin receptor (
v�3) on
the endothelium and smooth muscle cell and the MAC-1
(
m�2) integrin on neutrophils and monocytes. The clinical
relevance of occupancy of these receptors involved in cell
proliferation and leukocyte activation respectively remains
ill defined. Eptifibatide is a cyclic heptapeptide derived from
the structure of barbourin in the venom of the pigmy rat-
tlesnake possessing a KGD sequence recognized by the
receptor. Tirofiban is a non-peptide mimetic of the RGD
sequence. The half life of the two small molecules is approx-
imately 2 hours. After drug discontinuation, there is 50%
recovery of receptor occupancy and platelet aggregation
within 4 hours and nearly 100% within 8 hours. These
drugs have no special affinity for the receptor and receptor
occupancy parallels blood levels. Many trials have docu-
mented the efficacy of abciximab in reducing periprocedural
MI and the need for urgent revascularization when it is
administered in the cardiac catheterization laboratory
before a revascularization procedure and continued for 12
hours thereafter.138,139 In the c7E3 Fab Antiplatelet Therapy
in Unstable Refractory angina (CAPTURE)140 trial involving
1265 patients with refractory unstable angina, abciximab
was administered after a first angiogram identifying a culprit
lesion suitable for coronary angioplasty. The procedures were
performed 20–24 hours later and abciximab was continued
for one hour after the procedure.140 Abciximab, compared
with placebo, reduced the rate of death and myocardial infarc-
tion by 30 days from 15·9% to 11·3% (P � 0·012). In a com-
parison trial, abciximab was shown to be significantly superior
to tirofiban in preventing complications associated with
urgent or elective stent placement.141 The doses of tirofiban
used in this study had previously been shown to be ineffec-
tive.142 Contrasting with the benefits observed in percuta-
neous intervention and in stent implantation trials, the
GUSTO-IV trial failed to show a benefit of abciximab in the
medical management of patients with a non-ST-segment ele-
vation ACS. In this trial, 7800 patients with chest pain and
either ST-segment depression or raised troponin T or I concen-
trations were randomly assigned placebo, an abciximab bolus
and 24h infusion, or an abciximab bolus and 48h infusion.42

The primary outcome of death or myocardial infarction 30
days after randomization occurred in 8·0% of patients on
placebo, 8·2% of patients on 24h abciximab, and 9·1% of

patients on 48h abciximab (OR 1·0 between placebo and 24
h abciximab, and 1·1 (95% CI 0·94–1·39) for difference
between placebo and 48h abciximab). The lack of benefit
with abciximab was consistent in most subgroups investigated
including, remarkably, patients with elevated troponin T or I,
although they were at a high risk of subsequent events.

Tirofiban was investigated in two ACS trials. In one,
tirofiban alone with placebo heparin versus heparin with
placebo tirofiban was associated with an early benefit at 72
hours, a benefit that was not, however, sustained after 30
days.35 The second trial compared the combination of tirofiban
with heparin to heparin alone. The combination reduced the
occurrence of the primary end point of death, myocardial
infarction, or refractory ischemia at 7 days by 32% (P�0·004)
and of death or myocardial infarction by 43% (P�0·006).36

The gain appeared early and was sustained after 6 months.
Many trials were performed with eptifibatide. In the PUR-

SUIT trial, 9461 patients with a non-ST-segment elevation
ACS were randomized to eptifibatide or placebo; the rate of
death or myocardial infarction after 30 days was reduced by
10% with eptifibatide (14·2% v 15·7%, P � 0·042).39 In the
placebo-controlled ESPRIT trial, eptifibatide used at higher
doses and with a double bolus injection significantly
reduced the event rate associated with coronary stenting to
an extent similar to that observed with abciximab.143

Altogether, these trials show efficacy of abciximab and
eptifibatide in reducing event rates in percutaneous coro-
nary interventions and of tirofiban and eptifibatide in non-
ST-segment elevation ACS. The benefits were additive to
those of aspirin and of heparin. 

Several meta-analyses demonstrated a benefit of intra-
venous Gp IIb/IIIa antagonist therapy in patients with an
ACS. One meta-analysis published in 1999, before the con-
founding results of GUSTO-IV were known and including the
data from the CAPTURE, PURSUIT, and PRISM-PLUS trials,
showed event rates of 2·5% with treatment and 3·8% with
placebo during the period of medical management and of
4·9% and 8·0% respectively in the 48 hours that followed PCI
in the subgroups of patients who underwent a procedure (RR
reduction 34%, P�0·001). An early benefit of Gp IIb/IIIa
inhibitors during medical treatment was documented, and a
larger benefit when PCI was performed on drug therapy.144

A second meta-analysis with data on individual patients
included trials, which enrolled at least 1000 patients and did
not recommend early coronary revascularization (this criterion
did not apply in PRISM-PLUS).36,145 Among 31402 patients
from six trials, including GUSTO-IV, the Gp IIb/IIIa antago-
nists reduced the odds of death or MI at 30 days by 9% (10·8%
v 11·8%; OR 0·91; 95% CI 0·84–0·98; P�0·015). The rela-
tive treatment benefit was largest in high-risk patients. Benefit
was present in both males and females when the baseline tro-
ponin levels were elevated but only in males when normal.

A third meta-analysis examined more specifically the 6458
diabetic patients enrolled in the six trials. In these patients,
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the Gp IIb/IIIa inhibitors reduced the mortality at 30 days
from 6·2% to 4·6% (OR 0·74; 95% CI 0·59–0·92; P � 0·007)
with a statistically significant interaction between treatment
and diabetic status (P � 0·036). Mortality at 30 days among
the 1279 who underwent PCI was reduced from 4·0% to
1·2% (OR 0·30; 95% CI 0·14–0·69; P � 0·002).146

Puzzling observations with the use of Gp IIb/IIIa 
antagonists include the absence of benefit in patients with
prolonged use of abciximab not referred for invasive man-
agement, the failure of lamifiban to show a significant bene-
fit, and, as will be seen below, the excess mortality observed
with the prolonged use of orally active agents.

Oral Gp IIb/IIIa antagonists – In an attempt to extend the
benefit of intravenous Gp IIb/IIIa antagonists to the subacute
and chronic phases of the disease, orally active inhibitors 
were developed. Four different agents – xemilofiban,
orbofiban, sibrafiban and latrofiban – were investigated in five
large trials. These agents have rapid on and off binding to the

receptor. No single trial showed a benefit in reducing
ischemic events and two were prematurely interrupted
because of excess mortality. A meta-analysis of four 
of these trials totaling 33326 patients showed a statistically
significant increase in mortality with therapy (OR 1·37; 
P � 0·001) and trends to more MI. There was a twofold
increase in the rate of major bleeding and a high rate of less
severe bleeding leading to study drug discontinuation.147

Anticoagulants

Anticoagulants evaluated during the acute phase of non-ST-
segment elevation ACS have been unfractionated heparin,
direct thrombin inhibitors including recombinant hirudin
and small molecules, and the low molecular weight
heparins. New and promising agents such as r-tissue factor
pathway inhibitor, r-protein C, and pentasaccharide and
other specific inhibitors of factor Xa are under investigation
(Figure 30.13). Documentation of reactivation of the disease
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Figure 30.13 The coagulation cascade and sites of action of new anticoagulants. Initiation of coagulation is triggered by the tissue
factor/factor VIIa complex (TF/VIIa), which activates factor IX (IX) and factor X (X). Activated factor IX (IXa) propagates coagulation
by activating factor X in a reaction that utilizes activated factor VIII (VIIIa) as a cofactor. Activated factor X (Xa), with activated factor
V (Va) as a cofactor, converts prothrombin (II) to thrombin (IIa). Thrombin then converts fibrinogen to fibrin. Active site-blocked VIIa
(VIIai) competes with VIIa for TF, whereas tissue factor pathway inhibitor (TFPI) and nematode anticoagulant peptide (NAPc2) target
VIIa bound to TF. Synthetic pentasaccharide and DX-9065a inactivate Xa, activated protein C (APC) inactivates Va and VIIIa, and
hirudin, bivalirudin, argatroban, and ximelagatran target thrombin. Reproduced with permission from Weitz and Buller.154



following the discontinuation of heparin148 and persisting
prothrombotic activity past the acute phase have led to the
evaluation of long-term therapy with coumadin and the low
molecular weight heparins.

Unfractionated and low molecular weight heparins –
Unfractionated heparin, low molecular weight heparins,
and the heparin pentasaccharide inhibit coagulation factors
by greatly enhancing the physiologic properties of circulat-
ing antithrombin, with differential effects on factor Xa and
thrombin related to the molecular weight of the various
heparins (Figure 30.14).149 In the study by Theroux et al
of 479 patients, the incidence of fatal and non-fatal myocar-
dial infarction was reduced from 7·5% to 1·2% (RR 85%;
P � 0·007) with unfractionated heparin compared with
placebo, and of recurrent refractory ischemia from 19·7% 
to 9·6% (RR 51%; P � 0·02).32 In the RISC study, which
enrolled 945 men, the combination of aspirin and heparin
resulted in a significant risk reduction in death and myocar-
dial infarction at 5 days.31 In the FRISC study, 1506 patients
were randomized to subcutaneous dalteparin twice daily for
6 days followed by once a day for 35–45 days or placebo.150

During the first 6 days the rate of death or MI was reduced
with dalteparin (1·8% v 4·8%; RR � 0·37; 95% CI
0·20–0·68). Survival analysis showed a risk of reactivation
and re-infarction when the dose was decreased; the benefit
persisted at 40 days but not at 4–5 months.150 A meta-
analysis of 12 trials that compared unfractionated heparin or a
low molecular weight heparin to placebo in a total of 17157
patients showed an odds ratio for myocardial infarction or
death during the short term (up to 7 days) of 0·53 (95% 
CI 0·38–0·73; P � 0·0001) in favor of the anticoagulant.
These results validate the use of unfractionated heparin or of
a low molecular weight heparin in combination with aspirin
in patients with a non-ST-segment elevation ACS. 

Low molecular weight heparins present distinct advan-
tages over unfractionated heparin. They can be administered
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subcutaneously once or twice a day. They bind plasma pro-
teins and endothelial cells less avidly than unfractionated
heparin resulting in more predictable anticoagulation, with
no need for monitoring. The ratio of inhibition factor Xa/
thrombin is greater. Low molecular weight heparins also
stimulate platelets less and are less often associated with
heparin-induced thrombocytopenia.

Four trials have directly compared a low molecular
weight heparin with unfractionated heparin. No advantages
were observed with dalteparin in a trial involving 1482
patients151 and with nadroparin in a trial of 3468 patients.152

Enoxaparin was shown to be superior to unfractionated
heparin in the two trials that evaluated the drug. In the
ESSENCE trial, enoxaparin, 1 mg/kg administered twice
daily for 48 hours to 8 days (median 2·6 days) in 3171
patients, reduced the composite outcome of death, MI or
recurrent angina by 16·2% at 14 days (16·6% v 19·8%;
P � 0·019), and by 19% at 30 days (19·8% v 23·3%;
P � 0·017) compared to unfractionated heparin. The rate of
death was unaffected, but the rate of myocardial infarction
was reduced by 29% (3·2% v 4·5%; P � 0·06) at 14 days,
and by 26% (3·9% v 5·2%) at 30 days (P � 0·08).34 The
TIMI-11B trial showed in 3910 patients a reduction in the
composite outcome of death, myocardial infarction or
refractory ischemia requiring an urgent revascularization
from 16·6% to 14·2% at 14 days (P � 0·04) and from 19·6%
to 17·3% at 43 days (P � 0·06).41 A meta-analysis of trials
that directly compared any low molecular weight heparin to
unfractionated heparin showed no statistically significant
difference in the odds of death or MI (OR 0·88; 95% CI
0·69–1·12; P � 0·34). On the other hand, a combined analy-
sis of the data from ESSENCE and TIMI-11B showed a sta-
tistically significant reduction in the rate of death or
myocardial infarction in favor of enoxaparin.153

The pentasaccharide binds antithrombin to inhibit factor
Xa with high specificity. It does not produce thrombocyto-
penia. The drug is now approved for the prevention of deep
vein thrombosis in orthopedic surgery and is under inves-
tigation in ST-segment elevation and non-ST-segment 
elevation acute coronary syndromes.

Direct thrombin inhibitors – These drugs are potent 
anticoagulants that specifically inhibit thrombin (Figure
30.13); they require a cofactor for their effects and have a
highly predictable response. Hirudin, now produced by
recombinant technology, is the prototype of these agents.
Various other inhibitors have been synthesized with differ-
ent binding properties to the active site and substrate-bind-
ing site of thrombin that affect their relative potency and
bleeding risk.154

Hirudin tightly binds the active and substrate-binding
sites of thrombin. The drug has been investigated in four
major trials. The dose regimen of 0·6 mg/kg bolus followed
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Figure 30.14 Antithrombin (AT)-mediated inhibition of coagu-
lation factors. The complex heparin/AT inhibits especially factor
Xa and thrombin (IIa) and also factor XIIa, factor XIa, and factor
IXa. The shorter saccharide chains contained in the low molec-
ular weight heparins (LMWH) allow more selective inhibition of
factor Xa than factor IIa. The unique pentasaccharide chain of
fondaparinux allows highly specific inhibition of factor Xa.
Adapted with permission from Hirsh et al .149



by 0·2mg/kg/hour infusion initially evaluated had to be
dropped because of excess bleeding.155 A dose of 0·2mg/kg
bolus with infusion of 0·1mg/kg/hour was used in the
GUSTO-IIb, which enrolled 12142 patients, two thirds of
them with a non-ST-segment elevation ACS and one third
with ST-segment elevation MI,33 and in the TIMI-9B trial,
which enrolled 3002 patients with ST-segment elevation
MI.156 Among patients with no ST-segment elevation in
GUSTO-IIb, the composite end point of death or MI at 
30 days occurred in 8·3% of the patients on hirudin and in
9·1% of patients on heparin (OR 0·90; 95% CI 0·78–1·06;
P � 0·22); at 24h, the risk of death or MI was significantly
lower in the patients who received hirudin (2·1% v 1·3%; 
P � 0·001). The OASIS pilot study suggested a greater 
benefit with an intermediate dose of 0·4mg/kg bolus and
0·15mg/kg/hour infusion.157 This dose was used in the large
OASIS-2 trial, which randomized 10141 patients to UFH
(5000 IU bolus plus 15U/kg/h) or recombinant hirudin for
72h.40 The primary end point of cardiovascular death or new
MI at 7 days was reduced with hirudin from 4·2% to 3·6%
(P � 0·064); there was an excess of major bleeds requiring
transfusions (1·2% v 0·7%; P � 0·014). A meta-analysis of the
GUSTO-IIb, TIMI-9B, OASIS pilot and OASIS-2 showed that
the risk of death or MI at 35 days was significantly reduced
with hirudin compared with heparin (RR 0·90; P � 0·015).40

Bivalirudin, argatroban, efegatran, and inogatran have been
evaluated in smaller trials in acute coronary syndromes and in

coronary angioplasty. A meta-analysis of 35970 patients in 11
trials, including the hirudin trials, showed an overall reduc-
tion in the risk of death or MI at the end of the treatment
period with the direct antithrombin (4·3% v 5·1%; OR 0·85;
95% CI 0·77–0·94; P�0·001) and after 30 days (7·4% v
8·2%; OR 0·91; 95% CI 0·84–0·99; P�0·02).158 The benefit
was, however, restricted to hirudin and bivalirudin, the two
agents inhibiting the two active sites of thrombin, and was not
present with agents inhibiting only the catalytic or exosite
binding site of thrombin. Hirudin increased the risk of major
bleeding compared with heparin but bivalirudin reduced it.158

Hirudin, bivalirudin, and argatroban are approved for use in
patients with heparin-induced thrombocytopenia. Hirudin is
also approved for the prevention of deep vein thrombosis in
patients undergoing orthopedic surgery and bivalirudin for use
in percutaneous interventions.

Long-term anticoagulation – Prolonged administration of
low molecular weight heparins and of warfarin has been
evaluated to prolong the benefit of anticoagulants past the
acute phase and prevent reactivation of the disease. In the
ATACS trial, 214 patients were randomized to ASA alone or
the combination of ASA plus UFH followed by warfarin. At
14 days, there was a reduction in the composite outcome of
death, MI, and recurrent ischemia with the combination
therapy (27·0% v 10·5%; P � 0·004). In a small randomized
pilot study of 57 patients allocated to warfarin or placebo in
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Figure 30.15 Invasive versus non-invasive management of non-ST-segment elevation ACS. Results of the two most recent 
trials that have compared an early routine invasive management strategy to an early routine medical management strategy. 
The intervention was performed relatively late in the FRISC-II study after a course of treatment with aspirin and dalteparin and
relatively early after a median of 22 hours in TACTICS on treatment with aspirin, heparin, and tirofiban. The two trials show a
definitive gain with the early invasive approach in patients with high-risk features as documented by ST-segment shifts 
and/or an elevation of cardiac markers. Adapted with permission from the FRISC-II Investigators43 and Cannon et al.44



addition to ASA, there was less progression and more regres-
sion in the severity of the culprit lesion after a few weeks of
treatment with warfarin. The OASIS pilot study157 compared
a fixed dosage of 3 mg of warfarin with a moderate dose
titrated to an international normalized ratio (INR) of 2 to 2·5
administered for 7 months. Low-intensity warfarin had no
benefit, whereas the moderate-intensity regimen reduced
the risk of death, MI, or refractory angina by 58% and the
need for rehospitalization for unstable angina by 58%. These
results were not reproduced in the larger OASIS-2 trial40

which randomized 3712 patients to the moderate-intensity
regimen. The rate of cardiovascular death, MI, or stroke
after 5 months was 7·65% with the anticoagulant and 8·4%
without (P � 0·37). The authors suggested that poor com-
pliance with treatment in some countries could have
explained the negative results. A meta-analysis of 30 ran-
domized studies published between 1960 and July 1999
among patients with CAD showed that high-intensity and
moderate-intensity anticoagulation were effective in reduc-
ing MI and stroke but increased the risk of bleeding. In the
presence of aspirin, low-intensity anticoagulation was not
superior to aspirin alone, while moderate- to high-intensity
anticoagulation and aspirin versus aspirin alone appeared
promising with a modest increase in bleeding risk.159

A meta-analysis of prolonged use of low molecular weight
heparin for up to 3 months after hospital discharge showed
no consistent benefit (OR 0·98; 95% CI 0·81–1·17; P � 0·80)
but an excess risk of major bleeding (OR 2·26; 95% CI
1·63–3·14; P � 0·0001).160 In FRISC-II, dalteparin was
administrated double-blind for 3 months following 5 days 
of open label administration. A significant reduction in rates
of death, MI, and revascularization was observed after 30
days (3·1% v 5·9%; RR 0·53; P � 0·02) and 3 months
(29·1% v 33·4%; P � 0·03), which was not sustained at 6
months.161

Coronary reperfusion procedures

Reperfusion therapy is increasingly successful as expertise,
adjunctive pharmacotherapies, and technology are improv-
ing. It is a common clinical experience that reperfusion is
the only effective means to control the unstable patient. It
has also been long recognized that interventions are associ-
ated with a higher risk of complications when performed
early during an unstable coronary condition and which are
attenuated when interventions can be delayed past a period
of medical stabilization. This early hazard can now be mini-
mized with the use of coronary stenting and of ticlopidine or
clopidogrel, and of the Gp IIb/IIIa antagonists. Modern 
trials are comparing treatment strategies randomizing
patients to an early invasive or an early conservative man-
agement strategy. In the early invasive approach, coronary
angiography is routinely performed followed by revascular-
ization with either PCI or CABG; the choice of procedures is 

governed by expert judgment. In the early non-invasive
approach, coronary angiography is performed only when
there is evidence of recurrent spontaneous ischemia or
when the ischemia can be induced by a provocative test, the
criteria for evaluation being more or less stringent. Earlier
trials that had compared CABG to medical therapy failed to
show a difference in mortality with the two treatment
strategies but succeeded in identifying subgroups of patients
with depressed ejection fraction and with three vessel dis-
ease that benefitted significantly from surgery. Short- and
long-term quality of life was also generally improved with
reperfusion, and crossovers from medical therapy to CABG
were frequent.162–164

The results of four major recent trials and of a few smaller
trials comparing early invasive management to early conser-
vative management were reported. The TIMI-3b random-
ized 1473 patients. The primary outcome of death, MI or 
an unsatisfactory symptom-limited exercise stress test per-
formed at 6 weeks occurred in 18·1% of patients assigned 
to the early conservative strategy and 16·2% of patients
assigned to the early invasive strategy (NS). The average
length of initial hospitalization, the incidence of rehospital-
ization within 6 weeks, and days of rehospitalization were
all decreased in the early invasive group.165

In the VANQWISH trial, 920 patients with a NSTEMI 
on the basis of CK-MB elevation were randomized within
72 hours of admission. More patients in the early inva-
sive group experienced inhospital death (21 v 6; P � 0·007)
or a composite of death or MI (36 v 15; P � 0·004); statisti-
cally significant differences persisted at 1 year and a trend
towards higher mortality was still observed at 2 years.166

The results of this study were questioned on the basis of the
high mortality associated with CABG; no mortality was seen
with PCI.

The MATE trial assigned 201 ACS patients ineligible for
thrombolytic therapy to triage angiography within 24 hours,
or early conservative strategy. Follow up at a median of 
21 months showed no significant difference in the cumula-
tive incidence of death, MI, rehospitalization, or revascular-
ization between the two groups.167 In the VINO study, 
131 patients were randomized to first day angiography/
angioplasty or conservative strategy. Death by 6 months
occurred in 3·1% of invasive patients versus 13·4% of con-
servative patients (P � 0·03) and non-fatal MI in 3·1% and
14·9% (P � 0·02) respectively.168

More recently, the FRISC-II study enrolled 2457 patients
with chest pain within the previous 48 hours and ST or 
T wave changes or elevated troponin T or CK-MB.43

All patients received dalteparin in addition to aspirin in the
first 5 days and were thereafter randomized to placebo or
continued dalteparin administration for 3 months. Coronary
angiography was done within the first 7 days in 96% of
patients in the invasive arm and in 10% in the non-invasive
arm, and revascularization was performed within the first
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10 days in 71% and 9% of patients respectively. After 
6 months there was a decrease in the composite end point
of death or MI in the invasive group (9·4% v 12·1%; RR
0·78; 95% CI 0·62–0·98; P �0·031) (Figure 30.15). At 1
year the mortality rate in the invasive strategy group was
2·2% compared with 3·9% in the non-invasive strategy
group (P � 0·016).169 There was a heterogeneous effect of
the invasive strategies, which provided greater advantages
at older age, in men, and with longer duration of angina,
chest pain at rest, and ST-segment depression or Troponin-T 
elevation. The frequencies of symptomatic angina and read-
mission were halved by the invasive strategy. It was con-
cluded that patients who first received an average of 6 days
of treatment with LMWH, ASA, nitrates, and � blockers
have a better outcome at 6 months.

The TACTICS trial enrolled 2220 patients with non-ST-
segment elevation ACS characterized by ST-T changes sug-
gestive of ischemia or elevated levels of cardiac markers or a
history of coronary artery disease.44 All patients received
aspirin, heparin, and tirofiban. In the invasive arm, routine
coronary angiography was performed within 4 to 48 hours
and revascularization as appropriate. The primary outcome
of death, non-fatal MI, or rehospitalization for an acute coro-
nary syndrome at 6 months was 15·9% with use of the early
invasive strategy and 19·4% with use of the conservative
strategy (OR 0·78; 95% CI 0·62–0·97; P � 0·025). The rate
of death or non-fatal MI at 6 months was similarly reduced
(7·3% v 9·5%; OR 0·74; 95% CI 0·54–1·00; 
P � 0·05) (Figure 30.15). As in the FRISC-II trial, the patients
who benefitted were those at medium or high risk, as
defined by an elevation of TnT greater than 0·01 ng/ml, the
presence of ST-segment deviation, or a TIMI risk score of
greater than 3. In the absence of these high-risk features,
outcomes in patients assigned to the two strategies were
similar. Women in the FRISC-II trial derived no benefit from
invasive management.48 They were older, yet had less
severe CAD and a better prognosis compared with men.
Such a gender difference was not present in the TACTICS
trial,48 suggesting that the differences were related to base-
line risk. Rates of major bleeding were similar, and lengths
of hospital stay were reduced in patients assigned to the
invasive strategy.

Thus, the two most recent trials comparing invasive 
versus conservative strategies in patients with non-ST-
segment elevation ACS showed a benefit in patients
assigned to the invasive strategy using state-of-the-art phar-
macologic therapy and stenting in the majority of cases. In
FRISC-II, the invasive strategy involved treatment for an
average of 6 days in the hospital with ASA and dalteparin. In
TACTICS–TIMI-18, treatment included ASA, unfractionated
heparin, and tirofiban and interventions were performed 
earlier (mean 22 h). A routine invasive management strat-
egy is therefore recommended in patients with a non-ST-seg-
ment elevation ACS with high-risk features characterized by

elevation of troponin levels, ST-segment ischemic changes
or a high risk score determined by the global clinical evalua-
tion. These patients also require aggressive
antithrombotic therapy. Drugs that have been
shown to be useful in randomized placebo-controlled stud-
ies include aspirin, clopidogrel, heparin, dalteparin, bival-
uridin, and the Gp IIb/IIa antagonists eptifibatide and
tirofiban in medical management and abciximab and eptifi-
batide in patients undergoing percutaneous intervention.

Direct comparisons of the various drugs have
shown superiority of enoxaparin over unfractionated
heparin,34,44 and over tinzaparin,170 and of abciximab over
tirofiban when administered in the cardiac catheterization
laboratory before procedures. The combination of enoxa-
parin with eptifibatide171 and with tirofiban172 has been
shown to be at least as effective and safe as the combination
with unfractionated heparin. No direct comparisons, how-
ever, have been conducted between the various regimens
that have been shown to be useful in non-ST-segment eleva-
tion ACS. Thus, the relative benefits of the combination of
aspirin and clopidogrel (CURE regimen) versus the combi-
nation of aspirin and a Gp IIb/IIa antagonist (PURSUIT and
PRISM-PLUS regimen), versus the combination of enoxa-
parin and ASA (ESSENCE regimen), are unknown. Further,
the potential benefits of various drug combinations, such as
for example ASA and enoxaparin with clopidogrel or with a
Gp IIb/IIIa antagonist, have not been studied. Also, uncer-
tainties exist as to the optimal timing for performing inter-
ventions. FRISC-II employed a delayed intervention strategy
and TACTICS an accelerated strategy. Many centers used an
immediate intervention strategy. On the other hand, no
early routine invasive procedure was used in the CURE trial.
The PCI–CURE study was designed to characterize prospec-
tively the event rates in patients who underwent PCI in the
trial. A total of 1313 patients, 21·2% of the total population,
had such an intervention a median of 10 days after random-
ization; in 65% of patients, it was performed during the ini-
tial hospitalization, a median of 6 days after randomization.
Open labeled ticlopidine or clopidogrel was administered
during PCI and for 4 weeks thereafter. The primary end
point of cardiovascular death, MI, or urgent target vessel
revascularization within 30 days of PCI occurred in 4·5% of
patients in the clopidogrel group compared with 6·4% in the
placebo group (RR 0·70; 95% CI 0·50–0·97; P � 0·03).
There was also less use of Gp IIb/IIIa inhibitor in the clopi-
dogrel group (P � 0·001).173 These results may suggest that
more prolonged administration of clopidogrel before percu-
taneous interventions could amplify the benefit, possibly by
more complete plaque passivation. Thus, much evidence
remains to be acquired to define the optimal modalities for
medical and invasive management of patients with non-ST-
segment elevation ACS. In the mean time, the best current
evidence dictates the use of a combination of ASA and 
clopidogrel, plus unfractionated heparin or lowGrade A
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molecular weight heparin, plus a Gp IIb/IIIa
antagonist in the patients remaining unstable and referred for
an interventional procedure. An early invasive
management approach is recommended for patients with ST-
segment shifts or an elevation of troponin T or I. 
Enoxaparin is preferred over unfractionated heparin when
the primary emphasis is placed on medical management
with no immediate intervention planned, 
and caution is advised in the use of clopidogrel in patients
with immediate PCI and a possibility of rapid CABG.

In the low-risk patients with no ischemic
changes, no troponin elevation and no recurrent ischemia,
risk stratification with a treadmill or another provocative test
is recommended. 

Case series support the use of the intra-aortic balloon
pump as a bridge to PCI or CABG to stabilize hemodynami-
cally unstable patients and patients with severe recurrent
ischemia on treatment. 

Cell protection

Cell necrosis is a significant problem in patients with a non-
ST-segment elevation acute coronary syndrome, as close to
50% of patients have some degree of necrosis at admission
and 5–15% develop a new myocardial infarction within a
few weeks (Figure 30.5). Reperfusion procedures are fre-
quently associated with myocardial infarction and there is a
correlation between subsequent mortality and elevation of
blood markers of necrosis, even within the range of only
one and three times normal.174 Measures that could prevent
or halt the progression of myocardial cell ischemia to necro-
sis could therefore optimize the benefit of current treatment
strategies (see Figure 30.9).91 These have been investigated
mainly in evolving ST-segment elevation MI, with the goal
of reducing infarct size. A number of interventions have
been shown to be protective in experimental models of
ischemia reperfusion. None of these interventions, however,
have translated into relevant benefit in humans. Beta block-
ers were shown in a meta-analysis to be of moderate 
benefit to prevent myocardial infarction in patients with
threatened myocardial infarction.108 A recent trial with cari-
poride, an inhibitor of the Na�/H� exchanger that prevents
the accumulation of anions within the ischemic cell, failed
to prevent myocardial infarction in patients with a 
non-ST-segment elevation ACS and in patients undergoing 
high-risk percutaneous interventions.175 Pilot studies with
antibodies against leukocyte integrins and against the
cytokine tissue necrosis factor 
 (TNF-
) suggested no
reductions of infarct size.176

Plaque passivation

An attractive treatment strategy for acute coronary syn-
dromes is control of inflammatory processes associated with
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Grade A plaque degradation that result in plaque rupture and throm-
bus formation (see Figure 30·9). In principle, these therapies
could be applied before, during or after the rupture. Since
there are no means to easily and reliably identify vulnerable
plaques, administration of these therapies before the clinical
manifestations of acute coronary syndromes is not practica-
ble. On the other hand, secondary preventive measures
applied past the very acute phase, as will be discussed in the
next section, are rewarding, particularly statin therapy 
and control of risk factors. Percutaneous interventions
including stent implantation are very effective during the
acute process, possibly by interrupting some of the processes
implicated in the disease. A 48 hour course of methylpred-
nisone in a small pilot study in patients with unstable angina
was ineffective to prevent ischemic events and even acceler-
ated their manifestations.177 Statins and ACE inhibitors can
promote plaque stabilization by their anti-inflammatory, anti-
oxidant, anti-cell proliferative and anticoagulant properties.178

Many trials and registries have shown that statins started
2–10 days after an ACS are well tolerated and associated
with reductions in total and low density lipoprotein choles-
terol. In pooled observational data of 20 809 ACS patients
enrolled in clinical trials, the presence of lipid lowering ther-
apy at hospital discharge was associated with a 56% reduc-
tion in risk of mortality at 1 month (P � 0·001).179 A Swedish
registry of 5528 AMI survivors reported a 1 year mortality of
9·3% in the 14 071 patients who had no statin at hospital dis-
charge and of 4·0% in the 5528 patients with a statin.180

In a small randomized trial, the initiation of pravastatin 
6 days after the acute phase was associated with a signifi-
cant reduction in the incidence of major cardiovascular
events at 2 years (P � 0·03).181 The MIRACL study was the
first large-scale clinical trial to investigate early treatment
with a statin in patients with an ACS.182 A total of 3086
patients with no interventions anticipated were randomized
within 24–96 hours of hospital admission to high-dose ator-
vastatin or placebo. The primary outcome of death, non-
fatal MI, resuscitated cardiac arrest or worsening angina
requiring urgent rehospitalization occurred at 16 weeks 
in 14·8% of treated patients and 17·4% of placebo patients
(RR 0·84; P � 0·048). The benefit was limited to the reduc-
tion of the outcome of worsening angina and there were no
significant differences in the risk of death, non-fatal MI, or
cardiac arrest. The survival curves diverged after a few
weeks. The MIRACL trial showed no definitive evidence 
of an early benefit for statins. Nevertheless, until the results
of ongoing trials are known, it is recommended to ini-
tiate statin therapy in hospital, before hospital discharge.

This approach increases the likelihood that
patients will continue to comply with statin therapy and
results in a greater percentage of patients using a statin after
one year.183 Numerous large-scale trials have documented
marked benefits of statins used in primary and secondary
prevention.
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Subacute therapy

Those patients who respond quickly to optimal medical
therapy in hospital, and who are found to be at relatively
low risk based upon a variety of prognostic factors and non-
invasive testing, require long-term follow up. Once they
have stabilized for about 24–48 hours in hospital, with no
ischemic pain recurrence, intravenous nitrate therapy is
generally tapered with the substitution of oral or topical
nitrates. The early efficacy of � blockers, and evidence for
long-term benefits in patients following MI184 and with sta-
ble ischemia, suggest that the therapy should be continued
indefinitely. Similar analogies appear reasonable if a rate-
limiting calcium antagonist was chosen because of con-
traindications to a � blocker, although there is no good 
evidence for long-term benefit in terms of major cardiovas-
cular outcomes. If large doses of � blocker or calcium antag-
onists, or combined therapy, were required for control of the
ischemic episodes, judicious decrements of intensity are
likely to be appropriate once the patient is fully mobilized
and non-invasive testing has indicated that revascularization
is not obligatory. 

The evidence from the initial trials of aspirin for unstable
angina121 demonstrated ongoing benefit for up to 2 years,
consistent with evidence in survivors of MI and patients
with stable angina.123 Accordingly, aspirin should be contin-
ued indefinitely. Clopidogrel, 75 mg daily should be started
on admission, and continued for at least 9–12 months, in
conjunction with aspirin. For those patients
intolerant of aspirin, clopidogrel alone is likely to be effica-
cious. Heparin should be sustained for at least
48 hours following the resolution of acute ischemic
episodes.148 Low molecular weight heparins appear to be at
least as efficacious as unfractionated heparin and may be
preferable in terms of ease of use and cost–benefit consider-
ations. They have generally been used in clinical trials for
longer periods of time than unfractionated heparin and can
therefore be administered until hospital discharge.

Clinical trials of oral Gp IIb/IIIa receptor antago-
nists have demonstrated no benefit and potential harm from
these agents. 

Early attention to optimal management of coronary risk
factors is mandatory as their control is definitively of benefit.

It is recommended to initiate a statin in hospital.
The HPS study showed benefit independently

of initial cholesterol levels.185

Recent evidence indicates that tight control of glucose 
in patients with type 2 diabetes reduces the risk of death 
following MI and among patients with newly detected type 2
diabetes.186–188 The recurrence of an unstable phase of coro-
nary artery disease or poor symptomatic control in patients
being managed on medical therapy generally mandates recon-
sideration of the option of revascularization and, if
not feasible, alternative medical therapy and the consideration
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of possible aspirin failure. Risk factor management
is of great importance in those patients who have undergone
revascularization and is focused on limiting progression of dis-
ease in non-revascularized vessels and in areas of percuta-
neous intervention and bypass conduits. The long-term use
of an ACE inhibitor is likely to be beneficial in all but the
lowest-risk patients who have experienced non-ST-segment
elevation acute coronary syndromes.189

References

1.Fowler NO. “Preinfarctional” angina: a need for an objective
definition and for a controlled clinical trial of its management.
Circulation 1971;44:755–8.

2.Wood P. Therapeutic application of anticoagulants. Trans Med
Soc Lond 1948;66:80.

3.Fuster V, Steele PM, Chesebro JH. Role of platelets and throm-
bosis in coronary atherosclerotic disease and sudden death. J
Am Coll Cardiol 1985;5:175B–184B.

4.Davies MJ and Thomas A. Thrombosis and acute coronary
artery lesions in sudden cardiac ischemic death. N Engl J Med
1984;310:1137–40.

5.Davies M, Thomas A, Knapman P, Hangartner R. Intra-
myocardial platelet aggregation in patients with unstable angina
suffering sudden ischaemic cardiac death. Circulation 1986;
73:418–27.

6.Falk E. Unstable angina with fatal outcome: dynamic coronary
thrombosis leading to infarction and/or sudden death: autopsy
evidence of recurrent mural thrombosis with peripheral
embolization culminating in total coronary occlusion.
Circulation 1985;71:699–708.

7.Falk E. Plaque rupture with severe pre-existing stenosis precipi-
tating coronary thrombosis. Characteristics of coronary athero-
sclerotic plaque underlying fatal occlusive thrombi. 
Br Heart J 1983;50:127–34.

8.DeWood MA, Spores J, Notske R et al. Prevalence of total coro-
nary occlusion during the early hours of transmural myocardial
infarction. N Engl J Med 1980;303:897–902.

9.Braunwald E, Antman EM, Beasley JW et al. ACC/AHA guide-
lines for the management of patients with unstable angina-non-
ST-segment elevation myocardial infarction: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee on the
Management of Patients With Unstable Angina). 2002.
Available at: http://www.acc.org/clinical/guidelines/unsta-
ble/unstable.pdf

10.Braunwald E. Unstable angina. A classification. Circulation
1989;80:410–14.

11.Antman EM, Braunwald E. Acute myocardial infarction. In:
Braunwald E, Zipes DP, Libby P, eds. Heart disease: a 
textbook of cardiovascular medicine. Philadelphia: WB
Saunders, 2001.

12.The Joint European Society of Cardiology/American College of
Cardiology Committee. Myocardial infarction redefined – a
consensus document of the Joint European Society of
Cardiology/American College of Cardiology Committee for the

Grade A

Grade B

Unstable angina and NSTEMI

419



redefinition of myocardial infarction. J Am Coll Cardiol
2000;36:959–69.

13.Hamm CW, Braunwald E. A classification of unstable angina
revisited. Circulation 2000;102:118–22.

14.Nourjah P. National Hospital Ambulatory Medical Care Survey:
1997 emergency department summary. Advance data from
Vital and Health Statistics. Hyattsville, MD: National Center for
Health Statistics, 1999:304.

15.National Center for Health Statistics. Detailed diagnoses and
procedures. National Hospital Discharge Survey, 1996.

16.Data from Vital and Health Statistics. Hyattsville, MD: National
Center for Health Statistics, 1998:13.

17.Bata IR, Gregor RD, Eastwood BJ, Wolf HK. Trends in the inci-
dence of acute myocardial infarction between 1984 and 1993 –
The Halifax County MONICA Project. Can J Cardiol
2000;16:589–95.

18.Volmink JA, Newton JN, Hicks NR, Sleight P, Fowler GH, Neil
HA. Coronary event and case fatality rates in an English popu-
lation: results of the Oxford myocardial infarction incidence
study. The Oxford Myocardial Infarction Incidence Study
Group. Heart 1998;80:40–4.

19.Madsen M, Rasmussen S, Juel K. [Acute myocardial infarction
in Denmark. Incidence development and prognosis during a
20-year period]. Ugeskr Laeger 2000;162:5918–23.

20.van der Pal-de Bruin KM, Verkleij H, Jansen J, Bartelds A,
Kromhout D. The incidence of suspected myocardial infarction
in Dutch general practice in the period 1978–1994. Eur Heart
J 1998;19:429–34.

21.Fox KA, Cokkinos DV, Deckers J, Keil U, Maggioni A, Steg G.
The ENACT study: a pan-European survey of acute coronary
syndromes. European Network for Acute Coronary Treatment.
Eur Heart J 2000;21:1440–9.

22.Goldberg RJ, Steg PG, Sadiq I et al. Extent of, and factors asso-
ciated with, delay to hospital presentation in patients with
acute coronary disease (the GRACE registry). Am J Cardiol
2002;89:791–6.

23.Furman MI, Dauerman HL, Goldberg RJ, Yarzebski J, Lessard D,
Gore JM. Twenty-two year (1975 to 1997) trends in the 
incidence, in-hospital and long-term case fatality rates from ini-
tial Q-wave and non-Q-wave myocardial infarction: a multi- hos-
pital, community-wide perspective. J Am Coll Cardiol 2001;
37:1571–80.

24.Braunwald E, Mark DB, Jones RH et al. Unstable angina: diag-
nosis and management. Clinical practice guideline, no. 10
(Agency for Health Care Policy and Research Publications No.
94: 6–2). Rockville, MD: US Department of Health and Human
Services, 1994.

25.Malmberg K, Yusuf S, Gerstein HC et al. Impact of diabetes on
long-term prognosis in patients with unstable angina and non-
Q-wave myocardial infarction: results of the OASIS
(Organization to Assess Strategies for Ischemic Syndromes)
Registry. Circulation 2000;102:1014–19.

26.Savonitto S, Ardissino D, Granger CB et al. Prognostic value of
the admission electrocardiogram in acute coronary syndromes.
JAMA 1999;281:707–13.

27.Bogaty P, Poirier P, Simard S, Boyer L, Solymoss S, Dagenais
GR. Biological profiles in subjects with recurrent acute coronary
events compared with subjects with long-standing stable
angina. Circulation 2001;103:3062–8.

28.Bahit MC, Granger CB, Wallentin L. Persistence of the pro-
thrombotic state after acute coronary syndromes: implications
for treatment. Am Heart J 2002;143:205–16.

29.Cairns JA, Fantus IG, Klassen GA. Unstable angina pectoris. Am
Heart J 1976;92:373–86.

30.Cairns J, Singer J, Gent M et al. One-year mortality outcomes of
all coronary and intensive care units with acute myocardial
infarction, unstable angina or other chest pain in Hamilton,
Canada, a city of 375 000 people. Can J Cardiol 1989;5:
239–46.

31.The RISC Group. Risk of myocardial infarction and death dur-
ing treatment with low-dose aspirin and intravenous heparin in
men with unstable coronary artery disease. Lancet
1990;226:827–30.

32.Theroux P, Waters D, Qiu S et al. Aspirin versus heparin to pre-
vent myocardial infarction during the acute phase of unstable
angina. Circulation 1993;88:2045–8.

33.The Global Use of Strategies to Open Occluded Coronary
Arteries (GUSTO) IIb Investigators. A comparison of recombi-
nant hirudin with heparin for the treatment of acute coronary
syndromes. N Engl J Med 1996;335:775–82.

34.Cohen M, Demers C, Gurfinkel EP et al. A comparison of low
molecular-weight heparin with unfractionated heparin for
unstable coronary artery disease. Efficacy and Safety of
Subcutaneous Enoxaparin in Non-Q-Wave Coronary Events
Study Group. N Engl J Med 1997;337:447–52.

35.Platelet Receptor Inhibition for Ischemic Syndrome
Management in Patients Limited by Unstable Signs and
Symptoms (PRISM) Study Investigators. A comparison of
aspirin plus tirofiban versus aspirin plus heparin for unstable
angina. N Engl J Med 1998;338:1498–505.

36.Platelet Receptor Inhibition in Ischemic Syndrome
Management in Patients Limited by Unstable Signs and
Symptoms (PRISM-PLUS) Study Investigators. Inhibition of the
platelet glycoprotein IIb/IIIa receptor with tirofiban in unstable
angina and non-Q-wave myocardial infarction. N Engl J Med
1998;338:1488–97.

37.The PARAGON Investigators. International, randomized, con-
trolled trial of lamifiban (a platelet glycoprotein IIb/IIIa inhibitor),
heparin, or both in unstable angina. Platelet IIb/IIIa Antagonism
for the Reduction of Acute Coronary Syndrome Events in a Global
Organization Network. Circulation 1998;97:2386–95.

38.Mahaffey KW, Roe MT, Dyke CK et al. Misreporting 
of myocardial infarction end points: results of adjudication 
by a central clinical events committee in the PARAGON-B trial.
Second Platelet IIb/IIIa Antagonist for the Reduction 
of Acute Coronary Syndrome Events in a Global Organization
Network Trial. Am Heart J 2002;143:242–8.

39.PURSUIT Investigators. Inhibition of platelet glycoprotein
IIb/IIIa with eptifibatide in patients with acute coronary syn-
dromes. Platelet Glycoprotein IIb/IIIa in Unstable Angina:
Receptor Suppression Using Integrilin Therapy. N Engl J Med
1998;339:436–43.

40.Organisation to Assess Strategies for Ischemic Syndromes
(OASIS-2) Investigators. Effects of recombinant hirudin 
(lepirudin) compared with heparin on death, myocardial 
infarction, refractory angina, and revascularisation procedures
in patients with acute myocardial ischaemia without ST eleva-
tion: a randomized trial. Lancet 1999;353:429–38.

Evidence-based Cardiology

420



41.Antman EM, McCabe CH, Gurfinkel EP et al. Enoxaparin pre-
vents death and cardiac ischemic events in unstable
angina/non-Q-wave myocardial infarction: results of the throm-
bolysis in myocardial infarction (TIMI) 11B trial. Circulation
1999;100:1593–601.

42.The GUSTO IV-ACS Investigators. Effect of glycoprotein
IIb/IIIa receptor blocker abciximab on outcome in patients
with acute coronary syndromes without early coronary revas-
cularisation: the GUSTO IV-ACS randomized trial. Lancet
2001;357:1915–24.

43.FRISC II Investigators. Invasive compared with non-invasive
treatment in unstable coronary-artery disease: FRISC II prospec-
tive randomized multicenter study. Lancet 1999; 354:708–15.

44.Cannon CP, Weintraub WS, Demopoulos LA et al. Comparison
of early invasive and conservative strategies in patients with
unstable coronary syndromes treated with the glycoprotein
IIb/IIIa inhibitor tirofiban. N Engl J Med 2001; 344:
1879–87.

45.Jayes RL Jr, Beshansky JR, D’Agostino RB, Selker HP. Do
patients’ coronary risk factor reports predict acute cardiac
ischemia in the emergency department? A multicenter study. 
J Clin Epidemiol 1992;45:621–6.

46.Sheifer SE, Manolio TA, Gersh BJ. Unrecognized myocardial
infarction. Ann Intern Med 2001;135:801–11.

47.Hochman JS, Tamis JE, Thompson TD et al. Sex, clinical pres-
entation, and outcome in patients with acute coronary syn-
dromes. Global Use of Strategies to Open Occluded Coronary
Arteries in Acute Coronary Syndromes IIb Investigators. N Engl
J Med 1999;341:226–32.

48.Lagerqvist B, Safstrom K, Stahle E, Wallentin L, Swahn E. Is
early invasive treatment of unstable coronary artery disease
equally effective for both women and men? FRISC II Study
Group Investigators. J Am Coll Cardiol 2001;38:41–8.

49.Lesperance F, Frasure-Smith N, Juneau M, Theroux P.
Depression and 1-year prognosis in unstable angina. Arch
Intern Med 2000;160:1354–60.

50.Hamm CW, Ravkilde J, Gerhardt W et al. The prognostic value
of serum troponin T in unstable angina. N Engl J Med
1992;327:146–50.

51.Antman EM, Tanasijevic MJ, Thompson B et al. Cardiac-
specific troponin I levels to predict the risk of mortality in
patients with acute coronary syndromes. N Engl J Med
1996;335:1342–9.

52.Lindahl B, Venge P, Armstrong P et al. Troponin-T 0·03 �g/l is
the most appropriate cut-off level between high and low risk
acute coronary syndrome patients: prospective verification in a
large cohort of placebo patients from the GUSTO-IV ACS study.
J Am Coll Cardiol 2001;37(Suppl. A):326A.

53.Lindahl B, Venge P, Wallentin L. Relation between troponin T
and the risk of subsequent cardiac events in unstable coronary
artery disease. The FRISC study group. Circulation 1996;
93:1651–7.

54.Olatidoye AG, Wu AH, Feng YJ, Waters D. Prognostic role of
troponin T versus troponin I in unstable angina pectoris for car-
diac events with meta-analysis comparing published studies.
Am J Cardiol 1998;81:1405–10.

55.Ottani F, Galvani M, Nicolini FA et al. Elevated cardiac troponin
levels predict the risk of adverse outcome in patients with 
acute coronary syndromes. Am Heart J 2000;140: 917–27.

56.Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM,
Go AS, Hlatky MA. The prognostic value of troponin in patients
with non-ST elevation acute coronary syndromes: a meta-analy-
sis. J Am Coll Cardiol 2001;38:478–85.

57.Hamm CW, Heeschen C, Goldmann B et al. Benefit of abcix-
imab in patients with refractory unstable angina in relation to
serum troponin T levels. c7E3 Fab Antiplatelet Therapy in
Unstable Refractory Angina (CAPTURE) Study Investigators. N
Engl J Med 1999;340:1623–9.

58.Morrow DA, Antman EM, Tanasijevic M et al. Cardiac tro-
ponin I for stratification of early outcomes and the efficacy of
enoxaparin in unstable angina: a TIMI-11B substudy. J Am Coll
Cardiol 2000;36:1812–17.

59.Morrow DA, Cannon CP, Rifai N et al. The TACTICS-TIMI 18
Investigators. Ability of minor elevations of troponins I and T to
predict benefit from an early invasive strategy in patients with
unstable angina and non-ST elevation myocardial infarction:
results from a randomized trial. JAMA 2001;286: 2405–12.

60.Langer A, Freeman MR, Armstrong PW. ST segment shift in
unstable angina: pathophysiology and association with coronary
anatomy and hospital outcome. J Am Coll Cardiol
1989;13:1495–502.

61.Cannon CP, McCabe CH, Stone PH et al. The electrocardio-
gram predicts one-year outcome of patients with unstable
angina and non-Q wave myocardial infarction: results of the
TIMI III Registry ECG Ancillary Study. Thrombolysis in
Myocardial Ischemia. J Am Coll Cardiol 1997;30:133–40.

62.Kaul P, Fu Y, Chang WC et al. Prognostic value of ST-segment
depression in acute coronary syndromes: insights from
PARAGON-A applied to GUSTO-IIb. J Am Coll Cardiol 2001;
38:64–71.

63.Hyde TA, French JK, Wong CK et al. Four-year survival of
patients with acute coronary syndromes without ST segment
elevation and prognostic significance of 0·5-mm ST segment
depression. Am J Cardiol 1999;84:379–85.

64.de Zwaan C, Bär FW, Janssen JHA et al. Angiographic and clin-
ical characteristics of patients with unstable angina showing an
ECG pattern indicating critical narrowing of the proximal LAD
coronary artery. Am Heart J 1989;117:657–65.

65.Cohen M, Hawkins L, Greenberg S, Fuster V. Usefulness of ST-
segment changes in �2 leads on the emergency room electro-
cardiogram in either unstable angina pectoris or non-Q-wave
myocardial infarction in predicting outcome. Am J Cardiol
1991;67:1368–73.

66.Armstrong PW, Fu Y, Chang WC et al. Acute coronary syn-
dromes in the GUSTO-IIb trial. Prognostic insights and impact
of recurrent ischemia. Circulation 1998;98:1860–8.

67.Boersma E, Pieper KS, Steyerberg EW et al. Predictors of out-
come in patients with acute coronary syndromes without per-
sistent ST-segment elevation. Results from an international trial
of 9461 patients. The PURSUIT Investigators. Circulation
2000;101:2557–67.

68.Antman EM, Cohen M, Bernink PJ et al. The TIMI risk score
for unstable angina/non-ST elevation MI: a method for prog-
nostication and therapeutic decision-making. JAMA 2000;
284:835–42.

69.Morrow DA, Antman EM, Snapinn S et al. An integrated clin-
ical approach to predicting the benefit of tirofiban in non-ST
elevation acute coronary syndromes: application of the TIMI

Unstable angina and NSTEMI

421



risk score for UA/NSTEMI in PRISM-PLUS. Eur Heart J
2002;23:223–9.

70.Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds
to the predictive value of total and HDL cholesterol in deter-
mining risk of first myocardial infarction. Circulation
1998;97:2007–11.

71.Liuzzo G, Biasucci LM, Gallimore JR et al. Enhanced inflam-
matory response in patients with pre-infarction unstable
angina. J Am Coll Cardiol 1999;34:1696–703.

72.Biasucci LM, Liuzzo G, Grillo RL et al. Elevated levels of 
C-reactive protein at discharge in patients with unstable angina
predict recurrent instability. Circulation 1999;99: 855–60.

73.Toss H, Lindahl B, Siegbahn A et al. Prognostic influence of
increased fibrinogen and C-reactive protein levels in unstable
coronary artery disease. FRISC Study Group. Fragmin during
Instability in Coronary Artery Disease. Circulation 1997;
96:4204–10.

74.Heeschen C, Hamm CW, Bruemmer J et al. Predictive value
of C-reactive protein and troponin T in patients with unstable
angina: a comparative analysis. CAPTURE Investigators.
Chimeric c7E3 AntiPlatelet Therapy in Unstable angina
REfractory to standard treatment trial. J Am Coll Cardiol
2000;35:1535–42.

75.Haverkate F, Thompson SG, Pyke SD et al. Production of 
C-reactive protein and risk of coronary events in stable and
unstable angina. European Concerted Action on Thrombosis
and Disabilities Angina Pectoris Study Group. Lancet
1997;349:462–6.

76.Lindahl B, Toss H, Siegbahn A et al. Markers of myocardial
damage and inflammation in relation to long-term mortality 
in unstable coronary artery disease. FRISC Study Group.
Fragmin during Instability in Coronary Artery Disease. N Engl
J Med 2000;343:1139–47.

77.Morrow DA, Rifai N, Antman EM et al. C-reactive protein is a
potent predictor of mortality independently of and in combi-
nation with troponin T in acute coronary syndromes: a TIMI
11A substudy. Thrombolysis in Myocardial Infarction. 
J Am Coll Cardiol 1998;31:1460–5.

78.Ridker PM, Rifai N, Clearfield M et al. Measurement of 
C-reactive protein for the targeting of statin therapy in the pri-
mary prevention of acute coronary events. N Engl J Med
2001;344:1959–65.

79.Ridker PM, Cushman M, Stampfer MJ et al. Inflammation,
aspirin, and the risk of cardiovascular disease in apparently
healthy men. N Engl J Med 1997;336:973–9.

80.Buffon A, Liuzzo G, Biasucci LM et al. Preprocedural serum
levels of C-reactive protein predict early complications and
late restenosis after coronary angioplasty. J Am Coll Cardiol
1999;34:1512–21.

81.Chew DP, Bhatt DL, Robbins MA et al. Incremental prognostic
value of elevated baseline C-reactive protein among established
markers of risk in percutaneous coronary intervention.
Circulation 2001;104:992–7.

82.Milazzo D, Biasucci LM, Luciani N et al. Elevated levels of 
C-reactive protein before coronary artery bypass grafting predict
recurrence of ischemic events. Am J Cardiol 1999;84:459–61.

83.Theroux P, Fuster V. Acute coronary syndromes: unstable
angina and non-Q-wave myocardial infarction. Circulation
1998;97:1195–206.

84.Libby P, Ridker PM, Maseri A. Inflammation and atherosclero-
sis. Circulation 2002;105:1135–43.

85.Libby P. Current concepts of the pathogenesis of the acute
coronary syndromes. Circulation 2001;104:365–72.

86.Arbustini E, Bello BD, Morbini P et al. Plaque erosion is a
major substrate for coronary thrombosis in acute myocardial
infarction. Heart 1999;82:269–72.

87.Frink RJ. Chronic ulcerated plaques: new insights into the
pathogenesis of acute coronary disease. J Invas Cardiol
1994;6:173–85.

88.Tracy RE, Devaney K, Kissling G. Characteristics of the plaque
under a coronary thrombus. Virchows Arch A Pathol Anat
Histopathol 1985;405:411–27.

89.Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M,
O’Neill WW. Multiple complex coronary plaques in patients
with acute myocardial infarction. N Engl J Med 2000;
343:915–22.

90.The TIMI IIIA Investigators. Early effects of tissue-type plas-
minogen activator added to conventional therapy on the cul-
prit coronary lesion in patients with ischemic cardiac pain at
rest. Results of the Thrombolysis in Myocardial Ischemia
(TIMI IIIA) Trial. Circulation 1993;87:38–52.

91.Theroux P. Myocardial cell protection: a challenging time 
for action and a challenging time for clinical research. Circu-
lation 2000;101:2874–6.

92.Orlander R. Use of nitrates in the treatment of unstable and
variant angina. Drugs 1987;33:131–9.

93.Gobel EJAM, Hautvast RWH, van Gilst WH et al. Randomized,
double-blind trial of intravenous diltiazem versus glyceral tini-
trate for unstable angina pectoris. Lancet 1995;346:1653–7.

94.Jugdutt BL, Warnica JW. Intravenous nitroglycerin therapy to
limit myocardial infarction size, expansions and complica-
tions. Effective timing, dosage and infarct location. Circu-
lation 1988;78:906–20.

95.ISIS-4. A randomized factorial trial assessing early oral capto-
pril, oral mononitrate, and intravenous magnesium sulphate
in 58 050 patients with suspected myocardial infarction.
Lancet 1995;345:669–85.

96.Gruppo Italiano per lo Studio della Sopravvivenze nell’Infarto
Miocardico. GISSI-3: effects of lisinopril and trandermal glyc-
eryl trinitrate single and together on 6-week mortality and
ventricular function after acute myocardial infarction. Lancet
1994;343:1115–22.

97.Cheitlin MD, Hutter AMJ, Brindis RG et al. ACC/AHA 
expert consensus document use of sildenafil (Viagra) in
patients with cardiovascular disease: American College of
Cardiology/American Heart Association. J Am Coll Cardiol
1999;33:273–82.

98.Muller JE, Turi ZG, Pearle DL et al. Nifedipine and conven-
tional therapy for unstable angina pectoris: a randomized,
double-blind comparison. Circulation 1984;69:728–39.

99.The Netherlands Interuniversity Nifedipine/Metropolol Trial
(HINT) Research Group. Early treatment of unstable angina in
the coronary care unit: a randomized, double-blind, placebo
controlled comparison of recurrent ischemia in patients
treated with nifedipine or metropolol or both. Br Heart J
1986;73:331–7.

100.Gottlieb So, Weisfeldt M, Ouyang P et al. Effect of the addi-
tion of propranolol to therapy with nifedipine for unstable

Evidence-based Cardiology

422



angina pectoris. A randomized, double-blind, placebo-
controlled trial. Circulation 1986;73:331–7.

101.Gerstenblith G, Ouyang P, Achuff SC et al. Nifedipine in
unstable angina: a double-blind, randomized trial. N Engl J
Med 1982;306:885–9.

102.Furberg CD, Psaty BM, Meye JV. Nifedipine. Dose-related
increase in mortality in patients with coronary heart disease.
Circulation 1995;92:1326–31.

103.Theroux P, Taeymans Y, Morrissette D, Bosch Y, Pelletier GB,
Waters DD. A randomized study comparing propranolol and
diltiazem in the treatment of unstable angina. J Am 
Coll Cardiol 1985;5:717–22.

104.Andre-Fouet X, Usdin JP, Gayet CH et al. Comparison of short-
term efficacy of diltiazem and propranolol in unstable angina
at rest. A randomized trial in 70 patients. Eur Heart J
1983;4:691–8.

105.Parodi O, Maseri A, Simonetti I. Management of unstable
angina by verapamil. A double-blind crossover study in CCU.
Br Heart J 1979;41:167–74.

106.Mehta J, Pepine CJ, Day M, Guerrero JR, Conti CR. Short-
term efficacy of oral verapamil in rest angina. A double-
blind controlled trial in CCU patients. Am J Med 1981;71:
977–82.

107.Scheidt S, Frishman WH, Packer M, Parodi O, 
Subramanian VB. Long-term effectiveness of verapamil in sta-
ble and unstable angina pectoris. One-year follow-up of
patients treated in placebo-controlled double-blind random-
ized clinical trials. Am J Cardiol 1982;50:1185–90.

108.Yusuf S, Wittes J, Friedman L. Overview of results of random-
ized clinical trials in heart disease. II. Unstable angina, heart
failure, primary prevention with aspirin, and risk factor modi-
fication. JAMA 1988;260:2259–63.

109.Patel DJ, Purcell HJ, Fox KM. Cardioprotection by opening of
the K(ATP) channel in unstable angina. Is this a clinical mani-
festation of myocardial preconditioning? Results of a random-
ized study with nicorandil. CESAR 2 investigation. Clinical
European studies in angina and revascularization. Eur Heart J
1999;20:51–7.

110.Johnson SM, Mauritson DR, Willerson JT, Hillis LD. A con-
trolled trial of verapamil for Prinzmetal’s variant angina. 
N Engl J Med 1981;304:862–66.

111.Capucci A, Bracchetti D, Carini GC, DiCio G, Maresta A,
Magnani B. Propranolol versus verapamil in patients with
unstable angina. In: Zanchetti A, Krikler DM, eds. Calcium
antagonism in cardiovascular therapy. Experience with vera-
pamil. Amsterdam: Excerpta Medica, 1981.

112.Parodi O, Simoneti I, Michelassi C et al. Comparison of vera-
pamil and propranolol therapy for angina pectoris at rest. 
A randomized, multiple-crossover, controlled trial in the coro-
nary care unit. Am J Cardiol 1986;57:899–906.

113.Rosenthal SJ, Ginsburg R, Lamb IH, Baim DS, Schroeder JS.
Efficiacy of diltiazem for control of symptoms of coronary
artery spasm. Am J Cardiol 1980;46:1027–32.

114.Pepine CJ, Feldman RL, Whittle J, Curry RC, Conti GR. Effect
of diltiazem in patients with variant angina. A randomized
double-blind trial. Am Heart J 1981;101:719–25.

115.Schroeder JS, Feldman RL, Giles TD et al. Multiclinic con-
trolled trial of diltiazem for Prinzmetal’s variant angina. JAMA
1982;72:227–32.

116.Tilmant PY, LaBlanche JM, Thieuleux FA, Dupuis BA,
Bertrand ME. Detrimental effect of propranolol in patients
with coronary arterial spasm countered by combination with
diltiazem. Am J Cardiol 1983;52:230–3.

117.Previtali M, Salerno J, Tavazzi L et al. Treatment of angina at
rest with nifedipine: a short-term controlled study. Am J
Cardiol 1980;45:825–30.

118.Ginsburg R, Lab IH, Schroeder JS, Hu M, Harrison DC.
Randomized double-blind comparison of nifedipine and isosor-
bide dinitrate therapy in variant angina pectoris due to coro-
nary artery spasm. Am Heart J 1982;103:44–8.

119.Hill JA, Feldman RI, Pepine CJ, Conti CR. Randomized 
double-blind comparison of nifedipine and isosorbide dinitrate
in patients with coronary arterial spasm. Am J Cardiol 1982;
49:431–8.

120.Rizik DG, Healy S, Margulis A et al. A new clinical classifica-
tion for hospital prognosis of unstable angina pectoris. Am J
Cardiol 1995;75:993–7.

121.Lewis HD, Davis JW, Archibald DG et al. Protective effects of
aspirin against myocardial infarction and death in men with
unstable angina. N Engl J Med 1983;313:396–403.

122.Cairns JA, Gent M, Singer J et al. Aspirin, sulfinpyrazone, or
both in unstable angina. N Engl J Med 1985;313:
1369–75.

123.Collaborative meta-analysis of randomized trials of antiplatelet
therapy for prevention of death, myocardial infarction, and
stroke in high-risk patients. BMJ 2002;324: 71–86.

124.Patrono C, Coller B, Dalen JE et al. Platelet-active drugs. The
relationships among dose, effectiveness, and side effects.
Chest 2001;119:39S–63S.

125.Gum PA, Kottke-Marchant K, Poggio ED et al. Profile and
prevalence of aspirin resistance in patients with cardiovascular
disease. Am J Cardiol 2001;88:230–5.

126.Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S.
Aspirin-resistant thromboxane biosynthesis and the risk of
myocardial infarction, stroke, or cardiovascular death in
patients at high risk for cardiovascular events. Circulation
2002;105:1650–5.

127.Catella-Lawson F, Reilly MP, Kapoor SC et al. Cyclooxygenase
inhibitors and the antiplatelet effects of aspirin. N Engl J Med
2001;345:1809–17.

128.Cipollone F, Ciabattoni G, Patrignani P et al. Oxidant stress
and aspirin-insensitive thromboxane biosynthesis in severe
unstable angina. Circulation 2000;102:1007–13.

129.Theroux P, Latour JG, Diodati J et al. Hemodynamic, platelet,
and clinical response to prostacycline in unstable angina pec-
toris. Am J Cardiol 1990;65:1084–9.

130.Cayatte AJ, Du Y, Oliver-Krasinski J, Lavielle G, Verbeuren TJ,
Cohen RA. The thromboxane receptor antagonist S18886 but
not aspirin inhibits atherogenesis in apo E-deficient mice.
Evidence that eicosanoids other than thromboxane contribute
to atherosclerosis. Arterioscler Thromb Vasc Biol 2000;
20:1724–8.

131.Balsano F, Rizzon P, Violi F et al. Antiplatelet treatment with
ticlopidine in unstable angina. Circulation 1990;82:
17–26.

132.Gent M, Blakely JA, Easton JD et al. The Canadian American
Ticlopidine Study (CATS) in thromboembolic stroke. Lancet
1989;1:1215–20.

Unstable angina and NSTEMI

423



133.Bhatt DL, Chew DP, Hirsch AT, Ringleb PA, Hacke W, 
Topol EJ. Superiority of clopidogrel versus aspirin in patients
with prior cardiac surgery. Circulation 2001;103:363–8.

134.CAPRIE Steering Committee. A randomized, blinded, trial of
clopidogrel versus aspirin in patients at risk of ischaemic
events (CAPRIE). Lancet 1996;348:1329–39.

135.Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, 
Fox KK. Effects of clopidogrel in addition to aspirin in patients
with acute coronary syndromes without ST-segment eleva-
tion. N Engl J Med 2001;345:494–502.

136.The CURE Trial Investigators. Effects of clopidogrel in addi-
tion to aspirin in patients with acute coronary syndromes
without ST-segment elevation. N Engl J Med 2001; 345:
494–502.

137.The Platelet IIb/IIIa Antagonist for the Reduction of Acute
Coronary Syndrome Events in a Global Organization Network
(PARAGON)-B Investigators. Randomized, placebo- controlled
trial of titrated intravenous lamifiban for acute coronary syn-
dromes. Circulation 2002;105:316–21.

138.EPIC Investigators. Use of a monoclonal antibody directed
against the platelet glycoprotein IIb/IIIa receptor in high-risk
coronary angioplasty. N Engl J Med 1997;336: 1689–96.

139.The EPISTENT Investigators. Randomized placebo-controlled
and balloon-angioplasty-controlled trial to assess safety of coro-
nary stenting with use of platelet glycoprotein-IIb/IIIa block-
ade. Evaluation of Platelet IIb/IIIa Inhibitor for Stenting.
Lancet 1998;352:87–92.

140.The CAPTURE Investigators. Randomized placebo-
controlled trial of abciximab before and during coronary inter-
vention in refractory unstable angina: the CAPTURE trial.
Lancet 1997;349:1429–35.

141.Topol EJ, Moliterno DJ, Herrmann HC et al. Comparison of two
platelet glycoprotein IIb/IIIa inhibitors, tirofiban and abcix-
imab, for the prevention of ischemic events with percutaneous
coronary revascularization. N Engl J Med 2001;344:1888–94.

142.The RESTORE Investigators. Randomized Efficacy Study of
Tirofiban for Outcomes and REstenosis. Effects of platelet gly-
coprotein IIb/IIIa blockade with tirofiban on adverse cardiac
events in patients with unstable angina or acute myocardial
infarction undergoing coronary angioplasty. Circulation
1997;96:1445–53.

143.O’Shea JC, Hafley GE, Greenberg S et al. Platelet glycoprotein
IIb/IIIa integrin blockade with eptifibatide in coronary stent
intervention: the ESPRIT trial: a randomized controlled trial.
JAMA 2001;285:2468–73.

144.Boersma E, Akkerhuis KM, Theroux P, Califf RM, Topol EJ,
Simoons ML. Platelet glycoprotein IIb/IIIa receptor inhibition
in non-ST-elevation acute coronary syndromes early benefit
during medical treatment only, with additional protection dur-
ing percutaneous coronary intervention. Circulation
1999;100:2045–8.

145.Boersma E, Harrington RA, Moliterno DJ et al. Platelet glyco-
protein IIb/IIIa inhibitors in acute coronary syndromes: a
meta-analysis of all major randomized clinical trials. Lancet
2002;359:189–98.

146.Roffi M, Chew DP, Mukherjee D et al. Platelet glycoprotein
IIb/IIIa inhibitors reduce mortality in diabetic patients with
non-ST-segment-elevation acute coronary syndromes.
Circulation 2001;104:2767–71.

147.Chew DP, Bhatt DL, Sapp S, Topol EJ. Increased mortality
with oral platelet glycoprotein IIb/IIIa antagonists. A meta-
analysis of phase III multicenter randomized trials. Circulation
2001;103:201–6.

148.Theroux P, Waters D, Lam J, Juneau M, McCans J.
Reactivation of unstable angina after the discontinuation 
of heparin [see comments]. N Engl J Med 1992;327:
141–5.

149.Hirsh J, Anand SS, Halperin JL, Fuster V. Guide to anticoagu-
lant therapy. Heparin: a statement for healthcare professionals
from the American Heart Association. Circulation 2001;103:
2994–3018.

150.Fragmin during Instability in Coronary Artery Disease (FRISC)
study group. Low-molecular-weight heparin during instability
in coronary artery disease. Lancet 1996;347: 561–8.

151.Klein W, Buchwald A, Hillis SE et al. Fragmin in unstable
coronary artery disease study: comparison of low- molecular
weight- heparin with unfractionated heparin acutely and with
placebo for 6 weeks in the management of unstable coronary
artery disease. Circulation 1997;96:61–8.

152.The FRAXIS Study Group. Comparison of two treatment dura-
tions (6 days and 14 days) of a low molecular weight heparin
with a 6-day treatment of unfractionated heparin in the initial
management of unstable angina or non-Q-wave myocardial
infarction: FRAXIS (FRAXiparine in Ischaemic Syndrome). Eur
Heart J 1999;20:1553–62.

153.Antman EM, Cohen M, Radley D et al. Assessment of the
treatment effect of enoxaparin for unstable angina/non-Q-
wave myocardial infarction. TIMI 11B-ESSENCE meta-analy-
sis. Circulation 1999;100:1602–8.

154.Weitz JI, Buller HR. Direct thrombin inhibitors in acute coro-
nary syndromes. Present and future. Circulation 2002;105:
1004–11.

155.The Global Use of Strategies to Open Occluded Coronary
Arteries (GUSTO) IIa Investigators. Randomized trial of intra-
venous heparin versus recombinant hirudin for acute coronary
syndromes. Circulation 1994;90:1631–7.

156.Antman EM. Hirudin in acute myocardial infarction.
Thrombolysis and Thrombin Inhibition in Myocardial
Infarction (TIMI) 9B trial. Circulation 1996;94:911–21.

157.Organization to Assess Strategies for Ischemic Syndromes
(OASIS) Investigators. Comparison of the effects of two doses
of recombinant hirudin compared with heparin in patients
with acute myocardial ischemia without ST elevation: a pilot
study. Circulation 1997;96:769–77.

158.The Direct Thrombin Inhibitor Trialists’ Collaborative Group.
Direct thrombin inhibitors in acute coronary syndromes: prin-
cipal results of a meta-analysis based on individual patients’
data. Lancet 2002;359:294–302.

159.Anand SS, Yusuf S. Oral anticoagulant therapy in patients with
coronary artery disease: a meta-analysis. JAMA 1999; 282:
2058–67.

160.Eikelboom JW, Anand SS, Malmberg K, Weitz JI, Ginsberg JS,
Yusuf S. Unfractionated heparin and low- molecular weight-
heparin in acute coronary syndrome without ST elevation: 
a meta-analysis. Lancet 2000;355:1936–42.

161.Fragmin and Revascularization during InStability in Coronary
artery disease (FRISC II) Investigators. Lancet 1999;353:
701–7.

Evidence-based Cardiology

424



162.Luchi RJ, Scott SM, Deupree RH et al. Comparison of medical
and surgical treatment for unstable angina pectoris. Results of
a Veterans Administration Cooperative Study. N Engl J Med
1987;316:977–84.

163.Parisi AF, Khuri S, Deupree RH, Sharma GV, Scott SM, Luchi
RJ. Medical compared with surgical management of unstable
angina: 5-year mortality and morbidity in the Veterans
Administration Study. Circulation 1989;80: 1176–89.

164.Booth DC, Deupree RH, Hultgren HN et al. Quality of life after
bypass surgery for unstable angina. Circulation 1991;83: 87–95.

165.Effects of tissue plasminogen activator and a comparison of
early invasive and conservative strategies in unstable angina
and non-Q-wave myocardial infarction. Results of the TIMI
IIIB Trial. Thrombolysis in Myocardial Ischemia. Circulation
1994;89:1545–56.

166.Boden WE, O’Rourke RA, Crawford MH et al. Outcomes 
in patients with acute non-Q-wave myocardial infarc-
tion randomly assigned to an invasive as compared with a con-
servative management strategy. Veterans Affairs Non-Q-Wave
Infarction Strategies in Hospital (VANQWISH) Trial
Investigators. N Engl J Med 1998;338:1785–92.

167.McCullough PA, O’Neill WW, Graham M et al. A prospective
randomized trial of triage angiography in acute coronary syn-
dromes ineligible for thrombolytic therapy. Results of the med-
icine versus angiography in thrombolytic exclusion (MATE)
trial. J Am Coll Cardiol 1998;32: 596–605.

168.Spacek R, Straka SE, Polasek JD et al. Value of first 
day angiography/angioplasty in evolving non-ST-segment ele-
vation myocardial infarction: an open multicenter trial. The
VINO Study. Eur Heart J 2002;23: 230–8.

169.Wallentin L, Lagerqvist B, Husted S et al. Outcome at one year
after an invasive compared with a non-invasive strategy in
unstable coronary artery disease: the FRISC II invasive ran-
domized trial. Lancet 2000;356:9–16.

170.Michalis LK, Papamichail N, Katsouras C et al. Enoxaparin
versus tinzaparin in the management of unstable coronary
artery disease (EVET Study) (Abstract). J Am Coll Cardiol
2001;37:365a.

171.Goodman S. The INTERACT trial. Presented at the ACC
Scientific Sessions, Atlanta, GA, March 2002.

172.Cohen M, Theroux P, Frey MJ et al. Anti-thrombotic combi-
nation using tirofiban and enoxaparin: the ACUTE II Study
(Abstract). Circulation 2000;102(Suppl. II):II-826.

173.Mehta SR, Yusuf S, Peters RJ et al. Effects of pretreatment
with clopidogrel and aspirin followed by long-term therapy in
patients undergoing percutaneous coronary intervention: the
PCI-CURE study. Lancet 2001;358:527–33.

174.Tardiff BE, Califf RM, Tcheng JE et al. Clinical outcomes after
detection of elevated cardiac enzymes in patients undergoing
percutaneous intervention. IMPACT-II Investigators. Integrilin
(eptifibatide) to Minimize Platelet Aggregation and Coronary
Thrombosis-II. J Am Coll Cardiol 1999; 33:88–96.

175.Theroux P, Chaitman BR, Danchin N et al. Inhibition of the
sodium-hydrogen exchanger with cariporide to prevent
myocardial infarction in high-risk ischemic situations. Main
results of the GUARDIAN trial. Guard During Ischemia
Against Necrosis (GUARDIAN) Investigators. Circulation
2000;102:3032–8.

176.Baran KW, Nguyen M, McKendall GR et al. Double-
blind, randomized trial of an anti-CD18 antibody in 
conjunction with recombinant tissue plasminogen activator
for acute myocardial infarction: limitation of myocardial
infarction following thrombolysis in acute myocardial infarc-
tion (LIMIT AMI) study. Circulation 2001;104: 2778–83.

177.Azar RR, Rinfret S, Theroux P et al. A randomized placebo-
controlled trial to assess the efficacy of anti-inflammatory ther-
apy with methylprednisolone in unstable angina (MUNA
trial). Eur Heart J 2000;21:2026–32.

178.Davignon J, Mabile L. Mechanisms of action of statins and their
pleiotropic effects. Ann Endocrinol (Paris) 2001; 62:
101–12.

179.Aronow HD, Topol EJ, Roe MT et al. Effect of lipid-lowering
therapy on early mortality after acute coronary syndromes: an
observational study. Lancet 2001;357:1063–8.

180.Stenestrand U, Wallentin L. Early statin treatment following
acute myocardial infarction and 1-year survival. JAMA
2001;285:430–6.

181.Arntz HR, Wunderlich W, Schnitzer L. The decisive impor-
tance of cholesterol lowering therapy for coronary lesions and
clinical course immediately after an acute coronary event:
short and long-term results of a controlled study. Circulation
1998;98(Suppl. 1):I-45.

182.Schwartz GG, Olsson AG, Ezekowitz MD et al. Myocardial
Ischemia Reduction with Aggressive Cholesterol Lowering
(MIRACL) Study Investigators. Effects of atorvastatin on early
recurrent ischemic events in acute coronary syndromes: the
MIRACL study: a randomized controlled trial. JAMA
2001;285:1711–18.

183.Fonarow GC, Gawlinski A, Moughrabi S, Tillisch JH.
Improved treatment of coronary heart disease by implementa-
tion of a Cardiac Hospitalization Atherosclerosis Management
Program (CHAMP). Am J Cardiol 2001;87:819–22.

184.Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade
during and after myocardial infarction: an overview of the ran-
domized trials. Progr Cardiovasc Dis 1985;27:335–71.

185.Heart Protection Study Collaborative Group. MRC/BHF
Heart Protection Study of cholesterol lowering with simvas-
tatin in 20/536 high-risk individuals: a randomised placebo-
controlled trial. Lancet 2002;360:7–22.

186.Malmberg K, Ryden L, Efendic S et al. Randomized trial of
insulin-glucose infusion followed by subcutaneous insulin
treatment in diabetic patients with acute myocardial infarction
(DIGA-MI study): effects on mortality at 1 year. J Am Coll
Cardiol 1995;26:57–65.

187.American Diabetes Association. Standards of medical care for
patients with diabetes mellitus (position statement). Diabetes
Care 1999;22(Suppl. 1):S32–41.

188.UK Prospective Diabetes Study Group. Tight blood pressure
control and risk of macrovascular and microvascular compli-
cations in type 2 diabetes: UKPDS 38. BMJ 1998;317:
703–13.

189.Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G.
Effects of an angiotensin-converting-enzyme inhibitor,
ramipril, on cardiovascular events in high-risk patients. The
Heart Outcomes Prevention Evaluation Study Investigators. 
N Engl J Med 2000;342:145–53.

Unstable angina and NSTEMI

425



426

Impact, pathophysiology, and rationale

Over 5 million people visit US emergency departments each
year for evaluation of chest pain and related symptoms, and
almost 1·5 million are hospitalized for an acute coronary
syndrome.1–3 Acute myocardial infarction (AMI) is the pri-
mary discharge diagnosis in the US in 750 000 annually,4,5

and over 225 000 deaths are attributed to AMI each year.4

At least one half of AMI-related deaths occur within one
hour of onset of symptoms and before reaching a hospital
emergency department.6 In addition, the majority of sudden
cardiac deaths (300 000 annually in the US) are believed to
have an ischemic basis.7–9

Acute reperfusion (achieved by fibrinolysis or coronary
angioplasty) represents the greatest of global conceptual 
and practical advance for therapy ST-segment elevation
(STE) AMI.10 STE-AMI currently represents approxi-
mately one third of AMI presentations.5,11 With broad appli-
cation of reperfusion therapy, 30 day mortality rates from
STE-AMI have progressively declined (from 20–30% to
5–10%).11–14

Herrick in the US and Obraztsov in Russia postulated
almost a century ago that thrombosis-related coronary
occlusion precipitates AMI.15,16 However, controversy
about the role of thrombosis continued17–19 until 1980
when DeWood et al 20 demonstrated coronary occlusion in
87% of STE-AMI patients studied within 4 hours of symp-
tom onset. The occlusion was proved to be thrombotic by
observations during emergent bypass surgery or intra-
coronary fibrinolysis. Renewed focus on acute coronary
thrombosis and reperfusion therapy ensued.

Erosion or sudden rupture of an atherosclerotic cap, 
weakened by internal metalloproteinase activity, has been 
determined to be the precipitant of coronary thrombosis.21

Exposure of blood to collagen, other matrix elements, and
the lipid core with its macrophage-derived tissue factor stim-
ulates platelet adhesion, activation, and aggregation; throm-
bin generation; and fibrin formation. Vasospasm and
initiation of a platelet-rich clot ensue. When these processes
lead to reduction or interruption of coronary blood flow,
myocardial infarction may occur. In canine models,22,23

myocardial cell death begins within 15 minutes of coro-
nary occlusion and proceeds rapidly in a wavefront from
endocardium to epicardium. Timely reperfusion (within
about 3 hours) achieves partial myocardial salvage. The rate

and extent of necrosis (and salvage) is modified by meta-
bolic demands and collateral blood supply.

The benefits of therapy depend on the rate and extent to
which myocardial perfusion is effectively achieved.24–26

Reperfusion is scored by the Thrombolysis In Myocardial
Infarction (TIMI) visual24 or frame-counts27 supplemented,
recently, by a TIMI myocardial perfusion (TMP) score.28

Restoration of TIMI grade 3 (normal) epicardial flow is asso-
ciated with lower mortality rates than TIMI grades 0–2
(3·7% v 7·0%).25,28 Among those with TIMI 3 flow, lower
mortality is associated with TMP grade 3 (0·7%) than with
TMP grades 2 (2·9%) or 0–1 (5·4%).28 The factors differenti-
ating epicardial and myocardial reperfusion are incompletely
understood. Platelet and platelet-leukocyte aggregates and
secreted vasoactive and thrombogenic factors have received
recent attention, and combinations of fibrinolytic therapy
with potent platelet inhibitors to further improve myocar-
dial perfusion are being actively studied.29

Early observational and 
controlled studies

In 1933, Tillet and Garner published their discovery of a
streptococcal fibrinolysin.30,31 Clinical application of strep-
tokinase to AMI was first reported in 1958.32 From then
until 1979, at least 17 studies were published, but AMI
pathophysiology was not well understood, and results were
inconclusive and poorly accepted.33–35 With the establish-
ment of the thrombotic nature of coronary occlusion20

several groups demonstrated the feasibility of clinical fibri-
nolysis to achieve early reperfusion under angiographic
monitoring (�75% success with intracoronary [IC] SK) in
the period 1976–83.36–39

Randomized studies in AMI followed. Anderson et al.
reported in 198340 a benefit of early (�4 h) IC SK on clini-
cal, ECG, enzymatic, and imaging end points. Later therapy
(at �6 hours) relieved ischemic pain but did not benefit
regional myocardial function in another study.41 The 
potential for mortality benefit of IC SK was suggested 
by subsequent Western Washington and Dutch studies in 
a few hundred patients.42–44 The logistic difficulties with
intracoronary administration stimulated the re-evaluation of 
IV SK (Schröder et al 45). By the mid-1980s, favorable 
comparisons with IC SK46–48 and a larger outcomes study of

31 Fibrinolytic therapy
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IV SK (ISAM)49 established the intravenous route for sub-
sequent clinical trials.

Fibrinolytic agents

General mechanisms of action and
pharmacological properties

Fibrinolysis is mediated by plasmin, a non-specific serine
protease that degrades clot-associated fibrin and fibrinogen,
disrupting a forming thrombus, facilitating reperfusion. The
fibrinolytic (or “thrombolytic”) agents are all plasminogen
activators, directly or indirectly converting the proenzyme
plasminogen to plasmin by cleaving the arginine 560–valine
561 bond (Figure 31.1). Plasmin degrades several proteins,
including fibrin, fibrinogen, prothrombin, and factors V and
VII. The fibrinolytic agents differ in several properties, as
summarized in the text and Table 31.1.

Approved fibrinolytic agents

Streptokinase

Streptokinase (SK) is a 415 amino acid bacterial protein 
sharing homology with serine proteases.35,53 Upon 

Fibrinogen

FDPFDP

Plasmin

Plasmin

Fibrin

tPAAPSAC

Plasminogen Plasminogen

Circulating blood Clot surface

UKSK scuPA

Figure 31.1 Schematic representation of the action of fibri-
nolytic enzymes. Streptokinase (SK), urokinase (UK), and anisoy-
lated plasminogen streptokinase activator complex (APSAC)
work predominantly on circulating plasminogen, whereas tissue
type plasminogen activator (tPA) and single chain urokinase-type
plasminogen activator (scuPA) are relatively clot-selective. (From
Topol EJ. Clinical use of streptokinase and urokinase to treat
acute myocardial infarction. Heart Lung 1987;16:760.)

Table 31.1 Comparison of fibrinolytic agents approved by the US FDA for intravenous use

SK APSAC tPA rPA TNK
(Streptokinase) (anistreplase) (alteplase) (reteplase) (tenecteplase)

Dose 1·5 million units 30 U in 5 min 100 mg in 10 U�10 U, 30–50 mgb

(MU) in 30–60 min 90 mina 30 min apart over 5 seconds
Circulating �20 �100 �6 �18 �20
half life (min)

Antigenic Yes Yes No No No
Allergic reactions Yes Yes No No No
Systemic fibrinogen Severe Severe Mild– Moderate Minimal
depletion moderate

Intracerebral �0·4% �0·6% �0·7% �0·8% �0·7%
hemorrhage

Patency (TIMI-2/3) �51% �70% �73–84% �83% �77–88%
rate, 90 minc

Lives saved per 100 �3c �3d �4e �4 �4
treated

Cost per dose 290 1700 2750 2750 2750
(approx US dollars)

a Accelerated tPA given as follows: 15 mg bolus, then 0·75 mg/kg over 30 min (maximum, 50 mg), then 
0·50 mg/kg over 60 min (maximum 35 mg).
b TNK is dosed by weight (supplied in 5 mg/ml vials): �60 kg � 6 ml; 61–70 kg � 7 ml; 71–80 kg � 8 ml; 81–90
kg � 9 ml; �90 kg � 10 ml.
c Based on Granger et al50 and Bode et al 51

d Patients with ST elevation or BBB, treated in �6 h.
e Based on the finding from the GUSTO trial52 that tPA saves 1 more additional life per 100 treated than does SK.
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injection, SK forms a 1:1 stoichiometric complex with 
plasminogen or plasmin, activating a catalytic site that
cleaves plasminogen to plasmin. The half life of the SK com-
plex is about 23 minutes. SK is antigenic, has little fibrin
specificity, and causes substantial systemic lytic effects in
clinical doses. Least expensive of fibrinolytics and still widely
used globally, SK is administered by short-term (	1 h) 
infusions.

Urokinase

Urokinase (UK) is a native, 2-polypeptide protein derived
from human urine or renal cell cultures.54 UK directly con-
verts plasminogen to plasmin. It is non-antigenic and is
cleared from the circulation predominantly by the liver with
a half life of 16 minutes. Clinically used doses produce mod-
erately extensive systemic fibrinolysis. Its principal use in
North America has been for intra-arterial (including intra-
coronary) fibrinolysis. It has not been approved for and cur-
rently is not available for IV use in AMI.

Anistreplase

Anisoylated plasminogen streptokinase activator com-
plex (APSAC or anistreplase) was the first “designer” 
fibrinolytic, synthesized by complexing streptokinase with
lysplasminogen and reversibly inactivating it by reacting 
it with the anisoyl group of a special reversible acyla-
ting agent.55 It was tailored to allow simple injection
(“bolus”) delivery, more rapid onset and prolonged duration
of action than SK (half life 90–105 min), with improved
plasma stability and fibrin binding compared with SK. Like
SK, it is antigenic and produces extensive systemic fibrinoly-
sis. Its greater expense and bleeding risk than SK, coupled
with little evidence for added benefit, has limited its clinical
acceptance.

Tissue-type plasminogen activator (tPA)

Tissue-type plasminogen activator (tPA), a 526 amino 
acid single polypeptide chain, is the major intrinsic (physio-
logical) plasminogen activator.56 The marketed form
(alteplase) is manufactured by recombinant DNA technol-
ogy (rtPA). tPA is converted by plasmin to a double-chain
form with equivalent fibrinolytic activity.57 tPA has greater
activity in the locale of the thrombus and causes less 
systemic plasminemia, fibrinogenolysis, and proteolysis 
than SK. tPA is non-antigenic, is inhibited by a circula-
ting plasminogen activator inhibitor (PAI-1), and is 
rapidly cleared (half life about 5 minutes). This short 
half life has necessitated bolus/infusion regimens (over 
1–3 hours); bolus-only tPA regimens have been tested but 
abandoned in favor of longer-acting mutant forms of tPA
(see below).

Reteplase

Reteplase (rPA) was the first variant (mutant) of tPA to be
developed and marketed.58 It is a non-glycosylated, single-
chain deletion variant consisting only of the kringle 2 and
proteinase (plasmin cleavage site) domains of human tPA.
Fibrin specificity is lower and half life longer (14–18 min-
utes) than tPA, allowing more convenient, double-bolus
administration.

Tenecteplase

Tenecteplase (TNK-tPA) is a triple-site substitution variant of
tPA: at amino acid 103, threonine (T) is replaced by aspara-
gine, adding a glycosylation site; at site 117, asparagine (N)
is replaced by glutamine, removing a glycosylation site; at a
third site, four amino acids (lysine [K], histidine, arginine
and arginine) are replaced by four alanines.59 The first two
changes decrease clearance rate (half life 20 minutes),
allowing for single bolus dosing. The third change confers
greater fibrin specificity and resistance to PAI-1.

Selected investigational fibrinolytics

Prourokinase or single chain urokinase-type
plasminogen activator (scuPA)

In the early 1980s, a glycosylated, single chain form of
urokinase (scuPA) was isolated from human urine and cell
culture media and characterized biochemically as a proen-
zyme form of the active two-chain urokinase (tcuPA).10

Prourokinase was of interest in part because it appeared to
be more fibrin-specific than urokinase. This effect is believed
to be mediated by the preferential conversion of scuPA to
active tcuPA at the fibrin surface. The circulating half life of
natural and recombinant scuPA is 4 and 8 minutes respec-
tively, with predominant hepatic clearance.60 A Phase II
study of glycosylated prourokinase produced in mouse
hybridoma cells suggested promising coronary patency
rates,61 but further development for AMI has not been
undertaken.

Saruplase

Saruplase is a recombinant non-glycosylated form of human
prourokinase which has less fibrin specificity and stability
than glycosylated prourokinase.10 Elimination is biphasic,
with an initial half life of 6–9 minutes. Administration has
been by bolus (20 mg) plus infusion (60 mg/60 min).
Saruplase has undergone comparative clinical studies with
SK and tPA.62–64 Saruplase achieves early (60–90 minute)
coronary patency rates greater than SK and similar to 3 hour
tPA infusions. Mortality rates were at least equivalent 
to SK, but intracranial hemorrhage rates were greater. 
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An  application for clinical use was rejected by the European
Medical Evaluation Agency (EMEA).

Lanoteplase

Lanoteplase (nPA) is a tPA mutant with deletions of the epi-
dermal growth factor, the fibronectin finger domain, and the
amino acid 117-glycosylation site.10 The result is slower
clearance (half life 37 minutes), allowing for bolus injection,
but decreased fibrin specificity. In comparative studies with
tPA, nPA achieved equivalent patency rates65 and similar 
30 day mortality rates,66 but an increase in intracranial hem-
orrhage was seen (1·13% v 0·62%). It is believed that the
dosing strategy of both nPA and heparin may have con-
tributed, but further development of nPA is uncertain.

Staphylokinase

Staphylokinase (SAK) is a single chain, 136 amino acid pro-
tein secreted by strains of Staphylococcus aureus and manu-
factured for clinical use by recombinant DNA technology.67,68

The SAK-plasmin complex is fibrin selective, efficiently acti-
vating plasminogen while bound to fibrin at the thrombus
surface. SAK has shown at least equivalent reperfusion poten-
tial and greater fibrin-specificity than accelerated-dose tPA in
Phase II studies. Staphylokinase is antigenic, inducing neu-
tralizing antibodies within 1 week. A pegylated form has been
generated to increase half life and allow for bolus dosing.

Efficacy of intravenous fibrinolytic therapy

Effects on coronary arterial patency

Because myocardial reperfusion is the postulated mecha-
nism of benefit of fibrinolysis for AMI, many angiographic
studies have been undertaken to assess patency profiles 
of the infarct-related coronary artery after fibrinolytic 
therapy.24 Granger et al summarized 14 124 angiographic 
observations from 58 studies (Figure 31.2).50 Because the
extent of myocardial salvage is time-dependent, early
(60–90 min) patency has generally formed the primary end
point in these studies. Without fibrinolytic therapy, sponta-
neous perfusion early after ST elevation AMI occurs in only
15% and 21% at 60 and 90 minutes after study entry,
respectively, remains unchanged at 1 day, then gradually
increases to about 60% by 3 weeks. All fibrinolytic regimens
improve early patency rates. At 60 and 90 minutes, strep-
tokinase had the lowest rates (48%, 51%), APSAC and stan-
dard (3 hour) tPA infusions intermediate rates (about 60%,
70%), and accelerated (90 minute) tPA infusions the highest
rates (74%, 84%). However, patency rates at �3 hours were
similar for all regimens, and reocclusion rates were higher
after tPA than non-fibrin-specific (systemically active) 
agents (13% v 8%) (P � 0·002). The GUSTO angiographic

study,69 embedded within a larger comparative mortality
study,52 directly demonstrated that early but not late
patency rates accurately predict mortality differences among
AMI therapies (see below), providing direct support for the
open artery hypothesis of fibrinolytic benefit.
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Figure 31.2 Pooled angiographic patency rates with 95%
confidence intervals over time after no fibrinolytic agent, 
streptokinase, conventional dose tPA, accelerated dose tPA,
and APSAC from 14124 angiographic observations. (From
Granger CB, White HD, Bates ER, Ohman EM, Califf RM. 
A pooled analysis of coronary arterial patency and left ventricu-
lar function after intravenous thrombolysis for acute myocardial
infarction. Am J Cardiol 1994;74:1220–850.)
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Figure 31.3 Reduction in the odds of early death among ST
elevation AMI patients treated within 6 hours; overview from five
largest randomized control trials of fibrinolytic therapy versus
placebo. (From Granger CB, Califf RM, Topol EJ. Thrombolytic
therapy for acute myocardial infarction. Drugs 1992;44:293.)

Effects on mortality

Selected randomized trials with 
non-fibrinolysis controls

By the late 1980s, accumulating clinical trials data provided
support for a survival benefit of IV fibrinolysis.70–72 The
most important survival trials, comparing fibrinolysis to
placebo or standard non-fibrinolytic care, are summarized in
Figure 31.3.
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The Gruppo Italiano per lo Studio della Streptochinasi
nell’Infarto Miocardico (GISSI) – This study73 was the
first “definitive” mortality trial. Eleven thousand eight 
hundred and six AMI patients with ST elevation were ran-
domized to receive 1·5 million units (MU) of IV SK over 1
hour or standard therapy. Aspirin was not routinely given.
Inhospital mortality was 10·7% in the SK group and 13·0%
in the control group, a 17·6% risk reduction (P � 0·0002;
RR [relative risk]; 0·81). Survival differences remained at
1–2 years.74 Benefit was time-dependent and particularly
large for treatment within 1 hour of symptom onset (47%
mortality reduction, RR 0·49) but was not significant after 6
hours.

The second International Study of Infarct Survival
(ISIS-2) – This study75 randomized 17 187 patients with
suspected AMI within 24 hours to IV SK (1·5 MU), aspirin
(162·5 mg), both, or neither (placebos) in a 2 � 2 factorial
design. The 35 day vascular mortality rate (13·2% for the
double placebo group) was reduced 23% by aspirin alone,
25% by SK alone, and 42% by combined aspirin and SK (all
P � 0·00001). When both were given early (within 4 hours
of symptom onset), a 53% odds reduction was achieved.

The APSAC Intervention Mortality Study (AIMS) –
This76,77 was a randomized, double-blind, placebo-controlled
trial of APSAC (30U) in 1258 AMI patients under age 70
with ST elevation and symptoms of �6 hours’ duration.
Adjunctive therapy included heparin, begun 6 hours after
APSAC, followed by warfarin for at least 3 months. APSAC
reduced 30 day mortality from 12·2% to 6·4% (odds reduc-
tion (OR) 51%, P � 0·0006) and 1 year mortality from 17·8%
to 11·1% (OR 43%, P � 0·0007). Virtually all patient sub-
groups benefitted.

The Anglo-Scandinavian Study of Early Thrombolysis
(ASSET) – This Study78 evaluated tPA (alteplase) with
heparin versus heparin alone within a randomized, double-
blind, placebo-controlled design. ASSET enrolled 5013
patients within 5 hours of suspected AMI. Therapies were IV
tPA (100mg over 3 hours) plus heparin (5000U IV bolus,
then 1000 U/h), or placebo plus heparin. The 30 day mortal-
ity was lower in the tPA than the placebo group (7·2% v 9·8%,
P � 0·0011). Hemorrhagic risk was acceptable.

The Fibrinolytic Therapy Trialists’ (FTT) Collaborative
Group – This group79 pooled data from nine controlled trials
that randomized 1000 or more patients with suspected AMI.
The database consisted of 58600 patients of whom 6177
(10·7%) died, 564 (1·0%) had strokes, and 436 had major 
non-cerebral bleeds. The 45000 patients who presented with
ST elevation or bundle branch block (BBB) had an absolute

mortality reduction of 30 per 1000 for treatment within 
the first 6 hours, 20 per 1000 for hours 7–12, and 
a statistically uncertain reduction of 13 per 1000 beyond 
12 hours.

Given its large size, FTT also performed subgroup analysis.
Analysis by presenting electrocardiogram (ECG) (Figure 31.4)
showed mortality reductions for those with ST elevation
(21%, P � 0·000001) and bundle branch block (BBB) (25%,
P � 0·01). Benefit was greater for those with anterior (37
lives saved per 1000 treated) compared with inferior (8 per
1000) or other (27 per 1000) AMI sites. The absolute bene-
fit was greater in those with greater risk, for example, BBB
(49 lives saved per 1000 treated) and anterior ST elevation
(37 per 1000). Those with normal ECGs or with ST depres-
sion alone showed no benefit and adverse trends (7 and 14
more deaths per 1000, respectively).

The FTT study79 suggested that proportional mortality
reduction was little influenced by systolic blood pressure or
heart rate. Benefits also were confirmed for other high-risk
groups, including those with prior MI and diabetes.

Benefits of very early (�1 hour) therapy

The magnitude of mortality reductions in FTT was depend-
ent on time to therapy from symptom onset. For those with
ST elevation or BBB, the absolute benefit was 39 (at 0–1 h),
30 (�1–3 h), 27(�3–6 h), 21 (�6–12 h), and 7 (�12–24 h)
lives saved per 1000 treated (Figure 31.5).

Others also studied the benefits of therapy within 
1 hour.80,81 Boersma et al 81 reappraised very early therapy
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Figure 31.4 The effect of fibrinolytic therapy on mortality (lives
saved per 1000 treated) in various patient subsets classified
according to admission ECG. Patients presenting with bundle
branch block and anterior ST segment elevations derived most
benefit from fibrinolytic therapy. Patients with inferior ST segment
elevation derived much less benefit, while those with ST depres-
sion or normal ECG did not benefit. (Based on data from FTT
Collaborative Group79). The FTT found that for elderly patients
(over age 75), proportional mortality reduction was less and the
trend to benefit was not significant. Absolute mortality reduction
was interpreted to be still worthwhile (Figure 31.5). Fibrinolytic
therapy in the very elderly continues to be debated (see later).
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based on a larger database (50 246 patients, derived from all
randomized trials of �100 patients). The absolute mortality
reduction for treatment within 1 hour of symptom onset
was 65 per 1000. The delay/benefit relation (Figure 31.6)
was non-linear.

Benefit of delayed (�6 hour) therapy

In contrast to earlier therapy, the benefit of fibrinolysis after 
6 hours is less certain. The Late Assessment of Thrombolytic
Efficacy (LATE) study82 enrolled 5711 patients with evidence
of AMI between 6 and 24 hours from symptom onset and
randomized them to tPA (100mg over 3h) or placebo. A 26%
relative mortality reduction (8·9% v 11·9%, P � 0·02) was
observed for those treated within 12 hours. The 12–24 hour
subgroup showed a non-significant trend to benefit (8·7% v
9·2% mortality rate). The South American EMERAS collabo-
rative group83 treated 4534 patients with IV SK or placebo
within 24 hours after onset of suspected AMI and found a
non-significant trend towards a mortality benefit between
hours 7 and 12 (SK11·7%, placebo13·2%). These with 

other late treatment trials79 have provided the rationale for
recommending fibrinolysis for hours 7–12 after the onset of
AMI in patients with persistent symptoms and ECG changes.5

Risks of thrombolytic therapy

Bleeding

Bleeding is the primary risk of fibrinolytic therapy. Intracranial
(or intracerebral) hemorrhage (ICH) is the most important
bleeding risk, occurring in about 0·5–1·0%, with substantial
risk of fatality (44–75%) or disability.84–88 Non-cerebral but
not cerebral bleeding risk has benefitted by increased fibrin
selectivity. The absolute and relative contraindications to fibri-
nolytic therapy are summarized in Box 31.1 (after5).

Box 31.1 Absolute and relative contraindications to
fibrinolytic therapy
Contraindications, absolute

Active bleeding; bleeding diathesis
Prior hemorrhagic stroke; intracranial pathology
Aortic dissection

Contraindications, relative
Severe, uncontrolled hypertension (�180/110 mmHg)
Oral anticoagulation with INR �1·5
Major recent trauma/surgery
Pregnancy
Recent non-hemorrhagic stroke
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Figure 31.5 The effect of fibrinolytic therapy on mortality in
various patient subsets classified according to duration of
symptoms before treatment: (above) mortality in each subgroup
of fibrinolytic treated (black bars) versus placebo treated (white
bars) patients; (below) absolute benefit (lives saved per 1000
treated, standard deviation in parentheses) with confidence
intervals. (Based on data from FTT Collaborative Group.79)
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Figure 31.6 Absolute 35 day mortality reduction v treatment
delay: small closed dots, information from trials included in FTT
analysis; open dots, information from additional trials; small
squares, data beyond scale of X/Y cross. The linear
(34·7–1·6X) and non-linear (19·4 – 0·6X � 29·3X�1) closed
regression lines are fitted within these data, weighted by the
inverse of the variance of the absolute benefit at each data
point. The black squares denote the average effects in six time-
to-treatment groups (areas of squares inversely proportional to
the variance of absolute benefits described). (From Boersma E,
Maas ACP, Deckers JW et al. Early thrombolytic treatment in
acute myocardial infarction: reappraisal of the golden hour.
Lancet 1996;348:771–5.81)
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Box 31.1 Continued
Non-compressible recent vascular punctures
Recent retinal laser therapy
Cardiogenic shock when revascularization available

The risk of ICH varies with patient characteristics, the fibri-
nolytic agent, and adjunctive antithrombotic therapy.84–88

Simoons et al 87 identified four independent predictors of
increased ICH risk: age � 65 years (OR 2·2; 95% CI 1·4–3·5),
weight �70kg (OR 2·1; 95% CI 1·3–3·2), hypertension on
admission (OR 2·0; 95% CI 1·2–3·2), and use of tPA
(alteplase) (OR 1·6; 95% CI 1·0–2·5) versus SK. The GUSTO-
1 group88 identified seven predictors of ICH: advanced age,
lower weight, history of cerebrovascular disease, history of
hypertension, higher systolic or diastolic pressure on presen-
tation, and randomization to tPA (v SK). In contrast, the inci-
dence of non-cerebral bleeding is higher with SK.89

The safety of bolus compared with infusion admini-
stration of fibrinolysis for ICH was questioned by a meta-
analysis of several different agents.90 However, problems
with the meta-analysis have been raised,91,92 and large,
well-controlled trials of the two bolus agents in general use,
rPA93 and TNK-PA,94 have not shown excess ICH rates
compared with front-loaded rt-PA.

The critical importance of dose and adjunctive therapies to
ICH risk is now realized. Excessive ICH was observed with
tPA doses �100 mg.24 Excessive adjunctive therapy (for
example, heparin, hirudin, glycoprotein IIb/IIIa receptor
inhibition) with fibrinolytics also has resulted in unaccept-
able rates of bleeding including ICH.95–97 In the GUSTO-I
trial, the risk of ICH increased with aPTT levels beyond 
70 seconds.98 Three concurrent trials95–97 were stopped pre-
maturely and reconfigured because of excessive hemorrhage.
With lower doses of antithrombins, hemorrhage rates subse-
quently decreased. Recommendations for adjuvant heparin
therapy have been adjusted downward to 60 U/kg bolus
(maximum 4000 units) and 12 units/kg/hour (maximum
1000 units), adjusted after 3 hours to maintain aPTT at
50–70 seconds for 48 hours.5 Further reductions in heparin
dosing have been required with combined fibrinolytic and
glycoprotein IIb/IIIa receptor inhibitor therapy (see below).

Previously, prolonged cardiopulmonary resuscitation
(CPR) has been considered a contraindication to fibrinolytic
therapy. Recently, Bottiger et al observed 90 patients with
AMI who had out-of-hospital cardiac arrest.99 Patients
treated with heparin and tPA more frequently had return of
spontaneous circulation (68% v 44%, P � 0·03), admission
to the ICU (P � 0·01), and survival to discharge (15% v 8%).
Bleeding complications were not problematic.

Allergy, hypotension, and fever

SK and APSAC are antigenic and may be allergenic although
serious anaphylaxis or bronchoconstriction are rare

(�0·2–0·5%).75 In ISIS-3,86 any allergic-type reaction was
reported after SK in 3·6%, APSAC in 5·1%, and tPA
(duteplase) in 0·8%; only 0·3%, 0·5%, and 0·1%, respectively,
required treatment. Angioneurotic and periorbital edema,
hypersensitivity vasculitis, serum sickness or renal failure due
to interstitial nephritis, and purpuric rashes have been rarely
reported, especially after repeat administration.35,75,77,86

SK and APSAC may acutely release bradykinin, a
vasodilator. The incidence of clinical hypotension was simi-
lar after SK (11·8%) and APSAC (12·5%) but lower after tPA
(7·1%);86 only half of episodes required treatment.

Fever occurs in 5–30% of SK and 5–10% of APSAC
treated patients. Delayed-type hypersensitivity may provoke
fever and may respond to acetaminophen. The role of fibri-
nolytics in reports of splenic rupture, aortic dissection, and
cholesterol embolization is uncertain.

Comparative fibrinolytic trials

After establishing the general utility of fibrinolysis in STE-
AMI, clinical trials focused on comparisons with new drug
regimens. Salient features of major early comparative out-
comes trials are presented in Table 31.2; bolus fibrinolytic
trials are summarized in Table 31.3; and recent combination
therapy trials are shown in Table 31.4.

The GISSI-2/International Study Group trial100,101 ran-
domized 20 891 patients with STE-AMI �6 h old to tPA
(alteplase, 100 mg/3 h) or SK (1·5 MU/1 h) and to subcu-
taneous (SC) heparin (12 500 U twice daily) beginning 
12 hours later or no heparin. Aspirin and atenolol were given
as standard therapies. Inhospital mortality was: SK 8·5% 
and tPA 8·9% (P � NS). ICH rates were 0·5% and 0·8%,
respectively; other major bleeds were most frequent with SK
plus heparin. At 35 days, death or severe left ventricular dys-
function did not differ by fibrinolytic. Delayed, SC heparin
added little benefit (RR 0·95; 95% CI 0·86–1·04).

The third ISIS study (ISIS-3)86 randomized 41 299
patients with suspected AMI �24 h old to receive SK 
(1·5 MU/1 h), tPA (duteplase 0·6 MU/kg/4 h) or APSAC
(30 U/3 min) and to SC heparin (12 500 U, 4 hours after
beginning thrombolytics and bid) or no heparin. Aspirin
(162 mg/day) was given to all patients. The median time to
treatment was 4 hours; 88% presented within 6 hours and
had ST elevation. Mortality rates at 35 days were: SK
10·6%, APSAC 10·5%, and tPA 10·3% overall, and 10·0%,
9·9%, and 9·6%, respectively, in those with clear indications
(P � NS). Similar outcomes also were observed after 
6 months. SC heparin tended to improve 1 week mortality
(7·4% v 7·9%, P � 0·06) at the expense of increased bleed-
ing, but mortality rates at 35 days were similar (10·3% v
10·6%, P � NS).

In comparing fibrinolytic regimens, GISSI-2 and ISIS-3 were
limited by the suboptimal use of heparin for short-acting, 
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Table 31.2 Clinical end points in early comparative fibrinolytic outcomes trials

End points GISSI-2/
International100 ISIS-386 GUSTO-169

SK tPA SK tPA APSAC SK tPAa SK�tPA
(10 396) (10 372) (13 607) (13 569) (13 599) (20 173) (10 344) (10 328)

Death (%) 8·5 8·9 10·6 10·3 10·5 7·3 6·3b 7·0
Re-infarction (%) 3·0 2·6 3·5 2·9b 3·6 3·7 4·0 4·0
Any stroke (%) 0·9 1·3b 1·0 1·4b 1·3 1·3 1·6 1·7
Hemorrhagic 0·3 0·4 0·2 0·7b 0·6 0·5 0·7b 0·9
stroke (%)

Non-CNS bleeds (%) 0·9 0·6b 4·5 5·2b 5·4 6·0 5·4b 6·1

a Accelerated dose tPA.
b Statistically significant; statistical comparisons are only listed for SK v tPA.

Table 31.3 Comparative trials of bolus agents with accelerated tPA

End points ASSENT-II94 GUSTO-III93 In-TIME-II66

tPA (n � 8488) TNK (8461) tPA (4921) rPA (10 138) tPA (5022) nPA (10 038)

Death (%) 6·15 6·18 7·24 7·47 6·61 6·75
at 30 days
Re-infarction (%) 3·8 4·1 4·2 4·2 5·5 5·0
Any stroke (%) 1·66 1·78 1·79 1·64 1·53 1·87
Hemorrhagic 0·94 0·93 0·87 0·91 0·64* 1·12*
stroke (%)
Major bleed (%) 5·94* 4·66* 1·2 0·95 0·6 0·5

* P � 0·001 for comparisons.

Table 31.4 Comparative outcomes trials with combined fibrinolytic and GP IIb/IIIa inhibitor therapy

End points GUSTO-V AMI125 ASSENT-314

rPA 1/2 rPA � abciximab TNK-tPA with TNK-tPA with 1/2 dose TNK-tPA
(n � 8260) (8328) heparin enoxaparin � abciximab

(2038) (2040) (2017)

30 day death (%) 6·2 5·9 6·0 5·4 6·6
Re-infarction (%) 3·5 2·3* 4·2d 2·7d 2·2d

Combined death, 20·6 16·2* 15·4e 11·4e 11·1e

Re-AMI, UA (or
urgent revasc) (%)

Any stroke (%) 0·9 1·0 1·52 1·62 1·49
ICH (%) 0·6a 0·6b 0·93 0·88 0·94
Major bleed (%) 2·3c 4·6c 2·2f 3·0f 4·3f

a ICH rates for patients �75 � 1·1%.
b ICH rates for patients �75 � 2·1%.
c Severe and moderate bleeding combined.
d Inhospital events, P � 0·0009 among groups.
e P � 0·0001 among groups for 30 day death, inhospital re-infarction, or inhospital refractory ischemia.
f Major inhospital bleeding (other than ICH), P � 0·0005 among groups.
* P � 0·0001 between groups.



fibrin-selective tPA (SC dosing after a delay of 4–12 hours),
treatment was relatively late (mean times �4 hours) 
and did not require ST elevation (ISIS-3), and tPA was not
front-loaded.102–104

These concerns led to the Global Use of Streptokinase
and tPA for Occluded Coronary Arteries (GUSTO) study.52

GUSTO randomized 41 021 patients with STE-AMI �6 h
old to:

1. SK 1·5 MU/1 h with SC heparin 12 500 U every 12 h
starting 4 h after SK;

2. IV SK with IV heparin, 5000 U bolus then 1000 U/h,
titrating aPTT to 60–85 seconds;

3. front-loaded tPA (15mg bolus, 0·75mg/kg – maximum
50mg – over 30 minutes, then 0·50mg/kg – maximum
35mg – over 60 minutes, for a maximum of 100mg
over 90 minutes) and IV heparin as per the SK regimen;

4. a combination of tPA 1·0 mg/kg and SK 1·0 MU, admin-
istered concurrently over 60 minutes, plus IV heparin.

The primary end point, 30 day mortality, was lowest with
accelerated tPA with IV heparin (6·3%), representing a 14%
risk reduction (P � 0·001) compared to the two SK strate-
gies (7·3%), which did not differ. Combined tPA and SK
gave an intermediate outcome. The risk of hemorrhagic
stroke was higher with tPA (0·7%) than SK (0·5%), but the
combined end point of death or disabling stroke favored 
tPA (6·9% v 7·8%, P � 0·006). Implications of GUSTO for
selection of fibrinolytic regimens have been debated.

Three additional angiographic studies compared APSAC
and tPA.105–107 Early patency profiles, convalescent ejection
fraction, and unsatisfactory clinical outcomes end points
tended to favor tPA.

Comparative trials with bolus fibrinolytics

INJECT (The International Joint Efficacy Comparison of
Thrombolytics)58 compared reteplase (rPA) and SK in a
6010 patient double-blind, randomized trial. Mortality rates
at 35 days were: rPA 9·0% and SK 9·5% (0·5% absolute
reduction; 95% CI 1·9–0·96). On this basis “equivalence”
(non-inferiority) of rPA to standard, SK therapy, was estab-
lished and rPA approved. Outcomes trials of bolus agents
subsequent to INJECT used accelerated tPA as comparator
(Table 31.3).

Reteplase

Reteplase was next favorably compared to tPA in an angio-
graphic study, leading to a large mortality study. In RAPID 2
(Reteplase v Alteplase Patency Investigation During acute
myocardial infarction)51 90 minute TIMI grade 2 or 3
patency rates among 324 patients were 83% v 73% (rPA v
tPA, P � 0·03), with TIMI-3 flow rates of 60% v 45%,
P � 0·01. On this basis, a comparative mortality trial,
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GUSTO-3,93 was undertaken and randomized 15 059
patients 2:1 to rPA (two 10 mg IV injections 30 minutes
apart), or accelerated tPA (alteplase). A postulated survival
advantage for rPA was not demonstrated (30 day mortality:
rPA 7·5%, tPA 7·2%).

Lanoteplase

Lanoteplase (nPA), a longer-acting tPA variant, was studied in
doses of 15–120kU/kg in the Phase II angiographic trial
Intravenous n-PA for Treating Infarcting Myocardium Early
(InTIME).65 A dose response in 60 minute TIMI-3 patency
was observed over the 3 lowest doses but not between 
60 and 120kU/kg, and neither of these doses was superior to
rt-PA. A subsequent double-blind mortality equivalence trial,
InTIME-266 selected the 120kU/kg dose and randomized 
15078 STE-AMI patients within 6 hours to nPA or tPA (2 : 1).
Although 30 day mortality rates were similar (nPA � 6·77%,
tPA � 6·60%), a significantly higher ICH rate occurred in the
nPA group (1·13% v 0·62%). As concerns developed about
excessive ICH rates during InTIME-2, heparin down-titration
was undertaken earlier (at 3 hours) if PTT exceeded 70 sec-
onds. Reductions in ICH with both nPA and tPA ensued. In
an extension study (InTIME-2b, n � 1491), the heparin bolus
was omitted and heparin initiated with an infusion of 
15U/kg/h (1000U/h maximum). ICH rates declined fur-
ther for nPA to 0·87%. These observations have impacted
heparin recommendations generally (see below).

Tenecteplase

Tenecteplase (TNK-tPA), a fibrin-selective, single bolus 
fibrinolytic, was evaluated in the TIMI 10 dose finding 
trials.108,109 In Phase II studies, a clear dose-response was
observed109 both for coronary patency and hemorrhage
(including ICH for the 50 mg dose). With limitation and
weight-adjustment of TNK-tPA dose and reduction and ear-
lier down-titration of heparin dosing, satisfactory bleeding
rates and comparable TIMI-3 patency rates were demon-
strated at 90 minutes compared to accelerated rt-PA.110

The double-blind Phase III Assessment of the Safety and
Efficacy of a New Thrombolytic-2 (ASSENT-2) mortality
equivalence trial94 compared weight adjusted TNK (as a
30–50 mg bolus over 5–10 seconds) and accelerated rt-PA.
All patients received aspirin and heparin. Thirty day mortal-
ity rates were virtually identical for TNK-tPA (6·18%) and 
rt-PA (6·15%) and met statistical criteria for equivalence.
ICH rates also were identical (at 0·93% and 0·94%, respec-
tively). However, major non-cerebral bleeding was lower
with the more fibrin-selective TNK (4·66% v 5·94%, 
P � 0·0002) as was need for blood transfusion (4·25% v
5·49%, P � 0·0002). A lower mortality rate with TNK-tPA
was observed among patients presenting �4 hours after
symptom onset (7·0% v 9·2%), which may be due to either
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greater activity of the more fibrin-specific TNK-tPA against
older, fibrin-rich clots or chance.

Thus, none of the newer fibrinolytic regimens has sur-
passed accelerated tPA. However, the ease of administration
of TNK-tPA, together with its reduced transfusion require-
ments, is likely to lead to rapid acceptance of its clinical use.
Lower rates of dosing errors with bolus fibrinolytics such as
TNK-tPA also may contribute to superior clinical outcomes.111

Combinations of fibrinolytic therapy and
glycoprotein IIb/IIIa receptor inhibitors 
or low molecular weight heparins

With the failure of new fibrinolytic monotherapies to
improve early coronary patency and clinical outcomes com-
pared to rt-PA, interest has shifted toward combination
pharmacotherapies. A strong theoretical argument can be
made for combined fibrinolytic and augmented antiplatelet
therapy.29 The platelet membrane glycoprotein (GP) IIb/IIIa
receptor, a specific fibrinogen receptor, is the final common
pathway in platelet activation and an attractive therapeutic
target. Antibodies, peptides, and small molecules have been
developed that block the platelet GP IIb/IIIa receptor. 
These have potent platelet anti-aggregatory effects and 
have demonstrated efficacy in the setting of non-STE acute
coronary syndromes and coronary angioplasty.112–115 In
STE-AMI, their utility as adjunctive therapy for patients
undergoing direct PTCA with stenting has been recently
shown.116 Given the critical role of platelets in coronary
arterial thrombosis, the combination of fibrinolytic with
GPIIb/IIIa inhibitor (GPI) therapy has substantial appeal as
an approach to improving pharmacologic reperfusion.

Abciximab, a monoclonal chimeric antibody against 
GP IIb/IIIa, was tested as conjunctive therapy with lower
doses of tPA in the TIMI-14 dose-ranging angiographic trial.117

The combination of half dose rt-PA and full dose abciximab
(with reduced doses of heparin) produced impressive incre-
ments in TIMI-3 flow rates at 60 minutes (72% v 43%,
P � 0·001) and 90 minutes (77% v 62%, P � 0·02) with
acceptable bleeding rates.

Another angiographic study, Strategies for Patency
Enhancement in the Emergency Department (SPEED)118

tested reteplase with abciximab (versus rPA alone) in two
phases. The best combination in phase A (half dose reteplase
–5 U � 5 U 30 minutes apart – with full dose abciximab)
was re-evaluated in phase B with two heparin bolus doses
(40 or 60 U/kg). Improved TIMI-3 flow rates were observed
with combination therapy, 54% v 47%, although differences
were not significant. Higher rates of bleeding (9·8% v 3·7%)
were observed with combination therapy. SPEED piloted
the GUSTO-V AMI outcomes trial (Table 31.4).

An argument also has been made for substituting an anti-
thrombin more effective than heparin in combination with 

a fibrinolytic. Low molecular weight heparins (LMWHs) have
theoretical advantages over unfractionated heparin. Unlike
unfractionated heparin, LMWHs do not bind extensively to
plasma proteins, do not activate platelets, have more pre-
dictable kinetics, are effective inhibitors of thrombin activity
(anti factor Xa activity) as well as thrombin activity (anti-
IIa activity), and are given in fixed doses without the
requirement for monitoring.119 LMWHs are effective in the
non-STE acute coronary syndromes,120 and some LMWH
trials also have shown clinical superiority to unfractionated
heparin.121,122 Combinations of fibrinolytics with LMWH
have been less extensively tested but have shown promise,
with improved late patency and reduced re-infarction/
reocclusion compared to intravenous heparin.123,124

GUSTO-V AMI125 was an unblinded mortality study in
16 588 patients with STE-AMI enrolled within 6 hours and
randomized to standard rPA (10 U � 10 U) or half dose rPA
(5 U � 5 U) plus full dose abciximab. The primary hypothe-
sis, that 30 day mortality rates with combination therapy
would be less than with standard fibrinolytic therapy, was
disproved (5·6% v 5·9%, respectively, P � 0·43) although the
criterion for non-inferiority was reached. However, of 
16 prespecified inhospital adverse AMI-related outcomes, 
14 occurred less frequently with combination therapy.
Combined death or non-fatal re-infarction (relative risk, 
0·83, P � 0·001), non-fatal MI alone (P � 0·0001), recurrent
ischemia (P � 0·004), urgent coronary intervention (relative
risk, 0·64, P � 0·0001), ventricular tachycardia or fibrilla-
tion, and high-grade AV block, and total complications
(28·5% v 31·7%, P � 0·0001) were significantly reduced. On
the other hand, spontaneous bleeding rates and transfusion
requirements were increased up to twofold with combina-
tion therapy (P � 0·0001). Moreover, there was a significant
(P � 0·03) adverse treatment interaction by age for ICH:
2·1% v 1·1% for combined versus standard therapy for age
�75; ICH 0·4% v 0·5%, respectively, for age 	75. GUSTO-V
AMI was interpreted as validating an alternative reperfusion
strategy for patients 	75 years old, although the lack of
incremental mortality benefit and the increased bleeding
risks were disappointing. Younger patients at higher AMI risk
(anterior AMI) arguably now might be considered for the
GUSTO-V AMI combination regimen although ASSENT-3
suggests another alternative (below).

ASSENT-314 was a randomized but unblinded trial in
6095 patients with STE-AMI enrolled within 6 hours of
symptom onset and assigned to one of three regimens:

● TNK-tPA and unfractionated heparin (both weight
adjusted)

● TNK-tPA with the low molecular weight heparin
enoxaparin

● half dose TNK-tPA with heparin and full dose abciximab.

Enoxaparin was given as a 30 mg IV bolus and 1 mg/kg
SC repeated every 12 hours until hospital discharge or for 



no treatment interactions were seen. Taking into account 
efficacy and safety, TNK-tPA with adjunctive enoxaparin ther-
apy emerged as the best overall therapy. Ease of administra-
tion and lack of need for monitoring advantaged enoxaparin
over heparin, and greater safety in the elderly and diabetics
distinguished it from the abciximab combination.

A combination of half dose fibrinolytic, GP IIb/IIIa inhibi-
tion and enoxaparin was studied in ENTIRE-TIMI 23
(Enoxaparin and TNK-tPA with or without GP IIb/IIIa
Inhibitor as Reperfusion strategy in ST Elevation MI), and
results were recently presented.126 A total of 461 patients
were enrolled. Patients tended to have higher rates of ST seg-
ment resolution with enoxaparin versus heparin and with
combination therapy versus TNK-tPA alone. Rates of major
hemorrhage were higher with TNK-tPA combinations, as
expected. However, bleeding rates tended to be lower if
enoxaparin was used instead of heparin (5·6% v 7·8%).
Although the study was not powered to detect efficacy, the
30 day rates of death or MI were reduced in the enoxaparin
groups (15·9% with TNK-tPA/heparin v 4·4% with TNK-
tPA/enoxaparin, and 6·5% with half TNK-tPA/abciximab/
heparin v 5.5% with half TNK-tPA/abciximab/enoxaparin).

Based on these two recent trials (Table 31.4), combined
enoxaparin and TNK-tPA appears to be the most attractive
current alternative pharmacological reperfusion strategy and
deserves further study. The role of combined GP IIb/IIIa
and fibrinolytic therapy, in contrast, is less certain after
GUSTO-V and ASSENT-3. Further studies should be limited
to younger patients at lower risk of bleed and high risk of
AMI-related complications and might include those likely to
undergo early percutaneous coronary interventions or
include combination therapy with enoxaparin. Whether
shorter-acting GPI’s (such as eptifibatide or tirofiban) or fur-
ther changes in adjunctive heparin dosing can improve the
benefit/risk ratio of combination regimens with fibrinolytics
must await ongoing and future studies.

Combinations of fibrinolytic therapy and 
direct antithrombins

Initial testing of antithrombins as adjuncts to fibrinolytics was
complicated by excessive bleeding.95–97 Recently, the results
of HERO-2, which used adjusted doses, were reported.127

HERO-2 randomized 17 073 AMI patients to unfractionated
heparin or bivalirudin, given 3 minutes before streptokinase
administration. All patients received aspirin. Thirty day mor-
tality, the primary end point, did not differ between the
bivalirudin and heparin groups (10·8% v 10·9%). However,
adjudicated 30 day re-infarction was reduced (2·8% v 3·6%,
P � 0·004) at the expense of increased moderate to severe
bleeding (2·1% v 1·5%, P � 0·05) and increased ICH (0·55%
v 0·37%, P � 0·09). Thus, bivalirudin could lead to 8 
fewer AMI’s at a cost of 3 more transfusions for every 
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7 days except that the first two SC doses could not exceed
100 mg. Unfractionated heparin was dosed according to
recent ACC/AHA guidelines: 60 U/kg bolus (maximum,
4000 U) and 12 U/kg per hour initial infusion (maximum,
1000 U/h), adjusted after 3 hours to an aPTT of 50–70 sec.
With abciximab co-therapy, the heparin dose was further
reduced to 40 mg/kg bolus (maximum 3000 U) followed by
7 U/kg per h initial infusion (maximum, 800 U/h).

The primary efficacy end point of ASSENT-3 was the com-
posite of 30 day mortality and inhospital re-infarction or
refractory ischemia. The primary efficacy plus safety end
point was the efficacy end point plus inhospital ICH or other
major bleeding. The efficacy end point was significantly
lower in both the enoxaparin (11·4%, P � 0·0002) and the
abciximab co-therapy groups (11·1%, P � 0·0001) than the
TNK-tPA/heparin group (15·4%). The efficacy plus safety
end point also was significantly lower with adjunctive enoxa-
parin (13·7%, P � 0·004) and conjunctive abciximab (14·2%,
P � 0·014) than with unfractionated heparin (17·0%)
(Figure 31.7). A lesser need for urgent coronary interven-
tions was observed with the two experimental therapies.
Despite the positive overall results with combination abcix-
imab, there was no mortality benefit (6·6%, v 6·0% for TNK-
tPA/heparin control). Moreover, a significant adverse
interaction of treatment with age (RR 1·30 for �75 years v
0·74 for 	75, P � 0·001) (Figure 31.7) and diabetes
(RR � 1·35 with v 0·74 without diabetes, P � 0·0007) was
observed for the efficacy plus safety end point. More major
bleeding complications, transfusions, and thrombocytopenia
occurred in the abciximab group (all P � 0·001), and the rates
were three times higher in those older than 75 years.
Bleeding was only slightly increased with enoxaparin and 
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Figure 31.7 Efficacy plus Safety End point (death at 30 days,
inhospital re-infarction, refractory ischemia, ICH or major
bleeding) from ASSENT-3 trial, by age and treatment group.
Patients over age 75 years had poorer outcomes with abcix-
imab, those 75 or younger had poorer outcomes with heparin
as adjunc-tive therapy (P � 0·0010 for interaction or age, ther-
apy). TNK, TNK-tPA.
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1000 patients treated. The value of hirudin analogs as
adjuncts to fibrinolytics, instead of heparin, continues to be
uncertain.

Indications for fibrinolytic therapy in AMI

In the 1999 guidelines of the American College of
Cardiology (ACC) and American Heart Association (AHA),5

fibrinolytic therapy is strongly recommended 
within 12 hours of the onset of suggestive clinical features
(ischemic chest discomfort or equivalent) and ST elevation
(�0·1 mV, �2 contiguous ECG leads) or BBB (obscuring ST
segment analysis), and age �75 years. Fibrinolytic therapy
also is generally recommended for these same
features and age �75 years (in the absence of contraindica-
tions). Therapy is considered possibly effective – that is, con-
sider selected use for these ECG findings 
but time 12–24 hours or blood pressure on presentation
�180 mmHg systolic and/or �110 mmHg diastolic and

Grade B/C

Grade A1c

Grade A1a

associated with a high risk AMI. Fibrinolysis is not indicated
for those with ST elevation (or BBB) but time to therapy �24
hours and ischemic pain resolved and those with ST depres-
sion (at any time). These recent ACC/AHA guidelines are
summarized in Table 31.5.

Fibrinolysis in the elderly

The appropriate use of fibrinolytics in the elderly continues
to be debated. In a recent analysis of over 37 000 Medicare
patients with AMI age 65 or older who were eligible for fib-
rinolytic therapy,128 38% received fibrinolytic therapy and
4·2% received primary angioplasty. After multivariate adjust-
ments, fibrinolytic therapy was not associated with
improved 30 day survival (OR 1·01; 95% CI [0·94–1·09]),
whereas primary angioplasty was (OR 0·79; 95% CI
[0·66–0·94]). However, at 1 year, both fibrinolytic therapy
(OR 0·84 ; 95% CI [0·79–0·89]) and primary angioplasty
(OR 0·71 ; 95% CI [0·61–0·83]) were associated with lower

Table 31.5 ACC/AHA guidelines for management of acute myocardial infarction (1999)

Prerequisites for considering Choice/time of Adjuvant therapy
fibrinolytic therapy fibrinolytic agent

Class I: No specific Aspirin 162–325 mg/d
recommendations

1. ST elevation, time to therapy less In patients with large area 
 Blockers unless
than 12 h and age �75 years of infarction, early after contraindicated or CHF

symptom onset, and at low
risk for ICH may consider
the use of tPA.

2. BBB with history suggestive of MI In smaller infants with ACE inhibitors for anterior
smaller potential of MI, CHF or ejection fraction �40%
survival benefit and if a (alternatively: all patients,
greater risk of ICH exists, reassess need for continued
SK may be the choice therapy at 6 weeks).

Class IIa: IV heparin with tPA, rPA,
TNK-tPA, and non-STE-AMI

1. Age �75 years with ST elevation or SC heparin with SK or
BBB, suggestive history, APSAC unless at high risk
time �12 hours for thromboembolism, when

IV heparin is preferred
Class IIb: Door to needle time less

than 30 min
1. ST elevation, time to therapy 12–24 h
2. Systolic BP �180 mmHg, or diastolic 

BP �110 mmHg with high-risk MI
No evidence for benefit, possibly harmful

against therapy
1. ST elevation, time to therapy �24 h,

pain resolved
2. ST segment depression

Grade A1a

Grade B/C

Grade A1c

Grade A1a



mortality rates. Another Medicare analysis129 suggested that
fibrinolytic therapy even might be harmful in those over 75
years. In contrast, a large Swedish registry found a 12% risk
reduction in the composite end point of cerebral bleeding
and 1 year mortality.130 Similarly, the Fibrinolytic Therapy
Trialists’ overview of randomized trials data in patients over
75 years reported 35 day mortality to be reduced (trend)
from 29·4% to 26·0% with fibrinolytic therapy.79 Analyses
restricted to elderly patients with clear indications for fibri-
nolytic therapy, suggested similar greater absolute benefit
from fibrinolytic therapy than in younger patients.
Fibrinolytic regimens should be chosen to minimize the risk
of ICH, which increases in the elderly. Weight adjusting
treatment regimens and avoidance of excessive heparin and
other adjunctive antithrombotics (for example GP IIb/IIIa
inhibitors) is important. When safety concerns predominate,
SK, which carries a lower risk of ICH, or primary angio-
plasty should be considered as preferred reperfusion strate-
gies in the elderly.

LBBB and fibrinolysis

In patients with left BBB not known to be new, diagnosis of
AMI may be obscured and fibrinolytics withheld. In order to
define a prediction rule for evaluating left BBB, the GUSTO-1
investigators131 found three ECG criteria to have independ-
ent value in the diagnosis of AMI:

● ST elevation of 1 mm or more in leads with a positive
QRS complex

● ST depression of 1 mm or more in leads V1, V2 or V3
● ST elevation of 5 mm or more with a negative QRS

complex. Using an index score, a sensitivity of 36% and
a specificity of 96% for AMI were found in a validation
group.

Current use of fibrinolytics

The National Registry of Myocardial Infarction (NRMI)
tracks the use of reperfusion therapies in the United States,
which is accomplished through surveys of 1432 hospitals.
Over three phases, from 1990 to 1999, information on 1514
292 patients with AMI were accumulated.11 During this
decade, the percentage of AMIs eligible for fibrinolytic ther-
apy (ST elevation or LBBB presenting within 12 hours) fell
from 36% to 27%, but the percentage of eligible patients
who received reperfusion therapy remained constant (69% v
70%). Among patients eligible for reperfusion therapy, the
relative use of fibrinolytic therapy fell, from 59% to 48%,
whereas use of primary coronary angioplasty increased, from
12% to 24%. Of those receiving fibrinolytic therapy, the
mean time from hospital arrival to drug delivery decreased,
from 62 minutes to 38 minutes.
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Selection of a fibrinolytic regimen

The selection of a fibrinolytic regimen is based on the risk of
the AMI, a benefit versus risk analysis of therapy, and consid-
eration of economic constraints. Using these factors, tPA-
related fibrinolytics have become dominant in the United
States, whereas in Europe and elsewhere, less costly SK is still
widely used. These same factors undoubtedly will influence
the rate of incorporation of new fibrinolytics and adjunctive
therapies into practice. A number of algorithms for selecting the
reperfusion regimen (that is, a specific fibrinolytic or primary
PTCA) have been proposed,132,133 but none has been
prospectively validated and universally accepted.

The authors view primary percutaneous coronary inter-
vention (PCI) as preferred therapy when readily available
(time to PCI �90�30 min).5 In other circumstances, fibri-
nolytic therapy is standard of care. TNK-tPA, accelerated
dose rt-PA, or rPA may be recommended for high risk
patients who have the potential for a large therapeutic 
benefit, for example, anterior AMI, BBB-related AMI, or
poor-prognosis inferior AMI (that is, with right ventricular
involvement, anterior reciprocal ST depression, or lateral
and posterior extension), time �6 hours, and age �75
years. (Older patients have greater mortality risk but also
greater bleeding risk and derive less proportionate benefit.)
TNK-tPA offers the advantage of single bolus dosing and
lower transfusion requirement, yet maintains efficacy equiv-
alent to rt-PA. For other patients, efficacy advantages are less
clear, and physician preference, patient safety, cost issues,
and availability can guide choice. SK is preferred when 
the risk of ICH is high (for example, the elderly) and when
cost is an important consideration. A non-immunogenic 
fibrinolytic is preferred in patients with a history of prior SK
or APSAC use (neutralizing antibodies may persist for 
several years).

Despite two large outcomes trials,14,125 the role of combi-
nation therapies with GP IIb/IIIa inhibitors remains unclear
and recommendations on use cannot be given. Clearly, the
combinations tested in GUSTO-V and ASSENT-3 should be
avoided in the elderly (�75 years old).

Adjunctive therapy with the LMWH enoxaparin presents
another co-therapy option. Based on ASSENT-3,14 enoxa-
parin appears to be an attractive alternative to unfraction-
ated heparin as an adjunctive antithrombin with standard
dose TNK-tPA. Further testing and assimilation of enoxa-
parin into official guidelines is anticipated in the near future.

Adjunctive therapy

Adjunctive medical and antithrombotic therapy will be 
covered more completely in related chapters. Current
guidelines strongly recommend aspirin on
admission in a dose of 162–325 mg, preferably chewed.
Aspirin is then continued in the same dose, once daily,

Grade A1a



indefinitely (enteric coated forms are popular).5 For aspirin
allergy, clopidogrel (preferred) or ticlopidine may be used.

Intravenous heparin is recommended with
tPA-related fibrinolytics,5 beginning concurrently and given
for 48 hours, with a target aPTT at �12 hours after throm-
bolytics of 50–70 seconds (1·5 to 2 times control).98

Currently recommended dosing includes a 60 U/kg bolus
(maximum 4000 U) followed initially with a 12 U/kg per
hour infusion (maximum 1000 U/hour) with adjustment
after 3 hours based on aPTT.5

IV heparin is not routinely recommended with systemically
active (non-fibrin-selective) agents such as SK and APSAC,
especially within 6 hours of fibrinolysis. 5

Rather, subcutaneous heparin (7500–12 500 U twice daily
until ambulatory) or low molecular weight heparin may be
given. IV heparin is “probably effective” after 6 hours in
patients at high risk for further thrombosis or thromboem-
bolism (for example, those with large or anterior MI, atrial
fibrillation, previous embolus, or known left ventricular
thrombus) .5

It is likely that the LMWH enoxaparin may be included as
an antithrombin option or preference in future guidelines,
based on ASSENT-3 . Direct antithrombins
(hirudin derivatives) also have been tested as adjunctive
therapies (for example, HERO-2), but their role has not yet
been clearly established.
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Introduction

Mechanical reperfusion of the coronary artery is well 
established as an effective modality of treatment in patients
presenting with an acute myocardial infarction. As the
pathophysiology of an acute myocardial infarction most
commonly involves thrombosis in an area of coronary artery
with atherosclerotic narrowing with plaque rupture,
advances in treating the thrombus and the underlying steno-
sis have significantly improved the therapy of this group 
of patients. Most patients with non-ST-segment 
elevation myocardial infarction (NSTEMI) have a non-
occlusive or partially occlusive thrombus in an atheroscle-
rotic coronary artery with the exception of true posterior
myocardial infarction. The pathophysiology and the initial
30 day course of the group of patients with NSTEMI is sim-
ilar to those who have unstable angina. These patients are
initially managed with anticoagulants and antiplatelet
agents and then risk stratified. Recently it has been shown
that invasive risk stratification and appropriate revascular-
ization in these patients improve outcomes compared to
continued medical management.1

Patients with ST-segment elevation MI (STEMI) usually
have a total thrombotic occlusion of the infarct artery and
therefore it is critical to re-establish flow to the distal
myocardium as rapidly as possible to reduce the ongoing
damage to the cardiac tissue. Antiplatelet and fibrinolytic
therapy has been shown to improve outcome and reduce
mortality in multiple randomized studies in these
patients.2–4 At the same time, catheter-based per-
cutaneous coronary interventions (PCI) have also been
shown to re-establish flow in the infarct artery quite effec-
tively, improving outcome in these patients.5

Surgical revascularization is required only in a very small
percentage of patients with acute STEMI. As the technology
has advanced, besides balloon angioplasty, current mechani-
cal reperfusion strategies involve stenting, various
thrombectomy devices, distal protection devices, and
adjunctive medications. Therefore the terminology percuta-
neous coronary interventions (PCI) is more appropriate than
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balloon angioplasty. The focus of this chapter is to explore
therapies for STEMI.

Patients who present with STEMI should be treated with
either fibrinolytics or percutaneous coronary intervention
(PCI) as the initial modality of reperfusion if they are other-
wise eligible and have potential to benefit from therapy.

The clear advantage of fibrinolytic therapy
remains its rapidity and ease of use. It can be used in med-
ical facilities without dedicated cardiac catheterization labo-
ratories and the outcome does not depend on the volume 
of patients treated by the institution as opposed to PCI.
Despite multiple randomized studies showing improved
outcome with fibrinolytic therapy as compared to placebo, 
it is still underused in appropriate patients, most often due
to perceived risk of bleeding or cerebral complications.
Appropriate contraindications are infrequent. Even with the
newer fibrinolytic agents, a small but significant risk (�1%)
of intracranial hemorrhage remains and results in death or
disability in two thirds of these patients.7,8,25

The fibrinolytics establish normal TIMI grade 3 flow in only
50–60% of the patients (Figure 32.1).9,10 Only a
third of treated patients have complete resolution of ST-
segment elevation and only about 50% have �70% resolu-
tion of ST-segment elevation 24–36 hours after fibrinolytic
administration – a marker of lower mortality.11 Since there
are no absolutely reliable clinical symptoms or signs that
indicate success of fibrinolytic therapy, it is difficult to evalu-
ate whether the infarct artery is open with the treatment in
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Mechanical reperfusion can overcome many of these lim-
itations. Direct (or primary) PCI, intervention of the infarct
artery without prior fibrinolysis, can be done in many
patients with contraindications for fibrinolytic therapy. The
overall risk of intracranial bleeding is significantly lower
with direct PCI.5 With the strategy of direct PCI,
there is an opportunity to evaluate coronary anatomy, ven-
tricular function, and intracardiac pressures essentially at
the time of admission and possibly to detect anatomic fea-
tures or mechanical complications that would require ear-
lier treatment with surgery. The cardiac catheterization
laboratory also gives an opportunity to observe directly the
effects of medications and mechanical devices like intra-
aortic balloon counterpulsation. The other benefit of direct
PCI is the availability of highly trained staff in the cardiac
catheterization laboratory if circulatory resuscitation is
needed. In most randomized studies of direct PCI, the suc-
cess rate is quite high and the rate of TIMI-3 flow in the
infarct artery is substantially higher than is achieved with
fibrinolytic therapy (Figure 32.3).5,14,15 Rapid
assessment and treatment also results in shorter lengths of
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hospital stay for patients, potentially reducing the cost of
care.16 The primary limitation of direct PCI in
acute MI is logistical. Access to a tertiary care center with a
cardiac catheterization laboratory facility and highly trained
personnel is required. The majority of the patients with
acute MI present to hospitals with neither of these. Even in
facilities able to do PCI, the time to treatment is usually
longer compared to administering fibrinolytic therapy.
Transfer to these tertiary centers is often impractical because
it would further delay therapy.17 One study has suggested
that the initial advantage of primary PCI over fibrinolytics is
lost when the delay in doing primary PCI is more than 
90 minutes from the time of presentation.17

Despite these limitations, direct PCI for STEMI and elective
PCI for NSTEMI are done in a significant proportion of
patients with acute MI. Better understanding of the cardio-
vascular hemodynamics, advances in catheter technology
and stents, and use of adjunctive pharmacologic therapies in
the cardiac catheterization laboratory have improved results
and outcomes in patients with acute MI. This has resulted
from improvement in procedure safety, procedural success,
and decreased need for repeat revascularization.

Randomized controlled trials: direct PTCA v
fibrinolytic therapy

Randomized controlled trials have compared various regimens
of fibrinolytic therapy with balloon angioplasty (Table 32.1).

These studies were small in size compared to the
studies of fibrinolytics versus placebo and the results may not
be as generalizable. The studies are limited in that third gen-
eration fibrinolytics such as tenecteplase and reteplase along
with modern regimens of heparin were not used; nor do they
include the use of stents and glycoprotein (Gp) IIb/IIIa recep-
tor inhibitors in those patients treated by direct PCI. Overall,
direct balloon angioplasty seems to result in better outcomes
than fibrinolysis in certain settings (Table 32.2). 
The first reported studies to compare the strategies in a ran-
domized setting used 3 hour infusion of tPA and 1·5MU of
streptokinase.14,15 These were done in specialized centers
dedicated to direct PCI. Grines et al reported a trend towards
improved hospital mortality and a significant decrease in the
end point of death and re-infarction in patients treated with
direct balloon angioplasty (OR 0·40; 95% CI 0·16–0·89).
Zijlstra et al also reported significant mortality benefit 
for direct angioplasty (OR 0·25; 95% CI 0·04–0·99).

Among the three other smaller randomized stud-
ies comparing streptokinase to direct angioplasty, two of them
favored angioplasty and one streptokinase.15,18,19 Among the
smaller studies using 3–4 hour tPA regimens there were no
differences in survival.20,21 Two small studies and one large
study compared the optimum accelerated tPA regimen with
direct angioplasty.22–24 The smaller studies showed a trend
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an individual patient. Even in those patients who have suc-
cessful fibrinolysis, many go on to have reocclusion and 
re-infarction due to the ongoing vulnerability of the underly-
ing atherosclerotic plaque (Figure 32.2).9,12,13 Grade A
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that favored angioplasty, but the difference was not statisti-
cally significant. 

The largest study to date that compared accelerated tPA
and direct angioplasty is the GUSTO-IIb.24 This was a multi-
center study that was a substudy of the larger GUSTO-II study
comparing hirudin and heparin in the treatment of acute MI.
It represented more of community practice for treating MI,
with 57 hospitals participating rather than a few specialized
centers. In this study, the incidence of the primary end point
(death, non-fatal re-infarction and stroke at 30 days) was 9·6%
in the angioplasty group and 13·7% in the tPA group
(P�0·03). However, there was no difference in the incidence 

Grade A
of the composite end point (14·1% v 16·1% P � NS) at 
6 months. Of note, this study reported only 73%
of patients undergoing direct angioplasty achieved TIMI-3
flow when analyzed by a core laboratory. Most of other direct
PCI studies have reported achieving TIMI-3 flow rates of over
90%. Subgroup analysis of the GUSTO-IIb study seems to sug-
gest more benefit of direct angioplasty in elderly patients and
patients who present after 4 hours of symptoms. 
When the results of GUSTO-IIb are combined with all others,
it appears that there is a significant reduction in the composite
mortality and re-infarction (approximately 70% net reduction
at 30 days that is maintained to at least 6 months).

Grade B
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Table 32.1 Trials comparing direct balloon angioplasty and fibrinolytics

Study Lytic agent Patient Duration of Primary Patients Patients Time to Rx
(first author) population symptoms follow up PTCA FTX (min)

description (h) period (n) (n)
PTCA FTx

DeWood21 Duteplase 4 h STa �76 yr �12 30 days 46 44 294 258
Grines14 tPA 3 h STa �12 Discharge 195 200 60 32
Zijlstra15 1·5 mU SK �1 h STa �76 yr �6 Discharge 152 149 62 30
Gibbons20 Duteplase 4 h STa �80 yr �12 Discharge 47 56 45 20
Ribeiro18 1·2 mU SK �1 h STa �75 yr �6 Discharge 50 50 238 179
Zijlstra15 1·5 mU SK �1 h STa Low risk �6 30 days 45 50 68 30
Ribichini22 tPA 90 min Inf. MI Ant. �6 Discharge 41 42 40a 33a

STb �80 yr
Grinfeld19 1·5 mU SK �1 h STa �12 30 days 54 58 63a 18a

GUSTO-II24 tPA 90 min STa LBBB �12 30 days 565 573 72a 114a

Garcia23 tPA 90 min Ant. MI 5 30 days 95 94 69 84

Total 1290 1316

a From randomization.
Arrow indicates ST-segment elevated or depressed; FTx, fibrinolysis;  LBBB, left bundle branch block; PTCA, percutaneous trans-
luminal coronary angioplasty

Table 32.2 Mortality at end of study period: direct PTCA v fibrinolysis

Study PTCA Fibrinolysis Odds ratio (95% CI)

Zijlstra15 3/152 (2·0%) 11/149 (7·4%) 0·25 (0·04–0·99)
Ribeiro18 3/50 (6·0%) 1/50 (2·0%) 3·13 (0·24–1·67)
Grinfeld19 5/54 (9·3%) 6/58 (10·3%) 0·88 (0·20–3·73)
Zijlstra15 1/45 (2·2%) 0/50 (0·0%)
DeWood21a 3/46 (6·5%) 2/44 (4·6%) 1·47 (0·16–18·3)
Grines14 5/195 (2·6%) 13/200 (6·5%) 0·38 (0·11–1·16)
Gibbons20a 2/47 (4·3%) 2/56 (3·6%) 1·20 (0·08–17·1)
Ribichini22 0/41 (0%) 1/42 (2·4%) 0·00 (0·0–19·6)
Garcia23 3/95 (3·2%) 10/94 (10·6%) 0·27 (0·04–1·12)
GUSTO-II24 32/565 (5·7%) 40/573 (7·0%) 0·80 (0·48–1·32)

Total 57/1290(4·4%)b 86/1316 (6·5%)b 0·66 (0·46–0·94)

a Duteplase.
b Percentages are pooled results and odds ratio calculated by exact method using
all trials.
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A meta-analysis of the studies described above by Weaver
et al found that patients treated with direct angioplasty had
30 day or less mortality of 4·4% compared with 6·5% in
patients treated with fibrinolytic therapy (OR 0·66; 95% CI
0·46–0·94).5 The rates of death or non-fatal re-infarction
were 7·2% for angioplasty and 11·9% for fibrinolytics (OR
0·58; 95% CI 0·44–0·76). Furthermore, the risk of stroke
was also significantly reduced (0·7% v 2·0%; P � 0·007).

Intracranial hemorrhage is a significant limita-
tion of intravenous fibrinolytic therapy. Major fibrinolytic
studies have consistently reported a small but significant risk
of intracranial hemorrhage.9,25 This risk is lower
with direct angioplasty compared to fibrinolytics in the ran-
domized trials.5 Patients at higher risk of intracranial bleed-
ing (for example, age �75 years or systemic hypertension)
may derive more benefit from direct PCI as opposed 
to fibrinolytic therapy.24 The risk of bleeding
increases with more aggressive fibrinolytic therapy. Pilot
studies suggested better TIMI-3 flow rates in the infarct
artery when a reduced dose fibrinolytic was combined with
a GP IIb/IIIa inhibitor.26–28 However, there was no mortal-
ity benefit seen with the use of half-dose fibrinolytic therapy
plus a GP IIb/IIIa inhibitor compared to full-dose fibrinolytic
in the GUSTO-V study.29 There was a reduction in re-
infarction rate but a higher bleeding rate with the combina-
tion therapy. In the ASSENT-3 study, the combi-
nation of low molecular weight heparin had greater efficacy
(30 day mortality, re-infarction or refractory ischemia) and
safety (intracranial hemorrhage or major bleeding) than
tenecteplase plus unfractionated heparin or half-dose
tenecteplase plus abciximab.30 Therefore, it
appears that adjusting fibrinolytic dose or combining it with
IIb/IIIa inhibitors has not reduced overall mortality in AMI
without compromising safety.

Observational studies: direct angioplasty v
fibrinolytic therapy

Randomized controlled trials have demonstrated that direct
angioplasty results in superior outcomes if done in a con-
trolled setting. Whether this superiority is maintained in the
community is not clear. Observational studies of large reg-
istries provide insight into this.31,32 Randomized trials of
direct angioplasty are usually carried out in tertiary hospitals
with the facility and personnel dedicated to PCI. Therefore,
a community hospital may not be able to replicate the
results of the randomized trial for various reasons. The
Myocardial Infarction Triage and Intervention Investigation
registry compared mortality in 1050 patients undergoing
direct angioplasty with 2095 patients treated with fibrinolyt-
ics for AMI.32 The primary angioplasty patients were treated
in three high volume and seven low volume centers, reflecting
community practice. There was no difference of inhospital
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mortality or long-term mortality between the groups (5·6% v
5·5%, P � 0·93; long-term adjusted hazard ratio 0·95; 
95% CI 0·8–1·2) (Figure 32.4). Procedure use
and costs were lower in patients in the fibrinolytic group by
the time of hospital discharge and at 3 years (33% fewer
coronary angiograms, 20% fewer PCIs, and 14% lower
costs). However, this study did not include the
use of stents, which have been shown to significantly
reduce target vessel revascularization. Currently, 40–60% of
patients who are treated with fibrinolytics undergo further
revascularization, and it is now likely that cost–benefit
analysis will favor PCI. Grade B/C
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Figure 32.4 Cumulative survival among 1050 patients in the
primary-angioplasty group and 2095 patients in the fibrinolytic
group

Tierfenbrunn et al reported a similar comparison 
between 4939 patients undergoing direct angioplasty and
24 705 patients undergoing fibrinolysis for AMI.33 The time
to treatment with fibrinolytic was shorter than direct angio-
plasty (42 min v 111 min, P � 0·0001). Inhospital mortality
in the two groups was the same (5·2% v 5·4%). The stroke
rate was higher in the fibrinolytic group (1·6% v 0·7%,
P � 0·001). The inhospital mortality was higher in patients
with shock treated with fibrinolytics than direct angioplasty
(52% v 32%). The results were maintained after adjustments
for baseline risk by multivariate analysis. 

Observational studies therefore suggest that the mortality
advantage of direct PCI may not be maintained in the com-
munity setting, although the results are probably no worse
than with fibrinolytic therapy. There are various explana-
tions for this, but the delay in doing direct PCI as compared
to administering fibrinolytic in the community setting is
likely a major factor. Since the experience of the institution
and the operator doing the PCI influences outcome, results
of direct PCI in the community may not be as good as those
from specialized tertiary centers.34 Cannon 
et al, using a retrospective analysis, have demonstrated that
an increase in the door-to-balloon time increases mortality
significantly in patients undergoing direct angioplasty for
AMI (121–150min, OR 1·41; 151–180min OR 1·62; 
� 180min, OR 1·61).17 Canto et al., reporting fromGrade B
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the same registry, noted that inhospital mortality was 28%
lower among patients who underwent direct angioplasty in
hospitals with the highest volume compared with those who
were treated at hospitals with the lowest volume (adjusted
RR 0·72; 95% CI 0·60–0·87).31 At the same time there was
no significant relation between inhospital mortality and vol-
ume of patients when fibrinolytic therapy was used.

Another possible factor explaining this finding
may be the bias of treating sicker patients with direct angio-
plasty in a non-randomized setting. Although baseline risk
adjustments were done to exclude this, it is possible that the
risk adjustments may have been incomplete.

There has been continuous improvement in the out-
comes following both fibrinolytic therapy and direct angio-
plasty over time. However, direct angioplasty may have had
more incremental improvement than fibrinolytic therapy
over time. Rogers et al reported that the temporal trend in
1·5 million patients with MI in the USA from 1990 through
1999 revealed that patients are being administered fibrinol-
ysis more rapidly, there is increasing use of direct PCI, and
more frequent use of adjunctive therapies.35

These factors may be contributing to shorter hospital stays
(median duration from 8·3 days v 4·3 days) and lower inhos-
pital mortality (11·2% v 9·4%). Zahn et al reported data
from two large German registries of 10 118 fibrinolytic eligi-
ble patients.36 There were 1385 patients treated with direct
angioplasty and 8733 who received fibrinolysis. The propor-
tion of an inhospital delay of more than 90 minutes signifi-
cantly decreased inpatients treated with direct angioplasty
between 1994 and 1998 (multivariate OR 0·84; 95% CI
0·73–0·96) but did not change significantly for patients
treated with fibrinolysis. Hospital mortality decreased signif-
icantly in the direct angioplasty group (multivariate OR
0·73; 95% CI 0·58–0·93), but there was no significant
improvement in mortality over time in patients treated with
fibrinolysis. 

Fibrinolytic therapy v stenting

Use of stents in elective percutaneous coronary interven-
tions has been shown to have superior results in the form of
lower restenosis and better target vessel revascularization
rates in many coronary lesion subsets. Stent
implantation in the setting of MI has been studied in 
comparison to fibrinolytic therapy and balloon angioplasty
alone with and without concomitant Gp IIb/IIIa inhibitor
therapy. Schomig et al randomized 140 AMI patients to
receive either accelerated intravenous tPA or direct 
coronary stenting plus abciximab.37 The median size of the
infarct as measured by Tc99m sestamibi scan was smaller in
the stent plus abciximab group compared to the tPA 
group (14·3% v 19·4%, P � 0·002). The combined end point
of death, re-infarction, or stroke was also lower in the stent

Grade A

Grade B

Grade B

Grade B

plus abciximab group (8·5% v 23·2%, P � 0·02). 
Le May et al, in a smaller study of 123 AMI patients,
reported that compared to accelerated tPA, stenting reduced
the combined end point of death, re-infarction, stroke or
repeat target vessel revascularization in a 6 month follow up
(24·2% v 55·7%, P � 0·001).38 The median length of hospi-
tal stay was significantly reduced in the stented patients 
(4 days v 7 days, P � 0·001). Kastrati et al com-
pared the administration of alteplase plus abciximab with
stenting plus abciximab in 162 AMI patients.39 Stenting was
associated with greater myocardial salvage than alteplase
(median 13·6% v 8·0%, P � 0·007). Stenting therefore
results in superior outcome to fibrinolytic therapy if done in
appropriate settings.

Fibrinolytics, transport or direct PCI 
without on-site cardiac surgery

One major limitation of direct PCI is the excessive time it
takes to mobilize the patient and do the procedure. The
advantage of direct PCI is decreased in the community 
setting primarily because of major difference in treatment
times as compared to randomized studies.32,33 Ideally, if
door-to-balloon time could be substantially reduced, direct
PCI would probably have a significant advantage over fibri-
nolytic therapy. The Air PAMI study randomized patients to
on-site fibrinolysis versus transfer to tertiary facility for direct
PCI.40 There was a non-statistically significant 38% reduc-
tion in the end point of death, re-infarction or disabling
stroke (8·4% v 13·6%) in patients treated with direct PCI.

Widimsky et al have shown that patients trans-
ported from presenting hospitals to tertiary hospitals for
direct PCI have lower incidence of the combined end point
of death, re-infarction, and stroke at 30 days than patients
treated with fibrinolytic therapy in the community hospital
or fibrinolytic therapy during transportation to PCI (8% v
23% v 15%, P � 0·02).41 Anderson et al pre-
sented data in a randomized study reporting that patients
treated with direct PCI with or without transfer had a lower
incidence of the combined end point of death, re-infarction
or disabling stroke at 30 days than patients treated with fibri-
nolytic therapy (9·8% v 13·7%, P � 0·0003).42

The delay in door-to-balloon time with the transport in both
these studies averaged only 10 minutes, which is hard to
achieve in most settings.

The other limitation of direct PCI is the accessibility of
patients to centers that can perform the procedure safely.
Whether direct PCI can or should be done in facilities with-
out surgical backup has been debated. Aversano et al com-
pared fibrinolytic therapy versus primary PCI in patients
presenting to hospitals without on-site cardiac surgery.43

After extensive formal PCI programs were developed at the
treating facilities, 451 patients were randomly assigned to
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either direct PCI or fibrinolytic therapy with accelerated
tPA. The composite end point of death, re-infarction or
stroke was reduced in patients treated with direct PCI at 6
weeks (10·7% v 17·7%, P � 0·03) and 6 months (12·4% v
19·9%, P � 0·03). The median length of hospital stay was
also reduced in the PCI group (4·5 days v 6·0 days, P � 0·02).

Therefore, the choice of whether to treat AMI patients
with direct PCI or fibrinolytic therapy should be made
depending on each institution’s preparedness to do direct
PCI and its success rate. If conditions close to those in the
randomized studies prevail the choice should clearly be
direct PCI. In less optimal conditions, the choice depends
on the likelihood of good outcomes in individual and 
groups of patients. Finally, as advances in 
pharmacologic therapy and PCI continue, there may be a
role in doing both approaches in the form of facilitated PCI.

Balloon angioplasty v stenting

Grines et al compared balloon angioplasty to implantation 
of a heparin coated stent in a randomized study of 900
patients with AMI undergoing direct PCI.44 The combined
primary end point of death, re-infarction, disabling stroke or
target vessel revascularization was lower in the stent group
(12·6% v 20·1%, P � 0·001). The benefit resulted primarily
from a reduction in target vessel revascularization, with 
a larger minimal luminal diameter achieved after stenting
(2·56 � 0·44 mm v 2·12 � 0·45 mm, P � 0·001) resulting
in a lower restenosis rate (20·3% v 33·5%, P � 0·001) than
the angioplasty group. This study was done
without significant use of Gp IIb/IIIa inhibitors and reported
a marginally higher death rate in the stent group than the
angioplasty group (3·5% v 1·8%, P � 0·15). Although this
was not statistically significant, there was a question as to
whether the lower TIMI-3 flow rate achieved with stenting
in this study (89·4% v 92·7%, P � 0·10) contributed to this.
Subsequent studies have not reproduced this. Maillard et al
reported a study which randomized 211 AMI patients to
direct angioplasty versus stenting and found that the pri-
mary end point of restenosis at 6 months was lower in the
stent group (25% v 40%, P � 0·04).45 There was no acute
difference in angiographic success rates between the two
groups (86% for stent and 82% for angioplasty, P � NS).

Stone et al demonstrated that implantation of
stents to treat lesions causing an acute MI had the best over-
all results when compared to balloon angioplasty with or
without the Gp IIb/IIIa inhibitor abciximab.46 In this study
2082 patients with acute MI undergoing direct PCI were
randomly assigned four different treatment groups: angio-
plasty alone, angioplasty with abciximab, stent alone, and
stent with abciximab. The stent group had the lowest 
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incidence of major cardiovascular events at 6 months
(20·0% PTCA, 16·5% PTCA plus abciximab, 11·5% stenting
and 10·2% stenting plus abciximab, P � 0·001). 
This benefit was primarily driven by target vessel revascular-
ization. There was no deterioration of flow or possible early
hazard seen with the stent in this study. It therefore appears
safe and desirable in patient undergoing direct PCI in the
setting of an acute MI to treat the coronary lesions with
stents if feasible. 

PCI with or without Gp IIb/IIIa inhibitors

There are several studies evaluating the use of Gp IIb/IIIa
inhibitors during direct PCI for AMI. Brener et al random-
ized 483 patients to receive abciximab or placebo during
direct AMI angioplasty. When the results were analyzed by
intention to treat, there was no difference in the incidence of
the combined end point of death, re-infarction, and target 
vessel revascularization (TVR) at 6 months (28·1% v 28·2%,
P � 0·97).45 There was a trend toward a lower rate of death
or re-infarction with abciximab in an actual treatment analysis
(6·9% v 12·0%, P � 0·07) but this was achieved with more
frequent major bleeding in the abciximab group (16·6% v
9·5%, P � 0·02). Montalescot et al randomly
assigned 300 patients to abciximab and stenting or placebo
and stenting. The composite end point of death, re-infarction
or urgent TVR was lower in the abciximab group at 30 days
(6·0% v 14·6%, P � 0·01) and at 6 months (7·4% v 15·9%,
P � 0·02).48 The TIMI-3 flow was better in the abciximab
group immediately prior to the procedure (16·8% v 5·4%,
P � 0·01), immediately after the stenting procedure (95·1% v
86·7%, P � 0·04) and at 6 month angiographic follow up
(94·3% v 82·8%, P � 0·04). There was significantly more
minor bleeding (12·1% v 3·3%, P � 0·004) but only one
major bleed was reported in the abciximab group. The better
results with abciximab in this study may be influenced by the
better TIMI-3 flow rate achieved prior to PCI in the patients
who received abciximab well ahead of the PCI. In
the 2082 patient randomized study reported by Stone et al,
patients treated with abciximab and stent did not have statis-
tically significantly better outcome than those treated with
stent alone.46 In this study, the abciximab was used after
angiography and randomization with no difference in the
TIMI-3 flow between the groups treated with stent alone or
stent plus abciximab either before (21·3% v 24%) or after
(94·5% v 96·9%) the PCI. The combined end point of 
death, re-infarction, disabling stroke or TVR was also not sta-
tistically different between the groups (11·5% v 10·2%).

We have to therefore conclude that use of the 
Gp IIb/IIIa inhibitor abciximab during direct PCI has either
marginal or no advantage over stenting alone. There are 
no randomized data with the other Gp IIb/IIIa inhibitors in
this setting.
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Facilitated PCI

Earlier achievement of normal perfusion of the infarct artery
results in better myocardial salvage and clinical outcome.49

Facilitated PCI is the term used to designate the
use of pharmacologic therapy to aid reperfusion of the
infarct artery while preparing for direct PCI. This may be
achieved with either full-dose fibrinolytics or reduced dose
fibrinolytics combined with platelet inhibitors. Earlier stud-
ies showed that routinely undertaking PCI after full-dose fib-
rinolytic administration results in worse outcomes and
therefore is not recommended unless there is clinical evi-
dence of failure of fibrinolytic therapy.50,51

However, with advancements in catheter technology, better
hemostatic techniques, and safer pharmacologic regimens, 
it may be feasible to combine various doses of fibrinolytics
and direct PCI. Since fibrinolytics can be administered
much more quickly than PCI can be performed, whether
this approach results in better patient outcome needs to be
studied. The potential advantage of this approach would be
that more patients would have open infarct arteries prior to
doing PCI resulting in better myocardial salvage. Ross et al.
reported a pilot study of 606 AMI patients randomly
assigned to half-dose rtPA or placebo before undergoing
angiography.52 PCI was carried out only if there was less
than TIMI-3 flow in the infarct artery. More patients with
half-dose rtPA had TIMI-3 flow at first angiography (33% v
15%, P � 0·001) but there was no difference in bleeding
rates, stroke or 30 day mortality between the groups.

Herrman et al reported the result of a subanaly-
sis of the GUSTO-IV Pilot in which 323 patients underwent
PCI at the time of initial angiography.53 In this analysis PCI
was done safely and efficaciously in patients receiving half-
dose rtPA and full-dose abciximab. 

Facilitated PCI may also address the delay in reperfusion
in patients undergoing direct PCI. If PCI in patients who
have received a combination of reduced dose fibrinolytic and
platelet inhibitors can be demonstrated to be safe, this strat-
egy may reduce time to reperfusion and maintain the benefit
of direct PCI. Whether transferring patients
after administration of combination therapy from community
medical centers to tertiary centers to perform facilitated PCI
results in better outcome requires further study.

The other potential advantage of facilitated PCI may be
the opportunity to improve distal myocardial perfusion.
Distal myocardial perfusion is normal only in the one third
of patients who undergo direct PCI and achieve TIMI-3 flow
in the culprit artery. Poor distal myocardial perfusion in spite
of TIMI-3 flow in the epicardial artery predicts a worse out-
come in patients with AMI.54 Thrombectomy
devices or distal protection devices may decrease the
chance of worsening distal myocardial flow during PCI.

Systemic or intracoronary administration of
agents such as Gp IIb/IIIa inhibitors and adenosine may
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improve distal myocardial perfusion.53,55

A variety of other pharmacologic agents is being tested in
combination with fibrinolysis or PCI to see if infarct size 
can be reduced. Invasive assessments of the coronaries and
myocardium currently allow accurate assessment. Facilitated
PCI is in its early stages of investigation and no definite 
recommendations can be made with the current evidence.

Resource use and cost effectiveness of 
direct PCI

As clinical outcomes vary between randomized trials and
observational studies of direct PCI and fibrinolysis, so too
does cost analysis between individual randomized studies
and observational studies. In general, randomized studies
report cost advantages of direct angioplasty because of
reduced length of stay, repeat hospitalizations, and need for
subsequent revascularization. Whether these fac-
tors overcome the higher upfront costs of an invasive proce-
dure requires systematic analysis. Zijlstra et al have reported
a 5 year follow up of 395 patients randomly treated with
intravenous streptokinase or direct angioplasty.56 The direct
angioplasty group had higher survival (mortality 13% v 24%,
RR 0·54; 95% CI 0·15–0·52%) less non-fatal re-infarctions,
and fewer readmissions for heart failure and ischemia. The
total medical charges were also lower in the angioplasty
group ($16 090 v 16 813, P � 0·05). In the ran-
domized PAMI study, Stone et al reported direct angioplasty
achieved better clinical outcomes with no significant differ-
ence in cost ($27 653 for angioplasty v $30 227 for fibrinoly-
sis, P � 0·21).57

Analysis of the MITI registry, however, shows that
patients treated with angioplasty for AMI were more likely
to undergo further catheterization and revascularization
procedures and incurred 13% higher costs than patients
treated with fibrinolysis.32 This is in contrast
with the results of most of the randomized studies of direct
PCI and fibrinolysis. When patients are randomly assigned
in a carefully conducted study, the physician preference or
bias is controlled. But in an observational study, it may be
that sicker patients are referred for direct PCI and the addi-
tional invasive assessment after the primary PCI may be
driven by the physician preference for invasive assessment.

Therefore the cost of direct PCI probably is lower or equal
to the cost of fibrinolysis in the long term if it is done in 
centers practicing methods used in the randomized control
trials, but the comparison of the costs in the community set-
ting is not as favorable. Estimates of cost effectiveness using
randomized data and assuming a large (40–50%) mortality
benefit from direct PCI favor direct PCI.58 But if the more
modest reduction in events noted in the GUSTO-IIb or the
observational studies are used, the estimate of benefit may
be much less.24,32 Because therapeutic strategiesGrade B

Grade B

Grade A

Grade A

Grade A

Grade A/B



Mechanical reperfusion strategies

451

for both fibrinolysis and direct PCI are evolving, it is hard to
compare the cost or calculate the cost effectiveness of either
therapy.59 Upfront costs of direct PCI have increased with
the more frequent use of Gp IIb/IIIa inhibitors and stents
during the procedures, but the shorter hospital stay and
improving clinical outcomes may offset the initial costs.
Grines et al have demonstrated that omission of intensive
care and discharge at day 3 of hospital stay after direct PCI
for AMI is safe in some lower-risk patients and has the
potential for cost savings.16 The cost of fibrinoly-
sis is in flux, with newer agents, adjunctive therapies, and
increasing use of invasive risk stratification after fibrinolytic
administration. Because of this, and the wide variation of
cost of procedures in patients with AMI, formal cost effec-
tive analysis is difficult and inaccurate to extrapolate to all
settings.

The use of bypass surgery in the setting of AMI

With the advent of stents for acute vessel closures, the 
percentage of patients requiring emergency bypass sur-
gery for acute myocardial infarction has fallen below 1% 
in contemporary randomized studies of direct PCI.37,44

However, earlier studies of direct PCI and obser-
vational registries reported this rate as 4–6%.14,15,60

Bypass surgery may be required owing to
anatomical considerations, such as left main disease or coro-
nary disease not suitable for immediate PCI, or mechanical
complications from the MI such as acute severe mitral
regurgitation, ventricular septal defect or a failed PCI.
Observational studies report that stable patients with acute
MI can undergo bypass surgery with good results. But, the
complexity of performing cardiac surgery in patients with
acute MI and potentially other manifestations like failed PCI
or cardiogenic shock is definitely greater. Randomized stud-
ies comparing surgery to medical therapy or PCI in this 
situation are lacking.

When bypass surgery was the only available therapy for
acute coronary reperfusion in the 1970s, there were some
studies that reported surprisingly good results. DeWood 
et al reported on their experience with 187 patients treated
with early coronary bypass surgery.61 In this observational
study, all patients under 65 years of age who presented with
ST-segment elevation underwent cardiac catheterization.
After exclusion of 28 patients (comorbidity, diffuse or no
coronary disease), 187 patients were treated with bypass
surgery and 200 were treated medically. Although treat-
ment was not randomly assigned, the groups were well 
balanced in terms of age, prior history, and presenting signs
and symptoms. Hospital and long-term mortality was lower
in the bypass patients (5·8% v 11·5%, P � 0·08 in hospi-
tal; 11·7% v 20·5%, P � 0·03 at 56 months). In surgical
patients placed on cardiopulmonary bypass within 6 hours
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of symptoms, hospital mortality was 2%. Similar
results have been reported in 261 patients treated with
acute bypass surgery at the lowa Heart Center (hospital
mortality 5·7%).62 These findings, however, are
limited by the fact that the comparisons between surgical
and medical therapy were not randomized. Patients were
excluded from the surgical cohort due to coronary anatomy,
comorbidity or shock. Thus, these excellent results are prob-
ably not generalizable to the larger population of acute
infarct patients.

In the PAMI-2 study of AMI patients treated with direct
angioplasty, 10·9% underwent cardiac surgery before 
hospital discharge, 57% of whom underwent the surgery
urgently.55 The inhospital mortality was 6·4% in those who
underwent surgery urgently versus 2·0% in the elective 
surgery group. The mortality associated with
bypass surgery after AMI increases with the instability of the
patient. Lee et al reported on 316 patients undergoing
bypass surgery after AMI, among whom the mortality was
1·2% in stable patients and 26% in patients with cardiogenic
shock.63 Hochman et al reported the results a randomized
study comparing medical therapy versus revasularization
therapy in 304 patients with acute MI and cardiogenic
shock.64 In the revascularization group 64% were treated
with angioplasty and 36% by surgery. At 30 days the mortal-
ity was 46·7% in the revascularization group versus 56% 
in the medical therapy group (P � 0·11) but at 6 months 
the mortality was statistically lower in the revasculariza-
tion group (50·3% v 63·1%, P � 0·027). There was no dif-
ference in mortality between the angioplasty group (45·3%)
and the surgery group (42%). Although patients have a high
mortality when they present with acute MI and cardio-
genic shock, revascularization strategy may improve the
outcome in selected patients. As a subgroup,
patients �75 years of age had higher mortality with the
revascularization strategy (RR 1·41; 95% CI 0·97–2·03)
than medical therapy. Therefore, it is unclear at
this time whether elderly patients in cardiogenic shock
should undergo revascularization therapy in the setting of
an acute MI.

The American College of Cardiology/American Heart
Association practice guidelines for the treatment of AMI 
recommend acute bypass surgery only in the case where
catheter-based intervention has failed or is not feasible.65

Class I recommendations for urgent/emergent bypass 
in the setting of AMI include those patients with failed
PTCA with persistent pain or hemodynamic instability, 
persistent or recurrent ischemia refractory to medical 
therapy in candidates not eligible/suitable for catheter-
based intervention, or in the setting of a surgical repair 
for ventricular septal defect or mitral valve insufficiency.
Class II indications include cardiogenic shock or failed
angioplasty in patients with a small amount of myocardium
at risk.
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Conclusions and recommendations

Although a small subset of patients will require emergent
surgery, in the current environment, mechanical reperfusion
in the setting of an acute MI is mostly limited to percuta-
neous coronary intervention. The majority of patients with
STEMI present to hospitals without dedicated PCI facilities
or personnel and will be treated pharmacologically with fib-
rinolytics, antithrombotics, and platelet inhibitors. In cen-
ters with dedicated PCI facilities, the choice of therapy
should be direct PCI in all patients presenting with STEMI
unless contraindicated. This is especially so if it
can be done in an expeditious manner, by an experienced
operator in a high volume center. Although there
are no randomized study data to substantiate the numbers
associated with the time to therapy, operator volume or
institution PCI volume, the American College of Cardiology
and American Heart Association recommends a door-to-
balloon time of �90 minutes, operator PCI volume of �75
per year, and institution volume of �200 per year.65

Whether surgical backup is necessary to do direct AMI PCI
is debatable, but a small number of patients continue to
require emergency surgical therapy because of coronary
anatomy or failed PCI, and surgical backup close at hand is
recommended. Younger patients (�75 years)
with cardiogenic shock, patients with contraindications to
fibrinolytic therapy with high risk of bleeding, and patients
who have failed fibrinolytic therapy should also be consid-
ered for PCI.64

Myocardial salvage and therefore prognosis depends on the
time delay to opening the blocked infarct artery. Everything
possible should be done to expedite the re-establishment of
flow into the distal myocardium. Whether the
benefit of direct PCI by transferring patients from com-
munity hospitals to tertiary centers outweighs the addi-
tional myocardial damage brought on by the delay needs to
be studied further. Facilitated PCI by using full
or reduced dose fibrinolytics with or without IIb/IIIa
inhibitors during the time delay to the catheterization labo-
ratory also shows promise, but again needs further study.

During the actual PCI, there are no clear guidelines about
procedural approaches. Many operators minimize the time
to open the infarct artery by forgoing the right heart
catheterization or the left ventriculography in the majority
of patients and using a guiding catheter to do culprit vessel
angiography. Gp IIb/IIIa inhibitors, especially
abciximab, have been shown to improve periprocedural 
outcome in some randomized studies if started well in
advance to achieve better TIMI-3 flow prior to the PCI.48

Implantation of a stent to treat the culprit steno-
sis also reduces combined event rates, especially target ves-
sel revascularization. The possible early hazard
observed in the PAMI stent study was not seen in other
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studies using different stents with or without a GP IIb/IIIa
inhibitor.44,46 Elective use of intra-aortic balloon counter-
pulsation in stable patients after successful PCI is not benefi-
cial. Distal protection and thrombectomy
devices have potential for reducing distal embolization but
need systematic study.66

Although a large majority of patients achieve TIMI-3 flow
in the culprit artery after PCI, distal myocardial perfusion is
completely normal in only a minority of these patients. The
status of myocardial perfusion also directly influences progno-
sis, with the best outcomes observed in patients with normal
myocardial perfusion. Some studies found that vasodilators
like adenosine seem to improve the distal myocardial perfu-
sion.53,54,67 Whether these agents and other
newer anti-inflammatory agents will result in improved out-
comes by improving distal myocardial perfusion needs to be
studied further. Other strategies to reduce myocardial dam-
age, such as lowering body temperature and infusing super-
saturated oxygen, also need further study.68,69
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Introduction

In reperfusion-eligible patients1 with acute myocardial
infarction (MI), the aim of treatment is to restore normal
(Thrombolysis in Myocardial Infarction [TIMI] grade 3)2 epi-
cardial blood flow in the infarct-related coronary artery and
microvascular blood flow to the affected myocardium as
soon as possible,3,4 in order to preserve left ventricular func-
tion5 and improve early survival rates.6 Sustained patency of
the infarct artery is associated with enhanced late survival.7

In reperfusion-eligible patients, high rates of both early and
sustained TIMI-3 flow may be achieved by using 
a combination of fibrinolytic, antiplatelet, and antithrombin
agents and/or percutaneous coronary intervention (PCI).
Although TIMI-3 flow has been shown to correlate with
improved survival,4 bleeding and intracranial hemorrhage
are major adverse effects of the current fibrinolytic regi-
mens, and the balance of benefit and risk needs to be
assessed in appropriately designed large clinical trials. This
chapter will examine the evidence for the use of adjunctive
antithrombin therapies in patients with ST-segment eleva-
tion acute MI treated with or without reperfusion therapies.

Indirect antithrombins

Unfractionated heparin

Mechanism of action of heparin

Unfractionated heparin, the clinical prototypical antithrom-
bin agent, is a heterogeneous glycoprotein with a molecular
mass that varies between 5000 and 30 000 kilodaltons
(mean 15 000 kDa). Upon binding to antithrombin III,
heparin forms a complex that inhibits the actions of throm-
bin (Figure 33.1) and factors IXa, Xa, and XIa. The varying
molecular masses of commercial heparin preparations result
in only partial (approximately one third) stoichiometric
binding to antithrombin III, with unpredictable pharmaco-
kinetics and pharmacodynamics and hence an unpre-
dictable anticoagulant effect.8 Low molecular weight

heparins have lower mean molecular masses than unfrac-
tionated heparin, and lack the 18 saccharide moieties
required for simultaneous binding of thrombin and
antithrombin III, thus they effectively inhibit factor Xa with-
out concurrent binding to thrombin and antithrombin. At a
heparin concentration that prolongs the activated partial
thromboplastin time (APTT) to twice normal, there is only
20–40% inhibition of clot-bound thrombin activity.9 The
heparin–antithrombin III complex is inhibited by fibrin
monomer II and is relatively inaccessible to factor Xa in the
prothrombinase complex. Heparin binds to several other
plasma proteins including platelet factor 4, vitronectin,
fibronectin and von Willebrand factor, which inhibits
platelet function.

The procoagulant state after administration of
fibrinolytic therapy

Administration of fibrinolytic therapy results in a procoagu-
lant state. Plasmin activates platelets either by activating the

33 Adjunctive antithrombotic therapy
for ST-elevation acute myocardial
infarction
John K French, Harvey D White

Figure 33.1 Direct thrombin inhibitors such as bivalirudin and
hirudin bind to both the catalytic and antithrombin III binding
sites of thrombin, directly inhibiting each function. Indirect
thrombin inhibitors affect the activation of thrombin indirectly by
binding at different sites.
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thrombin receptor10 or by triggering thrombin generation
through activation of factor V (Figure 33.2).11 The amount
of thrombin activity induced by fibrinolytic agents is directly
related to the extent of free plasmin activity (Figure 33.3).12

Administration of streptokinase results in the breakdown of
circulating fibrinogen and an increase in fibrin degradation
products, which have anticoagulant effects. However,
because streptokinase induces extensive plasmin activity, it
may be associated with more marked procoagulant effects
than fibrin-specific agents such as alteplase, reteplase or
tenecteplase, which activate plasminogen to a lesser degree.12

The exposure of clot-bound thrombin acts as a nidus for fur-
ther thrombosis, and provides the rationale for adjunctive use
of antithrombotic therapies.

Effect on infarct artery patency of unfractionated
heparin alone

The effect of a large single bolus of intravenous unfractionated
heparin on infarct artery patency in patients not given fibri-
nolytic therapy was examined in the Heparin in Early Patency
(HEAP) trial after the HEAP pilot study showed that a single
intravenous heparin bolus of 300 IU/kg produced TIMI-3
flow in 31% of patients.13 The HEAP trial,14 which random-
ized 584 patients, found that 13% of patients given weight

adjusted high-dose heparin (20000–30000 IU) had TIMI-3
flow at a mean of 79 minutes, compared with 9% of patients
given either no heparin or weight adjusted low-dose heparin
(0–5000 IU). These rates of TIMI-3 flow are similar to those
seen prior to primary angioplasty,13 and show that heparin on
its own does not enhance early infarct artery patency.

Effect on infarct artery patency of adjunctive
unfractionated heparin with fibrinolytic therapy

Early angiographic studies evaluated the use of heparin ver-
sus aspirin (but not heparin with aspirin) after fibrinolytic
therapy. In the Thrombolysis and Angioplasty in Myocardial
Infarction (TAMI)-3 study,15 patients receiving a 3 hour infu-
sion of alteplase were randomized to receive either a 10 000
IU bolus of heparin or a placebo. There was no difference in
the rates of TIMI-3 flow at 90 minutes (54% in the heparin
group versus 53% in the placebo group). However, three
other studies that performed angiography at means of 18,16

57,17 and 81 hours18 after administering alteplase concluded
that heparin did improve patency; in the third study all
patients also received 80 mg of aspirin. No trials have found
that heparin improved 90 minute patency rates when an
aspirin dose of �100 mg was used in conjunction with
alteplase.
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Figure 33.2 Interactions between platelets and thrombotic, coagulation, and fibrinolytic pathways, showing the biochemical inter-
actions between platelet membrane receptors, vessel walls, and adhesive macromolecules during platelet adhesion and aggregation
(left). Also depicted are the intrinsic and extrinsic systems of the coagulation cascade and their interaction with the platelet mem-
brane (right), such as via the prothrombinase complex, which is the activator complex for thrombin. Coronary thrombosis is associated
with both platelet and coagulation processes. Ca��, calcium; Ia, glycoprotein Ia; Ib, glycoprotein Ib; IIb/IIIa, glycoprotein IIb/IIIa; vWF,
von Willebrand factor; XL, cross-linked. (Modified with permission from Stein B, Fuster V, Halperin JL, Chesebro JH. Antithrombotic
therapy in cardiac disease: an emerging approach based on pathogenesis and risk. Circulation 1989;80:1501–13.)
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Adjunctive subcutaneous heparin

Subcutaneous heparin is usually administered at either 4 or
12 hours after the start of fibrinolytic therapy. This route of
administration results in variable absorption and can take
up to 24 hours to achieve significant prolongation of the
APTT, hence it may not prevent early reocclusion prior to
that time.19

In the Studio sulla Calciparina nell-Angina e nella Trombosi
Ventricolare nell’Infarto (SCATI) trial,20 433 patients were
given streptokinase without routine aspirin and randomized
to receive either control treatment or a 2000 IU heparin bolus
followed 9 hours later by 12500 IU given subcutaneously
twice daily. The inhospital mortality rates were 8�8% in the
control group and 4�6% in the heparin group (P�0�05).

Several large trials have tested subcutaneous heparin regi-
mens in conjunction with aspirin and fibrinolytic therapy.21–23

The Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (GISSI-2) study21 randomized 20891
patients to receive either control treatment or subcutaneous
heparin (12500 IU twice daily throughout hospitalization
starting 12 hours after the initiation of either streptokinase or
alteplase). The patients also received 160–325mg of aspirin.
Heparin was found to reduce the inhospital mortality rate
from 6�0% to 5�4% (P �0�05).

In the Third International Study of Infarct Survival 
(ISIS-3),22 41 299 patients were given 162 mg of crushed
enteric coated aspirin and randomized to receive either

streptokinase, duteplase or anisoylated plasminogen strep-
tokinase activator complex (APSAC). Four hours after the
start of fibrinolytic therapy the patients were randomized to
receive either control treatment or 12 500 IU of subcuta-
neous heparin twice daily. During the scheduled heparin
treatment period there was a trend towards a mortality
reduction in the patients randomized to receive heparin
(7�4% v 7�9% in the control group, P � 0�06), which may
represent a benefit of 5 lives saved per 1000 patients
treated. However, because 12% of the patients randomized
to receive heparin were given none and 25% of those ran-
domized to receive no heparin were given intravenous
heparin (14%) or high-dose subcutaneous heparin (11%),
the true benefit of subcutaneous heparin is estimated to
have been nearer 7 lives saved per 1000 patients treated.22

A meta-analysis of the GISSI-2 and ISIS-3 studies showed
that the groups randomized to receive subcutaneous
heparin had 2 fewer deaths and 2 fewer non-fatal 
re-infarctions per 1000 patients treated, at a cost of 3 more
transfusions and 0�3 more non-fatal disabling strokes 
(Table 33.1).24

Comparison of intravenous heparin with 
control treatment

Four trials18,25–27 have randomized patients treated with
aspirin to receive either intravenous heparin or control treat-
ment after fibrinolysis (Table 33.2). There were no significant
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Figure 33.3 Clot lysis and thrombin generation. Disturbance of thrombus by lysis (endogenous or exogenous), mechanical break-
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differences in mortality or re-infarction rates, but these trials
lacked the statistical power to evaluate these outcomes, and
would have needed to randomize at least five times as many
patients in order to detect clinically meaningful differences
of 15% in either end point.28

Attempts to evaluate the potential benefit of intravenous
heparin after fibrinolysis have been confounded in clinical
trials because a significant proportion of patients in the 
control or placebo treatment arms were given intravenous
heparin electively by the treating physicians. It is appropriate
to conclude that there is a paucity of information comparing
intravenous heparin with placebo in patients receiving strep-
tokinase or alteplase.

Meta-analyses of heparin trials

In a meta-analysis of trials that randomized a total of 5459
patients to receive either heparin or no antithrombotic ther-
apy in the absence of routine aspirin therapy (although 14%

received fibrinolytic therapy), heparin was found to reduce
mortality by 25% (95% CI 10–37) from 14�9% to 11�4% at
a mean of 10 days (P � 0�002). The re-infarction rate was
not significantly reduced (6�8% v 8�3%, P � 0�1), but the
rate of stroke was reduced from 2�1% to 1�1% (P � 0�01)
and the rate of pulmonary embolism was reduced from
3�8% to 2�0% (P � 0�001).29 In patients with contraindica-
tions for aspirin, the use of intravenous heparin is recom-
mended. Although there is no supporting clinical trial
evidence, the use of clopidogrel may be appropriate in these
circumstances. 

A total of 68 000 patients treated with aspirin (93% of
whom also received fibrinolytic therapy) have been random-
ized in trials examining various heparin regimens.24 In
patients randomized to receive heparin, 35 day mortality
was reduced from 9�1% to 8�6% (95% CI 0–10, P � 0�03),
inhospital re-infarction from 3�3% to 3�0% (P � 0�04), and
inhospital pulmonary embolism from 0�4% to 0�3%
(P � 0�01). There was no significant difference in the rate of
stroke (1�2% with heparin v 1�4% with control treatment,
P � NS), but major bleeding was more common in patients
randomized to receive heparin (1�0% v 0�7%, P � 0�001).

Intravenous versus subcutaneous heparin

In the Global Use of Strategies to Open Occluded Coronary
Arteries (GUSTO)-I trial, 20 173 patients were randomized
to receive streptokinase and either subcutaneous or intra-
venous heparin.30 However, 36% of the patients random-
ized to receive subcutaneous heparin were electively given
intravenous heparin (not counting the use of intravenous
heparin for cardiac catheterization, which occurred in 54% of
patients), and this reduced the power of the study to detect a
difference between these two treatment randomizations to
71%. In effect, the heparin comparison in GUSTO-I was actu-
ally between intravenous heparin and the ISIS-3 regimen22 of
subcutaneous heparin delayed 4 hours after fibrinolytic ther-
apy with a substantial crossover of patients to intravenous
heparin. A “no heparin” strategy was not tested. It is perhaps
not surprising, therefore, that there was no difference in 

Grade A1c

Table 33.1 Benefits and risks associated with adjunc-
tive delayed subcutaneous heparin in patients receiving
streptokinase in the ISIS-322 and GISSI-221 studies

Events per 1000 patients treated

ISIS-3 GISSI-2 Combined

Benefit
Reduction in 2�8 1�0 2�2a

mortality
Reduction in 1�8 1�9 1�8
non-fatal MI

Risk
Transfusions 2�6 4�5 3�2
Non-fatal strokes 0�5 0�6 0�6b

a Figures do not sum up because of rounding.
b Half of the patients had fully recovered by the time of
discharge.

Table 33.2 Effect of adjunctive intravenous heparin in patients treated with aspirin and fibrinolytic therapy

Death (%) Re-infarction (%) Bleeding (%)

Control Heparin Control Heparin Control Heparin

ISIS-2 Pilot (n � 626)25 6 8 5 1 1 0
ECSG (n � 1296)18 3 2 10 10 NA NA
OSIRIS (n � 256)26 11 9 1 2 4 6
DUCCS (n � 250)27 9 12 4 9 8 15

Abbreviations: DUCCS , Duke University Clinical Cardiology Study; ECSG, European Cooperative Study Group; NA, not available;
OSIRIS , Optimization Study of Infarct Reperfusion Investigated by ST Monitoring



clinical end points. However, at 5–7 days, 84% of patients 
randomized to receive streptokinase and intravenous
heparin had TIMI-2 or -3 (that is, slow or normal) flow (the
same percentage as in the alteplase group), compared with
72% of those randomized to receive streptokinase and 
subcutaneous heparin (P � 0�05). Given the importance of
long-term patency of the infarct-related artery, this may partly
explain why those randomized to streptokinase and intra-
venous heparin had a 5 year survival rate equal to that of
those randomized to alteplase, and a 1% higher absolute sur-
vival rate than those randomized to streptokinase and subcu-
taneous heparin.31 Furthermore, in patients with cardiogenic
shock, those randomized to streptokinase and intravenous
heparin had the lowest mortality rate (54% v 58% in those
randomized to streptokinase and subcutaneous heparin, and
63% in those randomized to alteplase and intravenous
heparin).32

Recent dose adjustments in adjunctive
intravenous heparin regimens

Because of concern about the high bleeding rates (including
intracranial hemorrhage) seen with alteplase and with 
modified fibrinolytic regimens including alteplase or other
genetically modified plasminogen activators, the dose of
adjunctive unfractionated heparin used in conjunction with
fibrinolytic therapy has been reduced in recent trials.33 The
current American College of Cardiology (ACC)/American
Heart Association (AHA) guidelines34 recommend an APTT
of 1�5–2�0 times control (50–70 seconds) at 12 hours, 
as this was associated with the lowest mortality rates in
GUSTO-I irrespective of the fibrinolytic agent used.35 In
GUSTO-I, heparin was initially administered as a 5000 IU
bolus and 1000 IU/hour infusion, but after approximately
10 000 patients had been enrolled the infusion dose was
changed to 1200 IU/hour in patients weighing �80 kg. It
was observed that the overall rates of moderate bleeding,
severe bleeding, and intracranial hemorrhage increased in a
linear manner in patients with APTTs above 60–70 seconds
at both 12 and 24 hours. The risk factors for these com-
plications included older age, lower body weight, female
gender, and African ethnicity. In the GUSTO-I hemostasis
substudy, these regimens (which showed good correlation
between heparin levels and APTTs) were associated with
attenuation of increases in the levels of fibrinopeptide A,
but not thrombin generation as measured by prothrombin
fragment 1�2.30

Unfractionated heparin was compared with hirudin in the
TIMI-9A trial36 and the GUSTO-IIA trial.37 Both trials were
stopped early because of increased rates of intracranial bleed-
ing in both the heparin and the hirudin treatment groups. In
patients with ST-segment elevation acute coronary syn-
dromes, the overall intracranial hemorrhage rates were 1�3%
in those randomized to receive heparin (a 5000 IU bolus and

1000 IU/hour infusion or a 1300 IU/hour infusion in those
weighing �80 kg) and 2�1% in those randomized to receive
hirudin (a 0�6 mg/kg bolus and 0�2 mg/kg infusion for 96
hours). TIMI-9 and GUSTO-II were recommenced using
lower doses of hirudin (a 0�1 mg bolus and 0�1 mg/kg/hour
infusion) and heparin (a 5000 IU bolus and 1000 IU/hour
infusion), with the APTT adjusted to 55–85 seconds in
TIMI-9B38 and 60–85 seconds in GUSTO-IIB.39 These
adjustments resulted in lower bleeding rates. The results are
discussed below in the section on meta-analysis of direct
thrombin inhibitors.

In the TIMI-10B40 and Assessment of the Safety and
Efficacy of a New Thrombolytic Agent (ASSENT)-141 trials,
the doses of unfractionated heparin used in conjunction
with alteplase or tenecteplase were reduced and weight
adjusted (a 5000 IU bolus and 1000 IU/hour infusion 
in patients weighing �67 kg, and a 4000 IU bolus and 
800 IU/hour infusion in those weighing �67 kg). The infu-
sion rates were modified according to the APTT at 6 hours,
with a target APTT of 50–70 seconds.

The unfractionated heparin dose was also reduced 
in the TIMI-14 trial42 and in the Strategies for Patency
Enhancement in the Emergency Department (SPEED)
trial,43 which tested the effect on TIMI flow grades of abcix-
imab used in conjunction with reduced doses of alteplase 
or reteplase. In both trials the patients receiving a full-dose
fibrinolytic were given a 70 IU/kg bolus of unfractionated
heparin, while those receiving a reduced-dose fibrinolytic
were given either a 30 IU/kg bolus of unfractionated
heparin plus abciximab or a 60 IU/kg bolus of unfraction-
ated heparin without abciximab. In TIMI-14 the heparin
bolus was followed by an infusion of either 7 IU/kg/hour or
4 IU/kg/hour. In SPEED the heparin infusion was adjusted
to maintain an APTT of 50–70 seconds if early sheath
removal (recommended in the protocol) did not occur. With
the reduced heparin regimens, the point estimates for TIMI-
3 flow at 60 minutes were 4% lower in the TIMI-14 trial
and 10% lower in the SPEED trial, but the confidence inter-
vals were wide (Figure 33.4).

In the ASSENT-2 trial44 comparing alteplase with
tenecteplase and the Intravenous NPA for Treatment of
Infarcting Myocardium Early (InTIME)-II study45 comparing
alteplase with lanoteplase (also known as NPA), unfraction-
ated heparin was administered as a 70 IU/kg bolus
(maximum 4000 IU) and a 15 IU/kg/hour infusion
(maximum 1000 IU/hour). In the ASSENT-3 trial46 (where
patients received either half-dose tenecteplase plus low-
dose unfractionated heparin plus abciximab, full-dose
tenecteplase plus unfractionated heparin, or full-dose
tenecteplase plus enoxaparin), the unfractionated heparin
regimen in patients not receiving abciximab was reduced to
a 60 IU/kg bolus (maximum 4000 IU) and a 12 IU/kg/hour
infusion (maximum 1000 IU/hour). The first adjustment 
of the heparin infusion took place after measurement of 
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the APTT at 3 hours. In the initial phase of InTIME-II, 
the heparin dose was adjusted according to the APTT at
6 hours, but in the latter part of the trial this was done at
3 hours. Compared with previous trials, these trials had
stricter entry criteria for patients at increased risk of intra-
cranial hemorrhage, and excluded those with a documented
blood pressure of �180/110 mmHg at any time. Despite
these precautions, intracranial hemorrhage occurred in
0�88% of all patients in ASSENT-2 and 0�92% of all patients
in ASSENT-3. By comparison, the intracranial hemorrhage
rate in patients randomized to receive accelerated alteplase
and intravenous heparin in GUSTO-I was 0�72%.23 The
intracranial hemorrhage rates in alteplase-treated patients
were 0�94% in ASSENT-2, 0�74% in the initial phase of
InTIME-II, and 0�51% in the latter phase of In-TIME-II. The
confidence intervals of the point estimates for intracranial
hemorrhage in the alteplase groups in these trials overlap
(Figure 33.5). The intracranial hemorrhage rate in lan-
oteplase-treated patients fell from 1�22% to 1�00% when
the APTT measurement was brought forward from
6 hours to 3 hours in InTIME-II, and dropped further to
0�50% when the heparin bolus was omitted in InTIME-IIB
(
2 trend P � 0�021).

Comparison of patients with similar baseline characteris-
tics who received tenecteplase in ASSENT-2 and ASSENT-3
showed that the heparin dose reduction and use of the 
3 hour APTT measurement in ASSENT-3 was associated
with lower rates of major bleeding (2�16 v 4�66%) and
transfusion (2�31 v 4�25%), although the rates of intracra-
nial hemorrhage were the same (0�93%). Randomized trials
with clinical end points are required to determine whether
lower heparin doses really do improve safety without com-
promising efficacy.

Table 33.3 and Figure 33.6 show the rates of major, 
moderate, and minor bleeding, transfusion, stroke, and
intracranial hemorrhage in the ASSENT-3 trial,46 the
GUSTO-V trial,47 which tested abciximab in patients receiv-
ing reteplase and unfractionated heparin, and the Hirulog
and Early Reperfusion or Occlusion (HERO)-2 trial,48 which
compared bivalirudin with unfractionated heparin in patients
receiving streptokinase.

Low molecular weight heparins

Low molecular weight heparins, which block ongoing
thrombin generation by inhibiting factor Xa (see Figure 33.1),
have recently been evaluated as adjuncts to fibrinolytic ther-
apy. Factor Xa inhibition is dose-dependent, and significant
inhibition occurs at a comparatively lower dose of low
molecular weight heparin than unfractionated heparin. 
The ratio of inhibition of factor Xa:thrombin varies from one
low molecular weight heparin to another, and is approxi-
mately 2:1 with dalteparin and 3:1 with enoxaparin, the
two agents most commonly evaluated in clinical trials. Low
molecular weight heparins are not inactivated by platelet
factor 4, and stimulate the release of tissue factor pathway
inhibitor from endothelium.

Dalteparin

Two randomized placebo-controlled trials have compared
twice-daily subcutaneous dalteparin with a placebo in
patients treated with aspirin and streptokinase. In the
Fragmin in Acute Myocardial Infarction (FRAMI) study,49

Figure 33.5 Rates of intracranial hemorrhage in the GUSTO-
I,23 TIMI-9B,38 GUSTO-IIB,39 COBALT,94 GUSTO-III,95

ASSENT-2,44 and InTIME-II45 trials using accelerated alteplase
and intravenous unfractionated heparin. COBALT, Continuous
Infusion Versus Double-Bolus Administration of Alteplase.
(Modified with permission from Giugliano RP, McCabe CH,
Antman EM et al. Lower dose heparin with fibrinolysis is associ-
ated with lower rates of intracranial haemorrhage. Am Heart J
2001;141:742–50.)
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which randomized 776 patients, dalteparin (150 IU/kg
twice daily during hospitalization) reduced the incidence of
left ventricular thrombus or embolism within 9 days from
21�9% to 14�2% (P � 0�03). The only significant difference
in clinical end points was in the rate of major hemorrhage,
which occurred in 2�9% of the dalteparin group versus 0�3%
of the placebo group (P � 0�006). In the Biochemical
Markers in Acute Coronary Syndromes (BIOMACS)-II study
of 101 patients,50 TIMI-3 flow was observed at 20–28 hours
in 68% of patients given dalteparin (100 IU/kg initially and
120 IU/kg at 12 hours) versus 51% of those given a placebo
(P � 0�10). Dalteparin reduced the incidence of recurrent
ischemic episodes (recorded by continuous electrocardiogra-
phy) from 38% to 16% (P � 0�037). There were no differ-
ences in major bleeding or clinical events.

In the ASSENT PLUS trial,51 patients were given alteplase
(n � 439) and randomized to receive either subcutaneous
dalteparin (120 IU/kg every 12 hours) for 4–7 days or an
intravenous infusion of unfractionated heparin for 48 hours.
TIMI-3 flow was achieved in similar proportions of the 
dalteparin and heparin treatment groups (69�3% v 62�5%,
P � 0�16), but patients in the dalteparin group were less
likely to have TIMI-0 or -1 flow (13�4% v 24�4%,
P � 0�006) or intraluminal thrombus with or without TIMI
0-1 flow (27�9% v 42�0%, P � 0�003). Although there were
fewer re-infarctions within 7 days in the dalteparin group
(1�4% v 5�4%, P � 0�01), there was no significant difference
in the re-infarction rates at 30 days (6�5% v 7�0%, P � NS),
and no difference in the combined end point of death/

re-infarction at 30 days. Intracranial hemorrhage occurred
in 0�9% of the dalteparin group versus 1�9% of the unfrac-
tionated heparin group (P � 0�43), major bleeding in 7�2% v
9�5% respectively (P � 0�37), and minor bleeding in 24�1% v
20% respectively (P � 0�30) (Table 33.4).

Enoxaparin

In the Acute Myocardial Infarction–Streptokinase (AMI–SK)
trial,52 496 patients with MI were given aspirin and strepto-
kinase and randomized to receive either enoxaparin or a
placebo for 3–8 days. The primary end point was TIMI-3 flow
at 5–10 days, which was observed in 70% of the enoxaparin
group and 58% of the placebo group (P � 0�01). Major bleed-
ing occurred in 2�5% v 4�8% respectively (P � 0�13). ST
recovery of �70% was more common in the enoxaparin
group than in the placebo group (P � 0�012 at 90 minutes
and P � 0�004 at 180 minutes).

In the Heparin and Aspirin Reperfusion Therapy (HART)-II
trial,54 400 patients were given aspirin and alteplase and
randomized to receive either unfractionated heparin or
enoxaparin (30 mg intravenously and 1 mg/kg subcuta-
neously every 12 hours) for at least 3 days. The primary aim
of the trial was to show that enoxaparin was not inferior to
adjunctive unfractionated heparin for the end point of TIMI-
2 or -3 flow at 90 minutes, which was achieved in 80% of
the enoxaparin group versus 75% of the unfractionated
heparin group (P � NS), while TIMI-3 flow was achieved in
53% v 48% respectively (P � NS). By 5–7 days, reocclusion

Table 33.3 Bleeding and stroke rates in the ASSENT-3,46 GUSTO-V47 and HERO-248 trials

ASSENT-3 GUSTO-V HERO-2

Tenecteplase � Tenecteplase � Half-dose Full-dose Half-dose Streptokinase � Streptokinase �
UF heparin enoxaparin tenecteplase � reteplase reteplase � UF heparin bivalirudin

UF Heparin � abciximab
abciximab

Bleeding
Severe (%) 2�16 3�04 4�31a 0�51 1�08b 0�47 0�68
Moderate (%) — — — 1�79 3�47b 1�05 1�39c

Minor (%) 18�7 22�6 35�3b 11�4 20�01b 9�0 12�8b

Transfusions (%) 2�31 3�43d 4�16b 3�98 5�71b 1�11 1�39

Strokes
All strokes (%) 1�52 1�62 1�49 0�88 0�97 0�90 1�24
Non-fatal disabling — — — 0·3 0·2 0·3 0·2
stroke

Intracranial (%) 0�93 0�88 0�94 0�59 0�62 0�39 0�55
hemorrhages 

a P � 0�003.
b P � 0�0001.
c P � 0�05.
d P � 0�03.
Abbreviations: LMW, low molecular weight; UF, unfractionated
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(TIMI-0 or -1 flow) had occurred in 9�8% of enoxaparin
patients and 9�1% of heparin patients who had initially had
TIMI-3 flow, and in 5�9% of enoxaparin patients and 3�1%
of heparin patients who had initially had TIMI-2 or -3 flow
(P � 0�26). The rates of major bleeding were similar in both
treatment groups (see Table 33.4), and intracranial hemor-
rhage occurred in 1% of each group.

In the ASSENT-3 trial, 6095 patients were randomized
to receive either full-dose tenecteplase plus enoxaparin for
a maximum of 7 days, half-dose tenecteplase plus weight

adjusted low-dose unfractionated heparin for 48 hours and
a 12 hour infusion of abciximab, or full-dose tenecteplase plus
weight-adjusted unfractionated heparin for 48 hours.46

The trial did not have a prespecified primary hypothesis. The
combined rates of 30 day mortality/inhospital investigator-
reported re-infarction/inhospital refractory ischemia were sig-
nificantly lower in the enoxaparin group (11�4%; RR 0�74;
95% CI 0�63–0�87; P�0�0002) and in the abciximab group
(11�1%; RR 0�72; 95% CI 0�61–0�84; P �0�0001) than in
the unfractionated heparin group (15�4%). The combined
rates of 30 day mortality/inhospital investigator-reported re-
infarction/inhospital refractory ischemia/inhospital intracra-
nial hemorrhage/inhospital major bleeding were 13�7% in
the enoxaparin group (RR 0�81; 95% CI 0�70–0�93;
P�0�0037), 14�2% in the abciximab group (RR 0�84; 95% CI
0�72–0�96; P�0�014) and 17�0% in the unfractionated
heparin group. In patients with anterior MI, the lowest 
rates of 30 day mortality/inhospital investigator-reported re-
infarction/inhospital refractory ischemia were seen in the
abciximab group (13�6% v 14�6% in the enoxaparin group and
19�4% in the unfractionated heparin group). Overall, intra-
cranial hemorrhage occurred in 0�88% of the enoxaparin
group, 0�94% of the abciximab group and 0�93% of the
unfractionated heparin group. Transfusions were less common
in the unfractionated heparin group (2�3%) than in the enoxa-
parin (3�4%) and abciximab groups (4�2%, P�0�003 for the
three-way comparison, and P�0�03 for the comparison
between unfractionated heparin and enoxaparin) (Figure 33.6
and Table 33.3). In patients over 75 years of age, intracranial
hemorrhage occurred in 1�0% of those given unfractionated
heparin and 1�5% of those given enoxaparin (P�0�72).

Given the increased transfusion rates with enoxaparin 
versus unfractionated heparin in ASSENT-3, and the need to
define the bleeding risks in high-risk subgroups such as the eld-
erly, women, patients with low body weights and patients
with renal dysfunction, further trials will be needed to evalu-
ate low molecular weight heparins in conjunction with new
fibrinolytic regimens. The Enoxaparin and Thrombolysis
Reperfusion for Acute Myocardial Infarction Treatment
(ExTRACT-TIMI-25) trial is currently randomizing 20000
patients to receive either enoxaparin or unfractionated heparin
in a double-blind manner, together with a fibrinolytic agent
chosen by the treating physician. The composite primary end
point of the trial is death/re-infarction within 30 days. Low
molecular weight heparins will also need to be tested with reg-
imens combining modified-dose fibrinolytics and glycoprotein
IIb/IIIa inhibitors, and in patients undergoing primary or facil-
itated PCI. The high rates of bleeding (including intracranial
hemorrhage) in patients aged �75 years suggest that specific
studies are needed to examine the efficacy and safety of low
molecular weight heparins in elderly patients. 

Low molecular weight heparin is recommended as an
acceptable alternative to intravenous unfractionated heparin
for adjunctive use with tenecteplase. Grade A1c

Figure 33.6 Transfusion and intracranial hemorrhage in the
ASSENT-3,46 GUSTO-V,47 and HERO-248 trials: (A) transfu-
sion; (B) intracranial hemorrhage; (C) intracranial hemorrhage
in patients �75 years
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Direct thrombin inhibitors

A number of direct antithrombins have been shown in ani-
mal models to accelerate lysis of platelet-rich thrombi and
to limit the size of the infarct.56–59 The prototypical agent
is hirudin, which is a leech-derived protein containing 65
amino acids. Because it is excreted renally, blood levels may
be increased in patients with renal impairment. Bivalirudin
(previously known as hirulog) is a synthetic 20-amino-acid
peptide that directly inhibits free and clot-bound thrombin,
and is 20% renally excreted. The univalent direct thrombin
inhibitors, argatroban, inogatran and efegatran, are syn-
thetic thrombin inhibitors. The evidence for the adjunctive
use of direct thrombin inhibitors has recently been strength-
ened by the publication of a meta-analysis of direct throm-
bin inhibitor trials60 and the 17 073-patient HERO-2 trial.48

Hirudin

The TIMI-5 trial61 randomized patients to receive either
adjunctive intravenous heparin or escalating doses of hirudin
prior to alteplase. Although there was no significant differ-
ence in the proportion of patients achieving TIMI-3 flow by
90 minutes (57% in the heparin group v 65% in the hirudin
group, P � NS), there was a trend towards less reocclusion at
18–36 hours in the hirudin group (1�6% v 6�7%, P � 0�07)
and a lower combined rate of death/re-infarction (6�8% v
16�7%, P � 0�02). The highest incidence of TIMI-3 flow
(73%) was seen with the same dose of hirudin (a 0�1mg/ kg

bolus and 0�1 mg/kg/hour infusion for 3–5 days to maintain
an APTT of 60–85 seconds) that was subsequently tested in
the TIMI-9B and GUSTO-IIb trials, where it was given after
the start of fibrinolytic therapy. When the data from these
two trials were combined, there was no reduction in mortal-
ity with hirudin, but the incidence of re-infarction was 14%
lower (P � 0�024).62

In the Hirudin for the Improvement of Thrombolysis
(HIT)-4 study,63 1200 patients were given streptokinase and
randomized to receive either intravenous heparin or intra-
venous hirudin (a 0�2 mg/kg bolus followed by 0�5 mg/kg
subcutaneously twice daily). At 30 days there was no differ-
ence in the combined incidence of death/re-infarction/
stroke/rescue angioplasty/refractory angina (22�7% with
hirudin v 24�3% with heparin, P � NS). In an angiographic
substudy of 447 patients,64 TIMI-3 flow was achieved by
90 minutes in 41% of the hirudin group versus 33% of the
heparin group (P � 0�08). The rates of intracranial hemor-
rhage (0�2% with hirudin v 0�3% with heparin) and major
bleeding (3�3% v 3�5%) were similar in both treatment
groups, and there were no clinical or electrocardiographic
differences between the groups.

Bivalirudin

Bivalirudin has a half life of approximately 25 minutes com-
pared with 2–3 hours for hirudin. When used in appropriate
regimens as an adjunctive agent with fibrinolytic therapy,
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Table 33.4 Bleeding rates in angiographic fibrinolytic trials comparing adjunctive low molecular weight heparin with
unfractionated heparin

LMW heparin UF heparin P value
or placebo*

Dalteparin
FRAMI49 Major bleeding (%) 2�9 0�3* 0�006

Minor bleeding (%) 13�4 2�1* �0�001
BIOMACS-II50 Major bleeding (%) 3�7 0* 0�50

Minor bleeding (%) 5�5 2.0* 0�62
ASSENT PLUS51 Major bleeding (%) 7�4 9�5 0�39

Minor bleeding (%) 24.0 20.0 0�35

Enoxaparin
AMI–SK52 Major bleeding (%) 4�8 2�5* 0�23

Major bleeding defined according to TIMI bleeding criteria53 (%) 1�6 0�8* —
Transfusion of �2 units (%) 0�8 1�3* 0�68

HART-II54 Major bleeding defined according to TIMI bleeding criteria53 (%) 3�6 3�0 0�79
Transfusion of �2 units (%) 5�6 7�1 0�68

ENTIRE-TIMI-2355 Major bleeding with full-dose tenecteplase (%) 2�5 2�5 —
Major bleeding with half-dose tenecteplase � abciximab (%) 8�5 5�2 —

Abbreviations: LMW, low molecular weight; UF, unfractionated



in the bivalirudin group than in the heparin group (12�9% v
14�2%, OR 0�90; 95% CI 0�82–0�99; P � 0�023). The 
overall rates of intracranial bleeding (0�5%) and transfusion
(1�2%) were lower than those reported by the ASSENT-3
and GUSTO-V trials (see Figure 33.6), even though the
HERO-2 population had greater baseline risk factors for
bleeding. The rates of non-fatal disabling stroke, intracere-
bral bleeding, and severe bleeding were low and similar in
both treatment groups, but moderate and minor bleeding
were more common with bivalirudin than with heparin (see
Table 33.3). This may be partially explained by the fact that
the bivalirudin group had more prolonged APTTs at 12 and
24 hours than the heparin group. Statistical adjustment for
this factor did not affect the reduction in re-infarction seen
with bivalirudin, but did explain 50–100% of the increase in
bleeding. In a non-prespecified analysis, the adjusted rates of
the composite end point of death/re-infarction/non-fatal
disabling stroke were 12�7% in the bivalirudin group versus
13�8% in the heparin group (P � 0�049) (Figure 33.7).
Based on these data, bivalirudin should be used instead of
intravenous heparin as adjunctive therapy with streptoki-
nase to reduce the risk of re-infarction. 

Univalent direct thrombin inhibitors

The univalent direct thrombin inhibitors include arga-
troban, inogatran, efegatran, and D-Phe-Pro-Arg-CH2Cl.
These anticoagulants inhibit early stages of the coagulation
pathway and have been shown experimentally to be effec-
tive adjuncts to fibrinolytic therapy.68–70

In the Antithrombin-Argatroban in Acute Myocardial
Infarction (ARGAMI-2) study,71 1001 patients were given
either streptokinase or alteplase and randomized to receive
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bivalirudin may prevent clot formation and extension and
facilitate clot lysis.

In the HERO-1 trial,65 412 patients presenting within
12 hours of symptom onset were given aspirin and streptok-
inase (administered over 30–60 minutes) and random-
ized to receive either heparin, low-dose bivalirudin 
(a 0�125 mg/kg bolus and 0�25 mg/kg/hour infusion for 12
hours, then 0�125 mg/kg/hour) or high-dose bivalirudin (a
0�25 mg/kg bolus and 0�5 mg/kg/hour infusion for 12
hours, then 0�25 mg/kg/hour). TIMI-3 flow at 90–120
minutes was achieved in 35% of the heparin group, 46% of
the low-dose bivalirudin group and 48% of the high-dose
bivalirudin group (P � 0�024).65 Continuous ST-segment
monitoring showed that the patients given bivalirudin
achieved stable ST recovery earlier than those given
heparin.66

In the HERO-2 trial,48 17 073 patients presenting within
6 hours of symptom onset were randomized to receive a
bolus and 48 hour infusion of either bivalirudin or heparin
immediately prior to beginning streptokinase. By 30 days,
10�8% of the bivalirudin group and 10�9% of the heparin
group had died (OR 0�99; 95% CI 0�90–1�09). After adjust-
ment for a gender imbalance (as more women 
had been randomized to receive bivalirudin than heparin)
and for the factors identified in the GUSTO risk model,67

the mortality rates were 10�5% in the bivalirudin group 
and 10�9% in the heparin group (OR 0�96; 95% CI
0�86–1�07) (Figure 33.7). At 96 hours the rates of 
re-infarction (adjudicated by an independent blinded com-
mittee) were 1�6% in the bivalirudin group versus 2�3% in
the heparin group (OR 0�70; 95% CI 0�56–0�88;
P � 0�001). Analysis of investigator-reported re-infarctions
(as was done in the ASSENT-3 and GUSTO-V trials) showed
that the combined rate of death/re-infarction was lower 

Figure 33.7 Forrest plot of clinical outcomes in the HERO-248 trial
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without altering the rates of ischemic stroke, intracranial
hemorrhage or major bleeding. 

Factor X inhibitors

The newer antithrombotic drugs, vasoflux and pentasaccha-
ride (which also has other effects as detailed below), have
been recently evaluated as adjuncts to fibrinolytic therapy 
in patients with acute MI. These agents inhibit factor Xa,
and offer potential advantages over unfractionated and low
molecular weight heparin in that they do not interact with
platelets or bind to platelet factor 4.

Vasoflux is a derivative of low molecular weight heparin
that catalyzes fibrin-bound thrombin inactivation by heparin
cofactor II, and inhibits factor IXa activation of factor 
X independently of antithrombin and heparin cofactor II. In
the Vasoflux International Trial for Acute Myocardial
Infarction Lysis (VITAL),72 patients presenting within 6
hours of the onset of acute ST-elevation MI were given
aspirin and streptokinase and randomized to receive 
either intravenous heparin or one of four intravenous 
doses of vasoflux (1 mg/kg, 4 mg/kg, 8 mg/kg or 16
mg/kg) in a dose-escalating phase II study. The incidence of
TIMI-3 flow was similar in all treatment groups (35–42%
with the various vasoflux doses v 41% with heparin), 
but major bleeding was more common with the higher
doses of vasoflux (13% with 8 mg/kg of vasoflux (P � 0�05)
and 28% with 16 mg/kg of vasoflux (P � 0�01) versus 8%
with heparin). The development of this drug has been 
abandoned.

The Synthetic Pentasaccharide as an Adjunct to
Fibrinolysis in ST-Elevation Acute Myocardial Infarction
(PENTALYSE) study investigated the efficacy of pentasaccha-
ride (a selective factor Xa inhibitor with a half life of 15–18
hours) in 316 patients presenting within 6 hours of the onset
of ST-elevation MI.73 The patients were given aspirin and
alteplase and randomized to receive either unfractionated
heparin or weight adjusted low-dose (4–6 mg), medium-dose
(6–10 mg) or high-dose (10–12 mg) pentasaccharide admin-
istered once daily for 5–7 days. The first dose was given
intravenously prior to alteplase, and the subsequent doses
were given subcutaneously. The incidence of TIMI-3 flow at
90 minutes was similar in all treatment groups (68% with
unfractionated heparin v 64% with all three pentasaccharide
doses). While there was a trend towards less reocclusion
(measured on day 6�1) with pentasaccharide among
patients who had achieved TIMI-3 flow by 90 minutes (0�9%
v 7% with unfractionated heparin, P � 0�065), there was no
difference in the rate of re-infarction within 30 days (3�8%
with pentasaccharide v 3�6% with unfractionated heparin,
P � 1�00). One patient randomized to receive 4 mg of pen-
tasaccharide suffered an intracranial hemorrhage.
Transfusions (excluding those related to bypass surgery)
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either heparin or argatroban (a 120 micrograms bolus and
4 micrograms/kg/minute infusion for 72 hours). A third
treatment arm in which patients received half this arga-
troban regimen was terminated due to lack of efficacy after
609 patients had been enrolled. By 30 days, 5�5% of the
argatroban group and 5�7% of the heparin group had died
(P � NS). There was a trend towards less bleeding in
patients randomized to receive argatroban, but there was no
difference in other clinical event rates.

Meta-analysis of direct thrombin inhibitor trials

The Direct Thrombin Inhibitor Trialists’ Collaborative
Group recently published a meta-analysis of 11 randomized
trials in which direct thrombin inhibitors (hirudin,
bivalirudin, argatroban, efegatran or inogatran) were com-
pared with unfractionated heparin in a total of 35 970
patients with ST-segment elevation or non-ST-segment ele-
vation acute coronary syndromes.60 There were no signifi-
cant differences in mortality between the patients given
direct thrombin inhibitors and those given unfractionated
heparin: 1�9% v 2�0% respectively at the cessation of ther-
apy (OR 0�97; 95% CI 0�83–1�13, P � 0�69), 2�2% v 2�3%
at 7 days (OR 1�00; 95% CI 0�87–1�16; P � 0�95), and
3�6% v 3�7% at 30 days (OR 1�01; 95% CI 0�90–1�12;
P�0�90). Likewise, direct thrombin inhibitors did not
reduce mortality at 6 months (OR 1�00; 95% CI 0�91–
1�09; P � 0�92). However, they did reduce the incidence of
MI compared with heparin: 2�8% v 3�5% at the cessation of
therapy (OR 0�80; 95% CI 0�71–0�90; P�0�001), 3�2% v
3�9% at 7 days (OR 0�81; 95% CI 0�72–0�91; P�0�001) and
4�7% v 5�3% at 30 days (OR 0�87; 95% CI 0�79–0�95;
P � 0�004). The absolute risk reduction of 7 MIs prevented
per 1000 patients treated with direct thrombin inhibitors
remained constant at the cessation of therapy, at 7 days and
at 30 days. Direct thrombin inhibitors were also shown to
reduce the combined incidence of death/MI at the cessation
of therapy (4�3% v 5�1% with heparin, OR 0�85; 95% CI
0�77–0�94; P � 0�001), at 7 days (5�0% v 5�8%, OR 0�88;
95% CI 0�80–0�96; P � 0�006) and at 30 days (7�4% v
8�2%, OR 0�91; 95% CI 0�84–0�99; P � 0�02). The 0�8%
absolute risk reduction in death/MI remained constant at
the cessation of therapy, at 7 days and at 30 days.

Five trials in this meta-analysis38,39,63,65,71 (not including
HERO-2) involved patients with ST-elevation MI. When the
HERO-2 data48 are combined with the data from these five
trials (Figure 33.8), the results show that direct thrombin
inhibitors have no effect on mortality alone, but do reduce
the combined risk of death/re-infarction by 5% at 30 days
compared with unfractionated heparin. This is due primarily
to a 20% reduction in the rate of re-infarction. When com-
pared with intravenous heparin, direct thrombin inhibitors
reduce the risk of re-infarction after fibrinolytic therapy 
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Figure 33.8 30 day event rates in patients with ST-elevation MI randomized to receive direct thrombin inhibitors (DTI) or 
unfractionated heparin in the HERO-1,65 HERO-2,48 TIMI-9B,38 GUSTO-IIB,39 HIT-4,63 and ARGAMI-271 trials: (A) death; 
(B) re-infarction; (C) death/re-infarction; (D) stroke; (E) intracranial hemorrhage; (F) major bleeding. HIT�Hirudin for Improvement of
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were given to 3�3% of the pentasaccharide patients and
7�1% of the unfractionated heparin patients (P � 0�21).

Antiplatelet agents

Aspirin

Aspirin inhibits the cyclo-oxygenase-1 pathway of platelet
activation (Figure 33.9).74 The major support for its use in
conjunction with fibrinolytic therapy comes from the ISIS-2
study, which was designed as a double-blind placebo-
controlled 2�2 factorial trial.75 Over 17000 patients present-
ing within 24 hours of the onset of suspected acute MI were
randomized to receive either streptokinase (1�5 million IU
over 1 hour) or aspirin (162�5mg daily for 1 month), or both,
or neither. Aspirin on its own was found to reduce vascular
mortality by 23% at 1 month, and when combined with strep-
tokinase the reduction in this end point was 42%. The rates of
non-fatal re-infarction (OR 0�51) and non-fatal stroke (OR
0�49) were also reduced by aspirin. 

Aspirin should be given to all patients with ST-elevation MI
and without contraindications in a dose of � 150 mg.

The results of a 1992 meta-analysis suggested that aspirin
reduced reocclusion in the first 2 weeks after MI,76 but
there has been no convincing evidence that aspirin prevents
late reocclusion.77,78

Grade A1a

Glycoprotein IIb/IIIa inhibitors

Inhibition of the glycoprotein IIb/IIIa receptor blocks the
final common site of several signal transduction pathways
that lead to platelet aggregation (see Figure 33.9). There are
two main types of drug in this class: (1) abciximab, which is
a composite (human–murine) monoclonal antibody to the
IIb/IIIa receptor; and (2) “small molecule” non-competitive
IIb/IIIa inhibitors.

Abciximab used alone

Abciximab has been shown to enhance the likelihood of
achieving TIMI-3 flow, but its effect is time-dependent.
Figure 33.10 shows the percentages of patients achieving
TIMI-2 and TIMI-3 flow after ST-elevation MI in five 
studies45,79–82 where abciximab was administered prior to
angiography.

Abciximab with percutaneous coronary
interventions (PCI)

In the Abciximab Before Direct Angioplasty and Stenting 
in Myocardial Infarction Regarding Acute and Long-Term
Follow-Up (ADMIRAL) study, 300 patients with acute MI
were randomized in a double-blind manner to receive either
abciximab or a placebo prior to primary angioplasty with
stenting.81 Some patients received the study drugs in the
ambulance en route to hospital. Death/re-infarction/urgent
target vessel revascularization occurred in 6�0% of the
abciximab group versus 14�6% of the placebo group within
30 days (P � 0�01), and in 7�4% versus 15�9% respectively

Figure 33.9 Glycoprotein IIb/IIIa receptors and platelet
aggregation. Platelets are activated to aggregate by several
mechanisms including high shear stress. The most common
mechanism is the binding of an agonist to an external receptor,
which activates signal transduction pathways. This causes the
glycoprotein IIb/IIIa receptor to bind to fibrinogen, which binds
to other platelets.

Agonists

Platelet

PlateletPlatelet

Platelet

Fibrinogen

Glycoprotein
IIb/IIIa receptors

Figure 33.10 TIMI-2 and -3 flow rates in patients with acute
MI treated with abciximab prior to angiography in the TIMI-14,42

Gold et al,79 GRAPE,80 ADMIRAL,81 and SPEED82 trials. The
time intervals between administration of the abciximab bolus
and angiography are shown. GRAPE, Glycoprotein Receptor
Antagonist Patency Evaluation.
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within 6 months (P � 0�02). Patients in the abciximab
group had a higher incidence of TIMI-3 flow prior to the
procedure (16�8% v 5�4%; P � 0�01), immediately after-
wards (95�1% v 86�7%; P � 0�04) and at 6 months (94�3% v
82�8%; P � 0�04). There was one major bleeding event in
the abciximab group (0�7%) and none in the placebo group.

In the larger Controlled Abciximab and Device Inves-
tigation to Lower Late Angioplasty Complications (CADIL-
LAC) trial,83 2082 patients presenting within 12 hours of 
the onset of ST elevation MI without cardiogenic shock 
were randomized in a 2�2 manner to receive either abcix-
imab or a placebo, and either stenting or balloon angioplasty.
Abciximab was not administered prior to angiography. TIMI-
3 flow was achieved in 94�5% of the angioplasty group,
96�1% of the angioplasty plus abciximab group, 92�9% of the
stenting group, and 96�4% of the stenting plus abciximab
group. The mortality rates at 6 months were 5�3%, 2�9%,
3�2%, and 5�0% respectively, and reocclusion occurred in
12�9%, 9�7%, 5�4%, and 6�9% respectively. At 12 months
the incidence of major adverse cardiac events was reduced
(mainly due to a reduction in target vessel revascularization)
from 15�9% in both balloon angioplasty groups to 9�3% and
6�6% in the stenting and stenting plus abciximab groups
respectively (P � 0�01 for the four-way comparison between
the groups). 

The Stent Versus Thrombolysis for Occluded Coronary
Arteries in Patients With Acute Myocardial Infarction
(STOPAMI)-1 and -2 trials evaluated the effects of abciximab
in conjunction with stenting or alteplase on myocardial
salvage indices, measured by technetium-99 m sestamibi
on paired scintigrams at presentation (area at risk) and at
10 days (final infarct size). In the STOPAMI-1 trial,84

140 patients were randomized to receive either stenting plus
abciximab, or alteplase. The salvage indices were 0�57
(interquartile range (IQR) 0�35–0�69) in the stenting plus
abciximab group versus 0�26 (IQR 0�09–0�61; P � 0�001) in
the alteplase group. In the STOPAMI-2 trial,85 162 patients
were randomized to receive either half-dose alteplase plus
abciximab or stenting plus abciximab. The salvage indices
were 0�41 (IQR 0�13–0�58) in the alteplase plus abciximab
group versus 0�60 (IQR 0�37–0�82) in the stenting plus
abciximab group (P � 0�001). At 6 months 5% of the stent-
ing plus abciximab group versus 9% of the alteplase plus
abciximab group had died (RR 0�56; 95% CI 0�17–1�88;
P � 0�35), while 0% v 4�9% respectively had suffered re-
infarction (P � 0�12). There were no differences in the rates
of stroke (1�2% in both groups) or major bleeding (also 1�2%
in both groups).

Glycoprotein IIb/IIIa inhibitors and 
full-dose fibrinolytics

In the Combined Accelerated Tissue-Plasminogen Activator
and Platelet Glycoprotein IIb/IIIa Integrin Receptor Blockade

With Integrilin in Acute Myocardial Infarction (IMPACT-
AMI) dose-escalation study, 180 patients were given
alteplase, aspirin, intravenous unfractionated heparin, and
either a placebo or one of six doses of eptifibatide (previously
known as integrilin).86 TIMI-3 flow was achieved in 66% of
patients given the highest dose of eptifibatide (a 180 micro-
grams/kg bolus and 0�75 micrograms/kg/minute infusion)
versus 39% of those not given eptifibatide (P � 0�007). The
major bleeding rates in these two groups were 3�9% and
5�4% respectively. However, this study involved small patient
numbers, and so the results need to be confirmed in a larger
study.

A pilot study87 tested three doses of eptifibatide in con-
junction with full-dose streptokinase in 181 patients who
were randomized to receive a 180 micrograms/kg bolus of
eptifibatide (or a placebo) followed by an infusion of 0�75,
1�33 or 2 micrograms/kg/minute. TIMI-3 flow at 90 min-
utes was achieved in 44–53% of patients in the various epti-
fibatide groups versus 38% of the group given streptokinase
alone (P � NS). Bleeding requiring transfusion (mainly
angiography-related) occurred in 17% of patients given the
highest dose of eptifibatide, 11% of those given the two
lower doses, and none of those given the placebo
(P � 0�007).

Glycoprotein IIb/IIIa inhibitors and 
modified-dose fibrinolytics

A number of angiographic and clinical trials have tested full-
dose IIb/IIIa inhibitors in conjunction with reduced doses of
fibrinolytic agents.

Angiographic studies

In the TIMI-14 trial,42 patients were randomized to one 
of four treatment strategies: accelerated alteplase (a 100 mg
infusion); full-dose abciximab with 20, 35 or 50 mg of
alteplase; full-dose abciximab with 0�5, 0�75 or 1�25 million
IU of streptokinase; or full-dose abciximab alone. All patients
received a bolus of either 40 IU/kg or 60 IU/kg of unfrac-
tionated heparin. The highest incidence of TIMI-3 flow (77%
at 90 minutes) was achieved with 50 mg of alteplase plus
full-dose abciximab and 40 IU/kg of heparin. Overall, 3 of
the 181 patients (1�7%) who received abciximab suffered
intracranial hemorrhage. A high bleeding rate led to discon-
tinuation of the treatment limbs that included streptokinase.

The SPEED trial82 randomized patients to receive 
either abciximab alone (a 0�25 microgram/kg bolus and
0�125 microgram/kg/minute infusion for 12 hours),
reteplase alone (two 10 mg boluses), or abciximab plus one
of six double-bolus doses of reteplase (2�5–15 mg).
Abciximab alone achieved TIMI-3 flow in 23% of patients
by 60 minutes, while the highest incidence of TIMI-3 flow
(62%) was achieved with 60 IU/kg of heparin plus two 5 mg
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boluses of reteplase and full-dose abciximab. Major bleeding
occurred in 9�8% of the patients who received two 5 mg
boluses of reteplase plus abciximab versus 3�7% of those
who received reteplase alone (P � 0�11).

In the dose-finding phase of the Integrilin and Low-
Dose Thrombolytics in Acute Myocardial Infarction (INTRO
AMI) study,88 eptifibatide was administered as a single 180
micrograms/kg bolus or as double boluses (30 minutes apart)
of 180�90micrograms/kg or 180�180micrograms/kg, fol-
lowed by an infusion of 1�33 or 2�0micrograms/kg/minute
for 72 hours after 25 or 50mg of alteplase. In the dose-
confirmation phase, the highest rates of TIMI-3 flow (65% at
60 minutes and 78% at 90 minutes) were achieved with 50
mg of alteplase plus a 180�90micrograms/kg double bolus
and 1�33micrograms/kg/minute infusion of eptifibatide. The
180�90micrograms/kg double bolus (given 10 minutes
apart) and 2�0 micrograms/kg/minute infusion of eptifibatide
achieved TIMI-3 flow in 54% of patients by 60 minutes, but
major bleeding occurred in 11%, intracranial hemorrhage in
3%, and death in 5% of patients treated with this dose. For
reasons that are not fully understood, the rates of intracranial
hemorrhage have been higher in angiographic studies than in
large clinical trials. 

Glycoprotein IIb/IIIa inhibitors and 
low molecular weight heparin

In the Enoxaparin and TNK-t-PA With or Without
Glycoprotein IIb/IIIa Inhibitor as Reperfusion Strategy 
in ST-Elevation Myocardial Infarction (ENTIRE-TIMI-23)
trial,55 patients were randomized to one of three treatment
regimens: tenecteplase (0�53 mg/kg) plus either enoxaparin
or unfractionated heparin, or half this dose of tenecteplase
plus abciximab. The TIMI-3 flow rates at 60 minutes ranged
from 47% to 58% with the various treatment regimens, but
did not differ significantly between the groups. Major bleed-
ing was less common with enoxaparin than with unfraction-
ated heparin (1�9% v 2�4%, P � 0�05).

In the Integrilin and Tenecteplase in Acute Myocardial
Infarction (INTEGRITI) trial,89 patients received either
tenecteplase alone (0�375 mg) or reduced-dose tenecteplase
(0�25 mg) plus eptifibatide (two boluses of 180 and
90 mg/kg given 10 minutes apart followed by a 2 mg/kg
infusion). TIMI-3 flow was achieved by 60 minutes in
49% of patients receiving tenecteplase alone versus 59% of
those receiving tenecteplase and eptifibatide (P � NS).

The Fibrinolytic and Aggrastat ST-Elevation Resolution
(FASTER) trial90 tested various bolus doses of tirofiban
(between 10 and 15 micrograms/kg followed by 0�15 micro-
grams/kg/minute for 24 hours) in combination with half or
two thirds doses of tenecteplase (0.27 or 0.36 mg/kg, respec-
tively). A control group received full-dose tenecteplase alone
(0.53 mg/kg). The patients receiving the half and two thirds
doses of tenecteplase were given a 40IU/kg heparin bolus

(maximum 3000IU) and a 7 IU/kg/hour infusion (maximum
800IU/hour) to maintain an APTT of 50–70 seconds, while
those receiving full-dose tenecteplase (the control group) were
given a 60IU/kg heparin bolus (maximum 4000IU) and a 
12IU/kg/hour infusion (maximum 1000IU). The end points
of the trial were TIMI-3 flow in the infarct artery at 60 min-
utes, the corrected TIMI frame count at 60 minutes and ST-
segment resolution at 60 and 180 minutes. TIMI-3 flow was
achieved by 60 minutes in 59% of the tirofiban groups overall
versus 58% of the control group, and there were no differ-
ences in their corrected TIMI frame counts. Complete ST-seg-
ment resolution was achieved by 60 minutes in 41% of the
tirofiban groups overall versus 29% of the control group
(P � 0.07), and by 180 minutes in 76 versus 65%, respectively
(P � 0.10). TIMI major bleeding53 occurred within the first 48
hours in 2.3% of the tirofiban groups overall versus 4�7% of
the control group. There were no episodes of intracranial hem-
orrhage (personal communication from Dr EM Ohman).

Trials with clinical end points

The ASSENT-3 trial46 randomized patients to receive either
full-dose tenecteplase plus enoxaparin (30 mg intravenously
plus 1 mg/kg subcutaneously every 12 hours) for a maxi-
mum of 7 days, half-dose tenecteplase plus weight adjusted
low-dose unfractionated heparin and a 12 hour infusion of
abciximab, or full-dose tenecteplase plus weight adjusted
unfractionated heparin for 48 hours. A summary of the clin-
ical outcomes, including a reduction in investigator-reported
re-infarction, is shown in Figure 33.11.

In the GUSTO-V trial,47 16 588 patients presenting within
6 hours of the onset of acute ST-segment elevation MI were
randomized to receive either half-dose reteplase plus a mod-
ified dose of heparin and abciximab, or full-dose reteplase
and heparin without abciximab. By 30 days, 5�6% of the
abciximab group versus 5�9% of the no-abciximab group 
had died (OR 0�95; 95% CI 0�83–1�08; P � 0�43). The
abciximab group had a lower rate of investigator-reported re-
infarction (Figure 33.11), but higher rates of severe bleeding
(1�1% v 0�5%; OR 2�14; 95% CI 1�48–3�09; P � 0�001) and
transfusion (5�7% v 4�0%; OR 1�46; 95% CI 1�26–1�69;
P � 0�001). Intracranial hemorrhage occurred in 0�6% of
both groups. In a prespecified analysis, the regimen includ-
ing abciximab was shown not to be inferior to the regimen
excluding abciximab. Subgroup analysis showed that the
abciximab group had a lower point estimate for mortality in
patients presenting after 4 hours (7�1% v 8�1%; P � 0�33)
and in patients with anterior MI (7�6% v 8�5%, P � 0�17).

In ASSENT-346 and GUSTO-V47 the risk of bleeding in
patients aged �75 years (including intracranial hemorrhage)
(see Figure 33.6) was higher with regimens involving half-
dose fibrinolytic therapy plus full-dose abciximab than in those
involving full-dose fibrinolytic therapy without abciximab. 



In ASSENT-3, bleeding occurred in 13�3% of elderly patients
given tenecteplase plus abciximab versus 4�1% of those given
tenecteplase plus unfractionated heparin (P�0�0002). In
GUSTO-V, bleeding occurred in 1�9% of elderly patients given
reteplase plus abciximab versus 1�2% of those given reteplase
plus unfractionated heparin (P�0�17). These findings suggest
that the combination of abciximab with half-dose reteplase or
tenecteplase reduces the risk of re-infarction compared with
full doses of these fibrinolytic agents combined with intra-
venous unfractionated heparin although in GUSTO-V this did
not translate into a mortality benefit at 12 months, including
in prespecified subgroups.96 Based on the data currently avail-
able, no firm recommendations can be made for the use of 

glycoprotein IIb/IIIa inhibitors as adjuncts to either fibrinolytic
therapy or percutaneous intervention. 

Recommendations for use of adjunctive
antithrombotic therapies

The 1999 ACC/AHA guidelines34 and the 2000 American
College of Chest Physicians (ACCP)91 guidelines recommend
that patients receiving a fibrin-specific fibrinolytic agent 
for acute MI should be given a 60 IU/kg bolus (maxi-
mum 4000 IU) and a 12 IU/kg/hour infusion (maximum
1000 IU/hour) of unfractionated heparin (Table 33.5).

This dose is lower than that recommended inGrade A1c

Grade A1b
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Figure 33.11 Clinical outcomes in the ASSENT-3,46 GUSTO-V,47 and HERO-248 trials: (A) mortality; (B) re-infarction 
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the 1996 guidelines. The time for the first APTT measure-
ment is not specified. Although the recent reduction in 
the unfractionated heparin regimen is aimed at lowering 
the rates of major bleeding and intracranial hemorrhage
while maintaining efficacy as assessed by TIMI-3 flow rates,
this is only supported by Grade C evidence.

The ACC/AHA and ACCP guidelines recommend the use
of intravenous heparin in patients treated with streptokinase
if they have high-risk features (Table 33.5). 
Our personal approach is to use intravenous heparin (com-
mencing with a weight adjusted bolus) to achieve a high
level of thrombin inhibition in patients receiving streptoki-
nase, and to measure the APTT at 3 hours. This is based on
the results of the overview (which indicated a possible saving
with unfractionated heparin of 2�2 lives and 1�8 infarctions
prevented per 1000 patients treated, at a cost of 3�2 transfu-
sions and 0�3 non-fatal disabling strokes compared with a
placebo or control treatment),29 angiographic data from
GUSTO-I (showing significantly better patency at 5–7 days

Grade A1c

with intravenous versus subcutaneous heparin),6 and follow
up data from GUSTO-I (showing that the 5 year survival rate
of patients given streptokinase and intravenous heparin was
equal to that of patients given alteplase, and higher than
those given streptokinase plus subcutaneous heparin).31

If a fibrin-specific fibrinolytic agent is being used, the
patient should receive a weight adjusted bolus of intra-
venous heparin followed by an infusion to maintain the
APTT at 50–70 seconds for 48 hours if the patient is not
undergoing PCI (see Table 33.5). The APTT should be
measured at 3 hours. Further trials of adjunctive intra-
venous low molecular weight heparins with fibrinolytic
therapy will need to be performed before recommendations
can be made regarding combinations of these agents.

Future directions

Despite greater understanding of the mechanism of benefit
of adjunctive antithrombin therapies, and recent large 
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Table 33.5 Recommendations for the use of adjunctive unfractionated heparin with fibrinolytic therapy from two
consensus conferences

Fibrinolytic agent ACC/AHA 199934 ACCP 200091

Fibrin-specific agents Intravenous unfractionated heparin should be Patients receiving alteplase, reteplase or
used in patients undergoing reperfusion therapy tenecteplase should be given intravenous 
with alteplase. The recommended regimen is unfractionated heparin for 48 hours. Either 
60 IU/kg as a bolus at initiation of the alteplase standard dosing (a 5000 IU bolus and 
infusion, then an initial maintenance dose of 1000 IU/hour infusion) or weight adjusted dosing 
approximately 12 IU/kg/hour (maximum 4000 IU (a 60 IU/kg bolus (maximum 4000 IU) and 
bolus and maximum 1000 IU/hour infusion for 12 IU/kg/hour infusion (maximum 1000 IU/hour)
patients weighing �70 kg), adjusted to maintain may be used, both adjusted to maintain an APTT
the APTT at 1·5–2·0 times control of 50–70 seconds
(50–70 seconds) for 48 hours. Continuation of
the heparin infusion beyond 48 hours should be
considered in patients at high risk of systemic or
venous thromboembolism

Streptokinase Intravenous unfractionated heparin should be Patients at high risk of systemic or venous 
used in patients at high risk of systemic emboli thromboembolism (that is, those with Q wave 
(large or anterior MI, atrial fibrillation, previous anterior MI, severe left ventricular dysfunction, 
embolus or known left ventricular thrombus). It is congestive heart failure, a history of systemic or 
recommended that heparin be withheld for 6 hours pulmonary embolism, evidence of left ventricular
and that APTT testing begin at that time. Heparin thrombus, or atrial fibrillation) should receive
should be started when the APTT returns to intravenous unfractionated heparin, starting not 
�2 times control (approximately 70 seconds), less than 4 hours after the commencement of 
then infused to keep the APTT at 1.5–2.0 times streptokinase and when the APTT is 
control (initial infusion rate approximately �70 seconds. The target APTT should be 
1000 IU/hour). After 48 hours, a change to 50–70 seconds, and the infusion should continue
subcutaneous heparin, warfarin or aspirin alone for �48 hours
should be considered

Patients who are not at high risk of systemic or
venous thromboembolism should receive
subcutaneous unfractionated
heparin (12 500 IU) every 12 hours for 48 hours



clinical trials in patients with ST-segment elevation MI,
many questions remain unanswered. It has not yet been
resolved whether combinations of newer fibrinolytic agents
with newer antithrombin agents and/or glycoprotein IIb/
IIIa inhibitors improve clinical outcomes with acceptable 
bleeding risks. These regimens, along with agents such as 
P-selectin inhibitors92 and tissue factor pathway inhibitors,93

will need to be tested in combination with clopidogrel and
with facilitated PCI.

Key points

● There is ongoing thrombin generation in patients with
ST-segment elevation acute coronary syndromes.

● Fibrinolytic therapy results in a procoagulant state.
● Unfractionated heparin has proven efficacy in the absence

of aspirin and a modest effect in the presence of aspirin.
● Unfractionated heparin has several limitations as an

antithrombin agent, including variable pharmacokinetics
and pharmacodynamics and relative inefficacy against
clot-bound thrombin.

● Reduction of the unfractionated heparin dose may
reduce the risk of major bleeding, but does not alter the
risk of intracranial hemorrhage.

● Low molecular weight heparins are easier to administer
than unfractionated heparin, and have been shown to
reduce the risk of re-infarction when used as adjuncts to
fibrinolytic therapy. However, they may increase the need
for transfusion compared with unfractionated heparin.

● Bivalirudin has no effect on mortality when used as
adjunctive therapy with streptokinase, but does reduce
the incidence of re-infarction compared with unfraction-
ated heparin increases the risks of minor and moderate
bleeding.

● When combined with reteplase or tenecteplase, abcix-
imab reduces the risk of re-infarction compared with
unfractionated heparin, but increases the risk of major
bleeding, particularly in elderly patients.
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The prognosis of patients admitted to hospital with acute
myocardial infarction (AMI) has improved greatly since the
introduction of reperfusion therapies into clinical practice.
Several trials testing different fibrinolytic agents, aspirin, and
more recently, primary PTCA, have shown that mortality
can be reduced by 20–30% when these therapies are begun
in the first few hours after the onset of symptoms of AMI.
The favorable effects were proportional to the patency rates
obtained. Although there is no objective evidence for mor-
tality reduction, pain relief, oxygen, bed rest, and adjunctive
therapies should be considered to reduce clinical symptoms
and possibly improve prognosis.

Pain relief

The relief of pain is a priority in patients with AMI, not only
for humane reasons, but also because pain activates the
sympathetic nervous system increasing cardiac work and
myocardial oxygen consumption . Two
approaches are used:

● reduction of ischemia
● direct analgesia.

Nitroglycerin by the sublingual route or by IV infusion 
is the most commonly used drug to reduce pain due to
ischemia (see the section on Nitrates below). A double-blind
randomized trial on 69 patients1 showed that inhaled
nitrous oxide can decrease pain in the absence of hemody-
namic changes or other major adverse events. Few con-
trolled data are available, so the recommendations are based
mainly on empiricism and personal expertise .

Among direct analgesics, morphine is the drug of choice,
while meperidine and pentazocine can be substituted in
patients with documented hypersensitivity to morphine.
Morphine, besides its analgesic effect, has useful hemo-
dynamic actions, including peripheral vasodilation without
a decrease of left ventricular (LV) filling pressure. This
action, together with central reduction of tachypnea, can be
particularly useful in patients with pulmonary edema.2–5

Effective analgesia should not be delayed because of 
the fear of masking the effects of anti-ischemic therapy with
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recommended agents – fibrinolytic agents, � blockers,
aspirin, nitrates. Morphine is given at doses of 4–8 mg IV
and repeated every 5–15 minutes in doses of 2–8 mg until 
pain is relieved. Morphine also reduces anxiety, thereby
decreasing metabolic demands of the heart during the 
early critical phase. The decrease in heart rate resulting from
the reduction of sympathetic tone and the vagomimetic
action of morphine contributes to the reduction of anxiety.
Usually opioids are sufficient and tranquillizers are not
needed.

Adverse reactions to morphine such as severe vomiting,
hypotension, and respiratory depression may limit its admin-
istration. Hypotension (systolic blood pressure �100 mmHg)
can be minimized by keeping the patient supine with ele-
vated lower extremities. In the case of excessive bradycardia,
atropine may be administered IV (0·5–1·5 mg). Depression of
respiration seldom occurs and can be treated with intra-
venous naloxone (0·1–0·2 mg, repeated after 15 minutes if
necessary). Nausea and vomiting, if severe or recurrent, may
be treated with a phenothiazine.

The widespread use of reperfusion therapy early after
AMI has decreased the intensity and duration of pain,
which is largely due to ongoing cardiac ischemia. The addi-
tional use of IV � blockers6,7 further decreases the severity
of pain by reducing cardiac work.

New approaches to analgesia after AMI include synthetic
and semisynthetic narcotics like fentanyl and sufentanyl and
thoracic epidural anesthesia, but clinical experience is too
limited to recommend regimens and modalities.

General management

Oxygen

Experimental studies have shown that breathing
oxygen can decrease myocardial injury;8 moreover, in
patients with AMI the administration of oxygen reduced ST
segment elevation.9 It is assumed that oxygen breathing
might improve the ventilation/perfusion mismatch which
may be seen in AMI patients. Arterial PO2 is reduced for
about 48 hours in many uncomplicated cases of AMI.10
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There are no objective randomized trials on the benefit 
of oxygen breathing after AMI. However, in the presence 
of severe hypoxemia oxygen is recommended, while in
uncomplicated cases its use should probably be limited to
the first day or less. 

Oxygen therapy is indicated if monitored oxygen satura-
tion is lower than 90%. In complicated AMI, with severe
heart failure, pulmonary edema or mechanical complica-
tions, supplemental oxygen is not sufficient and continuous
positive pressure breathing or tracheal intubation with
mechanical ventilation are sometimes required.11

Excessive oxygen can cause systemic vasoconstriction
with a consequent increase in cardiac workload, an impor-
tant consideration in uncomplicated patients.

Bed rest

Bed rest has been traditionally advised for patients with AMI
on the assumption that it would decrease cardiac workload.
However, it is now recognized that the intensive use of 

Grade C

Grade C

recommended treatments – fibrinolysis, IV � blockade,
aspirin – allows a much shorter stay in bed for AMI patients.

This may decrease the risk of thromboembolism
and help to prevent the adverse effects of  deconditioning.12

Prophylactic use of lidocaine (lignocaine)

The observation that life-threatening arrhythmias
occur within the first 24–48 hours of onset of AMI in a sub-
stantial proportion of patients led to the hypothesis that the
prophylactic administration of lidocaine could prevent or
reduce the incidence of ventricular fibrillation and resulting
early mortality.13

However, an overview of 14 controlled trials testing the
effects of prophylactic lidocaine (administered by the IM or 
IV route) on a total of 9155 patients confirmed a significant
reduction of 35% in the rate of ventricular fibrillation, but a
strong trend to an increase of 38% in early mortality (OR 1·38,
95% CI 0·98–1·95).14 The increase in mortality appeared 
to be caused by bradyarrhythmias, advanced atrioventricular
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Table 34.1 Other adjunctive therapies: summary of evidence

Therapies Study n Follow up duration Mortality (%) P value NNT

Treated Control

� blockers
ISIS-119 LSRCT 16 027 7 days 3·9 4·6 0·04 143
Sleight et al.18 OV 27 536 7 days 3·7 4·3 0·03 167
CAPRICORN23 LSRCT 1 959 1.3 years 12 15 0·03 34

ACE inhibitors
Early unselected strategy

GISSI-334 LSRCT 19 394 42 days 6·4 7·2 0·03 125
ISIS-435 LSRCT 58 050 35 days 7·2 7·7 0·02 200
ACE-i MICG37 OV 98 469 30 days 7·1 7·6 0·004 200

Late selected strategy
SAVE38 LSRCT 2 231 42 months (mean) 20·4 24·6 0·019 24
AIRE39 LSRCT 2 006 15 months (mean) 17·0 23·0 0·002 17
TRACE40 LSRCT 1 749 34·7 62·3 0·001 13

Nitrates
Yusuf et al.55 OV 3 041 Inhospital 13·3 18·9 0·002 18
GISSI-334 LSRCT 19 394 42 days 6·5 6·9 NS –
ISIS-435 LSRCT 58 050 35 days 7·3 7·5 NS –
Overview35 OV 81 908 35 days 7·4 7·7 0·03 333

Calcium antagonists
Teo et al.62 OV 20 342 — 9·6 9·3 NS –

Magnesium
Teo et al.67 OV 1 301 Inhospital 3·8 8·2 0·001 23
LIMIT-268 LSRCT 2 316 28 days 7·8 10·4 0·04 42
ISIS-435 LSRCT 58 050 35 days 7·6 7·2 NS –
Overview35 OV 61 860 35 days 7·6 7·5 NS –

Abbreviations: LSRCT, large-scale randomized clinical trials; NNT, number of patients needed to treat to save one life; NS, 
non-significant; OV, overview



block, and asystole. In view of these findings, prophylactic
lidocaine is no longer considered as a standard treatment in
patients with AMI, but is reserved for those patients who have
already experienced ventricular fibrillation. 

Other adjunctive treatments (Table 34.1)

We will now discuss adjunctive drug therapy with � block-
ers, ACE inhibitors, nitrates, magnesium, and calcium-
antagonists. The results of published randomized trials
which were of adequate size to show reliable data in terms
of mortality, together with overviews of the data, will be
summarized. We will also indicate areas of doubt.

Specific therapy

� Blockers

Rationale

Early after AMI, activation of the sympathetic nervous 
system occurs. � Blockers reduce oxygen demand by lower-
ing heart rate and blood pressure, and decreasing myocar-
dial wall stress, thereby limiting infarct size, the incidence of
cardiac rupture, and improving ventricular function and
mortality.15 By their � adrenergic antagonist properties, they
can also prevent the life-threatening ventricular arrhythmias
related to the increased adrenergic activity occurring in the
first hours after the onset of AMI.16

Evidence from trials and overviews of 
early IV � blockade

Studies testing the effects of early IV � blockade on the mor-
tality of patients with AMI show consistent results.17

Available data on more than 27 000 patients from 27 trials
show that the mortality rate of the patients allocated to the
active treatment was significantly reduced by about 14% in
comparison with placebo-allocated patients (from 4·3% to
3·7%; in absolute terms, six lives saved per 1000 patients
treated with � blockers).18 The largest study testing this
treatment, the ISIS-1 trial, showed that the mortality reduc-
tion by atenolol treatment in patients with AMI was con-
centrated in the first day or two from the onset of AMI
symptoms.19 Further, this study suggested that reduction in
cardiac rupture and cardiac arrest were the most notable
changes in early death associated with � blocker therapy.20

These observations may be considered as the rationale for
the combined use of � blockers and fibrinolytics, which are
both known to reduce mortality. In particular, in the 
first few days from the onset of AMI, � blockers may 
reduce cardiac rupture, the incidence of which may be
increased by fibrinolytic induced hemorrhage of infarcted
myocardium.21,22 However, � blocker trials in AMI were
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conducted mostly during the 1970s and 1980s, when no
fibrinolysis or primary angioplasty was performed, and
adjunctive therapy was characterized by much less use of
aspirin and no ACE inhibitors. Further, study populations
were mostly at lower risk and patients with heart failure
were usually excluded. For these reasons, the CAPRICORN
trial was planned with the aim to evaluate whether long-
term treatment with carvedilol (titrated up to 25 mg
�2/day) could reduce all-cause mortality in postinfarction
patients (from 3 to 21 days from symptom onset) with an LV
ejection fraction � 40% and who were receiving an ACE
inhibitor for �48 hours.23 All-cause mortality was reduced
from 15% in the placebo group and to 12% in the carvedilol
group (23% relative reduction), while the combined end
point of all-cause deaths plus CV hospitalizations was not
modified by the active treatment.

Recommendations

All patients with AMI, in the absence of specific contraindi-
cations, should be treated with a � blocker within 24 hours
from the onset of symptoms and treatment should be 
continued for at least 2 years. Clear contraindi-
cations are pulmonary edema, asthma, hypotension, brady-
cardia, or advanced atrioventricular block. Even in the
absence of trials of adequate size testing specifically the
effects of the combination of a � blocker and a fibrinolytic,
pathophysiologic premises, observational data, and the few
controlled studies suggest that this treatment should be con-
sidered in association with reperfusion treatment with 
fibrinolysis. In the GISSI-2 trial, IV atenolol was used in con-
junction with fibrinolytics in 48% of the patients.

Lack of randomized trials of early � blockade in the
era of reperfusion

With the exception of the recently published CAPRICORN
trial that included patients with LV dysfunction some days
after AMI, the trials testing the early effects on mortality of 
� blockers in all-comers with AMI were conducted in the
early 1980s, before the widespread use of reperfusion ther-
apy. Trials formally testing the effects of the combination of 
a � blocker and a fibrinolytic are few and underpowered to
provide reliable data in terms of mortality reduction. The only
data available are from the TIMI-2B trial, in which 1434
patients, all treated with tPA and aspirin, were randomized to
receive immediate or delayed (6–8 days) oral metoprolol.24

Total mortality rate at 6 and 42 days was not significantly
decreased by the immediate treatment, but the number of
deaths was fewer, and the rate of non-fatal re-infarction was
reduced in the group receiving immediate metoprolol.

More recently, data from the National Registry of
Myocardial Infarction 2 showed that immediate � blocker
administration in patients with AMI treated with tPA
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reduces the occurrence of intracranial hemorrhage. Among
patients receiving tPA, the incidence of intracranial 
hemorrhage was 0·7% (158/23 749) in patients receiving 
� blockers and 1·0% (384/3658) in patients not receiving 
� blockers (P � 0·001).25 Multivariate analysis showed that
immediate � blocker use was associated with a 31% reduc-
tion in the rate of intracranial hemorrhage. No other drugs
given within the first 24 hours were associated with a
reduction in the rate of intracranial hemorrhage.

Long-term use

The effects of � blocker therapy started after the acute phase
of MI (5–28 days from the onset of symptoms) have been
tested among more than 35 000 patients not receiving 
a reperfusion therapy in several placebo-controlled trials.26

Overall, the long-term composite outcome of mortality and
non-fatal infarction was reduced by 20–25%. 

Timolol, metoprolol, and propranolol were the most exten-
sively studied drugs.27–29 In the Norwegian Multicenter
Study,27 patients allocated to timolol showed a 39% mortal-
ity reduction and a 28% reduction of re-infarction. The 
initial benefit persisted for at least 72 months in the patients
who continued timolol treatment after trial termination.
Similar results have been obtained by the Beta-Blocker
Heart Attack Trial (BHAT),28 in which 3837 patients were
allocated to propranolol or placebo. After 25 months of
treatment overall mortality was reduced by 28%. Subgroup
analysis showed that the beneficial effects of � blockers
were apparent among the various subgroups, but the 
magnitude of the benefit was greater in high-risk patients
(those with large or anterior AMI or with signs or symptoms
of moderate left ventricular dysfunction). This subgroup
analysis of the BHAT trial has been recently confirmed by
the results of the CAPRICORN trial, which showed a signif-
icant mortality reduction in post-AMI patients with LV 
dysfunction treated with carvedilol.23

Definite contraindications to � blocker therapy are 
pulmonary edema, asthma, severe hypotension, bradycardia,
or advanced atrioventricular block. Evidence from trials and
overviews suggests that all patients with AMI who do not
have clear contraindications should be treated with intra-
venous � blockers within 24 hours from the onset of 
symptoms. If tolerated, the treatment should be continued
for at least 2–3 years, and perhaps longer. 
A debate is still open about whether � blockers should 
be prescribed to all patients without contraindications or
whether they should be given only to the patients at moder-
ate to high risk who have the most to gain from a long-term
treatment.

Despite the clear evidence of benefit, observational stud-
ies showed that in clinical practice � blockers are generally
underused, only 36–42% of patients receiving a � blocker 
at discharge.30
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ACE inhibitors

Rationale

The rationale behind this strategy is based mainly on the fact
that activation of the renin–angiotensin system occurs dur-
ing the very early phase of MI, with deleterious conse-
quences, including an increase of peripheral resistance and
heart rate, decrease of coronary perfusion, and alteration in
endogenous fibrinolytic activity.31,32

Evidence from trials and overviews

After the disappointing results of the CONSENSUS-2 trial,33

which did not show a benefit from enalapril treatment, the
results of GISSI-3 and ISIS-4 studies were published.34,35 In
the GISSI-3 trial, 6 week total mortality was significantly lower
in the patients treated with lisinopril: 6 week lisinopril treat-
ment significantly reduced mortality from 7·2% to 6·4% (in
absolute terms eight lives saved per 1000 treated patients).34

The favorable results on mortality shown by the GISSI-3
study have been confirmed by the larger ISIS-4 trial. During
the first 5 weeks there were 2088 (7·19%) deaths recorded
among 29 028 captopril-allocated patients compared with
2231 (7·69%) among 29 022 patients allocated placebo.35

This 7% relative reduction in total mortality was statistically
significant (P � 0·02) and corresponded in absolute terms to
five fewer deaths per 1000 patients treated with captopril
for 1 month. The reduction in total mortality shown by
CCS-136 was similar to that demonstrated by the larger
GISSI-3 and ISIS-4 trials, but statistical significance was not
achieved, presumably because of inadequate sample size.

An overview of the trials testing an early unselected
approach with ACE inhibitors in 98 496 patients with AMI
showed that immediate treatment is safe, well tolerated and
that it produces a small, but significant reduction of 30 day
mortality.37 This benefit is quantifiable as about five extra
lives saved for every 1000 patients treated with ACE
inhibitors early after the onset of AMI.

With respect to the safety profile, persistent hypotension
and renal dysfunction were (as expected) reported signifi-
cantly more often in the patients treated with ACE
inhibitors than in corresponding controls.

The overview also confirmed the important benefit
achievable with early ACE inhibitor treatment. Of the total
239 lives saved by early ACE inhibitor treatment, 200 were
saved in the first week after AMI.

The “selective” strategy of starting ACE inhibitors some
days after AMI only in patients with clinical heart failure
and/or objective evidence of LV dysfunction was tested in
three trials (SAVE, AIRE, TRACE), involving about 6000
patients overall.38–40 These trials consistently showed that
long-term ACE inhibitor treatment in this selected popula-
tion of patients was associated with a significant reduction
of mortality. Grade A
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Controversy: aspirin and ACE inhibitors

It has been proven that part of the hypotensive/unloading
effect of ACE inhibitors is attributable to increased synthesis
of vasodilatory prostaglandins such as PGE2.41 It has been
shown that the concomitant administration of salicylate
reduces the effectiveness of ACE inhibitors in patients with
congestive heart failure.42,43 However, the appropriateness of
extrapolating these data to post-AMI patients in clinical prac-
tice is questionable since other studies have yielded conflict-
ing results on the interaction between ACE inhibitor and
aspirin.44,45 In relatively unselected AMI patients enrolled 
in the GISSI-3 trial there was a beneficial effect from ACE
inhibitors irrespective of aspirin use.46 The GISSI-3 findings
have been confirmed by the overview of the individual data
of 98 496 patients enrolled in trials involving more than
1000 patients randomly allocated to receive ACE inhibitors
or control starting in the acute phase of AMI. ACE inhibitor
treatment was associated with a similar proportional reduc-
tion in 30 day mortality among the 86 484 patients who
were taking aspirin (6%) and among the 10 228 patients
who were not (10%).47 The lack of negative interaction
between aspirin and ACE inhibitors has also been reported
in the overview of 12 763 AMI patients with LV dysfunction
or heart failure.48

In conclusion, it seems that the pharmacologic inter-
action between salicylates and ACE inhibitors is devoid of
major clinical relevance in the setting of AMI, both in terms
of reduction of the unloading effect of ACE inhibitors and in
terms of adverse effects on renal function. Therefore in the
absence of adequate data from randomized controlled trials
(RCTs), both ACE inhibitors and aspirin may be safely
administered in the early phase of AMI. Since patients with
left ventricular (LV) dysfunction have a mortality rate of
about 50% if they experience a new infarction, prevention
with aspirin should not be abandoned on the basis of inade-
quate data. The lack of negative interaction between aspirin
and ramipril in the prevention of cardiovascular events,
recently shown by the HOPE trial,49 further supports this
conclusion.

Recommendations

ACE inhibitor treatment should be started during the first
day following AMI in most patients after timely and careful
observation of the patient’s hemodynamic and clinical status,
and after administration of routinely recommended treat-
ments (fibrinolysis, aspirin, and � blockers). If
echocardiography shortly before discharge shows LV dysfunc-
tion, the treatment should be continued for a long period of
time. In the patients showing neither clinical symptoms nor
objective evidence of LV dysfunction, the treatment can be
stopped and ventricular function re-evaluated after an appro-
priate time interval. These recommendationsGrade A

Grade A

derive from the results of trials testing ACE inhibitors in
patients with a recent AMI. More recently, the results of the
HOPE trial have been published.49 The HOPE trial tested the
effects of ramipril versus placebo in nearly 9000 patients at
increased risk of cardiovascular disease, defined as a history
of MI, angina, cerebrovascular or peripheral arterial disease.
People with diabetes were also included, even in the absence
of a previous cardiovascular event. The trial showed a signif-
icant 22% reduction of a composite measure of MI, stroke,
and death from cardiovascular causes. The HOPE findings
indicate that virtually all patients with a history of cardiovas-
cular disease should be treated with ACE inhibitors, and not
just those who after an AMI have signs or symptoms of heart
failure. The PEACE and EUROPA trials, still
ongoing, will provide further data from such patients.50

The main contraindications to early ACE inhibitor treat-
ment are hypotension, bilateral renal artery stenosis, severe
renal failure, or a history of cough or angioedema attributed
to previous treatment with ACE inhibitors. Caution is
needed in patients previously receiving high-dose diuretic
(�50 mg furosemide/day) therapy.

Nitrates

Rationale

Experimental and clinical studies showed that nitrates can
reduce oxygen demand and myocardial wall stress during
AMI by reducing pre- and afterload.51 Further, nitrates can
increase coronary blood supply to the ischemic muscle 
by reducing coronary vasospasm.52 These favorable effects
of reduced infarct size and improved LV function have been
demonstrated in both animals and humans.53,54

Evidence from trials and overviews

Controlled clinical trials and overviews provide conflicting
results. Yusuf et al carried out a meta-analysis of seven 
small trials testing IV nitroglycerin and three trials testing 
IV nitroprusside. Overall, the results on 2041 patients
showed that nitrate treatment reduced mortality by 
about 35%.55

More recently, the effects of different nitrate treatments
in patients with AMI has been tested in two large-scale 
mortality trials enrolling more than 80 000 patients, receiv-
ing currently recommended concomitant therapies (90%
received aspirin and about 70% fibrinolysis).35 Both trials
showed that routine nitrate use does not produce an
improvement in survival, either in the total population of
patients with AMI or in the subgroups with different risks of
death. A large number of patients allocated to the control
groups in these trials received out-of-protocol nitrate treat-
ment because of a specific indication (pain, angina, heart
failure, hypertension), possibly obscuring a true benefit in
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terms of mortality reduction. Accordingly, the ISIS-4 investi-
gators analyzed the effects of nitrates in the subgroup of
patients not receiving out-of-protocol nitrate treatment. The
results of this subanalysis confirmed the main results of the
study.35

A further trial, ESPRIM, of the nitric oxide donor 
molsidomine also failed to show any mortality benefit in
AMI patients.56 The overview of all existing data (the first
10 small trials plus the two recent large scale studies) con-
firms the negative results in terms of mortality reduction.35

Recommendations

Nitrates are not a recommended treatment for all
patients with AMI. However, nitrates are confirmed to be
well tolerated even in the context of the other treatments (�
blockers, aspirin, fibrinolysis, ACE inhibitors), suggesting
that their use, limited to the patients with specific indica-
tions such as angina or pump failure, is safe and likely to be
beneficial in the treatment of ischemic chest pain and pump
failure. Definite data on the short-term mortality
benefit of IV nitroglycerin started in the first 24 hours after
the beginning of AMI symptoms are not available.

Unclear interaction with ACE inhibitors

The results of the GISSI-3 trial suggest that nitrates can pro-
duce some additive beneficial effect when used in combina-
tion with ACE inhibitors but this was not seen in ISIS-4.
Additional trials should be conducted to confirm or reject
this hypothesis.34,35

Calcium-channel blockers

Rationale

Calcium-channel blockers can reduce oxygen demand by
lowering blood pressure and reducing contractility;57

verapamil and diltiazem also reduce heart rate.58 These
mechanisms could be beneficial in patients during AMI.

Evidence from trials and overviews

Trials testing nifedipine at different dosages either in the
acute phase of MI or after discharge showed a non-significant
increase of mortality.59 Controlled clinical trials testing 
calcium-channel blockers other than dihydropyridines, such
as diltiazem or verapamil, have also found no significant
reduction of mortality. However, the DAVIT-2 trial did show
a 20% reduction of the combined end point of cardiovascu-
lar mortality and re-infarction.60 Similarly, the largest trial
testing diltiazem showed a 23% reduction of deaths from
cardiac causes and re-infarction in the subgroup of patients
without signs of pulmonary congestion, while in the 
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subgroup of patients with pulmonary congestion a 41%
increase of these events was observed.61 An overview of 
the 24 trials testing any kind of calcium-channel blocker 
in patients with AMI showed a non-significant increase of 
mortality of about 4%.62

Recommendations

Since individual trials and overviews revealed no
statistically significant evidence of harm or benefit in terms
of mortality reduction, these drugs are not recommended as
standard therapy in patients in the acute phase of MI.
Verapamil or diltiazem may be useful after AMI in patients
intolerant of � blockade. Despite the consistent negative
results of trials and overviews, the rate of use of calcium-
channel blockers remains high.30,63

Newer drugs

Few data are available concerning the effects either of long-
acting nifedipine or of newer, more selective dihydropy-
ridines, such as felodipine or amlodipine. New trials of these
drugs are planned or under way.

Magnesium

Rationale

In experimental models of AMI, high plasma levels of mag-
nesium can prevent extensive myocardial damage, possibly
through inhibition of the inward current of calcium in
ischemic cardiac cells, and the reduction of coronary
tone.64,65 Infusion of magnesium in experimental models of
AMI can increase the threshold for malignant arrhythmias,
reducing the occurrence of ventricular fibrillation.66 In
humans, high plasma levels of magnesium reduce peripheral
vascular resistance and increase cardiac output without
affecting myocardial oxygen consumption. Thus, infusions
of magnesium started early during AMI could theoretically
reduce infarct size, prevent life-threatening arrhythmias and
improve survival.

Evidence from trials and overviews

Conflicting results have been provided by the trials in which
IV infusion of magnesium has been tested. A first overview
by Teo et al of seven trials among about 1300 patients
showed that mortality was reduced by 58% (from 8·2% to
3·8%) by an early intravenous infusion of magnesium.67 The
greatest part of the benefit was due to the reduction of life-
threatening ventricular arrhythmias. These favorable data
received further support from a large single center study,
LIMIT-2, in which 2316 patients were randomized to
receive IV magnesium or placebo.68 This study showed that
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the 28 day mortality rate was significantly reduced by 24%
(P �0·04) (but with a lower confidence interval near zero).
No difference was observed in terms of ventricular arrhyth-
mias, but surprisingly a reduction in clinical heart failure was
observed. More recently the results of the ISIS-4 trial on more
than 58000 patients did not confirm that IV magnesium can
reduce mortality.35 As expected, the current overview of all
the existing data is dominated by the results of ISIS-4.35

Recommendations

Intravenous magnesium cannot be recommended for rou-
tine use for patients with AMI. Its use should be
limited to the patients with specific indications (that is,
patients with ventricular arrhythmias and prolonged QT
interval, or those with high blood pressure not controlled by
usual therapy).

A new trial

Experimental studies suggested in animal models that mag-
nesium is effective only if administered before fibrinolysis,
thereby preventing reperfusion injury.69,70 This hypothesis is
supported by animal models of AMI and by the LIMIT-2
trial, which showed a reduction of the cases of heart failure
after magnesium infusion.

Even though the ISIS-4 trial showed that magnesium
treatment was not effective in any of the studied subgroups
of patients, including those treated with fibrinolysis within 
6 hours from the onset of symptoms, the possibility that
magnesium treatment can limit reperfusion injury after
recanalization therapy has not been formally tested. Because
of this disparity between ISIS-4 and LIMIT-2, a further trial
(MAGIC) is ongoing in selected patients.

Other adjunctive therapies in 
search of evidence

Adenosine

The excess of mortality in the day after fibrinolytic therapy
may be, at least in part, attributed to reperfusion injury.
Adenosine has been shown to exert a cardioprotective
action in animal studies and in small-scale clinical trials. In
particular, adenosine reduced infarct size and improved LV
function in animal models of reperfusion injury.

In the Acute Myocardial Infarction Study of Adenosine
(AMISTAD) trial, among patients receiving IV fibrinolytic
therapy within 6 hours from symptom onset, an IV infusion
of adenosine reduced infarct size by 33% compared to
placebo (P � 0·085). Infarct size was significantly reduced by
67% (P � 0·014) in patients with anterior MI, while it had
no effect in those with non-anterior MI. The effect of adeno-
sine on final infarct size appeared to be independent of the
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fibrinolytic (alteplase or streptokinase) and of lidocaine use.71

Based on these promising results obtained in 236 patients, a
large-scale trial, AMISTAD II, was conducted to assess the
effect of two doses of adenosine versus placebo on mortality
and heart failure over 6 months after MI. Although the over-
all analysis did not show significant improvement with
adenosine versus placebo, the higher dose group showed a
significant reduction in infarct size and a trend in event
reduction (American College of Cardiology, 2002).

Inhibition of leukocyte adhesion

Inflammation plays a role in determining the extent of
myocardial damage after ischemia and reperfusion. Anti-
inflammatory treatments have yielded contrasting results in
animal models of MI, but have never been proven beneficial
in humans. Specific inhibition of leukocyte adhesion reduced
cardiac ischemia-reperfusion injury in animals. In the
Limitation of Myocardial Injury following Thrombolysis in
Acute Myocardial Infarction (LIMIT AMI), 394 patients with
signs and symptoms of AMI were randomized within 12
hours of symptom onset to two doses of IV bolus of a mono-
clonal antibody to the CD18 subunit of the �2 integrin adhe-
sion receptors (rhu MAB CD18) or placebo. The MAB CD18
was well tolerated, but ineffective either in increasing 
90 minute TIMI grade 3 flow or in decreasing MI size.72

Along the same line, 420 patients with TIMI flow 0 or 1
after MI were randomized to two doses of LeukArrest 
or placebo in the HALT-MI trial. LeukArrest is a human
monoclonal antibody which binds all four integrin receptors
on leukocytes. LeukArrest did not reduce infarct size or 
clinical and adverse event rates. The agent appeared well
tolerated, except for a significant increase in the rate of
major infections.73

Metabolic interventions

The old concept of metabolic protection of the ischemic
myocardium has been tested in a randomized open trial on
407 patients with suspected MI, the ECLA Glucose-Insulin-
Potassium (GIK) trial.74 Patients were randomized to two
doses of GIK or to control within 24 hours from symptom
onset. Overall mortality and morbidity reduction by GIK did
not reach statistical significance. However, the reduction in
mortality was significant in patients who received reperfu-
sion therapy. GIK appeared to be well tolerated even if 
volumes of the order of 2–3 liters had to be infused over 
24 hours. A mortality trial is being conducted to verify the
benefit of this cheap intervention in AMI.

Ischemia/reperfusion damage is due partly to the Na�/H�

exchange system. Animal experiments and a pilot study in
patients suggested that inhibitors of Na�/H� exchanger,
amiloride derivatives (cariporide, eniporide) exerted cardio-
protective effects. Two recent placebo-controlled trial have
shown neutral results of NHE inhibitors versus placebo.75,76
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In the GUARd During Ischemia Against Necrosis
(GUARDIAN) trial 11 590 patients with unstable angina or
non-ST-elevation MI were randomized to cariporide or
placebo and followed for 36 days. No difference between
cariporide and placebo was documented on the primary end
point of death or MI.75 In the Evaluation of the Safety and
Cardioprotective Effects of Eniporide in AMI (ESCAMI)
trial, 1389 patients with ST-elevation MI undergoing reper-
fusion treatments were studied. Eniporide administered
before reperfusion neither reduced infarct size (the primary
end point), nor improved clinical outcome.76

Nicorandil, has been proposed for several years with
indications ranging from stable effort angina to MI. In an
open study, 81 patients with a first anterior MI were ran-
domized to control or nicorandil started IV before PTCA.
Nicorandil plus PTCA improved clinical outcome and left-
ventricular functional recovery in respect to PTCA alone.77

However, the number of patients in the study was too small,
even for a pilot trial, to draw any conclusion.

Conclusions

The therapeutic approaches discussed in the chapter can
provide benefits only to patients who survive long enough
to reach a monitored bed. The potential reduction of mor-
tality obtainable with the use of evidence-based therapies is
applicable to only about half of the population of patients
suffering an AMI.78

Besides research efforts aimed at designing new strategies
to further improve survival, the challenges are several:

● to broaden the correct use of evidence-based treat-
ments for the patients reaching the hospital;

● to apply these or new treatments to the subgroup of
patients generally excluded from randomized clinical tri-
als (elderly patients, patients with comorbidities, etc.);

● to reduce the number of patients who die before reach-
ing the hospital.

Appendix: long-term use of aspirin after the
acute phase of myocardial infarction

Besides the favorable effects in terms of mortality
reduction when used in the first 24 hours from the onset of
symptoms of AMI,79 long-term use of aspirin in the postin-
farction period also results in a significant reduction of mor-
bidity and mortality.

The Antiplatelet Trialists’ Collaborative Group reviewed
all the long-term trials of antiplatelet agents in secondary
prevention.80 Six randomized, placebo-controlled trials
tested the effects of aspirin started between 1 week and 
7 years after the initial infarct. Vascular mortality, non-fatal
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re-infarction and non-fatal stroke rates were significantly
reduced respectively by 13%, 31%, and 42% among the
patients allocated to aspirin in comparison with the placebo-
allocated patients. The beneficial effects on major vascular
events were apparent in all subgroups examined.

The overview also shows that, although other antiplatelet
agents, such as dipyridamole or sulfinpyrazone, have been
used in postinfarct patients, there is no evidence that they
can be more efficacious than aspirin alone.

The benefits of aspirin were seen to be similar in the trials
which evaluated doses from 160 mg to 1500 mg daily.
These observations suggest that it is reasonable to recom-
mend aspirin at 160–325 mg/day, starting early after the
onset of symptoms of AMI and continuing for a long period
of time (probably lifelong). A trial in patients
with stable angina recently showed that lower doses of
aspirin (75 mg/day) were associated with a significant
reduction (34%) of non-fatal MI and sudden death.81 These
data suggest that lower doses of aspirin can be effective with
fewer adverse effects.
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Introduction

Despite major changes in treatment and prevention, myocar-
dial infarction (MI) remains a common and lethal condition.
Recent statistical updates estimate that there are 7·3 million
persons in the United States who have suffered a myocardial
infarction, and each year there are 1·1 million new or recur-
rent coronary attacks, of whom 40% die.1 Mechanical com-
plications of myocardial infarction include acute and chronic
heart failure, cardiogenic shock, ventricular aneurysm, right
ventricular infarction and failure, mitral regurgitation due to
papillary muscle dysfunction or rupture, rupture of the inter-
ventricular septum and rupture of the free wall of the left
ventricle. Electrical complications include ventricular fibril-
lation, ventricular tachycardia, atrial fibrillation, and atrio-
ventricular block. A common and important category of
complication that is frequently neglected is the psychosocial
and socioeconomic complications of MI.

Other chapters in this book cover the topics of left ven-
tricular dysfunction and heart failure (Chapter 46) ventricu-
lar arrhythmias (Chapter 42) bradyarrhythmias (Chapter 74)
and atrial fibrillation (Chapter 38–40). The major complica-
tions of MI, such as left ventricular (LV) dysfunction, heart
failure or ventricular and atrial arrhythmias lend themselves
to study with controlled clinical trials. However, for many of
the acute complications of MI, clinical trials have not been
performed, and clinical decision making must rely on evi-
dence from other sources including uncontrolled trials,
observational studies and inference from pathophysiologic
data. The evidence base for managing the complications of
MI will be discussed under the headings of clinical features
and prognosis, and management.

Left ventricular dysfunction and failure

Clinical features and prognosis

Pathophysiology

Acute coronary occlusion with ST segment elevation
(STEMI) affects the function of the left ventricle within sec-
onds, even before irreversible myocardial damage has
occurred.2 Adverse remodeling of the ventricle can occur

early in the course of myocardial infarction, and continues
over the ensuing months and years, leading to an increase in
end-diastolic and end-systolic volumes, an increase in the
sphericity of the ventricle, and systolic bulging and thinning
of the infarct zone, without necessarily any extension of 
the infarcted zone.3 Results from autopsy studies suggested
that MIs that involved greater than 40% of the left ventricle
were usually fatal.4 However, a more recent prospective
study conducted in the reperfusion era showed that out of
16 patients with residual infarcts of �40%, and followed for
13 months, only one had persistent heart failure and subse-
quently died.5 The likely explanation for this discrepancy
lies in the inherent bias of autopsy studies and the improved
management of post-MI patients in the reperfusion era.
Extensive damage can occur as a consequence of one large
infarction or multiple smaller ones. Non-ST elevation MI
may also cause left ventricular dysfunction if there has been
prior cumulative myocardial damage. Echocardiographic
evidence from infarct survivors shows that up to 60–80% of
the left ventricle may be akinetic or severely hypokinetic in
those with a history of multiple infarctions.6

Prognostic markers based on 
left ventricular dysfunction

The extent of LV dysfunction is a strong predictor of short-
and long-term prognosis after MI. The Killip and Kimball7

classification stratifies MI patients from low to very high risk
based upon clinical signs of heart failure. It remains a reason-
ably accurate indicator of short term survival. In patients
undergoing primary PTCA, the inhospital mortality was
2·4%, 7% and 19% for class I, II and III, respectively and 
6 month mortality was 4%, 10% and 28% for class I, II, and
III, respectively.8 The presence of left ventricular dysfunction
as determined by Killip class may be a predictor of response
to invasive coronary procedures in acute myocardial infarc-
tion.9 The Forrester classification comprising four categories
defined according to the presence or absence of pulmonary
congestion and peripheral hypoperfusion requires measure-
ment of the pulmonary artery pressure using a balloon flota-
tion catheter.10 Although this is safe in experienced hands, it
has a recognized risk of adverse events, including ventricular
tachyarrhythmias and pulmonary hemorrhage or infarction.11

35 Complications after myocardial
infarction
Peter L Thompson, Barry McKeown



Complications after myocardial infarction

489

In both postinfarction patients12 and in a wider range of crit-
ically ill patients in intensive care units,13 hemodynamic
variables determined from right heart catheterization corre-
late strongly with a higher mortality even after adjusting for
other prognostic variables. This association may be spurious,
due to a failure to identify and adjust for all relevant vari-
ables. However, recent guidelines recommend the use of
balloon flotation catheters only in severe or progressive CHF
or pulmonary edema, cardiogenic shock or progressive
hypotension or suspected mechanical complications of
acute infarction – that is, ventricular septal defect (VSD),
papillary muscle rupture, or pericardial tamponade.11 The
mechanism whereby right heart catheterization might
increase mortality is uncertain.14

Late postinfarction mortality is also affected by the extent
of left ventricular dysfunction. The presence of clinical signs
of left ventricular failure is a strong indicator of a poor long-
term prognosis.15 In some patients, more detailed assess-
ment is necessary, and the use of echocardiography or
radionuclide assessment may provide information which
cannot be obtained clinically.16 Late postinfarction mortality
was 3% in patients with an EF above 0·40, 12% when the
EF was between 0·20 and 0·40, and 47% when it was
below 0·20.17 The measurement of left ventricular function
adds incremental value to the clinical detection of left ven-
tricular failure. Approximately two thirds of patients with an
EF low enough to indicate a poor long-term prognosis for
example, �0·40, have no radiological evidence of left ven-
tricular failure.18 The choice of modality for assessment of
left ventricular function depends on local availability and
expertise. The information obtained from assessing left ven-
tricular function by echocardiography, radionuclide imaging
or cardiac catheterization has been found to be of equivalent
value in predicting 1 year prognosis.19

Biochemical markers

Biochemical markers of necrosis provide an index of the
extent of left ventricular infarction which in turn is corre-
lated with the extent of left ventricular dysfunction.
Creatine kinase was shown in the prereperfusion era to pre-
dict short- and long-term prognosis.20 The introduction of
reperfusion into routine clinical practice has reduced the
utility of CK or CK-MB to reflect the extent of left ventricu-
lar dysfunction because of early, direct release of the
myocardial enzymes into the plasma during reperfusion and
high, early peaking of the serum levels. The use of newer
markers such as troponin is now widespread, and both 
troponin-I21 and troponin-T22 correlate well with prognosis,
although their value in estimating infarct size is limited.
Multivariate analysis of data from large clinical trials has pro-
vided sound evidence that prognosis can be predicted with
accuracy using clinical information which is readily avail-
able during the assessment of the patient. Demographics

(advanced age, lower weight), more extensive infarction
(higher Killip class, lower blood pressure, faster heart rate,
longer QRS duration), higher cardiac risk (smoking, hyper-
tension, prior cerebrovascular disease), and arrhythmia
were important predictors of death between 30 days and 
1 year in 41 021 patients enrolled in the Global Utilization
of Streptokinase and TPA for Occluded Coronary Arteries
(GUSTO) trial,23 and in the GISSI trial.24

Management

Pharmacologic therapy

Since left ventricular function is a critical determinant of
prognosis, there have been many attempts to limit the
extent of left ventricular dysfunction during myocardial
infarction. Pharmacologic attempts to achieve this after
myocardial necrosis is well established have achieved lim-
ited success. Improvements in hemodynamic status have
not translated to better outcomes. For example, furosemide
has been shown to reduce elevated LV filling pressures with-
out adversely affecting cardiac output,25 but there is no evi-
dence of improvement in outcomes with diuretic therapy in
AMI. Nitrates have been shown to improve the hemo-
dynamic status in and adverse remodeling post-AMI,26 and
nitroglycerin may increase collateral blood flow to the
infarct zone and thus limit infarct size, particularly if heart
rate is controlled.27 The fact that remodeling begins soon
after the onset of infarction is a justification for beginning
intravenous nitroglycerin or an ACE inhibitor early, even
when these drugs are not required to correct a hemo-
dynamic abnormality. While preliminary meta-analysis of
small trials of intravenous nitrates showed an apparent ben-
efit on outcomes,28 larger clinical trials have shown no ben-
efit of nitrates in improving prognosis.29,30

In contrast to the neutral effects of nitrate vasodilators,
the beneficial effects of angiotensin converting enzyme
(ACE) inhibitors in the treatment of patients with left ven-
tricular function complicating myocardial infarction have
been striking. Eight large randomized, placebo-controlled
trials have assessed the effect of an ACE inhibitor on mortal-
ity after MI.

ACE inhibitors unequivocally reduce mortality over-
all, and the benefit appears to be the greatest among
patients with depressed LV function, overt heart fail-
ure, or anterior infarction.31–38

In a meta-analysis of data from all randomized trials
involving more than 1000 patients in which ACE inhibitor
treatment was started within 36 hours of onset of myocar-
dial infarction, there were results available on 98 496
patients from four eligible trials.39 Among patients allocated
to ACE inhibitors there was a 7% (95% CI 2–11;
2P � 0·004) proportional reduction in early mortality, an
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absolute reduction of 5 (SD 2) deaths per 1000 patients.
While the relative benefit was similar in patients at different
underlying risks, the absolute benefit was greatest in those
patients with evidence of left ventricular dysfunction (that
is, Killip class II to III, heart rate �100 bpm at entry) and in
anterior MI. ACE inhibitor therapy also reduced the inci-
dence of non-fatal manifestations of left ventricular dysfunc-
tion. During longer term follow up of patients enrolled in
randomized controlled trials, ACE inhibitors have also been
shown to be effective. In three long-term follow up trials
involving 5966 postinfarction patients, mortality was signifi-
cantly lower with ACE inhibitors than with placebo, odds
ratio 0·74 (95% CI 0·66–0·83).40 Whether low-risk post-
infarction patients with normal EFs derive benefit from ACE
inhibitors is still controversial. The AHA/ACC guidelines for
acute myocardial infarction conclude that ACE inhibitors
are supported by a class 1 recommendation for all patients
with MI and LV ejection fraction less than 40%, or patients
with clinical heart failure on the basis of systolic pump dys-
function during and after convalescence from AMI.11 The
optimum timing of initiation of ACE inhibitor therapy 
has been studied in only a small number of direct compara-
tive trials. In a meta-analysis of 845 patients receiving
thrombolysis, ACE inhibitor treatment within 6 to 9 h after 
MI was compared with other usual therapy.41 ACE inhibi-
tion could not be demonstrated to attenuate LV dilation 
on 3 month echocardiographic follow up. Three hundred
and fifty-two patients with acute anterior myocardial infarc-
tion were randomized to early (1 to 14 days) or late (14 
to 19 days) post-MI treatment with the angiotensin convert-
ing enzyme (ACE) inhibitor ramipril and were followed by
echocardiography. Those receiving early ramipril had a
greater improvement in ejection fraction, suggesting that
such patients should be commenced on ACE inhibitor ther-
apy early in their course of infarction.42 In considering treat-
ment for left ventricular dysfunction, the hemodynamic
benefits need to be balanced against the possible adverse
effect of extending the infarct size. In the only ACE inhibitor
trial that did not show a mortality benefit, CONSENSUS-II,
treatment was begun early with an intravenous ACE
inhibitor.31

Inotropic agents

Inotropic agents are used widely in cardiogenic shock com-
plicating myocardial infarction.

The choice of inotropic agents is dependent on the
known pathophysiologic effects of the drugs rather
than clinical trial evidence.43 

Digitalis may help the acute postinfarction patient with
heart failure when the left ventricle is dilated and damaged,
but use of this drug carries more risk than benefit when
heart failure complicates a large infarction in a previously
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healthy ventricle.44 Digoxin reduced the rate of hospitaliza-
tion for heart failure, but did not alter total mortality, in a
large randomized trial of patients with chronic heart failure,
70% of whom had ischemic heart disease as the primary
cause.45

Reperfusion therapy

Attempts to prevent myocardial necrosis and subsequent left
ventricular dysfunction, and the disappointing results of
efforts to limit infarct size when myocardial necrosis is well
advanced, have driven the so-called reperfusion era of treat-
ment in myocardial infarction. However, the relationship
between improvements in left ventricular function and
prognosis after reperfusion therapy has been surprisingly dif-
ficult to demonstrate. Although some of the early studies
demonstrated clear benefits on left ventricular function from
coronary thrombolysis,46,47 the evidence since then has
been conflicting, with some groups showing a worse left
ventricular function despite an improved prognosis. In a
meta-analysis of ten studies enrolling 4088 patients treated
with thrombolytic therapy versus control, only a modest
improvement in left ventricular function was demonstrated
after thrombolytic therapy.48 By 4 days, mean LV ejection
fraction was 53% versus 47% (thrombolytic v control ther-
apy, P � 0·01); by 10 to 28 days it was 54·1% and 51·5%,
respectively. The reason for the discrepancy in the marked
improvement in survival and the limited benefit on left ven-
tricular function is not clear. Patients who have had coro-
nary reperfusion after MI may have myocardium that is
stunned49 or even hibernating,50 phenomena that may affect
the assessment of ventricular function. Stunned myocardium
has been successfully reperfused but has not regained its 
normal contractile function.

A study of 352 patients with anterior MI found that out of
the 252 patients with abnormal LV function on day 1, 22%
had complete and 36% had partial recovery of function by
day 90.51 This result highlights the potential for improve-
ment in LV function over time due to recovery of stunned
myocardium. Hibernating myocardium is underperfused
and non-contractile, but is not infarcted and may gradually
improve its function with revascularization. The degree of
success in achieving coronary patency with thrombolysis is
an obvious confounding factor.52 The most recent analysis
demonstrates that left ventricular function is improved by
successful coronary reperfusion and that the previous
inability to demonstrate this has been due to confounding
by the following factors: the variable relationship between
left ventricular function and prognosis (irrespective of reper-
fusion status), variable methods of measuring left ventricu-
lar function, the effects of hibernation and stunning on
interpretation of left ventricular functional recovery, and the
variable success in achieving coronary patency in the coro-
nary reperfusion trials.53
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Overall reperfusion therapy results in a modest
improvement in systolic LV function. 

Cardiogenic shock

Clinical features and prognosis

Cardiogenic shock is a syndrome characterized by hypoten-
sion and peripheral hypoperfusion, usually accompanied by
high LV filling pressures. The common clinical manifesta-
tions of these hemodynamic derangements include mental
obtundation or confusion, cold and clammy skin, and olig-
uria or anuria.11 Cardiogenic shock is the commonest cause
of inhospital mortality after MI.54 When cardiogenic shock
is not secondary to a correctable cause, such as arrhythmia,
bradycardia, hypovolemia or a mechanical defect, short-
term mortality is 80% or higher, depending upon the strict-
ness of the definition. Despite the major improvements in
treatment in the past two decades, the inhospital mortality
in a recent international registry for patients with cardio-
genic shock treated with modern therapy in the late 1990s
was 66%.55 Old age, diabetes, previous infarction and exten-
sive infarction as assessed either by enzymatic or electro-
cardiographic criteria are factors commonly associated with
cardiogenic shock.54 A recent analysis of predictors of 
cardiogenic shock in patients treated with thrombolytic
therapy showed that each decade increase in age increased
the risk of cardiogenic shock by 47%.56

Management

Inotropic drugs have been subjected to detailed study and
widespread use in cardiogenic shock, but no clearcut effect
on mortality has been demonstrated.57 Intra-aortic balloon
pumping has been used to stabilize patients with cardio-
genic shock; clearcut benefits on hemodynamic status and
coronary blood flow have been shown, but benefits on sur-
vival, have not been shown; inhospital mortality remained
at 83% despite the use of balloon pumping in a cooperative
clinical trial.58 Nevertheless, intra-aortic balloon pumping
has a clear place in stabilizing the unstable cardiogenic
shock patient for more definitive treatment such as coronary
angioplasty or bypass surgery,59 as has been demonstrated in
a randomized trial in the setting of rescue angioplasty.60

Newer methods of circulatory support have shown highly
encouraging results,61,62 but benefits on survival remain to
be established.

Although the outcome of cardiogenic shock has been
shown to be dependent on the patency of the infarct related
artery, clinical trials of thrombolytic therapy have not shown
a benefit in patients with established cardiogenic shock.63

Alternative antithrombotic strategies may improve out-
comes, but data is limited to observational studies.64 There

Grade A1c
has been increased interest in alternative approaches to reper-
fusion in patients with cardiogenic shock. Observational stud-
ies and clinical trials suggest that an aggressive approach
with early revascularization reduces the mortality of
patients with cardiogenic shock after MI. For example, the
30 day mortality was 38% in 406 patients who underwent
early angiography and were usually revascularized, most
often with angioplasty, compared to 62% in the 1794
patients without early angiography in the GUSTO-1 trial.65

A registry report has suggested that an aggressive approach
with reperfusion therapy and intra-aortic balloon pulsation
treatment of patients in cardiogenic shock due to predomi-
nant LV failure is associated with lower inhospital mortality
rates than standard medical therapy.66 This benefit persisted
after adjustment for baseline differences (odds ratio 0·43;
95% CI 0·34–0·54; P � 0·0001). The use of early catheteri-
zation may influence the outcome by helping to direct ther-
apy.55 In a controlled clinical trial of an aggressive approach
involving early catheterization with revascularization and
intra-aortic balloon pumping, in cardiogenic shock patients
(the SHOCK trial),67 87% of patients in the invasive arm
underwent revascularization (surgical or percutaneous).
There was a clear trend at 30 days towards reduced mortal-
ity in the invasive group compared with the medical therapy
group (46·7% v 56·0%), however this difference did not
reach statistical significance. There was an early hazard in
the first 5 days after assignment to the invasive approach,
which was possibly associated with procedure-related com-
plications. However, after the first 5 days there was a sur-
vival benefit in favor of the revascularization group, which
persisted at one year, when survival in the early revascular-
ization group was 46·7% compared with 33·6% in those
treated with early medical stabilization (relative risk for
death: 0·7; 95% CI 0·54–0·95).68

Evidence from clinical trials supports invasive inter-
vention in patients with cardiogenic shock post-MI.
These patients should undergo coronary angiography
with a view to coronary angioplasty, or in selected
patients, coronary bypass surgery. 

Right ventricular infarction and failure

Clinical features and prognosis

Right ventricular (RV) infarction typically occurs in associa-
tion with inferior or posterior MI, as a consequence of total
occlusion of the right coronary artery proximal to its mar-
ginal branches,69 or of the proximal circumflex in patients
with a dominant left coronary system. RV infarction was
present in 54% of patients with inferior MI in one series,
although clinical manifestations are usually evident in 
only 10–15%.70 RV involvement is much less common in
anterior infarction, with 13% being the highest incidence
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reported.71 Right ventricular involvement in inferior infarc-
tion has been reported to increase the mortality by fivefold.
In one series of 200 consecutive cases,72 the inhospital mor-
tality in inferior MI complicated by RV infarction was 31%,
compared to 6% when RV involvement was absent. RV dys-
function almost always resolves in survivors during the first
few weeks. Some studies have shown that RV infarction is
an independent predictor of long-term prognosis, while oth-
ers have not demonstrated a difference in long-term mortal-
ity between patients with and without this complication.69

The clinical features of RV infarction complicating inferior
MI include hypotension, an elevated jugular venous pres-
sure and clear lung fields; however, the sensitivity of this
combination of findings for the diagnosis of right ventricular
infarction is less than 25%.69 Jugular venous distension on
inspiration (Kussmaul’s sign) has been reported to be a sen-
sitive and specific sign of RV infarction.73 The hemodynamic
features of RV infarction may disappear with volume deple-
tion or may emerge only after volume loading, making the
clinical diagnosis elusive in some cases.

ST segment elevation in a right precordial lead (V4R) has
been reported to have a sensitivity of 70% and a specificity
of nearly 100% for the diagnosis of RV infarction when the
electrocardiogram is recorded within the first hours after the
onset of symptoms.74 Echocardiography commonly reveals
wall motion abnormalities of the right ventricle and inter-
ventricular septum. Bowing of the interatrial septum toward
the left atrium indicates that the right atrial pressure
exceeds the left atrial pressure,75 and bowing of the inter-
ventricular septum into the right ventricle, compounding
the dysfunction of the right ventricle;76 both indicate a poor
prognosis. Detection of a low RVEF and a segmental wall
motion abnormality by radionuclide right ventriculo-
graphy had a sensitivity of 92% and a specificity of 82% for
identifying hemodynamically significant RV infarction in 
one study.73

Management

Volume loading can normalize blood pressure and increase
cardiac output.77 Earlier trials of RV infarction demonstrated
a marked response to volume loading.78 Many of these
patients were volume depleted secondary to aggressive
diuresis in response to a raised venous pressure.

Although this therapy remains very important,
these trials may have exaggerated the importance of
volume loading. 

Inotropic agents are often used in the treatment of right
ventricular infarction when volume loading fails to improve
cardiac output, but the effect of this on prognosis is unclear.
The maintenance of atrioventricular synchrony is often 
critical to the maintenance of a satisfactory cardiac output;
atrioventricular pacing has been shown to improve hemo-
dynamics.79 Successful thrombolysis appears to reduce the 
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incidence of RV infarction.80 Patients with inferior MI in the
TIMI-II study were less likely to have RV involvement when
the culprit artery was patent as compared to patients with
persistent occlusion.81 In patients with hemodynamically sig-
nificant right ventricular infarction, right coronary artery
reperfusion with angioplasty was associated with dramatic
recovery of right ventricular function and reduced mortali-
ty.82 In contrast, unsuccessful right coronary artery reperfu-
sion was associated with a high mortality.

In summary, reperfusion therapy in right ventricu-
lar infarction has not been studied in randomized 
trials but appears to be effective. 

Left ventricular aneurysm

Clinical features and prognosis

Left ventricular aneurysms develop most commonly after
large transmural anterior MIs, although in 5–15% of cases
the site is inferior or posterior.83 The coronary anatomy is an
important determinant of the development of left ventricu-
lar aneurysm. Total occlusion of the left anterior descending
artery in association with poor collateral blood supply is a
significant determinant of aneurysm formation in anterior
MI. Multivessel disease with either good collateral circula-
tion or a patent left anterior descending artery is uncom-
monly associated with the development of left ventricular
aneurysm.84 Coronary patency also determines the likeli-
hood of developing an aneurysm.85 A ventricular aneurysm
can often be palpated as a dyskinetic region adjacent to the
apical impulse. A third heart sound and signs of heart failure
may also be detected. A non-specific marker of an aneurysm
is ST segment elevation that persists weeks after the acute
phase of infarction. Echocardiography can delineate LV
aneurysms as well as left ventriculography and has a higher
sensitivity in the detection of thrombus.86 A left ventricular
aneurysm may cause no problems, but may be associated
with heart failure because the left ventricle functions at a
mechanical disadvantage. Ventricular tachycardia late after
infarction is commonly associated with an aneurysm, but its
incidence may be reduced in patients receiving thromboly-
sis. In a non-randomized study of patients who developed a
ventricular aneurysm after myocardial infarction, inducible
ventricular tachycardia was less likely in patients who
received thrombolytic therapy than those who did not (8% v
88%; P � 0·0008) and there was a reduced incidence 
of sudden death on subsequent follow up (0% v 50%; 
P � 0·002).87

A ventricular aneurysm also provides a nidus for the
development of an intracavitary thrombus. The risk of a
clinical embolic event, based on four observational studies,
is approximately 5%.88 The risk of thromboembolism after
infarction is greatest within the first few weeks.
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Management

Surgical removal of a left ventricular aneurysm is indi-
cated in patients with heart failure that is difficult to
control medically, in patients with recurrent ventricu-
lar tachycardia not controlled by other means, and in
patients with embolic episodes in spite of adequate
anticoagulation.89

Aneurysmectomy is often performed at the time of coro-
nary bypass surgery, and coronary bypass of severe lesions
almost always accompanies aneurysmectomy.

Pseudoaneurysm

A pseudoaneurysm is a rare complication of MI that devel-
ops when a myocardial rupture is sealed off by surrounding
adherent pericardium. The aneurysmal sac may progres-
sively enlarge but maintains a narrow neck, in contrast to a
true ventricular aneurysm. In a series of 290 patients with
LV pseudoaneurysms; congestive heart failure, chest pain
and dyspnea were the most frequently reported symptoms,
but �10% of patients were asymptomatic.90 Physical exam-
ination revealed a murmur in 70% of patients. Almost all
patients had electrocardiographic abnormalities, but only
20% of patients had ST segment elevation. Radiographic
findings were frequently non-specific, however a mass was
detected, in more than one half of patients. Differentiation
of left ventricular pseudoaneurysms from true aneurysms
may be difficult,91 and can be assisted with echocardiogra-
phy. The ratio of the maximum diameter of the orifice to the
maximum internal diameter of the cavity has been recom-
mended as a useful index to differentiate the two condi-
tions. In one series, the ratio of the orifice of the aneurysm
to the cavity was 0·25 to 0·50 for pseudoaneurysms, while
the range for true aneurysms was 0·90 to 1·0.92 Regardless
of treatment, patients with LV pseudoaneurysms have a 
high mortality rate, but especially those who are managed
non-surgically.93

Therefore urgent surgery should be considered in
all patients with LV pseudoaneurysms. 

Cardiac thromboembolism

Clinical features and prognosis

Left ventricular thrombi develop in up to 40% of patients
with large anterior transmural MIs.94–96 If left untreated, 
up to 15% of thrombi will dislodge and result in a sympto-
matic embolic event.97,98 Overall, 1·5–3·6% of patients 
with MIs suffer a complicating stroke, most often from a 
dislodged mural thrombus. This risk is higher in patients
with large anterior infarctions.99,100 Emboli are more 
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common within the first few months after infarction than
later, and with large, irregular shaped thrombi, particu-
larly those with frond-like appendages.97 When a thrombus 
is visualized by echocardiography, the risk ratio for
embolization is 5·45 (95% CI 3·0–9·8) according to a 
meta-analysis.101

Management

Anticoagulation with heparin followed by warfarin for 
6 months has been shown to reduce the incidence of thrombo-
embolism in patients with documented intracavitary
thrombi (OR 0·14; 95% CI 0·04–0·52).102 The benefits 
in terms of reduction of embolic potential outweigh the
risks of hemorrhage with anticoagulation. Meta-analysis 
of trials of anticoagulant therapy to prevent thrombus for-
mation confirmed a benefit (OR 0·32; 95% CI 0·20– 
0·52), but no effect for antiplatelet drugs.102 It is impor-
tant to consider this evidence in the light of whether the
anticoagulants are given in the presence or absence of
aspirin, and the relationship to thrombolytic therapy. In a
meta-analysis of all trials involving heparin administration 
in over 70 000 patients with acute myocardial infarction,103

in the absence of aspirin, anticoagulant therapy reduced 
the risk of stroke to 1·1% from 2·1% (2P � 0·01), equiva-
lent to 10 fewer strokes per 1000 (2P � 0·01). In 
the presence of aspirin, however, heparin was associated
with a small non-significant excess of stroke and a definite
excess of three major bleeds per 1000 (2P � 0·0001). The
use of heparin after thrombolytic therapy was studied in a
meta-analysis of six trials involving 1735 patients in which
intravenous heparin was compared with placebo after
thrombolysis.104 Mortality before hospital discharge was
5·1% for patients allocated to intravenous heparin compared
with 5·6% for controls (relative risk reduction of 9%, OR
0·91; 95% CI 0·59–1·39). The rates of total stroke, intracra-
nial hemorrhage, and severe bleeding were similar 
in patients allocated to heparin; however, the risk of any
severity of bleeding was significantly higher (22·7% v
16·2%; OR 1·55; 95% CI 1·21–1·98). Thrombolytic therapy
may be associated with a reduced risk of intraventricular
thrombus and thromboembolic events, but the analysis is
confounded by the potential for thrombolytic therapy to
cause hemorrhagic stroke. Thrombolytic therapy is associ-
ated with an excess of stroke of four extra strokes on day 1
compared with placebo.105 This risk is reduced if angio-
plasty is used instead of thrombolytic therapy. In a meta-
analysis comparing the effects of angioplasty with
thrombolysis, angioplasty was associated with a significant
reduction in total stroke (0·7% v 2·0%; P � 0·007) primarily
due to a reduction in hemorrhagic stroke (0·1% v 1·1%;
P � 0·001).106
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Acute mitral regurgitation

Clinical features and prognosis

Mitral regurgitation complicating acute myocardial infarction
is usually due to dysfunction of the papillary muscles.107,108

The milder form of mitral regurgitation is a relatively com-
mon complication of myocardial infarction, found in 19% 
of postinfarction patients who undergo left ventriculo-
graphy109 and 39% of those who undergo Doppler echocar-
diography.110 Mitral regurgitation is an independent
predictor of cardiovascular mortality in postinfarction
patients. In the SAVE trial, the relative risk was 2·00 (95% CI
1·28–3·04) in patients who had mitral regurgitation detected
on catheterization early after MI. In a recent series studied
with Doppler echocardiography, the hazard ratio for 1 year
mortality after adjustment for other prognostic variables was
2·31 (95% CI 1·03–5·20) for mild MR and 2·85 (95% CI
0·95–8·51) for moderate or severe MR.111 The most severe
form of mitral regurgitation results from complete rupture of
the head of a papillary muscle and usually leads quickly to
severe heart failure or cardiogenic shock. In the SHOCK trial
registry, cardiogenic shock was associated with severe mitral
regurgitation in 98 of 1190 patients.112 The mitral regurgita-
tion patients were more likely to be female and to have non-
ST elevation MI at the time of presentation, and to have
inferior or posterior rather than anterior infarction. In fact
one should suspect acute MR or another mechanical compli-
cation in any patient with a first inferior MI who develops
heart failure or cardiogenic shock.

Early diagnosis of mitral regurgitation complicating MI is
important because mitral valve surgery can be life saving.
Usually the diagnosis is evident clinically with a loud pan-
systolic murmur maximal at the apex, and radiation to the
axilla; however, if LV function is severely impaired or if left
atrial pressure is very high, the murmur may be of low inten-
sity or entirely absent. Echocardiography Doppler examina-
tion is invaluable in confirming the diagnosis.113 However, in
some cases transthoracic echocardiography is non-diagnostic
and transesophageal echocardiography is required to assess
the extent of the regurgitation. Transesophageal echocardio-
graphy has been demonstrated to be safe and produce a high
diagnostic yield in hemodynamically unstable, critically ill
patients who are suspected of having an underlying cardio-
vascular disorder.114 The presence of cardiogenic shock or
severe failure with preserved LV function usually indicates
that an important mechanical complication is present, and
further investigation should be urgently pursued. If the
mitral regurgitation is acute in its onset, the left atrium may
not be greatly enlarged, and the pulmonary capillary wedge
pressure tracing should exhibit large v waves. Large v waves
are neither highly sensitive nor highly specific for severe
chronic mitral regurgitation,115 but the correlation between
giant v waves and severe acute mitral regurgitation is
stronger.116

Management

Treatment with arterial dilators such as nitroprusside may
improve hemodynamic status temporarily, by reducing after-
load and the regurgitant fraction.117

Observational data suggest that surgery for acute
mitral regurgitation should be performed acutely,
even in patients who appear to stabilize with medical
therapy, because subsequent deterioration is usual,
abrupt, and unpredictable. 

The perioperative mortality associated with mitral valve
surgery for postinfarction papillary muscle rupture is high,
27% in one series, but two thirds of the survivors were still
alive at 7 years.118 Patients with a low preoperative EF had
the highest short-term and long-term mortality. The use of
mitral valve repair in this situation can give excellent long-
term results.119 There is evidence from the SHOCK trial reg-
istry that transfer to a center skilled in mitral valve surgery
for early operation may be helpful.112 Early reperfusion with
thrombolytic therapy120 has been shown to reduce the fre-
quency of mitral regurgitation after myocardial infarction.
There is some evidence that angioplasty may be superior in
achieving this, although this is based on an indirect compar-
ison of clinical trial results.121 There have been reports of
striking improvement in mitral regurgitation after emer-
gency coronary angioplasty in patients with acute myocar-
dial infarction.122

Ventricular septal rupture

Clinical features and prognosis

Rupture of the interventricular septum occurs in approxi-
mately 2% of patients with acute myocardial infarction.123

The pathology of septal rupture is determined by the location
of the associated myocardial infarction and has implications
for surgical repair. Septal rupture complicating anterior infarc-
tion is usually apical and involves one direct perforation; 
septal rupture complicating inferior infarction often involves
the posterior or basal septum with complex, serpiginous
defects.124 The median time of onset of rupture was at 
2·5 days in one study123 and 7 days in another.124 In the
SHOCK trial registry of cardiogenic shock patients,125 ventric-
ular septal rupture occurred a median of 16 h after infarction.
The patients tended to be older (P � 0·053), were more often
female (P � 0·002) and less often had previous infarction 
(P � 0·001), diabetes mellitus (P � 0·015) or smoking history
(P � 0·033). The inhospital mortality was higher in the shock
patients with septal rupture 87% v 61%, P � 0·001. Even
when most patients undergo surgical repair, inhospital or 
30 day mortality remains high: 43% to 59%.125–127 Early diag-
nosis may offer some hope of early repair. Most patients with
septal rupture develop signs of acute right and left sided heart
failure and a loud pansystolic murmur at the left sternal 
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border. This may be difficult to distinguish from the murmur
of acute mitral regurgitation. The murmur may be unimpres-
sive or even absent when cardiac contractility is depressed. 
A large proportion of patients have a systolic thrill at the left
sternal border. Echocardiography with Doppler color flow
mapping is very sensitive and specific in the diagnosis of this
condition; this technique also localizes the defect accurately
and provides important prognostic information.128

Management

Early closure is now recognized to yield better results than
attempting to wait for days or weeks until the conditions for
surgery improve. Although early surgical intervention may
increase operative mortality there is reduced patient mortal-
ity overall.

This practice is based on observational data, as
there have not been any controlled trials of early 
versus late intervention. 

In the SHOCK trial register, surgical repair was performed
in 31 patients with rupture, of whom six (19%) survived. Of
the 24 patients managed medically, only one survived.125

Technical improvements in repair have resulted in improve-
ments in outcome, but mortality remains high.129

Transcatheter closure has been described, but with a high
mortality in early reports.130

Free wall rupture

Clinical features and prognosis

Rupture of the free wall of the left ventricle is an almost uni-
formly fatal complication of MI that now probably accounts
for 10–20% of inhospital deaths.131 Older patients are at far
greater risk than younger patients. In the GISSI trial, cardiac
rupture was the cause of 19% of the deaths among patients
60 years old or younger and 86% of deaths among those more
than 70 years old.132 Rupture occurs most frequently in eld-
erly women.133 Anterior infarctions, hypertension on admis-
sion and marked or persistent ST elevation are also risk factors
for rupture.134 The usual presentation is sudden collapse,
associated electrical-mechanical dissociation, and failure to
respond to cardiopulmonary resuscitation. However, in some
patients ventricular rupture is subacute, allowing time for
ante-mortem diagnosis,135 this clinical entity is probably
underrecognized. Premonitory symptoms of chest discomfort,
a sense of impending doom and intermittent bradycardia sig-
nal impending myocardial rupture in many cases,136 and if
recognized, can lead to life saving surgery.137 There has been
some evidence that thrombolytic therapy can increase the
risk of cardiac rupture138 and that the timing of rupture is
accelerated to within 24 to 48 hours of treatment.139 A meta-
analysis of 58 cases of rupture involving 1638 patients from
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four trials showed that the odds ratio (treated/control) of 
cardiac rupture was directly correlated with time to treatment
(P � 0·01); late administration of thrombolytic therapy may
increase the risk of cardiac rupture.140

Management

Urgent surgical repair is mandatory for acute rupture,
but for subacute rupture, medical management may
be effective but on balance all patients should be
treated surgically if possible. 

In one recent report141 of 81 consecutive patients pre-
senting with acute hypotension with electrical mechanical
dissociation, 19 survived with medical management alone.

Pericarditis

Clinical features and prognosis

Pericarditis occurs in approximately 25% of patients with 
Q wave infarctions and 9% of patients with non-Q wave
infarctions,142 and usually occurs within the first week.143 A
pericardial friction rub may be present but is not found in half
of patients with typical symptoms and is not required for diag-
nosis or treatment.143 On the other hand, the only evidence
of pericarditis in many patients is a transient pericardial rub,
with no symptoms. Pericarditis following myocardial infarc-
tion is associated with a higher risk of death in the year post-
infarction, possibly due to the associated large infarction.142

Management

High dose aspirin and non-steroidal anti-inflammatory drugs
are recommended to treat the symptoms of postinfarction
pericarditis, although no randomized studies have been
done to document their efficacy.

A single dose of a non-steroidal agent may be very
effective, avoiding the need for long-term therapy.

A serial echocardiographic study of patients with post-
infarction pericarditis showed that patients treated with
indomethacin or ibuprofen showed a greater tendency for
infarct expansion, but it was not clear if the infarct expan-
sion was due to the non-steroidal anti-inflammatory drugs or
to the selection for treatment of those with larger infarc-
tions.144 Thrombolytic therapy reduces the incidence of
pericarditis by approximately half.143

Pericardial effusion and tamponade

A pericardial effusion can be detected by echocardiography
in one quarter of patients with acute Q wave MI.145,146 This
finding correlates with the presence of heart failure and 
a poor prognosis. Cardiac tamponade is a rare complication
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of thrombolytic therapy for acute MI, being reported in four
of 392 consecutively treated patients in one series.147

Dressler’s syndrome

A form of postinfarction pericarditis occurring 2–11 weeks
after the acute event was described in 1956 by Dressler.148

The full syndrome includes prolonged or recurrent pleuritic
chest pain, a pericardial friction rub, fever, pulmonary infil-
trates or a small pulmonary effusion, and an increased sedi-
mentation rate. There has been a striking reduction in the
incidence of this postinfarction complication.149

Non-steroidal anti-inflammatory drugs may be
required for control of Dressler’s syndrome, but there
are no randomized trials to confirm their efficacy.

Ventricular fibrillation and sustained 
ventricular tachycardia

Clinical features and prognosis

Sustained monomorphic ventricular tachycardia is not com-
mon in the early postinfarction period but it is a marker of
adverse prognosis. Results of the GISSI-3 database showed
that sustained ventricular tachycardia occuring after the first
24 hours of MI was a strong independent predictor of 
6-week mortality (hazard ratio 6·13; 95% CI 4·56–8·25).150

Risk factors for this arrhythmia included: older age, a history
of hypertension, diabetes, and myocardial infarction and
non-administration of lytic therapy.

The frequency of ventricular fibrillation (VF) has declined
over the past 20 years as noted by Antman et al, who demon-
strated from the randomized trials of prevention of ventricular
fibrillation that the frequency in the 1970s was 5 to 10%,
dropping through the 1980s to less than 2%.151 The reasons
for this may include the admission of lower risk patients to
coronary care units, wider use of beta blocking drugs and
more effective treatment of ventricular dysfunction and elec-
trolyte imbalances in the coronary care unit. The prognosis of
ventricular fibrillation depends on the associated clinical state.
VF occurring in the presence of hemodynamic compromise
has a high hospital mortality of 80%.152 VF occurring in the
absence of cardiogenic shock, severe heart failure or hypoten-
sion (primary VF) has a good short-term prognosis153 although
one major study of primary VF showed higher hospital mortal-
ity.154 Patients surviving early inhospital VF complicating
myocardial infarction, experience no adverse effect on long-
term survival following hospital discharge.155,156

Management of VF

Results of individual trials of prophylactic lidocaine were
conflicting. Meta-analyses of the clinical trials157,158 have
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shown that prophylactic lidocaine was effective in reducing
the frequency of ventricular fibrillation, but paradoxically
did not improve mortality and was associated with a possi-
ble adverse effect. For this reason the use of intravenous 
lidocaine as prophylaxis against ventricular fibrillation has
been virtually abandoned.11

Intravenous � blockers have been shown to 
reduce mortality, particularly in high-risk patients,
with an apparent benefit in reduction of ventricular
fibrillation.159

Low serum potassium is associated with a higher risk of
VF160 especially in patients on diuretic therapy prior to their
infarction.161

The potential of intravenous magnesium to reduce the
risk of ventricular fibrillation early in acute myocardial
infarction has been studied in several trials. A meta-analysis
of nine small trials showed an apparent improvement in sur-
vival.162 A clinical trial involving 2316 patients randomized
to early magnesium or placebo showed a significant 24%
reduction in mortality163 but wider use in non-selected
patients in the much larger ISIS-4 trial was disappointing,
with no significant effect on short-term mortality.164 A meta-
analysis included in the ISIS-4 publication which included
all of the previous magnesium trials failed to show a mortal-
ity benefit. Overall there is insufficient evidence for the 
routine use of intravenous magnesium early in the post- 
MI period.

Postinfarction ventricular premature beats 
and non-sustained ventricular tachycardia

Clinical features and prognosis

While frequent ventricular premature beats (more than 
10 per hour) in the postinfarction patient are an independ-
ent risk factor for subsequent mortality (both total mortality
and sudden death), the significance of non-sustained ven-
tricular tachycardia in this setting is controversial.165 The sup-
pression of these ventricular arrhythmias has consistently
failed to improve survival.

Management

Antiarrhythmic drugs

A meta-analysis of 138 randomized trials of prophylactic
antiarrhythmic drug therapy involving 98 000 postinfarction
patients, reported by Teo et al in 1993,166 showed that the
mortality of patients randomized to receive Class I agents
was increased (OR 1·14; 95% CI 1·01–1·28, P � 0·03). 
The most convincing evidence of the deleterious effects of
antiarrhythmic drugs for suppression of ventricular extrasys-
toles came from the Cardiac Arrhythmia Suppression Trial
(CAST).167 In patients randomized to Class IC drugs, 
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mortality was significantly higher even though these 
drugs effectively suppressed ventricular extrasystoles.
Subsequently, the SWORD study was stopped after enroll-
ment of only 3400 of the planned 6400 high-risk survivors
of MI because of an excess mortality (4·6% v 2·7%,
P � 0·005) in patients randomized to D-sotalol.168

Clinical trials have shown some support for the use of the
predominantly Class III drug amiodarone. Two randomized
clinical trials, each with more than 1000 postinfarction
patients with either frequent or repetitive ventricular
extrasystoles (CAMIAT)169 or an EF of 0·40 or less
(EMIAT),170 have compared amiodarone to placebo. EMIAT
reported no difference in mortality between treatment
groups but CAMIAT reported a decrease in the primary end
point, a composite of resuscitated ventricular fibrillation or
arrhythmic death (3·3% v 6·0%, RR 48%; 95% CI 4–72),
and a trend toward decreased all-cause mortality. A sub-
sequent analysis indicated that a beneficial interaction
between amiodarone and beta adrenergic blocker drugs
may have contributed to the benefit of amiodarone in these
trials.171 A limitation of amiodarone therapy is the high inci-
dence of serious adverse effects seen with long-term ther-
apy. The clinical trial evidence that is now available does 
not appear to be strong enough to recommend amiodarone
therapy to MI survivors with asymptomatic ventricular
extrasystoles or a depressed EF. However, patients with
symptomatic ventricular tachycardia as a long-term compli-
cation of MI often benefit from amiodarone therapy.

Implantable defibrillator

The implanted defibrillator reduced total mortality over 
27 months in MADIT, a small randomized clinical trial in 
a specific high-risk subgroup of postinfarction patients.172

Eligible patients had an EF of 0·35 or less, a documented
episode of unsustained ventricular tachycardia, and inducible,
non-suppressible ventricular tachyarrhythmia during electro-
physiologic study. The risk ratio for total mortality was 
0·46 (95% CI 0·26–0·82). The AVID (Antiarrhythmics
Versus Implantable Defibrillators) study included a group 
of patients with ventricular fibrillation or ventricular 
tachycardia associated with a low EF or hemodynamic com-
promise.173 The effect of an implanted cardiac defibrillator
was compared to therapy with amiodarone or sotalol, the
treatment decision guided by Holter or electrophysiologic
study. There was a statistically significant benefit of defibril-
lator therapy compared to drug therapy. Similar results have
been reported in two smaller randomized trials, the
Canadian Implantable Defibrillator Study174 and the Cardiac
Arrest Study Hamburg.175 In a subgroup analysis of the
AVID database, in patients with better-preserved left ventric-
ular function with ejection fractions in the range of 35 to
40%, cardioverter-defibrillator therapy had no advantage
over drug therapy.176 In a meta-analysis of the defibrillator

secondary prevention trials (AVID, CASH and SIDS), there
was a 28% reduction in the relative risk of death in favor 
of defibrillator therapy over amiodarone therapy.177 The
MADIT II trial of 1200 post-MI patients with impaired left
ventricular function was terminated early after observing 
a 30% reduction in mortality in patients randomized to
receive an implantable defibrillator device compared to
those receiving conventional treatment.178

Overall, the evidence indicates that Class I antiarrhyth-
mic drugs should not be used to treat ventricular extrasys-
toles or unsustained ventricular tachycardia postinfarction.
Amiodarone may be effective in some high-risk patients, 
but with a risk of side effects with long term use. � Blockers
reduce total mortality and the incidence of re-infarction by
one quarter in postinfarction patients.

Although no trial has specifically addressed the use
of an implanted defibrillator in the early postinfarc-
tion period, it appears to be the treatment of choice in
specific subgroups who have a history of MI and
impaired LV systolic function. 

Atrial fibrillation

Clinical features and prognosis

Atrial fibrillation is a relatively common complication of
myocardial infarction. In patients with MI treated with
thrombolytic therapy in the GUSTO 1 trial, atrial fibrillation
was present on admission in 2·5% and developed during
hospitalization in an additional 7·9% of cases.179 Patients
with atrial fibrillation more often had underlying three-
vessel disease and an incompletely patent infarct-related
artery. Inhospital stroke developed more often (3·1%) in
patients with atrial fibrillation compared to those without
atrial fibrillation (1·3%) (P � 0·0001). Atrial fibrillation was
more likely to complicate the inhospital course of older
patients with larger infarctions, worse Killip class and higher
heart rates. The unadjusted mortality was higher at 30 days
(14·3% v 6·2%, P � 0·0001) and at 1 year (21·5% v 8·6%,
P � 0·0001) in patients with atrial fibrillation. The adjusted
30 day mortality ratio was 1·3 (95% CI 1·2–1·4). In a study
from the GISSI trial, the incidence of inhospital atrial fibrilla-
tion or flutter was 7·8%, and was associated with a worse
prognosis.180 After adjustment for other prognostic factors,
atrial fibrillation remained an independent predictor of
increased inhospital mortality, adjusted relative risk (RR)
1·98 (95% CI 1·67–2·34). Four years after acute myocardial
infarction the negative influence of atrial fibrillation per-
sisted (RR 1·78; 95% CI 1·60–1·99).

The onset of atrial fibrillation is usually after the first hos-
pital day, and the usual underlying causes are heart failure,
pericarditis, and atrial ischemia, with heart failure being by
far the most common.181 In a study based on 106 780 US
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Medicare beneficiaries 65 years of age or over, patients were
categorized on the basis of the presence of AF, and those with
AF were further subdivided by timing of AF (present on
arrival v developing during hospitalization);182 11 510 pre-
sented with AF and 12 055 developed AF during hospitaliza-
tion. Patients developing AF during hospitalization had a
worse prognosis than patients who presented with AF. In
another study, detailed analysis of the prognosis of AF in AMI
showed that AF was an independent predictor of cardiac
death when it developed within 24 hours (OR 2·5; 95% CI
1·2–5·0; P � 0·0012) and later (OR 3·7; 95% CI 1·8–7·5;
P � 0·0005), but not when it preceded the onset of AMI.183

Management

Amiodarone has been shown to be more effective than
digoxin in achieving reversion to sinus rhythm.184 In a
prospective but not randomized study, the combination of
amiodarone and digoxin was superior to amiodarone alone
in restoring sinus rhythm faster, maintaining sinus rhythm
longer, and allowing the use of a lower cumulative amount
of amiodarone.185

Heart block and conduction disturbances

Clinical features and prognosis

Complete atrioventricular block occurred in 7·7% of
patients with inferior MI in one large series.186 In one study
patients with inferior infarction complicated by complete
heart block had higher inhospital mortality rates than did
those without this complication: 42% v 14% (P � 0·01),
adjusted odds ratio of 2·7 (95% CI 1·6–4·6).186 In another
series the inhospital mortality rate was also higher (24·2% v
6·3%, P � 0·001), but at hospital discharge the survivors
had similar clinical characteristics to patients without com-
plete atrioventricular block, and a similar mortality rate dur-
ing the next year.187 In a study of elderly patients who had
suffered an acute MI, heart block was associated with
increased inhospital mortality but had no effect on prognosis
at 1 year among hospital survivors.188 There is some evi-
dence that the widespread adoption of reperfusion therapy
may have reduced the incidence of this complication of
MI.189 But even in the “reperfusion era”, among patients
with inferior MI treated with thrombolytic therapy, the
development of complete atrioventricular block is associ-
ated with a relative risk of 4·5 for 21 day mortality.190

Management

In patients with inferior infarction pacing is indicated if
there is persistent high-grade atrioventricular block.191 In
anterior infarction, the prognostic significance of atrioven-
tricular block is even greater than for inferior MI. Patients

with anterior MI and complete atrioventricular block had a
63% inhospital mortality rate, compared with a 19% mortal-
ity rate in those without complete heart block.186 When
right bundle branch block and left anterior hemiblock
develop within the first few hours of infarction prophylactic
pacing may be considered; however this practice remains
controversial. If the patient survives, this type of heart block
usually regresses, but there is a risk of complete heart block
causing death after hospital discharge.192 A small random-
ized trial showed no benefit of prophylactic placement of 
a permanent pacemaker.193

Transvenous pacing is required urgently for atrio-
ventricular block complicating anterior infarction
because the escape rhythm originates below the level
of the atrioventricular node and is therefore unstable
and usually very slow (20–40 bpm). 

The development of left or right bundle branch block, as
a complication of MI is a marker of a larger infarct size and
a higher mortality after hospital discharge,194 but is not an
indication for pacing. A randomized trial of pacing for bun-
dle branch block complicating MI showed no advantage.195

Left anterior hemiblock denotes neither a larger infarct size
nor a worse prognosis.196

Postinfarction angina and myocardial ischemia

Clinical features and prognosis

Approximately 20% of patients develop angina during hospi-
talization after MI. Patients with early postinfarction angina
are 10 times more likely to develop infarct extension during
hospitalization, have a worse long-term prognosis and have
more extensive coronary disease at arteriography.197

Management

Coronary angioplasty can be performed with a low risk in
patients with postinfarction angina.198 In trials of angio-
plasty performed after thrombolytic therapy there was no
important difference in early mortality, but an apparent
reduction in mortality between 6 and 52 weeks.199 A study
of the effect of coronary interventional procedures on
improved postinfarction outcomes could not attribute the
improvement to increased procedural management because
most of the procedures were directed to the lowest risk
patients.200 Early intervention with coronary bypass surgery
can relieve symptoms in almost all patients with postinfarc-
tion angina, with low complication rates.201 The timing of
surgery after infarction has not been shown to be a risk fac-
tor except when surgery is performed within the first 2 to 
3 days postinfarction.202 Early surgery is not an important
risk factor in patients with normal left ventricular function
but when the LV function is significantly depressed, delayed 
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trials of formal exercise programs post infarction have
shown benefits on quality of life, but have not yielded defin-
itive results individually on prognosis. An overview that
included 36 trials involving 4554 patients was suggestive of
benefit. After an average follow up of 3 years, the odds ratio
was 0·80 for total mortality (95% CI 0·66–0·96) but the rate
of non-fatal re-infarction was not reduced.214

An overview of randomized trials of disease management
programs in patients with known coronary disease (including
myocardial infarction) showed improvements in processes of
care, quality of life and functional status, and admissions to
hospital (RR 0·84 (95% CI 0·76–0·94), but no reductions in
all-cause mortality (RR 0·91 (95% CI 0·79–1·04)) or recurrent
myocardial infarction (RR 0·94 (95% CI 0·80–1·10)).215

The effect of a specific nursing intervention designed to
improve the psychological and social status of postinfarction
patients was assessed in the Montreal Heart Attack
Readjustment Trial (M-HART). The 1376 patients were ran-
domized to usual care or to a treatment plan consisting of
nurse visits and telephone calls to patients exhibiting high lev-
els of psychological stress. The intervention had no effect on
mortality in men, and was associated with an increased mor-
tality in women that was of borderline statistical significance
(P � 0·069).216 Berkman et al recently compared the use of
psychosocial intervention to usual care in 2481 post-MI
patients who were depressed and with a low level of social
support.217 The intervention included cognitive behavioral
therapy and pharmacotherapy for non-responders with severe
depression. There was no significant difference between the
two groups with regard to the primary end point of death and
MI over a period of 48 months. A preliminary clinical trial of
sertraline did however show benefits, not only on mood, but
on ventricular ectopic activity.218

Overall, trials of psychosocial interventions have yielded
inconsistent results with regard to hard cardiovascular end
points such as death and MI; there is some evidence how-
ever, that these interventions improve functional status and
quality of life.
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surgery is safer than early surgery.203 The outcome of sur-
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Psychosocial complications

Clinical features and prognosis
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levels of psychosocial stress, including anxiety, depression,
denial, hostility, and social isolation.206 A major depressive
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hospitalized with myocardial infarction,207 and depression
has been shown to have a significantly adverse effect on 
outcome.208 The effects of depression are compounded by
lifestyle factors, including isolation, which themselves have
been shown to have an adverse effect.209 Poor adherence to
postinfarction therapies has been shown to be a possible
mechanism for the adverse outcome of depressed post-
infarction patients.210 Other postulated mechanisms are an
increased risk of postinfarction ventricular arrhythmias211

and abnormalities in platelet function212 associated with
depression. The possible association between depression
and ventricular arrhythmias may be explained by the finding
of reduced heart rate variability (HRV) in depressed post-MI
patients.213

Management

Cardiac rehabilitation programs provide psychological and
social support to patients after MI, in addition to education
about risk factors and their modification. Randomized clinical
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Changing definitions of myocardial infarction
and unstable angina

The recent changes in the diagnostic criteria for myocardial
infarction (MI) and unstable angina1 make it difficult to com-
pare contemporary trials with those undertaken many years
ago. It is now appreciated that there is a spectrum of acute
coronary syndromes and many cases that would previously
have been classified as unstable angina would now be desig-
nated MI. It is, therefore, no longer appropriate to treat the
different syndromes entirely separately. Nonetheless, there
are important differences in management depending on
whether or not the event is accompanied by, for example,
elevation of the ST segment or raised troponin levels.

Management of the postinfarction patient

Treatment of the postinfarction patient can be divided into
two categories – secondary prevention and the management
of specific complications. Secondary prevention has been
studied in many large and well-conducted trials and it is pos-
sible to arrive at some firm conclusions as to the optimal
program. By contrast, the management of complications has
seldom been submitted to randomized controlled trials,
mainly for the reason that it may not be ethical to use
placebo when seriously ill patients are being treated. Even
in this context, however, two or more active treatments can
be compared, but this has not often been undertaken.

Secondary prevention trials

Diet and dietary supplements

Although it is usual practice to advise patients after MI to
adhere to a lipid lowering diet, no trials to date have shown
this to be effective. Nonetheless, as drug trials have demon-
strated the beneficial effect of lipid lowering on morbidity
and mortality, it seems prudent to advise a diet that would

have a similar effect. It has been found that, if 60% of satu-
rated fats are replaced by other fats and if 60% of the dietary
cholesterol is avoided, this would reduce blood total choles-
terol level by about 0·8 mmol/l (10–15%),2 sufficient to
achieve a level below 5 mmol/l in many of those with
“average” cholesterol levels.

Encouraging data have been provided from four studies in
which an increase in the use of omega-3 fatty acids was
tested. One study3 suggested that advising the consumption of
fatty fish at least twice a week reduced the risk of re-infarction
and death. In a study from India,4 it was claimed that
patients taking a diet high in fiber, omega-3 fatty acids,
antioxidants and vitamins had a 42% reduction in cardiac
death, and a 45% reduction in total mortality at 1 year com-
pared with a control group on a standard “low fat” diet. In
the prematurely terminated Lyon Heart Study,5 there was
reported to be a 70% reduction in MI, coronary mortality,
and total mortality after 2 years. In the fourth study, GISSI-
Prevenzione,6 11 374 patients were randomized to omega-3
or vitamin E after hospital discharge or within 3 months of
MI, according to a factorial design. Fish oil, but not vitamin
E, showed significant benefit at a median time of 42 months.

Each of the first three trials is open to criticism but, in the
absence of any evidence of harm, it is not unreasonable 
to recommend increased consumption of fatty fish, nuts,
vegetables, and fruit.

Smoking

It has not been possible to conduct randomized studies of
smoking cessation after MI, but observational studies show
that those who quit smoking have a mortality in the 
succeeding years less than half that of those who continue
to do so.7 This is, therefore, potentially the most effective of
all secondary prevention measures. Unfortunately, resump-
tion of smoking is common after return home, and it is
important to establish methods to prevent this. A random-
ized study has demonstrated the effectiveness of a program
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in which specially trained nurses maintained contact with
patients over several months.8

Cardiac rehabilitation

Two systematic reviews of exercise-based rehabilitation trials
concluded that these reduced mortality after infarction by
20–25%.9,10 A recent Cochrane review of exercise-based
rehabilitation for coronary heart disease (CHD) has been
published.11 This review included not only patients who had
experienced MI but also those with angina pectoris or who
had undergone revascularization interventions. The out-
comes in 8440 patients were reported (7683 contributing 
to the mortality outcome). For exercise-only interventions,
there was a 31% reduction in mortality; the corresponding
figure for comprehensive cardiac rehabilitation was 26%.

These claims must be viewed with caution as no single
trial has shown a significant benefit, and there has been no
evidence of a reduction in re-infarction. Furthermore, it is
known that several negative trials of rehabilitation have gone
unreported, and the studies showing large reductions in 
mortality were mainly undertaken before the widespread use
of aspirin, � blockers, and ACE inhibitors in postinfarction
patients. Nonetheless, there is no doubt that such programs
improve exercise performance and a sense of wellbeing, and
can be justified on that basis.

Antiplatelet and anticoagulant treatment

The effectiveness of antiplatelet drugs in unstable angina has
been demonstrated in many trials, but it must be borne in
mind that many patients included in these trials would now
be regarded as having sustained an MI. In the US Veterans
Administration Study trial of aspirin reported by Lewis 
et al,12 the intention-to-treat analysis at 12 weeks demon-
strated a risk reduction in the primary end point of death
and myocardial infarction of 41%. At longer term follow up,
mortality was 5·5% in the aspirin group compared with
9·6% in the control group. In the Canadian Multicenter
Trial,13 cardiac death was reduced by aspirin from 9·7% to
4·3%. No benefit was observed with sulfinpyrazone. In the
Antithrombotic Trialists’ Collaboration report on 12 unsta-
ble angina trials of antiplatelet therapy published up to
1997,14 the number of vascular events was reduced by 46%
from 13·3% to 8·0%.

The value of antiplatelet treatment with aspirin in the
acute phase of myocardial infarction was shown clearly by
the ISIS-2 trial,15 and this has been further confirmed by 
the Antithrombotic Trialists’ Collaboration.14 In the latter 
survey of 19 288 patients included in trials up to 1997, 
1 month of antiplatelet treatment was associated with 38
fewer events per 1000 patients, with non-fatal MI being
reduced by 13 events per 1000, vascular deaths by 23 per
1000, and non-fatal stroke by two per 1000. Against this

was an increase of one to two extracranial bleeds per 1000.
In the trials analyzed, aspirin dosages ranged from 75 to
1500 mg daily. There is some evidence that the lower
dosages were effective and produced fewer adverse effects.

In this report,14 it was also observed that there were 36
fewer serious vascular events in 18 788 patients with a prior
history of MI followed for a mean duration of 27 months.
There were 18 fewer non-fatal infarctions, 14 fewer vascu-
lar deaths, and five fewer non-fatal strokes per 1000 patients
treated. On the other hand, there were three additional
major extracranial bleeds. Because few patients have con-
traindications to aspirin therapy, it is appropriate for most
postinfarction patients.

Clopidogrel was studied as an alternative to aspirin in the
CAPRIE trial of 11 630 survivors of MI.16 This failed to
show any difference between this drug and aspirin in terms
of death or re-infarction. It had few side effects and can 
be considered an alternative for those who cannot be 
prescribed aspirin.

Subsequently, the CURE trial17 has demonstrated the
value of adding clopidogrel to aspirin in patients with unsta-
ble angina, many of whom would now be classified as hav-
ing sustained an MI because of their enzyme/troponin
levels. This combination reduced the primary end point of
cardiovascular death, myocardial infarction, and stroke by
20% when administered over a mean period of 9 months.
Further trials will be necessary to establish how long it is
cost effective to maintain the combination.

The role of antithrombins after myocardial infarction is
less clear. In the Antithrombotic Therapy in Acute Coronary
Syndromes (ATACS) study,18 aspirin alone was compared
with aspirin with intravenous heparin for 3–4 days, 
followed by warfarin. The primary outcome of death, MI,
and recurrent angina was observed in 27% of the aspirin
group compared with 10% in the anticoagulant group
(P � 0·004). However, the difference was no longer signifi-
cant at 12 weeks.

In the Fragmin during Instability in Coronary Artery
Disease (FRISC) study,19 aspirin alone was compared with
aspirin combined with low molecular weight heparin.
While at 6 days, the rate of death and myocardial infarction
was 4·8% and 1·8% respectively (P �0·001), the difference
at 10·7% and 8·0% respectively was no longer significant at
40 days (P � 0·07).

In the Thrombolysis in Myocardial Infarction (TIMI) 11B
trial,20 low molecular weight enoxaparin was compared
with intravenous unfractionated heparin during the acute
phase, followed by placebo subcutaneous injection for 35
days. At the specified primary outcome time of 43 days,
there was a significant reduction in the composite end point
of death, re-infarction, and severe recurrent ischemia.

In FRISC II,21 patients were randomized to the low
molecular weight heparin, dalteparin, or placebo. The pri-
mary end point of death or MI at 3 months occurred in
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6·7% of the dalteparin patients and 8% of those on placebo
(P � 0·17).

The use of long-term heparin therapy after MI has not
been firmly established.

In a meta-analysis of oral anticoagulant trials in patients
with coronary artery disease (CAD) performed between
1960 and 1999, Anand and Yusuf22 concluded that high or
moderate intensity oral anticoagulation is effective in reduc-
ing MI and stroke but at the expense of an increased risk of
bleeding. Low intensity anticoagulation together with
aspirin does not seem superior to aspirin alone.

Since this review, two anticoagulant trials have been 
presented but not yet published. In the Combination
Hemotherapy And Mortality Prevention (CHAMP) study,23

5059 patients were randomized after an MI to aspirin
160 mg/day or a combination of aspirin 81 mg/day and
warfarin titrated to an INR of 1·5–2·5 IU. There was no dif-
ference in the end points of overall mortality, cardiovascular
mortality, or non-fatal MI.

In the WARIS II trial of antithrombotic therapy after MI,24

3630 patients were randomized to one of three regimens:
aspirin alone in a dosage of 160 mg/day, warfarin alone to
reach a target INR of 2·8–4, or a combination of aspirin
75 mg and warfarin with a target INR of 2·0–2·5. The pri-
mary composite end point of death, non-fatal re-infarction,
or thromboembolic stroke occurred in 20% of the patients
on aspirin, 16·7% of those on warfarin, and 15% of those on
a combination of these drugs. The superiority of the combi-
nation over aspirin was highly significant at P � 0·0005, but
there was no significant difference between the two war-
farin groups. Major bleeding occurred at a rate of 0·15% per
year in the aspirin alone group, 0·58% per year in the war-
farin alone group, and 0·52%/year in the combined group.
It may be concluded that the beneficial effect of aspirin after
MI may be augmented by the addition of warfarin.

Whilst it is clear that adding clopidogrel to aspirin is ben-
eficial in those who have experienced unstable angina, it is
still unresolved whether adding this drug to those who have
had an ST elevation MI is cost effective.

Whether antithrombins should be routinely used is
uncertain. It is likely that the beneficial results of WARIS II
reflect the use of a more effective anticoagulant regimen.

� Blockers

Several trials and meta-analyses undertaken in the pre-
fibrinolytic era have demonstrated that � adrenoceptor
blocking drugs reduce mortality and re-infarction by
20–25% in those who have recovered from acute MI.25,26

Recently, the CAPRICORN trial of carvedilol involved 1959
postinfarction patients with a left ventricular ejection frac-
tion of 40% or less:27 46% of the patients had been treated
with fibrinolysis or primary angioplasty, and nearly all
patients were also being treated with ACE inhibitors and

aspirin. All-cause mortality was reduced from 15% to 12%
(P � 0·03). This study confirms that � blockers add to the
benefit of ACE inhibitors and are of value in patients with
impaired left ventricular function, many of whom have
experienced heart failure. It is not possible to say whether
carvedilol is superior to the other � blockers (propranolol,
metoprolol, timolol, and acebutolol), which have been
shown to be effective in the postinfarction patient.

Physicians have been, in the past, reluctant to administer
� blockers to patients who are or have been in cardiac fail-
ure. This has been partly responsible for the relatively low
usage of � blockers in the postinfarction patient. Recent tri-
als in heart failure (see below) have shown that patients
with heart failure benefit from � blockers, provided the
heart failure is stable and the dosage carefully uptitrated.

About one quarter of postinfarction patients have con-
traindications to � blockade because of uncontrolled heart
failure, respiratory disease, or other conditions. Of the
remainder, perhaps half can be defined as of low risk,26,28 in
whom � blockade exerts only a marginal benefit, bearing in
mind the minor though sometimes troublesome side effects.
� Blockers are most clearly indicated in the higher risk
patient without contraindications.

Calcium antagonists

Trials with dihydropyridine calcium antagonists29 have failed
to show a benefit in terms of improved prognosis after MI.

One trial with verapamil30 (DAVIT-II) suggested that it 
prevented re-infarction and death. Trials with diltiazem31

have failed to show a reduction in mortality; indeed, it was
increased in those with impaired left ventricular function. 
A review of heart rate-lowering antagonists in hypertensive
postinfarction patients32 showed a decrease in mortality and
recurrent infarction in hypertensive postinfarction patients
without heart failure, but an increase in those with this 
complication. The INTERCEPT trial33 compared once daily
diltiazem with placebo in 874 patients with acute MI, not
complicated by heart failure, who had been treated with fibri-
nolysis. There was no significant reduction in the primary end
point of a composite of cardiac death, non-fatal re-infarction,
or refractory ischemia, but there was a reduction in non-fatal
cardiac events and in the need for revascularization.

Nitrates

Oral or transdermal nitrates did not improve prognosis in the
first few weeks after MI in the ISIS-434 and GISSI-335 trials.
There have been no long-term trials of nitrates after MI.

Angiotensin converting enzyme (ACE) inhibitors

Several trials have established that ACE inhibitors reduce
mortality after acute MI.36–40 In the SAVE trial,36 patients
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who survived the acute phase of infarction were recruited to
receive captopril or placebo if they had an ejection fraction
less than 40% on nuclear imaging, and if they were free of
manifest ischemia on an exercise test. No mortality benefit
was seen in the first year, but there was a 19% mortality
reduction in 3–5 years of follow up (from 24·6 to 20·4%)
(P � 0·019). Fewer re-infarctions and less heart failure
were, however, seen even within the first year. In the 
AIRE trial37 postinfarction patients were randomized to
ramipril or placebo after an MI that had been complicated
by the clinical or radiological features of heart failure. 
At an average of 15 months later, the mortality was reduced
from 22·6% to 16·9% (a 27% reduction) (P � 0·002). In 
the TRACE study,38 patients were randomized to tran-
dolapril or placebo if they had left ventricular dysfunction 
as demonstrated by a wall motion index of 1·2 or less. At 
an average follow up of 108 weeks, the mortality was
34·7% in the treated group and 42·3% in the placebo group
(P � 0·001).

A systematic review of these trials39 found that at a mean
treatment duration of 31 months, there were 702 deaths
(23·4%) of 2995 patients randomized to receive ACE
inhibitor and 866 (29·1%) of 2971 randomized to control
(P � 0·0001). Comparable figures for re-infarction were
10·8% and 13·2% (P � 0·0057).

In the SMILE (Survival of Myocardial Infarction Long-
Term Evaluation) study,40 1556 patients with anterior MI
were randomized to zofenopril or placebo within 24 hours
of onset, the treatment being continued for 6 weeks. At 
1 year, the mortality rate was significantly lower in the
zofenopril group (10·0%) than in the placebo group (14·1%)
(P � 0·011). These studies provide powerful evidence of the
effectiveness of ACE inhibitors in patients who have experi-
enced heart failure in the acute event, even if no features of
this persist, who have an ejection fraction of less than 40%,
or a wall motion index of 1·2 or less, provided there are no
contraindications. Analysis of the results of these studies
indicate that ACE inhibitors are beneficial not only in
patients with poor left ventricular function even if they have
not experienced heart failure, but also in those who have
suffered from heart failure even if their left ventricular func-
tion is relatively good. The SMILE study suggests that ACE
inhibitor therapy may be appropriate for anterior infarction
even in the absence of poor ventricular function. As dis-
cussed in chapter 34, there is a case for administering ACE
inhibitors to all patients with acute infarction from admis-
sion, provided there are no contraindications. Against such
a policy is the increased incidence of hypotension and renal
failure in those receiving ACE inhibitors in the acute stage,
and the small benefit in those at relatively low risk, such as
patients with small inferior infarctions.

The indications for ACE inhibitors after infarction have
been radically altered following the results of the Heart
Outcomes Prevention Evaluation Study (HOPE).41 This study

of ramipril versus placebo included a wide range of patients at
high risk of serious cardiovascular events, but 52% of 
the patients had had a prior MI and 25% unstable angina.
Patients with a history of clinical heart failure or a ejection
fraction known to be less than 0·40 were excluded. There
seemed little difference in the relative benefit observed in
the different categories of patients included in the trial, and
the overall results may be taken to apply to postinfarction
patients. There was a very clear reduction in the primary
end point of a composite of cardiovascular death, heart
attack, and stroke in the ramipril arm (placebo 17·8%,
ramipril 14·0% P � 0·001). The incidence of MI was
reduced from 12·3% to 9·9%, and stroke from 4·9% to
3·4%. There were comparable reductions in overall mortal-
ity, need for hospitalization, and revascularization. It is not
yet known whether similar results would be seen with other
ACE inhibitors, but this question should be answered by the
ongoing EUROPA trial with perindopril42 and the PEACE
trial with trandolapril.43

Antiarrhythmic drugs

Trials of antiarrhythmic drugs after MI have proved disap-
pointing. A meta-analysis of 18 trials of Class I drugs showed
a significant 21% increase in mortality.44 The SWORD trial45

of the Class III drug d-sotalol was stopped because of an
increased mortality. The Class III agent dofetilide was stud-
ied in the DIAMOND trial of 1510 patients with recent MI
and left ventricular dysfunction.46 There was no difference
between dofetilide and placebo with regard to overall mor-
tality, cardiac mortality, or arrhythmic death. Similar results
have been reported with azimilide in the Azimilide post-
Infarct Survival Evaluation trial (ALIVE).47

Amiodarone has been studied in four trials. Two small 
trials were favorable, but the two larger trials – EMIAT48 and
CAMIAT49 – failed to demonstrate a reduction in total mor-
tality. However, there was a reduction in arrhythmic death in
these studies, and a pooling of results from amiodarone trials
following MI shows a significant reduction in arrhythmic
death (2·6% v 4·2% per year) and a non-significant trend
towards lower total mortality (10·9% v 12·3%).50 Unlike the
other Class I and III antiarrhythmic drugs, amiodarone does
not appear to have an important pro-arrhythmic effect, but
its use is limited by its significant side effects.

Lipid lowering agents

The Scandinavian Simvastatin Survival Study (4S)51 clearly
demonstrated the benefits of lipid lowering in a population
of 4444 anginal and/or postinfarction patients with serum
cholesterol levels of 5·5–8·0 mmol/l (212–308 mg/dl) after
dietary measures had been tried. Overall mortality at a
median of 5·4 years was reduced by 30% (from 12 to 8%)
(P � 0·0001). This represented 33 lives saved per 1000
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patients treated over this period. There were substantial
reductions in coronary mortality and in the need for coro-
nary bypass surgery. Older patients appeared to benefit as
much as younger patients. Relatively few women were
recruited, perhaps accounting for the failure to show a sig-
nificant reduction in mortality, but coronary events were
reduced as they were in men.

In the Cholesterol and Recurrent Events (CARE) trial,52

4159 post-MI infarction patients with “average” cholesterol
levels were randomized to pravastatin or placebo at least 
3 months after the acute event: 13·2% of the placebo group
and 10·2% of the treatment group (P � 0·003) experienced
a primary end point (fatal coronary event or non-fatal MI) 
in the trial which lasted 5 years. There was also a reduction
in stroke and in the need for coronary artery bypass surgery
and angioplasty. The effects appeared to be greater in
women than in men, and in those with higher low density
lipoprotein (LDL) levels. Indeed, no benefit was shown in
patients with LDL levels below 125 mg/dl (3·25 mmol/l).

In the Long-term Intervention with pravastatin in
ischemic heart disease (LIPID) study,53 9014 patients with 
a history of MI or unstable angina, and with cholesterol
4·0–7·0 mmol/l were randomized to pravastatin or placebo.
After a mean follow up of 6·1 years, overall death rate was
14.1% in the placebo group and 11·0% in the pravastatin
group (P � 0·001) – coronary death rates were 8·3% and
6·4% respectively. There were corresponding reductions in
MI and need for revascularization.

The Heart Protection Study (HPS)54 has provided further
information about certain categories of patient, such as
women and the elderly, poorly represented in the earlier 
trials. It has shown that these groups are also benefitted to 
a similar degree.

The trials cited above were started in postinfarction
patients some months or years after the acute event. To
determine whether patients would benefit from an earlier
administration of lipid lowering, the MIRACL trial55 of ator-
vastatin versus placebo was started within days of the onset
of unstable angina in 3086 patients not scheduled for early
intervention. The primary end point of death, non-fatal MI,
resuscitated cardiac arrest, and recurrent symptomatic
myocardial ischemia occurred in 14.8% of the atorvastatin
patients and 17·4% of the placebo patients (P � 0·048). 
The benefit was essentially confined to the prevention of
recurrent myocardial ischemia.

In the FLORIDA study,56 patients with a recent MI and 
a cholesterol value less than 6·5 mmol/l on admission were
started on fluvastatin or placebo immediately on discharge.
The primary end point was that of myocardial ischemia on
Holter monitoring; this was observed in 17% of both groups,
but at 1 year 2·6% of the fluvastatin group and 4.0% of the
placebo group had died. It is difficult to draw confident con-
clusions from these studies, but it would seem that it is safe
to start lipid lowering therapy soon after the acute event,

and it may be wise to do so if the patient is known to be
hyperlipidemic in spite of dietary measures.

In the VA-HIT trial,57 2531 men with documented CHD,
with HDL cholesterol at or less than 40mg/dl (1mmol/l),
LDL cholesterol at or less than 140mg/dl (3·6mmol/l), and
triglycerides at or less than 300mg/dl were randomized to
gemfibrozil or placebo. There was a significant reduction in
the combined end point of coronary death and MI in the
treatment arm, with events occurring in 21·6% of the placebo
group and 17·3% of the gemfibrozil group (P�0·006).There
were non-significant reductions in death due to CHD, total
death, and stroke, but there was a significant reduction in
non-fatal MI (from 14·5% to 11·6%, P�0·02).

The Bezafibrate Infarction Prevention (BIP) trial58 ran-
domized 3090 patients with previous MI or stable angina to
bezafibrate or placebo. The primary end point of MI or sud-
den death occurred in 13·6% of those on bezafibrate and
15·0% in those on placebo (P � 0·26).

These trials have firmly established the use of statins 
in post-MI patients with “average” or high lipid levels.
Furthermore, patients with lipid abnormalities other those
studied in these trials (for example, hypertriglyceridemia)
might benefit from other lipid lowering regimens.

Hormone replacement therapy (HRT)

Many epidemiologic trials have suggested that HRT might
reduce cardiovascular risk substantially, but the only large-
scale trial in patients with CHD – the Heart and Estrogen/
progestin trial (HERS)59 – showed a significant (52%) increase
in the primary combined end point of non-fatal MI and coro-
nary death in the first year of treatment (42·5/1000 person-
years compared with 28·0 in the placebo group). There was a
trend towards fewer events in the treated group in the ensu-
ing years and, at an average of 4·1 years, there was no longer
a significant difference between the two groups. The ongoing
Estrogen in the Prevention of Reinfarction Trial (ESPRIT) 
is studying the effect of estrogen alone in a postinfarction 
population.

Percutaneous coronary interventions (PCI) and
coronary artery bypass graft surgery (CABG)

The role of coronary interventions in preventing recurrent
infarction and death when performed in the days after 
MI remains uncertain. The SWIFT (Should We Intervene
Following Thrombolysis?),58 TIMI-II,61 and TIMI IIIB trials61

failed to show any benefit from intervention in terms of
recurrent infarction and death in patients after fibrinolysis.

In the Veterans Affairs Non-Q wave Infarction Strategies
in-Hospital (VANQWISH) trial,63 patients with non-Q wave
MI were randomized to an invasive or a conservative strat-
egy. In the former, cardiac catheterization was carried out
within 3 to 7 days, and, subsequently, PTCA or CABG was
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carried out according to the coronary anatomy; a total of
920 patients were randomized. Death and MI occurred in
7·8% of the invasive arm and 5·7% of the conservative arm
at hospital discharge (P � 0·012).

In the Danish Acute Myocardial Infarction (DANAMI)
study,64 however, 1008 survivors of a first acute infarction
in whom ischemia could be induced were randomized to
catheterization and revascularization, or standard medical
therapy. There were significantly fewer non-fatal infarctions
in the 2·5 year follow up period in those who underwent
revascularization (P � 0·0038), as well as a reduction in
hospitalization and in medical costs.

In the FRISC II trial,65 there was a significant reduction in
death and/or MI in those randomized to coronary angiogra-
phy, followed, if appropriate, by angioplasty or CABG in
patients with unstable CAD. At 6 months, there was a reduc-
tion in the composite end point of death and MI from 12·1%
in the non-invasive group to 9·4% in the invasive group
(P � 0·031). At 1 year, the comparable figures were 14.1%
versus 10·4% (P � 0·005).66 The benefit was predominantly
in those with raised troponin levels and/or ST depression at
entry. There was no evidence of a benefit in women.67

In TACTICS-TIMI-18,68 2220 patients with an acute coro-
nary syndrome without ST elevation were all administered
tirofiban, and randomized to a conservative or invasive strat-
egy. The primary end point of death, MI, or rehospitalization
at 6 months occurred in 19·4% of the conservative group,
and 15·9% in the invasive group (P � 0·025). Death and/or
MI occurred in 9·5% and 7·3% respectively (P � 0·05). The
benefit seemed to be largely confined to those with elevation
in troponin or creatine kinase, and in those without prior
aspirin treatment.

It seems probable that an invasive approach is appropriate
for acute coronary syndromes if there are raised cardiac
markers or active ischemia and when there has not been an
intervention during the acute event. The place of such a
strategy in women, or in those who have not shown these
features, remains uncertain.

Management of the complications of MI

Cardiac failure

On the basis of the trials with ACE inhibitors described
above and the results of the Consensus69 and SOLVD70 tri-
als, ACE inhibitors should be given to patients in heart fail-
ure without contraindications, in addition to diuretics and,
perhaps, digitalis. The use of diuretics and digitalis is largely
based on observational studies.

Several trials have established the value of � blockers in
the treatment of heart failure, which, in the majority of
cases, was due to ischemic heart disease. The Cardiac
Insufficiency Bisoprolol Study II (CIBIS II)71 of patients with
NYHA (New York Heart Association) classes III and IV was

stopped prematurely, after it was found that the bisoprolol-
treated group had a highly significantly better survival rate
than the placebo group. At an average of 1·4 years, there
was a 17·3% mortality rate in the placebo group compared
with 11·8% in the bisoprolol group. The Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Failure
(MERIT-HF)72 was similar, except that the active agent was
metoprolol and it included patients with NYHA class II
heart failure. All-cause mortality was lower in the metopro-
lol CR/XL group than in the placebo group (7·2%, per
patient-year of follow up v 11·0%, P � 0·00009). In the
COPERNICUS trial (Carvedilol Prospective Randomized
Cumulative Survival),73 2289 patients with severe chronic
heart failure were randomized to carvedilol or placebo.
There were 190 deaths in the placebo group and 135 in 
the carvedilol group – a 35% reduction in the risk of death
(P � 0·0014). By contrast, no overall benefit was seen in the
BEST (Beta-blocker Evaluation Survival trial)74 in which
2708 patients with severe chronic heart failure were ran-
domized to receive either bucindolol or placebo. A subgroup
analysis suggested that there was a benefit in non-black
patients. Whether the different results in BEST were due 
to chance, the drug being tested, or a different population 
is uncertain. It would seem that � blockade is effective 
in patients with heart failure without contraindications.

The Randomized Aldactone Evaluation Study (RALES)
study75 concerned patients with a history of NYHA class IV
heart failure and an ejection fraction of less than 40%, who
had already received ACE inhibitor therapy. Patients were
randomized to receive spironolactone or placebo. The trial
was stopped when patients had been followed for a mini-
mum of 18 months. Mortality was reduced by a quarter
from 40% to 27% (P � 0·001).

It seems reasonable to suggest that patients with NYHA
class II–III should receive both � blockers and ACE
inhibitors, and that spironolactone should be added in the
more severe cases.

Angina pectoris

There have been few randomized studies of the therapy of
angina after infarction. The DANAMI64 study referred to
above suggests that PTCA and CABG have an important
role in controlling symptoms and improving prognosis.

Life-threatening arrhythmias

As mentioned above, the use of antiarrhythmic drugs is
potentially hazardous in the postinfarction patient. However,
the findings of the EMIAT47 and CAMIAT48 studies have
shown that amiodarone is relatively free of arrhythmogene-
sis, and is effective in preventing sudden death in high-
risk patients without life-threatening arrhythmias. It seems
an appropriate therapy for those with such arrhythmias. 
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The place of implantable defibrillators (ICD) in the post-
infarction patient with arrhythmias remains uncertain,
although recent trials have been encouraging. In the
Multicenter Automatic Defibrillator Implantation Trial
(MADIT),76 202 patients with prior MI, together with an
ejection fraction of 0·35 or less, unsustained ventricular
tachycardia, and non-suppressible ventricular tachycardia
on electrophysiologic study, were randomly assigned to an
implantable defibrillator or conventional medical therapy. 
At an average follow up of 27 months, there were 15 deaths
in the defibrillator group and 39 deaths in the convention-
ally treated group (P � 0·009).

In the Antiarrhythmics versus Implantable Defibrillators
(AVID) Trial,77 in which many of the patients were post-
infarction, half of those included had experienced ventricular
fibrillation and the other half serious ventricular tachycardia.
After three years, 25% of the patients in the defibrillator
group had died compared with 36% of patients treated with
antiarrhythmic drugs (P � 0·02).

In the Multicenter Automatic Defibrillator Implantation
Trial II (MADIT II)78 postinfarction patients with an ejection
fraction of 0·30 or less were randomized to an implantable
defibrillator or conventional medical therapy. At an average
follow up of 20 months, 19·8% of the conventional group
had died compared with 14.2% of the defibrillator group
(P � 0·016).

It is evident that an implantable defibrillator is highly
effective in the types of patient included in these studies,
but its eventual place in the prevention of sudden death 
following MI remains to be determined.

Limitations of the evidence available

While randomized clinical trials provide the most reliable
evidence of efficacy, their findings may not readily be
applied to a wide spectrum of patients with the given condi-
tion, particularly if the entry criteria are very rigidly defined.
Furthermore, even though the internal validity may be
beyond question, few trials are sufficiently powered to per-
mit reliable estimates of effect in subgroups, such as women
or the elderly, or in relation to concomitant therapy. The lat-
ter problem is compounded by the fact that there may be
interactions between effective agents.

Subgroup analysis is rightly suspect, although it is impor-
tant to differentiate between “proper subgroups” (based on
baseline characteristics) and “improper subgroups” based on
findings after entry into the trial.79 Analysis of proper sub-
groups may be of great importance, particularly when there
are marked differences in risk in various baseline character-
istics so that, even if the effect of therapy is relatively the
same whatever the risk, the absolute effect will be very dif-
ferent. In postinfarction and postunstable angina patients, it
is possible to define high-, medium-, and low-risk patients
on quite simple clinical and investigational criteria, and the

probable effect of the secondary preventive treatment can
then be estimated. Thus, one can anticipate little benefit
from � blockers or ACE inhibitors in a patient with a small
inferior first infarction who has had no complications in the
acute phase, whereas the patient, who has had heart failure
brought under control, remains at high risk and would 
benefit from both these therapies.

A further problem with applying trial results to practice is
that of adherence to therapy. There is abundant evidence
that compliance falls off if therapies have to be taken more
than twice a day and when more than three types of drug
are prescribed. It is now commonplace for patients to be
given five or more drug therapies, and several widely rec-
ommended drugs (for example, captopril) have to be taken
three or more times a day.

Increasingly, the cost of therapies is being critically scruti-
nized. An outstanding example is that of the statins, which
are now being recommended for most patients with mani-
fest coronary disease. As pointed out by Yusuf and Anand,80

based on the 4S study, the cost effectiveness of this therapy
in high-risk individuals is very favorable. Pedersen et al 81

have concluded that the drug costs of treatment are largely
offset by savings that result from fewer hospitalizations and
less need for revascularization.

These estimates were made on assumptions from the
United States. They will be very different in countries with
substantially lower hospitalization costs but are also very
sensitive to the cost of the drug.

Both compliance issues and health economic considera-
tions argue for economy in the prescription of drugs, and
this will influence the integrated approach to management.

An integrated approach to post-MI and 
unstable angina patients

As far as secondary prevention is concerned, it is possible to
base therapy on the results of well-conducted randomized
clinical trials. However, one must bear in mind that it may
not be feasible to undertake randomized trials with regard to
certain lifestyle factors, such as smoking and diet, nor can
patients with major remediable symptoms be subjected to
placebo-controlled trials. One can, however, advise the ces-
sation of smoking based on strong observational data, and
recommend a “Mediterranean” diet, knowing that it is prob-
ably beneficial and unlikely to have any harmful effects. The
same is true of exercise-based rehabilitation programs.

Aspirin should be administered to all patients with these
diagnoses, unless contraindicated. Clopidogrel should be
added, at least in the short term, to patients who have had
an acute coronary syndrome without ST elevation; it is still
not possible to conclude for how long it should be given, or
whether it should be given to patients who have sustained
an ST elevation MI.
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� Blockers should be considered in all patients but the
risks and benefits should be carefully weighed up in those at
low risk. Calcium antagonists and nitrates should be pre-
scribed for symptomatic reasons only, the former should
probably be avoided in those with heart failure or poor left
ventricular function.

ACE inhibitors should be prescribed for all patients
(except those with contraindications) who have been or are
in heart failure, as well as those who have poor left ventr-
icular function. There is also a strong case for giving ramipril
to patients who fulfill the criteria of the HOPE trial.

Patients with average or raised lipid levels should first be
treated by dietary means, but appropriate lipid modifying
therapy should be given if an adequate fall in LDL is not
achieved.

PTCA and CABG should be considered in patients with
recurrent angina or easily provoked ischemia. Such patients
should have coronary angiography and the choice of treat-
ment determined by the anatomical and functional findings.

Evidence-based secondary prevention therapies for
postinfarction patients
● Smoking cessation 
● Lipid lowering diet 
● Lipid lowering drugs if diet fails 
● Aspirin for all patients without contraindications.

Other antiplatelet agents (for example, clopi-
dogrel) if aspirin contraindicated. Clopidogrel
added to aspirin in patients who have experienced non-
ST segment elevation MI or unstable angina. 

● � Blockers, particularly for high-risk patients, in the
absence of contraindications. 

● ACE inhibitors for all patients with severely impaired left
ventricular function or heart failure. 

● In the absence of heart failure, ramipril for those who
fulfill the criteria for the HOPE trial. 

● Percutaneous transluminal angioplasty or CABG for
patients with persistent readily induced ischemia or
angina, or for patients with non-ST segment
elevation MI or unstable angina with raised troponin 
levels. 
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A
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Definition of the arrhythmia

The clinical classification of atrial fibrillation has caused much
controversy, as ideally it would encompass multiple etiolo-
gies, risk factors and precipitating agents, various clinical pre-
sentations, variable temporal patterns of behavior, all of which
might have an important influence on the selection of the
therapeutic strategy and ultimately, determine the effect of
treatment.1 Attempts to classify atrial fibrillation according to
etiology or underlying heart disease have been instantly
marred by the fact that any process in the atrial tissue that
causes infiltration, inflammation, scarring or stretch may lead
to the development of atrial fibrillation. Furthermore, the pri-
mary pathologies underlying or promoting the occurrence of
atrial fibrillation vary, probably, more than for any other 
cardiac arrhythmia, ranging from autonomic imbalance
through organic heart disease to metabolic disorders, such
as diabetes mellitus and hyperthyroidism.

Recently approved by the ESC/AHA/ACC Task Force on
the management of atrial fibrillation, the classification of
atrial fibrillation includes two equally important elements:
temporal patterns of the evolution of the arrhythmia which
may determine further treatment, and the response to med-
ical interventions (Figure 37.1, Table 37.1).2 First onset
atrial fibrillation is the first clinical presentation of the
arrhythmia where the patient is still in atrial fibrillation
when evaluated and the episode has been present for less
than 48 hours. The new onset, or recent onset atrial fibril-
lation category is included, but not infrequently the dura-
tion of atrial fibrillation is uncertain because the patient is
often unaware of symptoms. The paroxysmal form of atrial
fibrillation is determined by recurrent episodes of the
arrhythmia that typically last from minutes to hours, occa-
sionally days, but eventually self-terminate. Persistent atrial
fibrillation is present when the arrhythmia is not self-termi-
nating, but sinus rhythm can be restored by pharmacologic

37 Atrial fibrillation: antiarrhythmic
therapy
Harry JGM Crijns, Isabelle C Van Gelder, Irina Savelieva, A John Camm

Atrial fibrillation

Persistent AF Paroxysmal AFPermanent AF

Electrical or
pharmacologic
cardioversion

Spontaneous
conversion

Recent onset AF

Sinus rhythm

Recurrence

Figure 37.1 Classification of atrial fibrillation, based on the time course of the arrhythmia, and possible transition between the three
forms of atrial fibrillation
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means or, more commonly, by electrical cardioversion. In
these patients, atrial fibrillation has usually lasted for weeks
or months. Once the arrhythmia is terminated medically, it
does not change the designation of the form. Permanent
atrial fibrillation is sustained and attempts to restore or
maintain sinus rhythm have been abandoned because of fre-
quent recurrence, physician or patient decision, or inability
to cardiovert the patient.

Natural history and pathophysiology

Natural history

Atrial fibrillation is the most common cardiac arrhythmia
and the incidence increases with age. The Framingham
Heart Study showed that the biennial prevalence ranged
from 6·2 and 3·8 cases per 1000 in men and women aged
55–64 years, respectively, up to 75·9 and 62·8 per 1000 in
men and women aged 85–94 years. Men were 1·5 times
more likely to develop atrial fibrillation than women.3

Patients with atrial fibrillation are characterized in both
sexes by a higher age, the presence of diabetes, hyperten-
sion, congestive heart failure, and valve disease. Coronary
artery disease is a risk factor for atrial fibrillation only in
men.3 Other predictors are cardiomyopathy and obesity.
Echocardiographic predictors include large atria, diminished
left ventricular function, and increased left ventricular wall
thickness. In the past, rheumatic heart disease was the most
common cause of atrial fibrillation, but at present more
patients have atrial fibrillation on the basis of coronary artery
disease and systemic hypertension.

Mechanisms of atrial fibrillation

Moe and coworkers4 postulated that atrial fibrillation is
maintained by multiple re-entering wavelets circulating 

randomly in the myocardium and that the stability of the 
fibrillatory process depends on the average number of
wavelets. This hypothesis was confirmed experimentally by
Allessie and colleagues,5 who estimated that the critical
number of wavelets to sustain atrial fibrillation was approxi-
mately four to six. Atrial fibrillation may also present itself as
a focal arrhythmia amenable to ablation. It then occurs in
the absence of heart disease in relatively young patients.

Atrial fibrillation has the tendency to become more persist-
ent over time. This is illustrated by the fact that about 30% 
of patients with paroxysmal atrial fibrillation eventually will
develop persistent atrial fibrillation.6 Also, pharmacologic and
electrical cardioversion, and maintenance of sinus rhythm
thereafter become more difficult the longer the arrhythmia
exists.7,8 This relates to progression of the underlying disease
and possibly also to electrical remodeling of the atria.9

Modulating factors

The onset and persistence of atrial fibrillation may be 
modulated by the autonomic nervous system. Coumel and
coworkers distinguished vagal and adrenergic atrial fibrilla-
tion.10 However, the distinction between both mechanisms
is not always clear. This implies that it is more appropriate 
to speak of autonomic imbalance rather than either an
increased vagal or an increased sympathetic tone.

Vagally mediated atrial fibrillation

Vagally mediated atrial fibrillation occurs more frequently 
in men than in women, usually at a younger age (30–50
years). It only rarely progresses to permanent atrial fibrilla-
tion and it predominantly occurs in the absence of structural
heart disease.10 Attacks occur at night, end in the morning,
and neither emotional stress nor exertion trigger the
arrhythmia. On the contrary, when patients feel that atrial

Table 37.1 Classification of atrial fibrillation

Type Duration and character Therapeutic strategy

First detected Usually �48 hours; usually patient is still Electrical or pharmacologic cardioversion �
in AF when diagnosed prophylaxis with Class I or III AAD

Paroxysmal Self-terminating; �2–7 days, Conversion and prevention with Class IC
frequently �24 hours or III AAD and/or

Spontaneous conversion occurs frequently Rate control therapy during paroxysm
Persistent �2–7 days

Not self-terminating; usually electrical Electrical cardioversion � AADs �
cardioversion needed to restore sinus warfarin pericardioversion
rhythm

Permanent Restoration and/or maintenance of sinus Control of the ventricular rate � warfarin or
rhythm not feasible aspirin

Abbreviations: AAD, antiarrhythmic drug; AF, atrial fibrillation
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fibrillation may start (repeated atrial extrasystoles), some
observe that they can prevent an arrhythmia by doing exer-
cise. The arrhythmia frequently starts after exercise or stress.
Rest, the postprandial state, and alcohol are other precipitat-
ing factors. The pathophysiologic mechanism may relate to
vagally induced shortening of the atrial refractory period.

Adrenergic tone in atrial fibrillation

Adrenergic atrial fibrillation is more frequently associated
with structural heart disease (ischemic heart disease) than
its vagal counterpart.10 Typically, it occurs during day time
and is favored by stress, exercise, tea, coffee or alcohol.
Attacks terminate often within a few minutes. It is less fre-
quently observed than vagal atrial fibrillation. The underly-
ing mechanism is unknown.

Familial atrial fibrillation

A hypothesis of genetic predisposition to atrial fibrillation or
even specific genetically predetermined forms of the
arrhythmia has been confirmed by identification of a gene
defect linked to chromosome 10q in three Spanish families,
21 of 49 members of which presented with atrial fibrillation
at a relatively young age, ranging from 2 to 46 years.11

Candidate genes for the familial form of the arrhythmia
include genes encoding channel or pore proteins and genes
encoding the 
- and � adrenergic receptors or signaling 
proteins. Of interest, since these receptors are involved in
normal and abnormal cardiac automaticity, it is tempting 
to speculate that the basis for familial atrial fibrillation lies 
in abnormal atrial automaticity or triggering mechanisms.

Recently, a missense mutation in the lamin A/C gene has
been found to be a cause of dilated cardiomyopathy associ-
ated with progressive conduction system disease, atrioven-
tricular block, atrial fibrillation, congestive heart failure,
stroke and sudden death.12 Similarly, a missense mutation
Arg663His in the �-cardiac myosin heavy chain has been
identified in patients with specific phenotype of familial
hypertrophic cardiomyopathy presenting with moderate left
ventricular hypertrophy, predominantly localized in the
proximal segment of the interventricular septum, and a 47%
prevalence of atrial fibrillation.13 Although the incidence of
familial AF is to be determined, further exploration may
reveal a number of possible targets for medical therapy for
the prevention or reversal of the arrhythmia.

Clinical impact

Atrial fibrillation causes palpitations, chest pain, dyspnea,
and fatigue. Some patients experience presyncope or even
drop attacks, especially at arrhythmia onset or termination.
All patients with longer lasting atrial fibrillation develop left

ventricular dysfunction, even those without underlying heart
disease. This is often indicated as tachycardiomyopathy.
Conversely, many patients with atrial fibrillation have pre-
existent heart failure. Furthermore, atrial fibrillation is associ-
ated with excess thromboembolic complications, especially
in elderly patients.

However, in at least one third of patients, no obvious
symptoms or noticeable degradation of quality of life are
observed.14 In the ALFA (Etude en Activité Liberale sur le
Fibrillation Auriculaire) study of 756 patients with atrial fib-
rillation from general practice in France, of 86 participants
who reported no symptoms, 63 (73%) presented with per-
manent atrial fibrillation, 14 (16%) were diagnosed with
recent onset atrial fibrillation, and only 9 (11%) had a parox-
ysmal form of the arrhythmia.15 Pharmacologic treatment of
the atrial fibrillation has long been known potentially to con-
vert a symptomatic form of the arrhythmia to an entirely
asymptomatic variety. In the PAFAC (Prevention of Atrial
Fibrillation After Cardioversion) study of more than 1000
patients with atrial fibrillation, antiarrhythmic drug therapy
rendered 90% of arrhythmia recurrences completely asymp-
tomatic, as detected in this study by daily transtelephonic
ECG monitoring.16 These observations challenged the valid-
ity of symptoms for the reliable detection of recurrence of
atrial fibrillation and for the assessment of the efficacy of
antiarrhythmic drug therapy.

Hemodynamic consequences and mortality

Atrial fibrillation reduces cardiac output and may lead to
heart failure.17,18 Apart from loss of atrial kick, excessive rate
response and rhythm irregularity, two other pathogenetic
factors should be mentioned, namely progression of underly-
ing cardiovascular disease and development of tachycardia-
related cardiomyopathy.19 In fact, associated heart disease
creates the background hemodynamic derangement which is
modulated by the other factors. Tachycardiomyopathy may
occur in the absence of heart disease and it may be concealed –
that is, heart failure due to tachycardiomyopathy cannot be
distinguished from that due to the underlying cardiovascular
disease, but may be demonstrable only after restoration of
sinus rhythm or adequate rate control.19,20

Several cohort and retrospective studies have shown that
the relative risk of death in subjects with atrial fibrillation is
roughly twice that found in subjects in sinus rhythm.17,18,21

The reduced survival relates to progression of the underly-
ing cardiovascular disease and stroke. The prognostic
impact of atrial fibrillation in patients with heart failure is
still uncertain.22,23

Progressive increase of atrial size

Atrial enlargement is a cause but also a consequence of
atrial fibrillation.24,25 Atrial enlargement is associated with
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an increased risk for thromboembolic complications and a
high arrhythmia recurrence rate following cardioversion. In
addition, drugs used to convert the arrhythmia may be less
effective. Restoration of sinus rhythm may reverse the
process of atrial enlargement, even in patients with mitral
valve disease.26

Increased number of thromboembolic
complications

Atrial fibrillation is the most common cardiac cause of sys-
temic emboli, usually cerebrovascular.27 In the presence of
atrial fibrillation, the risk of stroke shows an approximately
fivefold increase unrelated to age.27 The proportion of atrial
fibrillation-related stroke increases significantly with age
from 6·7 for ages 50–59 years to 36·2 for ages 80–89 years.
The risk for stroke in lone atrial fibrillation is still uncertain.
The cardiac embolus often results in occlusion of a major
cerebral artery. The ensuing infarct is often large and may be
fatal.28 Apart from symptomatic strokes, atrial fibrillation 
has been associated with an increased risk of silent strokes.28

Risk factors for stroke in atrial fibrillation include rheu-
matic heart disease, age �65 years, hypertension, previous 
stroke or transient ischemic attack, diabetes, recent 
heart failure, and echocardiographic atrial or ventricular
enlargement.27,29,30

Antiarrhythmic therapy of atrial fibrillation

Essentially, there are three antiarrhythmic strategies: acute
pharmacologic termination; drug prevention in paroxysmal
atrial fibrillation and persistent atrial fibrillation post 
cardioversion; and control of the ventricular rate during a
paroxysm of atrial fibrillation or during the presence of per-
sistent or permanent atrial fibrillation. Drug treatment to
convert or prevent atrial fibrillation aims at prolonging the
wavelength or reducing the triggers for atrial fibrillation. The
former can be achieved by Class IA or III antiarrhythmic
drugs or even the Class IC drugs flecainide and propafenone
which prolong refractoriness at short cycle lengths. The lat-
ter, for example, through � blockers in the case of adrenergic
atrial fibrillation.

Paroxysmal atrial fibrillation

Defining the temporal pattern of atrial fibrillation requires 
a careful history, an electrocardiogram, and frequently a 
24 hour Holter monitor. This implies that the definite pat-
tern cannot always be established on the first consultation.
Which strategy will be chosen in the individual patient
should depend on the frequency of the paroxysms, the trig-
gers for the arrhythmia, the accompanying symptoms, and
the underlying heart disease (Figure 37.2).

The three possible strategies for the pharmacologic treat-
ment of paroxysmal atrial fibrillation will be discussed below.

Acute conversion of paroxysmal atrial fibrillation

If the arrhythmia is not self-limiting, antiarrhythmic drugs
can be administered to restore sinus rhythm. Pharmacologic
cardioversion is considered to be most effective if initiated
within 7 days after the onset of the arrhythmia in which case
restoration of sinus rhythm can be achieved in nearly 70% of
patients, but the success rate is lower in atrial fibrillation of
longer duration.31 The high rate of spontaneous conversion
suggests that a placebo group is required to determine 
the effects of antiarrhythmic drug therapy.32 Furthermore,
although antiarrhythmic drugs reduce the time to conver-
sion to sinus rhythm, the high rates of spontaneous conver-
sion in recent onset atrial fibrillation may result in an
insignificant difference between the intervention and the
placebo arms. Figure 37.3 shows conversion rates on placebo
and the different antiarrhythmic drugs in recent onset atrial
fibrillation. It demonstrates that with time the cumulative
conversion rate increases both on placebo and drugs.

Recently published guidelines of ESC Committee and
AHA/ACC Task Force members on the management of atrial
fibrillation have stated that in atrial fibrillation of less than 
7 days’ duration, propafenone and flecainide (oral or intra-
venous), ibutilide or dofetilide should be the first line choice
if pharmacologic cardioversion of the arrhythmia is consid-
ered.2 High dose amiodarone (intravenous and in combina-
tion with oral administration), and oral quinidine have been
shown to be more effective than placebo for converting atrial
fibrillation into sinus rhythm and may be used as second
choice therapy in selected patients. As the success rate of
pharmacologic cardioversion is progressively reduced with
increased duration of the arrhythmia, the choice of anti-
arrhythmic drugs is limited to dofetilide, ibutilide, and possi-
bly, amiodarone. Antiarrhythmic drugs proven to be effective
for cardioversion of atrial tachyarrhythmias and recom-
mended by the committee are summarized in Table 37.2.

Conversion rates up to 90% are found 1 hour after 
intravenous flecainide or propafenone. Both drugs can also
be administered orally with success rates reported to be
50–80%.33–35 The advantage of Class IC antiarrhythmic
drugs is their ability to expediently restore sinus rhythm
within a short period of time. Thus, cardioversion rates 
for flecainide and propafenone given as a single dose of
200–300 mg and 450–600 mg respectively were 59% and
51% at 3 hours compared with 18% in the placebo arm,
reaching 78% and 72% at 8 hours compared with 39% on
placebo.33 In the third Propafenone in Atrial Fibrillation
Italian Trial (PAFIT-3), intravenous infusion of propafenone
at a dose of 2 mg/kg restored sinus rhythm within the first
hour in nearly half patients with recent onset atrial fibrilla-
tion (1–72 hours) compared with 14% on placebo.36
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Drug treatment of atrial fibrillation: summary

Type Strategy Drugs Recommendation level

Paroxysmal (1) Terminate paroxysm (1) Class IC AAD IV or oral or
procainamide IV
Class IA, IC in WPW
Class III drugs (ibutilide, dofetilide)
Amiodarone in hemodynamically
compromised patients
(cardioversion)

(2) Prevent paroxysm (2) Class IC
Class III AAD (sotalol, dofetilide,
azimilidea)
Amiodarone (first choice in
hemodynamically compromised
patients)
Disopyramide/flecainide in vagally
induced AF
� blockers in adrenergically induced
AF

(3) Rate control during (3) Digitalis
paroxysm

�
� blockers
�
Calcium-channel blockers

Persistent Serial cardioversion DC electrical cardioversionb

� �
Serial antiarrhythmic Sotalol (initiate in hospital)
drug therapy
� Class IC drug (not in patients with

significant structural heart disease)
Patient counseling Amiodarone (first choice in
(report to hospital at hemodynamically compromised
recurrence) patients)

Permanent Accept AF, rate control Digitalis
therapy:

�
if duration AF �36 � blockers
months
or �
age �70 years and Calcium-channel blockers
NYHA III � IV
or
after failure of serial
cardioversion therapy

a Investigational agent.
b Drugs usually ineffective.
Abbreviation: WPW, Wolff–Parkinson–White syndrome

Grade A

Grade B

Grade B

Grade B

Grade A

Grade B

Grade B

Grade B

Grade A

Grade A
Grade A

Grade A
Grade A
Grade B

Grade A

Ibutilide has been shown to act as much as twice more
effectively for conversion of atrial flutter than atrial fibrillation
(63% v 31%).37 In 319 patients with persistent atrial tachy-
arrhythmias (18·5% atrial flutter) of duration up to 45 days,
intravenous ibutilide at a dose of 1mg or 2mg was more
effective than intravenous d,1-sotalol at a dose of 1·5mg/kg

in conversion of atrial fibrillation to sinus rhythm in less
than 1 hour (20% with 1 mg, 44% with 2 mg v 11%) and
was particularly effective in termination of atrial flutter (56%
with 1 mg, 70% with 2 mg v 19%).38 In another randomized
study in patients with atrial flutter, the comparison also 
was in favor of ibutilide which was significantly superior 
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to procainamide (76% v 14%).39 However, the efficacy of 
ibutilide decreased significantly with duration of the arrhyth-
mia more than 7 days: from 71% to 57% for atrial flutter and
from 46% to only 18% for atrial fibrillation. Furthermore, as
many controlled studies of ibutilide have enrolled patients

with mild or moderate underlying heart disease, these results
may not be generalizable to patients with markedly depressed
left ventricular function.

Dofetilide has been shown to convert 30·3% of 96 patients
with atrial tachyarrhythmias within 3 hours from the start 

100

80

60

40

20

0
0 5 10 24Time after

infusion (h)

% conversion

Placebo conversion

Class IC
Class IA, III
Amiodarone

Figure 37.3 Conversion of paroxysmal atrial fibrillation (�3 days). Conversion rates in relation to time after start of the infusion
found in studies investigating the efficacy of Class IC (flecainide and propafenone), Class IA and III drugs (procainamide, quinidine,
sotalol, ibutilide, dofetilide) and amiodarone are presented. The curve indicating placebo conversion was constructed from placebo
conversion rates found in the above studies. Class IC drugs appear most efficacious. Note the late onset of conversion on amio-
darone. (Modified after Fresco et al.7)

Table 37.2 Antiarrhythmic drugs for pharmacologic cardioversion of atrial fibrilla-
tion of less and more than 7 days duration. 

Drug Route of Dose
administration

Flecainide Oral or IV 200–300 mg or
1·5–3·0 mg/kg over 10–20 min

Propafenone Oral or IV 450–600 mg or
1·5–2·0 mg/kg over 10–20 min

Dofetilide Oral 125–500 mg twice dailya

Ibutilide IV 1 mg over 10 min; repeat 1 mg if necessary
Amiodarone Oral or IV Inpatient: 1200–1800 mg daily in divided doses until

10 g total; then 200–400 mg daily
Outpatient: 600–800 mg daily until 10 g total;
then 200–400 mg daily
5–7 mg/kg over 30–60 min IV; then
1200–1800 mg daily oral until 10 g total; then
200–400 mg daily

Procainamide IV 1000 mg over 30 min (33 mg/min) followed by
2 mg/min infusion

Quinidine Oral 750–1500 mg in divided doses over 6–12 hours �
a rate slowing drug

a Dose depends on creatinine clearance: �60 ml/min – 500 mg; 40–60 ml/min – 250 mg;
20–40 ml/min – 125 mg twice daily.

Grade A
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of intravenous infusion of 8 micrograms/kg for 30 minutes
compared with a 3·3% conversion rate on placebo.40 The
conversion rates were significantly higher for atrial flutter
than for atrial fibrillation (64% v 24%). Two large prospec-
tive studies, DIAMOND-CHF (Danish Investigations of
Arrhythmia and Mortality ON Dofetilide in Congestive Heart
Failure) and SAFIRE-D (Symptomatic Atrial Fibrillation
Investigative Research on Dofetilide), have recently evalu-
ated effects of oral dofetilide on the conversion rate and
maintenance of sinus rhythm in patients with atrial fibrilla-
tion. In the DIAMOND study of 1518 patients with sympto-
matic heart failure and an ejection fraction �35%, therapy
with dofetilide 1000 micrograms was associated with a
greater rate of spontaneous conversion to sinus rhythm
(44% v 14%).41 In the SAFIRE-D study of 325 patients with
persistent atrial fibrillation and/or atrial flutter, cardiover-
sion rates were 6·1%, 9·8%, and 29·9% for 125, 250, and
500 micrograms of dofetilide twice daily compared with
1·2% of spontaneous conversion in the placebo arm.42

However, as far as late conversion has been studied,
amiodarone may produce sinus rhythm in over 80% within
24 hours. An advantage of amiodarone is its ability to lower
ventricular rates before conversion, whereas Class IC drugs
may increase the ventricular rate due to conversion of atrial
fibrillation to atrial flutter with 2:1 atrioventricular conduc-
tion, and, therefore, should be administered in conjunction
with � blockers. Amiodarone is especially recommended in
hemodynamically compromised patients since it is less neg-
atively inotropic.43 A meta-analysis of 12 randomized con-
trolled studies has shown that intravenous amiodarone was
moderately effective in converting atrial fibrillation com-
pared with placebo (63% v 44%), with the maximum effect
at 24 hours (74% v 55%).44 There is evidence from a ran-
domized, controlled study suggesting that higher than usual
intravenous dose amiodarone and the combination of intra-
venous and oral routes of administration may enhance the
cardioversion rate.45

Quinidine is usually administered in conjunction with
rate slowing agents, preferably with � blockers and when
given in a cumulative daily dose of up to 1350 mg has been
shown to cardiovert 50–77% of patients with recent onset
atrial fibrillation.46,47

For acute conversion, sotalol must be considered ineffec-
tive. This has only become apparent after the drug has been
used as an “active” comparator in trials studying new Class III
agents.38,48 The rate of conversion of atrial fibrillation with
sotalol did not exceed 19% and was significantly lower for
conversion of atrial flutter (11%).38 On the other hand,
sotalol is effective for the prevention of atrial fibrillation. This
discrepancy relates to its property to prolong the refractory
period predominantly at lower atrial rates, but not during
rapid atrial fibrillation, due to its reverse use dependency.

The availability of studies on the efficacy of procainamide
and disopyramide is limited, precluding definite conclusions.

Procainamide has been found to convert at least 65% of the
patients with atrial fibrillation within approximately 1 hour.
Its lack of efficacy (compared to Class IC drugs) may relate
to the rather low dose used in the procainamide studies: up
to a maximum of 1 g in 30 minutes, sometimes followed by
a low maintenance infusion.

Digitalis, � blockers, and calcium-channel blockers are
ineffective for the acute conversion of atrial fibrillation.7,49,50

The DAAF (Digitalis in Acute Atrial Fibrillation) study has
shown that there was no difference in cardioversion rates at
16 hours between intravenous digoxin and placebo (51% v
46%).51 Moreover, the drug has been shown to facilitate AF
due to its cholinergic effects which may cause a non-uniform
reduction in conduction velocity and effective refractory
periods of the atria, and to delay the reversal of remodeling
after restoration of sinus rhythm.52,53

Self-administered oral drug conversion may be applied if
the patient is clinically stable and if the agent has been
shown to be safe and effective in that patient.7

Prevention of paroxysmal atrial fibrillation

Paroxysmal atrial fibrillation is a chronic disease: the first
attack will not be the last in over 90% of patients, despite
antiarrhythmic prophylaxis. As a consequence the end point
of treatment used in controlled drug studies has been
“attack-free rate” or “time to first recurrence”. Therefore,
when considering drug efficacy, it might be more appropriate
to focus on quality of life but firm data concerning this issue
are available only for His bundle ablation. In this respect, it 
is important to note that up to 50% of patients discontinue
drug therapy for loss of quality of life due to adverse effects
and drug inefficacy. Moreover, too many studies looked at
drug effects in mixed populations, including both par-
oxysmal and persistent atrial fibrillation. Finally, older drugs
like procainamide have not been tested extensively in appro-
priate placebo-controlled studies. Useful data concerning
these agents have or will become available only after they
have been used as active comparators in studies on Class IC
and the new Class III drugs. Therefore, this paragraph con-
tains clinically useful conclusions which, however, are not all 
evidence-based.

Prophylactic antiarrhythmic drug therapy is usually not
recommended after a first episode of the arrhythmia which
may self-terminate or require electrical or pharmacologic
cardioversion and in patients with infrequent, self-limiting,
and well-tolerated paroxysms of the arrhythmia. However,
this approach can be appropriate in a small proportion of
patients as paroxysmal atrial fibrillation tends to evolve to
persistent and eventually to a permanent form. Prophylactic
antiarrhythmic drug therapy is, therefore, recommended for
a vast majority of patients with paroxysmal tachyarrhythmia
when paroxysms occur frequently (1 episode per 3 months)
and are associated with significant symptoms or lead to
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worsening left ventricular function; for patients with persist-
ent atrial fibrillation when the likelihood of maintenance of
sinus rhythm is uncertain, especially in the presence of risk
factors for recurrence (left atrial enlargement, evidence for
depressed atrial function, left ventricular dysfunction, under-
lying cardiovascular pathology, long duration of the arrhyth-
mia, and advanced age).54

The efficacy of propafenone for the prevention of recur-
rent atrial fibrillation has been assessed in several uncon-
trolled studies and four placebo-controlled trials.55–57 In the
Propafenone Atrial Fibrillation Trial (PAFT), the likelihood of
maintenance of sinus rhythm at 6 months after cardioversion
was 67% in the propafenone-treated group compared with
35% with placebo.56 The UK PSVT (Paroxysmal Supraven-
tricular Tachycardia) study showed that propafenone given at
doses of 600 mg and 900 mg daily was effective for suppres-
sion of recurrences of the arrhythmia but a dose of 900 mg
was associated with a less favorable adverse event profile.57

Propafenone has proven to be efficacious and safe in patients
with supraventricular tachyarrhythmias in meta-analysis
involving over 3100 patients.58 All-cause mortality associated
with propafenone was 0·3%. There are now two ongoing
studies of the effectiveness of propafenone for the mainte-
nance of sinus rhythm: the North American Recurrence of
Atrial Fibrillation Trial (RAFT) and its European equivalent,
ERAFT.

Several placebo-controlled and comparative trials of
another Class IC antiarrhythmic drug, flecainide, including
the Flecainide Multicenter Atrial Fibrillation Study, have
found that the efficacy of flecainide in the prevention of first
recurrence of AF or flutter and the reduction of the total time
spent in the arrhythmia comparable to that of quinidine,
with fewer adverse effects.59–63 In a placebo-controlled,
crossover study Anderson and colleagues included 53
patients with two or more attacks of atrial fibrillation within a
4 week baseline period.61 The median dose of flecainide was
300mg, which is well above the clinical dose currently insti-
tuted (150–200mg daily). During therapy with flecainide,
the median time to the first recurrence was significantly pro-
longed (15 days v 3 days, P � 0·001). Similarly, the time inter-
val between subsequent attacks lengthened, from 6 to 27
days during flecainide compared to placebo (P � 0·001). The
efficacy of flecainide was maintained during a mean 
follow up of 17 months.62 Naccarelli included 239 patients
randomized to flecainide (maximum dose 300mg) or quini-
dine (maximum dose 1500mg/day) and followed them for
12 months. Inadequate response caused 10% and 12% termi-
nations of the drug, respectively. However, 30% of the quini-
dine patients stopped the drug due to adverse effects, versus
only 18% of the flecainide group.63

Following the publication of the Cardiac Arrhythmias
Suppression Trial (CAST I), and the Stroke Prevention 
Atrial Fibrillation (SPAF I) study showing a three- to sixfold
increase in risk for all-cause and cardiac mortality with 

Class I antiarrhythmic agents, particularly in patients with
structural heart disease,64,65 a shift has been made to more
frequent use of Class III antiarrhythmic drugs, the action of
which is based on prolongation of action potential duration.
These include amiodarone, sotalol, and dofetilide, a new,
investigational agent azimilide, and iodine-free benzofurane
derivative dronedarone with affinity for multiple potassium
channels. However, the likelihood of remaining free from
recurrence of the arrhythmia over the long term is not 
satisfactory with any of the antiarrhythmic drugs which 
are presently available but probably, higher for dofetilide
(Figure 37.4).

Selected randomized trials of the efficacy of class III
antiarrhythmic drugs for conversion of atrial fibrillation and
maintenance of sinus rhythm are summarized in Table 37.3.

In randomized comparative and placebo-controlled 
studies, sotalol has proven to be effective in the prevention
of recurrent atrial fibrillation. Sotalol has also been shown to
exert additional beneficial effects by suppressing symptoms
associated with relapse into atrial fibrillation due to its rate
slowing action.66–69 In 253 patients with atrial fibrillation or
flutter, therapy with d,l-sotalol at a dose of 240 mg daily
resulted in a significant increase in the median time to first
recurrence of symptomatic arrhythmia documented as
assessed by transtelephonic monitoring.69 In the PAFAC study
of more than 1000 patients, the recurrence rates during
1 year of daily transtelephonic ECG monitoring were 50%
for sotalol, 38% for the combination of quinidine and vera-
pamil, and 77% for placebo.70 Furthermore, sotalol proved
to be inferior to amiodarone in the Canadian Trial of Atrial
Fibrillation (CTAF).71 Sotalol was less effective and had
higher rates of withdrawal than dofetilide in the European
and Australian Multicenter Evaluative Research on Atrial
Fibrillation Dofetilide (EMERALD) study.72

In the CTAF study, therapy with amiodarone at a dose 
of 200 mg/day resulted in a 57% reduction in risk for 
recurrence of the arrhythmia compared with sotalol and
propafenone.71 However, difficulties with the methodology
of the trial, particularly the delay in logging recurrences of
the arrhythmia in the amiodarone-treated group, reduce con-
fidence in its results. Data from the CHF-STAT (Congestive
Heart Failure Survival Trial of Antiarrhythmic Therapy) sub-
study showed that amiodarone was effective for the preven-
tion of recurrence of atrial fibrillation in patients with
congestive heart failure NYHA Classes II and III.73 In this
study, patients who received amiodarone were twice as less
likely to develop new atrial fibrillation compared with
placebo (4% v 8%).

Dofetilide has been recently introduced as a safe and effec-
tive Class III antiarrhythmic drug for treatment of atrial tachy-
arrhythmias in patients with underlying heart pathology. In
the DIAMOND-CHF study, treatment with dofetilide 500
micrograms twice daily was associated with a significantly
greater probability of remaining in sinus rhythm at 1 year
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Figure 37.4 Likelihood of remaining free from recurrence of atrial fibrillation or atrial flutter with prophylactic antiarrhythmic drug
therapy* at 1 year

Table 37.3 Randomized, controlled studies of efficacy of Class III antiarrhythmic drugs for conversion and/or 
maintenance of sinus rhythm in patients with atrial fibrillation and flutter

Study Drug Patients Follow up Cardioverted v Remained in SR v Torsade de
(n) control/ control pointes

placebo

Ibutilide Repeat Ibutilide 266 24 hours 47% v 2%; 63% v – 8·3% (required
Dose Study37 1·5 mg or 31% flutter v AF cardioversion

2 mg IV 1·7%)
Ibutilide/Sotalol Ibutilide 319 72 hours 56–70% v – 0·9% on
Comparator 1 mg or 19% on sotalol in ibutilide
Study (ISCS)38 2 mg IV, atrial flutter; 2 mg; none

d,l-sotalol 20–44% v on sotalol
1·5 mg/kg 11% in AF
IV

Sotalol d,l-sotalol 49 To first – 73% on sotalol None
Multicenter 160 or 320 mg recurrence 320 mg;
Study Group48 40% on sotalol

160 mg v
29% on placebo

D,l-Sotalol Atrial d,l-sotalol 253 24 weeks – Increased time to None
Fibrillation/ 160, 240 or first episode:
Flutter Study 320 mg 106–229
Group69 days v 27 days

on placebo
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Table 37.3 Continued

Study Drugs Patient Follow up Cardioverted v Remained in SR v Torsade de
(n) control/ control/ control pointes

placebo placebo

PAFAC Sotalol 1182 1 year; daily — Recurrence rates: 1% (all on
quinidine � TTE 50% on sotalol v sotalol)
verapamil 38% on quinidine �

verapamil v 77%
on placebo

Randomized, Amiodarone IV 100 1 month 92% v 64% 88% Not stated
placebo- 125 mg/h
controlled study for 24 hours; 
in recent onset maximum 

dose 3 g
AF45

CTAF71 Amiodarone 403 16 months — 65% v 37% on None
200 mg sotalol or

propafenone
(57% risk
reduction)

CHF-STAT73 Amiodarone 667; 4–5 years 31·3% v 7·7% – —
800 mg for 103 AF
2 weeks;
400 mg for
50 weeks; 
then 200 mg

DDAFF57 Dofetilide 96 3 hours 30·3% v 3·3% — 3%
8 �g/kg IV 64% flutter v

24% AF
DIAMOND41 Dofetilide 1518 18 months 59% v 34% 79% v 46% 3·3% 

500 �g
SAFIRE-D42 Dofetilide 225 1 year 6·1%, 9·8%, 40%, 37%, 58% v 0·8%

250, 500, 19·9% v 1·2% 25%
1000 �g

EMERALD74 Dofetilide 671 Phase 1: 72 h; 6%, 11%, 29% v 40%, 52%, 66% v 3 torsades de
250, 500, Phase 2: 5% on sotalol at 21% on pointes;  
1000 �g 2 years 72 hours placebo at 1 year 1 sudden death

ASAP76 Azimilide 384 180 days — 17%, 38%, 83%a 0·99%
50, 100,
125 mg

Meta-analysis Azimilide 35, 1380 Time to first — 0·9% at 100 and
of 4 SVA 50, 100, recurrence 125 mg v
studies77 125 mg 1·32–1.34 0% on placebo

1·49–1.86c

ALIVE Azimilide 3381 1 year 26·8% v 10·8% New AF: 0·49% v 0·3% v 0·1% on
(unpublished) 100 mg (P � 0·076) 1·15% (P � 0·04) placebo

a Indicates a reduction in risk of AF recurrence compared with placebo.
b Indicates hazards ratios for the time to first recurrence of the arrhythmia compared with placebo.
c In patients with structural heart disease.
Abbreviations: AF, atrial fibrillation; AT, atrial tachycardia; DCC, direct current cardioversion; SR, sinus rhythm; SVA, supraventricular
arrhythmia
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compared with placebo (79% v 42%) and a significant reduc-
tion in the development of new cases of atrial fibrillation
(1·98% v 6·55%).41 In the SAFIRE-D study, 58% of patients
treated with the maximal dose of dofetilide (1000 micro-
grams daily) remained in sinus rhythm at 1 year compared
with 25% in the placebo group.42 The preliminary results of
the EMERALD study have shown that therapy with
dofetilide at different dose regimens 250, 500, and 1000
micrograms daily was associated with a higher likelihood of
maintenance of sinus rhythm compared with placebo (40%,
52%, and 66% v 21%, respectively).74 In the EMERALD
study, dofetilide was effective for maintenance of sinus
rhythm in the subgroups of patients with high risk of recur-
rence of the arrhythmia, including those with significantly
dilated left atrium, left ventricular dysfunction, and atrial
fibrillation of more than 30 days’ duration.75

Finally, azimilide, a new antiarrhythmic agent which blocks
both fast and slow components of the delayed potassium rec-
tifier current, has been shown to significantly prolong the time
to first symptomatic arrhythmia episode compared with
placebo (the hazard ratio 1·58) in 384 patients with atrial fib-
rillation.76 Meta-analysis of four randomized controlled stud-
ies of the effectiveness of a range of azimilide doses in 1380
patients with atrial tachyarrhythmias has shown that each of
the two highest doses (100 and 125mg/day) significantly pro-
longed the time to first recurrence.77 Patients with a history of
coronary artery disease or congestive heart failure derive
significantly greater benefit from azimilide than those with
other underlying cardiovascular pathologies. In the ALIVE
(AzimiLide post Infarct survival Evaluation Trial) of over 3000
post myocardial infarction patients with left ventricular dys-
function, fewer patients who started the trial in sinus rhythm
developed atrial fibrillation on azimilide compared with
placebo (0·49% v 1·15%), and there was a clear tendency to
higher pharmacologic conversion rates in the azimilide arm
than in the placebo arm (26·8% v 10·8%).

In patients suffering from vagally induced atrial fibrillation,
� blockers and digitalis should be avoided as these drugs 
may provoke attacks. Quinidine, disopyramide, and flecainide
may be effective due to their vagolytic effect. Propafenone is
also considered ineffective due to its � blocking properties.

In patients with adrenergic-dependent atrial fibrillation,
underlying cardiac disorders should be treated. After that,
patients usually benefit from a � blocker. Class IA and IC
drugs are generally ineffective, although some patients may
respond to propafenone. At this point it should be stressed
that firm data concerning this issue are missing since
unequivocal identification of vagal or adrenergic atrial fibril-
lation may be impossible. This has precluded large, con-
trolled studies on drug efficacy in predominantly vagally or
adrenergically induced atrial fibrillation.

Finally, although � blockers have been predominantly
used for rate control, recent data suggest that therapy with
� blockers appears to be effective in the prevention of recur-
rence of persistent atrial fibrillation after cardioversion, espe-
cially in the presence of hypertension as underlying
pathology.78,79 In a randomized, crossover study, the effi-
cacy of atenolol at a dose of 50 mg daily was comparable to
that of low-dose sotalol (160 mg daily) and better than
placebo for suppression of recurrent atrial fibrillation, reduc-
tion in duration of episodes of the arrhythmia and associated
symptoms.80 Bisoprolol at a dose of 5 mg daily has been
shown to maintain sinus rhythm during 1 year after electri-
cal cardioversion in 58% of patients with persistent atrial fib-
rillation, an effect comparable to that of sotalol (59%).81

Control of the ventricular rate during 
paroxysmal atrial fibrillation

Digitalis, � blockers or calcium-channel blockers may be
necessary to control the ventricular rate when a relapse
occurs. This holds especially in hemodynamically compro-
mised patients who may decompensate during the attack.
These agents may also prevent rate-dependent proarrhyth-
mias (rapid atrioventricular conduction, excessive QRS
widening, and ventricular tachycardia) of Class IA and IC
drugs during a recurrence of atrial fibrillation, but conclu-
sive data on this issue are lacking.82 If amiodarone or sotalol
are used to prevent atrial fibrillation, addition of conven-
tional rate control drugs is not necessary. Controlling the
ventricular rate in patients with paroxysmal atrial fibrillation
in the setting of a sick sinus syndrome may be impossible

Table 37.4 Review of controlled studies on maintenance of sinus rhythm after cardioversion of persistent atrial fibrilla-
tion with Class I antiarrhythmic drugs

Study (1st Year Patients Duration Age (yr; Underlying heart disease (%) Lone AF
author) (n) AF (mth; mean)

mean) CAD VHD SH

Quinidine v no treatment
1 Södermark 1975 176 �36 58 35 27 9 8
2 Byrne-Q 1970 92 �120 54 16b 56 —b 20
3 Hillestad 1971 100 ? 54 10 70 ? 8
4 Lloyd 1984 53 �36 46 11 70 5 6
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Table 37.4 Continued

Study (first Year Patients Duration Age (yr; Underlying heart disease (%) Lone AF
author) (n) AF (mth; mean)

mean) CAD VHD SH

5 Boissel 1981 212 ? ? 1 70 4 20
6 Hartel 1970 175 ? ? 18 30 2 11

Disopyramide 450–500 mg v no treatment
7 Karlson 1988 90 4a 60 16 13 13 40

Procainamide 3000 mg v propranolol 60 mg
8 Szekely 1970 166- NA NA 8 78 NA 5

23

Flecainide 150–300 mg v no treatment
9 Van Gelder 1989 73 6–11a 58 27 37 10 18

Propafenone 900 mg v disopyramide 750 mg
10 Crijns 1996 56 5a 60 12 28 16 40

Quinidine sulfate 1200 mg v sotalol 160–320 mg
11 Juul- 1990 183 5 59 16 6 26 52

Möller

Propafenone 450–900 mg (mean 737�177) v sotalol 320–950 mg (mean 335�18)
12 Reimold 1993 53c 55 61 16 30 19 19

Quinidine 1200 mg v amiodarone 2000 mg/week
13 Vitolo 1981 54 79% � 6 53 56 44 0 0

Study Follow Patients in SR at Patients in SR at Stat. sig. Death on (n/n) Drug-
up (mth) 1 mth (%) 6 mth (%) related

death
AA Ctrl AA Ctrl AA Ctrl

1 12 90 50 51 28 Yes 5/91 2/75 0
2 12 NA NA 54 16 Yes 1/45 0/43 1
3 12 60 46 40 21 Yes 1/48 0/52 0
4 6 70 82 48 39 No 2/26 0/25 1
5 3 NA NA 75d 56d Yes 2/103 1/104 1
6 3 NA NA 69d 41d Yes 1/88 0/87 1
7 12 70 39 54 30 Yes 2/44 0/46 0
8 12 66 61e 25 13 No NA NA NA
9 12 70 54 49 36 No 0/36 0/37 0

10 6 76 71f 55 67 No 0 0 0
11 6 80 70g 49 42g No 1/97 1/86g 0i

12 12 61 59h 37 30h No 2/28 0/25 2j

13 6 NA NA 83 43g Yes 0/28 0/26g 0

Abbreviations: AA, antiarrhythmic drug; AF, atrial fibrillation; CAD, coronary artery disease; CTR, control group; lone AF, atrial fibrillation with-
out underlying heart disease; SH, systemic hypertension; SR, sinus rhythm; Stat. sig., statistically significant; VHD, valvular heart disease
a Median value.
b Ischemic and/or hypertensive heart disease.
c For persistent atrial fibrillation only.
d Follow up 3 months.
e Control drug: propranolol.
f Control drug: disopyramide.
g Long acting quinidine.
h Control drug: propafenone.
i Two severe proarrhythmias on each drug early after start of the drug.
j Sudden deaths (one documented torsade de pointes) after recent dosage increase.
Modified from Crijns et al,84 where details of the studies are given.
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without implanting an artificial pacemaker. This relates to
possible sinus node or atrioventricular conduction distur-
bances caused by negative chronotropic drugs. In Wolff–
Parkinson–White syndrome complicated by atrial fibrillation
acute rate control (as well as conversion to sinus rhythm)
may be achieved by procainamide or flecainide.83

Prevention of recurrences of persistent 
atrial fibrillation

Persistent atrial fibrillation does not disappear spontaneously
and is difficult to terminate with drugs. First choice therapy
for restoration of sinus rhythm is DC electrical cardio-
version. However, the Achilles’ heel of cardioversion is that
atrial fibrillation frequently relapses if left untreated.
Recurrences happen predominantly during the first month
after cardioversion (Table 37.4, Figure 37.5).84 Preliminary
data from our institution indicate that there is a vulnerable
period which is confined to the first week after the shock.

The notion that about 50% of patients will maintain sinus
rhythm for over 1 year after cardioversion should be taken
with caution since most studies show a progressive pattern
of relapses but do not give information beyond 1 year. After
a single shock (without prophylactic drugs) the 4 year
arrhythmia-free survival rate presumably does not exceed
10%.8 This means that most patients need prophylactic ther-
apy after cardioversion. However, even when using a serial

antiarrhythmic approach only around 30% of patients main-
tain sinus rhythm for 4 years (Figure 37.5).8

Most prophylactic drugs are equally effective, except for
amiodarone which appears to be more efficacious. Quinidine
has been studied most frequently. A meta-analysis of six con-
trolled trials showed that quinidine was superior to no treat-
ment (50% v 25% of the patients remained in sinus rhythm
during one year, respectively). However, the total mortality
was significantly higher in the quinidine group: 12 of 413
patients (2·9%) v 3 of 387 patients (0·8%) respectively
(P�0·05).85 Also, a recent registry demonstrated a relatively
high incidence of sudden death with quinidine.86 Of 570
patients aged younger than 65 years, 6 patients died suddenly,
all shortly after restoration of sinus rhythm. These findings
make it questionable whether there is still a role for quini-
dine in the prophylaxis of atrial fibrillation.

Only a few controlled trials evaluated the Class IC drugs
flecainide and propafenone and the Class III drug sotalol,
showing that they are comparable to Class IA drugs (Table
37.4). However, differences may be observed in the adverse
event profile which may guide the choice for one particular
drug (see below). In general, Class IC drugs and sotalol are
better tolerated than Class IA drugs and amiodarone. On 
the other hand, all except amiodarone cause significant pro-
arrhythmia. Limited prospective comparative data of amio-
darone are available but a favorable outcome has been
reported when amiodarone is instituted as a last resort agent.
The drug is particularly useful in atrial fibrillation complicated
by heart failure. Unfortunately, its use is limited by potentially
severe non-cardiac adverse effects. However, low dose amio-
darone (200mg daily) is effective and gives only few adverse
events.87 Gosselink et al included 89 patients with chronic
atrial fibrillation who had failed previous treatment aimed at
maintenance of sinus rhythm. These patients were treated
with a mean dose of amiodarone of 204�66mg. Actuarially,
53% of these patients were still in sinus rhythm after a follow
up of 3 years. Adverse events occurred in three patients and
were a reason for discontinuation in only one patient.87

� Blockers are only effective in preventing early but not late
recurrences,88 presumably by suppressing adrenergic-depend-
ent premature beats in the early phase after cardioversion. It
is uncertain when to start � blockade and which patients ben-
efit. Obviously, these issues warrant further evaluation.

Rate control in atrial fibrillation

Although increased morbidity and mortality conveyed by
atrial fibrillation provide a clear impetus to rhythm control
as the first line strategy, there is no direct evidence that
rhythm control confers additional benefit over rate control
with regard to improved survival or reduced risk for stroke.
Furthermore, rate control appears to be more appropriate as
a primary strategy in a substantial proportion of patients
with atrial fibrillation, including those with a permanent
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Figure 37.5 Kaplan–Meier plots depicting the probability of
maintenance of sinus rhythm (SR) after serial electrical conver-
sions (�1 ECV) compared to a single cardioversion without drug
prescription (1 ECV). n, number of patients at risk during serial
cardioversion therapy. (From Van Gelder et al8 with permission.)
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form of the arrhythmia, patients with heart failure and
mildly symptomatic, longstanding atrial fibrillation, patients
with persistent arrhythmia and failed repeat cardioversions
and serial prophylactic antiarrhythmic drug therapy, and
those in whom risk/benefit ratio from using specific anti-
arrhythmic agents is shifted towards increased risk.

To date, there are four studies which have addressed the
issue of rate versus rhythm control in a systematic fashion
(Table 37.5).

The PIAF (Pharmacological Intervention in Atrial Fibrilla-
tion) trial89 and the pilot STAF (Strategies of Treatment of Atrial
Fibrillation) study90 in patients with persistent atrial fibrilla-
tion were not powered to determine survival benefit but
showed that both strategies yielded similar results with regard
to symptoms, functional status and quality of life improve-
ment. Despite repeat cardioversions and serial antiarrhythmic
drug therapy, 56% PIAF patients and 40% STAF patients, who
were assigned to rhythm control, maintained sinus rhythm 
at 1 year. Of note, although there was no difference in the
incidence of composite primary end point events (death, 
cardiovascular event or systemic embolism) in the rhythm

control and the rate control groups (9 and 10 events, respec-
tively) in the STAF population, 18 of these occurred while
patients were in atrial fibrillation, providing indirect evidence
that maintenance of sinus rhythm is protective.

The preliminary results of the RACE (RAte Control versus
Electrical cardioversion) study of 522 patients with persistent
AF have also shown no difference in the primary composite
end point of cardiovascular death, hospital admissions for
heart failure, thromboembolic events, major bleedings,
pacemaker implantation, and adverse effects of antiarrhyth-
mic drug therapy between the two strategies (22·6% v
17·2%) (unpublished results at the time of this chapter going
to press). This study was designed to prove non-inferiority of
rate control, and indeed, a �5·4% absolute difference with
90% confidence intervals ranging from �11·0% to 0·4%
showed a non-significant trend in favor of the rate control
strategy. After 3 years of follow up, sinus rhythm was main-
tained in less than half the patients randomized to rhythm
control, implying that the strategies appear equal not
because atrial fibrillation and sinus rhythm were associated
with the equivalent risk for prespecified end points, but due

Table 37.5 Randomized studies of rhythm and rate control strategies in atrial fibrillation

Study Patients Follow Rhythm Rate Patients in Primary end point
(n) up control control SRa

PIAF89 252 1 yr n � 127 n � 125 56% v 10% Symptomatic improvement 55% v
Amiodarone, Diltiazem 61% (n.s.)
repeat
DCC

STAF90 200 2 yr n � 200 n � 200 40% v 12% Composite end point (all-cause
Amiodarone, Digoxin at 1 yr, 26% v mortality, cardiovascular events,
repeat � blockers 11% at 2 yr; CPR, TE) 9 v 10; 18/19 events
DCC Calcium 23% v occurred during AF

blockers 0% at 3 yr

RACEb 522 2·3 yr n � 266 n � 256 40% v 10% Composite end point (cardiovascular
Serial DCC Digoxin death, admissions for CHF, TE,
� � blockers bleeding, pacemaker implantation,
sotalol, Calcium blockers adverse effects of AAD) 22·6% v
propafenone 17·2%; in HTN 30·8% v 17·3%
or flecainide,
amiodarone

AFFIRMb 4060 3·5 yr n � 2033 n � 2027 60% v 38% All-cause mortality 27% v 26% (n.s.)
Amiodarone, Digoxin, at 5 yr
sotalol, � blockers
propafenone, Calcium
procainamide, blockers
quinidine,
flecainide

aRhythm v rate control.
bPreliminary results.
Abbreviations: AAD, antiarrhythmic drugs; AF, atrial fibrillation; CHF, congestive heart failure; CPR, cardiopulmonary resuscitation;
DCC, direct current cardioversion; HTN, hypertension; SR, sinus rhythm; TE, thromboembolism



to the fact that that it was not possible to achieve rhythm
control in a significant proportion of patients assigned to this
strategy. This is in consistency with the inclusion criteria for
the RACE study, allowing participation of patients with per-
sistent atrial fibrillation who may have had the arrhythmia
as long as 12 months’ duration and who had undergone one
or two electrical cardioversions in the past 2 years. Despite
an aggressive rhythm control strategy, including three
antiarrhythmic drugs (sotalol, propafenone or flecainide,
and amiodarone) and serial cardioversions, the likelihood of
maintenance of sinus rhythm in this selected group of
patients is expected to be low, thus favoring the rate control
strategy. Likewise in the STAF study, atrial fibrillation was an
underlying rhythm in more than two thirds of the RACE
patients at the time of the primary end point events.

The largest to date AFFIRM (Atrial Fibrillation Follow 
up Investigation of Rhythm Management) study of 4060
patients over 65 years or under 65 years but with at least
one risk factor for stroke, which was designed to assess mor-
tality benefit of different strategies in atrial fibrillation, has
shown no difference in the primary end point of all-cause
mortality as well as quality of life and functional status
between the two strategies (unpublished results at the time
of this chapter going to press). However, likewise the results
of the RACE study, the conclusions drawn from the AFFIRM
trial, which pertained to older patients in whom rate control
is generally considered to be preferential, can only be applied
to selected groups of patients with atrial fibrillation and can-
not be extrapolated on younger patients who are more likely
to be symptomatic and to have impaired quality of life asso-
ciated with the arrhythmia, even if good rate control has
been achieved.

The aim of rate control in atrial fibrillation is to improve
symptoms, functional status and quality of life and to pre-
vent the progression of left ventricular dysfunction and
heart failure. There is no accepted definition for adequate
rate control at rest or exercise. To compensate for loss of
atrial contribution, the ventricular rate during AF should
probably be about 10–20% higher than a corresponding rate
during sinus rhythm. The rate is generally considered con-
trolled if the ventricular rate response is between 60 and 80
beats/min at rest and between 90 and 115 beats/min during
moderate exercise.2

Rate control therapy in atrial tachyarrhythmias is based
mainly on depression of conduction through the atrioven-
tricular node. This is achieved by digitalis, calcium-channel
blockers and � blockers. The evidence in favor of sotalol or
amiodarone as rate slowing agents is poor. In permanent
atrial fibrillation, digoxin usually provides rate control at rest
by prolongation of atrioventricular nodal conduction and
refractoriness through vagal stimulation, by direct effects on
the atrioventricular node, and by increasing the amount 
of concealed conduction in the atrioventricular node due 
to the increased rate at which atria discharge. Due to 
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sympathetic overdrive it does not prevent an excessive heart
rate increase during daily life exercise, especially in younger,
active patients, in which case concomitant use of multiple
drugs may be necessary to provide an adequate ventricular
rate response, such as � blockers and non-dihydropyridine
calcium antagonists. On the other hand, � blockers but also
verapamil and diltiazem may reduce peak heart rate too
much, thereby limiting the exercise tolerability and quality of
life. These agents should be titrated to provide control of
both resting and daily life exercise heart rate. In active
patients it is necessary to monitor peak exercise heart rate
which should not be blunted too much by drugs. Digoxin is
accepted as primary rate control treatment in atrial fibrilla-
tion complicated by heart failure, but this advice lacks a solid
scientific basis. In the light of the positive studies on � block-
ers in heart failure it seems worthwhile to evaluate their rate
controlling effects in this setting. Finally, there is a delay of
30–60 minutes before onset of the therapeutic effect of
digoxin, and a peak effect develops after 4–6 hours which
limits the use of digoxin in emergency settings.

� blockers, including propranolol, atenolol, metoprolol 
or esmolol, may be particularly useful in the presence of
high adrenergic tone. In the recent crossover, open label
study of five drug regimens, the combination of digoxin and
atenolol has been shown to be superior to digoxin, atenolol,
and diltiazem alone, and the combination of digoxin with dil-
tiazem for rate control, especially during exercise.91 In ran-
domized, placebo-controlled studies, non-dihydropyridine
calcium antagonists, verapamil and diltiazem, have proven
effective for rate control in acute atrial fibrillation as they
have a rapid onset of action and slow heart rate by 25%
within 3–7 minutes of administration but their effects are
transient, and repeat doses or a continuous intravenous infu-
sion may be required to maintain adequate rate control.92,93

Finally, there are data suggesting that amiodarone may
provide adequate rate control during atrial fibrillation if it
fails to restore and/or maintain sinus rhythm. In the CHF-
STAT study, amiodarone produced a sustained and signifi-
cant slowing of the mean and maximal ventricular rate
responses in the range of 16–20% and 14–22%, respec-
tively.73 However, the efficacy and safety of amio-
darone purely for rate control have not been tested prospec-
tively. Agents that may be administered for control of the
ventricular rate response in atrial fibrillation are listed 
in below.

Atrial fibrillation after cardiac surgery

The incidence of atrial fibrillation after cardiac surgery is
27–37% following coronary bypass surgery and exceeds
50% after valvular surgery.94–97 Postoperative AF occurs pre-
dominantly during the first 4 days and is associated with
increased morbidity and mortality, largely due to stroke and
circulatory failure, and longer hospital stay. More than 90%
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patients present with a paroxysmal or first onset form of the
arrhythmia.96 Atrial flutter and atrial tachycardias, including
multifocal atrial tachycardia, are also not uncommon.

Clinical factors that convey a higher risk for the develop-
ment of postoperative atrial tachyarrhythmias include
advanced age, male sex, a previous history of atrial fibrilla-
tion, hypertension, congestive heart failure, valvular heart
disease, chronic obstructive pulmonary disease, chronic
renal failure, previous cardiac surgery, left atrial enlarge-
ment, inadequate cardioprotection and hypothermia, right
coronary artery grafting, and a longer bypass time.98 Recent
observations suggest that the incidence of postoperative
atrial tachyarrhythmias is lower with minimally invasive
techniques, especially for valvular surgery. The pathophysiol-
ogy of atrial fibrillation after cardiac surgery relates to peri-
operative changes in atrial electrophysiology, including
increased dispersion of atrial refractoriness, decreased atrial
conduction velocity, and changes in atrial transmembrane
potential. A rhythm control strategy, including electrical or
pharmacologic restoration of sinus rhythm with subsequent
prophylactic antiarrhythmic therapy should be considered in
hemodynamically unstable or highly symptomatic patients
with postoperative atrial fibrillation. Low energy internal
atrial defibrillation using temporary implanted epicardial
coils may be particularly effective in high-risk patients with
contraindications to pharmacologic therapy.99

Rate control may be preferable in the absence of hemo-
dynamic compromise or poorly tolerated symptoms as atrial
fibrillation after coronary bypass surgery appears to be self-
limited and there is a high likelihood of spontaneous con-
version to sinus rhythm within 6 weeks after discharge.100

Although digoxin and non-dihydropyridine calcium antago-
nists (verapamil, diltiazem) are effective in slowing atrioven-
tricular conduction, � blockers should be considered 
the first line choice because of their beneficial effects on

hyperadrenergic postoperative state and a high probability of
restoring sinus rhythm (see below).

Short-acting � blocking agents for intravenous adminis-
tration, such as esmolol, may be preferable in the presence
of increased risk for bradyarrhythmias, hypotension, and
bronchospasm. In a small series of patients, intravenous
infusion of esmolol was associated with a significantly
higher rates of conversion to sinus rhythm compared with
intravenous diltiazem (66·6% v 13·3% at 6 hours and 80% v
66·6% at 24 hours).101 However, diltiazem produced a more
rapid rate slowing effect than digoxin (median time to 20%
or more decrease in ventricular rates were 2 min and 228
min, respectively).102 At 2 and 6 hours, the proportion of
patients who achieved adequate rate control was signifi-
cantly higher in the diltiazem-treated group compared with
the digoxin-treated group (75% v 35% and 85% v 45%). This
difference disappeared only after 12–14 hours of treatment.
There is evidence from a retrospective study of 38 hemo-
dynamically unstable patients with atrial tachyarrhythmias 
suggesting that intravenous amiodarone may provide ade-
quate rate control resulting in a significant hemodynamic
improvement and may also potentiate reversion to sinus
rhythm.103

The role of � blocker therapy in controlling atrial tachy-
arrhythmias after cardiac surgery is well established. Two
meta-analyses of randomized controlled studies have shown
that treatment with � blockers may reduce the incidence of
atrial fibrillation by approximately 50%.104,105 � blockade
should always be started or continued as soon as possible
after cardiac surgery. There is indirect evidence that adding
digoxin may further reduce the occurrence of atrial arrhyth-
mias or increased the success rate of pharmacologic 
cardioversion.104,106,107

Class IA and IC antiarrhythmic drugs have been proven
to be moderately effective in the prevention of atrial tachy-
arrhythmias after cardiac surgery. The preliminary results
from the Clinical Outcomes from the Prevention of
Postoperative Arrhythmia (COPPA) II study of 293 patients
who had undergone coronary bypass have shown that treat-
ment with propafenone 675 mg daily reduced the incidence
of postoperative atrial fibrillation to 12·4% compared with
22·7% on placebo.108 However, there was no difference in
the prevalence of atrial fibrillation between patients treated
with propafenone at a lower dose of 450 mg daily and the
placebo group. Of note, in addition to the study drug or
placebo, 93% of patients received digoxin and 84% received
� blockers.

Propafenone administered intravenously at a dose of 
2 mg/kg produced a more rapid effect on restoration of
sinus rhythm compared with intravenous procainamide
given at a dose of 20 mg/kg to maximum of 1000 mg (59%
v 18% at 15 minutes) but there was no significant difference
in the conversion rates at 1 hour (76% v 61%).109 However,
procainamide was associated with a significantly higher 

Agents for rate control in atrial fibrillation

Drug Dose Level of 
evidence

Digoxin Loading dose: 250 micrograms 
every 2 hours; up to 
1500 micrograms; maintenance 
dose 125–250 micrograms
daily

Diltiazem 120–360 mg daily
Verapamil 120–360 mg daily
Metoprolol 50–200 mg daily
Atenolol 50–100 mg daily
Propranolol 80–240 mg daily
Amiodarone 800 mg daily for 1 week;

then 600 mg daily for 1 week;
then 400 mg daily for 4–6 weeks;
maintenance dose 200 mg daily

Grade C

Grade A

Grade A

Grade A
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incidence of hypotension than propafenone (27% v 7%)
which was clinically relevant and required discontinuation
of the drug in 9% cases. Procainamide does not appear to be 
more effective than placebo in the prevention of atrial fibril-
lation but it has not been studied systematically.110,111

Finally, quinidine has been shown to reduce recurrence of
atrial fibrillation in patients who developed the arrhythmia
after coronary bypass surgery as assessed by serial 24 hour
Holter monitoring and regular physical examination during
a 3 month period of follow up, but it was associated with a
16·6% rate of adverse effects.112

Sotalol has been reported to reduce the incidence of post-
operative atrial fibrillation by 20% to 67% compared with
placebo and to have a relatively safe profile in randomized,
controlled studies.113–117 Sotalol may be more effective in the
prevention of atrial fibrillation as compared with � blockers
because of its potential incremental benefit due to Class III
antiarrhythmic drug properties. However, in a randomized
study of 429 patients who had undergone cardiac surgery,
both low- and high-dose propranolol (40 or 80mg daily) and

low- and high-dose sotalol (120 or 240mg daily) were com-
parably effective in reducing the incidence of atrial fibrillation
to 14 and 19% or to 11% and 14% respectively.118 In another
series of patients, sotalol proved to be superior to metoprolol
resulting in a twofold decrease in atrial fibrillation.119

There is compelling evidence from randomized, con-
trolled studies that treatment with amiodarone may reduce
the incidence and duration of postoperative atrial fibrilla-
tion, and is also effective for control of the ventricular
rate.120–128 Although in some studies amiodarone did not
statistically alter the occurrence of atrial tachyarrhythmias,
favorable trends were noted for selected groups of patients.
The Amiodarone Reduction in Coronary Heart (ARCH)
study of 300 patients who had undergone coronary bypass
surgery has shown a significant reduction in the incidence
of postoperative atrial fibrillation with intravenous amio-
darone compared with placebo (35% v 47%) without signifi-
cant risk from the active agent.126 In the Atrial Fibrillation
Suppression Trial (AFIST), there was a significant difference
in favor of amiodarone for symptomatic atrial fibrillation

Principles of management of atrial tachyarrhythmias after cardiac surgery

Strategy Therapy Effectiveness Level of evidence

Prophylaxis (before � blockers Effectiveness proven
and/or after surgery)

Class III antiarrhythmic drugs Effectiveness mainly proven
(sotalol, amiodarone)
Class IA and IC Possibly effective
antiarrhythmic drugs
(procainamide, propafenone)
Digoxin Ineffective alone, possibly

increases the effectiveness of
the above

Calcium-channel blockers Ineffective

Pharmacologic Ibutilide Effectiveness proven,
cardioversion especially for atrial flutter

Amiodarone
Class IA and IC Possibly effective
antiarrhythmic drugs
(procainamide, propafenone)

Electrical Low energy internal Effective and preferable in
cardioversion cardioversion high-risk patients

Rate control � blockers Effectiveness proven
Calcium antagonists Effectiveness proven
Digoxin Effectiveness proven
Amiodarone Possibly effective

Anticoagulation Warfarin or LMWH Effective, required if AF
persists more than 24–48 h

Atrial pacing Single, dual site or biatrial Possibly effective but
controversy exists

Abbreviations: AF, atrial fibrillation; LMWH, low molecular weight heparin

Grade B

Grade B

Grade B
Grade A
Grade A
Grade A

Grade B

Grade A

Grade A

Grade B

Grade A

Grade A

Grade A

Grade A
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(4·2% v 18%).127 However, adverse events, especially brady-
cardia necessitating chronotropic support or pacing, may
limit its feasibility. Thus, temporary atrial pacing was
required due to bradycardia in 40–48% patients who
received prophylactic amiodarone compared with 28%
patients in the placebo group.128 Recent meta-analysis of 42
randomized trials of amiodarone, sotalol and � blockers has
shown that each of the three drug treatments prevented
postoperative atrial fibrillation with odds ratios of 0·48,
0·35, and 0·39, respectively.129

Magnesium sulphate (administered intravenously during
the first 4–5 days) has been reported to significantly reduce
the incidence and the number of episodes of atrial fibrilla-
tion.130,131 In the recent randomized, controlled study of 200
patients who had undergone elective coronary bypass surgery,
infusion of 6mmol of magnesium sulphate the day before,
immediately after and for 4 consecutive days after the inter-
vention was associated with a 2% incidence of postoperative
atrial fibrillation compared with 21% in the placebo arm.130

The favorable effects of magnesium may relate to restoration
of electrolyte balance after surgery. Alternatively, the stimulat-
ing effects of magnesium on the sodium/potassium pump may
act beneficially by inducing a calcium-channel blocking effect.
However, magnesium infusion did not confer additional bene-
fit in patients already treated with propranolol (22·4% com-
pared with 19·5% on propranolol alone)132 and was less
effective than intravenous amiodarone (the cumulative rates
of atrial fibrillation were 23% and 14% respectively).126

Finally, glucose–insulin–potassium infusion started at anes-
thetic induction and continued for 12 hours postoperatively
significantly decreased the incidence of atrial fibrillation com-
pared with placebo (15% v 60%) in diabetic patients.133

Several new Class III antiarrhythmic drugs, ibutilide and
dofetilide, have recently proven effective for pharmacologic
cardioversion of atrial tachyarrhythmias after cardiac sur-
gery. In 302 patients, 101 of whom presented with atrial
flutter, intravenous ibutilide given at three dose regimens
(0·25, 0·5, or 1 mg) was associated with significantly higher
conversion rates (40%, 47%, and 57%, respectively) com-
pared with placebo (15%).112 Conversion rates at all doses
were higher for atrial flutter than for atrial fibrillation, reach-
ing 78% versus 44% with a dose of 1 mg. Pretreatment with
ibutilide was associated with a trend towards lower energy
levels required for external defibrillation. Of note, there was
a suggestion of a benefit of concomitant therapy with
digoxin: 65% patients treated with digoxin were success-
fully cardioverted with 1 mg of ibutilide compared with 31%
patients who did not receive digoxin. Dofetilide adminis-
tered intravenously at a dose of 4 or 8 micrograms/kg was
associated with a non-significant trend towards higher inci-
dence of restoration of sinus rhythm compared with placebo
(36% and 44% v 24%). 

However, in virtually all randomized studies antiar-
rhythmic drug therapy, probably except for amiodarone,

accomplished no reduction in the length of hospital stay.
Selected randomized, controlled trials of prophylactic antiar-
rhythmic drug therapy for postoperative atrial fibrillation are
listed in Table 37.6.

The potential role of preventative atrial pacing for post-
operative atrial fibrillation has been investigated in a number
of randomized studies, but the efficacy of this therapeutic
modality has not yet been proven. This issue will be 
discussed in more details in the following sections.

Persistent and permanent atrial fibrillation in 
the setting of heart failure – evidence 
base for “upstream” therapy

In patients with atrial fibrillation in the setting of heart fail-
ure, management should be aimed initially at adequate ther-
apy of heart failure. Thereafter, electrical cardioversion may
be considered in younger patients with a short arrhythmia
duration who have been successfully re-compensated. In
case of an early relapse (�6 months after the last shock) re-
cardioversion should be performed after pretreatment with
amiodarone.87 Repeat cardioversions with intervals longer
than 6 months between each shock is an appropriate man-
ner to prevent progression of heart failure.

Effective conventional treatment of congestive heart failure
delays progression of left ventricular dysfunction and reduces
mitral regurgitation and consequently, may prevent left atrial
dilation and stretch which are considered to be important
constituents of the substrate for atrial tachyarrhythmias 
by creating “a critical mass” necessary for multiple wavelet 
re-entry and stretch-related abnormal automaticity in the
atria. Experimental evidence suggests that angiotensin
enzyme converting (ACE) inhibitors may provide additional
“antiarrhythmic” benefit by reducing adverse electrophysiolo-
gic effects of angiotensin II due to lessening the extent of
fibrosis within the atrial myocardium.135,136

The beneficial effect of an ACE inhibitor on the frequency
of atrial fibrillation was first shown in the TRACE
(Trandolapril Cardiac Evaluation) study of 1749 post myocar-
dial infarction patients with left ventricular dysfunction.137

In the trandolapril group, significantly fewer patients devel-
oped atrial fibrillation during follow up compared with the
placebo group (2·8% v 5·3%), reflecting a 55% risk reduction.
Pretreatment with an ACE inhibitor before electrical 
cardioversion in patients with congestive heart failure and
persistent atrial fibrillation increased a likelihood of restora-
tion of sinus rhythm (33% in the ACE inhibitor-treated group
v 7% in the untreated group) and exhibited a trend towards
fewer recurrences of the arrhythmia.138 Furthermore,
angiotensin II AT1-receptor blocker irbersartan has been
shown to promote pharmacologic cardioversion of persistent
atrial fibrillation by oral amiodarone (32% compared with
23% on amiodarone alone) and to reduce the recurrence rate
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Table 37.6 Clinical evidence of the efficacy of antiarrhythmic therapy with Class I and III antiarrhythmic drugs for con-
version and/or prophylaxis of atrial tachyarrhythmias after cardiac surgery

Study (first Patients Treatment arm Control arm Incidence of AF Adverse effects
author) (n) v placebo

Laub110 46 Procainamide IV Placebo 3·9/day at risk v 10·6 —
12 mg/kg, then day at risk
2 mg/min started
within 1 h after surgery

Gold111 100 Oral procainamide (weight Placebo 38% v 26% but Hypotension
adjusted dose) for 4 days reduced duration of
after surgery AF (16 v 28 patient-

days)

COPPA II108 293 Oral propafenone Placebo 12·4% v 22·5% v —
675 mg 22·7%
Oral propafenone
400 mg started within
24 h for 15 days or until
discharge

Geelen109 62 Propafenone IV Procainamide IV Conversion rates: Hypotension in
2 mg/kg in 10 min 20 mg/kg 59% v 18% at 15 min 7% in the

(maximum (P �0·001); 76% v propafenone arm
1000 mg) 61% at 1 h (difference 27% in the

n.s.) procainamide arm
(9% severe)

Nystrom120 101 Oral sotalol � blocker 10% v 29% Sotalol stopped or
(P � 0·028) dose reduced in

10% v none in the
control arm

Suttorp117 300 Sotalol 240 mg started Placebo 16% v 33% Sotalol stopped in
from the 4th h for 6 days 1%; placebo
after surgery stopped in 3%

Suttorp118 429 Sotalol 120 mg or Propranolol 13·9% v 18·8% Either low-dose
Sotalol 240 mg started 40 mg 10·9% v 13·7% drug stopped in
from the 4th h for 6 days Propranolol (difference n.s.) 2·9%; either high-
after surgery 80 mg dose drug stopped

in 10·7%

Evrard113 206 Oral sotalol 160 mg Matched control 16% v 48% Sotalol stopped in
from the 1st day after patients; no (P � 0·0001); 20% 7·8% v none in the
surgery � blockers reduction control arm

Pfisterer114 255 Oral sotalol 160 mg Placebo 26% v 46% Sotalol stopped in
started 2 h before until (P � 0·0012); 43% 5·6%; placebo
discharge reduction stopped in 3·9%

(difference n.s.)

Matsuura115 80 Oral sotalol 80 mg for Matched control 15% v 37·5% Hypotension on
14 days after surgery patients (P � 0·05) sotalol in 7·5%

Gomes116 85 Oral sotalol 80–120 mg Placebo 12·5% v 38% Sotalol stopped
24–48 h before and (P � 0·008); 67% (bradycardia,
4 days after surgery reduction hypotension) in

5% v none in the
control arm
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Table 37.6 Continued

Study (first Patients Treatment arm Control arm Incidence of AF Adverse effects
author) (n) v placebo

Parikka119 191 Oral sotalol 120 mg Oral metoprolol 16% v 30% (P � 0·01) —
after surgery 75 mg

Daoud121 124 Oral amiodarone Placebo 25% v 53% Major morbidity
600 mg started for a (P � 0·04) and mortality
minimum of 7 days before events occurred in
surgery, then 200 mg 12% and 5% in
until discharge the amiodarone

arm v 10% and
3% in the placebo
arm

Lee122 140 Amiodarone 150 mg Placebo 12% v 34% (P � 0·01); —
IV, then 400 mg/kg/h longer stay in
for 3 days before and 5 days intensive care in the
after surgery placebo arm

Reddle123 143 Oral amiodarone Placebo 24·7% v 32·8% —
2000 mg 1–4 days (difference n.s.)
before surgery and Amiodarone �
400 mg for 7 days after � blockers: 16·7% v
surgery 32·8% in the

remaining patients

Solomon124 102 Amiodarone IV Propranolol IV 16% v 32·7% —
1000 mg/day for 48 h, 1 mg every 6 h (P � 0·05)
then 400 mg/day for 48 h, then

80 mg/day
until discharge

Treggiari- 155 Amiodarone IV Magnesium 14% v 23% v 27% —
Venzi125 900 mg/d for 72 h sulphate (difference n.s.)

4000 mg/d
for 72 h
Placebo

ARCH126 300 Amiodarone IV Placebo 35% v 47% Major morbidity
100 mg/d for 2 days (P � 0·01) and mortality

events occurred in
2·5% and 0% in
the amiodarone
arm v 4·9% and
1·4% in the
placebo arm

AFIST127 220 Oral amiodarone Placebo 22·5% v 38·0%; Bradycardia and
600 mg for 5 days 4·2% v 18·0% hypotension on
or 1600 mg for 1 day for symptomatic amiodarone in
before surgery, then AF 7·5% and 14·2% 
800–1200 mg on the v 7·5% and 10·0% in
day of surgery and the placebo arm
800 mg for 1–4 days after
surgery
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at 2 months of follow up (14% v 30%).139 Finally, in a series
of 750 patients with advanced heart failure who were evalu-
ated for heart transplantation, an increase in use of ACE
inhibitors and amiodarone between 1985 and 1993 was
associated with an improvement in the 2 year survival rate
from 39% to 66% in those with atrial fibrillation.140

Although � blockers are usually ineffective for long term
maintenance of sinus rhythm, except for adrenergically
mediated atrial fibrillation, therapy with � blockers in
patients with heart failure may confer benefit in terms of pre-
vention or delay in the development of the arrhythmia likely
due to an overall beneficial effect in heart failure. In the
CAPRICORN (Carvedilol Post-Infarct Survival Control in
Left Ventricular Dysfunction) study of 1959 patients with
myocardial infarction and left ventricular dysfunction, ther-
apy with carvedilol reduced risk of the development of atrial
fibrillation or flutter by nearly two thirds.141 However, it is
unclear whether it translates into survival benefit. Although
the subgroup analysis of CIBIS (Cardiac Insufficiency
Bisoprolol Study) II data has shown that bisoprolol reduced
all-cause mortality in patients with sinus rhythm (relative risk
0·58) but not in patients presenting with atrial fibrillation
(relative risk 1·16),142 the preliminary data from the COPER-
NICUS (Carvedilol Prospective Randomized Cumulative
Survival) study have suggested that in the subgroup of
patients with atrial fibrillation carvedilol was associated with
a better survival compared with placebo, but this effect was
less pronounced than in patients with sinus rhythm.

These observations open the possibility of exploitation of
ACE inhibitors and angiotensin II AT1-receptor blockers to
prevent or delay atrial remodeling in atrial fibrillation and
introduce the concept of “upstream” therapy targeting the

underlying disease process, such as heart failure or hyper-
tension, that may favor the atrial arrhythmia by disorgan-
ized hemodynamics or the development of atrial pathology.

Tolerability and safety of antiarrhythmic drugs

The most important adverse effects of drugs used in atrial fib-
rillation are ventricular proarrhythmia, heart failure, enhanced
atrioventricular nodal conduction, and exacerbation of sick
sinus syndrome (or atrioventricular conduction disturbances).
The latter may be the basis for atrial fibrillation and can be
unmasked by all antiarrhythmic drugs, including digitalis.

Class IA and III drugs predominantly cause polymorphic
ventricular tachycardia or torsade de pointes,143,144 and
Class IC drugs, incessant monomorphic ventricular tachycar-
dias and ventricular fibrillation.145,146 In contrast to the
quinidine-like drugs, ventricular proarrhythmia or sudden
death due to Class IC drugs is virtually absent in patients
without overt heart disease. Patients treated with quinidine
or sotalol may experience sudden death especially early after
onset of therapy or after dosage increases.86 Amiodarone
shows a low incidence of torsade de pointes and may even
be instituted after proarrhythmic events on Class IA drugs.
Class III agent, dofetilide, has been shown to exhibit reverse
use-dependence, that is, a decline in its ability to prolong
action potential duration and effective refractory period at
higher heart rates, a property which is associated with
potentially proarrhythmic QT prolongation during bradycar-
dia. The incidence of torsade de pointes in the DIAMOND
study was 3·3%, the majority of which occurred within the
first 3 days.147

Table 37.6 Continued

Study (first Patients Treatment arm Control arm Incidence of AF Adverse effects
author) (n) v placebo

VaderLugt107 302 (101 Ibutilide IV 0·25 mg, Placebo Conversion rates: All ibutilide v
with 0·5 mg, 1 mg 40%, 47%, 57% v placebo:
flutter) 15% in the placebo hypotension 2·8% v

arm; at 1 mg 1·3%;
44% for AF, 78% for ventricular
flutter arrhythmias 8·3% v

1·2%, torsade de
pointes 1·8% v
1·2%

Frost134 98 with Dofetilide IV 8 microgram/kg Placebo Conversion rates: Ventricular
AF/flutter Dofetilide IV 4 microgram/kg 44% v 33% v 24% tachycardia in

(difference n.s.) 9·3% on high-dose
dofetilide

Abbreviaiton: AF, atrial fibrillation



Proarrhythmic effects of ibutilide are also likely to be due
to marked prolongation of ventricular repolarization, favor-
ing the occurrence of early after-depolarizations. The inci-
dence of sustained torsade de pointes associated with
ibutilide infusion for conversion of atrial fibrillation or flutter
was reported to be 1·7%, with the majority of episodes
occurring within 1 hour of drug administration, although
patients with a high risk of the development of proarrhyth-
mia, that is, with a history of torsade de pointes and baseline
QT interval prolongation, were excluded.148 Torsade de
pointes occurred in 0·9% of patients receiving azimilide at
doses of 100 mg and 125 mg.149

Electrocardiographic signs, potentially useful in the pre-
diction of proarrhythmia with Class IA and III drugs, include
acute and excessive QT prolongation, pause-related TU
wave changes, and increased QT dispersion. Torsade de
pointes may occur, especially if there is a pre-existing QT
prolongation, and is enhanced by bradycardia (for example,
occurring after sudden conversion of “rapid” atrial fibrilla-
tion to “slow” sinus rhythm). Late proarrhythmia may occur
after addition of drugs, like diuretics or during intercurrent
bradycardia. Recently, it was demonstrated that women are
more susceptible than men.150 Ventricular proarrhythmia
with Class IC drugs should be expected in patients with pre-
vious sustained ventricular tachycardia and in those with
structural heart disease receiving a high dose. It occurs pre-
dominantly late after institution of the drug, and especially
during higher heart rates. In this respect, it is considered
useful to perform an exercise test after institution of the
drug. During higher heart rates conduction slowing may
become more prominent. Excessive broadening of the QRS
complex during high heart rates may be a marker of future
ventricular proarrhythmia necessitating dose reduction or
termination of the drug.

Patients using Class IA and IC drugs may experience high
ventricular rates during breakthrough atrial fibrillation or
flutter. These agents do not suppress and may even augment
atrioventricular conduction by anticholinergic stimulation.
AV conduction is further reinforced by exercise and anxiety.
Therefore patients using these drugs prophylactically must
be cautioned to avoid exercise during a recurrence of atrial
fibrillation. Digoxin, a � blockers or a calcium-channel
blocker may be added but there are no clinical data to 
support this approach.

Depending on dose and duration of therapy, Class IA and
IC drugs especially may cause heart failure, mainly through
cardiodepression. Disopyramide allegedly has the largest
negative inotropic effects and may cause heart failure early
but also late (months) after initiation, especially in patients
with a history of cardiac insufficiency. The other Class IA
drugs, as well as � blockers (including sotalol) and calcium-
channel blockers, rarely cause heart failure in patients with
atrial fibrillation. Heart failure induced by amiodarone has
not been described.
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Where to initiate antiarrhythmic drug therapy

The issue of the proper site for initiation of antiarrhythmic
drug therapy for atrial tachyarrhythmias revolves around
considerations of risk and practicality.151 Inhospital initia-
tion under monitored conditions conveys benefits of accu-
rate assessment of the efficacy and prompt recognition of
adverse effects, such as bradycardia, conduction abnormali-
ties, excessive QT interval prolongation, proarrhythmias,
and intolerance or idiosyncrasy. It should, therefore, be 
considered in patients in atrial fibrillation in whom sinus
node function or QT interval duration during sinus rhythm
are unknown and patients at anticipated high risk of devel-
oping adverse effects, irrespective of the underlying rhythm.
For some antiarrhythmic agents, for example, dofetilide,
there is formal mandate for inhospital initiation.

In the absence of proarrhythmic concerns and formal label-
ing, convenience and cost effectiveness favor out-of-hospital
initiation, for example, oral propafenone and flecainide in
patients with lone atrial fibrillation or atrial fibrillation associ-
ated with hypertension without significant left ventricular
hypertrophy. The same approach is valid for amiodarone,
given its long elimination half life period and low probability
of developing torsade de pointes, especially if transtelephonic
monitoring is used to provide the surveillance of heart rate,
PR and QT interval durations, QRS width, and the assessment
of the efficacy of treatment. Table 37.7 summarizes current
recommendations on inhospital or out-of-hospital initiation
of antiarrhythmic drug treatment.

Table 37.7 Inhospital versus out-of-hospital initiation
of antiarrhythmic drug therapy

Drug Underlying rhythm

Atrial fibrillation/flutter Sinus rhythm

Quinidine Inpatient Inpatient
Procainamide Inpatient Inpatient
Flecainide Outpatient a Outpatient
Propafenone Outpatient a Outpatient
Sotalol Inpatient Outpatient c

Dofetilide Inpatient Inpatient
Azimilide b Inpatient Inpatient
Amiodarone Outpatient c Outpatient c

a No sinus node dysfunction.
b An investigational drug.
c With transtelephonic monitoring.

As a general rule, antiarrhythmic drugs should be started
at a lower dose with upward titration, reassessing the ECG
as each dose change is made or concomitant drug therapies
are introduced.2 Of note, even with inhospital initiation,
antiarrhythmic agents impose risk of developing proarrhyth-
mia later in the course of therapy, which may be facilitated



by progression of underlying heart disease, electrolyte
abnormalities, drug interactions, and changes in absorption,
metabolism or clearance.

Conclusion

Rational antiarrhythmic treatment of atrial fibrillation starts
with establishing whether one is dealing with the parox-
ysmal, persistent or permanent subtype. Only then the goal
of treatment can be identified: to restore sinus rhythm with
the option of prophylactic drug treatment or to adopt atrial
fibrillation as the dominant rhythm. Antiarrhythmic treat-
ment is further guided by the duration of the arrhythmia, the
tendency for recurrence after conversion, and the potential
adverse effects of drugs. At some stage during treatment, rate
control is useful in all three subtypes of atrial fibrillation but
especially in the permanent form. The termination of parox-
ysmal atrial fibrillation is enhanced by intravenous drugs. For
fibrillation Class IC drugs are first choice whereas Class III
drugs may effectively terminate atrial flutter. Restoration of
sinus rhythm in persistent atrial fibrillation is most effectively
achieved by electrical cardioversion but to reduce post-shock
recurrence usually antiarrhythmics are indispensable. Despite
drugs, the latter approach will at best postpone progression
from persistent to permanent atrial fibrillation.

Most patients cannot be cured from atrial fibrillation:
almost all will experience recurrence of the arrhythmia ear-
lier or later after the first attack despite drug treatment.
Therefore the primary goal of treatment is to reduce mor-
bidity (and possibly also mortality) rather than simply mend-
ing the rhythm at any price. Currently, rhythm and rate
control strategies are being evaluated concerning their effect
on morbidity and mortality. These studies may help to better
define the role of the different antiarrhythmic treatments.

Upstream therapy aimed at the underlying pathology and
better identification and modification of risk factors is likely to
make possible intervention early in the course of the disease
when preventative or corrective strategies are most efficient.
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Definitions, incidence and natural history

Although oral anticoagulant prophylaxis against embolic
stroke in rheumatic atrial fibrillation had been in wide use, it
remained for the Framingham study1–5 to demonstrate that
the annual incidence of stroke was similar among patients
with rheumatic and non-rheumatic atrial fibrillation. These
observations, together with evidence of increased safety and
maintained efficacy of lower-dose warfarin,6,7 prompted the
initiation of several well designed randomized controlled
trials of anticoagulant and antiplatelet therapy for non-
rheumatic atrial fibrillation (Table 38.1). Non-rheumatic
atrial fibrillation was generally defined by the exclusion of
echocardiographic mitral stenosis. The terms non-valvular
atrial fibrillation and non-rheumatic atrial fibrillation are not
entirely synonymous, although they are often used inter-
changeably. The term non-rheumatic atrial fibrillation is
generally preferred.

In the Framingham study4 patients were stratified accord-
ing to the presence or absence of rheumatic heart disease,
and the risk of stroke was adjusted for age and blood pres-
sure. In comparison with patients without atrial fibrillation,
the risk ratio for stroke was 17·6 for those with rheumatic
atrial fibrillation and 5·6 for those with non-rheumatic atrial

fibrillation. However, the absolute annual rate of stroke was
virtually the same in the two groups (4·5% per year for the
rheumatic group and 4·2% per year for the non-rheumatic
group). The most reliable and current information comes
from an analysis of the placebo groups in the recent clinical
trials8–13 where the annual incidence of stroke ranged from
3% to 7% (mean 4·5%) (Table 38.2), and the annual inci-
dence of stroke plus other systemic emboli ranged from 3%
to 7·4%. Patients were selected for entry into these trials
according to a variety of criteria, including the absence of
contraindications to warfarin and in some instances to
aspirin, and the willingness to participate in a clinical trial.
Hence, generalizations to a wider population must be made
cautiously, but it is likely that these rates of stroke and other
systemic embolism are reasonably close to those in the gen-
eral population. In early case series, 50–70% of embolic
strokes resulted in either death or severe neurologic
deficit,14 and in the recent randomized trials as many as half
the strokes resulted in death or permanent disability.

Several cohort studies14 have demonstrated a reasonably
consistent lower annual stroke risk in patients with paroxys-
mal or transient atrial fibrillation than in those with chronic
atrial fibrillation. On the other hand, the SPAF trial found
similar annual rates of ischemic stroke in patients with recur-
rent (3·2%) and chronic (3·3%) atrial fibrillation,15 and a
meta-analysis of the control groups in five large trials showed
no difference.16 These findings take precedence over earlier
perceptions. There is a widespread perception that the risk of
stroke is less with atrial flutter than with atrial fibrillation. 
A large retrospective database analysis confirmed a higher
risk with atrial fibrillation, but the risk with atrial flutter was
higher than in patients without this arrythmia.17

The term “lone atrial fibrillation” is generally used to
describe patients who have atrial fibrillation in the absence
of other clinically or echocardiographically demonstrable
heart disease.14 The definition is frequently extended to
require the exclusion of diabetes mellitus and hypertension,
and, in some series, an age younger than 60 years is
required to fulfill the criteria. In general, stroke rates are
much lower in patients with lone atrial fibrillation, and dis-
crepancies among studies are most likely explained by dif-
ferences in age, the presence of cardiovascular risk factors
and the chronicity of atrial fibrillation.18,19 Studies suggest

38 Atrial fibrillation: antithrombotic
therapy
John A Cairns

Table 38.1 Non-rheumatic atrial fibrillation: designs of
randomized trials

Trial Sample Warfarin INR Aspirin
size

BAATAF8 420 Open 1·5–2·7
CAFA9 383 Blind 2·0–3·0
SPINAF10 536 Blind 1·5–2·5
AFASAK11,12 1007 Open 2·8–4.2 75 mg/day
SPAF13 1330 Open 2·0–4.5 325 mg/day

Abbreviations: AFASAK, Copenhagen Atrial Fibrillation Aspirin
Anticoagulation; BAATAF, Boston Area Anticoagulation Trial
for Atrial Fibrillation; CAFA, Canadian Atrial Fibrillation
Anticoagulation; INR, international normalized ratio; SPAF,
Stroke Prevention in Atrial Fibrillation; SPINAF, Stroke
Prevention in Nonrheumatic Atrial Fibrillation
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that as the study population ages, a decreasing proportion of
patients with atrial fibrillation is free of other heart disease.

Antithrombotic management

Anticoagulant therapy

Five randomized controlled trials of warfarin versus control
or placebo for the primary prevention of thromboembolism
among patients with non-rheumatic (non-valvular) atrial fib-
rillation have been reported (Tables 38.1, 38.2). The trials
generally enrolled patients with chronic atrial fibrillation
detected on a routine or screening electrocardiogram (mean
age 69 years). AFASAK11 and SPINAF10 excluded patients
with intermittent atrial fibrillation, whereas the proportion
of intermittent atrial fibrillation in CAFA9 was 7%, in
BAATAF8 16% and in SPAF13 34%. Previous stroke or tran-
sient ischemic attack was infrequent. Treatment allocation
was randomized in all trials. There was a double-blind com-
parison of warfarin to placebo in CAFA and SPINAF, and an
open label comparison in BAATAF. AFASAK compared war-
farin, aspirin and aspirin placebo. SPAF allocated patients
as being warfarin eligible (group 1) or warfarin ineligible
(group 2). Group 1 patients were randomized to open label
warfarin or usual therapy; group 2 patients were random-
ized to open label warfarin, aspirin or aspirin placebo. The
INR range in these trials varied from 1·2–2·5 to 2·8–4·2.

Four of the trials were stopped early by their Data and
Safety Monitoring Boards because interim analyses were
strongly positive, whereas the fifth9 was stopped early because
of the strongly positive results from two other trials. The pri-
mary outcomes varied somewhat among the trials. However,
it is possible to determine the rates of ischemic stroke and
major bleeding (intracranial, transfusion of 2 or more units,
hospitalization) from each trial, to make comparisons and to
pool the results. The Atrial Fibrillation Investigators overview16

was a collaborative prospective meta-analysis which provides
reliable summary data based on individual patient informa-
tion. The overall risk of ischemic stroke was 4·5% per year,
identical to that documented in the Framingham study. This
was reduced to 1·4% per year with warfarin, a reduction
of 31 strokes for every 1000 patients treated (P � 0·001). 
A major concern with warfarin is hemorrhage, which was
carefully documented in each trial. The rate of major hem-
orrhage with warfarin was 1·3% per year versus 1% per year
in controls, an increase of three major hemorrhages per
1000 patients treated, including an excess of intracranial
hemorrhage of two per year for every 1000 patients treated.
Hence, the overall picture is one of major benefit from war-
farin, with only a modest increase in the risk of major hem-
orrhage and cerebral hemorrhage. 

The European Atrial Fibrillation Trial compared warfarin,
aspirin and placebo in patients with non-rheumatic atrial fib-
rillation who had experienced a transient ischemic attack
(TIA) or stroke within the preceding 3 months.20 The risk of
recurrence was 12% among the placebo patients, dramati-
cally higher than the 4·5% annual risk in the overall popula-
tion of patients with non-rheumatic atrial fibrillation. The
relative risk reduction on warfarin was 66% (P � 0·001),
virtually identical to that calculated in the overview of the
five major randomized controlled trials, but the absolute
reduction of strokes was much greater (80 per year per
1000 versus 31 per year per 1000) because of the high base-
line risk of stroke in this population. Major bleeding was
more frequent (excess of 21 per year per 1000), but the risk
benefit ratio was strongly in favor of warfarin over placebo.

Additional analyses from the five trials have provided use-
ful data on the prognostic stratification of patients as regards
the risk of stroke.16 The Atrial Fibrillation Investigators
overview has demonstrated that the statistically significant
multivariate predictors of stroke are previous stroke or TIA,

Grade A

Grade A

Table 38.2 Non-rheumatic atrial fibrillation: outcomes of randomized trials of warfarin

Trial Ischemic stroke Major bleed*

Control Warfarin Relative Absolute risk
Absolute

events/ events/ risk reduction
increase

1000 pt/yr 1000 pt/yr reduction events/
events/

(%) 1000 pt/yr
1000 pt/yr

BAATAF8 30 4 87 26 2
CAFA9 38 26 32 12 15
SPINAF10 43 9 79 34 6
AFASAK11,12 50 32 36 18 8
SPAF13 70 23 67 47 �1
Overview16 45 14 68 31 3

* Major bleed defined as intracranial bleeding, a bleeding event requiring 2 U of blood, or an event
requiring hospital admission.
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increasing age, history of hypertension, congestive heart fail-
ure or myocardial infarction, and diabetes. The Stroke
Prevention in Atrial Fibrillation investigators have also
demonstrated that echocardiographic increased left atrial
size and LV dysfunction are important determinants of the
risk of stroke.21 The annual risk of stroke is about 4·5%
among the total group of patients with non-rheumatic atrial
fibrillation. However, patients under 60 years of age with no
risk factors have an annual risk of �1% (there were no
strokes among 112 such patients in the Atrial Fibrillation
Investigators’ overview). Patients of any age with no echo-
cardiographic or clinical risk factors have an annual risk of
only 1%, but this rises to 5% with the presence of enlarged
left atrium or LV dysfunction, and to 7·2% with the presence
of congestive heart failure, previous stroke or hypertension.
When two or three clinical risk factors are present, the
annual risk of stroke rises to 17·6%22. 

The short-term risk of stroke appears to be higher in
patients with recent-onset atrial fibrillation than in those
with atrial fibrillation for more than 1–2 years.23,24 Among
patients with atrial fibrillation who have experienced an
embolic event, the risk of recurrence in subsequent months
appears to be considerably higher than the overall incidence.
The high rate of recurrence, although not observed in every
study, suggests that there is some urgency in initiating anti-
coagulation following the occurrence of embolic stroke in
patients with atrial fibrillation. However, such therapy can
increase the risk of hemorrhagic transformation of an
embolic brain infarction. Based on a review of the literature
and the results of the only available randomized clinical trial,
the Cerebral Embolism Study Group recommended antico-
agulation therapy for patients with small and moderate-sized
embolic infarcts if a CT scan performed 24 hours after stroke
onset did not show hemorrhage. In patients with a large
infarction it was recommended that anticoagulant therapy

Grade A

be delayed until the CT scan was performed at 7 days to
exclude delayed hemorrhage25. 

The risk of stroke in patients with thyrotoxic atrial fibril-
lation is substantial, although the mechanism and the rela-
tive role of congestive heart failure are uncertain. The risk of
stroke is also substantial among patients with hypertrophic
cardiomyopathy and atrial fibrillation. Patients with atrial
fibrillation and thyrotoxicosis or hypertrophic cardiomyopa-
thy are considered to be at high risk when assigning treat-
ment algorithms26. 

Aspirin therapy

Comparisons of aspirin and placebo resulted in a somewhat
less impressive risk reduction for stroke of about 16% (NS) in
AFASAK,11 44% (P�0·02) in SPAF13 and 17% (NS) in the
European Atrial Fibrillation Trial (EAFT)20 (Table 38.3). A meta-
analysis of these trials found an overall reduction of 21%
(P�0·05) in the rate of ischemic stroke with aspirin com-
pared to placebo.27 A more recent meta-analysis, including the
European Stroke Prevention Study 2 (ESPS-II),28 the Low
Dose Aspirin, Stroke and Atrial Fibrillation pilot study
(LASAF)29 and atrial fibrillation patients from the United
Kingdom TIA Study (UK-TIA)30 confirmed a statistically signif-
icant 22% relative risk reduction (P	0·05) in the rate of all
strokes (ischemic plus hemorrhagic).31 Hence, aspirin can be
expected to reduce the risk of ischemic stroke and all strokes,
with a relative risk reduction of about one third that of war-
farin and with a somewhat lower risk of major bleeding.

Aspirin v warfarin

The SPAF II trial studied 715 patients aged 75 years or less and
385 patients aged over 75 years, with each group randomly
allocated to either warfarin or aspirin.32 The incidence of
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Grade B

Table 38.3 Non-rheumatic atrial fibrillation trial outcomes: aspirin

Trial All strokes (ischemic and hemorrhagic)

Control Aspirin Relative Absolute risk
events/ events/ risk reduction
1000 pt/yr 1000 pt/yr reduction events/

(%) 1000 pt/yr

AFASAK11 48 39 17 9
SPAF13 60 35 44 25
EAFT20 122 103 11 19
ESPF II28 207 138 29 69
LASAF29 22 27 (125 mg/day) �17 �5

6 22 (125 mg/2 days) 67 16
UK-TIA30 67 58 (300 mg/day) 17 9

67 60 (1200 mg/day) 14 7
Overview31 80 63 22 17
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ischemic stroke was less with warfarin than with aspirin in
each group (P � NS), but intracranial hemorrhage was more
frequent with warfarin and the overall rate of stroke
(ischemic plus hemorrhagic) was little different with war-
farin than with aspirin. The rate of all strokes with residual
deficit was lower with warfarin than with aspirin in the
	75 year old group (P � NS), but slightly higher in the
�75 year old group (mean age 80 years) (P � NS). When
patients with clinical risk factors (congestive heart failure,
increased blood pressure, previous stroke) were examined
there was a strong trend towards a greater reduction of
stroke with warfarin than with aspirin in both groups.

In an attempt to better delineate the relative benefits of
warfarin versus aspirin, particularly in patients at high risk of
stroke, the SPAF III trial was undertaken.33 Patients at high
risk of embolic stroke because of impaired LV function,
systolic hypertension, prior thromboembolism, or female
gender and aged over 75 were randomly allocated warfarin,
INR 2–3 or warfarin 1–3 mg/day plus aspirin 325 mg/day.
This trial was discontinued early after a mean follow up of
1·2 years, because the rate of the composite primary out-
come of ischemic stroke or systemic embolus was signifi-
cantly higher in those given combination therapy than in
those given adjusted dose warfarin (7·9% v 1·9% per year,
risk increase 216%, P � 0·0001). Rates of disabling stroke
and of the composite of ischemic stroke, systemic embolus
or vascular death were also significantly and markedly
increased. The rates of major bleeding were similar in the
two treatment groups. It is clear that in high-risk patients,
targeting INR in the range of 1·2–1·5 does not provide ade-
quate protection against thromboembolism.

Direct comparisons of warfarin and aspirin were under-
taken in AFASAK,11 SPAF-II,32 EAFT,20 AFASAK-II34 and
PATAF35 (Table 38.4). AFASAK-II randomized 339 patients
into a primary prevention trial which compared warfarin
(INR 2–3) to aspirin (300 ml/day). PATAF randomized

272 patients into a primary prevention trial which com-
pared warfarin (INR 2·5–3·5) to aspirin (150 mg/day).
When these five trials are looked at in aggregate,31 there is a
highly statistically significant 36% (95% CI 14–52) relative
risk reduction of all strokes (ischemic plus hemorrhagic)
with warfarin, equivalent to an absolute risk reduction of
approximately 14 events per 1000 patients per year. Major
non-cerebral bleeding was somewhat more frequent with
warfarin than with aspirin.

Risk of hemorrhage

The efficacy of warfarin for the prevention of ischemic
stroke must be balanced against the risk of major hemor-
rhage, particularly cerebral hemorrhage, which is usually
fatal. The risk of major hemorrhage is related to the inten-
sity of anticoagulation, the patient’s age, and the fluctuation
of INR.36,37 It is likely to be higher in clinical practice than
in the rigorous setting of a clinical trial.36,37 The 3·1%
absolute reduction of ischemic stroke observed in the initial
five randomized controlled trials was accompanied by an
absolute excess risk of major hemorrhage of only 0·3%. The
INR ranged from a low of 1·5 to a high of 4·5. The most
widely recommended INR range for patients with NRAF is
2·0–3·0, with a target of 2·5.26,38 However, the greatest
reductions in the rate of ischemic stroke were observed in
the two trials with the lowest INR ranges.8,10 In SPAF II,32

the greater efficacy of warfarin over aspirin for the preven-
tion of ischemic stroke was outweighed by excess cerebral
hemorrhage in the patients over age 75 years (mean 
80 years), suggesting that a somewhat lower INR might be
preferable. On the other hand, analysis of the INR levels in
relation to ischemic stroke and cerebral hemorrhage in
EAFT (mean patient age 71 years)39 found no treatment
effect below an INR of 2·0, most major bleeding complica-
tions occurred at an INR of 5·0 or above, and the rate of

Table 38.4 Non-rheumatic atrial fibrillation trial outcomes: warfarin v aspirin

Trial All strokes (ischemic and hemorrhagic)

Warfarin Aspirin Relative risk Absolute risk
events/ events/ reduction (%) reduction
1000 pt/yr 1000 pt/yr events/

1000 pt/yr

AFASAK11 22 39 45 17
SPAF-II32

Age 	 75 17 19 10 2
Age � 75 50 55 10 5

EAFT20 39 109 67 70
AFASAK-II34 31 25 �23 �6
PATAF35 7 10 20 3
Overview31 26 40 36 14
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thromboembolic events was lowest at an INR from 2·0 to
3·9. The authors recommended a target INR of 3·0, with
values below 2·0 and above 5·0 to be avoided.

For most patients who are candidates for warfarin an INR
range of 2·0–3·0 with a target of 2·5 appears optimal.26,38

However, those with a previous TIA or minor stroke may
benefit from a somewhat higher range of 2·0–3·9 with a tar-
get of 3·0,39 whereas those at higher risk of cerebral hemor-
rhage, particularly patients over the age of 75, may benefit
from a somewhat lower INR range of 1·6–2·5 with a target
of 2·026. 

Cardioversion

The presence of atrial fibrillation increases the risk of sys-
temic embolism, whatever the nature and severity of the
underlying heart disease. Accordingly, there is a strong
rationale for cardioversion in patients with atrial fibrillation,
and maintenance of sinus rhythm to prevent stroke and sys-
temic embolism. Although there is no reliable information in
the literature that cardioversion via electrical or pharmaco-
logic means reduces the risk for systemic embolism, this goal
remains an expectation, along with a resolution of symptoms
related to the atrial fibrillation itself. The strongest predictor
of initial and persistent success with cardioversion is short
duration of the atrial fibrillation before cardioversion. In gen-
eral, it may be expected that atrial fibrillation occurring in
conjunction with a viral illness, with alcohol or other phar-
macologic excess, or in association with thyrotoxicosis or
pulmonary embolus, has a high likelihood of reversion with
persistence of sinus rhythm if there has been resolution of
the precipitating cause. The rate of initial success in restoring
sinus rhythm ranges from 76% to 100%, but persistence of
sinus rhythm during the next 12 months is noted in 25–81%
of patients only.40–43 Although maintenance of sinus rhythm
is more likely with chronic antiarrhythmic drug therapy, a
meta-analysis of six randomized placebo-controlled trials of
quinidine therapy41 revealed a statistically significant tripling
of mortality during treatment. Other reviews of the use of
class I antiarrhythmic therapy in ischemic heart disease indi-
cate a statistically significant excess in mortality.44 Clinical
trials have evaluated class I, II and III drugs for maintenance
of sinus rhythm, and individual patient characteristics
will influence drug selection.26 There is no clear evidence yet
as to whether antiarrhythmic drug therapy to maintain
sinus rhythm reduces the incidence of thromboembolism,
congestive failure or death.45,46

Although no study has rigorously documented the inci-
dence of systemic embolism following electrical cardiover-
sion, an increased incidence is likely. The best available
study,47 using a prospective cohort design, demonstrated a
reduction of postcardioversion systemic embolism from
5·3% to 0·8% among anticoagulated patients. Other studies
of less rigorous design have also indicated benefit from 

Grade A/B

anticoagulation. It is generally believed that a newly formed
thrombus will become organized and adherent to the left
atrial wall within 2 weeks of formation. Transesophageal
echocardiography (TEE) reveals that in the majority of
patients thrombus resolves, rather than simply becoming
firmly adherent to the wall of the left atrium or left atrial
appendage.48 Accordingly, anticoagulation is usually recom-
mended for about 3 weeks before cardioversion.26,38

A study that pooled data from 32 studies found
that 98% of thromboembolic events occurred within 10 days
of cardioversion of atrial fibrillation or flutter.49 However, evi-
dence exists that even after successful electroversion, atrial
contraction may not normalize for some weeks,50,51 and
therefore maintenance of anticoagulation for about 4 weeks
following cardioversion seems prudent.26,38

There is no evidence that the incidence of thromboem-
bolism is less with pharmacologic than with electrical car-
dioversion, and so accordingly anticoagulant management
should not differ.26

New-onset atrial fibrillation is generally not thought to
warrant anticoagulation if cardioversion is undertaken
within 48 hours of its onset. The commencement of intra-
venous heparin immediately upon diagnosis may be prudent
while decisions as to the appropriateness of electrical
cardioversion and the preparation for the procedure are
undertaken. Emergency cardioversion may be
required because of ischemia or hemodynamic compromise
in some situations, and if atrial fibrillation has been present
for more than 48 hours heparinization may offer some ben-
efit before cardioversion.

The potential role of TEE for the detection of atrial
thrombi and the simplification and shortening of the antico-
agulation regimen in association with cardioversion was
studied in a consecutive series of 230 patients.52 Atrial
thrombi were detected in 15%. Of 196 patients without
thrombi, 95% were successfully cardioverted without
prolonged anticoagulation, and none had a clinical throm-
boembolic event. However, a subsequent study53 and a
meta-analysis of several clinical studies54 indicate that the
absence of thrombi on TEE does not mean that a period of
4 weeks of anticoagulation following cardioversion may be
safely omitted. 

The Assessment of Cardioversion utilizing Echocardio-
graphy (ACUTE) pilot study55 was followed by a multicenter
randomized prospective of trial of 1222 patients with atrial
fibrillation of more than 2 days’ duration.56 All patients
were anticoagulated and assigned to either therapy guided
by the findings on TEE or conventional therapy. If TEE
showed no thrombus, the patient underwent cardioversion
and continued on anticoagulant therapy for 4 weeks. If
thrombus was detected, warfarin was given for 3 weeks, TEE
was repeated and, if the thrombus had resolved, cardiover-
sion was performed and warfarin continued for 4 weeks. If
thrombus was still detected, there was no cardioversion
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attempted but warfarin was continued for 4 weeks. The
patients randomized to no TEE received warfarin for 
3 weeks and then underwent cardioversion followed by a
further 4 weeks of warfarin. At 8 weeks after the assign-
ment of management strategy there was no significant dif-
ference between the two therapeutic groups in the rate of
embolic events or in the prevalence of sinus rhythm. The
TEE strategy resulted in fewer total hemorrhagic events,
most of them minor. Right or left heart thrombi were identi-
fied in 13·8% of patients who underwent TEE. Of those
patients with thrombi detected, 88·2% had a thrombus in
the left atrial appendage. The results of this study indicate
that in centers where TEE is readily available and the inter-
pretations reliable, a TEE-guided management strategy can
offer a safe, cost effective and convenient alternative to
standard anticoagulant regimens. Patients may
be anticoagulated and screened by TEE and cardioversion
performed immediately if no thrombus is detected, and then
receive at least 4 further weeks of anticoagulation. If throm-
bus is detected, patients should undergo at least 3 weeks of
anticoagulation prior to cardioversion, followed by a further
4 weeks of anticoagulation. Among those patients with
atrial thrombi detected, the value of repeat TEE after the
initial 3 weeks of anticoagulation is uncertain.

Summary recommendations

Patients with persisting atrial fibrillation should generally
receive chronic antithrombotic therapy with warfarin or
aspirin (Table 38.5). Young patients with atrial
fibrillation in the absence of other cardiac abnormality and
who are free of a history of hypertension, cerebral vascular
disease, congestive heart failure or diabetes mellitus, are at
very low risk of thromboembolic events. Aspirin is generally
preferable to warfarin, and even no antithrombotic therapy
may be acceptable. Warfarin is more effective
than aspirin for the prevention of embolic strokes, but the
risk of major hemorrhage, including cerebral hemorrhage,
is greater. Accordingly, its use should generally be confined
to patients who have a substantial risk of embolic stroke.

The optimal INR for most patients is 2·0–3·0,Grade A

Grade A

Grade A

Grade A

with a target of 2·5. Very elderly patients have a higher risk
of cerebral hemorrhage while taking warfarin, and it is pos-
sible that the optimal risk–benefit ratio may be achieved
with an INR range of 1·6–2·5, with a target of 2·0, although
some authorities would recommend a target of 2·5 for all
patients. 

The most powerful predicator of cerebral embolism is pre-
vious TIA or stroke, but substantial increased risk is also
associated with a history of congestive heart failure, hyper-
tension or diabetes mellitus and echocardiographic evidence
of left atrial enlargement or left ventricular dysfunction. The
risk–benefit ratio of warfarin in such patients is increased.

Patients undergoing cardioversion should generally
receive oral anticoagulation for about 3 weeks prior to the
procedure and for 4 weeks afterwards. If the
atrial fibrillation has been present for less than 48 hours,
initial heparin therapy before cardioversion, followed by
4 weeks of warfarin therapy after cardioversion, are probably
sufficient; in appropriate centers TEE-guided management
can offer a safe, cost effective and convenient alternative to
standard anticoagulant regimens. 
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The increasing public health burden of atrial fibrillation 
(AF) is now well recognized and its adverse impact on cardio-
vascular health and survival for individuals is being fully
assessed. Prevalence in the United States has been variously
estimated between two and three million, and this has been
projected to increase to 5·6 million by 2050. It is the most
common arrhythmia, particularly in the elderly. By the age 
of 80 years, over 9% of the population can suffer from 
the arrhythmia.1 In patients with AF, there is a near doubling
of cardiovascular mortality in men and a 50% increase in
women.2 While the importance of antithrombotic therapy is
now undisputed, the management of this arrhythmia remains
controversial. Recent clinical trials and practice guidelines
have attempted to provide some insight for clinicians, but
major issues remain unclear. Furthermore, epidemiologic
data are derived largely from persistent or permanent AF pop-
ulations, but most rhythm control trials have been conducted
primarily in paroxysmal AF patients, from which extrapola-
tion of strategies to other types of AF is problematic. While
trials such as RACE,3 STAF,4 and AFFIRM5 have not shown
improved morbidity or mortality with rhythm control, it 
is also clear that effective rhythm control was not often
achieved in these studies. In STAF, only 23% of the patients
actually achieved freedom from AF on amiodarone therapy.4

The inability to maintain rhythm control is due to the limited
efficacy of antiarrhythmic drugs, which has been repeatedly
documented in clinical trials. There is also an absence of good
strategies to deal with recurrent AF. This has been limited to
cardioversion in an occasional study, and a paucity of options
has further compromised development of a sound rhythm
control strategy.6 Recently, an increasing number of non-
pharmacologic options have become available and can sup-
plement or even attempt to replace drug therapy in selected
patients. In addition, they may be useful strategies in primary
prevention approaches. It can be anticipated with some
degree of certainty that the current approach of using anti-
arrhythmic drugs alone is likely to be modified shortly, and
refocused on a combined pharmacologic and non-pharmaco-
logic approach, or “hybrid” therapy.

Currently, available non-pharmacologic strategies revolve
around implantable device therapy and ablative approaches.
Devices available include cardiac pacemakers and 
pacemaker-defibrillators. Ablation therapy may be classified

into catheter-based and intraoperative techniques. Several
options now exist for each of these approaches; a classifica-
tion of current non-pharmacologic strategies is shown in
Table 39·1. Several major therapeutic options in current
practice will be discussed in this chapter, while those in
evaluation will be alluded to. Finally, hybrid therapy is gain-
ing ground, with combinations of non-pharmacologic and
pharmacologic methods for longer-term AF management.

Single site atrial pacing

Atrial pacing performed from the high right atrium has been
widely reported to reduce the recurrence of AF and progres-
sion to permanent AF in observational reports. The Danish
Trial of Physiologic Pacing in sick sinus syndrome reported
reduction in the incidence of persistent or permanent AF
with atrial-based pacing in patients with sick sinus syn-
drome.7 This result has been corroborated in the
MOST8 and CTOPP9 trials. It is particularly effective in
patients with sick sinus syndrome alone, reducing the rela-
tive risk of AF development by 50%.8 Clinical investigation
of atrial pacing techniques for management of AF in sympto-
matic or high-risk populations has been the subject of a
series of prospective clinical trials.10–15 Approaches have
included high right atrial, septal and dual site atrial pacing.
Analysis of the benefit of atrial pacing is complicated by
incomplete knowledge of its electrophysiologic effects and
interactions with a heterogeneous AF population, by limited
knowledge of the natural history of AF, and by the lack of
standardized end points for quantifying clinical benefit.16

Many studies lack a control group without atrial pacing
therapy to judge efficacy.17

The efficacy of high right atrial pacing alone for prevention
of symptomatic paroxysmal AF has been evaluated in clinical
studies and remains currently unproven. In a
randomized crossover two-phase clinical trial, Gillis and
coworkers noted no prolongation in the time to recurrent
AF compared to placebo.10 In patients with refractory AF 
as the sole arrhythmia, the Jewel AF device experience
showed that high right atrial pacing appeared to reduce 
frequency but not AF burden initially, but more detailed
analysis failed to confirm long-term benefit.11
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Thus, in an effort to improve efficacy, several new direc-
tions have evolved for single site atrial pacing. These include
several new algorithms for ensuring overdrive atrial pacing.
The Medtronic AT 500 pacemaker is a DDDRP device
which employs two algorithms, atrial preference pacing and
atrial rate stabilization, in addition to having antitachycardia
pacing capabilities. Atrial preference pacing changes the
base pacing rate in response to atrial premature beats, with
a programmable increment. Atrial rate stabilization inter-
cedes after premature beats altering the post-ectopic escape
interval by reducing it markedly and then slowly easing
down to the base pacing rate. Antitachycardia pacing, illus-
trated in Figure 39·1, can terminate common and non-
isthmus-dependent atrial flutter by burst, ramp, or combination

rapid pacing sequences. In a non-randomized study, Israel 
et al12 evaluated 325 patients for efficacy of atrial anti-
tachycardia pacing and device safety, and secondarily, for
reliability of atrial tachyarrhythmia detection. Fifty-three per
cent of atrial tachycardia episodes were terminated with
antitachycardia pacing; there was an 88% complication-free
survival at 3 months and 97% reliable detection of atrial
tachyarrhythmia episodes. While preventive pacing algo-
rithms were found to increase the median percentage of
atrial pacing from 62% to 97%, the frequency and duration
of episodes were unchanged. The ATTEST study13 random-
ized patients with the AT 500 pacemaker after implantation
to all preventive pacing and antitachycardia pacing on or off.
Antitachycardia pacing in this study also terminated 53% of

Table 39.1 Classification of non-pharmacologic therapies in atrial fibrillation

Therapy References

Rhythm control strategies
Device therapy
Atrial Pacing

● Single site
(i) High right atrial 10–15, 20
(ii) Septal 18,19

● Multisite
(i) Dual site right atrial 23–29
(ii) Biatrial

Atrial defibrillators
● Stand alone atrioverter with demand pacing 30
● Atrioventricular pacemaker defibrillator 11, 17

Ablation therapy
Intraoperative or thoracoscopic

● His bundle ablation (surgical ligation, mechanical, cryothermia) 33, 34
● Corridor procedure (mechanical)
● Biatrial maze (mechanical) 35, 36
● Left atrial isolation (mechanical)
● Pulmonary vein isolation (mechanical or cryothermia) 38
● Epicardial linear ablation (radiofrequency) 37
● Radial incision (mechanical) 39

Transcatheter
● Trigger ablation

(i) Focal pulmonary vein (radiofrequency) 22, 40–43
(ii) Pulmonary vein isolation (radiofrequency or ultrasound) 43–46
(iii) Atrial flutter/atrial tachycardia (radiofrequency)

● Substrate ablation
(i) Linear ablation (radiofrequency)

Biatrial
Right atrial 47, 48
Left atrial

Rate control strategies
Catheter AV junctional ablation � pacemaker (DC shock or radiofrequency) 49–51
Catheter AV junctional modification (radiofrequency) 52

Stroke prevention strategy
Percutaneous left atrial appendage transcatheter occlusion (PLAATO) 53
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episodes, and positive predictive value for atrial tachycardia
detection was 99%. While quality of life improved in both
groups, there was no significant difference in frequency or
burden of atrial tachyarrhythmia episodes. PROVE, a ran-
domized crossover trial, is evaluating a similar device, the
Talent DR 213 pacemaker, combining atrial overdrive pac-
ing with an automatic rest rate function. Preliminary results
from 78 patients show 84% prevalence of atrial pacing, a
mean 48% shortening of episode duration with overdrive
pacing and rest rate, and a slight improvement in quality of
life.14 The ADOPT-A study evaluated a new pacing algo-
rithm, dynamic atrial overdrive, used in St Jude Medical
Integrity pacemakers, in patients with AF, and found an
approximately 25% decrease in AF burden and some
improvement in quality of life.15

Alternate site pacing has also been investigated. Single
site pacing at a septal location was performed in two
prospective randomized studies. Bailin et al 18 randomized
120 patients with paroxysmal AF to high septal pacing or
right atrial appendage pacing. Patients with high septal pac-
ing had a significantly higher rate of survival free from
chronic AF at one year (75% v 47%), but no decrease in AF
event frequency. A control no treatment arm was absent 
in this trial. The Atrial Septal Pacing Efficacy Clinical Trial
(ASPECT) randomized patients to septal or non-septal RA
lead implantation, and pacing prevention using an AT 500
pacemaker. Septal pacing was not associated with a reduc-
tion in AF frequency or burden.19 Grade B

Grade A

Another approach using atrial pacing is high right 
atrial pacing in combination with other antiarrhythmic 
therapies, such as drugs. In an early experience from our
group, antiarrhythmic drug therapy combined with high
right atrial pacing prolonged arrhythmia-free intervals but no
long-term data was available on rhythm control.20 Similarly,
we have employed linear ablation with drug therapy and
dual site or high right atrial pacing in pilot clinical experi-
ence.21,22 We have noted a decrease in progression to per-
manent AF (�30% at 3 years) and device datalogs confirm
resolution of persistent and permanent AF in a subgroup
who underwent right atrial maze procedures.22 In these
refractory patients, early AF recurrence was often observed
after intervention, which subsequently resolved after 2–3
months with restoration of rhythm control. 

Dualsite right atrial pacing

Current experience with secondary prevention of AF with
dual site RA pacing has usually been performed in patients
with recurrent, symptomatic, and frequent drug-refractory
AF.23 This method is illustrated in Figures 39.2 and 39.3,
which show a representative chest radiograph and electro-
cardiogram for a patient with dual site right atrial pacing sys-
tem. The additional atrial pacing lead is inserted just outside
the coronary sinus ostium for stability and left atrial 
synchronization. The ECG shows a biphasic P wave in the
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Figure 39.1 Antitachycardia pacing for restoration of sinus rhythm. Left panel represents atrial fibrillation, middle panel represents
antitachycardia pacing, right panel represents restored sinus rhythm afterwards



overall patient survival is 80% at 5 years. Freedom from any
recurrence of symptomatic AF after institution of pacing 
was 45% at 5 years and we achieved rhythm control in 
over 90% of patients at 3 years or more of follow up. The
overall stroke incidence is 0·8% per year.24 Similar efficacy
rates can be achieved in paroxysmal, persistent, and 
permanent AF.
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inferior leads with abbreviation of P wave duration. In our
pilot experience, trends to benefit with dual site right atrial
pacing were seen in 3 month crossover interim analyses23

but significant benefit of dual site over high right atrial or
septal pacing was only obvious after one year.20 In our long-
term experience, now encompassing over 125 patients 
with follow up averaging 3 years and ranging to 7 years, the

Figure 39.3 Representative electrocardiogram for a patient with a dual site atrial pacemaker for atrial fibrillation treatment. Note
that during dual site pacing there is a biphasic P wave in leads II, III, and aVF with abbreviation of total P wave duration.

Figure 39.2 Posteroanterior (left) and lateral (right) radiographic views of a dual site right atrial pacemaker system for atrial fibril-
lation. Two leads are placed in the right atrium, at the high right atrium and outside the ostium of the coronary sinus. A standard right
ventricular lead can be placed in patients with AV conduction abnormalities.



trended to be greater with dual RA (hazard ratio 0·715,
P�0·07) but not with high RA pacing (P�0·19) compared
to support pacing. Combined symptomatic and asymptomatic
AF frequency in patients was significantly reduced during
dual RA pacing as compared to high RA pacing (P�0·01).
However, in antiarrhythmic drug-treated patients, dual RA
pacing increased symptomatic AF-free survival compared to
support pacing (P � 0·011), and high RA pacing (hazard
ratio 0·669, P � 0·06). In drug-treated patients with �1 AF
event per week, dual RA pacing significantly improved AF
suppression compared to support pacing (hazard ratio
0·464, P � 0·004) and high RA pacing (hazard ratio 0·623,
P � 0·006). Lead dislodgment was uncommon (1·7%) with
coronary sinus and high RA lead stability being comparable.
Thus, the DAPPAF trial showed improved adherence to pac-
ing and rhythm control in the dual site mode, especially
when combined with antiarrhythmic drugs, supporting 
the use of a hybrid approach to rhythm management.

The implantable atrial defibrillator

Catheter-based internal cardioversion of atrial fibrillation
was first employed in 1969 and early studies were per-
formed by Mirowski and colleagues. The development of
implantable device technology was achieved in the late
1990s and a prototype device was used in pilot studies.30

Transcatheter atrial defibrillation is often achieved at ener-
gies quite similar to ventricular defibrillation. While early
enthusiasm suggested that this would be feasible at very low
energies (2 J or less) using right atrial and coronary sinus
electrodes, more extensive clinical experience suggested sig-
nificantly higher energy requirements well above the pain
threshold.31 While the initial atrial cardioverter permitted
shocks up to 6 J and ventricular pacing, higher energy
requirements, risk of ventricular proarrhythmia without
ventricular defibrillation and pain related to the therapy lim-
ited its adoption. While ventricular proarrhythmia resulting
from atrial defibrillation shocks was rare in animal studies, 
it has been documented in both experimental and clinical
studies, particularly in diseased hearts. Initial clinical experi-
ence was modest but encouraging and suggested that 
effective and safe atrial defibrillation was feasible.30

The first generation atrial defibrillation device was suc-
ceeded by a commercially available dual chamber atrioven-
tricular defibrillator.11 This device, shown in Figure 39·4,
includes atrial and ventricular antitachycardia pacing, cardio-
version, and defibrillation. Initial studies have been con-
ducted in patients with atrial fibrillation who may or may
not have coexisting lethal ventricular tachyarrhythmias.11,17

Due to its extensive electrical therapy and monitoring 
capability, the future of this technology in a hybrid therapy
format is quite promising. Dual chamber AV defibrillators

Grade A

Evidence-based Cardiology

560

The safety of dual site right atrial pacing can also be
assessed. Lead dislodgment rates are well within estimates
for any type of atrial pacing and long-term dislodgment 
concerns have been obviated by the dual right atrial lead
technique. The remaining complications have been largely
similar to those in any pacemaker implant procedure.
Precipitation of angina in a patient with advanced coronary
disease and exertional angina occurred in one patient. The
major issue has been late intolerance to antiarrhythmic
drugs with frequent replacement of class 1 agents with class
3 drugs.

A non-randomized parallel cohort experience from
Europe in patients with bradycardias requiring pacing and
paroxysmal AF shows similar efficacy.25 Of 83 patients, 30
had dual site right atrial pacing systems and 53 had single
site high right pacemaker implanted. Patients with dual site
systems had longer duration of AF (8·1 v 3·8 years for high
RA systems, P � 0·001) and more failed drug trials (2·4 v 1·6
for high RA systems, P � 0·05). During a mean follow up 
of 18 months, symptomatic paroxysmal AF recurred in 9
patients after dual RA pacing as compared to 24 patients
after high RA pacing (P � 0·03). Permanent AF supervened
in only one patient after dual RA pacing and in 12 patients
after high RA pacing (P � 0·05). In an observational study,
biatrial triggered pacing in patients with intra-atrial conduc-
tion delay and recurrent atrial flutter and fibrillation, per-
formed by Revault d’Allonnes and colleagues, resulted in 
a 64% incidence of rhythm control at a mean follow up of
33 months.26 A majority of these patients were on anti-
arrhythmic drug therapy.

Several small, randomized trials have now been reported
in addition to several single-center pilot experiences. In 
a short-term randomized, 12 week comparative study of
patients without bradycardia, Lau et al reported an increase
in mean time to first AF recurrence from 15 to 50 days in
patients during dual site pacing as compared to no pacing.27

In a prospective crossover trial with 6 month treatment peri-
ods in patients with recurrent symptomatic AF without
structural heart disease, Ramdat Misier and coworkers have
shown a significant increase in time to recurrent AF and
interventions for symptomatic AF recurrence.28

The Dual-Site Atrial Pacing for Prevention of Atrial
Fibrillation Trial (DAPPAF) was a longer-term multicenter
crossover study with 6 month treatment arms comparing
dual site right atrial, high right atrial, and support pacing.29

It enrolled patients with frequent, symptomatic, and drug-
refractory AF with bradyarrhythmias requiring cardiac pace-
maker insertion. After dual site right atrial pacing system
implant, optimization of drug and pacing therapies was per-
formed. The three modes of pacing were then randomly
selected for 6 month periods. Patient tolerance and adher-
ence to the pacing mode was superior in dual RA pacing as
compared to support (P � 0·001) and high RA pacing
(P � 0·006). Freedom from any symptomatic AF recurrence



are approved for use in patients with drug-refractory and
symptomatic AF and in patients with coexisting sympto-
matic atrial and ventricular tachyarrhythmias. 

In comparison to the widely used ventricular defibrillator,
the atrial defibrillator requires insertion of an additional
atrial defibrillation electrode used for atrial pacing, AF 
detection, and atrial shock delivery. Atrial tachyarrhythmia
detection is based on two zones, one for monomorphic
tachycardias and another for AF events. Antitachycardia
pacing is available as well as shock therapy. Burst and ramp
pacing is effective in both intra-atrial re-entrant tachycardia
and common atrial flutter. Fifty hz pacing trains have been
demonstrated to be effective in atypical atrial flutter.32 Atrial
shocks are used if pacing therapies are ineffective. 
In clinical studies, reliable atrial defibrillation has been
obtained with shock energies up to 27 J. A full range of 
ventricular defibrillation functions is available as in conven-
tional defibrillators.

Newer iterations include prevention algorithms such as
continuous atrial pacing for AF prevention. Enhanced moni-
toring capabilities include atrial and ventricular arrhythmia
detection. Device-based testing is available and a handheld
patient activator permits delivery of shock therapy on
demand by the patient or physician. Combination devices
combining atrial defibrillation with the pacing strategies dis-
cussed above may offer improvement in AF management.
One multicenter crossover study evaluated the use of a dual
chamber ICD with both pacing and shock therapies, in
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patients otherwise indicated for an implantable ventricular
ICD who also had recurrent atrial tachyarrhythmias. The
device resulted in a significant reduction in atrial tach-
yarrhythmia burden.11 Nevertheless, there have been no
controlled trials that compare efficacy, survival, quality of
life, or cost in patients treated with implantable atrial defib-
rillators versus other therapies.

Intraoperative ablation

The first surgical interventions for AF were ligation or
cryosurgical ablation of the His bundle followed by implan-
tation of a pacemaker.33,34 Subsequent efforts included the
corridor procedure and left atrial isolation, but definitive
treatment awaited the maze procedure, developed by Cox
and coworkers.35 Several refinements of the original tech-
nique have been performed. The principle is to compart-
mentalize both atria so that AF cannot be maintained. Both
right and left atrial appendages are resected. The pulmonary
vein ostia are isolated, and linear right atrial and left atrial
lesions are connected to anatomic structures to form an
“electrical maze”. Revisions have addressed the problem of
sinus node dysfunction, though abnormal hemodynamic
function may still exist. Currently, the maze procedure has
become an add-on technique during other cardiac 
surgery procedures including mitral valve replacement and
repair,36 and coronary artery bypass surgery. 
Furthermore, new techniques described below have limited
the extent of the maze. New developments include partial
isolation of the pulmonary veins and LA linear ablation37 or
epicardial radiofrequency isolation of the pulmonary veins
during thoracoscopy or cardiac surgery.38 Another recent
refinement, introduced to maintain more physiologic atrial
transport function, is the radial incision approach, in which
incisions radiate from the sinus node to the atrioventricular
annular margins and parallel atrial coronary arteries.39

Catheter ablation for rhythm control: 
trigger ablation

Catheter-based approaches to rhythm control in AF utilize
focal or linear ablation of the initiating trigger, or introduce lin-
ear lesions to modify the substrate maintaining fibrillation.
Substantial effort is currently being devoted to trigger ablation,
particularly in the pulmonary venous system. Atrial premature
beats and monomorphic atrial tachycardias or flutter are the
most common triggers for AF. Techniques for isthmus and
non-isthmus dependent atrial flutter ablation use linear
radiofrequency lesions in critical regions for flutter circuits.
Recently, investigative work has focused on ablation of such
premature beats or focal tachycardias arising in the pulmonary
venous system, as well as mapping of atrial tachycardias and
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Figure 39.4 Lateral radiograph of atrioventricular defibrillator
showing atrial and ventricular defibrillation electrode catheter
and an additional atrial pacing lead in the high right atrium
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atrial flutter, including non-isthmus dependent atypical forms.
Both biatrial contact mapping with multipolar catheters
placed in the RA and LA, and also three-dimensional mapping
methods have been used.22,40–43 Three-dimensional mapping
can help locate triggers, propagation patterns, zones of slow
conduction and re-entry, and refine the focal ablation method-
ology.22 An endocardial balloon electrode permits mapping of
the atrium obtaining virtual electrogram recordings from up
to 3000 endocardial sites which are reconstructed using a
Silicon Graphics computer workstation as a three-dimen-
sional image. Specific sites of slow or low amplitude propaga-
tion can be defined that could potentially limit efficacy and, in
addition, provide insight into the mechanisms of early AF
recurrences. These sites can be prophylactically ablated. This
can be combined with biatrial catheter mapping and pul-
monary vein recordings. Figure 39·5 shows catheter place-
ment in three of the four pulmonary veins in a patient with
recurrent refractory AF. The veins can be visualized with
angiography and ablation can be performed at the trigger site
inside the vein, or partial disconnection of the focus from the
left atrium using a spiral electrode configuration for circum-
ferential mapping. Using circumferential electrode arrays on
catheters (Lasso or Helix catheters), partial ablation at the site
of the connecting muscle bundle can be performed in an
effort to avert pulmonary vein stenosis.

Early data from many clinical centers documented elimi-
nation of these triggers with modest short-term success
ranging from 14% to 63%. In addition, multiple triggers are
common, and in some patients ablation within the veins
had significant adverse effects including pulmonary vein
stenosis. Evolving technology and techniques may address
many of these issues. Newer energy sources such as 

ultrasound are undergoing such clinical trials and early
results show modest efficacy and increased safety.43

Pulmonary vein isolation may have greater success if all four
veins are isolated, but remains a demanding and tedious
procedure with measurable procedural risk. However, the
vast majority of these patients still require adjuvant drug
therapy for clinical benefit. Long-term success remains
dependent on the number of triggering sites and few data are
available in organized clinical trials. The frequency of asymp-
tomatic and symptomatic AF has also not been addressed in a
controlled clinical trial with the radiofrequency technique.

Pulmonary vein triggers have been directly ablated within
the vein, and usually require ablation in multiple or all veins
for success. Ablation within the vein has been extensive in
early studies but more segmental in recent reports to reduce
the risk of pulmonary vein stenosis. Subclinical effects on
pulmonary vein flow velocity can occur in many patients
(range 25–80%) but clinically significant stenosis occurs in
up to 8% of patients. Table 39·2 summarizes efficacy and
safety data on this approach in several large reports.40–46

Another major challenge is the paucity of patients demon-
strating spontaneous arrhythmia at the time of study, limit-
ing map-directed targeted ablation. More recently, anatomic
approaches to isolate the pulmonary veins by circumferen-
tial periostial ablation methods using radiofrequency44–46 or
ultrasound43 energy have been employed. While there has
been demonstrable efficacy, no definite improvement in out-
come or safety can be documented at the present time.
Furthermore, recurrent AF is common and often has not
been systematically monitored in these studies, using
advanced or implantable monitoring for asymptomatic as
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Figure 39.5 Biatrial catheter mapping of refractory atrial fibrillation with three-dimensional mapping of the right atrium.
Multielectrode catheters are placed in the right atrium, coronary sinus, left pulmonary artery and transeptally into the pulmonary veins.
The arrow points out the individual pulmonary veins in this patient, which are mapped for triggers and then ablated at the focus. There
is a pre-existing dual site atrial pacemaker system in this patient with permanent leads in the high right atrium, coronary sinus ostium,
and right ventricle.
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well as symptomatic AF. These patients require adjuvant
drug or device therapy for clinical benefit.

Catheter ablation for rhythm control: 
substrate ablation

Linear atrial lesions have been employed in the left and 
right atrium for substrate compartmentalization. In these
approaches, contiguous radiofrequency energy lesions are
used to create linear ablative lesions, producing lines of block
for electrical propagation of triggering or perpetuating
arrhythmias in the atrium. During linear ablation, three-
dimensional mapping allows assessment of anatomic 
contiguity of ablation lesions for confluent linear line devel-
opment. Pacing techniques are used for assessment of the
linear lesion’s integrity. In addition, new arrhythmias that
may develop in compartments can be identified and treated.
Left atrial compartmentalization has been modified due to
safety concerns and more recent approaches use pulmonary
vein ostial or posterior left atrial compartmentalization alone.
Again, formal clinical trials of these new approaches are lack-
ing and are awaited.

Right atrial linear compartmentalization has been
employed, initially as monotherapy with limited success.
Adjuvant drug therapy was often required for modest bene-
fit.47 Kocheril48 has reported beneficial effects in paroxysmal
AF, and interim results of a large clinical trial have shown
benefit in symptomatic AF suppression in over 65% of
patients (Cardima Inc., unpublished data). Most patients do
require adjuvant antiarrhythmic drug therapy for clinical
success but the technique is quite safe in clinical application.
Finally, adjuvant pacing therapies such as dual site pacing
can be examined. Recently, we have reported successful AF

suppression with atrial pacing after right atrial linear com-
partmentalization in patients with drug-refractory persistent
and permanent AF.22 In these patients, device datalogs doc-
umented elimination of persistent or permanent AF, with
the vast majority having non-sustained atrial arrhythmias or
brief asymptomatic AF. In summary, ablative AF therapies
are in rapid evolution. Early empiric application has been
troubled by efficacy and safety concerns. Mapping guided
assessment of mechanisms and interventional therapies in
the atrium can refine techniques with potential for improv-
ing efficacy and safety. 

Rate control strategies: catheter ablation and
modification of the AV conducting system

As device and ablation therapy advances, permitting restora-
tion of sinus rhythm in more patients, the role of catheter-
induced complete AV block to control rapid ventricular
response in AF is becoming limited to a smaller population
of highly refractory and symptomatic patients. This
approach was initially performed operatively with cryoabla-
tion. Subsequently, it was performed by catheter using
direct current, and ultimately with radiofrequency current.
The first prospective, international study of safety and effi-
cacy of the approach was the Catheter Ablation Registry,49

which evaluated 136 patients treated with direct current
energy from 1987 to 1990. The registry reported successful
induction of complete heart block in 83% of surviving
patients, but an inhospital mortality rate of 5·1%. Patients
who died in the hospital were more likely to have had prior
sudden cardiac death, congestive heart failure, reduced 
ejection fraction, and QT prolongation. The Ablate and 
Pace Trial50 similarly evaluated radiofrequency ablation. It
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Table 39.2 Efficacy and safety of pulmonary vein trigger ablation or isolation

Series Method Patients (n) Mean follow up (mth) % AF eliminated % PV stenosis

Map-directed ablation
Chen40 PVA 79 6 86s 42 (TEE)
Haissaguerre41 PVA 225 Not specified 70s 2 (clinical)
Gerstenfeld42 PVA 71 6 23s 31c 8 

(angiography)
Natale43 PVA 293 10 81s 86c 11·5 (CT)

Anatomic ablation
Pappone44 PVI 251 10·4 85pa 68perm 0 (TEE)
Kanagaratnam45 PVI 71 29 21s 83c 36 (CT)
Oral46 PVI 70 5 70pa 22pers 3 (CT)
Natale43 CUVA 30 12 47s 80c 3 (CT)

Abbreviations: c, with drugs; CT, by computed tomography; CUVA, catheter ultrasound vein ablation; pa, paroxysmal; pers, persist-
ent; perm, permanent; PVA, pulmonary vein ablation; PVI, pulmonary vein isolation; s, without drugs; TEE, by transesophageal 
echocardiography



reported successful ablation of AV conduction in 155 of 
156 patients, with no procedural mortality. There
was 85·3% 1 year survival, with five sudden cardiac deaths
in this period. There were significant improvements in qual-
ity of life indices, and slight significant 1 year improvement
in New York Heart Association functional class from 2·1 to
1·9. A sustained improvement in left ventricular ejection
fraction was only noted in patients with reduced systolic
function, indicating that tachycardia-induced cardiomyopa-
thy may be reversed with this approach. Long-term experi-
ence with the ablate and pace strategy at the Mayo Clinic,
for an average of 3 years, has been reported.51 Patients were
compared with two control groups: age- and sex-matched
Minnesota residents, and patients with atrial fibrillation
managed with drug therapy. While the observed survival
rate was significantly lower than in the Minnesota residents,
it was equal when high-risk patients with previous myocar-
dial infarction, congestive heart failure, or drug therapy after
ablation were excluded. Survival was equal between the
ablation and drug therapy cohorts, suggesting that rate con-
trol by AV junctional ablation does not negatively affect
long-term survival. Nevertheless, the concern of sudden car-
diac death remains, particularly in patients with left ventric-
ular systolic dysfunction.

An alternative to AV junctional ablation and permanent
pacemaker placement is modification of AV junctional con-
duction.52 This approach typically involves application of
radiofrequency energy to the basal portions of Koch’s trian-
gle. Experience has been mixed, with results varying widely

Grade B
between series, and the procedure is now employed uncom-
monly. Progression to complete AV block has been reported
as well as loss of efficacy in rate control in a significant pro-
portion of patients. Prospective trial data is lacking for this
procedure.

Stroke prevention strategy

While the goal of most device therapy for atrial fibrillation is
the restoration of sinus rhythm or rate control, one experi-
mental approach involves implantation of a device to decrease
the risk of stroke. Percutaneous left atrial appendage trans-
catheter occlusion, or PLAATO, involves the insertion of 
an occlusion device by catheter into the left atrial appendage,
the location of over 90% of atrial thrombi, via a transseptal
puncture approach. The device is sized for the patient’s
appendage and anchored in place. It is currently undergoing
initial clinical trials in humans in patients deemed not to be
candidates for anticoagulation.53

Conclusions

An increasingly wide variety of non-pharmacologic approaches
now exists for the management of medically refractory AF,
spanning devices, surgical approaches, and percutaneous
catheter interventions, and with goals including sinus rhythm
restoration and maintenance, rate control, and stroke 
prevention (Table 39.3) Evidence-based application is largely
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Table 39.3 Benefits of non-pharmacologic therapy options to treat symptomatic atrial fibrillation

Procedure Restores sinus Restores Decreases risk Need for implantable
rhythm hemodynamics of stroke device (pacemaker/

defibrillator)

Surgical maze procedure Yes Yes Yes No (usually)
Surgical pulmonary Yes Possibly Unknown No
vein isolation/limited maze

High right atrial No No No Yes
pacing/septal pacing

Dual site atrial pacing Yes Improved Yes Yes
Implantable atrial/AV Yes Yes Unknown Yes
defibrillator

Catheter-based Yes Yes Yes No
maze procedure

Catheter ablation in Yes Unknown Unknown No
pulmonary veins or
isolation

Catheter ablation of No No No Yes
AV junction

Catheter-based No No No No
modification of AV
conduction



becoming available for pacing therapies in specific populations,
while defibrillation and ablation remain in the technologic
evolution and refinement stage with largely observational
data. It is becoming clear that non-pharmacologic approaches
offer improved efficacy in a rhythm control strategy. They
are likely to be implemented in a “hybrid” therapy strategy
in a staged or simultaneous manner in the future to achieve
effective rhythm control.

Levels of evidence for efficacy and safety of procedures
to prevent or manage atrial fibrillation
● Surgical maze procedure
● Left atrial isolation
● Corridor procedure
● Surgical pulmonary vein isolation/

partial maze
● High right atrial pacing in 

sick sinus syndrome
● Dual site right atrial pacing
● Implantable atrial/AV defibrillator
● Catheter-based ablation of AV conduction
● Catheter-based modification of 

AV conduction
● Catheter-based maze procedure
● Catheter ablation of pulmonary 

veins or isolation
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“Supraventricular tachycardia”, or SVT, is a rather imprecise
term used to describe certain types of narrow complex
tachycardia. The term is misleading because not all narrow
complex tachycardias are “supraventricular” in origin. For
example, ventricular tachycardias originating from the His
bundle or its environs have a narrow QRS morphology. Also,
not all supraventricular tachycardias have narrow com-
plexes. Pre-excited tachycardias (in which the QRS complex
is broad because of antegrade conduction through an acces-
sory pathway) and SVTs with aberrant conduction, are cases
in point. Furthermore, some “supraventricular” tachycar-
dias involve mechanisms that are not confined to atrial or
AV nodal tissue. SVTs involving accessory pathways are
absolutely dependent upon conduction through the ventri-
cles for their maintenance.

Ideally, arrhythmias should be described in a manner that
reflects the underlying electrophysiological mechanism and
the anatomical structures involved. This is not always possi-
ble when limited data are available from electrocardiogaphic
recordings. In these instances a descriptive term can be
applied to the electrocardiogram (for example, “narrow QRS
tachycardia”) until a more precise mechanism is known. In
this way no assumption is made about the arrhythmia mech-
anism. The term “supraventricular tachycardia” is thus a
term used to describe a range of arrhythmias with different
mechanisms and involving different components of the 
cardiac conducting system. The following arrhythmias are
encompassed by the term:

● atrioventricular re-entrant tachycardia [AVRT] –
mediated by re-entry, and involving an accessory path-
way and the AV node

● atrioventricular nodal re-entrant tachycardia
[AVNRT] – mediated by a re-entry circuit involving the
atrioventricular (AV) node and its atrial inputs

● atrial flutter – involving a re-entry circuit around large
scale atrial structure(s), for example, veins, valve orifices

● atrial tachycardias – tachycardias involving a smaller
scale intra-atrial re-entry circuit or an automatic focus

● atrial fibrillation – tachycardias involving multiple
complex intra-atrial re-entry circuits.

The use of precise terminology is important. An under-
standing of the underlying mechanism helps determine

whether a pharmacological or non-pharmacological treatment
strategy is likely to be helpful. If drug treatment is chosen, the
choice of drug used will in part be governed by the underly-
ing arrhythmia mechanism. For radiofrequency ablation to
succeed, the arrhythmia mechanism must be understood.

The common SVTs encountered in emergency depart-
ments are characterized by sudden onset of palpitation in
young and middle-aged adults, with an ECG showing a reg-
ular, rapid, narrow complex tachycardia. These tachycardias
can be terminated using vagal maneuvers or intravenous
adenosine, and mainly involve the first two mechanisms
listed above. Management of these tachycardias is the main
focus of this chapter.

Issues to consider

Most supraventricular tachycardias are not life-threatening,
and are problematic because of the symptoms they cause.
For patients with well-tolerated occasional or short-lived
episodes of palpitation it is reasonable to adopt a conserva-
tive approach and not to recommend drug treatment or
ablation. If the arrhythmia does cause significant symptoms,
the initial decision between drug treatment or ablation is a
matter of patient preference. Patients need to be made
aware of the likelihood of achieving symptom control, and
of the potential risks of each strategy. For patients with spe-
cific occupations (for example, pilots), curative treatment
with ablation may be a prerequisite to continuing work. For
patients with a history of poor compliance with medication,
ablation may also be the favored option. Some patients favor
a tiered approach, in which a trial and error approach to
drug treatment is used at first, with the option of ablation if
symptoms persist or if drugs are poorly tolerated.

Drug treatment for SVTs

There are several categories of drugs that can be used as pro-
phylaxis against SVT. The occurrence of these arrhythmias
depends on there being an electrophysiological substrate, and
a trigger. The substrate may be fixed, in the case of an acces-
sory pathway mediated tachycardia, or may be dependent on
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autonomic tone, as in some cases of AV nodal re-entrant
tachycardia. Here, the ability of the AV node and its input
pathways to maintain tachycardia is dependent on the rela-
tive conduction times and refractory periods of the tissues
involved. These change dramatically in the presence of sym-
pathetic or vagal stimulation. The trigger for SVT usually
takes the form of a critically timed ectopic beat.

Drug treatments may alter substrate, trigger, or both. 
� Blockers can reduce the frequency of the ectopic beats
that potentially trigger tachycardia, as well as altering the
conduction properties of the tachycardia circuit to reduce
the likelihood of tachycardia being maintained.1 Some drugs
are prescribed because of their effect on the AV nodal com-
ponent of the re-entry circuit (for example, digoxin, vera-
pamil). Others are used because of a direct effect on the
refractory period of conducting tissue (for example, sotalol,
dofetilide, amiodarone – potassium-channel blockers)2 or on
excitability and cardiomyocyte depolarization (for example,
flecainide, propafenone, quinidine, disopyramide, amio-
darone – sodium-channel blockade). Note that amiodarone
has mixed properties, including partial beta blockade and
calcium-channel blockade. Sodium-channel blockers such as
flecainide more potently inhibit conduction through acces-
sory pathways than through the AV node.3,4 These agents
are thus theoretically favorable in the management of atrio-
ventricular re-entrant tachycardia.

How effective are drugs?

There is comparatively little information about the effective-
ness of antiarrhythmic drugs for treatment of SVTs. In par-
ticular there are few studies that offer information about
long-term symptom control, or adverse drug effects, in this
setting. Published studies tend to be comparative and with
short-term follow up. Other studies are limited in their use-
fullness because no attempt is made to tailor treatment to
the tachycardia mechanism; in most studies all regular SVTs
are treated the same. Atrial flutter and atrial fibrillation,
which do not share a common mechanism, have been con-
sidered together in other trials. The high success rates for
radiofrequency ablation have discouraged comparative stud-
ies of ablation versus pharmacological management for most
SVTs. A summary of drug trials is given in Table 40.1.5–13

Both flecainide and propafenone have been shown to be
more effective than placebo at preventing paroxysmal SVT.5,6

In randomized studies, reported mainly in the mid-1990s,
success rates for flecainide ranged from 73% to 93%, at the
expense of an incidence of adverse effects of up to 53%. The
doses used in these trials varied, as did the definitions of suc-
cess and adverse effects. In some studies success has been
defined as a reduction in the incidence or severity of symp-
tom episodes, rather than abolition of the arrhythmia. It is
also clear that clinical adverse effects are a significant limiting
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Table 40.1 Summary of drug trials

Patients Follow up Drugs Success rate Adverse effects
(n) (months) (%) (%)

Drugs for “SVT” trial
Pritchett, 19915 14 1 Flecainide 86 23–53

Placebo 29
UK Propafenone 52 3 Propafenone 67–91 2–26
PSVT group, 19956 Placebo 29–41 0–4
Chimienti, 19957 135 12 Flecainide 93 10

Propafenone 86 8
Hellestrand, 19968 102 48 Flecainide 87 9
Weindling, 19969 106 12 Digoxin � propranolol 70 0
Dorian, 199610 121 8 Flecainide 86 19

Verapamil 73 24
Hopson, 199611 67 12 Flecainide 73 64

Drugs for paroxysmal atrial flutter or artial fibrillation
Pritchett, 19915 28 1 Flecainide 61 23–55

Placebo 7 31
UK Propafenone 48 3 Propafenone 60–96 3–40
PSVT group, 19956 Placebo 30–32 3–4
Chimienti, 19957 200 12 Flecainide 77 16

Propafenone 75 14
Hopson, 199611 67 12 Flecainide 56 56
Aliot, 199612 97 12 Flecainide 62 9

Propafenone 53 17



factor in the use of these drugs. For paroxysmal atrial fibril-
lation, amiodarone appears to be the most effective prophy-
lactic agent but is not a desirable or realistic treatment
option for young patients without structural heart disease,
because of its unfavorable adverse effect profile with 
long-term use.14 Class IC (flecainide and propafenone) and
Class III (d.l sotalol) antiarrhythmic drugs can also be effec-
tive at reducing the incidence of symptoms in patients with
paroxysmal atrial fibrillation, and are often used as first-line
treatment.5,6,15

Proarrhythmia

Antiarrhythmic drugs can cause unwanted, sometimes life-
threatening arrhythmias. These drugs work by slowing con-
duction, prolonging repolarization, or by altering automaticity.
While these properties can be used to advantage, they can
also increase the likelihood of arrhythmia under certain cir-
cumstances.16–18 For example, sodium-channel blockade
can have a differential slowing effect on conduction in dis-
eased and healthy tissue, creating an environment in which
re-entry is more likely to occur. Furthermore, anisotropy of
conduction (that is, different speeds of conduction along the
longitudinal and transverse axes between cardiomyocytes)
may be exaggerated. These phenomena may explain the
increased incidence of sudden death when Class IC drugs
(flecainide and encainide) were used in patients with
ischemic heart disease in the CAST study.19 Prolongation of
refractoriness through potassium-channel antagonism (for
example, with sotalol) also causes proarrhythmia, increasing
the risk of polymorphic ventricular tachycardia.20 This may
be caused by exaggerating the differences in refractoriness
in diseased and healthy ventricular myocardium, or by a
triggering mechanism.

Several risk factors have been identified for occurrence of
proarrhythmia. These are: female gender (Class III drugs),
history of VT or VF, ischemic heart disease, structural heart
disease, and cardiac failure. Most patients with paroxysmal
SVT are young and do not have structural heart disease, and
are thus not at high risk of proarrhythmia. The incidence of
ventricular proarrhythmia in patients treated with flecainide
or propafenone for supraventricular arrhythmia is less than
2%, compared with 4–33% when used to treat ventricular
arrhythmia.16,21 Although this risk is small, it is still part of
the decision making process when considered in the con-
text of the small risk of serious complication from radiofre-
quency ablation. Another form of “proarrhythmia” can also
occur when Class IC antiarrhythmics are used to treat atrial
flutter. These agents slow atrial conduction without signifi-
cantly affecting the AV nodal refractory period. This causes
slowing of atrial flutter, enabling 1:1 atrioventricular con-
duction to occur.22 This can paradoxically increase the 
ventricular rate to well over 200 beats per minute and may
lead to hemodynamic compromise.

Ablation for “common” SVTs

For patients with SVTs mediated by atrioventricular nodal
re-entry or atrioventricular re-entry via an accessory path-
way, it is now accepted that catheter ablation is more effec-
tive than drug treatment. Catheter ablation has a more
positive impact on quality of life and is more cost effective
when assessed for long-term efficacy.23–25 Catheter ablation
is now an accepted first-line treatment for otherwise healthy
patients with recurrent, symptomatic tachycardias.

Accessory pathway mediated tachycardias

These tachycardias involve conduction through an accessory
atrioventricular connection, usually comprising tissue with
electrophysiological properties similar to that of Purkinje tis-
sue. The most common indication here for catheter ablation
is orthodromic atrioventricular re-entrant tachycardia, dur-
ing which atrioventricular conduction occurs via the AV
node, and ventriculo-atrial re-entry occurs through the acces-
sory pathway. This arrhythmia can occur in patients with
manifest electrocardiographic evidence of pre-excitation –
Wolf–Parkinson–White syndrome – or in patients with an
apparently normal resting electrocardiogram, who may have
a concealed accessory pathway. (A less common variant,
antidromic atrioventricular re-entry, can occur in which the
accessory pathway forms the antegrade limb of the circuit,
resulting in a broad complex tachycardia.) Initial approaches
to curative treatment of this tachycardia involved surgical
division of the accessory pathway, and subsequently direct
current ablation, but these techniques were rapidly super-
seded by radiofrequency ablation. Early reports suggested
procedural success rates in excess of 95%, with failures and
recurrences more frequent when right-sided accessory path-
ways were treated.26,27 With refinement of catheter technol-
ogy, success rates continue to improve and not surprisingly
catheter ablation is established as a first-line treatment for
this condition in otherwise uncomplicated cases.28

Patients with Wolf–Parkinson–White syndrome can also
present with pre-excited atrial fibrillation. In some cases the
accessory pathway refractory period is very short, allowing
rapid, repetitive ventricular stimulation in response to atrial
fibrillation. This gives rise to extremely rapid ventricular
rates and can precipitate ventricular fibrillation and death.
For this reason catheter ablation should be seriously consid-
ered in any patient with manifest pre-excitation and palpita-
tion. It is less clear whether asymptomatic patients with
pre-excitation should undergo electrophysiological studies.29

Assessment of accessory pathway refractory period in the EP
laboratory is a poor predictor of risk of sudden death because
many autonomic variables alter this parameter. It is not clear
that the benefit of catheter ablation in asymptomatic patients
outweighs the risks of the procedure except in specific cir-
cumstances, for example, for competitive athletes or pilots.
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AV nodal re-entrant tachycardia

This arrhythmia has a very similar presentation to atrioven-
tricular re-entrant tachycardia. The electrocardiogram typi-
cally shows a regular, rapid, narrow complex tachycardia
with rate between 160 and 240 beats per minute. For many
years the electrophysiology of this arrhythmia was poorly
understood. Surgical mapping and autopsy studies have
shown that this tachycardia involves atrial as well as AV
nodal tissue, and it is sometimes referred to as para AV nodal
re-entrant tachycardia.30,31 Identification that patients with
this tachycardia have multiple AV nodal inputs with different
electrophysiological properties, and anatomical correlation of
a posterior AV nodal extension with the electrophysiological
location of a slowly conducting AV nodal input, led to the
development of the technique of slow pathway ablation.32

This technique involves ablation of atrial tissue inferior to
the compact AV node, typically at a site anterior to the coro-
nary sinus ostium adjacent to the tricuspid annulus. Initial
success rates exceeded 80% at the expense of a 2% risk of
development of atrioventricular block requiring permanent
pacing.27,33 With modern catheters and temperature con-
trolled ablation techniques, success rates now exceed 95%
and the risk of AV block is approximately 1%.28

Atrial flutter

In most cases atrial flutter is mediated by a right atrial macro
re-entry circuit with a critical pathway of conduction
between the inferior vena cava and the tricuspid annulus.
This cavo-tricuspid isthmus zone forms the target for contem-
porary ablation techniques.34 Rarer forms of atrial flutter use
other anatomic barriers as their substrate (for example, the
pulmonary veins, an atrial septal defect, or a surgical scar)
and are collectively referred to as atypical atrial flutter. The
technique of flutter ablation involves the production of a line
of interconnected ablation lesions to create conduction block
between two anatomical barriers in a critical part of the flut-
ter circuit. In the case of typical atrial flutter, this line is cre-
ated in the cavo-tricuspid isthmus. Success rates for catheter
ablation of typical atrial flutter were initially limited by an
inability to produce full-thickness lesions in patients with
pectinate ridges extending into the isthmus region.35 The use
of large tipped catheters or “cooled tip” catheters has allowed
delivery of more energy into the atrial myocardium, and has
increased success rates over 95%.36 AV block can complicate
flutter ablation, particularly if the line of block is created in
the medial (septal) aspect of the cavo-tricuspid isthmus.28

Atrial tachycardia

Atrial tachycardias can have an automatic or re-entrant mech-
anism. Drug treatments have generally proven disappointing,

although flecainide may have a role in their management.37

Until recently catheter ablation techniques were also of lim-
ited use, because of the very large area of potential atrial sur-
face area from which these tachycardias can originate.
Furthermore, patients with re-entrant atrial tachycardias often
have extensive atrial disease and may have more than one
focus for tachycardia. The development of non-fluoroscopic
mapping systems, which allow three-dimensional mapping
of atrial activation during tachycardia, has proved very help-
ful in allowing the electrophysiologist to pinpoint the focus
or circuit (Figure 40.1).38 Quoted success rates for treat-
ment of these tachycardias now range from 80–90%.39
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Figure 40.1 Non-fluoroscopic mapping of the right atrium of
a patient with suspected right atrial tachycardia. A large zone of
atrial infarction is identified by voltage mapping and the patient
is subsequently shown to have scar-related atrial flutter.

Atrial fibrillation

Atrial fibrillation is the most common atrial arrhythmia and
is the cause of much morbidity because of hemodynamic
effects and embolic complications. The arrhythmia itself
comprises multiple, interacting, intra-atrial re-entry circuits
or wavelets that produce a complex, rapid, irregular atrial
rhythm.40 Atrial fibrillation is most likely to be maintained
in enlarged, diseased atria because re-entry is promoted by
slow conduction and by long conduction pathways. In these
situations atrial fibrillation is likely to be persistent (that is,
will not spontaneously terminate) or permanent (that is, will
not terminate with pharmacological or electrical cardio-
version). Paroxysmal atrial fibrillation can occur in patients
with structurally normal hearts and may be initiated by ectopic
beats originated from sleeves of atrial tissue extending into
the pulmonary veins, or less commonly the superior vena



cava.41,42 Ablation techniques have evolved extremely rap-
idly in recognition of these mechanisms and can be divided
into those directed at ectopic triggers (focal ablation) and at
preventing intra-atrial re-entry (linear ablation).

Focal ablation for paroxysmal atrial fibrillation

This technique involves transseptal puncture to pass
catheters from the right atrium into the left atrium, and the
use of multi-electrode catheters in the ostia of the pulmonary
veins to identify the conduction pathways into and out of
these veins. The superior pulmonary veins are the most com-
mon sources of ectopic triggers and form the targets for abla-
tion.43 Two approaches may be adopted – electrical isolation
of the culprit veins identified from spontaneous ectopic beat
activity, or the anatomical approach in which as many 
pulmonary veins as possible are isolated in an attempt to
eliminate all ectopic triggers.44 Initial techniques involved
ablation deep within the veins and were associated with a
significant incidence of pulmonary vein stenosis.45 It is now
generally accepted that radiofrequency energy should be
applied at or close to the ostia to minimize this risk. Success
rates for pulmonary vein ablation are currently around 60%
in experienced centers, with success defined as lack of symp-
tomatic recurrence of atrial fibrillation in the medium term
(few long-term data are yet available). It is now recognized
that pulmonary vein ectopic impulses may be involved in the
maintenance of atrial fibrillation as well as its initiation.
Ablation of these foci in some patients with persistent atrial
fibrillation can acutely terminate the arrhythmia.46 The

response to antiarrhythmic drugs may be improved by modi-
fying the triggering focus. Recurrences occur because of mul-
tiple pulmonary vein triggers, triggers occurring within the
atria themselves, or incomplete isolation of veins.

Linear ablation

Linear ablation procedures are designed to compartmental-
ize atrial tissue to prevent intra-atrial re-entry. These proce-
dures owe much to the early experience with the sur-
gical maze and corridor procedures.47 Current techniques
involve the production of linear lesions around the pul-
monary vein ostia, across the superior aspect of the left
atrium, and connecting the mitral valve annulus to the pul-
monary vein ostial lines. Specially designed compliant,
multi-electrode ablation catheters have been developed for
this purpose. At present linear ablation is still considered an
experimental procedure.48

The pace and ablate strategy

For patients with persistent, symptomatic atrial fibrillation,
total AV nodal ablation offers a means of controlling heart
rate and of regularizing the ventricular rhythm. A physiolog-
ical (rate responsive) permanent pacemaker is implanted
and used to govern heart rate. This technique is effective at
improving quality of life in selected patients, especially those
with palpitation. Its effectiveness is less clear-cut in patients
with non-specific symptoms such as fatigue and dyspnea, in
which the underlying cardiac condition may be the main
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Table 40.2 Potential problems of drugs and ablation for treatment of SVTs

Antiarrhythmic drugs Ablation

Proarrhythmia Potentially life-threatening complication
�2% if otherwise normal heart (for example, cardiac tamponade, stroke, myocardial
�4% in other patients (that is, infarction) – very rare
structural or coronary disease) No deaths in 1998 NASPE registry

Non-cardiac side effects AV block requiring pacemaker
8 to 60% with Class IC drugs11 0·15% (AVRT)
24% with verapamil10 to 1% (AVNRT)

Failure to control arrhythmia Inability to ablate target
up to 30% with 2·6% (AVNRT)
short-term follow up 6% (AVRT)

up to 28% (atrial tachycardia)
14% (atrial flutter)a

Compliance issues Pneumothorax (avoided by coronary sinus cannulation
via femoral vein route)

Tricuspid regurgitation (rare)
Vascular complications (rare)

a This figure is likely to improve with the use of large tipped catheters and cooled tip catheters that can produce a larger
lesion.



cause. Total AV nodal ablation is thus best reserved for
patients with atrial fibrillation who have palpitation and for
whom AV nodal blocking drugs are ineffective or cause sig-
nificant adverse effects.

Risks of ablation

In discussing treatment options with patients, the risks of
treatment are an important factor (Table 40.2). The risks of
antiarrhythmic drugs, especially proarrhythmia, have already
been covered. For catheter ablation there are uncommon but
important risks. Most patients worry about the risk of a dis-
abling or life-threatening complication. Cardiac tamponade
can occur because of transseptal puncture, catheter trauma

or ablation in thin-walled tissue. This risk is therefore great-
est with left-sided accessory pathways and with ablation of
focal atrial arrhythmias, at around 0·7%. For other tachycar-
dias the risk is significantly less. Fatalities were reported par-
ticularly during early experience with catheter ablation but
in the 1998 NASPE prospective catheter ablation registry
there were no deaths reported in more than 3300 proce-
dures. This registry was voluntary and open to reporting bias,
but nonetheless death is a very uncommon complication.
Other reported complications included myocardial infarc-
tion, pneumothorax, pericarditis, tricuspid regurgitation, and
femoral artery pseudoaneurysm. AV block requiring pace-
maker implantation affected 1 in 100 patients treated for
AVNRT, 1 in 650 patients treated for AVRT, and 1 in 150
patients treated for atrial flutter. Complication rates for focal
and linear ablation techniques are less well reported but
there is concern about the potential for thromoembolic 
complication when multiple radiofrequency applications are
made in the left atrium.
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● Propafenone and flecainide are effective antiar-
rhythmic drugs for the prophylactic management of
paroxysmal supraventricular tachycardia. 

● Sotalol and amiodarone are effective prophylactic
therapies for paroxysmal atrial flutter. 

● Potential proarrhythmic complications and other
adverse effects of antiarrhythmic therapy should be
considered when choosing antiarrhythmic therapy.

● The choice between ablation and antiarrhythmic drug
therapy for the initial treatment of paroxysmal
supraventricular tachycardia is dependent on patient
preference. 

● Verapamil is a safe first-line treatment for pSVT but
has a relatively high rate of failure and side effects.

● Flecainide and propafenone reduce symptoms from
pSVT in most cases and should be considered for
individuals who do not have underlying coronary artery
disease. 

● RF ablation should be offered as first-line treatment
for individuals with pSVT. 

● RF ablation is the treatment of choice in individuals
who present with pre-excited atrial fibrillation.

● RF ablation should be offered as first-line treatment
for individuals with paroxysmal or persistent atrial flut-
ter. 

● Pulmonary vein ablation should be considered a 
second-line treatment for paroxysmal atrial fibrillation
in the absence of structural heart disease in selected
individuals, where antiarrhythmic drug therapy has
failed. 

● The “ablate and pace” strategy should be used to pal-
liate symptoms in patients with atrial fibrillation in
whom rate control is not achieved using drugs.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Introduction

Arrhythmic death and risk stratification

Epidemiologic studies and carefully conducted clinical trials
have consistently demonstrated that deaths in patients with
severe heart disease are often due to ventricular arrhythmia.
The evidence for this comes from several sources, including
recordings made by paramedics, Holter monitor studies, and
postmortem classification based on suddenness of hemody-
namic collapse.1 Although not all sudden deaths are due to
ventricular tachycardia or fibrillation, there is substantial
evidence from paramedic monitoring and Holter reports
that most are.2 Although different schemes have been used
to classify death according to presumed mechanisms, there
is considerable evidence that between one quarter and half
of cardiac deaths are sudden and due to arrhythmia. Thus
prevention of the sudden death is an important clinical goal.

Over the past two decades methods of risk stratification
have been developed and evaluated, in order to target ther-
apy to the subpopulation at greatest risk of sudden death.
Techniques have been used in clinical trials of antiarrhyth-
mic agents to select a population at high risk of arrhythmic
death. These include some clinical characteristics (decreased
left ventricular ejection fraction (LVEF), recent myocardial
infarction, New York Heart Association (NYHA) functional
class of heart failure), and the use of investigations such as
measurement of ventricular ectopy on the 24-hour Holter,
programmed ventricular stimulation, signal averaged ECG
and heart rate variability. Although all of these techniques
identify patients at increased risk of arrhythmic death, and
total death as well, there is no evidence that any technique
selectively detects increased risk of arrhythmic death.3 Thus
powerful markers of total death, such as poor LVEF, are 
now used in trials to identify patients at risk of arrhythmic
death.

To summarize, risk stratification is necessary to select
patients at high enough risk of events to justify intervention;
however, left ventricular damage, a powerful risk factor for
overall cardiac death risk, may be the most efficient means of
selecting patients who are at high risk of arrhythmic death.

Pharmacologic interventions and 
sudden cardiac death

Classification of antiarrhythmic drugs

There have been a number of attempts to classify antiar-
rhythmic drugs. The most widely used classification is based
on the influence of drugs on different phases of the action
potential of myocytes (Table 41.1). This system is relatively
simple compared to other classifications, but is limited
because of the mixed abilities of most antiarrhythmic drugs.

577

41 Prevention and treatment of 
life-threatening ventricular 
arrhythmia and sudden death
Eugene Crystal, Stuart J Connolly, Paul Dorian

Table 41.1 Classification of antiarrhythmic drugs*

Action Drugs

Class IA Depression of action Quinidine, 
potential upstroke, procainamide,
slow conduction, disopyramide
prolong repolarization

Class IB Little effect on Lidocaine, mexiletine
upstroke in normal
tissue, depression of
upstroke in abnormal 
tissue, shortening of
repolarization

Class IC Marked depression Flecainide, 
of upstroke, marked propafenone,
slow conduction, encainade, ajmaline, 
slight effect on moricizine
repolarization

Class II � Blockers

Class III Prolong Amiodarone, sotalol, 
repolarization dofetilide, azimilide, 

ibutilide

Class IV Calcium-channel Verapamil, diltiazem
blockers

*Many drugs have properties of more than one class, but are
classified according to their major effects.



Trials of antiarrhythmic therapy in patients 
with sustained ventricular arrhythmia

There have been only a few randomized trials of antiar-
rhythmic therapy in patients with prior sustained ventricu-
lar arrhythmia. These have used active controls and the
primary outcome has been arrhythmia recurrence or death.
Steinbeck et al 4 conducted a prospective randomized trial
in 170 patients to investigate whether electrophysiologic
study (EPS)-guided antiarrhythmic therapy improves the
long-term outcome of patients with spontaneous and
inducible sustained ventricular arrhythmia compared with
metoprolol therapy not guided by EPS. EPS-guided therapy
consisted of serial EPS testing of inducibility under different
antiarrhythmic agents (in sequence: propafenone l disopy-
ramide l sotalol l amiodarone) to identify one that would
suppress an initially inducible sustained arrhythmia. There
were 55 patients whose arrhythmia was never inducible
during the baseline EPS, thereby precluding further serial
drug testing, and these patients were treated with metopro-
lol. The 2 year incidence of the composite outcome of symp-
tomatic arrhythmia recurrence or sudden death was the
same for EPS-guided therapy as for metoprolol (46% v 48%).

In the Electrophysiological Study Versus Electrocar-
diographic Monitoring (ESVEM) study5,6 patients with
inducible VT and any (i) history of cardiac arrest, (ii) sustained
VT or (iii) syncope, were randomly assigned to undergo
serial testing of the efficacy of the antiarrhythmic drugs
either by EPS or by 24 hour Holter monitoring. Patients
(n � 486) received long-term treatment with the first antiar-
rhythmic drug that was predicted to be effective on the basis
of either repeat EPS or 24 hour Holter. The primary conclu-
sion of ESVEM was that therapy guided by EPS and that
guided by Holter monitoring are equally effective.6 The sec-
ondary outcome, related to the efficacy of individual study
drug, was very interesting.5 Sotalol, a � blocking drug with
class III activity, was more effective than the class I drugs
tested (imipramine, mexiletine, pirmenol, procainamide,
propafenone, quinidine). The actuarial probability of a recur-
rence of arrhythmia after a prediction of drug efficacy by
either strategy was significantly lower for patients treated
with sotalol than for patients treated with the other drugs
(risk ratio (RR) 0·43; 95% CI 0·29, 0·62). With sotalol there
were lower risks of death from any cause (RR 0·50; 95% 
CI 0·30, 0·80), death from cardiac causes (0·50; P � 0 · 02)
and death from arrhythmia (0·50; P � 0 · 04). The cumula-
tive percentage of patients in whom a drug was predicted to
be effective and in whom it remained effective and tolerated
was also higher for sotalol than for the other drugs
(P � 0 · 001). Sotalol was more effective than the other six
antiarrhythmic drugs in preventing death and recurrences of
arrhythmia.

In the Cardiac Arrest in Seattle: Conventional 
versus Amiodarone Drug Evaluation (CASCADE) study,

antiarrhythmic drug therapy was evaluated in survivors of
out of hospital VF.7 Amiodarone without EPS or Holter
guidance was compared to class I antiarrhythmic agents
(quinidine, procainamide, their combination, or flecainide),
selected by serial EPS or Holter monitoring. Most of the 228
randomized patients had coronary artery disease with a
prior myocardial infarction, and the mean left ventricular
ejection fraction was 35�10%. During a mean follow up of
6 years, amiodarone improved survival compared to the
class I agents (53% v 40%, P � 0 · 007).

These trials provide evidence that, in survivors of sus-
tained ventricular arrhythmia, amiodarone and sotalol are
superior to class I agents.

Recommendation
Where antiarrhythmic drugs are to be used to

prevent the recurrence of ventricular tachyarrhythmia, amio-
darone and sotalol are superior to class I antiarrhythmic
agents.

Trials of antiarrhythmic therapy in patients with
asymptomatic non-sustained ventricular
arrhythmia, at risk of sudden death

Asymptomatic non-sustained ventricular arrhythmia on
Holter monitor was determined in the 1980s to be a predic-
tor of death in patients surviving myocardial infarction, and
these patients were targeted in several trials of antiarrhyth-
mic therapy on the assumption that decreasing asymptomatic
ventricular arrhythmia would decrease the occurrence
of sudden cardiac death This hypothesis was first tested in
the International Mexiletine and Placebo Antiarrhythmic
Coronary Trial (IMPACT)8 and then in the pivotal Cardiac
Arrhythmia Suppression Trial (CAST).9 In IMPACT, 630
patients with recent myocardial infarction were randomly
assigned to treatment with mexiletine or placebo.8 Despite a
decrease in the frequency of complex ventricular arrhyth-
mia, after an average follow up of 9 months, the mortality 
on mexiletine was 7·6% and on placebo was 4·8% (P � NS).

In the Cardiac Arrhythmic Suppression Trial (CAST)9

1727 patients with recent onset of myocardial infarction
and with asymptomatic, or mildly symptomatic, ventricular
arrhythmia (� 6 ventricular extrasystoles per hour), sup-
pressible by a class I antiarrhythmic drug (encainade, fle-
cainide or moricizine), were randomized to the active
antiarrhythmic drug or placebo and followed for arrhythmic
death. The trial was halted early because of an increased
incidence of arrhythmic cardiac death and non-fatal cardiac
arrests in patients treated with encainade and flecainide
(4·5% v 1·2%, RR 3·6, 95% CI 1·7, 8·5).

These results led to reappraisal of class I drug therapy for
sudden death prophylaxis. In a meta-analysis of the results
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been tested in a randomized trial of 1510 patients with
severe left ventricular dysfunction (LVEF 	 35%) after
recent myocardial infarction (DIAMOND MI trial). 
The primary end point was all-cause mortality. No signifi-
cant difference was found between the dofetilide and
placebo groups in overall mortality (31% v 32%). The 
cardiac mortality (26% v 28%) and arrhythmic mortality
(17% v 18%) were also similar. There were seven cases of
torsades de pointes ventricular tachycardia, all in the
dofetilide group.19

In the Azimilide Postinfarct Survival Evaluation (ALIVE)
trial the effect of azimilide, another pure class III agent, was
evaluated in 3717 patients with recent myocardial infarc-
tion, with LVEF � 35% and with low heart rate variability.
Azimilide had no effect on mortality (HR � 1 · 0).20

� Blockers in patients at risk of sudden death

� Blockers are the single type of agent most frequently stud-
ied in postmyocardial infarction patients for the prevention
of death, with more than 12 large trials reported. A meta-
analysis of the � blocker trials, reported in 1985, showed a
significant reduction in mortality during treatment after
myocardial infarction.21 The data from this meta-analysis
also indicated a highly significant 30% reduction in sudden
cardiac death with � blockers. The risk of non-sudden death
was also decreased by 12%, but this difference was not sig-
nificant. Recent � blocker trials in CHF patients also show a
reduction in both overall and sudden cardiac death.22–24

In summary, antiarrhythmic drugs have been extensively
evaluated in randomized trials as prophylactic agents against
death, but little tested against recurrence of arrhythmia. 
� Blockers are effective against arrhythmic death (about
20–30% reduction) and non-arrhythmic deaths, and reduce
overall mortality significantly. Amiodarone has a moderate
effect against sudden death and a neutral effect on other
deaths, therefore its overall effect on total mortality is 
modest. Class I antiarrhythmic drugs are harmful, probably
owing to proarrhythmic effects. Pure class III agents are at
best neutral, and in the case of one agent, d-sotalol, actually
harmful.

� Blocker therapy is indicated in all patients at high risk
for sudden death, and amiodarone is the treatment of choice
for control of specific arrhythmias where concern about
possible proarrhythmic effects is an issue (especially in
patients with ischemic heart disease and/or left ventricular
dysfunction).

Pure class III antiarrhythmic agents clearly do not reduce
mortality when used prophylactically in high-risk patients.
The different results of D-sotalol, dofetilide and azimilide 
trials are probably due to differences in the design of the
studies and differences in risk of torsades de pointes
between the agents.
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of 138 trials of antiarrhythmic prophylactic therapy in
patients after myocardial infarction,10 there were 660
deaths among 11 712 patients allocated to receive class I
agents and 571 deaths among 11 517 corresponding control
patients (51 trials: odds ratio (OR) 1·14; 95% CI 1·01, 1·28;
P � 0 · 03). There is therefore considerable evidence that
class I antiarrhythmic drugs are harmful when used as pro-
phylactic agents in high-risk patients.

Amiodarone is a class III antiarrhythmic agent which has
been extensively studied in patients at risk of sudden
arrhythmic death. Amiodarone has several properities other
than class III effect, including an antiadrenergic effect. 
The two largest trials (Canadian Amiodarone Myocardial
Infarction Arrhythmia Trial, CAMIAT11 and European
Myocardial Infarction Amiodarone Trial, EMIAT12) both
showed a reduction in arrhythmic death but no significant
reduction in overall death. Meta-analysis of data from all 13
randomized controlled trials of amiodarone (89% of patients,
after myocardial infarction) showed a significant reduction in
total mortality (OR 0·87, 95% CI 0·78–0·99) and a signifi-
cant reduction in arrhythmic death (OR 0·71, 95% CI 0·59,
0·85).13,14 Analysis of the interaction between the treatment
and baseline factors suggested an important positive relation-
ship between � blocker use and amiodarone effect,15 such
that patients on � blockers received a significantly greater
benefit from amiodarone than those not on � blockers.

D-Sotalol, a pure class III agent, was evaluated for preven-
tion of sudden death in a placebo controlled trial of 3121
patients with recent myocardial infarction and left ventricu-
lar ejection fraction �40%, or symptomatic heart failure
with a remote myocardial infarction (Survival with Oral 
d-sotalol, or SWORD trial).16 Among 1549 patients assigned
to d-sotalol there were 78 deaths (5·0%) compared to 48
(3·1%) among the 1572 patients assigned to placebo (RR
1·65, 95% CI 1·15, 2·36). Presumed arrhythmic deaths (RR
1·77, 95% CI 1·15, 2·74) accounted for the excess mortality
in the d-sotalol group. This proarrhythmic fatal effect of 
d-sotalol was greater in patients with a left ventricular 
ejection fraction of 31–40% than in those with lower 
ejection fractions (RR 4·0 v 1·2, P � 0 · 007).

Another pure class III compound, dofetilide, was tested in
patients with symptomatic heart failure. In the Danish
Investigations of Arrhythmia and Mortality on Dofetilide
(DIAMOND) 1518 patients were randomized to dofetilide
or placebo.17,18 The study treatment was initiated in hospi-
tal and included 3 days of cardiac monitoring and dose
adjustment. During a median follow up of 18 months, 311
patients in the dofetilide group (41%) and 317 patients in
the placebo group (42%) died (OR, 0·95; 95% CI 0·81,
1·11). Treatment with dofetilide significantly reduced the
risk of hospitalization for worsening CHF, rate of conversion
and risk of recurrence of atrial fibrillation. There were 25
cases of torsades de pointes in the dofetilide group (3·3%),
compared to none in the placebo group. Dofetilide has also



Recommendations
� Blockers are indicated in patients with myocar-

dial infarction or congestive heart failure for the prevention of
death.

Amiodarone is the antiarrhythmic drug of choice
where there is an above average risk of proarrhythmia.

Class I antiarrhythmics should be avoided in
patients with coronary artery disease or left ventricular
dysfunction.

Other pharmacologic interventions decreasing
risk of sudden cardiac death

The effect of angiotensin converting enzyme (ACE)
inhibitors on the risk of sudden cardiac death (SCD) follow-
ing myocardial infarction has been demonstrated in ran-
domized trials.25–27 A recent meta-analysis28 incorporated
data from 15 trials that included 15 104 patients having 900
SCDs. ACE inhibitor therapy resulted in a significant reduc-
tion in total mortality (OR 0·83; 95% CI 0·71, 0·97), cardio-
vascular death (OR 0·82, 95% CI 0·69, 0·97) and SCD (OR
0·80; 95% CI 0·70, 0·92). Also, the meta-analysis suggested
that a reduction in SCD risk with ACE inhibitors was an
important component of overall survival benefit, the magni-
tude of effect on SCD being the same as on overall mortality.

Interestingly, in the Heart Outcome Prevention Evaluation
Study (HOPE),29 involving cardiovascular patients without
a significant decrease in (LVEF � 40%), the ACE inhibitor,
ramipril, significantly decreased the incidence of cardiac
arrest (RR 0·62, 95% CI 0·41, 0·94). The mechanism by
which ACE inhibitors reduce SCD is poorly understood. In
addition to attenuation of remodeling, and thereby reducing
the substrate for ventricular tachyarrhythmia, they provide
significant neurohumoral modulation and protection from
future ischemic events.

In the Randomized Aldactone Evaluation Study (RALES)30

aldactone was evaluated in patients having NYHA III–IV.
After a mean follow up of 24 months the incidence of heart
failure symptoms was significantly decreased (RR 0·71, 95%
CI 0·54, 0·95). The magnitude of this effect was similar to
the effect on total mortality (RR 0·70, 95% CI 0·68, 0·72).

In the GISSI-Prevenzione Trial31 treatment with n-3
polyunsaturated fatty acids in 11 324 postmyocardial infarc-
tion patients significantly decreased the incidence of sudden
cardiac death (RR 0·74, 95% CI 0·58, 0·93), also signifi-
cantly decreasing total cardiac mortality and coronary mor-
tality by the same ratio (RR 0·78 and 0·80, respectively,
both significant).

Thus, accumulated evidence supports the wide use of
the above-mentioned interventions in appropriate patients.
However, there is no evidence of a primary antiarrhythmic
action and so these agents cannot be recommended as
antiarrhythmic agents.
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. ACE inhibitors and spironolactone should be used

in patients with congestive heart failure.

ICD treatment trials

ICD therapy

Electrical shock therapy is the most effective acute treatment
for life-threatening ventricular arrhythmia. The concept of an
implantable device able to diagnose ventricular tachyarrhyth-
mia and to deliver shock therapy automatically was devel-
oped in the 1970s. ICD therapy has been the subject of
intensive validation since its introduction into clinical prac-
tice. The first ICD was implanted in 1980; since then there
have been many refinements to the initial technology and
improvements continue to occur at a brisk pace. The funda-
mental therapy is the direct current (DC) shock capable of
cardioversion/defibrillation. Overdrive pacing therapy for
the termination of VT and bradycardia pacing are available.
Therapy can be tiered so that if overdrive pacing fails to con-
vert VT, or transforms it to a more malignant arrhythmia,
defibrillation/cardioversion can be deployed subsequently.
Detection of VT or VF is achieved by automatic counting of
the heart rate. Automatic gain control allows the device to
detect VF as well as VT. Major recent refinements are a
reduction in size and the addition of atrial electrodes which
allow dual chamber pacing, as well as use of the atrial elec-
trogram to improve the specificity of VT and VF detection.

Implantation is generally done under anesthesia in the
operating room or the electrophysiology laboratory, with
intraoperative testing for pacing and defibrillation thresh-
olds. The operative mortality with modern endocardial sys-
tems is �1%.32,33 The ICD is associated with a number of
complications: pneumothorax or vascular complications of
implantation; heart perforation; pericarditis; and infectious
complications. The rate of infection with non-thoracotomy
systems is 0·6–4·1%.34 A troublesome complication is 
the painfulness of virtually all cardioversion/defibrillator
shocks. The availability of overdrive pacing therapy, which
is painless, reduces the frequency of shocks even in fast VT,
but many patients still require shocks periodically.35,36

ICD therapy has achieved considerable sophistication in
the detection and treatment of VT and VF. There is no doubt
that it is an effective therapy for the termination of episodes of
VT and VF. This has been clear for many years from the fact
that VT or VF, artificially induced in hospital, can be reliably
terminated by the ICD. Modern ICDs now provide an ECG
collection and telemetry ability that allows inspection of the
cardiac electrograms immediately before and after discharges
of the ICD. It is now possible to directly confirm the success
of the ICD against episodes of spontaneously occurring VT
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and VF. Thus it is safe to conclude that the ICD is very effec-
tive for many episodes of VT and VF, preventing their fatal
outcomes.

Assessment of ICD effectiveness

Assessment of the overall effectiveness of the ICD is made
complex by the fact that in the vast majority of patients VT
and VF are not isolated conditions but late complications of
ischemic heart disease or cardiomyopathy. In fact, VT and
VF only rarely occur in the absence of serious structural
heart disease. The typical patient receiving an ICD is at risk
of dying not only from recurrence of VT or VF, but also from
recurrent myocardial infarction and congestive heart failure.
Thus although the ICD is clearly effective against VT and
VF, it was not entirely obvious that it would prolong life in
the average patient treated. Several trials have addressed
this issue.

ICD for survivors of sudden death

There have been four randomized trials which evaluated
the ICD as a treatment for patients with previous docu-
mented sustained VT or VF. A small (60 patients) Dutch trial
randomized patients with inducible sustained cardiac
arrhythmia after cardiac arrest to either ICD or conventional
therapy (which included antiarrhythmic drugs and VT abla-
tion and VT surgery).37 During 24 months of follow up
patients in the ICD group had non-significantly lower over-
all, cardiac and sudden cardiac mortality.

Three secondary prevention ICD trials have been con-
ducted. CASH38 enrolled patients with prior VF, whereas the
Canadian Implantable Defibrillator Study (CIDS) and the Anti-
arrhythmic versus Implantable Defibrillator (AVID) study
enrolled both patients with prior VF as well as patients with
hemodynamically unstable VT.39,40 CIDS also enrolled patients
with decreased LV function, syncope and inducible VT.

AVID was the first of these three trials to report its results.40

There were 1016 patients randomized to receive either an
ICD or drug therapy, which was specified as either amio-
darone or sotalol. In patients eligible for either drug, alloca-
tion was random. Forty-five per cent of patients had VF and
the rest had VT. Only 13 of 509 patients randomized to drug
therapy were actually discharged from hospital on sotalol; the
rest received amiodarone. The mean dose of amiodarone at 
1 year was 331 mg/day and 87% of patients remained on
amiodarone at 1 year. There was a significant imbalance in
� blocker use between ICD and amiodarone patients, with
45% of ICD patients receiving this therapy compared to 13%
of drug therapy patients. There was a reduction in mortality
with the ICD. Over a mean follow up of 18 months, crude
death rates were 15·8 � 3 · 2% for the ICD v 24·0 � 3 · 7%
for drug therapy (P � 0 · 02). The relative risk reductions at 1,
2 and 3 years were 39 � 20%, 27 � 21% and 31 � 21%

(�95% CI). The treatment effect is quite large in terms of 
relative risk reduction (approximately one third) but the 
prolongation of life is modest, at only just over 3 months.

CASH was initially planned as a 400 patient study with
four treatment arms: ICD, amiodarone, metoprolol and
propafenone. The propafenone arm was terminated prema-
turely owing to excessive mortality compared to the other
treatments (61% higher all-cause mortality rate than in ICD
patients during a follow up of 11 months). The study con-
tinued to recruit patients in the remaining three arms; 99
were assigned to ICDs, 92 to amiodarone and 97 to meto-
prolol. The primary end point was all-cause mortality. The
study was terminated when all patients had concluded
a minimum 2 year follow up. Over a mean follow up of
57 � 34 months, therapy with an ICD was associated with
a 23% (non-significant) reduction in all-cause mortality rates
compared to treatment with amiodarone/metoprolol.

In CIDS a total of 659 patients were randomly assigned to
treatment with the ICD or with amiodarone. The primary
outcome measure was all-cause mortality and the secondary
outcome was arrhythmic death. At 5 years, 85·4% of
patients assigned to amiodarone were still receiving it at a
mean dose of 255 mg/day, 28·1% of ICD patients were also
receiving amiodarone, and 21·4% of amiodarone patients
had received an ICD. A non-significant reduction in the risk
of death was observed with the ICD, from 10·2% per year
to 8·3% per year (19·7% relative risk reduction; 95% CI
�7·7 to 40; P � 0 · 142). A non-significant reduction in the
risk of arrhythmic death was observed, from 4·5% per year
to 3·0% per year (32·8% relative risk reduction; 95% CI
�7·2 to 57·8; P � 0 · 094).

A meta-analysis of the three trials provides a summary of
the benefit of the ICD in the secondary prevention.41

Individual patient data from AVID, CASH and CIDS were
merged into a database. Analysis of the data showed that the
estimates of ICD benefit from the three studies were consis-
tent with each other (Pheterogeneity � 0·306). It also showed a
significant reduction in death from any cause with the ICD,
with a summary hazard ratio (ICD v amiodarone) of 0·72
(95% CI 0·60, 0·87; P � 0 · 0006). For the outcome of
arrhythmic death the hazard ratio was 0·50 (95% CI 0·37,
0·67; P � 0 · 0001). Survival was extended by a mean of
4·4 months by the ICD over a follow up period of 6 years.
Patients with left ventricular ejection fraction 	35% derived
significantly more benefit from ICD therapy than those with
better left ventricular function (HR 1·2, 95% CI 0·86, 1·76
in patients with LVEF � 35% v HR 0·66, 95%CI in patients
with LVEF 	 35%, Pinteraction � 0 · 011).

At present, when managing a patient with life-threatening
sustained VT or VF the balance of evidence now favors ICD
therapy over amiodarone. In light of the modest prolonga-
tion of life conferred by the ICD and its high cost, where
resources are limited, amiodarone may be used as reason-
able alternative.
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Recommendations
ICD is the treatment of choice for patients with

cardiac arrest or sustained ventricular tachycardia.

ICD for inducible VT/VF

Two randomized trials have evaluated the ability of the ICD
to reduce the risk of death in patients who have not experi-
enced sustained ventricular tachyarrhythmia but who are at
high risk of sudden death because they have been shown 
to have low LVEF, spontaneous non-sustained VT, and
inducible sustained ventricular tachyarrhythmia. These are
the Multicenter Automatic Defibrillator Implantation Trial
(MADIT)42 and the Multicenter Unsustained Tachycardia
Trial (MUSTT).43,44

In MADIT, patients with left ventricular ejection fraction
�35% and recent myocardial infarction were further
screened by programmed ventricular stimulation. Patients
found to have inducible VT or VF became eligible for the
study if inducibility of the tachycardia could not be sup-
pressed by procainamide.42 There were 196 patients random-
ized to either receive an ICD or “conventional” therapy. The
choice of conventional therapy was at the discretion of the
investigator. Amiodarone and � blockers, the only proven
effective drugs against VT and VF, were used predominantly
but sporadically (in 45% and 5%, respectively, of “conven-
tional” patients at last contact). The trial was terminated pre-
maturely when about 75% of patients had been enrolled,
owing to a benefit of ICD treatment. The hazard ratio was
0·46 (95% CI 0·26, 0·82; P � 0 · 009), indicating a greater
than 50% reduction in death with ICD therapy. When the
specific causes of death were examined, the ICD not only
reduced arrhythmic death (13 v 3), but there appeared to be
reduction in non-arrhythmic cardiac death (13 v 7) and
deaths of unknown cause (6 v 0), which is not explained and
not biologically plausible. There was a marked imbalance in
the use of � blocker therapy in favor of the ICD group, but
this did not explain the benefit observed with the ICD.

The Multicenter Unsustained Tachycardia Trial (MUSTT)
was a randomized trial of electrophysiologically guided
antiarrhythmic therapy in patients with coronary artery dis-
ease, a left ventricular ejection fraction 	0·40 and asympto-
matic, non-sustained ventricular tachycardia.43 Seven
hundred and four patients who satisfied these criteria, and in
whom sustained ventricular tachyarrhythmia was induced
by programmed stimulation, were randomly assigned to
receive either antiarrhythmic drug tailored by electrophysio-
logical testing, including drugs and ICDs (if drugs failed to
suppress inducibility), or no antiarrhythmic therapy at all.
The primary end point of cardiac arrest or death from
arrhythmia was reached in 25% of those receiving electro-
physiologically guided therapy, and in 32% of those assigned
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to no antiarrhythmic therapy (relative risk 0·73; 95% CI
0·53–0·99), representing a reduction in risk of 27%. Five 
year total mortality was 42% in patients receiving EPS-guided
therapy, versus 48% in controls (RR 0·80, 95% CI 0·64, 1·01).
In a non-randomized analysis the primary end point was less
frequent among the patients who received ICDs compared to
patients discharged without receiving defibrillator treatment
(relative risk 0·24; 95% CI, 0·13–0·45; P � 0·001). In con-
trast, the primary end point in those who received antiar-
rhythmic drugs was not less frequent than in the patients
assigned to no antiarrhythmic therapy.

The results of these two trials provide suggestive evi-
dence that the ICD reduces risk of death when used as a
prevention therapy in patients with coronary disease, reduced
left ventricular function and inducible VT. However, the
small size of MADIT and the indirect inference about the
role of ICD in MUSTT make it hard to conclude definitely
that the ICD benefits these patients.

Recommendation
The ICD may be considered for patients with

LVEF 	 40% and with inducible sustained VT.

ICD as a primary prevention of 
sudden cardiac death

In two other randomized trials, ICDs were tested in patients
without spontaneous or inducible life-threatening ventricu-
lar arrhythmia: the Coronary Artery Bypass Graft Patch Trial
(CABG-Patch)45 and the Second Multicenter Autonomic
Defibrillator Implantation Trial (MADIT II).46

The rationale for the CABG-Patch trial was developed at a
time when a thoracotomy was required for implantation of
an ICD. Patients requiring CABG, who were identified to be
at high risk of sudden death, were thought to be good can-
didates for prophylactic ICD implantation because the detri-
mental effect of a major surgical procedure to implant the
ICD was already accounted for.45 Thus in the CABG-Patch
Trial, patients scheduled for CABG and with LVEF 	35%
were further stratified for risk of arrhythmic death by signal
averaged ECG. High-risk patients were randomized either
to receive or not to receive an ICD at the time of CABG.
The trial randomized 900 patients. Antiarrhythmic drug
use was similar between the two groups. There were 52
patients randomized to ICD who either never received a
device or who had it removed. There were 196 deaths (101
in the ICD group and 95 in the control group) for a crude
mortality rate of 21·8% during an average follow up of
32 � 16 months. The hazard ratio was 1·07 (95% CI 0·81,
1·42), indicating no benefit from the ICD in this patient pop-
ulation. Secondary analysis showed that the ICD did reduce
arrhythmic death, but the benefit was offset by an unex-
plained increase in non-arrhythmic death.47
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MADIT II is the second completed trial of ICDs in
patients at risk of future sudden death without evidence of
sustained VT or VF.46,48 The target population were patients
with LVEF 	30%, excluding patients with recent (�1
month) myocardial infarction, CABG or PTCA (�2 months);
and patients justifying the MADIT I criteria for ICD implan-
tation. There were 1232 patients randomly assigned to
receive an ICD (742 patients) or conventional medical ther-
apy (490 patients). During an average follow up of 20
months, the mortality rates were 19·8% in the conventional
therapy group and 14·2% in the defibrillator group (HR 0·69,
95% CI 0·51, 0·93).

The discrepancy between the results of the CABG-Patch
Trial and MADIT may be explained by differences in sever-
ity of left ventricular dysfunction of the target populations
(	30% in MADIT II v 	35% in CABG-Patch). All patients
in the CABG-Patch population had CABG performed at the
very start of the study. MADIT II enrolled patients who had
either been previously revascularized or who were not suit-
able for revascularization.

There are other ongoing prospective randomized con-
trolled trials evaluating the efficacy of ICD therapy in
patients at risk of VT/VF without spontaneous or inducible
sustained ventricular arrhythmia. The Sudden Cardiac
Death in Heart Failure Trial (SCD-HeFT) is a randomized
placebo controlled trial designed to determine whether
amiodarone or the ICD will decrease overall mortality
in patients with coronary artery disease or non-ischemic
cardiomyopathy who are in New York Heart Association
(NYHA) class II or III heart failure with a left ventricular
ejection fraction 	35%.49 The primary end point in SCD-
HeFT is total mortality.

The Defibrillator in Acute Myocardial Infarction Trial
(DINAMIT) is a randomized comparison of ICD therapy
versus no ICD therapy in survivors of acute myocardial
infarction at risk of sudden cardiac death.50 The study aims
to enroll 675 patients shortly after their infarction (day 6 
to day 40) who have reduced left ventricular function 
(LVEF 	 0·35) and impairment of cardiac autonomic 
function, shown by depressed heart rate variability (stan-
dard deviation of normal to normal R–R intervals 70 ms) or
elevated average 24 hour heart rate (mean 24 hour R–R
interval 750 ms, assessed by Holter monitoring). Patients
will be followed for approximately 3 years on average, with
subsequent data analysis based on the intent to treat 
principle. Primary outcome is all-cause mortality.

Results from SCD-Heft and DINAMIT are expected dur-
ing 2003. At present the evidence of superiority of ICD in
patients with low (�30%) left ventricular ejection fraction is
confined to the partially reported results of MADIT II, but
counterbalanced by a neutral effect from CABG-Patch.

However, the MADIT II result is likely to be important
because of the simple clear design of that study and the clear
result in favor of ICD therapy. Left ventricular dysfunction is

a major determinant of the degree to which patients can ben-
efit from the ICD. In the secondary prevention trials CIDS
and AVID, and in MADIT I, the benefit of the ICD is much
greater in these patients with poor LV function than in those
whose LV is well preserved. The results of MADIT II, which
enrolled patients with severe LV dysfunction, add further evi-
dence in support of this view. Although the occurrence of a
sustained ventricular arrhythmia remains the main indication
for an ICD today, it is likely that in the future reduced LV
function will be the primary determinant of need.

Recommendation
The ICD is indicated for patients with coronary

artery disease and LVEF 	 30%.

Combined ICD and antiarrhythmic drug therapy

ICDs and antiarrhythmic drugs should not be considered as
exclusive alternatives.51 In fact, many ICD patients receive
concomitant antiarrhythmic therapy to help control supra-
ventricular tachyarrhythmia, recurrent ventricular arrhyth-
mia and frequent ICD shocks. Indeed, the ICD does not
prevent VT/VF, only its fatal consequences. Conversely, the
ICD is able to protect patients from the occasional pro-
arrhythmic action of antiarrhythmic drugs. In one recent
placebo controlled trial sotalol was shown to be effective in
preventing shocks in ICD patients.52

Cost of ICD therapy

The high cost of modern ICD systems is a considerable obsta-
cle against their wider use in many areas, making the treat-
ment available to only a minor proportion of those at risk.
The cost effectiveness of ICD implantation was analyzed
for two trials.53,54 In MADIT the ICD treatment showed
increased costs compared to the drug arm, mainly owing to
initial costs (US$44 600 for ICD v US$18 900 for non-ICD).
The cost of follow up was non-significantly higher for the
non-ICD arm (US$1915 v US$1384). ICD therapy resulted
in a cost of US$27 000 for every life year saved. In CIDS, the
cost per year of life saved was much higher, at about
US$130 000. The main reason for the difference in cost
effectiveness between MADIT and CIDS was the estimates
of efficacy, the costs being similar. The more modest estimate
of ICD benefit in CIDS resulted in much lower cost effective-
ness. In a subsequent analysis of CIDS for patients with LVEF
�35% (in whom ICD implantation was associated with a
greater survival benefit), the cost of 1 year of life gained 
was quite reasonable (between US$60 000 and US$ 90 000).
Sheldon et al.55 indicated that appropriate risk stratification
by simple clinical risk factors (age �70, LVEF 	35% and
NYHA class III) in the CIDS population reduced the cost per
year of life saved to about US$40 000.
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Summary

Sudden death due to ventricular arrhythmia is an important
health problem against which considerable progress has been
made in the past 15 years. Both drugs and devices have been
shown to reduce the risk of arrhythmic death. Patients with
advanced coronary or myocardial disease are at high risk of
arrhythmic death and should be treated with ACE inhibitors
and � blockers. Those with symptomatic heart failure should
receive spironolactone. The ICD clearly further reduces the
risk of arrhythmic death in those at high risk, and should be
used both in patients surviving sustained VT or VF and in
those with very severe left ventricular dysfunction.

Summary of recommendations
Where antiarrhythmic drugs are to be used to pre-

vent the recurrence of ventricular tachyarrhythmia, amio-
darone and sotalol are superior to class I antiarrhythmic
agents.

� Blockers are indicated in all patients with prior
myocardial infarction or congestive heart failure.

ACE inhibitors and spironolactone should be used
in patients with congestive heart failure.

Amiodarone is the antiarrhythmic drug of choice
where there is an above average risk of proarrhythmia.

Class I antiarrhythmics should be avoided in
patients with coronary artery disease or left ventricular
dysfunction.

ICD is the treatment of choice for patients with
cardiac arrest or sustained ventricular tachycardia.

The ICD is indicated for patients with coronary
artery disease with LVEF	30%.

The ICD may be considered for patients with
LVEF	40% and with inducible sustained VT.
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Introduction

The development and implementation of the first fully
implantable cardiac pacemaker in 1958 transformed the
outlook for patients with symptomatic bradycardia and
Stokes–Adams attacks.1 The first pacemaker recipient sur-
vived for over 43 years after receiving his initial implant.
Since then, many millions of patients have benefitted from
this dramatically effective form of treatment. Technological
advances and innovation have enabled the development of
increasingly sophisticated pacing systems, better able to sim-
ulate the normal cardiac activation sequence, and a wide
variety of different pacing modes is now available.

Initially, pacemakers were only implanted for atrioven-
tricular (AV) block, but their use was soon extended to the
management of symptomatic bradycardia associated with
sinus node disease. In recent years, improved understanding
of pathophysiologic mechanisms has prompted the assess-
ment of pacemaker therapy in a number of other conditions
such as neurocardiogenic syncope, hypertrophic cardio-
myopathy, dilated cardiomyopathy and paroxysmal atrial fib-
rillation. With the emergence of new indications for pacing
and the availability of a vast array of different pacing modes
and techniques, an evidence-based approach to the practice
of cardiac pacing has become increasingly important.

Goals of cardiac pacing

The fundamental aims of cardiac pacing are to relieve symp-
toms, to improve the quality of life and, in some instances,
to prolong survival. The achievement of these aims is medi-
ated by improvements in hemodynamic function and func-
tional capacity, reduction in cardiovascular morbidity, and
prevention of sudden death. Any consideration of the indi-
cations for pacing and selection of the appropriate pacing
mode must have regard to all of these factors and their inter-
relations, which are summarized in Figure 42.1. Hemo-
dynamic differences between alternative pacing modes do
not always translate into significant differences in clinical
utility and a comprehensive assessment of outcome in clini-
cal trials is therefore essential. It is important to note that
inappropriate pacing or complications from pacing may

result in new or worse symptoms and increased cardiovas-
cular morbidity. This is perhaps best exemplified by the
pacemaker syndrome, which is most often seen during ven-
tricular pacing in the presence of retrograde ventriculoatrial
conduction. The syndrome has aptly been described as an
iatrogenic condition.2
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42 Impact of pacemakers: when and
what kind?
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Figure 42.1 Relation of pacing parameters to clinical 
outcome

Current pacing practice

It is estimated that about 500000 pacemakers per annum are
implanted worldwide,3–5 but there is considerable national
and regional variation in the implant rate. In the United
Kingdom, there are approximately 295 new implants per mil-
lion population.6 This is close to the median for European
countries but the figure within Europe ranges from less than



100 per million (Russia) to 585 per million (Belgium).4 The
estimated new implant rate in the United States is 571 per
million.5 These variations may partly reflect differences in the
age distribution and morbidity of the relevant populations but
availability of resources and variations in standards of medical
care and attitudes towards pacing may also be relevant. There
has also been some suggestion, in the past, of inappropriate
and excessive pacemaker implantation.7

In an effort to define appropriate pacing practice, a joint
task force sub-committee of the American College of
Cardiology (ACC) and the American Heart Association
(AHA) published guidelines for permanent pacemaker
implantation in 1984.8 These were updated and revised in
19919 and again in 199810 (Table 42.1). The guidelines 
follow an evidence-based approach and include grading of
the evidence supporting each recommendation. With regard
to the indications for pacing, the following classification 
is used:

● Class I – conditions for which there is evidence and/or
general agreement that pacing is beneficial, useful, and
effective

● Class II – conditions for which there is conflicting evi-
dence and/or a divergence of opinion about the usefull-
ness/efficacy of pacing

● Class III – conditions for which there is evidence and/or
general agreement that pacing is not useful/effective
and in some cases may be harmful.

Class II is subdivided into Class IIa – weight of evidence/opin-
ion is in favor of usefullness/efficacy and Class IIb – usefull-
ness/efficacy is less well established by evidence/opinion. It is
recognized that, although applicable to the “average” patient, 
recommendations for specific conditions may require modifi-
cation to take account of patient comorbidity, limited life
expectancy, and other factors that only the implanting physi-
cian can evaluate appropriately.

A working party of the British Pacing and
Electrophysiology Group (BPEG) also published recommen-
dations for pacemaker prescription in 1991.11 These advo-
cated general principles to guide pacemaker mode selection
and made specific recommendations for optimal and alter-
native pacing modes in various clinical settings (Table 42.2).
The recommendations regarding mode selection have, how-
ever, been criticized and attention has been drawn to their
reliance on observational data from retrospective studies
rather than prospective randomized clinical trials.12

Attention has also been drawn to the financial implications
of the recommendations, implementation of which might
increase pacing budgets by up to 75%.13 For whatever rea-
son, it is clear that the BPEG recommendations have not
been universally adopted in the United Kingdom14 and
there is evidence of agism, with the preferential use of opti-
mal pacing modes only in younger patients.15

General principles of pacemaker mode selection
● The ventricle should be paced if there is actual or 

threatened atrioventricular block.
● The atrium should be paced/sensed unless 

contraindicated.
● Rate response is not essential if the patient is inactive or

has a normal chronotropic response.
● Rate hysteresis may be valuable if the bradycardia is

intermittent.
Based on recommendations of a working party of the

British Pacing and Electrophysiology Group11

Against this background, it is pertinent to review the evi-
dence concerning the indications for pacing and pacemaker
mode selection in order fully to comprehend the basis for
rational, evidence-based pacing practice. It is important to
note that there have been no randomized trials to assess the
efficacy of pacing in the treatment of symptomatic AV block.
The absence of any satisfactory alternative therapy and the
overwhelming evidence of symptom relief from observational
studies over four decades render such a trial unethical and
unnecessary. In the assessment of new indications for pacing
and alternative pacing modes, however, observational data
require critical evaluation and, where inconclusive, should be
supplemented by data from carefully designed clinical trials.

Conventional indications for pacing

The principal indication for cardiac pacing is to relieve or
prevent symptoms associated with bradycardia. In high
grade AV block, however, there is evidence that survival
may also be improved by pacing, even in the absence of
symptoms, and pacing should be considered on prognostic
grounds alone.

The symptoms associated with bradycardia include mani-
festations of limited cardiac output (tiredness, exercise intol-
erance, breathlessness, edema or chest discomfort), relative
cerebral ischemia (transient dizziness, light-headedness,
presyncope or syncope), and uncoordinated cardiac con-
traction (palpitation, neck or abdominal pulsation). Where
significant symptoms are clearly associated with docu-
mented bradycardia, the requirement for pacing will rarely
be in doubt. In other contexts, the cause of symptoms may
be unclear and it is important to note that the most common
symptoms are non-specific and prevalent in the elderly pop-
ulation, even in the absence of bradycardia.

Remediable causes of bradycardia such as acute myocar-
dial ischemia, electrolyte imbalance, hypothyroidism or
drug toxicity should always be considered before proceed-
ing to cardiac pacing. In some instances, drugs that depress
sinus node function or AV conduction may be essential and
pacing may be required to enable their continued use.

Evidence-based Cardiology

588



589

Ta
bl

e 
42

.1
A

C
C

/A
H

A
 g

ui
de

lin
es

: i
nd

ic
at

io
ns

 fo
r 

pe
rm

an
en

t c
ar

di
ac

 p
ac

in
g1 0

C
on

di
tio

n
C

la
ss

 I
C

la
ss

 II
a

C
la

ss
 II

b
C

la
ss

 II
I

A
cq

ui
re

d 
A

V
 b

lo
ck

(a
du

lts
):

Fi
rs

t d
eg

re
e

Fi
rs

t d
eg

re
e 

A
V

 b
lo

ck
 w

ith
M

ar
ke

d 
fir

st
 d

eg
re

e 
A

V
A

sy
m

pt
om

at
ic

 fi
rs

t d
eg

re
e 

A
V

sy
m

pt
om

s 
su

gg
es

tiv
e 

of
bl

oc
k 

(P
R

�
0

·3
s)

 in
 p

at
ie

nt
s

bl
oc

k 
“p

ac
em

ak
er

 s
yn

dr
om

e”
 a

nd
w

ith
 L

V
 d

ys
fu

nc
tio

n 
an

d
al

le
vi

at
io

n 
of

 s
ym

pt
om

s 
w

ith
sy

m
pt

om
s 

of
 C

H
F 

in
 w

ho
m

 a
te

m
po

ra
ry

 A
V

 p
ac

in
g 

m
or

e 
ph

ys
io

lo
gi

c 
A

V
 in

te
rv

al
 

re
su

lts
 in

 h
em

od
yn

am
ic

im
pr

ov
em

en
t 

S
ec

on
d 

de
gr

ee
S

ec
on

d 
de

gr
ee

 A
V

 b
lo

ck
 (

an
y

A
sy

m
pt

om
at

ic
 ty

pe
 I 

se
co

nd
A

sy
m

pt
om

at
ic

 ty
pe

 I 
se

co
nd

ty
pe

 o
r 

le
ve

l) 
w

ith
 a

ss
oc

ia
te

d
de

gr
ee

 b
lo

ck
 a

t i
nt

ra
- 

or
 in

fr
a-

de
gr

ee
 b

lo
ck

 a
t t

he
 s

up
ra

-H
is

sy
m

pt
om

at
ic

 b
ra

dy
ca

rd
ia

 
H

is
 le

ve
ls

 f
ou

nd
 in

ci
de

nt
al

ly
 a

t
(A

V
 n

od
e)

 le
ve

l 
E

P
S

 
A

sy
m

pt
om

at
ic

 ty
pe

 II
 s

ec
on

d
de

gr
ee

 A
V

 b
lo

ck
 

Th
ird

 d
eg

re
e 

(C
H

B
)

C
H

B
 a

ss
oc

ia
te

d 
w

ith
 a

ny
 o

f:
A

sy
m

pt
om

at
ic

 C
H

B
 a

t a
ny

A
V

 b
lo

ck
 th

at
 is

 e
xp

ec
te

d 
to

an
at

om
ic

 s
ite

, w
ith

 a
ve

ra
ge

,
re

so
lv

e 
an

d 
is

 u
nl

ik
el

y 
to

 r
ec

ur
aw

ak
e,

 v
en

tr
ic

ul
ar

 r
at

es
(f

or
 e

xa
m

pl
e 

dr
ug

 to
xi

ci
ty

,
�

4
0

/m
in

 
Ly

m
e 

di
se

as
e)

 

(a
) 

S
ym

pt
om

at
ic

 b
ra

dy
ca

rd
ia

 
(b

) 
N

ee
d 

fo
r 

dr
ug

s 
ca

us
in

g
sy

m
pt

om
at

ic
 b

ra
dy

ca
rd

ia
 

(c
) 

D
oc

um
en

te
d 

as
ys

to
le

 �
3

s 
or

es
ca

pe
 r

at
e 

�
4

0
/m

in
 in

aw
ak

e,
 s

ym
pt

om
-f

re
e

pa
tie

nt
s 

(d
) 

P
os

ta
bl

at
io

n 
of

 A
V

 ju
nc

tio
n

(e
) 

P
os

t o
pe

ra
tiv

e 
A

V
 b

lo
ck

 n
ot

ex
pe

ct
ed

 to
 r

es
ol

ve
 

(f
) 

N
eu

ro
m

us
cu

la
r 

di
se

as
e 

(f
or

ex
am

pl
e 

m
yo

to
ni

c 
dy

st
ro

ph
y)

 

C
hr

on
ic

 b
ifa

sc
ic

ul
ar

 o
r

A
ss

oc
ia

te
d 

w
ith

 in
te

rm
itt

en
t

S
yn

co
pe

 n
ot

 p
ro

ve
n 

du
e 

to
N

on
e

Fa
sc

ic
ul

ar
 b

lo
ck

 w
ith

 fi
rs

t 
tr

ifa
sc

ic
ul

ar
 b

lo
ck

C
H

B
 

A
V

 b
lo

ck
 w

he
n 

ot
he

r 
lik

el
y

de
gr

ee
 A

V
 b

lo
ck

 w
ith

ou
t

ca
us

es
, s

uc
h 

as
 V

T,
 h

av
e 

be
en

sy
m

pt
om

s 
ex

cl
ud

ed
 

A
ss

oc
ia

te
d 

w
ith

 ty
pe

 II
 s

ec
on

d
In

ci
de

nt
al

 fi
nd

in
g 

at
 E

P
S

Fa
sc

ic
ul

ar
 b

lo
ck

 w
ith

ou
t A

V
de

gr
ee

 A
V

 b
lo

ck
 

of
 m

ar
ke

dl
y 

pr
ol

on
ge

d 
H

V
bl

oc
k 

or
 s

ym
pt

om
s 

in
te

rv
al

 (
�

1
0

0
m

s)
 in

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 C

G
ra

de
 B

/CG
ra

de
 B

/C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 B

G
ra

de
 B

/C

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

/C
G

ra
de

 B

G
ra

de
 C

G
ra

de
 B

G
ra

de
 B



590

Ta
bl

e 
42

.1
C

on
tin

ue
d

C
on

di
tio

n
C

la
ss

 I
C

la
ss

 II
a

C
la

ss
 II

b
C

la
ss

 II
I

as
ym

pt
om

at
ic

 p
at

ie
nt

 
In

ci
de

nt
al

 fi
nd

in
g 

at
 E

P
S

of
 p

ac
in

g 
in

du
ce

d 
in

fr
a-

H
is

bl
oc

k 
th

at
 is

 n
ot

 p
hy

si
ol

og
ic

 

A
V

 b
lo

ck
 a

ft
er

 th
e 

ac
ut

e 
P

er
si

st
en

t s
ec

on
d 

de
gr

ee
N

on
e

P
er

si
st

en
t s

ec
on

d 
or

 th
ird

Tr
an

si
en

t A
V

 b
lo

ck
 in

 th
e

ph
as

e 
of

 m
yo

ca
rd

ia
l

A
V

 b
lo

ck
 in

 th
e 

H
is

–
P

ur
ki

nj
e

de
gr

ee
 A

V
 b

lo
ck

 a
t t

he
 A

V
ab

se
nc

e 
of

 in
tr

av
en

tr
ic

ul
ar

in
fa

rc
tio

n 
(M

I)
sy

st
em

 w
ith

 b
ila

te
ra

l b
un

dl
e

no
de

 le
ve

l 
co

nd
uc

tio
n 

de
fe

ct
s 

br
an

ch
 b

lo
ck

 o
r 

th
ird

 d
eg

re
e 

A
V

bl
oc

k 
w

ith
in

 o
r 

be
lo

w
 th

e 
H

is
–

P
ur

ki
nj

e 
sy

st
em

 a
ft

er
 a

cu
te

 M
I 

Tr
an

si
en

t A
V

 b
lo

ck
 in

 th
e

Tr
an

si
en

t a
dv

an
ce

d 
(s

ec
on

d 
or

 
pr

es
en

ce
 o

f 
is

ol
at

ed
 le

ft
 a

nt
er

io
r

th
ird

 d
eg

re
e)

 in
fr

an
od

al
 A

V
fa

sc
ic

ul
ar

 b
lo

ck
 

bl
oc

k 
an

d 
as

so
ci

at
ed

 b
un

dl
e 

br
an

ch
 b

lo
ck

. I
f 

th
e 

si
te

 o
f 

bl
oc

k 
is

 u
nc

er
ta

in
, a

n 
E

P
S

 m
ay

 b
e

ne
ce

ss
ar

y 
A

cq
ui

re
d 

le
ft

 a
nt

er
io

r
P

er
si

st
en

t a
nd

 s
ym

pt
om

at
ic

fa
sc

ic
ul

ar
 b

lo
ck

 in
 th

e 
ab

se
nc

e 
se

co
nd

 o
r 

th
ird

 d
eg

re
e 

A
V

of
 A

V
 b

lo
ck

 
bl

oc
k 

P
er

si
st

en
t fi

rs
t d

eg
re

e 
A

V
bl

oc
k 

in
 th

e 
pr

es
en

ce
 o

f
bu

nd
le

 b
ra

nc
h 

bl
oc

k 
th

at
 is

 o
ld

or
 a

ge
 in

de
te

rm
in

at
e 

S
in

us
 n

od
e 

dy
sf

un
ct

io
n

S
N

D
 w

ith
 d

oc
um

en
te

d 
S

N
D

, o
cc

ur
rin

g 
sp

on
ta

ne
ou

sl
y

C
hr

on
ic

 h
ea

rt
 r

at
es

 �
3

0
/m

in
S

N
D

 in
 a

sy
m

pt
om

at
ic

(S
N

D
)

sy
m

pt
om

at
ic

 b
ra

dy
ca

rd
ia

or
 a

s 
a 

re
su

lt 
of

 n
ec

es
sa

ry
 d

ru
g

w
hi

ls
t a

w
ak

e,
 in

 m
in

im
al

ly
pa

tie
nt

s,
 in

cl
ud

in
g 

th
os

e
in

cl
ud

in
g 

fr
eq

ue
nt

 s
ym

pt
om

at
ic

th
er

ap
y, 

w
ith

 h
ea

rt
 r

at
es

sy
m

pt
om

at
ic

 p
at

ie
nt

s 
in

 w
ho

m
 s

ub
st

an
tia

l s
in

us
si

nu
s 

pa
us

es
 (

in
cl

ud
in

g 
ia

tr
og

en
ic

�
4

0
/m

in
 w

he
n 

a 
cl

ea
r 

br
ad

yc
ar

di
a 

(�
4

0
/m

in
) 

is
 d

ue
br

ad
yc

ar
di

a 
du

e 
to

 e
ss

en
tia

l l
on

g
as

so
ci

at
io

n 
be

tw
ee

n 
si

gn
ifi

ca
nt

to
 lo

ng
 te

rm
 d

ru
g 

tr
ea

tm
en

t
te

rm
 d

ru
g 

th
er

ap
y 

w
ith

 n
o 

sy
m

pt
om

s 
co

ns
is

te
nt

 w
ith

ac
ce

pt
ab

le
 a

lte
rn

at
iv

e)
 

br
ad

yc
ar

di
a 

an
d 

th
e 

ac
tu

al
pr

es
en

ce
 o

f 
br

ad
yc

ar
di

a 
ha

s
no

t b
ee

n 
do

cu
m

en
te

d 

S
ym

pt
om

at
ic

 c
hr

on
ot

ro
pi

c
S

N
D

 in
 p

at
ie

nt
s 

in
 w

ho
m

in
co

m
pe

te
nc

e 
sy

m
pt

om
s 

su
gg

es
tiv

e 
of

br
ad

yc
ar

di
a 

ar
e 

cl
ea

rly
do

cu
m

en
te

d 
no

t t
o 

be
 

as
so

ci
at

ed
 w

ith
 a

 s
lo

w
he

ar
t r

at
e 

S
N

D
 w

ith
sy

m
pt

om
at

ic
 b

ra
dy

ca
rd

ia
 d

ue
to

 n
on

-e
ss

en
tia

l d
ru

g 
th

er
ap

y

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 B

G
ra

de
 C

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B



591

H
yp

er
se

ns
iti

ve
 c

ar
ot

id
 s

in
us

R
ec

ur
re

nt
 s

yn
co

pe
 c

au
se

d
R

ec
ur

re
nt

 s
yn

co
pe

 w
ith

ou
t

N
eu

ra
lly

 m
ed

ia
te

d 
sy

nc
op

e 
H

yp
er

ac
tiv

e 
ca

rd
io

in
hi

bi
to

ry
sy

nd
ro

m
e 

an
d 

ne
ur

al
ly

by
 c

ar
ot

id
 s

in
us

 s
tim

ul
at

io
n;

cl
ea

r, 
pr

ov
oc

at
iv

e 
ev

en
ts

 a
nd

 
w

ith
 s

ig
ni

fic
an

t b
ra

dy
ca

rd
ia

re
sp

on
se

 to
 c

ar
ot

id
 s

in
us

m
ed

ia
te

d 
sy

nc
op

e
m

in
im

al
 c

ar
ot

id
 s

in
us

 p
re

ss
ur

e
w

ith
 a

 h
yp

er
se

ns
iti

ve
re

pr
od

uc
ed

 b
y 

he
ad

-u
p 

til
t

st
im

ul
at

io
n 

in
 th

e 
ab

se
nc

e 
of

in
du

ce
s 

ve
nt

ric
ul

ar
 a

sy
st

ol
e 

of
ca

rd
io

in
hi

bi
to

ry
 r

es
po

ns
e 

w
ith

 o
r 

w
ith

ou
t i

so
pr

ot
er

en
ol

sy
m

pt
om

s
�

3
s 

du
ra

tio
n 

in
 th

e 
ab

se
nc

e 
of

or
 o

th
er

 p
ro

vo
ca

tiv
e

an
y 

m
ed

ic
at

io
n 

th
at

 d
ep

re
ss

es
 th

e
m

an
eu

ve
rs

 
si

nu
s 

no
de

 o
r 

A
V

 c
on

du
ct

io
n 

S
yn

co
pe

 o
f 

un
ex

pl
ai

ne
d

Va
gu

e 
sy

m
pt

om
s,

 s
uc

h 
as

 
or

ig
in

 w
he

n 
m

aj
or

 a
bn

or
m

al
iti

es
 

di
zz

in
es

s 
or

 li
gh

t-
he

ad
ed

ne
ss

,
of

 s
in

us
 n

od
e 

fu
nc

tio
n 

or
 A

V
or

 b
ot

h,
 w

ith
 a

 h
yp

er
ac

tiv
e

co
nd

uc
tio

n 
ar

e 
di

sc
ov

er
ed

 o
r

ca
rd

io
in

hi
bi

to
ry

 r
es

po
ns

e 
to

pr
ov

ok
ed

 a
t E

P
S

ca
ro

tid
 s

in
us

 s
tim

ul
at

io
n

R
ec

ur
re

nt
 s

yn
co

pe
,

lig
ht

-h
ea

de
dn

es
s 

or
 d

iz
zi

ne
ss

 in
th

e 
ab

se
nc

e 
of

 c
ar

di
oi

nh
ib

ito
ry

re
sp

on
se

S
itu

at
io

na
l v

as
ov

ag
al

sy
nc

op
e 

in
 w

hi
ch

 a
vo

id
an

ce
be

ha
vi

or
 is

 e
ff

ec
tiv

e

Ta
ch

yc
ar

di
a 

pr
ev

en
tio

n
S

us
ta

in
ed

 p
au

se
-d

ep
en

de
nt

 V
T,

H
ig

h 
ris

k 
pa

tie
nt

s 
w

ith
A

V
 r

e-
en

tr
an

t o
r 

A
V

 n
od

e 
Fr

eq
ue

nt
 o

r 
co

m
pl

ex
 v

en
tr

ic
ul

ar
w

ith
 o

r 
w

ith
ou

t p
ro

lo
ng

ed
 Q

T,
co

ng
en

ita
l l

on
g 

Q
T 

re
-e

nt
ra

nt
 s

up
ra

ve
nt

ric
ul

ar
ec

to
pi

c 
ac

tiv
ity

 w
ith

ou
t 

in
 w

hi
ch

 th
e 

ef
fic

ac
y 

of
 p

ac
in

g 
is

sy
nd

ro
m

e 
ta

ch
yc

ar
di

a 
no

t r
es

po
ns

iv
e 

to
su

st
ai

ne
d 

V
T 

in
 th

e 
ab

se
nc

e 
of

th
or

ou
gh

ly
 d

oc
um

en
te

d 
m

ed
ic

al
 o

r 
ab

la
tio

n 
th

er
ap

y
th

e 
lo

ng
 Q

T 
sy

nd
ro

m
e

P
re

ve
nt

io
n 

of
Lo

ng
 Q

T 
sy

nd
ro

m
e 

du
e 

to
sy

m
pt

om
at

ic
, d

ru
g 

re
fr

ac
to

ry
 

re
ve

rs
ib

le
 c

au
se

s
at

ria
l fi

br
ill

at
io

n 

H
yp

er
tr

op
hi

c
C

la
ss

 I 
N

on
e

M
ed

ic
al

ly
 r

ef
ra

ct
or

y,
A

sy
m

pt
om

at
ic

 o
r 

m
ed

ic
al

ly
ca

rd
io

m
yo

pa
th

y
in

di
ca

tio
ns

 f
or

 s
in

us
 n

od
e 

sy
m

pt
om

at
ic

 h
yp

er
tr

op
hi

c
co

nt
ro

lle
d 

pa
tie

nt
s

dy
sf

un
ct

io
n 

or
 A

V
 b

lo
ck

 
ca

rd
io

m
yo

pa
th

y 
pa

tie
nt

s 
w

ith
as

 a
bo

ve
 

si
gn

ifi
ca

nt
 r

es
tin

g 
or

 p
ro

vo
ke

d 
LV

 o
ut

flo
w

 o
bs

tr
uc

tio
n 

S
ym

pt
om

at
ic

 p
at

ie
nt

s 
w

ith
ou

t
ev

id
en

ce
 o

f 
LV

 o
ut

flo
w

ob
st

ru
ct

io
n

D
ila

te
d

C
la

ss
 I 

N
on

e
S

ym
pt

om
at

ic
, d

ru
g 

re
fr

ac
to

ry
A

sy
m

pt
om

at
ic

 d
ila

te
d

ca
rd

io
m

yo
pa

th
y

in
di

ca
tio

ns
 f

or
 s

in
us

 n
od

e 
di

la
te

d 
ca

rd
io

m
yo

pa
th

y
ca

rd
io

m
yo

pa
th

y
dy

sf
un

ct
io

n 
or

 A
V

 b
lo

ck
 

w
ith

 p
ro

lo
ng

ed
 P

R
 in

te
rv

al
as

 a
bo

ve
 

w
he

n 
ac

ut
e 

he
m

od
yn

am
ic

st
ud

ie
s 

ha
ve

 d
em

on
st

ra
te

d
he

m
od

yn
am

ic
 b

en
efi

t 
G

ra
de

 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 B

G
ra

de
 C



592

Ta
bl

e 
42

.1
C

on
tin

ue
d

C
on

di
tio

n
C

la
ss

 I
C

la
ss

 II
a

C
la

ss
 II

b
C

la
ss

 II
I

S
ym

pt
om

at
ic

 d
ila

te
d

ca
rd

io
m

yo
pa

th
y 

w
he

n 
pa

tie
nt

s
ar

e 
re

nd
er

ed
 a

sy
m

pt
om

at
ic

by
 d

ru
g 

th
er

ap
y

S
ym

pt
om

at
ic

 is
ch

em
ic

ca
rd

io
m

yo
pa

th
y

A
ft

er
 c

ar
di

ac
S

ym
pt

om
at

ic
 b

ra
dy

ar
rh

yt
hm

ia
N

on
e

S
ym

pt
om

at
ic

 b
ra

dy
ar

rh
yt

hm
ia

A
sy

m
pt

om
at

ic
 b

ra
dy

ar
rh

yt
hm

ia
tr

an
sp

la
nt

at
io

n
or

 c
hr

on
ot

ro
pi

c 
in

co
m

pe
te

nc
e

or
 c

hr
on

ot
ro

pi
c 

in
co

m
pe

te
nc

e
po

st
ca

rd
ia

c 
tr

an
sp

la
nt

at
io

n
th

at
 is

 n
ot

 e
xp

ec
te

d 
to

th
at

, a
lth

ou
gh

 tr
an

si
en

t, 
m

ay
re

so
lv

e 
an

d 
m

ee
ts

 o
th

er
pe

rs
is

t f
or

 m
on

th
s 

an
d

C
la

ss
 I 

re
qu

ire
 in

te
rv

en
tio

n
in

di
ca

tio
ns

 f
or

 p
er

m
an

en
t p

ac
in

g 

C
hi

ld
re

n 
an

d 
ad

ol
es

ce
nt

s
S

in
us

 n
od

e 
dy

sf
un

ct
io

n 
w

ith
A

sy
m

pt
om

at
ic

 s
in

us
A

sy
m

pt
om

at
ic

 s
in

us
A

sy
m

pt
om

at
ic

 s
in

us
co

rr
el

at
io

n 
of

 s
ym

pt
om

s
br

ad
yc

ar
di

a 
in

 a
 c

hi
ld

 w
ith

br
ad

yc
ar

di
a 

in
 a

n 
ad

ol
es

ce
nt

br
ad

yc
ar

di
a 

in
 a

n 
ad

ol
es

ce
nt

du
rin

g 
ag

e-
in

ap
pr

op
ria

te
co

m
pl

ex
 c

on
ge

ni
ta

l h
ea

rt
w

ith
 c

on
ge

ni
ta

l h
ea

rt
 d

is
ea

se
w

he
re

 th
e 

lo
ng

es
t R

–
R

br
ad

yc
ar

di
a 

di
se

as
e 

w
he

re
 th

e 
re

st
in

g 
he

ar
t

w
he

re
 th

e 
re

st
in

g 
he

ar
t r

at
e

in
te

rv
al

 is
 �

3
s 

an
d 

th
e

ra
te

 is
 �

3
5

/m
in

 o
r 

ve
nt

ric
ul

ar
is

 �
3

5
/m

in
 o

r 
ve

nt
ric

ul
ar

m
in

im
um

 r
at

e 
�

4
0

/m
in

 
pa

us
es

 �
3

s 
oc

cu
r 

pa
us

es
 �

3
s 

oc
cu

r 
B

ra
dy

ca
rd

ia
–

ta
ch

yc
ar

di
a

sy
nd

ro
m

e 
ne

ed
in

g 
ch

ro
ni

c
an

tia
rr

hy
th

m
ic

 th
er

ap
y 

ot
he

r
th

an
 d

ig
ita

lis
 

A
dv

an
ce

d 
se

co
nd

 o
r 

th
ird

A
sy

m
pt

om
at

ic
 ty

pe
 I 

se
co

nd
de

gr
ee

 A
V

 b
lo

ck
 a

ss
oc

ia
te

d
de

gr
ee

 A
V

 b
lo

ck
 

w
ith

 s
ym

pt
om

at
ic

 b
ra

dy
ca

rd
ia

, C
H

F
or

 lo
w

 c
ar

di
ac

 o
ut

pu
t 

C
on

ge
ni

ta
l C

H
B

 w
ith

 a
 w

id
e

C
on

ge
ni

ta
l C

H
B

, b
ey

on
d

C
on

ge
ni

ta
l C

H
B

 in
 a

n
Q

R
S

 e
sc

ap
e 

rh
yt

hm
 o

r
th

e 
fir

st
 y

ea
r 

of
 li

fe
, w

ith
 a

n
as

ym
pt

om
at

ic
 n

eo
na

te
, 

ve
nt

ric
ul

ar
 d

ys
fu

nc
tio

n 
av

er
ag

e 
he

ar
t r

at
e 

�
5

0
/m

in
, 

ch
ild

 o
r 

ad
ol

es
ce

nt
 w

ith
 a

n 
or

 w
ith

 a
br

up
t v

en
tr

ic
ul

ar
ac

ce
pt

ab
le

 r
at

e,
 n

ar
ro

w
pa

us
es

 tw
o 

or
 th

re
e 

tim
es

 th
e

Q
R

S
 c

om
pl

ex
 a

nd
 n

or
m

al
ba

si
c 

cy
cl

e 
le

ng
th

 
ve

nt
ric

ul
ar

 f
un

ct
io

n 

C
on

ge
ni

ta
l C

H
B

 in
 th

e 
in

fa
nt

w
ith

 a
 v

en
tr

ic
ul

ar
 r

at
e 

�
5

0
–

5
5

/m
in

 o
r 

w
ith

 
co

ng
en

ita
l h

ea
rt

 d
is

ea
se

an
d 

a 
ve

nt
ric

ul
ar

 r
at

e 
�

70
/m

in
G

ra
de

 B
/C

G
ra

de
 B

G
ra

de
 B

G
ra

de
 B

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 C

G
ra

de
 B

G
ra

de
 C



593

P
os

to
pe

ra
tiv

e 
ad

va
nc

ed
 s

ec
on

d 
Tr

an
si

en
t p

os
to

pe
ra

tiv
e

Tr
an

si
en

t p
os

to
pe

ra
tiv

e
or

 th
ird

 d
eg

re
e 

A
V

 b
lo

ck
 th

at
 

C
H

B
 th

at
 r

ev
er

ts
 to

 s
in

us
 

A
V

 b
lo

ck
 w

ith
 r

et
ur

n 
of

 
is

 n
ot

 e
xp

ec
te

d 
to

 r
es

ol
ve

, o
r

rh
yt

hm
 w

ith
 r

es
id

ua
l

no
rm

al
 A

V
 c

on
du

ct
io

n
pe

rs
is

ts
 a

t l
ea

st
 7

 d
ay

s 
af

te
r

bi
fa

sc
ic

ul
ar

 b
lo

ck
 

w
ith

in
 7

 d
ay

s 
ca

rd
ia

c 
su

rg
er

y 

Lo
ng

 Q
T 

sy
nd

ro
m

e 
w

ith
A

sy
m

pt
om

at
ic

 p
os

to
pe

ra
tiv

e
2

:1
 o

r 
th

ird
 d

eg
re

e 
A

V
bi

fa
sc

ic
ul

ar
 b

lo
ck

, w
ith

 o
r 

bl
oc

k 
w

ith
ou

t fi
rs

t d
eg

re
e 

A
V

bl
oc

k 

S
us

ta
in

ed
 p

au
se

-d
ep

en
de

nt
V

T,
 w

ith
 o

r 
w

ith
ou

t p
ro

lo
ng

ed
 Q

T,
in

 w
hi

ch
 th

e 
ef

fic
ac

y 
of

 p
ac

in
g 

is
th

or
ou

gh
ly

 d
oc

um
en

te
d 

A
bb

re
vi

at
io

ns
: C

H
B

, c
om

pl
et

e 
he

ar
t b

lo
ck

; C
H

F,
 c

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
; E

P
S

, e
le

ct
ro

ph
ys

io
lo

gy
 s

tu
dy

; V
T,

 v
en

tr
ic

ul
ar

 ta
ch

yc
ar

di
a

B
as

ed
 o

n 
G

re
go

ra
to

s 
et

 a
l.1

0

G
ra

de
 B

G
ra

de
 C

G
ra

de
 B

G
ra

de
 B

/C
G

ra
de

 B
G

ra
de

 C



The most common causes of bradycardia requiring pacing
are impaired impulse formation, as in sinus node disease, or
a disturbance of cardiac conduction, as in AV block. In the
United Kingdom, sinus node disease accounts for about 45%
of primary implants and AV block or other conduction dis-
turbance for about 50%.14 The remainder includes patients
paced for a variety of conditions, including carotid sinus syn-
drome, cardio-inhibitory forms of neurocardiogenic syncope
and others. The pattern is different in the United States,
where sinus node disease accounts for about 50% of primary
implants and AV block for about 38%.5 The reasons for this
disparity are unclear but it may reflect different perceptions
regarding the indications for pacing.

Atrioventricular block

First degree AV block

Isolated prolongation of the PR interval may be seen as a
normal variant in healthy young subjects. In this context, it
is most likely due to autonomic influences and has no prog-
nostic significance.16 In older subjects, PR prolongation is
more often associated with underlying pathology, such as
conducting system fibrosis or coronary artery disease but it
does not usually give rise to symptoms and pacing is not
generally indicated.

Occasionally, however, symptoms may arise if the PR inter-
val is markedly prolonged. Atrial systole may then closely fol-
low delayed ventricular systole from the previous cycle,
resulting in a comparable hemodynamic disturbance to that
seen in the pacemaker syndrome caused by retrograde VA
conduction during ventricular pacing. The phenomenon may
be accentuated during exercise as the atrial rate increases and
the PR interval fails to shorten appropriately. This has been

referred to as the “pacemaker syndrome without a pace-
maker”17 or the “pseudo-pacemaker syndrome”18 and a
favorable response to dual chamber pacing has been
reported.19 In symptomatic patients with first degree AV
block, the response to temporary dual chamber pacing
should be assessed. If clinical and hemodynamic improve-
ment can be demonstrated by restoration of a physiologic
AV interval, permanent dual chamber pacing should be con-
sidered.20,21 Symptomatic first degree AV block with a
demonstrable improvement during temporary dual chamber
pacing may reasonably be considered at least a Class II20 and
perhaps even a Class I21 indication for pacing. 

Second degree AV block

When second degree AV block of any type is associated with
clearly attributable symptoms, pacing is indicated. In the
absence of symptoms, the situation is more complex.
Prognosis is thought to relate to the site of block, proximal
block at the level of the AV node being more benign than dis-
tal block in the His–Purkinje system.22 The ECG classifica-
tion into Mobitz type I (Wenckebach), Mobitz type II or
advanced (2:1, 3:1 or 4:1) second degree AV block is purely
descriptive and the site of block cannot always be inferred
although electrophysiologic studies have shown that type I
block is most commonly proximal whereas type II block is
almost always distal.23 In the past, type I second degree AV
block has often been regarded as benign but evidence from
the Devon Heart Block and Bradycardia Survey in the United
Kingdom24 suggests that, even in asymptomatic patients, sur-
vival is significantly improved by pacing. Although this was a
non-randomized, observational study, it constitutes the best
available evidence and published opinion suggests that 
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Table 42.2 Recommended pacemaker modes

Diagnosis Optimal Alternative Inappropriate

SND AAIR AAI VVI/VDD
AVB DDD VDD AAI/DDI
SND�AVB DDDR/DDIR DDD/DDI AAI/VVI
Chronic AF�AVB VVIR VVI AAI/DDD/VDD
CSS DDI DDD/VVI�hysteresis AAI/VDD
MVVS DDI DDD AAI/VVI/VDD

AF, atrial fibrillation; AVB, atrioventricular block; CSS, carotid sinus syndrome; MVVS,
malignant vasovagal syndrome;  SND, sinus node disease

Interpretation of mode acronyms:
First letter: Chamber(s) paced A, atrium; V, ventricle; D, atrium and ventricle
Second letter: Chamber(s) sensed A, atrium; V, ventricle; D, atrium and ventricle
Third letter: Response to sensing I, inhibition; T, triggering; D, inhibition and

triggering
Fourth letter: Additional functions R, adaptive rate

Based on recommendations of the British Pacing and Electrophysiology Group11



pacing should be considered in asymptomatic type I second
degree AV block, particularly in older patients with structural
heart disease.25,26 In young subjects, however, asymptomatic
type I second degree AV block occurring during sleep or asso-
ciated with athletic training is more likely to reflect high rest-
ing vagal tone and pacing is unnecessary.27,28

Complete AV block

In symptomatic complete AV block, pacing usually, although
not invariably, improves the symptoms and should always be
considered. Irrespective of symptoms, however, untreated
acquired complete heart block is associated with significantly
impaired survival. Overall mortality may exceed 50% at one
year, the outlook being worst in older patients (�80 years)
and those with associated non-rheumatic structural heart dis-
ease.29 Male sex and a history of syncope have also been asso-
ciated with a worse outlook in some studies30 but there is
conflicting evidence regarding syncope.31 Transient AV block
carries a more favorable prognosis, with a 1 year mortality of
36%, compared with 70% in patients with permanent AV
block,29 but a significant proportion of patients (38–39% over
median follow up of 36–54 months) progress to permanent
AV block and become pacemaker-dependent when paced.32

Observational studies of outcome in paced patients dur-
ing the early days of cardiac pacing suggested that pacing in
complete AV block could improve survival to approach that
of a similar age- and sex-matched group.30 Mortality was
higher in those with a history of myocardial infarction but
not influenced by pre-pacing QRS duration or morphology,
ventricular rate (dichotomized about 40/min) or whether
AV block was intermittent or constant.33 In a more recent
study of patients aged �65 years, paced for symptomatic,
high grade AV block, overall survival was less than expected
for an age- and sex-matched cohort.34 However, in patients
aged �80 years without structural heart disease, survival
was normal. Congestive heart failure, chronic obstructive
pulmonary disease, age, syncope, insulin-dependent dia-
betes and male gender emerged as independent predictors
of increased mortality. There have been no prospective ran-
domized trials to assess the impact of pacing on survival but
the high mortality of untreated complete AV block, the
prevalence of symptoms, and the strength of the data from
observational studies suggest that such a trial is neither ethi-
cal nor necessary. The vast majority of patients with com-
plete AV block should be paced, whether or not they have
symptoms. 

Congenital complete AV block

The natural history and management of congenital complete
AV block in infancy and childhood is beyond the scope of
this review. In patients surviving to adulthood, the prognosis
has previously been regarded as benign, based largely on 
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retrospective studies of small series of patients.35 More
recent data concerning long-term follow up (7–30 years) of
102 patients with isolated congenital complete AV block,
who survived without symptoms to the age of 15 years, sug-
gest a less favorable outlook.36 Stokes–Adams attacks
occurred in 27 patients, of whom eight died (six during the
first attack) and six others required cardiac resuscitation. All
survivors received pacemakers. A further eight patients had
repeated fainting spells requiring pacing and 27 others were
paced for other reasons (fatigue, effort dyspnea, dizziness,
ectopics during exercise, mitral regurgitation or slow ventric-
ular rates). Of 40 patients followed for 30 years, only four
remained asymptomatic without pacing. The only significant
predictor of risk was QTc prolongation, which was seen in
seven patients, all of whom had Stokes–Adams attacks and
three of whom died. In contrast to previous studies, low ven-
tricular rates, widened QRS complexes, poor chronotropic
response to exercise and ectopics were not predictive of
future Stokes–Adams attacks or death. These data appear to
support the authors’ recommendation of prophylactic pacing
in adolescents and adults with congenital complete AV block,
even without symptoms, notwithstanding the fact that a
number of questions remain unanswered.37

Fascicular block

In asymptomatic subjects with unifascicular block (right
bundle branch block, left anterior hemiblock or left poste-
rior hemiblock), the risk of progression to high grade AV
block is remote38 and pacing is not indicated. In asympto-
matic bifascicular block (left bundle branch block or right
bundle branch block with left anterior or posterior hemi-
block), the risk of progression to high grade AV block is in
the region of 2% per annum. Prognosis is principally deter-
mined by the presence or absence of underlying structural
heart disease and prophylactic pacing is not routinely indi-
cated.39 Progression to high grade AV block is more com-
monly seen in patients with a history of syncope but should
not be presumed to be the cause without further assess-
ment. If high grade AV block is documented, pacing is
mandatory. When the cause of syncope remains unclear, an
electrophysiology study may help to identify patients likely
to benefit from pacemaker implantation. A prolonged HV
interval �100 ms and His–Purkinje block during atrial pac-
ing have high specificity for prediction of subsequent pro-
gression to high grade AV block.40,41 Unfortunately, these
are rare findings and thus of low sensitivity. Less marked HV
prolongation (�70 ms) is more common but its significance
is uncertain.42 Sensitivity for disclosure of latent high grade
AV block may be markedly enhanced by the use of intra-
venous disopyramide during the study but this is not
advised in patients with impaired left ventricular function.43

The electrophysiology study may also be of value to identify
inducible ventricular tachycardia, which is a relatively 
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common finding in patients with bundle branch block and a
history of syncope.44 This argues strongly against the
empiric use of permanent pacing in this context. However,
in patients with bifascicular block and a history of syncope
for which no other cause is apparent despite thorough eval-
uation, including an electrophysiology study, empiric pacing
may be the most expeditious course. This strategy is princi-
pally justified for relief of symptoms as pacing does not
appear to influence mortality or the incidence of sudden
death in this context.39

Atrioventricular and bundle branch 
block after myocardial infarction

Transient conduction disturbance is a relatively common
complication of acute myocardial infarction. The acute man-
agement and indications for temporary cardiac pacing are
beyond the scope of this review and will not be considered
further. The long-term prognosis is principally determined
by the extent of myocardial injury. When AV block compli-
cates inferior myocardial infarction, it typically resolves
within a few days and rarely persists beyond 2 or 3 weeks.
In anterior infarction, however, AV block may reflect exten-
sive septal necrosis and the prognosis is poor despite pacing.45

Patients with high grade AV block persisting for more than 
3 weeks after myocardial infarction should be considered for
permanent pacing.

The occurrence of an intraventricular conduction distur-
bance (apart from isolated left anterior hemiblock) in
patients with acute myocardial infarction identifies a group
with poor short-term and long-term prognosis and an
increased risk of sudden death.46 The poor prognosis in this
group, however, is mainly attributable to a high incidence of
malignant ventricular arrhythmia, pump failure, and electro-
mechanical dissociation, rather than progressive conduction
disturbance. A prospective study of 50 patients randomized
to pacing or control groups and followed for 5 years showed
no significant difference in survival.47 However, evidence
from a retrospective multicenter study of patients with bun-
dle branch block complicating myocardial infarction, indi-
cates that transient high degree AV block during the acute
phase is associated with a high incidence of recurrent AV
block and sudden death that may be reduced by pacemaker
implantation.48,49 The risk appears to be particularly high in
patients with right bundle branch block and left anterior
hemiblock.49,50

Sino-atrial disease

Sino-atrial disease encompasses a wide spectrum of arrhyth-
mia including sinus bradycardia, sinus arrest, sino-atrial
block, sick sinus syndrome and the tachycardia–bradycardia
syndrome in which paroxysmal atrial tachyarrhythmia 
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alternates with bradycardia. The prognosis in sino-atrial dis-
ease is generally good unless myocardial ischemia, heart fail-
ure or systemic embolism are present.51 Permanent pacing is
indicated for the relief of symptoms that are due to bradycar-
dia. Every effort should be made to establish a causal relation-
ship by recording an ECG during symptoms although this
may not always be possible. Occasionally, drugs needed to
control tachyarrhythmia may cause or exacerbate bradycardia
and pacing may be required to facilitate their continued use.

The first and only randomized trial to assess the efficacy of
pacing in sick sinus syndrome has recently been reported.52

One hundred and seven patients with symptomatic sick
sinus syndrome were randomized to receive either no treat-
ment, oral theophylline or permanent DDDR pacing.
Patients were excluded in very severe cases, defined as
symptomatic resting sinus rate �30/min, sinus pauses �3 s
or heart failure refractory to treatment with ACE inhibitors
and diuretics. During a mean follow up period of 19 months,
both pacing and theophylline were associated with a lower
incidence of heart failure compared with the untreated
patients (3%, 3% and 17% respectively) but only pacing was
associated with a significantly lower incidence of syncope
(6%, 17% and 23% respectively). It is noteworthy that 14 of
the 16 patients who were syncopal during follow up had a
history of syncope at randomization. During follow up, 51%
of patients in the control group and 42% in the theophylline
group were withdrawn from the study due to syncope, overt
heart failure, poorly tolerated paroxysmal tachyarrhythmia,
patient wishes or drug side effects. There were no significant
differences in NYHA class or symptom scores (fatigue, dizzi-
ness, and palpitation) between the groups either at baseline
or after 3 months. The untreated controls showed subjective
improvement, with a significant reduction of dizziness and a
trend towards decreased fatigue. These findings were associ-
ated with significant increases in resting, mean and maxi-
mum heart rates, emphasizing the unpredictable natural
history of the condition and the possibility of spontaneous
improvement. Pacing remains the treatment of choice for
patients with symptomatic sick sinus syndrome. In the
absence of long-term follow up data to confirm efficacy and
safety, theophylline or other pharmacologic means of
chronotropic support cannot be recommended. 

Pacing does not appear to improve survival in sino-atrial
disease53 and it is not generally indicated in asymptomatic
patients. Such patients, however, should be followed closely
to assess progression. Athletically trained subjects may have
sinus rates as low as 30/min during sleep with pauses of
almost 3 s.54 These findings usually reflect high vagal tone
and do not require pacing in the absence of symptoms. If
lower rates or longer pauses are observed during sleep or if
similar findings occur during the day, particularly if there is
evidence of progression with time, prophylactic pacing may
be justified on empiric grounds although there are no sup-
portive data. Grade B/C
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Mode selection in AV block and 
sinus node disease

AV block

The essential requirement in AV block is that the ventricle
be paced. When sinus rhythm and chronotropic compe-
tence are preserved, dual chamber pacing with atrial track-
ing will ensure the maintenance of AV synchrony and
physiologic rate adaptation. When sinus rhythm is absent or
when chronotropic incompetence is present, an extrinsic
sensor may be used to provide rate adaptation with either
ventricular or dual chamber pacing, as appropriate.

Both dual chamber pacing55–57 and adaptive rate single
chamber pacing58–60 have been shown to offer benefits in
terms of improved hemodynamics, increased treadmill exer-
cise tolerance and reduced symptoms when compared with
single rate ventricular pacing in small randomized crossover
trials. The mean patient age in most of these trials was
younger than the typical paced population but similar benefits
have recently been reported in patients aged 75 years or
over.61 Nonetheless, the long term clinical benefit of physio-
logic pacing in the elderly has been questioned.12 Quality of
life studies have yielded conflicting results although physio-
logic pacing does appear to offer advantages in terms of symp-
toms and there is considerable evidence of patient preference
for physiologic modes.62 Single chamber ventricular pacing is
associated with an increased risk of pacemaker syndrome.
The true incidence of this complication is unknown but esti-
mated to be between 7 and 20%.2 It has, however, been sug-
gested that a subclinical form may be present in many
apparently asymptomatic patients.63 Data from a retrospective
review of outcome in patients paced single or dual chamber
has suggested that dual chamber pacing may confer a survival
advantage in a subset of patients with congestive heart fail-
ure.64 A more recent case–control study has confirmed this
finding but showed no difference in overall survival.65

Sinus node disease

In isolated sino-atrial disease, rate support can be achieved
by atrial, ventricular or dual chamber pacing. Small crossover
studies comparing ventricular with dual chamber pacing
have reported less favorable hemodynamics, worse symp-
tomatology, and an increased risk of pacemaker syn-
drome.62,66–68 Numerous retrospective studies also suggest
that ventricular pacing is associated with an increased risk of
atrial fibrillation, heart failure, and thromboembolism.51,69

There is also evidence of increased mortality in ventricular
paced patients.70 Attention has been drawn to the confound-
ing effect of selection bias on data derived almost exclusively
from retrospective studies and the need for prospective ran-
domized trials has been stressed.71 A number of such trials
have recently been completed and others are ongoing. These
will be considered in the next section.

Randomized trials of pacemaker mode selection

The Danish Study

The first prospective randomized trial of pacemaker mode
selection was reported from Denmark in 1994.72 In this
study, 225 patients with sick sinus syndrome were random-
ized to either AAI or VVI pacing and followed for a mean of
3·3 years. Neither the incidence of atrial fibrillation or stroke
nor survival differed significantly between the two groups,
although the incidence of a combined end point of stroke
plus peripheral embolism was significantly lower in the atrial
paced group. Only two of 115 patients in the VVI group
required upgrade for severe pacemaker syndrome. Extended
follow up of the same group of patients after a mean period
of 5·5 years has subsequently been reported.73 The previ-
ously identified benefits of atrial pacing were enhanced, with
a significantly lower incidence of atrial fibrillation, thrombo-
embolism and heart failure in the atrial paced group. All-
cause mortality and mortality due to cardiovascular causes
were also significantly lower in the atrial paced group. After
adjustment for other pre-implant variables, there was a sig-
nificant association between ventricular pacing and cardio-
vascular death but only a non-significant trend towards
increased overall mortality. Only four of 110 patients in the
atrial paced group developed second or third degree AV
block, requiring pacemaker upgrade (0·6% per annum). Of
these, two had right bundle branch block at the time of
implant (as did four others in the atrial paced group who did
not develop AV block). AV conduction, estimated as PQ
interval and atrial stimulus-Q interval at atrial pacing rates of
100 and 120 min�1 remained stable during follow up.74

The Pacemaker Selection in the 
Elderly (PASE) Study

This trial randomized 407 patients, aged 65 or older (mean
age 76 years), to ventricular or dual chamber pacing.75 This
was a mode randomization and all patients received DDDR
pacing systems. The group included 175 patients with sinus
node disease, 201 patients with AV block and 31 patients
with other diagnoses. The study was powered to assess dif-
ferences in health-related quality of life. As would be
expected, there was marked improvement in quality of life
(SF-36) after pacemaker implantation but there were no sig-
nificant differences between groups in relation to pacing
mode. Analysis of prespecified subgroups showed modest
benefits in some quality of life domains and cardiovascular
functional status (Specific Activity Scale) favoring dual
chamber pacing in patients with sinus node disease.
Similarly, there were trends of borderline statistical signifi-
cance in clinical outcomes favoring dual chamber pacing in
patients with sinus node disease but not in those with AV
block (mean follow up 18 months). It is noteworthy that
26% of the patients randomized to ventricular pacing
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crossed over to dual chamber pacing because of symptoms
attributed to pacemaker syndrome. Whilst potentially signif-
icant in itself, the high crossover rate confounds interpreta-
tion of the data, particularly in respect of clinical outcomes.
The investigators reviewed the clinical, hemodynamic and
electrophysiological data in the group randomized to VVIR
pacing, to determine what factors might predict intolerance
of VVIR pacing sufficient to prompt crossover to the DDDR
mode. In a multivariate analysis, a decrease in systolic blood
pressure to �110 mmHg during ventricular pacing at 
the time of pacemaker implantation (P � 0·001), use of 
� blockers at the time of randomization (P � 0·01) and non-
ischemic cardiomyopathy (P � 0·04) were the only variables
that predicted crossover.76

The Canadian Trial of Physiologic 
Pacing (CTOPP)

In the largest trial reported to date, 2568 patients aged 
18 years or older (mean age 73 years), with either AV block
or sinus node disease, were randomized to receive either 
a ventricular (VVI/R) or a physiologic pacemaker.77 In the
physiologic arm, the investigator was allowed to choose
either an atrial (AAI/R) or dual chamber (DDD/R) system.
Adaptive rate pacing was used in both groups if
chronotropic incompetence was evident and in patients
with complete AV block randomized to receive ventricular
pacing. Approximately 60% of patients had AV block and
40% had sinus node disease. Over a mean follow up of 
3 years there was no significant difference in the primary
outcome of cardiovascular death or stroke (VVI/R 5·5% per
annum v physiologic 4·9% per annum; relative risk reduc-
tion c 9·4%; 95% CI 10–25·7; P � 0·33). Neither was 
there any significant difference in all-cause mortality or
inhospital admission for heart failure. There was, however, a
significant, albeit modest, reduction in atrial fibrillation
(defined as an episode lasting more than 15 minutes) associ-
ated with physiologic pacing (VVI/R 6·6% per annum v
physiologic 5·3% per annum; relative risk reduction 18·0%;
95% CI 0·3–32·6; P � 0·05), the difference starting to
emerge after 2 years’ follow up. The difference was greater
in respect of chronic atrial fibrillation, which was defined as
AF still present 1 week after the index episode (VVI/R
3·84% per annum v physiologic 2·80% per annum; relative
risk reduction 27·1%; 95% CI 5·5–43·6; P � 0·016).78

Perioperative complications were more common with phys-
iologic pacing (VVI/R 3·8% v physiologic 9·0%; P � 0·001)
mainly in relation to the pacing lead(s). There was no differ-
ence in functional capacity, assessed by a 6 minute walk test
at 6 month follow up, even in those patients (c 37%) 
who were pacemaker dependent.79 The investigators
attempted to identify baseline characteristics that might pre-
dict benefit from physiologic pacing on the risk of stroke or
death due to cardiovascular causes. There was a trend 

suggesting that younger patients (�74 years) might benefit
from physiologic pacing.

Subgroup analysis of the CTOPP data suggests that the
benefits of physiologic pacing may be influenced by pace-
maker dependency.80 This was assessed in 87% of the
enrolled patients by recording the unpaced heart rate at the
first follow up visit (2–8 months postimplant). In patients
with unpaced heart rates 	60 min�1, the incidence of car-
diovascular death or stroke was lower with physiologic pac-
ing (VVI/R 6·4% per annum v physiologic 4·1% per annum;
relative risk reduction 35·5%; 95% CI 12–53). By contrast,
the treatment effect of physiologic pacing was slightly nega-
tive in patients with unpaced heart rates �60 min�1 (VVI/R
4·1% per annum v physiologic 4·3% per annum; relative risk
reduction �1·9%; 95% CI 50–31). The difference in treat-
ment effect between the two groups was of only borderline
significance (P �0·058) but the fact that the 95% confidence
interval in the group with unpaced heart rates 	 60 min�1

does not include zero, suggests a qualitative interaction
between treatment effect and pacemaker dependency in
respect of the primary outcome. Significant subgroup effects
were also observed for the outcomes of cardiovascular death
and total mortality but not for stroke/emboli or hospitaliza-
tion for congestive heart failure. Although the reduction in
relative risk of atrial fibrillation with physiologic pacing was
larger in the group with unpaced heart rates 	60 min�1

than in the group with unpaced heart rates �60 min�1, the
difference was not statistically significant (P � 0·22) due to a
modest reduction in the latter group.

A quality of life substudy in 269 patients also showed 
the influence of pacemaker dependency.81 Quality of life,
assessed by a disease specific instrument, the Quality of 
Life Assessment Package (QLAP), and the generic SF-36,
improved between implant and 6 month follow up. The
improvement was similar in patients with ventricular and
physiologic pacing when all subjects were considered.
However, when only pacemaker-dependent subjects were
considered, improvements were greater with physiologic
than with ventricular pacing although the difference was
only detected with the disease specific QLAP and not with
the generic SF-36.

The Mode Selection Trial (MOST)

This large trial was designed to assess the benefits of rate
adaptive, dual chamber pacing compared with rate adaptive,
single chamber, ventricular pacing in patients with sick sinus
syndrome.82,83 Two thousand and ten patients aged �21
years were implanted with a DDDR pacing system and the
pacing mode was randomized to VVIR or DDDR. The pri-
mary end point was death or non-fatal stroke. Secondary 
outcomes included health-related quality of life and 
cost effectiveness, atrial fibrillation and the development of
pacemaker syndrome. During a median follow up of 
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33·1 months, there was no significant difference in the inci-
dence of death (VVIR 21%; DDDR 20%) or stroke (VVIR 5%;
DDDR 4%). However, the DDDR group did have a lower inci-
dence of atrial fibrillation (VVIR 27%; DDDR 21%). Heart fail-
ure scores were also significantly improved but this did not
result in a lower incidence of hospitalization for heart failure 
(VVIR 12%; DDDR 10%). Quality of life (assessed by the 
SF-36 questionnaire) was significantly better in the DDDR
group. Crossover from VVIR to DDDR mode occurred in
31·4% (18·3% for pacemaker syndrome).

The Pacemaker Atrial Tachycardia 
(PAC-A-TACH) Trial

The Pacemaker Atrial Tachycardia (PAC-A-TACH) trial
assessed the effect of pacing modality on atrial tachyarrhyth-
mia recurrence in patients with the tachycardia–bradycardia
syndrome.84 This was a mode randomization study in 198
patients (median age 72 years), all of whom received dual
chamber, rate adaptive pacemakers programmed to either
VVIR or DDDR pacing. After a median of 23·7 months fol-
low up, 44% of patients crossed over from VVIR to DDDR
(due to pacemaker syndrome in 28% and atrial tachy-
arrhythmia in 13%) and 9% crossed over from DDDR to
VVIR (due to recurrent atrial tachyarrhythmia in 7% and atrial
lead problems in 2%). Intention-to-treat analysis showed 
no significant difference in atrial tachyarrhythmia recur-
rence rates at 1 year (VVIR 43%; DDDR 48%; P � 0·09).
Quality of life was assessed at randomization and at 
6 month follow up using the Duke Activity Status Index and
SF-36. Perhaps unsurprisingly, in view of the high crossover
rate, there was no significant difference between the groups
at 6 months in either intention-to-treat analysis or on-
treatment analysis of those patients remaining in random-
ized mode.85 Mortality, a secondary outcome, was noted to
be significantly higher in the VVIR group and the trial was
stopped after follow up of approximately 2 years in all
patients. Cumulative mortality was 21% in the VVIR group
and 5% in the DDDR group (P � 0·001). Pacing mode (risk
ratio 4·3; 95% CI 1·6–11·4; P � 0·004) and prior history of
MI (risk ratio 3·1; 95% CI 1·4–6·7; P � 0·006) were identi-
fied as independent predictors of mortality.86

Ongoing trials

Three additional mode selection trials are ongoing. The
United Kingdom Pacing and Cardiovascular Events
(UKPACE) trial aims to compare the clinical impact and cost
utility of single and dual chamber pacing in elderly patients
(�70 years) with high-grade AV block.87 Two thousand and
twenty-one patients have been randomized to receive either
single (randomly assigned to VVI or VVIR) or dual chamber
pacemakers. The primary end point is all-cause mortality.

Secondary outcomes include quality of life, exercise capac-
ity, cardiovascular events and cost utility. Follow up is for a
minimum of 3 years and will conclude in September 2002.

The Systematic Trial of Pacing to Prevent Atrial
Fibrillation (STOP-AF) aims to assess the ability of physio-
logic pacing to prevent atrial fibrillation in patients aged
�18 years with sick sinus syndrome.88 All patients are
implanted with a dual chamber pacemaker and randomized
to programming in either atrial-based (AAI or DDD) or 
ventricular pacing modes Recruitment was closed after 
227 patients had been enrolled.89 The study, which uses
sequential trial methodology to allow greater power with a
limited sample size, includes an adaptive rate arm for
patients with chronotropic incompetence. The primary end
point is permanent atrial fibrillation resistant to DC cardio-
version. Secondary outcomes include congestive heart fail-
ure, pacemaker syndrome, change of mode for lead
problems, and death.

The DANPACE study aims to examine the relative merits
of single lead atrial pacing (AAIR) and dual chamber pacing
(DDDR) in 1900 patients aged �18 years with sick sinus syn-
drome with bradycardia (including tachycardia–bradycardia
syndrome).90 The primary outcome measure will be all-
cause mortality. Secondary outcomes will include cardiovas-
cular mortality, atrial fibrillation, thromboembolism, quality
of life and economic evaluation. Recruitment is scheduled
to be completed by December 2005, with follow up to
December 2007.

Comment and recommendations

The results of the prospective randomized trials that have
been reported to date, suggest that the clinical benefits of
physiologic or dual chamber pacing may previously have been
overstated. There is, however, consistent evidence of a mod-
est but significant reduction in atrial fibrillation, particularly in
its chronic form. It might be anticipated that this would trans-
late, over time, into a lower incidence of stroke, thromboem-
bolism and death. This was observed in the extended follow
up of the Danish study but not in PASE, CTOPP or MOST. It
may be relevant that significant differences in the occurrence
of atrial fibrillation only occurred after 2 years in CTOPP, sug-
gesting that the mean 3 year follow up may have been insuffi-
cient for differences in these other outcomes to emerge. For
this reason, the CTOPP investigators embarked on an
extended follow up for an additional 3 years, which con-
cluded during 2001. The preliminary results show a 
persistent reduction of AF with physiologic pacing (20·1%
relative risk reduction; P � 0·009) but no difference in car-
diovascular death, stroke or total mortality after a mean 
follow up of 6 years.91

When considering sinus node disease, it is important to
note that the Danish study was the only one to use single-
lead atrial pacing as the sole physiologic comparator. PASE
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and MOST used exclusively dual chamber devices and in
CTOPP only 5·2% of the patients randomized to physiologic
pacing received an atrial pacemaker. Preservation of synchro-
nized left and right ventricular activation with atrial pacing
may confer benefits that are not assured with dual chamber
pacing, even when careful attention is given to optimal 
programming.92 The presence of a, generally redundant,
ventricular lead with dual chamber pacing might also be
deleterious. The DANPACE study should ultimately provide
the necessary data to clarify the relative merits of atrial and
dual chamber pacing in sinus node disease.

With regard to quality of life, the advantage of physiologic
pacing appears modest, as assessed by standard measures.
However, interpretation of the data is complicated by the
divergent estimates of mode intolerance, as judged by the
investigator, between those trials in which the mode ran-
domization was achieved by software programming (PASE,
PAC-A-TACH and MOST) and those in which it was
achieved by implantation of different hardware (the Danish
study and CTOPP). Each design has strengths and weak-
nesses93 but software randomization trials are more vulner-
able to the effect of investigator bias. In the software
randomization trials, crossover rates ranged from 26% to
44%, whereas in the hardware randomization trials, they
did not exceed 5%. The significance of these disparities is
uncertain. Further data will be forthcoming from the
UKPACE trial, which includes detailed assessment of quality
of life and the incidence of the pacemaker syndrome.

The completed and ongoing trials include a cumulative
total of over 7000 patients. In order to determine the true
value of physiologic pacing and to identify patient sub-groups
that may derive particular benefit, a meta-analysis of the
pooled data is being planned. The data presented to date,
suggest a modest benefit in favor of dual chamber pacing,
which must be weighed against a higher perioperative com-
plication rate. Cost utility will be a further consideration that
may influence mode selection and relevant economic data
from CTOPP, MOST and UKPACE are awaited. 

Pending the outcome of the ongoing trials and further
analysis of those that have already reported, continued
adherence to current guidelines (see Table 42.2) is recom-
mended. Current guidelines11 recommend the avoidance of
single chamber ventricular pacing. In AV block, dual cham-
ber pacing is the preferred mode, with rate adaptation if
there is evidence of chronotropic incompetence. In sino-
atrial disease, atrial-based pacing, in some form, is prefer-
able. When AV conduction is intact, single chamber
adaptive rate atrial (AAIR) pacing is regarded as the optimal
mode, as it preserves both atrioventricular synchrony and a
normal ventricular activation pattern. Retrospective analysis
of pooled data from 28 studies has shown a low risk of sub-
sequent AV block (0·6% per annum)94 and this is supported
by data from the Danish study.74 Dual chamber pacing may
thus be unnecessary for many patients95 although some 

Grade A

physicians prefer to implant a DDDR pacing system with pro-
gramming to AAIR mode, a mode conversion option or AV
search hysteresis.96 When a single chamber atrial pacing sys-
tem is proposed, assessment of AV conduction at the time of
implant to ensure preservation of 1:1 conduction during atrial
pacing at 140/min is customary and prudent. When AV block 
coexists with sino-atrial disease, dual chamber pacing in
DDDR mode is recommended. In patients with a history of
paroxysmal atrial tachyarrhythmia, DDI pacing is preferable
to avoid rapid ventricular tracking. The recent introduction of
mode-switching pacemakers capable of switching from
DDD/DDDR to DDI/DDIR mode on detection of atrial tach-
yarrhythmia has offered an attractive alternative.

New indications for pacing

Neurocardiogenic syncope

Neurocardiogenic syncope describes the clinical syndromes of
syncope resulting from inappropriate autonomic responses,
manifested as abnormalities in the control of peripheral vascu-
lar resistance and heart rate.97 It is thought to account for the
largest proportion of faints in clinical practice. The most 
common forms are carotid sinus syndrome and vasovagal
syncope but other related syndromes include cough, degluti-
tion, and micturition syncope. The pathophysiologic mecha-
nisms are not fully understood but carotid sinus massage98,99

and tilt-table testing100 have emerged as useful diagnostic
tools in carotid sinus syndrome and vasovagal syncope
respectively, enabling abnormal reflex responses to be catego-
rized as cardioinhibitory (asystole �3s, bradycardia or AV
block), vasodepressor (fall in systolic blood pressure �50
mmHg) or mixed. This has invited assessment of the utility of
cardiac pacing which might be expected to benefit patients
with predominantly cardioinhibitory or mixed responses.

Carotid sinus syndrome

Early reports of pacing in carotid sinus syndrome confirmed
its efficacy in some patients but persistent symptoms were
seen in those in whom there was a significant vasodepressor
response or hypotension during ventricular pacing.101 The
latter was improved by AV sequential pacing and it was sug-
gested that this was the appropriate mode in patients with
mixed responses. Attention has been drawn to the variable
natural history of the condition, which may remit sponta-
neously, and the importance of a control group when evalu-
ating therapy has been emphasized.102 A prospective
randomized trial of pacing in patients with severe carotid
sinus syndrome has subsequently been reported.103 Sixty
patients were randomized to pacing (VVI in 18 and DDD in
14 patients) or no therapy (28 patients). During a mean 
follow up of 36 months, syncope recurred in 16 (57%) of
the non-paced group and in only three (9%) of the paced
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group. Nineteen patients (68%) in the non-paced group
were eventually paced because of the severity of symptoms.
Pacing is now the treatment of choice in all but the mildest
forms of carotid sinus syndrome. Recent evidence suggests
that carotid sinus syndrome is underdiagnosed and that com-
prehensive assessment of patients presenting with syncope,
dizziness or falls may identify a significant number of other-
wise unrecognized patients who may benefit from pacing.104

In the Syncope And Falls in the Elderly – Pacing And
Carotid sinus Evaluation (SAFE PACE) trial, 24 264 patients
with falls or syncope were identified from a total of 71299
emergency room attendees aged �50 years during a 
29 month period.105 Patients with evident extrinsic or medical
explanations for falling and those with cognitive impairment
were excluded, leaving a residuum of 3384 non-accidental
fallers. Of these, 1624 consented to and underwent carotid
sinus massage, yielding 257 patients with cardioinhibitory
or mixed carotid sinus hypersensitivity. One hundred and
seventy five patients (mean age 73 years) were randomized
to pacing or no pacing and followed for one year, to test the
hypothesis that dual chamber pacing, with a rate-drop
response algorithm, might reduce the frequency of further
falls. Paced patients were significantly less likely to fall (odds
ratio 0·42; 95% CI 0·23–0·75) than controls. Syncope and
injurious events were also less frequent in the paced group.

SAFE-PACE 2106 is a larger scale, multicenter, random-
ized controlled trial that is currently in progress, to further
evaluate the preliminary observations from SAFE PACE in 
a wider cultural setting. Patients are eligible if they have 
had two or more unexplained falls (� up to one syncopal
episode) and if they have a cardioinhibitory response to
carotid sinus massage. Two hundred and twenty six patients
will be randomized to receive either a pacemaker or an
implantable loop recorder with long-term diagnostic capabili-
ty, which will clarify the relationship between symptoms
and arrhythmia in the non-paced patients. The primary out-
come is the number of patients who fall during a 2 year fol-
low up period. Secondary outcomes include frequency of
falls, dizziness and presyncope, health and mental status (as
perceived by the patient and the informant), injury rates,
use of healthcare facilities, hospital admission, change in
residential circumstances and cognitive function.

Comment and recommendations

Recurrent syncope caused by carotid sinus hypersensitivity
is a class I indication for pacing and recurrent syncope with-
out clear provocative events and with CICSH is a class IIa
indication for pacing (see Table 42.1). Further data are
required to clarify the role of pacing in patients with a his-
tory of recurrent falls (without clear evidence of syncope)
and CICSH. For the time being, it should be regarded as
experimental and its use should be restricted to the confines
of randomized clinical trials. Grade A/C

Vasovagal syndrome

Pacing has also been evaluated in the so-called “malignant”
form of vasovagal syndrome, characterized by recurrent 
syncope with only brief or absent prodromal symptoms.
Evidence from several studies using temporary pacing during
tilt-table testing indicates that pacing rarely prevents vasova-
gal syncope. The limited efficacy of pacing reflects the fact
that hypotension precedes the onset of bradycardia in most
patients. However, dual chamber pacing does attenuate the
evolution of the final and most extreme degrees of hypoten-
sion and may thereby prolong the symptomatic presyncopal
period in selected patients with a documented cardioinhibitory
component.107 A retrospective review of 37 patients receiving
predominantly dual chamber pacemakers, followed for a mean
of 50·2 months, reported symptomatic improvement in 89%
with 62% remaining free of syncope and 27% being com-
pletely asymptomatic. The collective syncopal burden was
reduced from 136 to 11 episodes per year.108 This was an
uncontrolled study but a number of multicenter prospective
randomized trials have subsequently been initiated.

The North American Vasovagal Pacemaker Study109,110

randomized patients with a history of frequent syncope (�6
lifetime episodes) and a positive (cardioinhibitory) tilt test to
receive either DDI pacing with a pacemaker incorporating a
specialized rate-drop sensing algorithm, or no pacing. The
rate-drop sensing algorithm is designed to detect the charac-
teristic pattern of onset of bradycardia that is seen in vasova-
gal syndrome. The fall in heart rate is typically more marked
than occurs with natural diurnal fluctuation yet less precipi-
tous than that seen at the onset of complete AV block or
asystole. On detection of a characteristic rate drop, 
pacing commences with a high initial intervention rate 
that gradually decreases.111 It had been intended to enroll
284 patients, but the North American study was stopped
towards the end of a 2 year pilot phase (May 1997) due 
to substantial benefit in the paced group. By that time, 
54 patients had been enrolled and randomized, in equal
numbers, to receive pacing or no pacing. Syncope recurred
in 22% of patients who were paced compared with 70% of
those who were not. This corresponds to a relative risk
reduction of 85·4% (95% CI 59·7–94·7; 2P � 0·000022).
Mean time to syncope was 112 days in the paced patients
and 54 days in the non-paced patients. There was, however,
no significant effect on presyncope, which was reported by
63% of paced patients and 74% of non-paced patients. The
relatively small study size, resulting from early termination,
resulted in some imbalance in important baseline character-
istics. For example, the median number of previous synco-
pal episodes (lifetime experience) was lower in the paced
group than in the non-paced group (14 v 35) as was the
median number of episodes in the previous year (3 v 6).
However, the authors report that the relative risk reduction
was essentially unchanged when the analysis was adjusted
for differences in baseline variables.
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The Vasovagal International Study (VASIS) Group has sub-
sequently reported a multicentre European trial of similar
design.112 Forty-two patients with at least three syncopal
episodes in the preceding 2 years and a positive cardio
inhibitory response to tilt testing were randomized to DDI
pacing with rate hysteresis (n � 19) or no pacing (n � 23).
Recruitment was slower than anticipated and there appears
to have been a bias towards the inclusion of more severely
affected patients. Syncope recurred in only one (5%) of the
paced patients but in 14 (61%) of the unpaced patients
(P � 0·0006). The median time to first syncope in the
unpaced group was 5 months.

The Syncope Diagnosis and Treatment (SYDIT) study
assessed the relative efficacy of dual chamber pacing with a
rate-drop sensing algorithm and pharmacologic therapy with
atenolol.113 Patients were eligible if they had at least three syn-
copal episodes in the preceding 2 years and a positive response
to tilt testing (syncope with relative bradycardia). The study
was terminated after 93 patients had been enrolled, as an
interim analysis showed a significant effect in favor of pacing.
Syncope recurred in only 4·3% of the paced group (after a
median of 390 days) compared with 25·5% of the pharmaco-
logically treated group (after a median of 135 days), giving an
odds ratio of 0·133 (95% CI 0·028–0·632; P�0·004).

Less encouraging results have recently been presented
from the second Vasovagal Pacemaker Study (VPS II).114 The
inclusion criteria were similar to those of the first VPS but in
contrast to both that study and VASIS, it was double blinded.
All patients received a pacemaker and were randomized to
DDD pacing with a rate-drop response algorithm (n � 48) or
no pacing (ODO mode) (n � 52). During a 6 month follow
up, syncope recurred in 30% of the paced group, compared
with 40% of the non-paced group. This equates to a relative
risk reduction of 28·7% but the difference was not statisti-
cally significant (one-sided P � 0·153). However, the event
rate in the non-paced group was lower than expected and the
study thus lacked sufficient power to draw a firm conclusion.

Comment and recommendations

The impressive results from the first VPS, VASIS and SYDIT
studies require cautious interpretation. Enrolled patients had
a substantial burden of previous syncope and a positive tilt-
test with syncope (or presyncope) and relative bradycardia.
There was, in addition, a suggestion of selection bias towards
more severely affected and older patients. The applicability of
the results to less severely affected patients and those of
younger age is uncertain and these concerns are highlighted
by the inconclusive results of VPS II. The accumulated data
do, however, suggest that pacing should be considered in
patients with severe symptoms refractory to conservative
measures and drug therapy. The contrasting results of the
second VPS raise the possibility of a placebo effect associated
with the pacemaker implantation procedure in the earlier

trials. Further clarification of the role of pacing may come
from the Vasovagal Syncope and Pacing (SYNPACE) trial, in
which every patient will receive a pacemaker and then be
randomized to pacing “on” or “off” until the first recurrence
of syncope or the end of follow up (at least 12 months).115

Further data are also required to clarify the relative efficacy of
pharmacologic therapy, such as � blockers, disopyramide,
scopolamine, alpha agonists, selective serotonin reuptake
inhibitors and others, which although largely disappointing,
have been of benefit to some patients.116

Hypertrophic cardiomyopathy

The ability of pacing at the right ventricular apex to reduce
the left ventricular outflow tract (LVOT) gradient in patients
with hypertrophic obstructive cardiomyopathy has been rec-
ognized for over 30 years.117 The benefits are thought to be
due to eccentric or abnormal activation of the septum
which may increase the LVOT diameter and decrease sys-
tolic anterior movement of the mitral valve during systole. 
A resurgence of interest was prompted by the development
of sophisticated dual chamber pacemakers able to optimize
ventricular filling by preservation of AV synchrony and max-
imize ventricular capture by the programming of a short AV
delay. In some cases, drug therapy or ablation of the AV
node may be required to prolong intrinsic AV conduction for
maintenance of optimal LA-LV timing, whilst permitting
maximal right ventricular pre-excitation by pacing.

Initial clinical studies showed encouraging results over
the short and medium term with decreased symptoms and
improved exercise capacity associated with reductions of
LVOT gradient in the region of 60%.118–121 An intriguing
finding was the observation, in some series, of geometrical
and functional changes, suggesting that left ventricular
remodeling may occur after prolonged pacing. Decreased
thickness of the anterior septum and the anterolateral wall
of the left ventricle have been reported, with persistence of
at least partial gradient reduction on pacemaker inhibition,
for a period related to the duration of pacing.122–124

Three prospective randomized trials have subsequently
been completed. All used a similar design with blinded
crossover between active (DDD) and inactive (AAI backup
at 30/min) pacing modes after 3 months.

A study performed at the Mayo Clinic125 enrolled 21
patients with severe symptoms, refractory to drug therapy.
The LVOT gradient decreased to a mean of 55mmHg during
DDD pacing, compared with 76mmHg at baseline and 
83mmHg during the AAI phase. Quality of life scores and exer-
cise duration during DDD pacing were significantly improved
from baseline but not significantly different from those during
the AAI phase. Overall, 63% of patients had symptomatic
improvement during DDD pacing but 42% also improved
during the AAI phase. In 5%, symptoms were worse during
DDD pacing. The symptomatic improvement during the AAI
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phase suggests that there is an important placebo effect asso-
ciated with pacemaker implantation, underscoring the impor-
tance of randomized trials in assessing this form of treatment.

The European Pacing In Cardiomyopathy (PIC) study
reported similar findings in a larger group of 83 similarly
selected patients.126 It was, however, a prerequisite for
enrollment that patients had a reduction in peak pressure gra-
dient of �30mmHg during an acute trial of dual chamber
pacing. LVOT gradient decreased to a mean of 30mmHg dur-
ing DDD pacing compared with 59mmHg at baseline.
Exercise duration was not significantly increased, except for a
subgroup of patients with more severely limited exercise tol-
erance (�10 minutes of the Bruce protocol) during the inac-
tive (AAI backup) phase. Dyspnea, angina and functional
class improved during active pacing compared with the inac-
tive phase and 95% of patients preferred pacing. A placebo
effect was once again seen, with significant improvement in
symptoms compared to baseline even during the inactive AAI
backup phase.126,127 Subsequent activation of pacing, how-
ever, resulted in significant improvement in symptoms and
quality of life scores and, conversely, inactivation resulted 
in significant deterioration. Following the crossover phase,
patients remained in their preferred mode for 6 months and
were re-evaluated one year after the baseline assessment.
Seventy-six patients opted for active pacing. The observed
gradient reduction was sustained at 1 year, with further
improvement in symptoms already favorably influenced and
in some additional quality of life domains.128,129

The Multicenter Study of Pacing Therapy for Hypertrophic
Cardiomyopathy (M-PATHY) randomized 44 patients (mean
age 53 years) with severe refractory symptoms to 3 months
each of active (DDD) and inactive (AAI backup at 30/min)
pacing in a double-blind crossover study design.130 After 6
months, all patients were offered an additional 6 months of
active pacing in an uncontrolled and unblinded fashion. In
the crossover phase, there were no significant differences in
subjective or objective measures of symptoms or exercise
capacity including NYHA functional class, quality of life,
treadmill exercise time or peak oxygen consumption between
active and inactive pacing. As in previous studies, however,
many patients reported symptomatic improvement after pace-
maker implantation suggesting a potent placebo effect. After 
6 months of unblinded pacing, functional class and quality of
life were improved compared with baseline (P �0·01) but
peak oxygen consumption was unchanged. Left ventricular
outflow tract gradient decreased with active pacing from 
a mean of 82mmHg to 48mmHg (P �0·001) but there was
marked variability in response between patients. The gradient
was decreased in 57% of patients but unchanged or increased
in 43%. In contrast to reports from earlier studies, there was
no evidence of remodeling as assessed by change in left ven-
tricular wall thickness. Analysis of individual patient data
showed that all of the six patients who completed the study
and showed clinical benefit were aged 65 years or older.

Comment and recommendations

The role of dual chamber pacing in the management of
patients with hypertrophic obstructive cardiomyopathy
remains controversial. The accumulated data from the vari-
ous studies suggest that pacing cannot be considered as pri-
mary or routine treatment. It may benefit some patients
with significant symptoms refractory to drug therapy and
obviate or delay the need for septal ablation or surgery but
there is no evidence that it reduces the risk of sudden death
or alters the long-term clinical course. A trial of pacing is cer-
tainly an option to consider in patients at high operative
risk, particularly if elderly, before proceeding to surgery and
in those for whom expert surgery is unavailable. Although
some studies have shown a correlation of gradient reduction
during temporary dual-chamber pacing with that observed
during long-term follow up, the acute hemodynamic response
is not a reliable predictor of symptomatic or functional
improvement and temporary pacing studies are thus of little
value in patient selection.121,122,130

Dilated cardiomyopathy

Conventional pacing

During the past decade, the use of dual chamber pacing in
patients with heart failure but no bradyarrhythmic indica-
tion for pacing has been extensively explored. This was ini-
tially prompted by the suggestion that dual chamber pacing
with a short AV delay might improve cardiac function in
dilated cardiomyopathy by improving the relationship
between atrial and ventricular systole, thereby decreasing
presystolic, mitral and tricuspid regurgitation and increasing
ventricular filling time.131 Initial hemodynamic and clinical
studies yielded encouraging results132,133 but others failed to
show any significant benefit.134,135 It might be anticipated
that patients with first-degree heart block would be most
likely to benefit and this has been confirmed in hemody-
namic136 and short-term clinical studies.137 Other criteria
that may predict benefit from short AV delay pacing in this
context include prolonged QRS duration, functional mitral
regurgitation �450 ms, ventricular filling time �200 ms
and early cessation of transmitral flow with concomitant
diastolic mitral regurgitation on Doppler echocardiogra-
phy.138,139 During temporary pacing, responders will have
an increase in systolic blood pressure and an increase in
mitral regurgitation velocity (indicating a higher left ventric-
ular systolic pressure and lower left atrial pressure), but
despite these findings, the clinical outcome with pacing can-
not be predicted with certainty.139

Alternative and multisite pacing

Recognition that pacing at the right ventricular apex is asso-
ciated with an abnormal ventricular activation pattern that
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might offset the advantage gained from the restoration of AV
synchrony, prompted the assessment of alternative pacing
sites within the right ventricle. Some investigators found
acute hemodynamic benefit with pacing of the right side of
the interventricular septum at an optimal AV delay,140

whereas others, pacing the septal wall of the right ventricu-
lar outflow tract, did not.141 A 3 month crossover trial in 16
patients with atrial fibrillation or flutter and AV block (post-
ablation or spontaneous), showed no symptomatic or hemo-
dynamic benefit from right ventricular outflow tract pacing
compared with apical pacing.142 The acute hemodynamic
effect of combined pacing at two right ventricular sites
(apex and outflow tract) has also been assessed.143 No sig-
nificant benefit was observed despite narrowing of the QRS.
It has been suggested that individualized selection of the
optimal septal pacing site (to minimize the QRS duration)
might prove more effective.144 Encouraging results have
recently been reported with permanent His-bundle pacing.
Significant improvement in hemodynamic function and
NYHA class were observed during a mean 2 year follow up
in a group of patients with chronic atrial fibrillation and
severe dilated cardiomyopathy.145 This technique requires
further validation in a prospective controlled study.

Cardiac resynchronization therapy (CRT)

Recent interest has focused on the use of three or four
chamber pacing with synchronized biventricular activation
in an atrial tracking mode with optimized AV delay, particu-
larly in patients with abnormalities of AV or intraventricular
conduction. Biatrial synchronization may also be used in 
the presence of interatrial conduction delay. Up to 40% 
of patients with severe heart failure have intraventricular
conduction delay.146 This results in asynchronous contrac-
tion of the left and right ventricles, which may adversely
affect hemodynamic function. CRT aims to reverse these
changes by resynchronizing left and right ventricular acti-
vation and by ensuring AV synchrony with an optimal 
AV delay if sinus rhythm is preserved. The potential hemo-
dynamic benefit of biventricular pacing was first described
in 1983147 but it was not until 1994 that the clinical appli-
cation of the technique was reported in a patient with
severe drug-refractory congestive heart failure.148 Early case
reports documented short-term clinical and hemo-
dynamic improvement in patients with class III and IV heart
failure using three or four chamber atriobiventricular 
pacing.148–150 Acute hemodynamic studies have demon-
strated decreased pulmonary capillary wedge pressure and
increased peak LV dP/dt, systolic blood pressure and cardiac
index during biventricular pacing.150–154 Similar or greater
improvements in some parameters were also reported 
with LV pacing alone.151,153,154 The early studies of biven-
tricular pacing used an epicardial pacing lead, implanted 
by limited thoracotomy or thoracoscopy, to pace the left

ventricle, with a standard endocardial lead in the right 
ventricle. This approach has been superseded by the devel-
opment of a technique for pacing the left ventricle by 
means of a lead introduced transvenously via the coronary
sinus, with the tip located in one of the posterior or lateral
cardiac veins overlying the left ventricular free wall.155

A coronary sinus angiogram is often used to create an
anatomical map to guide placement of the specialized leads
that have been developed for this type of pacing.156

Non-randomized studies of CRT

Encouraging preliminary data regarding the clinical utility of
CRT were reported from two non-randomized studies. The
InSync study157 was an uncontrolled safety and efficacy
study of synchronized biventricular pacing using a purpose
designed pacing system. The device used incorporated a Y-
adaptor, offering pacing channels for the right atrium, the
right ventricle and the left ventricle, the latter being paced
transvenously via the coronary sinus and cardiac veins. The
study included 81 patients (mean age 66 years) with symp-
tomatic cardiac decompensation, NYHA class III (n � 43) or
class IV (n � 25), refractory to medical therapy, QRS dura-
tion �150 ms, ejection fraction �35% and LV end-diastolic
diameter (EDD) �60 mm. Implantation was technically 
successful in 84% of patients with a low requirement for 
re-intervention. There were significant improvements at 
1 and 3 month follow up (compared with baseline) in NYHA
functional class, quality of life (Minnesota Living with Heart
Failure Score) and distance covered during a 6 minute walk.
There were, however, seven deaths (including four sudden
deaths) between 11 and 127 days post-implant. Follow up
to 1 year has subsequently been reported and confirmed 
sustained clinical benefit in the survivors.158

The French pilot study experience (1994–1997) com-
prised a series of 50 patients (mean age 68 years) with
refractory class III (n � 26) or class IV (n � 34) heart failure,
EF�35%, LV EDD �60 mm and QRS duration �150 ms.159

Mean follow up was 15·4 months (range 1–48 months).
There were 20 deaths in this series but with only two
exceptions, these patients were in NYHA class IV at entry
(one third of the total cohort were in a terminal phase,
requiring permanent IV inotropic support). Deaths were
classified as being due to progressive pump failure (n � 11),
sudden cardiac death (n � 6) or non-cardiac cause (n � 3).
Significant improvements during follow up were reported in
functional status, exercise tolerance (in the 16 patients able
to exercise at baseline) and ejection fraction.

Randomized trials of CRT

A number of randomized clinical trials have been initiated
in Europe and the USA to assess further the efficacy of CRT
in dilated cardiomyopathy.
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The Pacing Therapy in Congestive Heart Failure
(PATH-CHF) Trial – The PATH-CHF trial, was a single-
blind randomized, crossover controlled trial designed to
evaluate the effects of pacing on acute hemodynamic func-
tion and to assess chronic clinical benefit in patients with
NYHA class III or IV congestive heart failure despite optimal
medical therapy.160 Patients were required to have a QRS
duration �120 ms and a PR interval �150 ms. An epicar-
dial lead was attached to the apex or midlateral segment of
the left ventricle via a limited thoracotomy and endocardial
leads were sited in the right atrial appendage and right ven-
tricle. During the acute phase of the study, right and left uni-
ventricular pacing were compared with biventricular
pacing, at a variety of pre-selected AV delays, using a ran-
domized crossover design. Overall, biventricular and LV
pacing increased LV dP/dt and pulse pressure more than
right ventricular pacing. LV pacing increased LV dP/dt more
than biventricular pacing.153 Pacing site had a greater influ-
ence on hemodynamics than the AV delay. During the
chronic phase of the study, 42 patients were randomized to
either atriobiventricular pacing or the best atriouniventricu-
lar mode (determined during the acute phase) for a 4 week
period. This was followed by a 4 week wash-out phase with-
out pacing and a further 4 weeks in the alternate mode.
Compared with baseline, active pacing showed significant
benefits in terms of oxygen consumption at peak exercise
and at anaerobic threshold and distance covered during a 
6 minute walk (the primary end points).161 Quality of life,
assessed by the Minnesota Living with Heart Failure ques-
tionnaire, and NYHA functional class were also significantly
improved. There was evidence of a placebo or carry-over
effect, in that improvements during the first phase of active
pacing were not eliminated during the subsequent wash-out
period. There was, however, a further significant improve-
ment during the second active pacing period, implying a
genuine treatment effect. On completion of the crossover
phase, patients were assigned to the best chronic pacing
mode and followed for 1 year. During that time, the number
of days spent in hospital for heart failure was significantly
lower than in the year before implantation.162

The Multisite Stimulation In Cardiomyopathy (MUSTIC)
Trial – The MUSTIC trial used a blinded crossover between
active and inactive pacing (12 weeks in each mode) to
assess biventricular pacing.163 In this study, the left ventric-
ular lead was introduced transvenously to a lateral or poste-
rior cardiac vein. The initial implant success rate was 92%.
Patients had severe but stable heart failure due to idiopathic
or ischemic LV systolic dysfunction (NYHA class III) despite
optimal medical therapy, ejection fraction �35%, LV EDD
�60 mm, QRS duration �150 ms and no conventional indi-
cation for pacing. Sixty-seven patients in sinus rhythm were
enrolled, of whom nine were withdrawn before randomiza-
tion for various reasons (failed implantation, five; unstable

heart failure, two; pre-existing indication for pacing, one; sud-
den death whilst the device was inactive, one). Ten patients
failed to complete the two crossover periods. In the 48
patients who completed the study, the 6 minute walking dis-
tance (the primary end point) improved by 23% (P �0·001)
after 3 months biventricular pacing. Quality of life 
scores (Minnesota Living with Heart Failure questionnaire)
improved by 32% (P � 0·001), peak oxygen uptake by 8%
(P � 0·03) and hospitalizations were decreased by two
thirds (P � 0·05). Active pacing was preferred by 85% of 
the patients (P � 0·001). At the end of the crossover phase,
patients were programmed to their preferred mode and
reassessed at 1 year. The clinical benefits were main-
tained.164 The MUSTIC study had a separate limb for
patients in atrial fibrillation and preliminary results from the
41 patients (of 64 enrolled) who completed the crossover
phase have been presented.165 Trends were observed in
favor of biventricular pacing but the results did not achieve
statistical significance. This contrasts with the findings in a
non-randomized study in which patients with atrial fibrilla-
tion showed greater benefit than those in sinus rhythm.166

In the latter study, the AV node was systematically ablated in
the patients with AF, in order to provide complete and per-
manent biventricular capture. Some benefit may thus have
been due to improved rate control. Conversely, patients in
the MUSTIC AF study may have failed fully to benefit from
CRT if rate control was inadequate and resynchronization
only intermittent. The Optimal Pacing SITE (OPSITE) study
will address this issue by sequentially comparing right 
ventricular pacing, first with LV and then with biventricular
pacing, using a crossover design, in patients undergoing
“ablate and pace” therapy for permanent atrial fibrillation,
with and without impaired LV function.167

The Multicenter Insync Randomized Clinical Evaluation
(MIRACLE) – MIRACLE is the largest trial of 
biventricular pacing reported to date.168 This was a prospec-
tive, multicentre, double-blind, randomized controlled trial in
patients with NYHA class III or IV chronic heart failure, ejec-
tion fraction 	35%, LV EDD �55mm, QRS duration �130
ms, on optimal and stable medical therapy. Preliminary
results have been presented.169 A total of 266 patients, suc-
cessfully implanted with a transvenous CRT pacing system
were randomized to active CRT (n � 134) or control (VDD
mode at 30/min; n � 132) and followed for 6 months. The
initial implant success rate was 93%. In the CRT group,
there were eight deaths and one patient withdrawal. In the
control group there were 10 deaths, two early crossovers
and one other withdrawal. Amongst those who completed
the study there were significant improvements in 6 minute
walk distance with CRT (mean increase 39 m; P � 0·033).
NYHA functional class improved by a mean of 0·8 in the 
CRT group, with 65% attaining class I or II, compared with
30% in the control group (P �0·001). In the quality of life
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assessment (Minnesota Living with Heart Failure question-
naire), there was evidence of a marked placebo effect with
improvement in the control group also but the improvement
in the CRT group (mean 19 points) was significantly greater
(P �0·013). Treadmill exercise time was also significantly
increased with CRT (c 2 mins) and there was a borderline
significant increase in peak VO2.

Further evidence of the efficacy of CRT is provided by 
the data reported on 1000 patients enrolled in the 
European CONTAK registry170 and 190 patients enrolled 
in the Italian InSync registry.171 These show similar out-
comes to those in the other non-randomized studies and
clinical trials.

In addition to the benefits of CRT described above, there
is evidence that it may reduce norepinephrine levels172 and
sympathetic activity.173 These effects may explain the appar-
ent antiarrhythmic effect of CRT. In one crossover study, 
a diminished frequency of ventricular ectopy was noted dur-
ing CRT, compared with that during sinus rhythm or right
ventricular pacing.174 Similarly, in the VENTAK-CHF study,
CRT decreased the frequency of appropriate antitachycardia
therapy delivery in patients with an implantable car-
dioverter defibrillator (ICD) with biventricular pacing capa-
bility.175 A number of recently completed and ongoing trials
will provide further evidence of the short-term clinical
impact of CRT in patients with severe heart failure, some or
all of whom are implanted with a biventricular ICD. These
include CONTAK-CD, InSync ICD, MIRACLE ICD, PATH
CHF-II and PACMAN.

Comment and recommendations

There is considerable evidence that CRT can improve
hemodynamics, symptoms, quality of life and functional
capacity in selected patients with advanced heart failure and
intraventricular conduction delay. There is also some evi-
dence that the need for hospitalization may be diminished.

To date, the evidence has come from relatively small and
short-term studies in which all patients have received a
device and outcomes have been compared pre- and post-
implant or with the device alternately active and inactive. In
order to define the true clinical utility of CRT, there is a
pressing need for large-scale randomized trials comparing
morbidity and mortality in patients receiving CRT (in addi-
tion to optimal medical therapy) and in patients receiving
optimal medical therapy alone. Two such trials are ongoing.
The Cardiac Resynchronization for Heart Failure (CARE-HF)
trial in Europe will enrol 800 patients with stable class III or
IV chronic heart failure due to LV systolic dysfunction, 
EF 	 35%, dilated LV (EDD �30 mm/m height) and 
either QRS duration �150 ms or QRS duration �120 ms
with echocardiographic evidence of dysynchrony.176 Patients
will be randomized to optimal medical therapy alone 
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or combined with CRT and followed for a minimum of 
18 months. The primary end point is all-cause mortality or
cardiovascular hospitalization. Secondary end points include
all-cause mortality, hospitalization for heart failure, NYHA
class at 90 days and quality of life at 90 days (including a
generic measure, the EuroQol EQ-5D). Echocardiographic
and neurohormonal parameters will also be assessed, as will
cost effectiveness. The Comparison of Medical Therapy,
Pacing and Defibrillation in Chronic Heart Failure (COM-
PANION) trial in the USA will enroll 2200 patients with sta-
ble class III or class IV heart failure, at least one
hospitalization in the preceding year, EF 	 35%, LV 
EDD � 60 mm, QRS duration �120 ms and PR interval
�150 ms.177 This is a three-limb study, in which patients
will be randomized to optimal medical therapy alone or
combined with CRT or combined with CRT and ICD backup
(ratio 1:2:2). Minimum follow up will be 1 year. The primary
end point is all-cause mortality and hospitalization. Secondary
end points include cardiac morbidity, quality of life and peak
VO2. The results from these trials should be available by
2004. In the meantime, no firm recommendations can be
made regarding the place of CRT in clinical practice. Further
data are also required to clarify numerous unresolved issues
regarding patient selection, the optimal LV pacing site, the rel-
ative merits of LV and biventricular pacing, the role of com-
bined CRT and ICD therapy and cost utility. Technological
developments are also needed to simplify LV lead placement
and shorten the procedure time.

Atrial fibrillation

The influence of pacing mode selection on the incidence of
atrial fibrillation (AF) in patients paced for sick sinus syn-
drome or AV block has been discussed above, as has the
occasional need for pacing to permit antiarrhythmic drug
therapy. The limited success of drug therapy in suppressing
paroxysmal AF has prompted the assessment of various pac-
ing strategies, even in patients with no other indication for
pacemaker implantation. Possible mechanisms by which
pacing might suppress AF in this context include reduction
of bradycardia, overdrive suppression of atrial premature
beats, elimination of compensatory pauses and reduction 
in interatrial or intra-atrial conduction delay and dispersion
of refractoriness that might otherwise favor re-entry.

Atrial rate support

In selected patients with the vagally mediated, pause-
dependent, form of atrial fibrillation, permanent atrial rate
support has been shown to be of benefit although concomi-
tant drug therapy may still be required.178 In a broader con-
text, the use of atrial-based pacing to prevent paroxysmal
atrial fibrillation in patients selected for ablation of the AV
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node was assessed in the Atrial Pacing Periablation for
Prevention of Paroxysmal Atrial Fibrillation (PA3) study.179

The first phase of the study enrolled 97 patients with at least
three episodes of paroxysmal AF in the previous year (the
most recent within 3 months), all of whom were refractory
to or intolerant of drug therapy and being considered for
total AV node ablation. Patients were implanted with a
DDDR pacemaker and randomized to atrial pacing (DDIR
with lower rate 70/min) or no pacing (DDI 30/min). The
use of the DDI mode in both groups activated the high-rate
atrial diagnostic features of the pacemaker, which were used
to determine the primary outcome. Diagnostic counters
were reset after a 2 week run-in period, intended to permit
stabilization of drug therapy and allow for short-term effects
of lead placement on arrhythmia frequency. Patients and
pacemaker diagnostics were reviewed 3 months post-
implant and crossover from inactive to active pacing or pro-
gression to AV node ablation was permitted in the event of
intolerable recurrent symptomatic AF. Time to first recur-
rence of AF (�5 min) was similar in the two groups and the
AF burden was lower in the non-paced group. The study
suggests that rate-adaptive atrial pacing does not prevent
recurrence of drug-refractory paroxysmal AF, in the short-
term, in patients without symptomatic bradycardia. It is
noteworthy that AV node ablation was deferred in 29% of
patients in each group. Whilst the significance of this obser-
vation is unclear, it lends some support to the strategy of
implanting a pacemaker and reviewing the patient before
proceeding to planned ablation, rather than undertaking
both procedures in one session.

The second phase of the PA3 study considered the opti-
mal pacing mode postablation and tested the hypothesis that
DDDR pacing as compared with VDD pacing reduces the
time to first recurrence, the frequency and the duration of
paroxysmal AF postablation.180 Sixty-seven patients were
randomized to receive DDDR pacing (lower rate 70/min)
with mode switch to DDIR, or VDD pacing (lower rate
60/min to favor preservation of AV synchrony) with mode
switch to VVIR. There was a crossover at 6 months and total
follow up of one year. Antiarrhythmic drugs were usually
discontinued after pacemaker implantation. There was a
progressive increase in the prevalence of persistent AF
(approximately 30–35% at 6 months) and the AF burden
with time but there were no statistically significant differ-
ences between the groups in time to recurrence, frequency
or total burden of AF. By one year, 43% of patients had per-
manent AF. The study suggests that physiologic (DDDR) pac-
ing, compared with ventricular pacing, does not prevent the
recurrence of paroxysmal AF or progression to permanent AF
after AV node ablation in patients with frequent paroxysmal
AF. It is possible that the findings might be different if con-
comitant antiarrhythmic drug therapy were used, as there is
evidence from randomized trials that “ablate and pace” ther-
apy, although better than drug therapy for relief of symptoms,

is associated with a higher incidence of permanent AF.181,182

It is also possible that a higher pacing rate, to achieve more
continuous overdrive, might have been more effective.

Atrial overdrive pacing

Overdrive pacing at higher rates in the right atrial appendage
has been assessed in patients with paroxysmal AF and pace-
makers implanted for conventional indications. In one 
study, 18 patients with DDDR mode-switching pacemakers,
implanted for a variety of indications, were randomly
assigned to pacing at 60, 75 and 90/min with crossover after
intervals of 2 months.183 The pacemaker Holter functions
were used to assess the percentage of time spent in AF
and/or the number of mode-switch episodes according to
the device capability. When ranked according to the amount
of AF, there was no significant difference in the amount of AF
according to the pacing rate. Six patients were intolerant 
of pacing at 90/min and one other had increased angina. 
In another study, 27 patients with DDDR pacemakers,
implanted for sick sinus syndrome, were randomized to 
two 3 month single-blinded crossover periods. In one, the
pacemaker base rate was set to 60/min and in the other it
was set to 10 beats/min above the mean heart rate (range
70–96/min; mean � S.D. 75 � 7/min). Pacemaker software
recorded the number and duration of AF episodes, which
were not significantly different between the two periods.184

These findings contrast with an earlier report in which atrial
overdrive was found to decrease the incidence of atrial
arrhythmia in a study of 22 patients with frequent episodes
and DDD pacemakers implanted for conventional indica-
tions.185 However, even in that study, the sub-group with
brady-tachy syndrome (all of whom had prior atrial tachy-
arrhythmia apparently not controlled by drug therapy)
showed least benefit. Encouraging results have recently been
reported from a randomized crossover study of medium 
(c 80/min) and high rate (c 90/min) right atrial overdrive
pacing in 42 patients with paroxysmal AF but no conven-
tional indication for pacing. Symptomatic (ECG verified)
episodes of AF were less frequent during medium (1·42/
week; P � 0·005) and high rate (1·36/week; P � 0·006)
pacing than with no pacing (2·56/week).186

Rate-adaptive atrial pacing

The generally disappointing results in most studies of over-
drive pacing may partly reflect a failure to achieve consistent
or sustained overdrive. The mean or median percentage 
atrial pacing was below 75% in all of the studies described
above. In this regard, the impact of sensor-driven rate 
adaptation has been examined in a prospective randomized
crossover trial comparing DDD with DDDR pacing (3 months
in each mode) in 78 patients with frequent symptomatic
paroxysmal AF, brady-tachy syndrome and chronotropic
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incompetence.187 The percentage of atrial pacing was signif-
icantly higher in DDDR mode compared with DDD mode
(81·1 � 20·5 and 73·7 � 20·0 respectively; P � 0·01). There
was a non-significant trend towards fewer symptomatic
episodes in the DDDR mode. There were also fewer mode-
switching episodes (91 � 109·8 v 120 � 120 over 3 months;
P � 0·05). However, no data were available regarding the
duration of the episodes, so the AF burden is unknown.
Rate-adaptive pacing would only be expected to confer an
advantage during periods of increased activity, as is reflected
in the relatively modest increase in the overall percentage of
atrial pacing. A novel implementation of sensor-driven rate-
adaptive pacing in this context is the use of fixed-rate over-
drive pacing but with an Automatic Rest Rate function to
allow overdrive pacing to continue but at a lower rate dur-
ing periods of physical or mental inactivity. Preliminary
results from a randomized crossover trial, comparing DDDR
pacing with and without activation of the overdrive algo-
rithm, in 78 patients show a reduction in the number and
duration of mode switching episodes.188

Atrial pacing algorithms

A number of specific pacemaker algorithms have been
developed to try and enhance the antiarrhythmic efficacy of
atrial pacing. One example uses overdrive pacing, triggered
by the occurrence of atrial premature beats, to eliminate
post-extrasystolic pauses and suppress further ectopy.189

Another uses dynamic atrial overdrive (DAO) to maintain a
pacing rate just above the intrinsic sinus rate. Preliminary
results from a randomized crossover study (ADOPT-A),
comparing DDDR pacing with the algorithm “on” or “off”
in 250 patients with paroxysmal AF and a conventional indi-
cation for pacing, have been presented.190 There was a 
significant reduction in AF burden as assessed from sympto-
matic (ECG verified) episodes. The Consistent Atrial Pacing
(CAP) algorithm also aims to achieve sustained overdrive
pacing, whilst avoiding excessively high rates that might
compromise patient tolerance, by continuously updating the
atrial escape interval. In a randomized crossover study in 
15 patients receiving DDDR pacing for sick sinus syndrome,
the algorithm achieved 86 � 28% atrial pacing, was well tol-
erated and decreased the number of premature atrial con-
tractions. There was, however, no significant reduction in
AF as assessed by the number of mode-switching episodes.191

In a similar study of 61 patients receiving DDDR pacing for
brady-tachy syndrome, the algorithm was well tolerated,
decreased the number of premature atrial contractions and
achieved 96 � 7% atrial pacing but there was no significant
reduction in symptomatic AF or mode-switching episodes.192

In a sub-group of 31 patients who had less than 90% atrial
pacing during standard DDDR pacing, the algorithm
increased atrial pacing from 60�26% to 97�3% and mode-
switch episodes decreased from 1·23 � 1·27 to 0·75 � 1·1

(P � 0·0001). The CAP algorithm has subsequently been
combined with two others (rate stabilization and post mode
switching overdrive) in a device that also includes anti-
tachycardia pacing capability. Preliminary clinical results in
31 patients with conventional pacing indications and atrial
tachyarrhythmia, showed a reduction in the mean number 
of arrhythmia episodes but the total arrhythmia burden 
was unchanged.193 Encouraging results have recently been 
presented from the Atrial Fibrillation Therapy (AFT) study,
which assessed the efficacy of a device incorporating a com-
bination of four preventive pacing algorithms.194 The study
included 372 patients with drug-refractory paroxysmal AF,
with and without conventional indications for pacing. Con-
ventional DDD pacing (at 40, 70 and 85/min) and DDDR
pacing (at 70 and 85/min) did not significantly influence AF
burden, mean duration of sinus rhythm or AF recurrence. In
contrast, the AF preventive algorithm significantly improved
all of these outcomes, when compared with DDD pacing at
70/min. Further studies in this area are ongoing.195

Biatrial pacing

It has been postulated that reduced dispersion of refractori-
ness might decrease the propensity to paroxysmal AF in sus-
ceptible patients and the efficacy of various multisite pacing
techniques has been examined. Encouraging results were
obtained with the use of biatrial synchronization in patients
with advanced interatrial conduction delay and drug refrac-
tory atrial flutter and fibrillation.196,197 Pacing leads were
positioned in the right atrium and within the mid or distal
coronary sinus to pace right and left atria simultaneously in
triggered (AAT) mode. This strategy was subsequently eval-
uated in the Synchronized Biatrial Pacing (SYNBIAPACE)
study.198 This was a prospective randomized crossover
study in which 42 patients (mean age 64 years) with a his-
tory (�1 year) of recurrent drug-refractory AF and intra-
atrial conduction delay (P wave duration �120 ms and
interatrial conduction time �100 ms) spent 3 months in
each of three pacing modes. Synchronous biatrial pacing 
at 70/min was compared with single site high right atrial
DDD pacing at 70/min and the same at 40/min (the “inhib-
ited” or control mode). Biatrial pacing was achieved using
leads in the high right atrium and the mid or distal coronary
sinus connected via a “Y”-bifurcated adapter to the atrial
port of a bipolar DDDR pacemaker, incorporating a resyn-
chronization algorithm to trigger atrial synchronous pacing
after every sensed atrial event (“AAT” mode). There was no
statistically significant difference between the three modes
in either time to first arrhythmia recurrence (the primary
end point) or time spent in atrial arrhythmia, although there
was a trend favoring biatrial pacing. This was a relatively
small study with short follow up in a highly selected group
of patients and data from further studies are awaited to clar-
ify the role of this pacing modality.
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Dual site atrial pacing

An alternative approach that has been explored is the use of
dual site atrial pacing, in DDDR mode, with leads in the
high right atrium and at the coronary sinus os. Preliminary
studies reported an increase in the arrhythmia-free interval
and greater benefit than single site pacing at either site.199

The same group subsequently reported on a series of 
30 patients entered into a prospective but non-randomized,
sequential, crossover comparison of single and dual site
atrial pacing (3–6 month periods) with extended follow up
(25–41 months) in the latter mode.200 Arrhythmia free
interval was significantly increased by dual site pacing as
compared with single site pacing, either in the high right
atrium or at the coronary sinus ostium, which was itself
superior to a pre-implant control period. Single site pacing
was of comparable efficacy at either site. Dual site pacing
was achieved by connecting the high right atrial and coro-
nary sinus ostial electrodes via a Y-connector to the atrial
channel of a conventional DDDR pacemaker, the pacing rate
being set to achieve overdrive with at least 80% of atrial
events being paced. The technique has subsequently 
been evaluated in the Dual Site Atrial Pacing to Prevent AF
(DAPPAF) study.201 This was a randomized crossover com-
parison of dual site atrial pacing, single site high right atrial
pacing and a support pacing control period (DDI 50/min or
VDI), at 6 month intervals, in 120 patients with a history of
paroxysmal AF and a bradyarrhythmic indication for pacing.
Patient tolerance and adherence to the pacing mode was
superior with dual site pacing compared with support pac-
ing (P � 0·001) and high right atrial pacing (P � 0·006).
There was a non-significant trend towards greater freedom
from any symptomatic AF recurrence (the primary end
point) with dual site pacing (hazard ratio 0·715, P � 0·07)
but not with high right atrial pacing (P � 0·19), compared
with support pacing. There was no significant difference
between dual site and high right atrial pacing. Combined
symptomatic and asymptomatic AF frequency, measured by
device datalogs, was significantly reduced during dual site
pacing, compared with high right atrial pacing (P � 0·01).
However, in antiarrhythmic drug treated patients, dual site
pacing increased symptomatic AF free survival compared 
to support pacing (P � 0·011) and high right atrial pacing
(hazard ratio 0·669, P � 0·06).202

Another prospective randomized trial, the New
Indication for Pacing Prevention of AF (NIPP AF) study,
examined whether dual site atrial pacing with atrial over-
drive near the intrinsic rate, could reduce AF recurrence in
patients with paroxysmal AF, refractory to a fixed regimen of
sotalol, and no bradycardic indication for pacing.203 Twenty-
two patients were randomized in crossover fashion to 
12 weeks of high right atrial pacing at 30/min or dual site pac-
ing (high right atrium and coronary sinus os) with an over-
drive algorithm. The time to the first clinical AF recurrence

was prolonged (15 � 17 to 50 � 35 days, P � 0·006) and
total AF burden was reduced (45 � 34% v 22 � 29%,  P �
0·04) by dual site pacing with overdrive. However, there was
no significant difference in symptoms or quality of life.

Alternative site atrial pacing

Encouraging preliminary results have recently been reported
from studies of single site pacing of the interatrial septum. In
an acute study comparing right atrial appendage pacing with
dual site, septal or coronary sinus os pacing, the duration of
atrial activation was found to be shorter and comparable at
each of the latter sites.204 This suggests that the benefits 
of dual site pacing might be attained without the added 
complexity of a second lead. Baillin et al randomized 
120 patients with a conventional indication for pacing and a
history of recurrent paroxysmal AF to pacing either the inter-
atrial septum in the region of Bachmann’s bundle or the right
atrial appendage.205 Septal pacing was associated with a
shorter P wave duration and a higher rate of survival free
from chronic AF at one year, compared with right atrial
appendage pacing (75% v 47%; P �0·05). Padeletti et al ran-
domized 46 patients with paroxysmal AF and sinus bradycar-
dia to DDD(R) pacing with the atrial lead either on the
interatrial septum at the triangle of Koch or in the right atrial
appendage.206 Within each group, a crossover comparison
was made with a constant atrial pacing (CAP) algorithm “on”
or “off”. The number of paroxysmal AF episodes per month
was lower in both groups with the CAP algorithm “on” but
septal pacing was associated with a significantly lower fre-
quency of AF episodes and AF burden with or without CAP.
The same group have also reported success with the use of
interatrial septal pacing to prevent early recurrence of AF
after DC cardioversion in patients with a prior history of early
recurrence (within 2–24 hours).207

Comment and recommendations

The use of pacing as a primary antiarrhythmic strategy in the
management of AF is not yet justified by the available data.
Interpretation of the data is confounded by heterogeneity of
the pattern of the arrhythmia, the clinical characteristics of
the patients and the end points and outcome measures in the
various studies. In patients with conventional indications for
pacing, the use of a device with preventive algorithms may
be justified in selected cases. Similarly, multisite or alterna-
tive site atrial pacing may be worthy of consideration in some
patients, such as those with evidence of intra- or interatrial
conduction delay. These pacing modalities appear to be most
effective when used as hybrid therapy with antiarrhyth-
mic drugs. Indeed, it may be that much of the benefit in some
of the studies is attributable to the facilitation of increased
antiarrhythmic drug therapy by pacing. In the future,
improved understanding and characterization of different
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patterns and modes of onset of AF may facilitate a cus-
tomized approach to treatment. For the time being, the value
of device therapy in AF remains unproven. 

Long QT syndrome

Patients with the long QT syndrome are at high risk of 
syncope and sudden death, usually due to polymorphic ven-
tricular tachycardia. There are compelling data from observa-
tional studies208,209 and from the International Long QT
Syndrome Registry210,211 indicating that cardiac pacing, with
concomitant � blockade, may reduce the rate of recurrent
syncope and sudden death. The registry data, from 124
patients who were paced for the long QT syndrome, indicate
approximately a 50% reduction in the incidence of cardiac
events. Interpretation of the data is confounded by the initia-
tion or increase of � blockers at the time of pacing in some
patients. However, 30 patients were identified in whom a
pacemaker was implanted after failure of � blockers but
without an increase in drug dosage. In this subset, there was
a significant reduction in the incidence of syncope, confirm-
ing the independent benefit of pacing. It is important to note
that pacing should not be implemented without concomitant
� blocker therapy and that � blockers should not be 
stopped. Of the 10 registry patients in whom � blockers
were withdrawn after pacemaker implantation, three died
suddenly during 2 years’ follow up. The benefit of pacing is
thought to be due to the prevention of bradycardia and
pauses together with rate-related shortening of the QT inter-
val. Unfortunately, for pacing to be effective, relatively high
rates (�80/min) may be required212 with the attendant 
disadvantage of reduced battery life and the potential risk 
of tachycardia induced cardiomyopathy.213

Careful attention to pacemaker programming is essen-
tial.214 Features that allow slowing of the heart rate below
the programmed lower rate limit, such as hysteresis and
sleep functions, should be programmed “off”. Similarly, rate
hysteresis search (a feature that extends the atrial escape
interval periodically to search for intrinsic sinus activity) and
algorithms that extend the postventricular atrial refractory
period after ventricular premature beats, should be disabled,
as they may favor the occurrence of pauses. Specific rate-
smoothing algorithms that are capable of preventing post-
extrasystolic pauses may be useful in this context.215 There is
some indirect experimental and clinical evidence to suggest
that pacing might be of particular value in patients with the
LQT3 genotype,216–218 which is particularly associated with
increased dispersion of repolarization during bradycardia and
with arrhythmia occurring during sleep.219 This has not been
explored in clinical studies and it should not be inferred that
other genotypes will not benefit from pacing. Further data
are required to clarify the extent to which therapy in the long
QT syndrome can be guided by genotype. Pacing should be
considered as an adjuvant to � blockade in all patients 
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with long QT syndrome and high grade AV block and 
whenever there is evidence of pause-dependent malignant
arrhythmias. In selected patients, an implantable cardio-
verter defibrillator may also be indicated and the same device
may be used for prophylactic pacing. 

Post-cardiac transplantation

Bradycardia, usually due to transient sinus node dysfunction or
AV block, may occur in almost two thirds of patients in the first
few weeks following orthotopic cardiac transplantation.220

Recovery from transient AV block usually occurs within 
16 days but transient sinus node dysfunction may persist for
several weeks and the optimal time for consideration of per-
manent pacemaker implantation is uncertain.221 In some
cases, temporary treatment with oral theophylline may avert
the need for permanent pacing.222 The proportion of trans-
plant recipients receiving permanent pacing for persistent
bradycardia ranges from 4% to 29% in different centres.223 The
variation may reflect differences in the incidence of bradycar-
dia and the criteria for permanent pacing although differences
in surgical technique may also be relevant.224 In paced trans-
plant recipients, bradycardia often resolves and pacemaker
usage decreases during the first few months.225 Deferring con-
sideration of permanent pacing until 3 weeks after transplanta-
tion may mean that some patients with transient sinus node
dysfunction are spared unnecessary pacemaker implantation.
Deferral is also associated with a commensurate increase in
pacemaker usage in those paced. However, even with this
strategy, less than half of those using their pacemakers at 
3 months continue to do so at 6 months and there are no 
clear predictive factors to guide patient selection.226

Following heterotopic cardiac transplantation, the donor
and recipient hearts beat independently of one another, the
denervated donor heart typically beating at a faster rate.
Competitive contraction of the two hearts may be deleterious
and left ventricular function in the recipient heart is improved
when the two hearts beat out of phase. Acute studies have
shown that paced linkage of the two hearts to produce consis-
tent counterpulsation may result in significant functional
improvement.227 This technique has recently been evaluated
in a chronic study using permanent dual chamber pacemakers
with the atrial channel connected to the donor atrium and the
“ventricular” channel connected to the recipient atrium.228

Paced linkage was associated with significant improvements
in symptoms, general health, energy, levels of activity and
maximum cardiac output in the donor heart. 

Sleep apnea

Sleep apnea with hypersomnolence is a relatively common
disorder that is estimated to affect 2% to 4% of middle-aged
adults, although asymptomatic forms with abnormal findings
on polysomnography may be five times more frequent.229
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The condition is associated with an increased risk of hyper-
tension and cardiovascular disease, including bradyarrhyth-
mia.230 It has been noted that recognition and treatment of
the condition in patients with transient but profound asymp-
tomatic bradycardia, occurring only at night or whilst sleep-
ing during the day, may reduce the need for pacemaker
implantation, provided that advanced disease of the sinus
node or AV conducting system have been excluded.231

Conversely, there have been anecdotal reports of
improvements in sleep-disordered breathing following pace-
maker implantation in patients with sinus node dysfunction
and AV block.232 Following similar observations in some
patients receiving atrial overdrive pacing for the suppression
of atrial tachyarrhythmia, the efficacy of atrial overdrive has
been assessed in a randomized crossover trial.233 A group of
152 patients with dual chamber pacemakers, implanted for
conventional indications, was screened for symptoms of
sleep-disordered breathing. Of 47 such patients that were
identified, 26 underwent polysomnography and sleep apnea
was confirmed in 15, all of whom had either sinus node dis-
ease or brady-tachy syndrome as their underlying diagnosis.
Patients underwent polysomnographic studies on three con-
secutive nights. The first night provided a baseline evaluation
to quantify the frequency and type of apnea or hypopnea. 
On the second night, the patients were randomly assigned 
to either backup ventricular pacing (40/min), to allow a 
predominantly spontaneous rhythm, or atrial overdrive 
pacing at a rate 15 beats/min faster than the baseline noc-
turnal heart rate. On the third night, the alternate mode was
assessed. The mean sinus rate during spontaneous rhythm
was 57 � 5/min at baseline and the mean rate during atrial
overdrive pacing was 72 � 3/min. The hypopnea index
(number of episodes divided by hours of sleep) was 9 � 4
during spontaneous rhythm and 3 � 3 during atrial overdrive
(P � 0·001). For both apnea and hypopnea, the index was
28�22 during spontaneous rhythm and 11�14 (P �0·001)
during atrial overdrive.

The mechanism underlying the apparent improvement
with pacing is unclear. The authors postulate that increased
sympathetic activity during pacing might counteract sus-
tained increases in vagal tone. Perhaps surprisingly, both
obstructive and central forms of sleep apnea were improved,
which may suggest a central mechanism affecting both respi-
ratory rhythm and pharyngeal motor neuron activity.234 It is
noteworthy that 11 of the 15 patients had some degree of
impairment of LV function but even the four patients with
normal LV function showed more than a 50% reduction in
the sleep apnea index. It remains unknown whether patients
with sleep apnea but without conventional indications for
pacing would show similar benefit and it would be prema-
ture to suggest a role for cardiac pacing in this condition. The
study does, however, suggest that atrial overdrive might be of
value in patients with sleep apnea who are already being
paced for sinus node disease or brady-tachy syndrome.

Arrhythmia diagnosis

In recent years, the increasing sophistication and memory
capacity of cardiac pacemakers has introduced the possibil-
ity of an important diagnostic role. In patients with syncope,
the cause of which remains unknown after appropriate
investigation, implantation of a pacemaker with diagnostic
capabilities may enable the occurrence and cause of brady-
cardia to be identified whilst providing a therapeutic safety
net.235 Single chamber diagnostic devices capable of detect-
ing the occurrence of bradycardia have been available for
several years and dual chamber devices with diagnostic
algorithms are now also available and enable the mecha-
nism of bradycardia to be identified in many cases.236

In patients with known or suspected tachyarrhythmia,
the Holter and telemetry functions of dual chamber pace-
makers may be used to facilitate arrhythmia diagnosis. They
also enable the frequency and natural history to be deter-
mined and the efficacy of antiarrhythmic therapy to be
assessed.237 In devices with the capability of switching from
atrial tracking modes to non-tracking modes on detection 
of atrial tachyarrhythmia, mode-switch counters may serve
a similar function, whilst the change in mode avoids the 
risk of rapid paced ventricular rates.

Conclusions

The role of cardiac pacing in symptomatic bradycardia is
well established yet questions remain regarding appropriate
mode selection in the conditions for which it is most often
used, namely AV block and sino-atrial disease. Data from
recent randomized trials have enriched the evidence base
but further analysis and the results from ongoing trials 
must be awaited before the outstanding questions can be
answered. Technological advances and innovation have
greatly expanded the possibilities for sophisticated pacing
with better emulation of normal physiology, yet for many 
of these developments, evidence of clinical utility is limited.
In recent years, improved diagnostic techniques have
increased understanding of the pathophysiology of other
conditions, identifying many possible new roles for pacing
as a therapeutic modality. The advent of large scale clinical
trials to the field of cardiac pacing offers an opportunity both
to test well-constructed hypotheses regarding established
indications and to evaluate new ones, in order to provide a
solid evidence base to guide future practice.
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Introduction

Syncope is a symptom consisting of the sudden loss of both
consciousness and postural tone, with subsequent sponta-
neous recovery. Syncopal episodes must be differentiated
from other conditions in which real or apparent loss of con-
sciousness may occur, such as seizures, sleep disturbances,
accidents, and some psychiatric conditions. Establishing the
basis for syncope is essential in order to ascertain prognosis
and develop an effective treatment strategy.

Typically syncopal events are brief. Loss of consciousness
rarely lasts longer than 10 or 20 seconds, and recovery is 
relatively prompt and usually unassociated with retrograde
amnesia. Some forms of syncope are ushered in by a pre-
monitory phase. This is especially the case with the vasova-
gal faint, in which lightheadedness, sweatiness, nausea and a
feeling of being short of breath are not uncommon, especially
in the younger fainter. Additionally, postsyncope recovery
may be characterized by a prolonged period of fatigue and
listlessness; this feature is once again most commonly associ-
ated with the vasovagal faint. As a result, depending upon
the manner in which the medical history is elicited, the total
duration of “syncope” is often reported to have been quite
long. The latter is particularly the case in elderly individuals,
in whom recollection of the events may be poor.

To date, with the exception of four recently completed
pacing trials in patients with recurrent vasovagal faints, the
evaluation and treatment of syncope has not been the sub-
ject of large-scale clinical study. Diagnostic strategies have
been based largely on experience derived from multiple rel-
atively small single-center non-randomized studies.

Certain syncope-related clinical issues have been sub-
ject to “expert task force” review and recommendation 
by professional and/or scientific societies. The American
College of Cardiology task force report on tilt-table test-
ing1 and the recently published European Society Task
Force on Syncope Evaluation2 are examples of these
processes. On the other hand, most current recommenda-
tions regarding evaluation and treatment of specific disor-
ders associated with syncope (for example, sinus node
dysfunction, AV block, ventricular arrhythmias) are based
on compilations of uncontrolled and often retrospective
experiences.

In several important clinical scenarios, such as acquired
complete heart block, and syncope associated with life-
threatening ventricular tachyarrhythmias, evidence of treat-
ment efficacy (that is prevention of syncope recurrences)
appears to be adequately substantiated despite the absence of
randomized controlled trials. On the other hand, in condi-
tions such as neurally mediated vasovagal syncope the effi-
cacy of current pharmacologic treatments is less certain, and
multicenter randomized studies are very much needed.

This chapter focuses on the diagnosis and treatment of
the principal clinical conditions associated with syncope.
The primary objectives are (1) to identify the most common
causes of syncope, (2) to outline a practicable strategy for
evaluation of the syncope patient, and (3) to define appro-
priate directions for treatment. Throughout, an attempt has
been made to characterize the status of current clinical evi-
dence related to each of these topics.

Epidemiologic considerations 

Studies examining the population frequency of syncope have
tended to comprise relatively small numbers of subjects in
selected populations, such as the military or tertiary care med-
ical centers or solitary medical practices. Consequently, the
true incidence of syncope in the population as a whole
remains uncertain. Nevertheless, a number of reports suggest
that syncope accounts for approximately 1–3% of emergency
room visits and from 1 to 6% of general hospital admissions in
the United States,3,4 and has a prevalence of 15–30% in
selected young individuals such as military recruits.2

In terms of a broader population sample, the Framingham
Study (in which biennial examinations were carried out
over a 26 year period in 5209 free-living individuals)
reported the occurrence of at least one syncopal event in
approximately 3% of men and 3·5% of women.5 The first
occurred at an average age of 52 years (range 17–78 years)
for men and 50 years (range 13–87 years) for women.
Further, although syncope occurred at virtually all ages, its
prevalence increased with advancing age, from eight per
1000 person-examinations in the 35–44 year old age group
to approximately 40 per 1000 person-examinations in 
the �75 year age group. Indeed, among elderly patients
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confined to long-term care institutions the annual incidence
may be as high as 6%. Additionally, among patients who
have experienced syncope the recurrence of symptoms was
reported to be very common. Several reports provide solid
estimates suggesting that recurrences are to be expected in
about 30% of individuals.5–7

Classification of the causes of syncope

Box 43.1 provides a classification of causes of syncope based
on the approximate frequency with which they may be
expected to occur in a general internal medicine or family
practice. However, the diagnostic problem is complicated by
the fact that more than one cause often contributes to the
clinical picture. For example, syncope in valvular aortic
stenosis is not due solely to a narrowed orifice restricting
cardiac output: inappropriate reflex vasodilation and/or pri-
mary cardiac arrhythmias often play an important role.
Similarly, syncope in association with certain brady- and
tachyarrhythmias depends in part on neural reflex factors.
For example, the ability to initiate vasoconstriction in
response to an arrhythmic stress seems to be an important
factor in determining whether the affected individual is able
to tolerate the stress or becomes lightheaded or syncopal.8,9

Box 43.1 Apparent transient loss of consciousness:
diagnostic classification
Syncope
Neurally mediated reflex syncope
● Vasovagal faint
● Carotid sinus syncope
● Cough syncope and related disorders
● Gastrointestinal, pelvic or urologic origin
Orthostatic syncope
● Chronic blood/plasma loss (hemorrhage, diarrhea,

Addison’s disease, pheochromocytoma)
● Primary autonomic failure syndromes (for example, pure

autonomic failure, multiple system atrophy, Parkinson’s
disease with autonomic failure)

● Secondary autonomic failure syndromes (diabetic neu-
ropathy, amyloid neuropathy)

● Drugs and alcohol
Primary cardiac arrhythmias
● Sinus node dysfunction (including bradycardia/tachycardia

syndrome)
● AV conduction system disease
● Paroxysmal supraventricular and ventricular tachycardias
● Implanted device (pacemaker, ICD) malfunction
Structural cardiovascular or cardiopulmonary disease
● Cardiac valvular disease/ischemia
● Acute myocardial infarction
● Obstructive cardiomyopathy
● Subclavian steal syndrome
● Pericardial disease/tamponade
● Pulmonary embolus

● Pulmonary hypertension
Cerebrovascular
● Vascular steal syndromes
● Seizure disorders
● Panic attacks
● Hysteria

Miscellaneous conditions – not true syncope
Disorders resembling syncope
● Seizures
● Psychogenic ‘syncope’ (somatization disorders)
Disorders resembling syncope, but usually without complete
loss of consciousness
● Hyperventilation (hypocapnia)
● Hypoglycemia
● Acute hypoxemia

In general terms, the classification of the causes of syn-
cope leads to some reasonable conclusions regarding diag-
nostic testing strategies. It is apparent that attention should
be focused on obtaining as detailed as possible medical his-
tory of the event(s), assessing the potential role of drugs in
precipitating symptoms, and determining the presence or
absence of structural heart disease. Neurologic studies (for
example, EEG, MRI/CT) should be de-emphasized in the
initial evaluation of the syncope patient in the absence of
abnormal neurologic signs on physical examination or a
clearcut history of seizure disorder.

Neurally mediated reflex syncope

In the various forms of neurally mediated reflex syncope
(Box 43.2) systemic hypotension occurs primarily as a result
of inappropriate neural reflex activity. In certain cases syn-
cope is principally the result of parasympathetically induced
bradycardia or asystole (so-called cardioinhibitory syncope)
(Figure 43.1). In others, symptomatic hypotension is due
primarily to inappropriate vasodilation (that is vasodepressor
syncope). In most cases, however, both phenomena con-
tribute;1,2,8,10–12 in these latter cases the bradycardia is often
modest but is none the less abnormal, given the severity of
the hypotension (that is relative bradycardia).

Box 43.2 Neurally mediated reflex syncopal
syndromes
Emotional syncope (common or “vasovagal” faint, “malignant”
vasovagal faint)

Carotid sinus syncope
Cough, sneeze syncope
Exercise, postexercise variant
Gastrointestinal stimulation

Swallow syncope, defecation syncope
Glossopharyngeal neuralgia
Postmicturition syncope
Raised intrathoracic pressure, airway stimulation

Brass wind instrument-playing, weightlifting
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trial17 also ended in favor of pacing. Finally, in partial expla-
nation of these observations, the recently reported ISSUE
trial results indicated that tilt-table testing (for reasons as yet
unknown) may overestimate the importance of the vasodila-
tion component in vasovagal fainters.18 Bradycardia was far
more frequent than initially suspected, based on observa-
tions made using implantable loop recorders (Reveal®,
Medtronic Inc., Minneapolis, MN, USA).

The occurrence of syncope (or unexplained “falls”) with-
out warning in older persons should lead to consideration of
carotid sinus syndrome. The condition is probably present
when symptoms are reproduced during firm linear carotid
sinus massage (usually best undertaken with the patient in
the upright position, carefully secured on a tilt-table) in con-
junction with asystole, paroxysmal AV block, and/or a
marked drop in systemic arterial pressure.13 In the absence
of symptom reproduction, a pause of 5 seconds or longer is
probably sufficient to support the diagnosis (assuming other
etiologies of syncope have been excluded to the extent that
it is possible to do so).

Orthostatic syncope

The abrupt assumption of an upright posture often results in
presyncopal symptoms (that is transient “gray-out”) even in
apparently healthy individuals, but frank syncope is thought
to be uncommon. However, syncope may occur in some
cases, especially in elderly or less physically fit individuals,
or in patients who are volume depleted.

Iatrogenic factors such as excessive diuresis or the aggres-
sive prescription of antihypertensive drugs are probably by
far the most important contributors to the development of
posturally related syncope. Less often, primary forms of
autonomic nervous system dysfunction are the cause. Some
of the more important of these include pure autonomic fail-
ure, multiple system atrophy, and Parkinson’s disease with
autonomic failure.14 Although these conditions are rare,
their recognition and study may provide valuable informa-
tion of importance to a much larger group of patients who
have disorders with less well defined defects, including neu-
rally mediated hypotension and the postural tachycardia
syndromes (POTS). Furthermore, as these often overlooked
disturbances and their potentially subtle manifestations
become more widely appreciated, they will be identified
more often. For instance, Low et al19 reviewed their expe-
rience in 155 patients referred for assessment of suspected
orthostatic hypotension. Their findings revealed that among
the most severely affected symptomatic patients (n � 90,
mean age 64 years), pure autonomic failure accounted for
33%, multisystem atrophy for 26% and autonomic/diabetic
neuropathy for 31%. Finally, secondary autonomic dysfunction
due to neuropathies associated with chronic diseases (for
example, diabetes mellitus), toxic agents (for example, alco-
hol) or infections (Guillain–Barré syndrome) are relatively
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Figure 43.1 Continuous single-channel electrocardiographic
recording during an episode of spontaneous vasovagal syncope.
A characteristic finding is the presence of sinus bradycardia 
in conjunction with AV block, indicating the occurrence of 
concomitant cardioinhibition despite hypotension induced by
bradycardia.

The vasovagal faint and carotid sinus syndrome are the
most common forms of neurally mediated syncope. The
vasovagal faint (also known as the “common faint”) may be
triggered by any of a variety of factors, including unpleasant
sights, pain, extreme emotion and prolonged standing.
Vasovagal syncope may often be suspected in the presence
of a “typical” medical history, but often the history is not
definitive. In such cases, tilt-table testing is the most impor-
tant supportive diagnostic test.1,8,10–12 Carotid sinus syn-
drome is probably the second most common form of the
neurally mediated syncopal syndromes, but is often over-
looked in clinical practice. Recent experience suggests that
carotid sinus syndrome may be an important cause of non-
accidental “falls” in older individuals.13 Consequently, this
often overlooked diagnosis warrants careful consideration in
all older patients who faint or present with falls and/or
injuries that are not readily accounted for.

Despite the apparent “mixed” bradycardia–vasodilation
picture observed during diagnostic evaluation (especially
during tilt-table testing), substantial recent published clinical
experience suggests that bradycardia might be more impor-
tant than previously believed during spontaneous syncope
epsiodes, especially in vasovagal fainters. In this regard, the
VPS1 study utilized a relatively complex system to identify
bradycardia.14 The VASIS trial used a more intuitive classifi-
cation scheme.15,16 In both cases, randomized controlled 
trials versus conventional medical treatment at the time
showed pacing to be highly effective in a subset of relatively
symptomatic individuals with recurrent vasovagal faints. An
additional pacemaker versus � adrenergic drug treatment



common and may also cause syncope in association with
orthostatic hypotension.

Tilt-table testing facilities may be helpful in identifying
patients susceptible to syncope associated with orthostatic
hypotension. However, the diagnosis of the various forms of
autonomic failure using tilt-table and other autonomic test-
ing procedures19–22 requires a level of experience which is
currently not widely available.

Primary cardiac arrhythmias

Primary cardiac arrhythmias – that is, those rhythm distur-
bances arising as a result of cardiac conduction system dis-
turbances, anomalous electrical connections or myocardial
disease – are important causes of syncope. In general terms,
the arrhythmias most often associated with syncope or near-
syncope are the bradyarrhythmias accompanying sinus node
dysfunction (also termed “sick sinus syndrome”23,24) or AV
block, and the tachyarrhythmias of ventricular origin.

Sinus node dysfunction

Sinus node dysfunction comprises various sinus node and/
or atrial arrhythmias that result in persistent or intermittent
periods of inappropriately slow (sinus bradycardia, sinus
pauses, sinoatrial exit block) or fast heart beating (most often
atrial fibrillation or atrial flutter)23–25 (Figure 43.2). In terms
of syncope, the bradyarrhythmias appear to be the more
important culprits. For example, among 56 patients with
either severe bradyarrhythmias or bradycardia–tachycardia
syndrome described by Rubenstein et al,25 25 (45%) pre-
sented with syncope and an additional 15 (27%) reported
various presyncopal symptoms. In the vast majority of these
cases (80%), bradyarrhythmias were considered to be the
principal responsible rhythm disturbance.

In general terms, sinus node dysfunction may be consid-
ered as intrinsic or extrinsic in nature. Intrinsic sinus node
dysfunction is, for the most part, closely associated with
underderlying structural disturbances in the atria (for exam-
ple, fibrosis, chamber enlargement). Atrial changes accom-
panying the aging process need also to be included in 
the intrinsic category. In the case of extrinsic sinus node 
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dysfunction, autonomic nervous system influences, cardioac-
tive drugs and/or metabolic disturbances may be the princi-
pal cause (perhaps acting in conjunction with some degree of
intrinsic abnormality). Of the extrinsic contributors, drug-
induced disturbances due to � adrenergic receptor blockers,
calcium channel blockers, membrane-active antiarrhythmics
(especially amiodarone, sotalol, flecainide and propafenone)
and the antiepileptic drug carbamazepine (Tegretol®) have
been recognized causes of bradycardia.23,26,27 Extrinsic fac-
tors may also play a role in initiating or aggravating atrial
tachyarrhythmias (for example, so-called vagally mediated
atrial fibrillation, induction of atrial fibrillation following
administration of adenosine), but their importance in terms
of causing syncope in this manner is probably minor.

Disturbances of atrioventricular (AV) conduction

Disturbances of AV conduction range from prolongation of
AV conduction time (first degree AV block) to intermittent
failure of AV impulse transmission (second degree AV block)
to complete conduction failure (third degree AV block). For
practical purposes, isolated first degree AV block is not 
usually a cause of syncopal symptoms (pseudo-pacemaker
syndrome accompanying fixed long PR intervals being a
possible exception). However, first degree AV block in the
presence of a wide QRS complex suggests more severe con-
duction system disease, and raises the possibility that higher
grades of AV block may be occurring from time to time.
Similarly, although isolated Mobitz type I second degree AV
block is an unlikely cause of syncope, its presence in the
setting of a wide QRS leads to the risk that periods of higher
grade AV block may be occurring from time to time. As
a rule, however, it is the more severe forms of acquired
AV block (that is, Mobitz type II, “high grade” and complete
AV block) that are most closely associated with syncopal
symptoms. In these cases the cardiac rhythm may become
dependent on often unreliable subsidiary pacemaker sites.
Syncope (reported in 38–61%28,29) occurs because of the
long delay before these pacemakers begin to “fire” consis-
tently. In addition, these subsidiary pacemaker sites often
have relatively slow rates (typically 25–40 beats/min) and
are easily suppressed by drugs that patients may be taking
(for example, � adrenergic blockers); consequently syncope
or presyncope occurs as a result of a transient period of inad-
equate cerebral perfusion. In contrast to acquired forms of
AV block, congenital complete AV block has generally been
considered to be more benign and less often the cause of syn-
cope. Recently, however, the benign nature of this condition
has been questioned. Michaelson et al 30 suggest that syn-
cope is more common and mortality greater in congenital AV
block patients than had previously been suspected.

Syncope in patients with various forms of bundle branch
block and fascicular block depends both on the risk of devel-
oping high grade or complete AV block, as well as on the
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Figure 43.2 Electrocardiographic recording during a sponta-
neous “dizzy” spell. A prolonged pause following spontaneous
termination of atrial fibrillation is a typical feature of sinus node
dysfunction.



risk of occurrence of ventricular tachyarrhythmias. As a
rule, in chronic infranodal conduction system disease, such
as most forms of bifascicular block, progression to more
severe AV block is slow. However, the risk increases the longer
the duration of the HV interval (normal range 35–55 ms),
and is particularly great for HV intervals �100 ms31,32

(Figure 43.3). Nevertheless, despite clearcut evidence for
severe conduction system disease, syncope in these patients
may in fact be the result of ventricular tachycardia owing to
the usual coexistence of conduction system disease with
severe left ventricular dysfunction.32 Invasive electrophysio-
logic testing is probably the most helpful way to address this
latter concern in individual patients.

determine whether the arrhythmia will induce syncopal
symptoms.

Non-sustained ventricular tachycardia is a common find-
ing during ambulatory electrocardiographic monitoring, espe-
cially in patients with structural heart disease. As a result,
such a finding during the assessment of a syncope patient has
not in the past been considered very helpful in the absence of
documented concomitant symptoms. However, this conven-
tional view is changing, especially in patients with severely
diminished left ventricular function, given the recently
reported MUSTT results.33 Consequently, in the absence of
other causes of syncope, the potential role of non-sustained
ventricular tachycardia warrants additional testing, particu-
larly electrophysiologic study with concomitant hemody-
namic recordings. In fact, based on the combined findings of
MUSTT and MADIT 2,34 one may argue that an implantable
defibrillator may be warranted independent of electrophysio-
logic study when severe left ventricular dysfunction is 
present (as assessed by an ejection fraction �35%).

A persisting perplexing problem is the appropriate approach
to be taken when syncope occurs in patients with severe
underlying left ventricular dysfunction (for example, dilated
cardiomyopathy) in the absence of documented ventricular
tachyarrhythmia. Recent evidence suggests that there is high
risk for symptom recurrence and probably sudden death.35,36

Prophylactic placement of an implantable cardioverter defibril-
lator (ICD) is becoming increasingly frequently recom-
mended, although confirmation of the reasonableness of this
strategy must await completion of the SCD-HEFT study.

Long QT syndrome (LQTS) presents a special form of
ventricular tachycardia risk, known for its presentation as
syncope. LQTS may not be among the most common causes
of syncope, but must always be borne in mind. Syncope is
primarily due to torsade de pointes, a form of polymorphic
ventricular tachycardia characterized by an undulating ECG
waveform produced by a shifting QRS axis in the setting of
QT interval prolongation (acquired or congenital in origin).
The acquired form of LQTS is by far the more common, and
is most frequently the result of drugs that prolong the QT
interval. Torsade in this setting is most often seen during
periods of bradycardia (for example, sleep) or following
pauses in the cardiac rhythm (for example, post PVC) which
accentuate the QT interval. Some of the best-known offend-
ing drugs/agents are listed in Box 43.3. Congenital, idio-
pathic or familial LQTS is caused by mutations in cardiac ion
channels that contribute to the action potential repolariza-
tion process. Congenital LQTS is a very infrequent cause of
syncope, but its identification can be life saving. Affected
individuals have QT prolongation and a high risk of recur-
rent syncope and sudden cardiac death due to torsade de
pointes. An international registry for LQTS was established
in 1979;37 among 235 probands reported in a 1991 report,
the annual rate of recurrent syncope and probable LQTS-
related death was 5% and 0·9%, respectively.38 Syncope and

Syncope

623

Ventricular tachyarrhythmias

Ventricular tachyarrhythmias have been reported to be
responsible for syncope in up to 20% of patients referred for
electrophysiologic assessment. Risk factors include underly-
ing structural heart disease, evident conduction system dis-
ease, and congenital or drug-induced long QT syndrome
(Figure 43.4). Tachycardia rate, status of left ventricular func-
tion, and the efficiency of peripheral vascular constriction
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Figure 43.3 Electrocardiographic and intracardiac record-
ings illustrating first degree AV block and bifascicular block in
conjunction with a prolonged HV interval. Syncope in this set-
ting suggests an intermittent AV block origin. Proof requires
further evaluation.
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II

Figure 43.4 Electrocardiographic recording illustrating poly-
morphic VT in a patient with recurrent syncope and presyn-
cope. The arrhythmia morphology is suggestive of torsade de
pointes.



sudden death in this setting is frequently associated with
emotional or physical arousal, such as may be triggered by
fear, loud noises or exertion.37,38 Heterogeneity in clinical
presentation exists, however, so that in other individuals
torsade de pointes occurs because of bradycardia or during
sleep in conjunction with rate-dependent QT interval
prolongation.39

Box 43.3 Drugs/agents implicated in QT prolongation
and torsade de pointes
Antiarrhythmic agents
Class IA
Quinidine
Procainamide
Disopyramide
Class III
Sotalol
Ibutilide
N-Acetylprocainamide (NAPA)
Dofetilide
Amiodarone (relatively low risk)

Antianginal agents
Bepridil (removed from market in USA)
Psychoactive agents
Phenothiazines
Thioridazine
Tricyclic antidepressants
Amitriptyline
Imipramine

Antibiotics
Erythromycin
Pentamidine
Fluconazole

Antiemetics
Droperidol
Non-sedating antihistamines
Terfenadine
Astemizole
Miscellaneous
Cisapride (removed from market in USA)
Arsenic

Supraventricular tachyarrhythmias

The supraventricular tachycardias are generally considered
to be less frequent causes of syncope than are ventricular
tachyarrhythmias. Supraventricular tachycardias are reported
to be the cause of syncope in about 15% of patients referred
for electrophysiologic evaluation.40 The rate of the tachycar-
dia, the volume status and posture of the patient at time 
of onset of the arrhythmia, the presence of associated struc-
tural cardiopulmonary disease, and the integrity of reflex
peripheral vascular compensation are key factors determin-
ing whether hypotension of sufficient severity to cause 
syncope occurs.9 As a rule, if symptoms of syncope or 

near-syncope do develop, it is at the onset of a paroxysmal
tachycardia, before vascular compensation can evolve.
However, syncope may also occur at the termination of
tachycardia if a pause ensues prior to restoration of a stable
atrial rhythm.

Structural cardiovascular or 
cardiopulmonary disease

Structural cardiac or cardiopulmonary disease is often pres-
ent in syncope patients, particularly those in older age
groups. However, in these cases it is the arrhythmias associ-
ated with structural disease that are more often the cause of
the symptoms. In terms of syncope directly attributable to
structural disease, probably the most common is that which
occurs in conjunction with acute myocardial ischemia or
infarction. Other relatively common acute medical condi-
tions associated with syncope include pulmonary embolism
and pericardial tamponade. The basis of syncope in these
conditions is multifactorial, including both the hemody-
namic impact of the specific lesion and neurally mediated
reflex effects. The latter is especially important in the setting
of acute ischemic events, exemplified by the bradycardia
and hypotension often associated with inferior wall myocar-
dial infarction.8

Syncope may also occur and be a presenting feature in
conditions in which there is fixed or dynamic obstruction to
left ventricular outflow (for example, aortic stenosis, hyper-
trophic obstructive cardiomyopathy).8 In such cases symp-
toms are often provoked by physical exertion, but may also
develop if an otherwise benign arrhythmia should occur
(such as atrial fibrillation). The basis for the faint is partly
inadequate blood flow owing to the mechanical obstruction.
However, especially in the case of valvular aortic stenosis,
ventricular mechanoreceptor mediated bradycardia and
vasodilatation are thought to be important contributors.8,41

In obstructive cardiomyopathy neural reflex mechanisms
may also play a role, but the occurrence of atrial tachy-
arrhythmias (particularly atrial fibrillation) or ventricular
tachycardia (even at relatively modest rates) is often a trig-
ger for syncopal events.

On rare occasion subclavian “steal” syndrome or severe
carotid artery disease may be the cause of syncope. Other even
less common causes include left ventricular inflow obstruction
in patients with mitral stenosis or atrial myxoma, right ven-
tricular outflow obstruction, and right to left shunting second-
ary to pulmonic stenosis or pulmonary hypertension.

Cerebrovascular, neurologic and 
psychiatric disturbances

Cerebrovascular disease and neurologic disturbances (for
example, seizure disorders) are rarely the cause of true
syncope.2,42 More often, these conditions result in a clinical
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picture that may be mistaken for syncope but which can be
distinguished by careful history taking and neurologic exami-
nation. On occasion certain seizure disorders (particularly of
the temporal lobe) may so closely mimic (or induce) neurally
mediated reflex bradycardia and hypotension that differentia-
tion from “true” syncope is difficult. In such cases a diagnos-
tic EEG is necessary (recognizing that not all forms of epilepsy
will be detected by EEG). More often, a number of important
features help differentiate seizures from true syncope:

● Seizures tend to be positionally independent, whereas
syncope is most commonly associated with upright
posture.

● Seizures are often preceded by an aura, whereas syn-
cope is not.

● Seizures are often immediately accompanied by convul-
sive activity and incontinence, whereas in true syncope
any abnormal motor activity is less severe and inconti-
nence is unusual.43,44

● Seizures are typically followed by a confusional period,
whereas true syncope is typically followed by prompt
restoration of mental state (although fatigue may persist,
especially in the case of vasovagal syncope).

Nevertheless, despite these diagnostic features the failure of
“seizures” to respond to conventional treatment must result in
reconsideration of a cardiac cause (particularly a cardiac
arrhythmia).43,44

Transient disturbances of cerebrovascular blood flow may
initiate a true syncopal spell. For example, cerebrovascular
spasm (possibly as part of a migraine syndrome) may present
with what appears to be a syncopal episode. In the latter
case, other historical features of migraine and migraine sus-
ceptibility may suggest the diagnosis. On the other hand, it
has recently been proposed that cerebrovascular spasm may
be a cause of apparently “normotensive” syncope without
migraine.45,46 If this proves to be relatively common, then it
will be necessary to reassess the nature of the diagnosis in
many patients, particularly those where the syncope is cur-
rently considered to be psychogenic in origin.

Syncope may be mimicked by anxiety attacks, hysteria or
other psychiatric disturbances. Anxiety attacks are fre-
quently associated with hyperventilation and hypocapnia.
Hysteria, however, tends to be characterized by its occur-
ring in the presence of onlookers and being unassociated
with marked alterations of heart rate, systemic pressure or
skin color. Currently, however, despite the apparent fre-
quency of these conditions in patients referred for evalua-
tion of “syncope”,47 they must be considered only after
other conditions have been carefully excluded.

Miscellaneous causes

Severe hyperventilation resulting in hypocapnia and transient
alkalosis may be the most frequent “syncope-like” condition

in this category. In these patients anxiety may be an impor-
tant coexisting feature, but its presence alone is not suffi-
cient to establish a diagnosis. The association of emotional
upset or anxiety with syncope is also common in vasovagal
fainters, and is a reasonable secondary event in any patient
experiencing a syncopal episode.

Metabolic and endocrine disorders rarely cause true syn-
cope. More often such conditions may be responsible for
confusional states or behavioral disturbances. Nevertheless,
making a clearcut distinction between such symptoms and
syncope may not be possible by history alone. As a rule,
though, unlike true syncope, conditions such as diabetic
coma, or severe hypoxia or hypercapnia do not resolve in
the absence of active therapeutic intervention.

Strategy for the diagnostic evaluation

The goal of diagnostic testing is to establish a sufficiently
strong correlation between syncopal symptoms and detected
abnormalities to permit both an assessment of prognosis and
initiation of an appropriate treatment plan (Figure 43.5). To
this end, the first step is to obtain a detailed medical history,
including interviewing knowledgeable bystanders and rela-
tives. Next, a physical examination along with certain basic
tests (electrocardiogram (ECG) and echocardiogram) should
be undertaken to ascertain whether there is evidence of
underlying structural heart disease. Exercise testing may be
included if syncope occurs with exertion, or if ischemic
heart disease is suspected. Thereafter, the need for further
specialized diagnostic testing will vary depending on a vari-
ety of factors, including the certainty of the initial clinical
impression; findings during physical examination; the 
number and frequency of syncopal events reported; 
the occurrence of injury or accident; family history of syn-
cope or sudden death; and the potential risks associated
with the individual’s occupation (for example, commercial
vehicle driver, machine operator, professional athlete, sign
painter, surgeon) or avocation (for example, skier, swimmer)
that might be encountered if syncope recurred.

As a rule, if structural heart disease is deemed to be absent
by initial evaluation, then tilt-table testing in conjunction
with related assessment of autonomic nervous system func-
tion is the most useful diagnostic test, as neurally mediated
vasovagal syncope and orthostatic hypotension are by far the
most frequent causes of syncope in this setting. On the other
hand, if abnormal cardiac findings are identified, their func-
tional significance should be characterized by hemodynamic
and/or angiographic assessment. Furthermore, because arrhy-
thmias are a common cause of syncope in patients with
structural cardiac disease, assessing the patient’s susceptibility
to tachy- and bradyarrhythmias by various non-invasive (for
example, ambulatory electrocardiography, signal averaged
electrocardiogram, SAECG) and invasive electrophysiologic
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testing is warranted. Tilt-table testing would follow if the
diagnosis remained in doubt.1 Strong evidence supports the
view that only infrequently should specialized neurologic
studies be ordered early in the evaluation (for example, if 
the history were more suggestive of a seizure disorder).1,42,43

In some cases the diagnosis can only be obtained by 
long-term ambulatory electrocardiographic monitoring, 
occasionally necessitating placement of an implantable loop
recorder.48–50

Electrocardiographic recordings

Because cardiac arrhythmias are so frequently the cause of
syncope, ECG documentation during a spontaneous synco-
pal event is highly desirable. In this regard, the 12-lead ECG
is usually too brief to capture a specific cause. However,
findings such as ventricular pre-excitation or QT interval
prolongation may suggest a diagnosis. If it is feasible at all,
obtaining ECG documentation during spontaneous symp-
toms often necessitates prolonged ambulatory monitoring

by Holter or event recorders. Exercise testing is usually of
limited utility unless the syncopal events are clearly exer-
tionally related by history. However, in rare instances exer-
cise testing may permit the detection of rate-dependent AV
block, exertionally related tachyarrhythmias, or the exercise-
associated variant of neurally mediated syncope.8,51,52

Finally, although the signal averaged electrocardiogram
(SAECG) cannot provide direct evidence for the cause of
syncope, such testing may be helpful in patients with
ischemic heart disease if “normal”: a normal SAECG tends
to exclude susceptibility to ventricular tachyarrhythmias.53

Imaging techniques

Echocardiography rarely provides a definitive basis for syn-
cope. None the less, the echocardiogram is invaluable, given
the importance of identifying underlying structural heart dis-
ease in patients with syncope. Further, in some cases the
echocardiogram may provide direct clues to the cause if, for
example, hypertrophic obstructive cardiomyopathy, severe
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Figure 43.5 A practical strategy for the clinical evaluation of syncope



valvular aortic stenosis, intracardiac tumor (for example,
myxoma) or anomalous origin of one or more coronary arter-
ies are detected. Ultrasound techniques also are appropriately
employed to assess vascular disturbances detected on physi-
cal examination. Thus, assessment of the carotid and/or 
subclavian system may be an appropriate step in selected
individuals. Other imaging modalities, such as radionuclide
imaging, are reserved for specific clinical indications.

Clinical electrophysiologic testing

Electrophysiologic testing for assessment of syncope has
been the subject of many reports. Although there are no large
randomized studies, there is reasonably strong evidence to
indicate that electrophysiologic testing is most likely to be
diagnostic in individuals with underlying structural heart
disease34,54–58. For example, in a review by
Camm and Lau,40 testing was clearly more successful 
in patients with structural cardiac disease (71%) than in
patients without (36%). However, care must be taken in
interpreting the findings of electrophysiologic testing.
Fujimura et al 59 summarized the outcomes of electrophysi-
ologic testing in syncope patients in whom bradyarrhyth-
mias were known to be the cause. Among 21 patients with
known symptomatic AV block or sinus pauses, electrophysi-
ologic testing only correctly identified 3 of 8 patients with
documented sinus pauses (sensitivity 37·5%) and 2 of
13 patients with documented AV block (sensitivity 15·4%).
On the other hand, although firm evidence is lacking, the
induction of re-entry supraventricular or ventricular tachy-
cardia in a syncope patient is highly likely to be significant.
These arrhythmias are rarely inconsequential bystanders;
however, demonstration of their hemodynamic significance
in an individual patient may necessitate their induction with
the patient in an appropriately secured upright tilt position.

Head-up tilt-table testing

So far, the head-up tilt table test is the only diagnostic tool to
have been subjected to sufficient clinical scrutiny to assess its
effectiveness in the evaluation of vasovagal syncope. The evi-
dence supporting its utility in this setting is convincing, and
an ACC expert task force has provided guidelines regarding
indications for and the methodology of appropriate use of the
tilt-table laboratory1. Such testing, especially
when undertaken in the absence of drugs, appears to dis-
criminate well between symptomatic patients and asympto-
matic control subjects.60–65 For example, de Mey and
Enterling60 reported only eight instances of hypotension
bradycardia among 40 apparently normal subjects (20%).
Similarly, during a 45 minute drug-free tilt at 60�, Raviele
et al 62 noted that none of 35 control subjects developed
syncope. In regard to the potential impact of provocative
pharmacologic agents on the specificity of tilt testing, Natale 
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Grade B

et al 65 found that tilt-table testing at 60, 70 and 80� exhib-
ited specificities of 92%, 92% and 80%, respectively, when
low doses of isoproterenol were used. In summary, there is
very strong evidence to suggest that tilt-table testing at angles
of 60–70� in the absence of pharmacologic provocation
exhibits a specificity of approximately 90%. In the presence
of pharmacologic provocation test specificity may be reduced,
but none the less remains in a range that permits the test to
be clinically useful as a diagnostic procedure.

The combination of tilt-table testing and invasive electro-
physiologic testing has substantially enhanced diagnostic
capabilities in syncope patients. Sra et al 58 reported the
results of electrophysiologic testing in conjunction with head-
up tilt testing in 86 consecutive patients referred for evalua-
tion of unexplained syncope. Electrophysiologic testing was
abnormal in 29 (34%) of patients, with the majority of these
(21 patients) being inducible sustained monomorphic ven-
tricular tachycardia. Among the remaining patients, head-up
tilt testing proved positive in 34 cases (40%), whereas
23 patients (26%) remained undiagnosed. In general, patients
exhibiting positive electrophysiologic findings were older,
more frequently male, and exhibited lower ventricular ejec-
tion fractions and higher frequency of evident heart disease
than was the case in patients with positive head-up tilt tests
or patients in whom no diagnosis was determined.

In a further evaluation of the combined use of electro-
physiologic testing and head-up tilt testing in the assessment
of syncope, Fitzpatrick et al 66 analyzed findings in 322
patients. Conventional electrophysiologic testing provided a
basis for syncope in 229 of 322 cases (71%), with 93 patients
having a normal electrophysiologic study. Among the
patients with abnormal electrophysiologic findings, AV con-
duction disease was diagnosed in 34%, sinus node dysfunc-
tion in 21%, carotid sinus syndrome in 10% and an inducible
sustained tachyarrhythmia in 6%. In the 93 patients with
normal electrophysiologic studies, tilt-table testing was
undertaken in 71 cases and reproduced syncope, consistent
with a vasovagal faint, in 53 (75%).

Neurologic studies

Conventional neurologic laboratory studies (EEG, head CT
and MRI) have had a relatively low yield in unselected syn-
cope patients. For instance, among the 433 syncope evalua-
tions reviewed by Kapoor42 the EEG proved helpful in only
three cases. Consequently, these studies should be restricted
to those situations in which other clinical observations sug-
gest organic nervous system disease (see discussion earlier).
On the other hand, given the importance of orthostatic and
dysautonomic causes of syncope, tilt-table testing and other
tests of autonomic function have an increasingly important
role to play (see earlier discussion). In regard to the latter, a
wide range of disorders associated with orthostatic intol-
erance (see earlier) are now being recognized by virtue of
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tilt-table testing and autonomic studies. These include pos-
tural orthostatic tachycardia syndrome (POTS), orthostatic
hypotension (of various etiologies), inappropriate sinus
tachycardia, chronic fatigue syndrome, and the neurally
mediated faints. Syncope has been associated with each of
these disorders, although the mechanism of the faint is often
unclear. It is reasonable to assume that the sophistication of
this classification and the frequency with which these con-
ditions are recognized will increase as further experience in
their diagnosis and treatment is derived.

Treatment

Prevention of syncope recurrences depends critically on
establishing an accurate etiologic diagnosis. Thereafter, the
treatment strategy may encompass a wide range of
approaches, including reassurance and education, as well as
pharmacologic and device therapies. The effectiveness of
treatment varies, however, depending upon the specific diag-
nosis. Thus, the evidence supporting the utility of cardiac
pacing in carotid sinus syncope and acquired AV block is sub-
stantial. On the other hand, evidence favoring the
effectiveness of pharmacologic management in vasovagal
syncope is much more arguable ( , with the possi-
ble exception of � adrenergic blockade and midodrine –

), as large-scale randomized controlled treatment
trials have yet to be undertaken.

In the case of neurally mediated syncopal syndromes,
treatment initially comprises education regarding the avoid-
ance of triggering events (for example, hot crowded envi-
ronments, dehydration, effects of cough etc.), recognition of
premonitory symptoms, and maneuvers to abort the episode
(for example, a supine posture). Additionally, if possible,
strategies should address trigger factors directly (for example,
suppressing the cause of cough in cough syncope).

In vasovagal syncope, most patients require primarily
reassurance and education. However, when symptoms are
recurrent or severe, or threaten lifestyle or occupation, a
more aggressive treatment strategy is needed. In some
highly motivated patients with recurrent vasovagal symp-
toms, the prescription of progressively prolonged periods of
enforced upright posture (so-called “tilt-training”) or other
physical maneuvers may be useful in reducing suscep-
tibility.67–69 For most symptomatic patients, however, 
pharmacologic approaches have been favored. “Volume 
expanders” (for example, electrolyte-containing “sports”
drinks, fludrocortisone, salt tablets) are among the safest ini-
tial approaches (excluding patients with baseline hyperten-
sion), but have not been subjected to controlled study.

� Adrenergic blocking drugs have been the sub-
ject of more detailed study and appear to be useful in
younger fainters. Other potentially helpful agents
include midodrine (a vasoconstrictor), disopyramide, and
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serotonin reuptake inhibitors. However, experience with
any of these drugs is currently slight.70–79 The few small
controlled studies that have been reported (atenolol,
cafedrine, disopyramide, scopolamine and etilefrine) all
have methodologic problems. Midodrine may be an 
exception in that several single center studies, including a
well designed controlled trial in which volume served as a
control, tend to support its effectiveness76–79. 

Cardiac pacing has proved highly successful in carotid
sinus syndrome and is acknowledged to be the
treatment of choice when bradycardia has been docu-
mented.80 More recently, the role of pacing in vasovagal
syncope has received increasing attention. In this regard,
strong supportive evidence of efficacy of cardiac pacing in
selected patients with vasovagal syncope has been provided
in the report of the North American vasovagal pacemaker
study,14 the findings of the VASIS trial in Europe,15 and in
the study by Ammirati et al 17 A fourth study, VPS2, was
recently reported (NASPE 2002). Although the full report is
not available, pacing benefit appeared to have been less
(about 30% syncope risk reduction at 6 months) than for the
other studies. 

Syncope patients qualified for inclusion in the North
American study if they had both a positive head-up tilt test
and either or both of (1) at least six syncopal episodes pre-
ceding the tilt test; or (2) at least one syncope recurrence
within 6 months of a positive tilt test. Additionally, during
the tilt test patients had to exhibit degrees of bradycardia
exceeding certain pre-established thresholds. Syncope recur-
rence rate was substantially less in the pacemaker group
than in control patients, resulting in an actuarial 1 year rate
of recurrent syncope of approximately 18·5% for pacemaker
patients and 59·7% for controls. However, the study was not
without limitations, and a further follow up study address-
ing many of these limitations (particularly the potential
placebo effect of a pacemaker implantation procedure) has
been completed, but the results are not yet public. The
results of the pacing arm of the VASIS trial74 were similar
to those of the North American Study. Finally, Ammirati
et al 17 reported results in 93 patients (over 55 years of age)
who had experienced three or more syncopal events over 
a 2 year period and who had positive tilt tests with evi-
dence of bradycardia. Patients were randomized to either
pacing (DDD mode with rate-drop algorithm, n � 46) or 
� adrenergic blocker therapy (n � 47). Paced patients 
had two syncope recurrences during a mean follow up of
390 days, whereas � blocker treated patients had 12 synco-
pal recurrences over a mean follow up of 135 days. Thus,
cardiac pacing may play a useful role in severe cases with
recurring periods of symptomatic cardioinhibition.

In contrast, excluding carotid sinus syndrome,
discussed above, experience with pacing in other forms of
neurally mediated syncope has been too limited to permit
comment.
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The treatment of patients with orthostatic syncope is sim-
ilar to that of the neurally mediated syncopal syndromes.
However, greater emphasis must be given to modifying 
any potentially contributory drug treatments (for concomi-
tant conditions). Further, physical maneuvers designed to
ameliorate problems associated with upright posture seem
to be helpful, although randomized controlled trials are not
yet available. For instance, prescribed periods of upright pos-
ture (so-called “tilt-training”), antigravitational hose, and
elevation of the bed head at night have a role to play in the
treatment plan.81 In terms of pharmacologic treatment, the
mainstay has been attempted chronic expansion of central
circulating volume. To this end, increased salt in the diet
and/or use of salt retaining steroids (that is principally fludro-
cortisone) is usually the first step. Additional
benefit has been reported with the use of agents such as 
erythropoietin in order to increase circulating blood volume.
A further element in the strategy is reduction of the ten-
dency for central volume to be displaced to the lower
extremities with upright posture. To this end vasoconstric-
tors have been employed, although with limited success
owing to the tendency for tachyphylaxis to develop.

Of greatest current interest is midodrine.76–79

Cardiac pacing at relatively rapid rates may prove valuable in
certain very difficult cases, but this option has not been very
wide accepted to date.

In the treatment of primary cardiac arrhythmias, especially
the bradycardias and hypotensive tachyarrhythmias, strong
clinical evidence supports the importance of treatment inter-
ventions for symptom prevention. The evidence unquestion-
ably supports the importance of cardiac pacemaker therapy
in patients with syncope due to bradyarrhythmias, whether
due to sinus node dysfunction or to AV conduction distur-
bances.82–87 In the case of paroxysmal supraven-
tricular tachyarrhythmias (PSVT) there is little in the way of
long-term follow up studies examining the efficacy of con-
ventional antiarrhythmic drug treatment when the present-
ing feature was syncope. However, at present such patients
are no longer usually treated in that fashion because of the
frequency of drug-related side effects, issues of compliance,
expense, and the availability of effective alternatives.
Specifically, transcatheter ablation has become a very cost-
effective treatment option88 and, in PSVT associated with
syncope, is probably the treatment of choice. 

In the case of syncope due to ventricular tachycardia
(VT), the almost ubiquitous presence of underlying left ven-
tricular dysfunction increases the proarrhythmic risk associ-
ated with antiarrhythmic drug therapy (reported 5–15%
incidence with Class 1 agents). Consequently, pharmaco-
logic therapeutic strategies often involve early consideration
of Class 3 agents (particularly amiodarone, given its proar-
rhythmia risk of 2% or less, and its generally well tolerated
hemodynamic impact). However, given the difficulty of
ensuring effective prophylaxis in this often high-risk patient
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population, the use of transcatheter ablation and implantable
pacemaker cardioverter defibrillators (ICDs) is becoming
increasingly important. Currently, ablation techniques are
appropriate first choices in only a few forms of ventricular
tachycardia, specifically symptomatic patients with right
ventricular outflow tract tachycardia and bundle branch 
re-entry tachycardia. Although multicenter trials of this strat-
egy have not been undertaken, the evidence is compelling
for pursuing ablation in the former and reasonably strong in
the latter (bundle branch re-entry, where an ICD may also be
warranted in the setting of severe left ventricular dysfunc-
tion). In the future, ablation techniques may be
used more extensively as mapping technology improves and
energy delivery systems evolve. Nevertheless, it is probable
that the frequent concomitant presence of poor left ventricu-
lar function may necessitate consideration of an ICD as well
in these settings, despite successful ablation.

With regard to implantable devices for symptomatic ven-
tricular tachyarrhythmias, several prospective treatment trials
(MADIT, AVID, MUSTT and MADIT 2) provide evidence in
favor of the efficacy of ICD compared to conventional phar-
macologic approaches.33,34,89,90 Although these studies did
not directly target syncope patients, it is reasonable to extend
the observations to those syncope patients in whom ventricu-
lar tachyarrhythmias and poor left ventricular function are
identified. Furthermore, reports examining this
issue retrospectively in fainters provide support for early 
ICD implantation. For instance, among patients with severe
left ventricular dysfunction, Middlekauff et al 91,92 noted that
the presence of a history of syncope was accompanied by
both a significantly higher 1 year mortality (65% v 25% in
comparable patients without syncope) and a greater tendency
toward sudden death (45% of deaths v 12% in comparable
patients).

In the subset of patients in whom structural cardiovascular
or cardiopulmonary disease is the cause of syncope, treat-
ment is best directed at amelioration of the specific structural
lesion or its consequences. Thus, in syncope associated with
myocardial ischemia, pharmacologic therapy and/or revas-
cularization is clearly the appropriate strategy in most cases.
Similarly, when syncope is closely associated with surgically
addressable lesions (for example, valvular aortic stenosis,
atrial myxoma, congenital cardiac anomaly), a direct correc-
tive approach is often feasible. On the other hand, when syn-
cope is caused by certain difficult to treat conditions, such as
primary pulmonary hypertension or restrictive cardiomyo-
pathy, it is often impossible to ameliorate the underlying
problem adequately. Even modifying outflow gradients in
hypertrophic obstructive cardiomyopathy (HOCM) is not
readily achieved surgically. In the latter condition the effec-
tiveness of standard pharmacologic therapies remains uncer-
tain, and despite ongoing controversy recent success with
cardiac pacing techniques offers considerable promise to
symptomatic individuals.93–95 Grade C

Grade B

Grade B
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Cost effectiveness

Syncope occurs in all age groups. Further, syncope can mas-
querade as other things (for example, falls, unexplained
injuries13), thereby causing considerable morbidity and
lifestyle disturbance. Consequently, lost productivity, eco-
nomic derangement and loss of vocation are important con-
siderations and should be evaluated along with medical cost
burden when assessing the manner in which syncope is to
be evaluated and treated.

In 1982, Kapoor et al 96 identified a need for a more cost-
effective approach to syncope evaluation. At that time, the
average cost for evaluating syncope patients was estimated to
be US$2600. However, as the actual etiology was determined
in only relatively few cases, the real cost was far greater
(approximately US$24000 per specific diagnosis). Given
inflation, and the more widespread proliferation of diagnostic
imaging procedures, conventional electrophysiologic testing
and tilt-table testing, it is reasonable to assume that the per
patient expenditure has increased at least twofold in the past
decade, an estimate approximately confirmed by Calkins
et al 97 On the other hand, given the marked improvement
in the frequency with which a specific diagnosis is now
obtained, the cost per specific diagnosis is probably consider-
ably lower now than was the case in 1982. Autonomic test-
ing appears to have played an important role in improving
both diagnostic capability and cost effectiveness.98

Summary

Syncope is a common medical problem with several poten-
tial causes and a tendency to a relatively high recurrence
rate. Further, there is strong evidence for the view that prog-
nosis is of particular concern among the subset of syncope
patients with underlying organic cardiac or vascular disease.
Consequently, assessment of each patient must be thorough,
with particular attention being paid to the recognition and
evaluation of structural cardiac and/or vascular disease.
When structural disease is thought likely, hemodynamic and
angiographic studies are needed. Syncope in the absence of
structural heart or vascular disease is more often neurally
mediated in origin, and autonomic function testing (particu-
larly tilt-table testing) should be an early step in establishing
the diagnosis. Specialized neurologic testing has proved 
useful in only a small minority of cases.

The treatment of syncope has been the subject of
relatively few large-scale clinical trials. Nevertheless, when
structural cardiovascular disturbances or primary cardiac
arrhythmias are the cause of syncope, appropriately directed
therapy (for example, valve replacement, pacemaker or 
ICD implantation) is essential and likely to be highly effec-
tive. On the other hand, documentation of pharmacologic
treatment efficacy (with the possible exception of midodrine)

in vasovagal faints, orthostatic hypotension and dysauto-
nomic states, and the various neurologic and psychiatric con-
ditions that can mimic syncope, is less well established.
Pacemaker therapy, on the other hand, has been very thor-
oughly studied in vasovagal syncope and appears to be very
effective in selected hard to treat patients (although contro-
versy remains99), but patient acceptance is, not surprisingly,
a significant hurdle among younger individuals.

Key points: the evaluation of the syncope
patient

● The goals
● Establish a correlation between symptoms and

abnormalities
● Assess prognosis
● Initiate appropriate treatment plan

● Key steps
● Obtain detailed medical history (including bystanders/

relatives)
● Identify underlying structural heart disease

● Factors determining need for further tests
● Evidence for structural disease
● Certainty of the initial clinical impression
● Number and frequency of syncopal events
● Occurrence of injury or accident
● Family history of syncope or sudden death
● Occupation, avocation
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Cardiopulmonary resuscitation interventions are used
worldwide in attempts to restore spontaneous circulation in
victims of sudden cardiac arrest. Healthcare providers fre-
quently follow algorithmic advanced cardiac life support
guidelines1 in their approach to the four basic cardiac arrest
rhythms: ventricular fibrillation (VF), pulseless ventricular
tachycardia (VT), pulseless electrical activity (PEA), and
asystole. Despite these guidelines, considerable clinical
expertise and judgment are required in their application.
This is partly because underlying causes for the arrest must
always factor into clinical decisions, and may require devia-
tions from the algorithms. The other concern is that defini-
tive high quality evidence supporting specific interventions
may be lacking and, therefore, alternatives may be accept-
able. The reasons for this are many, but the key issue is that
cardiac arrest outcomes are extremely difficult to study. They
are relatively rare events, have many underlying causes, and
issues of obtaining informed consent can make research diffi-
cult if not impossible. Some external evidence is available,
though, and the practicing clinician should be aware of it.
The focus of this chapter will be on the research evidence
base for management of sudden cardiac death. An under-
standing and appraisal of this evidence will assist clinicians
in deciding whether it applies to the individual patient and
allow them to integrate it into resuscitation decisions most
appropriately.

Monophasic v biphasic defibrillation

The termination of ventricular fibrillation by externally
applied electricity was a major breakthrough in cardiac
resuscitation. First described in 1956,2 it has proved to be a
remarkably effective treatment for an otherwise universally
fatal arrhythmia. Multiple studies support the
concept that the earlier the defibrillation is performed, the
greater the probability of survival to hospital discharge.3–5

As a result of this, a major focus in the past 
10 years has been finding ways to improve access to early
defibrillation, not only in the hospital, but in the com-
munity. The concept of public access defibrillation (defib-
rillation by trained non-medical personnel, including
laypersons) has been strengthened by the development of
automated external defibrillators (AEDs).1 It has been recog-
nized, however, that widespread dissemination of AED
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training and equipment will require devices that are small,
light, inexpensive, easy to use, and capable of being stored
for long periods without recharging.6 This goal has moti-
vated manufacturers to develop alternative waveforms with
equal or greater efficacy in an effort to reduce defibrillator
energy requirements and thus confer benefits in size,
weight, cost, and battery life. One such advance is the intro-
duction of lower energy biphasic waveforms, first commer-
cially available in 1996 for external defibrillation.

The technology of defibrillation waveforms is complex.
The classic monophasic waveform delivers current that flows
in one direction. Two monophasic waveforms have been mar-
keted and vary in the speed with which they return to the
zero voltage point. The damped sinusoidal waveform (MDS)
returns to baseline gradually, whereas the truncated exponen-
tial (MTE) returns instantaneously. Adequate research has not
been done to determine if one type is superior. The recom-
mended energy for monophasic defibrillation in the 2000
American Heart Association (AHA) guidelines is an escalating
dose of 200 J, 200–300 J, then 360 J.1

Biphasic waveforms first deliver current in one direction
and then the current is reversed and flows in the opposite
direction for the duration of the discharge. As with mono-
phasic waveforms, biphasic waveforms have different mor-
phologies (Figures 44.1 and 44.2). Most deliver lower energy
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Figure 44.1 Biphasic truncated exponential waveform deliv-
ering non-escalating 150 J. Data from a patient event are
included in the figure.
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defibrillation (usually 120–200 J) than their monophasic
counterparts. The first device approved for clinical use
employed a truncated exponential (BTE) waveform deliv-
ering non-escalating 150 J shocks, and most available data
have been derived from experience with this waveform
(Figure 44.1). Biphasic waveform defibrillators also incorpo-
rate an impedance compensation mechanism that alters
waveform morphology based on impedance measurements
during actual defibrillation. Evaluation of the evidence on
biphasic waveforms is complicated further by the availability
of a rectilinear biphasic waveform (120–200 J) (Figure 44.2)
and traditional escalating high energy (200–360 J) BTE 
waveforms.

BTE waveforms have been shown to be superior to
monophasic waveforms for internal defibrillation. Lower
defibrillation thresholds and higher rates of defibrillation are
well documented with these waveforms for internal defibril-
lations.7,8 As a result, implantable cardioverter
defibrillators (ICDs) are only available now with low energy
biphasic waveforms.

Transthoracic biphasic waveforms have been developed
and tested in patients undergoing electrophysiologic studies
(EPS) and ICD implantation.9–11 These multicenter, ran-
domized, blinded, prospective studies were carried out by
first inducing ventricular fibrillation, and then measuring the
success rate of transthoracic “rescue” shocks. The accepted
definition for defibrillation success is the termination of 
VF for a designated period (5–30 seconds, depending on 
the researchers). By this definition, a successful postshock
rhythm can be any non-VF activity, including asystole. The
energies tested included 115 and 130 J BTE shocks using
impedance compensation and a 171 J Gurvich biphasic
waveform. The BTE shocks were compared with 200 J and
360 J MDS waveforms,10,11 and a 215 J MDS waveform 
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was the comparison for the Gurvich waveform.9 Evidence
from these studies confirms that low energy biphasic shocks
achieve at least the same defibrillation success rates on the
first shock as 200–215 J monophasic shocks in VF of short
duration (20–30 seconds). Furthermore, in a
small subgroup of these patients, investigators looked at
ECG abnormalities in the immediate postshock period.12

They found that ECG ST-segment elevation was significantly
greater with 200 J MDS waveform shocks than with either
the 115 J or 130 J BTE shocks. This suggests that
the lower energy shocks may cause less myocardial injury or
ischemia.

These efficacy data are encouraging, but several factors
make VF episodes outside of the EPS lab different. The etiol-
ogy is clearly different, with ischemia a frequent cause of
arrest. The duration of VF is invariably longer in the typical
cardiopulmonary arrest. The higher levels of tissue hypoxia
and acidosis that result could potentially make defibrillation
more difficult. Also, laboratory evidence in a dog model sug-
gests that the longer the duration of VF the more difficult it
is to defibrillate.13 A final concern is that the outcome most
widely accepted to define resuscitation success – survival to
hospital discharge14,15 – may not be affected by the defibril-
lation success rate on the first shock in the EPS lab.

Unfortunately, minimal data evaluating biphasic defib-
rillation in settings outside the EPS lab are available at this
time. A randomized, multicenter, non-concealed, non-
blinded trial in Europe compared 150 J BTE shocks with
200–360 J monophasic escalating shocks in out-of-hospital
cardiac arrest victims. In this study 115 out-of-hospital car-
diac arrest patients presented with VF and were shocked
with an AED. AEDs were prospectively randomized accord-
ing to defibrillation waveform on a daily basis. The primary
end point was the percentage of patients with VF as the ini-
tial monitored rhythm who were defibrillated in the first
series of 	3 shocks. In the biphasic waveform group 96% 
of 54 patients were defibrillated, whereas 59% of the 
61 patients in the monophasic waveform group were defib-
rillated (P � 0�0001; 95% CI 24–51). A higher percentage
of patients (76%) achieved return of spontaneous circulation
(ROSC) after biphasic defibrillation compared with mono-
phasic defibrillation (54%, P � 0�01). There was no differ-
ence in survival rate to admission or hospital discharge.
However, due to the small size of the study, little can be 
concluded regarding these last two outcomes.16

Also, 80% of the patients in the monophasic group were
defibrillated with a monophasic truncated exponential 
waveform; there is some evidence that this waveform is less
effective than the monophasic damped sine waveform.17

The evidence supporting biphasic waveforms in VF
arrests is strengthened by data from multicenter out-of-
hospital case series reports. These studies demonstrated that
a single 150 J impedance compensating BTE shock defibril-
lated the initial VF episode in 86–89% of patients.18,19 They
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Figure 44.2 Rectilinear biphasic waveform delivering a rela-
tively constant current during the first phase. The phasic dura-
tions are fixed at 6 and 4 msec. The figure depicts a 120 J
shock delivered into a 50 ohm impedance.
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also reported that, of all VF episodes that received up to
three shocks, 97–99% were terminated with three or fewer
shocks. Termination of VF into an organized
rhythm or asystole was the definition of success. These data
compare favorably with the data from short duration VF in
the EPS laboratory, where first shock defibrillation rates
varied from 86% to 100% in three studies.9–11

In a recent evidence-based review by the AHA, it was
noted that “research has not clearly established an expected
success rate for out-of-hospital monophasic defibrillation”.20

A rough estimate can be derived, however, by reviewing
what data are available. In 1996, Behr et al did a retro-
spective review of 86 patients treated for witnessed out-of-
hospital VF who received one of two different monophasic
waveforms. The first shock defibrillation rate for the 200 J
MTE waveform was reported to be 43% and for the 200 J
MDS waveform was 66%.17 Although the first shock defib-
rillation rates were significantly different, survival to hospi-
tal discharge was not. In another prospective randomized
trial by Weaver et al , first shock defibrillation rates for MDS
waveforms at 175 J and 320 J were reported to be 61% for
both energy levels.21 Schneider et al reported a first shock
defibrillation rate of 59% for the monophasic waveform arm
in their prospective randomized study.16

The consistency of these rates across several studies
suggests that biphasic waveforms have higher rates of defib-
rillation efficacy compared with monophasic waveforms.
The real clinical question, however, is how do these results
for initial defibrillation rates influence ultimate outcomes
in terms of survival to hospital discharge. Clearly, good 
comparative out-of-hospital data on monophasic versus
biphasic waveforms for management of VF do not exist to
answer this question. However, patients who regain pulses
with only defibrillation shocks have a very high survival 
rate when compared with patients who need advanced life
support interventions (97% v 19%). These obser-
vations affirm the benefit of defibrillation as the defin-
itive intervention in cardiac arrest caused by ventricular
fibrillation.22

The present AHA guideline for the monophasic waveform
energy sequence 200 J to 300 J to 360 J has been acknowl-
edged by the AHA to be “largely speculative and based on
common-sense extrapolation from animal data and human
case series”.20 At the present time, the AHA guidelines 
have designated initial low energy (150 J) non-progressive
impedance-adjusted biphasic waveform shocks a Class IIa
recommendation (acceptable and useful; good to very good
supporting evidence).1 With the available evidence at this
time, it is difficult to unequivocally state that biphasic wave-
forms are superior to monophasic, but they certainly appear
to be at least equivalent. In fact, the question of superiority
appears now to be moot, since only biphasic waveforms
are being marketed for external defibrillators, following
the experience with waveforms for ICDs. Both escalating
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and non-escalating biphasic energy defibrillators are now
marketed, but few data exist comparing their efficacy.1

Drugs in cardiac arrest

On close review of the literature to date, there is little evi-
dence that the administration of any drug improves survival
to hospital discharge in cardiac arrest.23 As a result, the
International Guidelines for 2000 stress that during cardiac
arrest “drug administration must be secondary to other
interventions”.1 Once CPR, defibrillation, and proper air-
way management are established, certain drugs are consid-
ered by “standard practice” to be potentially useful. Recent
research has gathered new information about some of these
medications as well as some new medications that might 
be potentially useful. These drugs include epinephrine,
vasopressin, amiodarone, and lidocaine.

Epinephrine

Historically, epinephrine has been used in resuscitation of 
all cardiac arrest rhythms.1 Although considerable animal
data exist supporting its use, no randomized, prospective,
placebo-controlled trials have been done in humans to
determine its efficacy. In a non-randomized cohort study
over an 11 year period, Herlitz et al examined the use of
epinephrine (adrenaline) in out-of-hospital VF.24 During this
observation period, some of the prehospital staff were
authorized to give epinephrine and some were not. A total
of 1203 cases were reviewed, with epinephrine administra-
tion in 417 (35%). In patients who experienced sustained
VF, those who received epinephrine were hospitalized alive
more frequently (P � 0�01). However, survival to hospital
discharge did not differ significantly. When the subgroup of
patients who converted to asystole or PEA was reviewed,
similar results were observed. Those who received epineph-
rine were more likely to be hospitalized alive (P � 0�001).
However, survival to discharge was not significantly 
different. Given the widespread acceptance of
epinephrine as a “standard of care” in refractory VF, asystole
and PEA, it is doubtful that better quality evidence of its
efficacy will be available in the near future.

Despite the paucity of evidence supporting the use of epi-
nephrine in cardiac arrest, considerable research has been
done comparing high-dose epinephrine (0�07–0�20 mg/kg)
with standard-dose epinephrine (1 mg every 3–5 minutes).
A total of eight randomized trials have been done involving
more than 9000 cardiac arrest patients.25–32 The findings
are consistently the same. High-dose protocols result in
higher rates of return of spontaneous circulation during 
initial resuscitation. However, no difference can be found
when survival to hospital discharge and final neurologic out-
come are compared. The higher doses have notGrade A

Grade B
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clearly been shown to be harmful, but would likely confer
added costs to healthcare systems by increasing hospitaliza-
tion in hopeless situations.

Vasopressin

Vasopressin has been introduced in the 2000 guidelines as an
acceptable alternative to epinephrine in refractory VF/pulse-
less VT.1 It is a naturally occurring hormone that in high
doses acts as a potent non-adrenergic vasoconstrictor. The
theoretical advantage to vasopressin is that it lacks some of
the potentially detrimental � adrenergic effects of epineph-
rine in the postresuscitation setting. In a human study, 
Rivers et al documented a dose-dependent impairment of
systemic oxygen delivery and myocardial dysfunction from
epinephrine.33 Animal models have further demonstrated
that these � adrenergic effects increase myocardial work and
impair coronary perfusion.34,35 In addition, Lindner et al
have demonstrated that endogenous vasopressin levels were
higher in patients who survived after CPR than in those with
no ROSC.36

Adrenergic agents are believed to exert a beneficial effect
during cardiac arrest by 
 receptor mediated increases in
myocardial and cerebral blood flow.37 Evidence from both
animal and human studies demonstrates that a minimum
coronary perfusion pressure (CPP) is required to achieve any
ROSC.38,39 In an animal cardiac arrest model, vasopressin
has been shown to increase CPP during CPR.40 From basic
science research, then, it would appear to be a very promis-
ing agent for cardiac arrest.

Unfortunately, only two randomized trials exist that
examined its efficacy in human cardiac arrest. Lindner et al
prospectively randomized 40 out-of-hospital patients in VF

to receive epinephrine (1 mg IV) or vasopressin (40 U IV) as
the primary drug if initial defibrillation was unsuccessful.
They reported four outcomes: successful resuscitation
(ROSC and measurable blood pressure on admission to 
hospital), survival for at least 24 hours, survival to hospital
discharge, and mean Glasgow Coma Score at hospital dis-
charge. Only one of the four outcomes – survival for at least
24 hours – reached statistical significance (P � 0�02).
However, none of the other outcomes was significantly 
different, and no statistical correction was done for the 
multiple comparisons.41

A larger trial (n � 200) by Stiell et al randomized inhospi-
tal adult cardiac arrests to receive one dose of vasopressin
(40 U IV) or epinephrine (1 mg IV) as the initial vasopressor.
Initial rhythms were VF, pulseless VT, PEA, or asystole.
When comparing vasopressin with epinephrine, survival did
not differ for hospital discharge (12% v 14%, respectively;
95% CI for absolute increase in survival �11�8–7�8%) or 1
hour survival (39% v 35%, 95% CI 10�9–17) (Table 44.1).42

It is important to at least note some differences in baseline
characteristics of the two groups that might have affected
the outcomes. More of the patients in the epinephrine
group were in monitored settings (emergency department
or intensive care) than in the vasopressin group (49% v 36%).
Clearly this might favor outcomes in the epinephrine group.
Also, only 42/200 presented with initial VF/VT, making the
ultimate outcomes for the whole group less favorable and
resulting in the likelihood of demonstrating less benefit.
Despite these issues, the preliminary human evidence is dis-
appointing, and has at this point failed to detect even a modest
trend favoring vasopressin over epinephrine. The
more fundamental clinical question, however, may be
whether any drug actually improves survival. Given that
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Table 44.1 Survival and adverse outcomes

Outcome measure Vasopressin Epinephrine P Percentage absolute
(n � 104) (n � 96) difference (95% CI)

Primary survival measures
1 hour 40 (39%) 34 (35%) 0�66 3�1 (�10�5–17�3)
Hospital discharge 12 (12%) 13 (14%) 0�67 �2�0 (�11�6–7�8)

Other survival measures
Any return of pulse 62 (60%) 57 (59%) 0�97 0�2 (�14�0–14�5)
Pulse � 20 min 45 (43%) 38 (40%) 0�60 3�7 (�10�6–17�9)
24 hours 27 (26%) 23 (24%) 0�74 2�0 (�10�6–14�6)
30 days 13 (13%) 13 (14%) 0�83 �1�0 (�11�0–8�9)

Adverse outcomes
Tachyarrhythmias 10 (10%) 8 (8%) 0�75 1�3 (�7�2–9�8)
Uncontrolled hypertension 0 0 — —
Mesenteric infarction 0 0 — —

Reproduced with permission from Stiell IG, Hebert PC, Wells GA et al. Vasopressin versus epinephrine for inhospital cardiac arrest:
a randomized controlled trial. Lancet 2001;358:105–9. Copyrighted 2001, American Medical Association
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epinephrine has never been adequately studied, it is entirely
possible that both drugs are equally ineffective (or possibly
equally harmful) for improving survival in cardiac arrest.

Amiodarone and lidocaine

The use of lidocaine (lignocaine) for refractory VF/pulseless
VT is largely based on historical use of the drug to prevent
VF in acute MI.43 Only one retrospective prehospital trial
provides some supporting evidence for its use in VF/pulse-
less VT, demonstrating an improved survival to hospital
admission rate.44 Another retrospective study suggests 
that lidocaine has a detrimental effect on ROSC.23 More
recently, the prophylactic use of lidocaine in acute MI has
been shown to be associated with increased morbidity and
to cause more serious arrhythmias than it prevents.45,46

Additionally, it has been established in experimental models
that lidocaine increases energy requirements for defibrilla-
tion.47–49 More study needs to be done to determine the
role of lidocaine in cardiac arrest, and it should be recog-
nized that current practice has no sound evidence base.

The ARREST trial is the only randomized, prospective,
placebo-controlled trial that addresses the efficacy of an
antiarrhythmic in cardiac arrest. Out-of-hospital cardiac arrest
patients with VF (or pulseless VT) who had not responded
after receiving three or more shocks and 1mg of epinephrine,
were randomly assigned to receive 300 mg of amiodarone
or placebo (n � 540). The rate of admission to hospital with
a perfusing rhythm was higher in the amiodarone group
(44% v 34% of placebo; P � 0�03). Among the patients who

achieved ROSC, more in the amiodarone group experienced
significant hypotension (59% v 48% of placebo; P � 0�04) or
bradycardia (41% v 25%; P � 0�004). Ultimately there was
no difference in survival rate to hospital discharge (13�4% of
amiodarone v 13�2% of placebo).50

The most recent data comparing amiodarone and lido-
caine in shock-resistant ventricular fibrillation were obtained
in a randomized blinded trial in out-of-hospital cardiac arrest
(ALIVE trial). In this study 348 patients were randomized to
receive amiodarone (or placebo) or lidocaine (or placebo).
The primary end point was survival to hospital admission.
In the amiodarone group 22�7% of 179 patients survived
to admission, whereas 11�0% of 165 patients in the lido-
caine group survived (P � 0�0043; odds ratio 2�37; 95% CI
1�30–4�33). In patients with VF as the initial rhythm,
25�2% of amiodarone versus 13�5% of lidocaine patients
survived to admission (P � 0�02). However, survival to dis-
charge was not different between the two groups.51

The role of amiodarone in VF/pulseless VT has generated
considerable controversy. It is cumbersome to dilute and
administer, and in the ARREST trial required an average of
13 (and up to 21) minutes from the time of medic arrival to
administration.50 The drug cannot be provided in preloaded
syringes because it adheres to plastic surfaces. Significant
hypotension and bradycardia often accompany ROSC, com-
plicating postresuscitation management. Finally, the cost of
the drug is considerable, and can be prohibitive for prehos-
pital services to stock. The consensus opinion by the most
recent AHA guidelines is that the evidence for amiodarone,
while better than any other antiarrhythmic, is only “fair”.
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Figure 44.3 Utilization of a decision aid to the validation set of attempted resuscitations. (From van Walraven C, Forster AJ, 
Parish DC et al Validation of a clinical decision aid to discontinue in-hospital cardiac arrest resuscitations. JAMA 2001;285:1602–6)
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They comment that “this practice decision (to use amio-
darone), must be made with a clear awareness that the evi-
dence – powerful in design – was weak in the conclusions”.

Termination of resuscitation

Physicians involved in resuscitation invariably will be called
upon to make the difficult decision of when to stop resuscita-
tive efforts. Multiple factors come into play, with the ultimate
decision involving a complex interaction of patient and physi-
cian variables. The most important single factor associated
with poor outcomes is prolonged time of resuscitation. 
As time spent increases, chance of neurologically intact sur-
vival diminishes. A simple clinical decision aid has also 
been derived and recently validated for inhospital arrests. 
It involves assessing three simple parameters: whether the
arrest was witnessed or the initial cardiac rhythm was either
VF or VT or patients regained a pulse during the first 10 min-
utes of chest compressions. If none of these three variables
was present, the aid predicts no chance of discharge.52,53

The validation was completed on data from 2181 inhospital
cardiac arrest attempts over a 10 year period in a community
hospital. Overall, 327 (15%) of patients survived to hospital
discharge: 324 of these patients were predicted to survive
(99�1%; 95% CI 97�1–99�8). In 269 (12�3%) resuscitations,
patients were predicted not to survive. Only three of these
patients (1�1%) were discharged and none was able to func-
tion independently. The negative likelihood ratio was 0�064
(Figure 44.3).53 Ideally, prospective testing in
another inhospital setting would further ensure its validity, but
it does provide clinicians with some parameters to help them
make complex decisions on individual cases.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Epidemiology of heart failure

Over the past three decades, epidemiological studies have
been increasingly used to identify the cause of major chronic
degenerative diseases such as systemic hypertension and
atherosclerosis.1 Early studies on the prevalence and inci-
dence of heart failure were drawn from private practice,
hospital wards, and admissions to hospitals.1 Also, data from
survey studies were used to determine the prevalence rate
of heart failure.2 The prevalence of heart failure shows some
disparity among the published studies, although generally
the results are similar in demonstrating an increase with
age.3–7 Prevalence increases from approximately 0·7 cases/
1000 persons in the younger age group (�50 years old) to
approximately 27 cases/1000 in the older age group, (�65
years old) and approximately 63 cases/1000 in those over
75 years old.8 The incidence is greater in men than in
women and increases progressively with age.5,6,9–11 The
incidence in younger men (�50 years old) is approximately
1 case/1000 persons per year, increasing in the older age
group (�65 years old) to 11/1000 per year, with an inci-
dence of approximately 17/1000 persons per year in men
85 years or over.12 In women the incidence increases in the
younger age group (�50 years old) from 0·4/1000 persons
per year to 5/1000 per year in older individuals (�65 years
old), with an incidence of approximately 10/1000 persons
per year in women 85 years or over.12

There are a number of reasons why some disparity has
been observed among these studies examining incidence
and prevalence in heart failure patients. The studies differ
with regard to sampling methods (population based v cohort
based), geography and demographics, case finding methods
(medical record review versus systematic questionnaires
and examinations), and diagnostic criteria.13 Even though
these differences are responsible for the disparities between
studies, they also provide a more robust database and com-
plementary information.

Once a diagnosis of heart failure has been made the 
prognosis has been uniformly observed to be relatively
poor.7,14–16 Croft et al 14 obtained Medicare hospital claims

records from 1984 to 1986 and beneficiary enrollment 
data for 1986 to 1992 from the Health Care Financing
Administration. The 1 year survival for black men (n �
6186) was 68%, for white men (n � 64 918) was 64%, for
black women (n � 9097) was 71%, and for white women
(n � 90 038) was 69%. Five year survival for black men was
24%, for white men 21%, for black women 30%, and for
white women 29%. Mosterd et al7 examined the prognosis
for heart failure in the general population (n � 5255; 59·3%
women) as part of the Rotterdam Study. In this study 1 year
survival for men was 91% and for women was 87%, and 
survival at 5 years was 56% and 61%, respectively. Cowie 
et al 16 examined the survival of patients with a new diagno-
sis of heart failure. The total study population was 151 000
as of February 1996 (this was the midpoint of identification
of cases, which ran from April 1995 to December 1996) and
follow up for death was complete for all 220 cases to June
1997. One month survival for this group was 81%, 3 month
survival was 75%, and 12 month survival was 62%.

Although there are some differences between these stud-
ies, and also clinical drug trials17,18 in which 1 year mortal-
ity has been reported to be approximately 12%, there 
are several possible explanations for these discrepancies.
Survival outcomes at 1 year will be related to whether the
study is based on identifying patients with a new diagnosis
(incidence) of heart failure or patients with a diagnosis of
heart failure (prevalence) on entry into the study. Clinical
drug trials usually take stable heart failure patients, and such
patients would be considered “natural survivors” as they
have survived the early high-risk period. This would also be
true for any surveys of the general population that examined
patients who on entry had a diagnosis of heart failure, such
as the study by Mosterd et al7 Also, clinical trials tend to
recruit a select group of patients with a better prognosis
than the general population of patients with heart failure.
The typical age of patients in a drug trial is on average
approximately 65 years, compared to the general population
of heart failure patients with an average age of approxi-
mately 75 years.19,20 Heart failure is often associated with
considerable comorbidity, but patients with these types of
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problems are less likely to be recruited into clinical drug
studies. Thus these biases, seen especially in clinical drug
trials, make the prognosis of heart failure appear much 
better than it actually is for most patients. These findings
emphasize the imperative need to identify and aggressively
treat patients with left ventricular dysfunction to prevent
them developing heart failure.

Epidemiology of asymptomatic 
left ventricular dysfunction

Studies assessing the epidemiology of heart failure have
largely identified symptomatic individuals because identifi-
cation of these patients is based on clinical criteria and does
not require measurement of left ventricular (LV) function.13

Asymptomatic patients with LV dysfunction have therefore
not been included in these studies. Consequently, the avail-
able data on the prevalence of patients with asymptomatic
LV dysfunction are limited, even though treatment of these
patients may be expected to significantly improve their out-
come.21 There have been several studies that screened the
general population looking for the presence of asymptomatic
LV dysfunction.8,22–26

In 1992 McDonagh et al measured the ejection fraction
in 1467 people aged 25–74 years during a survey of coro-
nary risk factors.22 The mean ejection fraction in people
defined as not having cardiovascular disease was 47%, and
34% was two standard deviations below the mean. Of the
2·9% with an ejection fraction of 	30%, half had no symp-
toms. The frequency of both left ventricular systolic dys-
function and symptoms was greater in older age groups,
increasing sharply up to the age of 45 and less sharply there-
after (Table 45.1). Of the 7·7% of individuals with an ejec-
tion fraction of 35%, 77% were asymptomatic. Of those
with definite left ventricular systolic dysfunction (Table 45.1)
the proportion with symptoms increased with age. The
group with left ventricular systolic dysfunction had a greater

prevalence of ischemic heart disease and hypertension than
did the group with normal ventricular function (Table 45.2).

Mosterd et al 8 performed a population based cohort
study examining the presence of symptomatic and asympto-
matic left ventricular systolic dysfunction in the general
population of individuals who were 55 years of age or older. 
A total of 2823 persons had M mode echocardiographic
assessments and the echocardiograms of 556 participants
were deemed inadequate to measure left ventricular dimen-
sions reliably. The prevalence of left ventricular systolic dys-
function (fractional shortening 	25%) in the 2267 persons
with analyzable echocardiograms was 3·7% (95% CI
2·9–4·5). Overall, the prevalence in men (n � 1028) was
5·5% (95% CI 4·1–7·0) and in women (n � 1239) was 2·2%
(95% CI 1·4–3·2). The age-adjusted prevalence of left ven-
tricular dysfunction was approximately 2·5 times higher in
men (OR 2·7, 95% CI 1·7–4·3). The relationship between
left ventricular systolic function and symptoms/ signs of
heart failure was examined in the 1698 individuals (771
men) in whom information on the presence of heart failure
and echocardiographic data were available. Of the 35 indi-
viduals who had heart failure by symptoms and signs, only
10 (29%, 95% CI 15–46) had echocardiographic evidence
of left ventricular systolic dysfunction. Interestingly, of the
60 individuals with left ventricular dysfunction by echocar-
diographic criteria only 24 (40%, 95% CI 28–53) were
found to have at least one of the cardinal symptoms 
or signs of heart failure (shortness of breath, ankle edema 
or pulmonary edema): therefore 60% had asymptomatic left
ventricular systolic dysfunction. Persons with left ventricular
systolic dysfunction had more frequently sustained a myocar-
dial infarction, undergone coronary artery bypass graft sur-
gery or PTCA and were more likely to have angina pectoris.

Morgan et al 23 performed a cross-sectional survey to
assess the prevalence and clinical characteristics of left 
ventricular systolic dysfunction among 817 elderly patients
in a general practice setting. Echocardiography was used to
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Table 45.1 Prevalence of definite left ventricular systolic dysfunction (EF 	 30%) by age according to the presence of
symptoms (adapted with permission from McDonagh TA et al. Symptomatic and asymptomatic left ventricular systolic
dysfunction in an urban population. Lancet 1997;350:829–33)

Proportion with definite left ventricular systolic dysfunction (%)
Age group (years)

25–34 35–44 45–54 55–64 65–74

Men (n �122) (n �135) (n �138) (n �158) (n �155)
Symptomatic 0 0 1·4 2·5 3·2
Asymptomatic 0 0·7 4·4 3·2 3·2

Women (n �126) (n �162) (n �159) (n �149) (n �164)
Symptomatic 0 0 1·2 2·0 3·6
Asymptomatic 0 0 1·2 0 1·3



assess ventricular function in this group of patients aged
70–84 years. Left ventricular function was assessed qualita-
tively as normal, mild, moderate or severe dysfunction. 
In 667 (82%) of the patients a measurement of ejection 
fraction could be made. The mean ejection fraction for nor-
mal left ventricular function was 66·3% � (SD) 13·5%,
47·7% � 12·0% for mild dysfunction, 38·3% � 8·1% for
moderate dysfunction, and 26% � 7·9% for severe dysfunc-
tion. The prevalence of left ventricular systolic dysfunction
was higher in men (12·8%, 95% CI 9·6–16·6) than in to
women (2·9%, 95% CI 1·8–5·0). The overall prevalence of
all grades of left ventricular systolic dysfunction was 7·5%
(95% CI 5·8–9·5). Prevalence was more than twice as great
at age � 80 years (men 20·5%, 95% CI 12·0–31·6; women
5·4%, 95% CI 1·8–12·2) than at ages 70–74 years (men
9·4%, 95% CI 5·5–14·7; women 2·2%, 95% CI 0·6–5·5),
but the relative difference between men and women was
preserved (20·5% v 5·4%; P � 0·05). At all ages the preva-
lence of left ventricular systolic dysfunction was much
greater in men than in women (OR 5·1, 95% CI 2·6–10·1).
About half (48%, 29/61 patients) of all patients with left
ventricular systolic dysfunction had previous heart failure
documented in their medical charts; thus 52% of the
patients did not have documented heart failure and would
have been considered to have asymptomatic left ventricular
systolic dysfunction. Multivariate analysis demonstrated

that the probability of having any grade of echocardiograph-
ically abnormal left ventricular function was increased by 
a previous history of heart failure, myocardial infarction,
stroke, angina, age and male gender. Gardin et al 26 as part
of the Cardiovascular Health Study, assessed cardiac func-
tion in 5201 people between the ages of 65 and 100 years
old. Left ventricular systolic function was reported in a qual-
itative/semi-quantitative fashion, with cardiac function
being assessed as normal or abnormal. The prevalence
of abnormal cardiac function was greater (P � 0·001) in
men (6·3%) than in women (1·8%); increased with age
(P � 0·001) from 2·3% for ages 65–69 years to 5·5% for 
80 years and older; and was greater (P � 0·001) in those
with clinical coronary heart disease (10·5%) than in either
those with only hypertension (1·7%) or those with neither
clinical heart disease or hypertension (0·5%). In the Strong
Heart Study left ventricular systolic function was assessed in
3184 adults who were middle-aged and older25 (range
45–74 years, with a mean of 60 years). The prevalence of
mild left ventricular systolic dysfunction (left ventricular
ejection fraction �40%) was 2·9%, and 72% of these indi-
viduals had no evidence of heart failure.

Clearly the prevalence of asymptomatic left ventricular
dysfunction in the general population is substantial, as it is
similar to that found for symptomatic left ventricular systolic
dysfunction. Furthermore, when patients are screened for
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Table 45.2 Risk factors for left ventricular systolic dysfunction in symptomatic and asymptomatic participants (adapted
with permission from McDonagh TA et al). Symptomatic and asymptomatic left ventricular systolic dysfunction in an
urban population. Lancet 1997;350:829–33)

Symptomatic OR (95% CI) P value Asymptomatic OR (95% CI) P value
% with RF (n) % with RF (n)

Risk factor LVSD LVSD LVSD LVSD
present absent present absent

IHD
All IHD 95% 43% 25 �0·001 71% 17% 12·5 �0·001

(21) (197) (3·6–100) (21) (1138) (4·5–33·3)
MI 50% 15% 5·9 �0·001 14% 2% 6·7 0·02

(22) (20) (2·3–14·3) (21) (1167) (1·8–25)
Angina 62% 26% 4·5 �0·001 43% 6% 11·1 �0·001

(21) (206) (1·8–11·1) (21) (1155) (4·5–25)
ECG ischemia 77% 25% 10 �0·001 50% 13% 6·7 �0·001

(22) (201) (3·3–33·3) (20) (1151) (2·8–16·7)
ECG abnormal 77% 8% 9·1 �0·001 60% 18% 7·1 �0·001

(22) (201) (3·1–25) (20) (1151) (2·8–16·7)
Hypertension 80% 53% 3·1 0·02 67% 36% 3·5 0·004

(20) (151) (1·1–8·9) (21) (1227) (1·4–8·5)
Valvular abnormality 25% 6% 5·5 �0·001 0% 4% — 0·99

(12) (194) (1·3–25) (14) (1093)

Abbreviations: CI, confidence interval; IHD, ischemic heart disease; LVSD, definite left ventricular systolic dysfunction; MI, myocar-
dial infarction; n, number in subgroups; OR, odds ratio; RF, risk factor



left ventricular systolic dysfunction, at least 50% of the cases
are found in patients without a previous history of heart fail-
ure. These data are only recently being realized because
most of the previous studies used signs and symptoms to
identify patients with cardiac dysfunction, and there were
no systematic evaluations of cardiac function performed.
These studies further demonstrate that even in the elderly
asymptomatic left ventricular dysfunction is high. The stud-
ies are consistent in demonstrating that those individuals
with asymptomatic left ventricular dysfunction are more
often men with a history of ischemic heart disease and
hypertension.

Although the presence of asymptomatic LV systolic dys-
function is relatively common in the general population, a
program of screening unselected individuals to identify such
patients cannot currently be recommended. A more prudent
approach would be to screen individuals who are at a
greater risk of developing LV systolic dysfunction, such as
those known to have ischemic heart disease or hyperten-
sion. Criteria that can be used to assess the risk of develop-
ing LV systolic dysfunction will be outlined below.

Left ventricular diastolic dysfunction

It is also very important to recognize that a great number of
patients with symptoms and signs of heart failure do not
have evidence of left ventricular systolic dysfunction. These
findings highlight the possibility that many patients with
typical symptoms of heart failure may have preserved left
ventricular systolic function. Impaired LV diastolic function,
whether by itself or in the presence of LV systolic dysfunc-
tion, is gaining more recognition as a potentially important
contributor to the progression of LV systolic dysfunction and
the development of symptomatic heart failure. The preva-
lence of normal ventricular systolic performance in patients
with heart failure varies widely, from 13% to 74%, with 
the majority of studies reporting a value of 40–50%.27–32

Normal ventricular systolic function with heart failure
is more prevalent in patients over 65 years of age than
those 65 or under, among hypertensive patients, and in
women.27–32 Studies report an annual mortality associated
with diastolic heart failure of 3–9%, which is lower than
that of patients with systolic heart failure.27,29 However,
other studies have demonstrated that the annual mortality
for heart failure patients with associated preserved left 
ventricular systolic function is as great as in heart failure
patients with impaired left ventricular systolic func-
tion.28,30,33,34 In light of these studies to date, there is no
doubt that left ventricular diastolic dysfunction represents a
significant clinical problem, in terms of both prevalence and
prognosis. A lack of consensus remains among physicians
regarding what constitutes LV diastolic dysfunction meas-
ured by non-invasive techniques.27 There is therefore a need

to develop a consensus for diagnostic criteria of diastolic
heart failure which could then be used to provide a better
estimate of its prevalence and prognosis. There is also a
need for randomized clinical trials to determine the appro-
priate treatment for patients with established LV diastolic
dysfunction.

Factors that lead to the development of 
heart failure

Even though angiotensin-converting enzyme (ACE) inhi-
bitors have been demonstrated to decrease the morbidity
and mortality associated with heart failure the event rate 
for symptomatic heart failure remains very high, and other
measures are required. The results from the Survival and
Ventricular Enlargement (SAVE) trial35 and the Prevention
trial of the Studies of Left Ventricular Dysfunction (SOLVD)21

demonstrate that the onset of heart failure can be prevented
or delayed in patients with asymptomatic or minimally 
symptomatic LV systolic dysfunction with the use of 
ACE inhibitors (Figure 45.1). Recent data from the Heart
Outcomes Prevention Evaluation study (HOPE) demon-
strated a reduction in the incidence of heart failure in
patients with no evidence of impaired left ventricular systolic
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Figure 45.1 Death or hospitalization for heart failure and
death or development of heart failure in the Prevention Trial
from SOLVD. (From SOLVD Investigators, N Engl J Med 1993;
327:685–91, with permission.)
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function.36 The combined findings from the ACE inhibitor
studies suggest benefit for patients who are at high risk for
heart failure, irrespective of the degree of left ventricular sys-
tolic dysfunction.36,37 Aggressive treatment of the risk factors
responsible for heart failure would also be potentially useful
to prevent the development of left ventricular systolic dys-
function or the progression to symptomatic heart failure.
Therefore, the most effective method to decrease mortality
may be to identify patients who have asymptomatic LV 
dysfunction and treat them early to prevent the progression
to symptomatic LV dysfunction. A number of factors have
been identified which help predict whether an individual
may have or develop LV dysfunction.

Hypertension

Hypertension has for many years been known to be an
important risk factor for the development of heart fail-
ure.5,9,11,38,39 In both men and women, hypertension is
associated with a three- to fourfold increase in the risk of
heart failure for individuals between 35 and 64 years, and
approximately twofold increase for individuals over 65 years
of age.5,40 Although the relative risk is higher in the younger
age group, the absolute excess risk is higher in the older 
age group, reflecting greater absolute risk differences.40

Multivariate analyses have revealed that hypertension 
(systolic blood pressure of �140 mmHg or a diastolic of 
�90 mmHg, or current treatment of high blood pressure) is
associated with a high population-attributable risk for coro-
nary heart failure (CHF) accounting for 39% of cases in men
and 59% in women.39 Hypertension represents a continu-
ous risk variable with no clear cut-off point below which
CHF will not develop. Over four decades of observation
there has been no significant change in the frequency of
hypertension as an attributable cause of heart failure.19 The
results of more recent studies, such as the Heart Outcomes
Prevention Evaluation (HOPE)36 and the Perindopril
Protection against Recurrent Stroke Study (PROGRESS)41

studies, suggest that for high-risk patients it may be benefi-
cial to lower blood pressure even if it is already within the
“normal” range. Furthermore, a recent reanalysis of 20
years of blood-pressure data from the Framingham Heart
Study suggests that the degree of benefit expected from a
decrease in blood pressure may have been underesti-
mated.42 Therefore, hypertension remains an important risk
factor for the development of heart failure.

Left ventricular hypertrophy

The presence of LV hypertrophy has been well documented
as a risk factor for the development of heart failure, even
after controlling for hypertension.39 ECG evidence of LV
hypertrophy criteria is associated with increased risk of 
CHF that is greater than the risk associated with cardiac

enlargement on chest radiography. Data from Framingham
demonstrate that the age-adjusted biennial rate of developing
heart failure in men with ECG evidence of LV hypertrophy
was 71/1000 patients aged 35–64 years and 102/1000
individuals aged 65–94 years, which was greater than that
found when cardiac enlargement was present radiographi-
cally in men in the same age groups: 16/1000 individuals
and 56/1000 individuals, respectively.43 This suggests that
the ECG findings reflect ischemia in addition to anatomical
hypertrophy.43 A recent report, based on a substudy from 
the Losartan Intervention For End (LIFE) point reduction 
in hypertension study, found that in hypertensive patients
with clinical evidence of coronary artery disease (CAD) LV
hypertrophy identifies those individuals with structural and
functional cardiac abnormalities with a high risk for the
development of heart failure.44 Furthermore, in this study
exceptionally high levels of myocardial oxygen demand were
found in this group, and this may be additive to the ischemic
effect in these patients. A recent study by Matthew et al 45

based on analysis of data from the HOPE study demonstrated
the importance of LV hypertrophy as a predictor for the risk
of developing heart failure. In this study of patients with nor-
mal or controlled blood pressure those with ECG evidence of
LV hypertrophy had a much greater risk of developing heart
failure (15·4% with ECG–LV hypertrophy versus 9·3% with-
out ECG–LV hypertrophy; P � 0·0001). LV hypertrophy is
associated with a 15-fold increase in the incidence of heart
failure in men 64 years of age or under and a fivefold
increase in men 65 or older.40 In women, LV hypertrophy is
associated with a 13-fold increase in heart failure for the
younger age group and a fivefold increase for the older age
group.40 Although the relative risk is higher in the younger
age group, the absolute excess in risk is higher in the older
age group, reflecting greater absolute risk differences.

Smoking

Cigarette smoking has been found in 42% of men and 24%
of women who develop heart failure.40 In men the relation-
ship between cigarette smoking and the development of
heart failure is greater in the younger age group than in the
older age group.5,40 Multivariate analyses have demon-
strated smoking to be a strongly significant independent risk
factor for the development of heart failure in men, even in
the older age group.5 The relationship between cigarette
smoking and the risk of developing heart failure in women
is inconsistent, although there has been a trend to an
increase in relative risk in older women.40 Therefore the
data would suggest that smoking is a risk factor for the
development of heart failure, and in fact the hazardous
effects may be underestimated, as not all studies have taken
into account changes in smoking habits over time, and this
could lead to an underestimation of the number of smokers
in the older age groups.5
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Hyperlipidemia

There is some evidence to suggest a relationship between
elevated triglyceride levels and the development of heart
failure;5 a high ratio of total cholesterol to high density
lipoprotein (HDL) cholesterol is also associated with an
increased incidence of heart failure.40 The investigators in
the Simvastatin Survival Study (4S) Group Trial found that
patients in the simvastatin group had a significantly lower
incidence (6·2%) of heart failure than those in the placebo
group (8·5%).46 Interestingly, a higher triglyceride concen-
tration and a lower HDL concentration predicted the devel-
opment of heart failure. These results further support the
importance of lipid abnormalities as a factor responsible for
the development of heart failure.

Diabetes mellitus

Diabetes mellitus is a well established risk factor for the
development of coronary artery disease. Over the past
25 years, diabetes mellitus has been recognized as a factor
responsible for the development of heart failure,5,9,11,38,39

working through an independent mechanism rather than
the simple acceleration of coronary atherosclerosis.1 The
presence of fibrosis in the hearts of patients with diabetes
mellitus has been described and it is thought to be due to
diabetic microangiopathy.47 The prevalence of diabetes mel-
litus in heart failure patients has been reported to be approx-
imately 22%.48 The Randomized Evaluation of Strategies for
Left Ventricular Dysfunction (RESOLVD) study in 663 CHF
patients found a 27% prevalence of documented diabetes,
whereas 23% (n �111 patients) of non-diabetic patients had
an elevated fasting glucose � 6·1 mmol/l, and 11% (n �53
patients) of these had fasting glucose concentrations in the
diabetic range (fasting glucose � 7·0 mmol/l).49 Therefore,
approximately 44% of these patients had either known 
diabetes mellitus or abnormal fasting glucose levels. This
suggests that most studies have underestimated the impor-
tance of glucose abnormalities in heart failure. Diabetes 
mellitus is more common in women than in men with 
heart failure,40,50 and women with diabetes mellitus have 
a greater risk of developing heart failure than do men 
with diabetes mellitus.40 Following a myocardial infarction,
patients with diabetes mellitus who develop heart failure
have more severe symptoms than those without diabetes
mellitus who develop heart failure.51 For any given level 
of infarct size, patients with diabetes mellitus had a 
lower ejection fraction than those without diabetes mellitus
(Yusuf et al , unpublished data). In the SOLVD trial in
patients with asymptomatic LV dysfunction, diabetes 
mellitus is an independent predictor of the development 
of heart failure and mortality.52 Furthermore, the patients
with diabetes mellitus treated with enalapril had a greater
mortality than those without diabetes mellitus treated 

with enalapril, indicating that although ACE inhibitors 
benefit this subgroup of patients, diabetes mellitus still
remains a significant predictor of outcome. However, in
both cases patients on enalapril had lower rates of mortality
than with placebo.

Therefore, these data indicate that abnormalities of 
glucose metabolism in CHF patients should be aggressively
searched for and perhaps treated.

Microalbuminuria

In the Heart Outcomes Prevention Evaluation (HOPE) trial,
microalbuminuria was found to be a predictor of heart fail-
ure and other cardiovascular events in patients with and
without diabetes mellitus.53 In this group at high risk of 
a cardiovascular event, microalbuminuria increased the
adjusted relative risk of hospitalization for heart failure by
3·23-fold (95% CI 2·54–4·10).

Vital capacity

A low or a decrease in vital capacity over time has been
found to be associated with an increased risk of developing
heart failure.43 The abnormality probably reflects the lungs,
being congested with blood as a result of LV dysfunction.
However, the relationship between vital capacity and the
development of heart failure has not been a consistent 
finding in all studies.5

Heart rate

In hypertensive patients, resting heart rate was a predictor
of the future development of heart failure.54 The risk of
heart failure increased with the heart rate in a continuous
graded fashion, from an age-adjusted biennial rate of
14·6/1000 patients at heart rates less than 64 beats per
minute (bpm) to a rate of 62·2/1000 patients at heart rates
greater than 85 bpm. This may indicate asymptomatic 
LV dysfunction and subtle activation of the neuroendocrine
system.

Obesity

Obesity has been reported to be an independent risk factor
for the development of heart failure.5,55 This finding would
support efforts directed at dietary modification to promote
weight loss and also help correct lipid abnormalities. A
study by Schirmer et al 56 demonstrated that body mass
index (BMI) was a very important variable for categorizing
subjects as having LV hypertrophy: the odds of having LV
hypertrophy increased in relation to the increase in BMI.
These data further suggest that obesity may contribute to
the development of heart failure.
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Pathophysiologic abnormalities in 
asymptomatic LV dysfunction that predict 
the development of CHF

Neuroendocrine activation

Symptomatic heart failure is characterized by the activation
of several neuroendocrine systems.57–61 The well docu-
mented finding that ACE inhibitor therapy improves sur-
vival in patients with heart failure and reduces the rates of
new heart failure in patients with asymptomatic LV dysfunc-
tion21 further suggests that neurohormones play an impor-
tant role in the pathogenesis of symptomatic heart
failure.17,62 A substudy of the SOLVD trial demonstrated
that the median values for plasma norepinephrine, plasma
atrial natriuretic factor (ANF), plasma arginine vasopressin
(AVP) and plasma renin activity (PRA) were significantly
higher in patients with asymptomatic LV dysfunction than in

age and gender matched normal control individuals, with
symptomatic patients having the highest neurohumoral val-
ues (Figure 45.2).63 Plasma norepinephrine levels appear 
to increase early in the development of LV dysfunction,
whereas the increase in PRA seems to occur only when the
patients are taking diuretics. The degree of LV dysfunction is
one of the mechanisms for activation of neurohormones, as
patients with an ejection fraction greater than 0·45 and pul-
monary congestion on chest radiography were found to
have only minimal neurohormonal activation and a modest
increase in AVP and PRA.64

In the SOLVD Prevention trial, plasma norepinephrine
level was the strongest predictor of the future development
of heart failure.65 This finding was independent of LV ejec-
tion fraction, NYHA class, age, sex, cause of heart failure,
treatment assignment to placebo or enalapril, or prerandom-
ization ANF or PRA levels. Plasma norepinephrine levels
above the median of 393 pg/ml were associated with 
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a relative risk of 2·59 (P � 0·002) for all-cause mortality,
2·55 (P � 0·005) for hospitalization for heart failure, 1·88
(P � 0·002) for the development of heart failure, 1·92
(P � 0·001) for ischemic events, and 2·59 (P � 0·005) for
myocardial infarction (Figure 45.3). PRA and ANP were not
as useful for predicting clinical outcome because although
trends were observed for these hormones, they were not
statistically significant. These data are very important
because they suggest that modulating the release or effect of
plasma norepinephrine early in patients with asymptomatic
left ventricular dysfunction may improve prognosis and 
prevent heart failure and perhaps ischemic events.

A recent study examines the location of adrenergic activ-
ity in patients with early heart failure.66 In this study a selec-
tive increase was found in cardiac adrenergic drive in
patients with early heart failure. This preceded the aug-
mented sympathetic outflow to the kidneys and skeletal
muscle found in advanced heart failure. These data collec-
tively indicate that activation of the sympathetic system in
early heart failure is causally related to the syndrome and
that drugs such as � blockers may be of value.

Recent data from the Australia–New Zealand Heart
Failure Group has demonstrated that in patients with chronic
ischemic LV dysfunction plasma N-terminal-brain natriuretic
peptide (N-BNP) concentration is an independent predictor
of mortality and heart failure events.67 Other evidence sug-
gests that natriuretic peptides may be of use to screen for and
improve the ability to diagnose heart failure.68–70

Cardiac dilation and remodeling

The process of LV remodeling in the setting of a prior
myocardial infarction leading to ventricular dilation has
been well described.71–76 Even several years after the initial
cardiac insult, or remote from the precipitating cause of
heart failure, this process continues progressively with 
continuing left ventricular dilation.77–80 Among asympto-
matic patients the rate of progression of ventricular dilation
and systolic dysfunction is slower than in symptomatic
patients.77–80 It seems likely that asymptomatic and sympto-
matic patients represent a continuum of pathology, with 
the rate of progression of ventricular dilation accelerating 
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at later stages. Although the exact stimuli affecting these
changes in myocardial structure remain unknown,
increased myocardial wall stress has been postulated to 
represent an initiating factor. Activation of the renin–
angiotensin system appears to play an important role in the
pathogenesis of ventricular remodeling by contributing to
the increase in wall stress, and possibly by direct myocardial
effects.81–83

The progression of LV dysfunction in asymptomatic
patients can be insidious. When an initial insult causes 
the loss of large amounts of myocardium, the ejection 
fraction decreases and the end-diastolic volume increases
(Figure 45.4). This increase in end-diastolic dimension is
accompanied by relative thinning of the wall and an
increase in wall stress.84 As the compensatory remodeling
process evolves the ventricle dilates further, but as hypertro-
phy develops, wall thickness increases and the ejection frac-
tion may recover slightly. The degree of hypertrophy is
never sufficient to normalize left ventricular wall stress. The
results from SOLVD support this hypothesis, because in all
patients studied the systolic and diastolic wall stresses were
markedly augmented at baseline.85 Neurohumoral systems
are chronically activated in asymptomatic patients.63

Because the mechanical and neurohumoral stimuli for
hypertrophy continue to be activated, the remodeling
process continues at a slow rate in asymptomatic patients
with LV dysfunction. Furthermore, the ejection fraction may
be maintained, probably because of new contractile units in

the LV walls. Ventricular function is stable for a while until
the rate of ventricular dilation increases and ejection frac-
tion further declines. This is supported by data from the
SOLVD treatment trial.78 Hypertrophy is unable to keep
pace with LV dilation, wall thickness decreases and wall
stress increases, rapidly resulting in a decrease in ejection
fraction despite further LV dilation. Therefore, even when
the asymptomatic patient with LV dysfunction appears sta-
ble, there are significant changes taking place in the heart
which ultimately result in the progression of LV dysfunction
to symptomatic heart failure.

Clinical factors predicting the development 
of symptomatic heart failure in asymptomatic LV
dysfunction

The SOLVD prevention trial was the first large study 
to examine the clinical outcome in 4228 patients with
asymptomatic LV dysfunction, of whom 2117 with EF
	 35% were randomized to the placebo group (2111 to ACE
inhibitors) and were followed for an average of 37·4 months
(range 14·6–62 months). Of these 2117 patients 70% had an
EF between 26 and 35%, 26·1% had an EF between 16 and
25%, and 3·9% had an EF 	 15%. By NYHA functional clas-
sification 67% of the patients were in class I and 33% were in
class II. None were receiving treatment for heart failure.

During the follow-up period for this population, there
were 334 (15.8%) deaths, 640 (30·2%) developed conges-
tive heart failure and 273 (12·9%) had a first hospitalization
for heart failure. Using the Cox multivariate model we
examined the prognostic usefulness of several clinical,
echocardiographic and neurohormonal parameters in pre-
dicting the subsequent clinical outcome in these patients. In
a subset of these 2117 patients the prognostic usefulness of
plasma neurohormones – plasma norepinephrine (PNE),
ANF, AVP and PRA – and echocardiographic parameters –
end-diastolic volume (EDV) and end-systolic volume (ESV) –
were also examined. Key findings are summarized below.

Age

Increasing age was a significant risk factor for mortality 
in patients with asymptomatic LV dysfunction. For every 
10 year increase in age the risk ratio for mortality was 1·2
(95% CI 1·08–1·32; P � 0·0014), for hospitalization for CHF
was 1·24 (95% CI 1·10–1·38; P � 0·0005) and for the devel-
opment of CHF was 1·20 (95% CI 1·10–1·27; P � 0·0001).

Sex

Unlike age, sex was not a prognostic variable for developing
clinical end points. For example, the mortality rate in males
was 16·06%, whereas in females it was 13·5%, which was

Prevention of congestive heart failure

651

Figure 45.4 Hypothesis proposed to explain the changes in
ejection fraction (EF), systolic wall stress, and wall thickness in
relation to the progression of the myocardial insult. Under nor-
mal conditions, the EF is well above 50% and the wall stress is
low. Immediately after the myocardial insult, EF and wall thick-
ness decrease while wall stress increases. As the ventricle
dilates, EF may recover slightly as a result of hypertrophy. The
ventricle finally reaches a point that the rate and extent of dila-
tion exceeds the capacity to hypertrophy, resulting in a rapid
increase in wall stress (arrow). This would result in a decline in
EF and a rapid deterioration of clinical status. (From Pouleur
HG et al, J Am Coll Cardiol 1993;22(Suppl. A):43A–8A with
permission.)

Ejection fraction
Wall thickness
Wall stress

12 600 80

70

60

50

40

30

20

50 100 150

EDVI (ml m–2)

200 250

E
F

 (
%

)

W
al

l s
tr

es
s 

(K
dy

ne
s

cm
–2

)

W
al

l t
hi

ck
ne

ss
 m

m

10

500

400

300

200

100

10

8

6



not significantly different. Similarly, hospitalization for CHF
was 12·6% in males and 15·2% in females, and develop-
ment of CHF was 28·9% in males and 30·4% in females,
both of which were not significantly different. However,
these results must be interpreted with caution because the
SOLVD prevention trial consisted predominantly of males
(�80%), which could have limited the ability to detect dif-
ferences based on gender.

Ejection fraction

For a 5% lower EF, the risk ratio for mortality was 1·20 (95%
CI 1·13–1·29; P � 0·0001), for hospitalization for CHF was
1·28 (95% CI 1·18–1·38; P � 0·0001), and for development
of CHF was 1·20 (95% CI 1·13–1·26; P � 0·0001).

NYHA functional class

The NYHA functional class was not a risk factor for mortal-
ity but was a significant risk factor for risk of hospitalization
for CHF (risk ratio 1·66; 95% CI 1·24–2·22; P � 0·0007)
and the development of CHF symptoms (risk ratio 1·48;
95% CI 1·16–1·89; P � 0·0016).

Etiology of heart failure

Patients with an ischemic or non-ischemic etiology for
asymptomatic LV dysfunction had similar outcomes with
respect to mortality (15% v 13·2%), hospitalization for heart
failure (11·5% v 13·9%) and development of heart failure
(37% v 40·3%). Hypertension was not a significant contribu-
tor for the development of clinical events. In contrast, the
presence or absence of diabetes mellitus was a major risk
factor for mortality (risk ratio 1·89; 95% CI 1·27–2·24;
P � 0·0003), hospitalization for heart failure (risk ratio 1·98;
95% CI 1·46–2·69; P � 0·0001) and for the development of
heart failure (risk ratio 2·06; 95% CI 1·58–2·59;
P � 0·0001). A current (but not past) history of smoking
increased the risk of death (risk ratio 1·21; 95% CI
1·10–1·32; P � 0·001) but had only a weak and non-
significant impact on the development of heart failure.

Cardiothoracic ratio

Increased cardiothoracic ratio (�0·50) was a univariate risk
factor for the development of clinical end points, but in the
multivariate model it failed to reach statistical significance,
most probably owing to the impact of ejection fraction in
this model.

Neurohormonal predictors

Previous studies in patients with symptomatic LV dysfunction
have indicated that several neurohormones, including PNE,

PRA and ANF, are increased, and both PNE and ANF may be
useful for predicting clinical outcomes, including mortality, in
these patients. However, it is important to note that these
studies have not determined whether the neurohormonal
activation present is a cause or consequence of heart failure in
these patients. In contrast, examination of the prognostic use-
fulness of neurohormones in patients with asymptomatic LV
dysfunction may help us to determine whether the neurohor-
monal system could possibly play a role in the progression 
of the heart failure syndrome. In a subset of 514 patients with
asymptomatic LV dysfunction from the SOLVD prevention
trial, PNE, but not PRA, ANF or AVP, was found to be signifi-
cantly associated with heart failure events and predicted the
development of subsequent ischemic events (see Figure
45.3).65 It is important to note that development of an
interim ischemic event has previously been shown to worsen
clinical outcome in this population.60 Unlike PNE, the other
neurohormones failed to predict the occurrence of sub-
sequent clinical events in patients with asymptomatic LV dys-
function, which suggests that adrenergic activation in patients
with LV dysfunction may be an early event.

Echocardiographic predictors

Over 40 years ago Linzbach86 described structural dilation
of the LV as the morphological basis for the development of
congestive heart failure. More recent studies on ventricular
remodeling support this concept.

Greenberg et al 79 have examined the changes in echo-
cardiographic parameters in patients with LV dysfunction in
a subset of the SOLVD trial. In the placebo treated group
there was a significant increase in the end-diastolic volume
from baseline after 4 months (200 � 42 ml v 208 � 43 ml;
P � 0·025) and after 1 year of follow up (200 � 42 ml v
210 � 46ml; P � 0·003). The end-systolic volume increased
significantly from baseline after 4 months (148 � 38ml v
155 � 43ml, P � 0·028) and 1 year of follow-up (148 � 38
ml v 156 � 42ml, P � 0·014). Vasan et al 87 reported from
the Framingham study database that in asymptomatic individ-
uals increases in LV internal dimension (both end-systolic and
end-diastolic volumes) were important predictors for sub-
sequent development of congestive heart failure.

In summary, there are a number of factors that increase
the risk of developing LV dysfunction, whereas the variables
of LV size, ejection fraction, increased PNE, age, and the eti-
ology of LV dysfunction (diabetes mellitus), are important
independent risk factors for the development of clinical
heart failure events (Box 45.1).

Prevention of symptomatic heart failure

Although a number of clinical trials have documented that
pharmacologic therapy reduces mortality in patients with
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symptomatic heart failure, the prognosis of this condition
remains poor.6,17,19,35,62,88–90 These results suggest that the
greatest opportunity for reducing the incidence and excess
mortality of heart failure is through preventive 
strategies.

Treatment of hypertension 

The development of heart failure in the 
setting of hypertension could be due to a number of reasons,
including activation of the renin–angiotensin–aldosterone
system, acute or chronic subendocardial ischemia, inappro-
priately high wall stress, and alterations in the peripheral cir-
culation.91 A number of studies have demonstrated that the
treatment of hypertension substantially reduces the risk for
the development of heart failure.11,92–96 A meta-analysis by
Psaty et al97 demonstrated that CHF was effectively pre-
vented with low-dose diuretic therapy (relative risk 0·58;
95% CI 0·44–0·76), high-dose diuretic therapy (relative risk
0·17; 95% CI 0·07–0·41), and �-blocker therapy (relative
risk 0·58; 95% CI 0·40–0·84). More recently the Blood
Pressure Lowering Treatment Trialists Collaboration98 per-
formed a prespecified overview of 15 trials comparing active
treatment regimens with placebo, trials comparing more
intensive versus less intensive blood pressure lowering
strategies, and trials comparing treatment regimens based
on different drug classes. The pooled data from these studies
demonstrated that ACE inhibitors, calcium antagonists and
other blood pressure lowering drugs significantly reduced
cardiovascular death and major cardiovascular events.
There was a trend to a reduced incidence of heart failure
with ACE inhibitor therapy (RR 0·84, 95% CI 0·68–1·04),
calcium antagonists (RR 0·72, 95% CI 0·48–1·07), and
when more intensive blood pressure strategies were com-
pared to less intensive strategies (RR 0·78, 95% CI
0·53–1·15). Although there was no clear evidence of a
reduction in the risk of heart failure as defined, the 95% CI

Grade A1a

did not exclude possible benefits of moderate magnitude
among the assigned therapies. The small number of heart
failure events would have limited the ability to detect any
true benefits of these therapies. In the case of ACE inhibitors
several other randomized trials have provided clear evi-
dence that heart failure is prevented in other high-risk situa-
tions,37 and in a large trial of high-risk patients there was a
benefit of ACE inhibitors when a wider definition was used
for heart failure.36 The findings that calcium antagonists
may not be as effective to prevent heart failure as other anti-
hypertensive agents (such as diuretics, � blockers, ACE
inhibitors or clonidine) despite similar blood pressure con-
trol was reported in a meta-analysis by Pahor et al99 of nine
eligible trials comprising 27 743 participants, in which those
individuals assigned to calcium antagonists had a signifi-
cantly higher risk of developing heart failure (RR 1·25, 95%
CI 1·07–1·46, P 0·005) than those assigned to other drug
therapy. Interestingly, in this overview analysis calcium
antagonists were found to be potentially less effective than a
diuretic or � blocker (RR 1·12, 95% CI 0·95–1·33), and
ACE inhibitors were found to be potentially more effective
than a calcium antagonist (RR 0·82, 95% CI 0·67–1·00) for
preventing heart failure. Therefore, aggressive management
of hypertension will help reduce the risk of developing heart
failure. However, the data would suggest that hypertensive
patients should be treated either alone or in combination
with diuretic, � blocker or ACE inhibitor to most effectively
reduce the risk of developing heart failure.

Lipid lowering therapy to prevent congestive
heart failure

It has been clearly demonstrated that lipid
lowering therapy significantly reduces mortality in patients
with coronary artery disease.100 A recent report from the 4S
Study Group suggests that lipid lowering treatment with
simvastatin (n �2223) compared to placebo (n �2221)
prevents the onset of heart failure.46 In this study, 189
patients (8·5%) in the placebo group were diagnosed with
CHF during follow up, compared to 147 (6·2%) in the sim-
vastatin group, resulting in a 27% (P � 0·003) reduction in
the incidence of CHF for the simvastatin group. Further
studies are required to determine whether this reduction 
is related to the effect of lipid lowering on coronary artery
disease, or is exerted through another independent 
mechanism.

Prevention of myocardial ischemia

Treatment strategies should also be directed at
preventing ischemia in patients with heart failure. In heart
failure patients it has been demonstrated that the occur-
rence of a new myocardial infarction increases the risk of
subsequent death by up to eight times, and that one third of

Grade A1a

Grade A1d
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Box 45.1 Factors related to the development and
prognosis of asymptomatic left ventricular dysfunction
● Ischemic heart disease
● Hypertension
● Left ventricular hypertrophy
● Smoking
● Hyperlipidemia
● Diabetes mellitus
● Microalbuminuria
● Low or decreased vital capacity over time
● Elevated resting heart rate
● Obesity
● Age
● Ejection fraction
● Plasma norepinephrine
● Cardiac dilatation



all deaths are preceded by a major ischemic event.101

Similar data have been reported by Rutherford
et al102 from the SAVE trial. These data emphasize that
reductions in ischemic events should be an integral part of
the management of patients with LV dysfunction. Although
not formally examined in patients with asymptomatic LV
dysfunction, � blockers may be very useful to reduce the
development of symptomatic heart failure. � Blockers are
commonly used to treat patients with findings of myocardial
ischemia. Studies of �-blocker therapy in patients with
symptomatic heart failure have demonstrated improve-
ments in LV ejection fraction and decreases in cardiac
dilatation.103–105 Studies in patients following myocardial
infarction have demonstrated that � blockers reduce mortal-
ity and morbidity when initiated relatively earlier following
an acute myocardial infarction.106,107 Furthermore, the rela-
tive benefit on mortality after a myocardial infarction is sim-
ilar in the presence or absence of heart failure, although the
absolute benefit may be greater in the former because of the
higher event rate.107 Retrospective analyses of the SAVE
database in postmyocardial infarction patients108 and the
SOLVD trial involving patients mainly from the prevention
trial (Exner et al 1999) demonstrated that the beneficial
effects of �-blocker therapy were additional to those of ACE
inhibitor therapy. The recently published Carvedilol Post-
Infarct Survival Control in LV Dysfunction (CAPRICORN)
study has further prospectively demonstrated that the �
blocker carvedilol used in patients following myocardial
infarction complicated by LV dysfunction reduces the fre-
quency of all-cause and cardiovascular mortality, and recur-
rent non-fatal myocardial infarctions.109 These beneficial
effects were additional to those of evidenced-based treat-
ments for acute myocardial infarction, including ACE
inhibitors. In trials of patients with symptomatic heart fail-
ure � blockers have been shown to reduce mortality and
reduce the incidence of repeat episodes of heart failure or
hospitalizations for heart failure.90 Based on these data it
may be advisable to use �-blocker therapy in patients found
to have asymptomatic LV dysfunction, with the expectation
that progression to symptomatic LV dysfunction should be
significantly reduced. Prospective randomized trials are
required to assess whether �-blocker therapy would be ben-
eficial to reduce the risk of developing symptomatic heart
failure in patients with asymptomatic LV dysfunction or
those with other markers of high cardiovascular risk.

ACE inhibitors in asymptomatic LV dysfunction
or other markers of high risk 

There have been a number of trials demon-
strating the effects of ACE inhibitors to reduce mortality and
morbidity in patients with heart failure.37,110 Therapy with
ACE inhibitors in patients with asymptomatic LV dysfunc-
tion21 has been shown to significantly reduce the total 

Grade A1a

number of deaths or cases of CHF (risk reduction 29%; 95%
CI 21–36), and also to reduce the total number of deaths or
hospitalizations for CHF (risk reduction 20%; 95% CI
9–30). The recently published HOPE data further define
which patients would benefit from ACE inhibitor therapy.36

In patients at high risk for a cardiovascular event who did
not have LV dysfunction or heart failure on admission to the
study, ramipril decreased the incidence of heart failure
(ramipril 417 v placebo 535; RR 0·77, 95% CI 0·67–0·87; 
P � 0·001). Therefore, an ACE inhibitor should be rou-
tinely administered to any patient with LV dysfunction (ejec-
tion fraction � 0·40) and to those patients meeting the
HOPE study criteria who do not have a contraindication to
this form of therapy.

Conclusions

The population incidence and prevalence of CHF are rela-
tively high. CHF is associated with significant mortality,
morbidity and poor quality of life for the patient. This is 
a progressive disorder, and at present there are relatively 
few therapies that slow or prevent its progression.
Asymptomatic LV dysfunction occurs in 1–5% of the popula-
tion, depending on the prevalence of other cardiovascular
risk factors. Although routine screening of the general popu-
lation cannot be justified, screening of high-risk individuals
may be of value. Risk factors for the development of CHF
have been identified, and these could be used to determine
those who are at greatest risk for the development of LV 
dysfunction and ultimately symptomatic CHF.

Suggested approach to identify and treat
patients with asymptomatic left ventricular
dysfunction

1. Determine those at greatest risk of developing left 
ventricular dysfunction:
● Hypertension
● Left ventricular hypertrophy
● Diabetes mellitus and/or impaired glucose toler-

ance
● Hyperlipidemia (hypertriglyceridemia and low HDL)
● Previous extensive myocardial infarction
● Age
● Smoking
● Obesity

2. Assess cardiac function using radionuclide ventricu-
lography or quantitative echocardiography.

3. If ejection fraction � 40% then start ACE inhibitors 
in all tolerant patients. Modify other risk factors (for
example, diabetes, hypertension, dyslipidemia) and treat
symptoms of myocardial ischemia.
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4. If ejection fraction � 40% then counsel patients, mod-
ify risk factors (for example, diabetes, hypertension
etc.), treat symptoms of myocardial ischemia, and treat
those meeting the HOPE study criteria with an ACE
inhibitor.

These individuals should receive appropriate counseling,
lifestyle advice and therapy to alter risk factors for cardiovas-
cular disease and CHF. The fact that the prognosis from 
CHF remains so poor makes it clear that the greatest oppor-
tunity to reduce its incidence and the attendant high 
mortality is through strategies directed towards preventing
its development.
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The cardiac muscle may be exposed to various ischemic,
hemodynamic, metabolic, or toxic conditions that eventu-
ally lead to the clinical syndrome of congestive heart failure
(CHF). Given a certain severity, any cardiac disorder will
ultimately lead to heart failure. Further, many non-cardiac
disorders will result in heart failure, alone or in combination
with cardiovascular conditions. Last, but not least, progres-
sive deterioration of cardiac function with age further
increases the susceptibility to develop heart failure. Taken
together, the aforementioned circumstances, in a continu-
ously aging population, may explain why CHF is one of the
most common, and most costly, diseases in Western society.

CHF is a potentially lethal condition. It has been evident
during the past decade that whilst we are in possession of
some drugs that may improve cardiac function and symp-
toms as well as survival, other agents are simultaneously
capable of impairing long-term survival. Furthermore, as
with other treatment traditions, we lack modern documen-
tation about the oldest drugs, such as diuretics. In this chap-
ter we intend to cover the present knowledge regarding
evidence-based medical therapies in CHF.

Cardiac glycosides

Digitalis is the oldest of the drugs used in the treatment of
CHF today. It has been used for at least 200 years. Although
all internists, general practitioners, and cardiologists have
profound experience with this drug, the mode of action is
still partly unknown. The main action of the drug is thought
to be exerted by action on the plasma membrane Na�/
K�-ATPase, increasing intracellular concentrations of Na�

and Ca�. A variety of autonomic effects have been shown in
acute experimental studies.

Acute effects in CHF

Older uncontrolled studies have suggested that digitalis pro-
duced beneficial hemodynamic effects in patients with
decompensated heart failure, expressed as a decrease in pul-
monary capillary wedge pressure, an increase in cardiac out-
put, and a fall in heart rate.1,2 It appears that the effect of
digitalis on hemodynamics is dependent on the hemo-
dynamic state of the patient. Whereas positive effects have 
been observed in decompensated heart failure, the effects in

normal subjects are largely negligible.3,4 Although the slow-
ing of heart rate would be of benefit in diastolic heart failure
without systolic dysfunction, there are no data to support
the use of digoxin in diastolic heart failure. On the contrary,
on a theoretical basis, the increase in intracellular Ca� and
increase in contractility may be harmful to the hypertrophic
heart. Although digoxin has been found to act synergisti-
cally in combination with different vasodilators, no such
effects were seen in combination with dobutamin. Ferguson
showed that acute administration of digitalis restored
baroreceptor function and caused a decrease in sympathetic
activity.5,6 Goldsmith et al were not able to reproduce 
these results with regard to norepinephrine kinetics or
baroreceptor function.7 Both increase and decrease in
neurohormonal activity has been reported following acute
digoxin administration.

Chronic digitalis therapy

The first double-blind placebo-controlled trial with chronic
digoxin treatment was published in 1977.8 In a crossover
design, 46 patients were randomized; about one third 
were in atrial fibrillation. Sixteen patients deteriorated while
on placebo, eight of whom improved after being switched
over to digoxin. In a 3 month trial, Fleg et al could not show
any superior effect of digitalis treatment over placebo,
although the majority of patients on digitalis deteriorated after
discontinuation of the drug.9 Improvement of myocardial
function in patients with mild heart failure was demonstrated
by Taggart et al10 Other studies have shown positive effects of
digoxin on clinical heart failure symptoms, echocardiographic
findings, and exercise capacity, in particular in patients with
more advanced left ventricular dysfunction.11–13

The trials mentioned above were small, and the first large
study was the Captopril-Digoxin Multicenter Research
Group trial.14 In this study 300 patients with relatively mild
heart failure were compared using captopril, digoxin, or
placebo. Digoxin and captopril were equally effective in pre-
venting hospitalization or an increase in diuretic dosages.
Although digoxin-treated patients showed a significant
increase in ejection fraction, in contrast to the captopril
group, digoxin did not improve exercise capacity as much as
captopril. In another study with 433 patients with mild
heart failure, the German and Austrian Xamoterol Study
Group investigated the effect of digoxin together with 
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xamoterol and placebo. Digoxin improved clinical indices of
heart failure but not exercise capacity.15

Several trials have used a withdrawal design for the 
placebo-treated patients. Di Bianco et al compared digoxin
with milrinone in a 3 month multicenter trial in 230 patients
with moderate to severe heart failure.16 The digoxin-treated
patients showed a significant improvement in left ventricular
function and exercise capacity compared with the placebo
group. Furthermore, digoxin was significantly less prone to
induce arrhythmias compared with milrinone.

In the PROVED trial a randomized double-blind with-
drawal of digoxin was investigated in 88 patients with NYHA
class II–III.17 More placebo patients had worsening heart fail-
ure with an increase in the need for diuretics and hospitaliza-
tion, and an impairment in exercise capacity and LV function.
In a similar study – the RADIANCE trial – 178 patients with
CHF were investigated during digoxin withdrawal compared
with maintained digoxin therapy.18 The results were also sim-
ilar to those of the PROVED trial, with placebo patients show-
ing a statistically significant deterioration in cardiac function,
hospitalization, quality of life and exercise capacity.

It should be noted that the withdrawal study design 
is inferior compared with prospective treatment studies.
Because of the selection of responders and exclusion of 
non-responders who have suffered from deterioration or
even lethal arrhythmias during digoxin treatment, the study
design will result in different answers.

The Digitalis Investigators Group (DIG) study is the
largest study in CHF. It is the only survival study of digoxin.
The effect of digoxin was studied in a multicenter, prospec-
tive, randomized, placebo-controlled, double-blind trial in
7788 patients with mild to moderate heart failure and sinus
rhythm.19 Among the investigated patients, 6800 had signs
of systolic dysfunction expressed as ejection fraction of
�45%. The remaining 998 patients might be considered to
have diastolic dysfunction. There was no effect on the pri-
mary end point of all-cause mortality (odds ratio 1·0).
Digoxin significantly reduced the number of hospitalizations
from worsening heart failure.

Documented value of digoxin
Proven indication: always acceptable 
● Symptomatic left ventricular systolic heart failure and sinus

rhythm. Symptomatic improvement, improved exercise
capacity and decreased hospitalization for heart failure

● CHF with atrial fibrillation. Heart rate control
Acceptable indication but of uncertain efficacy and may be
controversial 
● Symptomatic heart failure due to diastolic dysfunction
Not proven: potentially harmful (contraindicated) 
● Bradycardia and atrioventricular block
● Significant ventricular arrhythmias
● Renal dysfunction
● Electrolyte disturbances, hypokalemia in particular

Grade A

Grade A

Grade A

Taken together, present data on digoxin suggest that this
drug induces small but beneficial effects on cardiac function,
morbidity, and symptoms. There is a neutral effect on all-
cause mortality, with a possibly lower incidence of deaths
from worsening heart failure, balanced by an increase in
arrhythmic and myocardial infarction deaths. However, the
therapeutic window is narrow, and the potential risk for seri-
ous arrhythmias cannot be ignored.

Diuretics

Fluid retention is a consistent finding in almost every patient
with CHF. The need for reduction of blood volume in
patients with edema was recognized several hundred years
ago. Drugs with mild diuretic effects, such as mercury salts,
carbonic anhydrase inhibitors, and thiazides, have all been
used. A more substantial way of inducing diuresis was
achieved when the loop-diuretics were introduced, and this
class of drugs has since been the cornerstone of heart failure
treatment.20 The compensatory fluid retention, as a response
to lower cardiac output and reduced kidney perfusion,21

might be of some benefit in restoring optimal preload in the
earlier states of CHF. A further increase in intracavitary pres-
sure increases wall stress in the myocardium with a parallel
increase in oxygen consumption and energy expenditure.
The elevation of venous pressure shifts the hydrostatic bal-
ance across the capillary wall toward a net filtration of fluid
to the extracellular space, and finally to the formation of
edema. The edema impairs the transportation of oxygen,
nutritive substances, and waste products, which ultimately
leads to organ failure. In the case of pulmonary edema, the
decrease in oxygen uptake affects all organs in the body. The
decrease in renal blood flow stimulates the renin system,
which leads to secretion of angiotensin and aldosterone.
Other neurohormones that promote retention of sodium
and water include vasopressin, norepinephrine, and
prostaglandins.22 Sodium excretion is promoted by atrial
natriuretic factor, dopamine, and prostacyclin.

Acute neuroendocrine and hemodynamic effects

In patients with pulmonary edema, intravenous furosemide
is normally followed by a prompt response and relief of symp-
toms. There have not been consistent findings regarding the
mode of action of loop-diuretics in the acute phase of decom-
pensated heart failure. The reduction in filling pressures
occurs even before diuresis is initiated,23–25 and has been
attributed to vasodilation. However, arterial vasoconstriction
has also been found, alone or in combination with venodila-
tion.26–28 Regarding cardiac output, an increase, no change,
or a decrease has been reported. Although furosemide is the
most thoroughly tested loop-diuretic, there are others avail-
able, including bumetanide,29 ethacrynic acid,30 piretanide,31
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and toresemide.32 There is little information about the 
acute neuroendocrine effects of diuretics. The effects on 
vascular tone suggest signs of neuroendocrine modulation.
Venodilation may be due to the release of renal vasodilator
prostaglandins.33

Chronic neuroendocrine and 
hemodynamic effects

Most long-term studies have involved a small number 
of patients and used a variety of drugs and doses. The 
first study to give information with oral diuretics was 
performed in a small number of patients with valvular heart
disease.24 Hydrochlorthiazide was administered and resulted
in a reduction in weight, pulmonary artery pressure, arterial
pressure, heart rate, and cardiac output at rest as well 
as during exercise. Results from other studies have 
yielded similar results, with different diuretics, including
furosemide,34 piretanide,35 torasemide,36 and amiloride.37

Chronic neuroendocrine effects are less well studied. Oral
furosemide treatment has been associated with a reduction
in norepinephrine concentration and a profound increase in
plasma renin activity, angiotensin, and plasma aldosterone
concentration.38,39

Effects on survival

No study has been performed examining the effect of diuret-
ics on long-term survival. There has been some concern
raised regarding the potential neurohormonal activation by
diuretics. However, any long-term neuroendocrine activa-
tion has not been demonstrated. Further, it should be kept
in mind that studies showing positive survival effects in
heart failure – with ACE inhibitors, � blockers or vasodila-
tors – have all used diuretics as background treatment.

Documented value of diuretics
Proven indication: always acceptable 
● Symptomatic improvement in case of congestion.

Improvement of exercise capacity
Acceptable indication but of uncertain efficacy and may be
controversial 
● Long-term treatment in conjunction with other drugs for

heart failure, such as ACE inhibitors, vasodilators and 
� blockers

Not proven: potentially harmful (contraindicated) 
● Heart failure without congestion or edema
● Severe decompensated hypokalemia or hyperuricemia

Clinical management

It is clear that diuretics reduce symptoms in CHF. The 
effect on symptoms has been formally tested in trials 
with furosemide and torasemide.40,41 Further, it has been
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Grade A

observed that the effects of ACE inhibitors may require the
coadministration of diuretics.42,43 Diuretics are also more
effective in relieving edema and congestive symptoms than
ACE inhibitors when given as single therapy.44 Through an
increase in urinary excretion of electrolytes, diuretics are
prone to induce hypokalemia, hyponatremia, hypocalcemia,
hypomagnesemia, and metabolic alkalosis.45 The need for
potassium supplements might be diminished by using 
potassium-sparing diuretics, such as amiloride or aldo-
sterone. ACE inhibitors act synergistically with potassium-
sparing diuretics, which may produce hyperkalemia. The
addition of a potassium-sparing diuretic to a loop-diuretic will
further increase diuresis. Additionally, the diuretic effect of a
loop-diuretic is boosted by other diuretics acting at different
sites in the nephron. Therefore, the combination of a loop-
diuretic with a thiazide enhances the diuretic effect.

It is difficult to foresee a future situation when diuretics
are no longer needed in the treatment arsenal of CHF.
Further, the obvious need for relief of edema and fluid reten-
tion will prevent the launching of any long-term survival
study. With reference to the multiple side effects produced
by electrolyte disturbances it is advisable to keep the
diuretic dosages as low as possible, and aim for combination
therapies in which dosages are minimized.

Aldosterone receptor blockers

Aldosterone plays an important role in the pathophysiology
of heart failure, facilitating sodium retention and potassium
loss. Further, it activates the sympathetic nervous system and
stimulates myocardial and vascular fibrosis, and is a com-
ponent of the circulating renin–angiotensin–aldosterone 
system.46–49

Although aldosterone antagonists have diuretic effects
they differ from other diuretic agents in that they are neuro-
endocrine antagonists, and thereby have a potential to be
effective in the long-term treatment of patients with CHF.
Spironolactone is an old drug that has been used for decades
as a potassium-sparing agent. However, the long-term clini-
cal effects in the treatment of CHF was not tested until
recently. The concept of aldosterone antagonism was stud-
ied in the RALES study where 1663 patients in NYHA class
III or IV were randomized to spironolactone or placebo.50

Spironolactone was initiated with 25 mg/day with adjust-
ments to 12·5 or 50 mg depending on serum potassium.
Ninety five per cent of the patients were on ACE inhibitors
while only 11% had a background therapy of � blockers.
The trial was discontinued early after a mean follow up
period of 24 months because of beneficial effect of spirono-
lactone. There were 386 (46%) deaths in the placebo group
and 284 (35%) in the spironolactine group; RR 0·70 (95%
CI 0·60–0·82), P � 0·001. The lower risk was attributed to
both a lower risk from progressive heart failure and sudden
death from cardiac causes. The RALES trial demonstrates
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that improved antagonism of the renin–angiotensin system
by spironolactone reduces the risk of both morbidity and
mortality in CHF. To reduce endocrine side effects by
spironolactone, a selective aldosterone receptor blocker
(eplerenone) is now tested in patients with CHF.

Documented value of spironolactone
Proven indication: always acceptable 
● Improvement of survival in severe CHF
● Reduction of morbidity in severe heart failure
Acceptable indication but of uncertain efficacy and may be
controversial 
● Reduction of morbidity in mild to moderate heart failure
● Reduction of mortality in mild to moderate heart failure
Not proven: potentially harmful (contraindicated) 
● Hyperkalemia

Vasodilators

Vasodilation reduces left ventricular afterload and preload,
and these beneficial effects were observed in 1956,51,52 but
it was not until the 1970s that the concept was widely
accepted.53,54 The first drugs used were pure vasodilators,
such as nitroprusside, nitroglycerin, and phentolamine.
Later, agents with combined effects were developed.
Examples of combination therapies are the inotropic drugs
with simultaneous vasodilation, such as dobutamine, and
ACE inhibitors, which are reviewed in another section of
this chapter.

Reduction of afterload and preload in CHF improves the
left ventricular performance according to the Frank–Starling
relation with less myocardial oxygen demand and increased
cardiac output.55,56 Further, vasodilation might reduce
valvular regurgitation by means of afterload reduction.
Vasodilation may improve organ dysfunction by acting
directly on selected vascular beds, such as the coronary and
the renal vasculature.

Acute vasodilator therapy

Nitroglycerin and nitroprusside are the drugs most com-
monly used for acute short-term vasodilation therapy in
heart failure.

Nitroglycerin

Nitroglycerin causes smooth muscle cell relaxation and
vasodilation of arterial and venous vessels through action 
on guanylate cyclase and the generation of cyclic guanosine
monophosphate.57 Nitrates can be used as sublingual 
tablet, lingual–buccal spray, or as intravenous infusion.
Administration causes reduction in left ventricular filling
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pressures within 3–5 minutes, mainly by venodilation and
lowering of preload.58–63 Further, nitroglycerin reduces sys-
temic vascular resistance and afterload, with ensuing
improvement in cardiac output. Although the effect of nitro-
glycerin on coronary blood flow has not been studied in
CHF, it is conceivable that nitrate therapy favorably affects
myocardial perfusion and oxygen supply/demand ratio.64,65

Acute nitrate administration appears to be especially useful
in cases of elevated filling pressures and ischemic condi-
tions, such as in ischemic cardiomyopathy and myocardial
infarction.

Nitroprusside

Nitroprusside generates nitric oxide and nitrosothiols,
which stimulate guanylate cyclase to increase intracellular
cGMP. The smooth muscle cell relaxation is rapidly induced
after administration. Sodium nitroprusside is converted to
cyanide and is metabolized to thiocyanate. Thiocyanate may
accumulate and lead to thiocyanate toxicity during pro-
longed nitroprusside therapy. As compared to nitroglycerin,
nitroprusside is far more potent and causes a more pro-
nounced arterial vasodilation.61 The most prominent effect
of nitroprusside is the arterial vasodilation with afterload
reduction. There are minor effects on renal and hepato-
splanchnic vasculature.61 In contrast to nitroglycerin, nitro-
prusside may induce a coronary steal phenomenon.66

Nitroprusside is best employed in cases of acute heart 
failure after cardiac surgery or myocardial infarction, or in
patients waiting for a more definitive intervention, such as
valvular surgery. Further, nitroprusside has been used to sta-
bilize patients with chronic heart failure and to determine
their optimal level of vasodilation.67 Owing to its potent
vasodilation property, nitroprusside may cause adverse
hypotension, especially in cases of inadequate filling pres-
sure. Thiocyanate and cyanide toxicity is rare during short 
term administration (	3 micrograms/kg/min for less than
72 hours).

Hemodynamic effects of long-term 
vasodilator therapy

Nitrates and hydralazine

Oral nitroglycerin and hydralazine have been studied, either
alone or in combination therapy. The effects on left ventric-
ular function and hemodynamics are similar to the acute
effects of vasodilators described above.68–71

Hydralazine was available as an antihypertensive agent
when vasodilator therapy was adopted as a therapeutic strat-
egy in CHF. Hydralazine acts as a dominant arterial vasodila-
tor, but has probably also mild inotropic properties, which
might be due to a reflex activation of sympathetic activ-
ity.72,73 This inotropic action might be responsible for a less
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favorable effect on myocardial oxygen consumption coun-
teracting the unloading effects of vasodilation.74,75

The addition of a nitrate to hydralazine causes a greater
effect on the reduction in filling pressures than can be
achieved by hydralazine alone.76 In view of the beneficial
action of nitrates on coronary dynamics, a nitrate should be
added to hydralazine therapy in patients with significant
coronary artery disease.77 Although hydralazine–nitrate
therapy was marginally superior to ACE inhibitor in improv-
ing exercise capacity, this combination displayed worse 
tolerability.78

Calcium-channel blockers

Besides its vasodilatory effect, the first generation calcium-
channel blocker nifedipine possesses negative inotropic
effects. Deleterious effects with regard to hemodynamics,
neurohormonal activation, and disease progression have
been demonstrated in several trials.79 Diltiazem has been
associated with deterioration, no change, or improvement
in hemodynamic function. In a postinfarction study, patients
with heart failure did not benefit from verapamil treatment,
in contrast to patients without heart failure.80 Furthermore,
the effects of diltiazem were unfavorable in patients with
CHF in conjunction with myocardial infarction in a large
placebo-controlled trial in 1237 patients.81 Second genera-
tion calcium-channel blockers have not been extensively
studied in patients with heart failure, but there are indica-
tions of a risk for clinical deterioration with drugs such as
nisoldipine and nicardipine.82,83 The second generation 
calcium-channel blocker felodipine caused vasodilation and
an increase in cardiac output during 8 weeks of treatment in
a placebo-controlled trial.84

Other vasodilators

Other potent vasodilators, such as prazosin, minoxidil, and
epoprosternol, are discussed in the next section regarding
survival. These drugs are currently not used in the long-
term management of CHF.

Effects on survival

Hydralazine and isosorbide dinitrate

The V-HeFT I was the first placebo-controlled clinical trial to
study the effect of a vasodilator on survival in patients with
chronic heart failure. The study recruited 642 patients with
mild to moderate heart failure, and randomized to receive
placebo, prazosin hydrochloride, or the combination of
hydralazine hydrochloride and isosorbide dinitrate. Two
years after randomization, the survival in the hydralazine-
isosorbide treated group was significantly better than the

placebo group (P � 0·028). For the entire follow up, the dif-
ference was not significant (P �0·093). The mortality rate in
the prazosin group was not different from the placebo
group.85

The second V-HeFT study examined the efficacy 
of hydralazine and isosorbide with that of enalapril. 
There were 804 patients, randomized to the two treatment
strategies. Two years after randomization, the all-cause 
mortality was 18% in the enalapril group as compared 
with 25% in the hydralazine-isosorbide group (P � 0·016).
For the total follow up, the difference was not significant 
(P � 0·08).

Calcium-channel blockers

Felodipine was studied in the V-HeFT III study, in which the
effect on survival was neutral.86 Amlodipine, a third genera-
tion calcium-channel blocker, was investigated in the
PRAISE trial.87 A total of 1153 patients with NYHA class
III–IV were randomized, including 421 patients with non-
ischemic dilated cardiomyopathy. The overall effect on 
mortality as well as on the combined end point mortality
and hospitalization was neutral. Whereas the mortality was
unchanged in the subgroup with ischemic heart failure,
there were significantly fewer end points in the non-
ischemic group treated with amlodipine as compared to
patients on placebo (22% v 35%, P �0·001). However, this
was not expected prior to the conduct of the study and 
the hypothesis was assessed in the PRAISE-2 trial among
patients with non-ischemic CHF.88 Patients with non-
ischemic etiology of CHF in NYHA class IIIb or IV 
(n � 1652) were randomized to placebo or amlodipine
10 mg/day. There was no significant difference in all-cause
or cardiac mortality and cardiac event rates between the
two groups. Combining the data of PRAISE-1 and PRAISE-2
suggest a complete prognostic neutrality. However, based on
these trials amlodipine and felodipine may be safely used to
treat angina or hypertension in patients with CHF, if other
proven drugs such as ACE inhibitors and � blockers are 
ineffective or not tolerated.

Other vasodilators

Flosequinan is a vasodilator with a combined venous 
and arterial effect, with a possible positive inotropic 
and chronotropic effect. A large multicenter trial (PROFILE)
was launched to study the effects on survival in heart 
failure patients. However, this study had to be stopped 
prematurely, because of an increase in mortality in the 
flosequinan-treated patients.89 Additionally, the prostacyclin
epoprostenol might improve hemodynamics, but has been
shown to have an adverse effect on mortality in severe heart
failure.90
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Documented value of vasodilators
Proven indication: always acceptable 
● Short-term reduction of afterload in cases with acute

heart failure
● The combination hydralazine-isosorbide dinitrate can be

used for long-term treatment in patients who do not tol-
erate ACE inhibitors

Acceptable indication but of uncertain efficacy and may be
controversial 
● Third generation calcium-channel blockers may be used

for symptomatic treatment of conditions such as angina
pectoris or hypertension

Not proven: potentially harmful (contraindicated) 
● Vasodilators other than hydralazine-isosorbide dinitrate

and third generation calcium-channel blockers may
increase mortality during long-term treatment

● Treatment of patients with concomitant significant aortic
or mitral stenosis

Most vasodilators can improve hemodynamics on a 
short-term basis. Besides the combination of hydralazine
and isosorbide dinatrate, the long-term effects of different
vasodilators are either neutral or detrimental. The majority
of studies have shown harmful effects with calcium-channel
blockers in CHF, with the exception for felodipine and
amlodipine where the effects on survival have been neutral.
It is therefore suggested that vasodilators other than ACE
inhibitors may be used to relieve symptoms and to acutely
improve the hemodynamic condition. The effects on sur-
vival are less favorable as compared with ACE inhibitors,
but hydralazine-isosorbide dinitrate may be used in patients
who do not tolerate ACE inhibitors.

Drugs affecting the renin–angiotensin system

Angiotensin converting enzyme 
(ACE) inhibitors

ACE inhibitors have been introduced for the treatment 
of heart failure within the past decade. Their potential value
was suggested by studies showing improved symptomatol-
ogy,91 hemodynamics92,93 and survival.94 It was hypothe-
sized that ACE inhibitors might attenuate left ventricular
remodeling after myocardial infarction95,96 and thus 
possibly prevent the progression to symptomatic heart 
failure. Neuroendocrine activation has been shown to be of 
prognostic importance97 and ACE inhibitors have the 
potential of modulating this activation.98 Several studies 
have reported results on the effects of ACE inhibitors on 
survival in patients with clinical heart failure, following
acute myocardial infarction generally and following myocar-
dial infarction with left ventricular dysfunction or heart 
failure.
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Survival trials

CONSENSUS included 253 patients in NYHA class IV 
randomized to placebo or enalapril. After a follow up of 
6 months (primary objective), the overall mortality was
reduced by 27% (P �0·003). Number of days for hospital
care was reduced and NYHA classification significantly
improved with enalapril.94

In the largest study, the Studies of Left Ventricular
Treatment (SOLVD) trial, 2569 patients with symptomatic
heart failure NYHA class II–III received placebo or enalapril
besides conventional heart failure therapy.99 The average
follow up was 41.4 months. Mortality was significantly
reduced from 40% to 35% (P �0·0036). Hospitalizations for
heart failure were also reduced. The largest reduction in
mortality occurred among deaths attributed significantly to
progressive heart failure. Symptoms and quality of life
assessed by questionnaire were improved.100

In the Survival and Ventricular Enlargement (SAVE) trial,
2231 patients with ejection fraction of 40% or less, but
without overt heart failure or symptoms of myocardial
ischemia, were randomly assigned treatment with captopril
or placebo.101 Mortality from all causes was 20% in the 
captopril group and 25% in the placebo group (RR 19%, 
P �0·019).

In the TRACE study 1749 patients with left ventricular
dysfunction were randomly assigned treatment with
placebo or the ACE inhibitor trandolapril.102 Treatment was
initiated 3–7 days from the onset of myocardial infarction.
All-cause mortality in the placebo group was 42·3% and
34·7% in the trandolapril group, a 22% relative reduction of
mortality (P �0·00065).

In the AIRE study, 2006 patients with clinical evidence of
heart failure any time after the index infarction, were ran-
domly allocated to treatment with ramipril or placebo on
day 3–10 from the onset of infarction.103 Clinical evidence
of heart failure was defined as at least one of the following:
signs of left ventricular failure on chest radiograph, bilateral
auscultatory crackles extending at least one third of the 
way up the lung fields in the absence of chronic pulmonary
disease, or auscultatory evidence of a third heart sound 
with persistent tachycardia. The average follow up was 
15 months with a minimum of 6 months. Mortality from all
causes at the end of the study was 17% in the ramipril group
and 23% in the placebo group (RR 27%, P �0·002).

Improved blockade of the renin–angiotensin system was
tested in the ATLAS trial. Patients with CHF (n � 3164) and
ejection fraction �30% were randomized to a low dose of
lisinopril (2.5–5·0 mg/day) or a high dose (32.5–35 mg/day)
for a median of 45·7 months.104 There were 717 deaths in
the low-dose group versus 666 in the high-dose group (haz-
ard ratio 0·92; P � 0·128) for the high dose. The combined
end point of all-cause mortality or hospitalization for any
reason showed a hazard ratio of 0·88 (95% CI 0·82–0·96), 
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(P �0·002). The side effects and tolerability were similar in
the two groups.

These findings indicate that patients with heart failure
should generally not be maintained on very low doses of an
ACE inhibitor, and suggest that a difference in efficacy
between intermediate and high doses of an ACE inhibitor is
likely to be very small. Thus, patients should be titrated to
dose levels observed in trials, that is lisinopril or enalapril at
least 16–18 mg/day. The value of additional dose levels
such as �20 mg/day lisinopril is uncertain but supported by
the results of the ATLAS trial.

A recent meta-combined analysis of individual patients
from five large randomized studies with ACE inhibitors was
presented by Flather and coworkers. Three of these studies
were postinfarction trials, enrolling 5966 patients, in a total
of 12 763 cases. The risk of death was significantly lower in
the ACE inhibitor-treated group (23% v 27%; odds ratio
0·80, 95% CI 0·74–0·87), as was the risk of re-infarctions
(8·9% v 11%; odds ratio 0·79, 95% CI 0·70–0·89). The
treatment benefits were independent of age, sex, and base-
line treatment.105

Trials on exercise capacity

There are many trials that have focused on this objective. An
extensive review of these trials has recently been published106

and indicated that these agents improve exercise capacity, as
well as symptoms in patients with chronic CHF. Changes in
exercise capacity are consistent with changes in symptoms.

Trials on hemodynamics

ACE inhibitors were documented in early studies to induce
beneficial hemodynamic responses. These effects included a
vasodilatory effect and an increased cardiac output, increased
stroke volume, and reduced pulmonary wedge pressure.92,93

Trials on prevention

A reduced incidence of heart failure by ACE inhibitors has
been demonstrated in several trials. In the prevention arm
of the SOLVD study,99 the incidence of heart failure and the
number of hospitalizations were reduced and similar find-
ings were reported in SAVE.101 In an overview of ACE
inhibitor trials,107 the preventive potential of ACE inhibitors
is clearly demonstrated.

The potential antiatherosclerotic effect of ACE inhibitors,
suggested from experimental animal studies, is supported by
observations from the SOLVD108 and SAVE101 studies, in
which the incidence of myocardial infarction and unstable
angina were reduced. The HOPE trial tested the hypothesis
that the ACE inhibitor ramipril might favorably influence sur-
vival in patients with different atherosclerotic conditions and
in patients with high-risk diabetes mellitus (n � 9297).109

These patients were considered not to have CHF at inclu-
sion. The primary composite end point of myocardial infarc-
tion, stroke, or death from cardiovascular causes was
significantly reduced in the treatment group (651 v 826 end
points; RR 0·78; 95% CI 0·70–0·86, P � 0·001). Ramipril
also reduced the risk of heart failure (9·1% v 11·6%; RR
0·77, P � 0·001). Thus, even though this was not a study
on CHF patients, ramipril appeared to protect high-risk ath-
erosclerotic and diabetic patients from future development
of CHF and other cardiovascular complications.

Cost effectiveness

Enalapril therapy for patients with heart failure (SOLVD)
was cost effective and justified by added benefits compared
to other vasodilator therapy.110 In asymptomatic patients
with left ventricular dysfunction after an acute myocardial
infarction (SAVE), captopril was cost effective in patients
aged 50–80 years compared to other interventions.111

Ramipril therapy for patients with clinical heart failure after
acute myocardial infarction appears highly cost effective
when assessed using data from the AIRE study.112 ACE
inhibitor treatment was considered cost effective in an eval-
uation of five independent studies regarding economic
analysis.113

Documented value of ACE inhibitors
Proven indication: always acceptable 
● Symptomatic chronic heart failure and documented sys-

tolic myocardial dysfunction. Improved survival and
reduced morbidity have been demonstrated. Symptoms
will be attenuated and exercise capacity improved

● Following acute myocardial infarction with clinical signs
of heart failure or significant systolic dysfunction (ejec-
tion fraction �40%). Improved survival and reduced
morbidity have been demonstrated

● Prevention of cardiovascular events, including heart 
failure, in patients with atherosclerotic disease, or 
in patients with diabetes mellitus and additional risk 
factors

Acceptable indication but of uncertain efficacy and may be
controversial 
● Heart failure from diastolic dysfunction
Not proven: potentially harmful (contraindicated) 
● Treatment of patients with significant aortic or mitral

stenosis
● Treatment of patients with hypotension (systolic blood

pressure �80 mmHg)
● Treatment of patients with pronounced renal dysfunction

Clinical perspective

All patients with documented left ventricular systolic dys-
function (ejection fraction � 35–40%) should be considered
for treatment with an ACE inhibitor. In symptomatic
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patients this should be considered first-line therapy in addi-
tion to a diuretic agent. Treatment should be continued long
term. Patients with clinical CHF should be maintained on
ACE inhibitor treatment in combination with a diuretic.

Contraindications to ACE inhibitors include hypotension
(in general systolic blood pressure � 80 mmHg), pronounced
renal dysfunction (serum creatinine � 250 micromol/1), his-
tory of angioneurotic edema, and important valve stenosis.

The dosage to be used should be titrated from a low dose
and increased to the moderate high levels employed in clin-
ical trials. If no hypotension or renal dysfunction develops,
titration up to enalapril 10 mg 2�/day, captopril 50 mg
2�/day ramipril 10 mg/day, trandolapril 4 mg 4�/day,
quinapril 10 mg 2�/day will be most effective.

Angiotensin II receptor (AT1) antagonists

As ACE inhibition does not provide complete blockade from
the synthesis of angiotensin II, a more effective blockade has
been postulated by a specific antagonism at the receptor
(AT1) level. Hemodynamic effects of losartan have been sim-
ilar to the effects of enalapril in comparative trials.114 In a
pilot trial, ELITE, patients with heart failure were random-
ized to losartan 50 mg/day or captopril 50 mg 3�/day for
48 weeks.115 The primary end point was renal dysfunction.
The effect on serum creatinine did not differ between the
two groups. The secondary end point, death and/or hospi-
talization for heart failure, was 9·4% in the losartan group
and 13·2% in the captopril group (P � 0·075). The differ-
ence was entirely due to a 46% decrease in total mortality
among losartan-treated patients, 8·7% and 4·8% respectively
(P � 0·035).

In an attempt to confirm the findings from the ELITE
study, ELITE-II was conducted in 3152 class II–IV patients
with ejection fractions (EF) of �40%, randomized to losar-
tan 50 mg/day or captopril 50 mg 3�/day.116 There was no 
significant difference in all-cause mortality or sudden 
death (hazard ratio 1·13; 95% CI 0·95–1·35, P � 0·16).
Significantly fewer patients in the losartan group discontin-
ued study treatment because of adverse effects (9·7 v 14·7%;
P � 0·001).

In RESOLVD, there were no differences between groups
receiving candesartan and enalapril in exercise tolerance,
ventricular function, or symptomatic status over 43 weeks.117

However, combined therapy with candesartan plus enalapril
markedly reduced ventricular volumes and improved ejection
fraction over 43 weeks compared to either candesartan or
enalapril alone. There was greater inhibition of aldosterone
levels with the combination at 20 weeks, but this difference
narrowed at 43 weeks. The study was too small to examine
the impact of clinical outcomes.

In the Val-HeFT study 5010 patients in class II–IV and 
EF of �40% were randomized to placebo or valsartan.7

Dose levels were increased to 160 mg 2�/day. Background

therapy with an ACE inhibitor was present in 93%. There
was no effect on all-cause mortality (484 in the placebo
group v 495 in the valsartan group; RR 1·02, 95% CI
0·90–1·15, P � 0·8). In the other primary end point, mor-
tality or hospitalizations, there was a significant reduction
from 801 (32.1%) to 723 (28·8%) (RR 0·87, 95% CI
0·79–0·96, P � 0·009). In a subgroup analysis patients on a
background therapy with a � blocker were found to have an
increased risk when given valsartan. A similar observation
was observed in ELITE-II. On the other hand, patients in the
RESOLVD study had an improvement in left ventricular
function when metoprolol was added to enalapril or 
candesartan or the combination. Therefore, these apparant
subgroup interactions should be viewed with considerable
caution.

The newer trials with angiotensin receptor blocker
(ARBs) are suggestive, but do not offer definitive proof that
ARBs can be used for symptomatic treatment of patients
with heart failure who do not tolerate ACE inhibitors. As
yet, the documentation regarding survival benefits is not as
good as for ACE inhibitors.

Documented value of AT1-receptor antagonists
Proven indication: always acceptable 
● Symptomatic treatment of patients with heart failure

who do not tolerate ACE inhibitors
Acceptable indication but of uncertain efficacy and may be
controversial 
● Symptomatic treatment in patients who do not tolerate 

� blockers
Not proven and potentially harmful 
● Treatment of patients with a background therapy of both

an ACE inhibitor and a � blocker

Non-digitalis inotropic drugs

In CHF it is often apparent that the heart suffers from
inotropic failure. It is therefore not surprising that vast
efforts have been invested in order to develop drugs that
might increase contractility or the state of inotropy.
Although several drugs with inotropic activity are available
today, it has become increasingly evident that these drugs
are associated with important negative effects.

There are inotropic agents in different classes according
to their mode of action.118 Cardiac glycosides affect sarco-
lemmal ions through the effects on ion channels or ion
pumps. These drugs are covered in another section of this
chapter. Other drugs increase the intracellular level of cyclic
adenosine monophosphate (cAMP), either by receptor stim-
ulation (� adrenergic agonists), or by decreasing cAMP
breakdown (phosphodiesterase inhibitors). One class of
agents affects intracellular calcium mechanisms by release
of sarcoplasmic reticulum calcium, or by increasing the 
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sensitivity of contractile proteins to calcium. Further, there
are inotropic drugs with multiple mechanisms of action.

� Agonist drugs

Dobutamine

Drugs with � receptor agonist properties induce an increase
in intracellular cAMP activity by stimulation of cellular
receptors. Already during the 1960s patients with cardio-
genic shock were treated with � receptor agonists isopro-
terenol and norepinephrine.119 It was realized that both
drugs had potential negative effects, such as an increased
risk for arrhythmias or – in the case of norepinephrine – an
untoward vasoconstriction. The development of dobuta-
mine, a drug that is a modification of the isoproterenol mol-
ecule, resulted in an agent with �1, �2 and 
1 adrenergic
activity.120 Dobutamine induces vasodilation in combination
with an increase in contractility, leading to an increase in
stroke volume and cardiac output.121–123 An enhancement
of contractility is usually associated with an increase in
myocardial oxygen consumption.124 Side effects, such as
arrhythmias or an unfavorable blood pressure response, are
usually modest. Dobutamine can only be administered 
intravenously, in doses from 2 micrograms/kg/min up to
20–25 micrograms/kg/min.125 It has been noticed that
dobutamine may decrease � receptor sensitivity,126,127 and 
prolonged infusion over 96 hours has been associated with a
decrease in the hemodynamic effect by as much as 50%.128

Beneficial short-term action encouraged investigators to use
the drug in patients with chronic heart failure on an outpa-
tient basis. Intermittent therapy was found to increase qual-
ity of life and hemodynamics.129 However, a clinical trial
had to be stopped prematurely because of an increase in
mortality in the dobutamine-treated group.130

Dopamine

Dopamine (DA) is an adrenergic agonist with predominantly
�1 receptor activity.131,132 This drug increases contractility
with minor effects on heart rate or blood pressure. At low
doses (0·5–2.0 micrograms/kg/min), DA acts on DA recep-
tors, while at doses above 5·0 micrograms/kg/min it has
effects through �1 receptors, and at higher doses also
through 
 receptors. Infusion at low doses causes dilation of
smooth muscles in renal, mesenteric, and coronary arteries,
leading to an increase in diuresis.133,134

Ibopamine

Ibopamine is an orally active dopaminergic agonist, with the
active metabolite epinine N-methyldopamine acting on DA1
and DA2 receptors. This agent had positive hemodynamic
effects in terms of an increase in cardiac output, a reduction

in systemic vascular resistance, and no effect on heart
rate.135,136 In a study with digoxin and ibopamine in 161
patients with mild to moderate chronic heart failure, it was
observed that ibopamine had some positive effects in
patients with less ventricular dysfunction, and no effects on
mortality.137 To evaluate the long-term effects of ibopamine,
a study (PRIME-II) was initiated in 1906 patients with
NYHA class III–IV heart failure. However, the study was ter-
minated prematurely because of an increase in mortality in
the ibopamine group: 25% (232 of 953) in the ibopamine
group died versus 20% (193 of 953) in the placebo group
(RR 1·26, 95% CI 1·04–1·53, P � 0·017).138

Xamoterol

Xamoterol is a drug with � adrenergic blocking effects and
high partial agonist activity, and long-term effects are similar
to those of other inotropic agents. A multicenter trial had to
be discontinued because of an increase in mortality in the
active treatment group: 32 of 352 (9·1%) patients in the
xamoterol group and 6 of 164 (3·7%) patients in the placebo
group died (P � 0·02).139

Phosphodiesterase inhibitors

Through inhibition of cAMP breakdown, the phosphodi-
esterase inhibitors bypass the � receptor pathway. The first
phosphodiesterase inhibitor was amrinone, a drug with
inotropic and vasodilatory effects. During infusion, amri-
none induced afterload reduction, a decrease in filling 
pressures, increase in cardiac index, and also an increased
rate of contractility and relaxation.140–142 The major side
effect is thrombocytopenia. Similarily, the related agent mil-
rinone has been found to enhance myocardial contractility,
besides having potent vasodilatory effects,143–145 but with-
out thrombocytopenia.146 The short-term effects of another
agent – enoximone – have been similar to those of other
phosphodiesterase inhibitors.147–149 As phosphodiesterase
inhibitors elicit intracellular effects through other pathways
than � adrenergic drugs, it has been hypothesized that the
combination of these two classes of drugs would enhance
myocardial performance. Results from clinical trials have
supported this concept.150,151

Whereas short-term administration may improve myocar-
dial performance and clinical condition in CHF,145,152 the
long-term effects of phosphodiesterase inhibitors have been
discouraging. Oral phosphodiesterase administration has
been tested in several trials for chronic heart failure, all of
which have demonstrated no beneficial effect or a substan-
tial increase in mortality in patients receiving the investi-
gated drug.16,153–155 In the PROMISE trial 1088 class III–IV
patients were given milrinone or placebo. There was a 28%
increase in mortality in patients treated with milrinone
(95% CI 1–61%, P �0·038).153
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Calcium-sensitizing drugs

Pimobendan is the most thoroughly studied drug in this
class of inotropics. The effect is mediated by an increase in
the affinity of troponin C for intracellular calcium.156,157

Pimobendan inhibits phosphodiesterase and thereby has
effects similar to those of milrinone.156,158 In clinical trials
pimobendan has been shown to exert improvement in car-
diac index, exercise performance, and quality of life.159,160

However, treatment effects did not show congruity among
different doses, and there was also a tendency toward
increased mortality in a large 24 week trial.161

Vesnarinone is a drug with muliple actions. It is a syn-
thetic quinolinone derivative that in part inhibits phosphodi-
esterase, with simultaneous effects on transmembrane ion
transports. This drug seemed to have effects on contractility
without increasing the heart rate,162,163 which made it an
interesting candidate for long-term therapy in heart failure.
Furthermore, it was demonstrated that vesnarinone might
inhibit the production of cytokines, including tumor necro-
sis factor (TNF-
).164 A moderate size trial with two doses
of vesnarinone was started in 1989. Whereas the 120 mg
treatment arm had to be stopped prematurely because of 
a significant increase in mortality in the active treatment
group (16 deaths v three deaths in the 60 mg arm and six
deaths in the placebo group), the 60 mg group continued.
Unexpectedly, on completion of the study it was shown that
60 mg of vesnarinone was associated with a reduction in the
combinded end point mortality or cardiovascular morbidity
(26 of 239 v 50 of 238; RR 50%, 95% CI 20–69, 
P � 0·003).165 This study was followed by a larger placebo-
controlled trial (VEST), with 3800 patients. However, the
study was stopped early because of a 26% increase in 
mortality in patients treated with 60 mg of vesnarinone.166

Levosimendan is a new calcium-sensitizing agent with
properties similar to pimobendan. This drug has, so far, been
tested in short-term studies, and no long-term survival stud-
ies have been presented. Levosimendan was compared with
dobutamine in 151 patients. A 10 minute bolus was followed
by a 24 hour infusion of 0·05–0·6 micrograms/kg/min.
Dobutamine was given as an open-label infusion (6 micro-
grams/kg/min). The primary efficacy variable was the 
proportion of patients showing an increase in stroke vol-
ume, a decrease in pulmonary capillary wedge pressure, or
an increase in cardiac output. The response rate to levosi-
mendan ranged from 50% at the lowest dose to 88% at the
highest dose (compared with placebo 14% and dobutamine
70%).167 In another study, levosimendan was compared
with placebo in 146 patients in NYHA class III–IV. The dose
range was 0·1–0·4 micrograms/kg/min. Treatment caused
dose-dependent decreases in right and left ventricular filling
pressures and mean arterial pressure. There were minor
increases in heart rate at higher doses and symptoms
improved as compared with placebo.168 Thus, short-term

infusion (up to 24 hours) of levosimendan (0·05–0·2 micro-
grams/kg/min) is well tolerated and leads to favorable
hemodynamic effects. Further, there are unpublished data
suggesting that levosimendan might have long-term favor-
able effects in patients with myocardial infarction and heart
failure.

The clinical effects appear to be similar to those of phos-
phodiesterase inhibitors, although experimental data sug-
gest that no adverse effects on myocardial metabolism occur
with levosimendan. No comparable studies have been con-
ducted between levosimendan and a phosphodiesterase
inhibitor, and long-term data are still required before the
clinical value can be established.

Documented value of inotropic drugs
Proven indication: always acceptable
● Short-term improvement of symptoms in patients with

severe heart failure
● Bridging towards more definitive surgical treatment,

such as cardiac transplantation
Acceptable indication but of uncertain efficacy and may be
controversial 
● Intermittent short-term treatment in chronic heart failure
Not proven: potentially harmful (contraindicated) 
● Long-term treatment in chronic heart failure. These

drugs increase the risk of mortality.

It should be obvious from the summary above that differ-
ent inotropic drugs, with a wide variety of modes of action,
may improve symptoms and cardiac function on a short-
term basis. However, inotropic drugs increase the risk of
mortality. Whether these detrimental long-term effects
could be abolished in the development of any other com-
pound is unclear.

Anti-adrenergic agents

� Adrenergic blockade

Clinicians have generally been cautious in using � blockers
in patients with CHF, even though investigators in the early
1970s were already proposing a possible beneficial effect of
� blockers in such cases.169,170 However, data have been
gathered during recent years indicating that this class of
drugs may have a significant contribution to make in the
heart failure treatment armamentarium of the near future.

Early case reports suggested that � blockers had a 
potential to elicit overt heart failure in some cases.171,172

However, although the possibility of such an adverse reac-
tion has been of concern, there are no placebo-controlled 
trials that have proven that � blockers are detrimental in
congestive heart failure. On the contrary, analysis of several
myocardial infarction studies has shown that patients with
signs of CHF showed a similar or better response to � block-
ers than did patients without heart failure.173–175
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Hemodynamic effects

The short-term effects of � adrenergic blockade differs
markedly from the long-term effects, which might be one
explanation for the difficulties in understanding the mode of
action during long-term therapy. After IV administration,
there is a rapid reduction in heart rate, contractility, and blood
pressure, with ensuing fall in cardiac output.176–179 However,
intraventricular volumes, stroke volume, and ejection fraction
are unaffected.177,178 � Blockers with vasodilating properties
cause an acute reduction in afterload with reduction in filling
pressures.176–179 During 1–3 months of treatment, positive
diastolic effects have been observed and these effects proba-
bly precede full effects on cardiac systolic function.178,180

During long-term treatment (3–12 months), � blockers
induce myocardial improvement, as expressed by an increase
in ejection fraction, cardiac output, and exercise capac-
ity.181–185 Similar to ACE inhibitors, � blockers attenuate left
ventricular remodeling.186–188 In the RESOLVD trial, meto-
prolol CR/XL was compared with placebo over 24 weeks in
426 patients receiving either an ARB (candesartan) or an ACE
inhibitor (enalapril) or the combination. There was a signifi-
cant improvement in measures of LV function in the 
� blocker treated group with an attenuation in the increase in
LV dimensions.189

Effects of neurohormones

Acute administration of metoprolol causes a reflex increase
in peripheral catecholamines without alteration of the 
transmyocardial gradient.178 With radioactive labeling of
norepinephrine, the non-selective � blocker propranolol
was shown to reduce myocardial norepinephrine spillover
as compared to the �1 selective blocker metoprolol.190

There are sparse data on the long-term effects of � adrener-
gic blockade on neurohormonal activation, but some studies
suggest a beneficial reduction in peripheral norepinephrine
level.191–195 A decrease in renin–angiotensin activity has
been noted, while the levels of atrial natriuretic peptides
might increase on a short-term basis.189

Effects on quality of life and hospitalizations

A reduction of the need for hospitalizations has been
demonstrated in studies with bisoprolol,196 metoprolol,197

and carvedilol.198 Quality of life was improved in the
Metoprolol in Dilated Cardiomyopathy (MDC) trial.199

Whereas both patient and physician global assessments of
heart failure symptoms improved, quality of life scores were
not improved in the US carvedilol studies or in the MERIT-
HF study.200–202 In the Australian–New Zealand study, 
there was a tendency towards worse symptoms.187 Further,
carvedilol has been shown to reduce the progression
towards overt heart failure.187

Effects on survival

One of the first studies of � blockers in congestive heart fail-
ure showed a reduced mortality in patients treated by 
� blockade as compared with historical controls.169 Not
until 1993, when the MDC trial was published, did addi-
tional information on clinical outcome become available.
This study showed a trend towards a 34% reduction in the 
combined end point deaths and need for heart transplanta-
tion (P �0·058) in 383 patients with idiopathic dilated car-
diomyopathy, treated with placebo or metoprolol.199 A late
follow up of this study has recently demonstrated that this
trend was also maintained, or possibly reinforced, regarding
all-cause mortality and actual cardiac transplantations 
3 years after randomization.203 In the CIBIS study, bisopro-
lol was used in a placebo-controlled trial in 641 patients.
Overall there was a non-significant reduction in mortality
(RR 0·80, 95% CI 0·56–1·15, P � 0·22).204 Four studies in
the USA, investigating different effects of carvedilol, were
combined in a total of 1094 patients with varying degrees of
heart failure, and demonstrated a lower mortality in the
carvedilol group (22 of 696 [3·2%] v 31 of 398 [7·8%]
deaths; RR 65%, 95% CI 39–80, P � 0·01).205 However,
there was no statistically beneficial effect of carvedilol
regarding survival in the Australia–New Zealand trial of 
415 patients with chronic heart failure of varying etiol-
ogy.206 None of the aforementioned trials was designed to
specifically study mortality, and the number of events in
each trial was relatively modest.

The first study designed to test the potential survival ben-
efits of long-term � blockade was the CIBIS-II study. The �1
selective antagonist bisoprolol was tested versus placebo in
2647 patients in NYHA III–IV and with an ejection fraction
of 	35.196 Study drug was initiated with 1·25 mg/day
being progressively increased to 10 mg/day over 3 months.
The study was stopped by the safety committee after a mean
follow up of 1·3 years. All-cause mortality was significantly
lower with bisoprolol than with placebo (156 [11·8%] v 228
[17·3%]; hazard ratio 0·66, 95% CI 0·54–0·81, P �0·0001.
There were significantly fewer sudden deaths among
patients on bisoprolol than in those on placebo (3·6% v
6·3%; hazard ratio 0·56, P �0·001).

In the MERIT-HF trial metropolol controlled release/
extended release (CR/XL) was compared in 3991 patients
with chronic heart failure in NYHA class II–IV and an 
ejection fraction of �0·40· Background therapy including
an ACE inhibitor or an ARB was present in 95% of the
patients. Treatment was initiated with metoprolol CR/XL
12.5–25 mg/day and titrated for 6–8 weeks up to target
dose of 200 mg/day. The study was also stopped early on
the recommendation of the independent safety committee.
Mean follow up time was 1 year. All-cause mortality was
lower in the metoprolol group than in the placebo group:
145 (7·2% per patient-year of follow up) versus 217 deaths
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(11·0%) (RR 0·66, 95% CI 0·53–0·81, P �0·0009). There
were fewer sudden deaths in the metoprolol CR/XL group
than in the placebo group (79 v 132; RR 0·59, P �0·0002)
and fewer deaths from worsening heart failure (30 v 58; RR
0·51, P �0·0023).197

In the BEST trial the effects of the non-selective � blocker
bucindolol was compared with placebo in 2708 patients
with CHF in NYHA class III–IV.207 Bucindolol was initiated
with 3 mg 2�/day and titrated up over 6–8 weeks to
50–100 mg 2�/day. The study was prematurely terminated
by the safety committee. Mortality was reduced from 
447 deaths to 409 deaths (RR 0·91, 95% CI 0·88–1·02,
P �0·12). In a subgroup analysis there was a heterogeneous
response among groups analyzed. Patients with NYHA class
IV or ejection fraction below 20% did not appear to benefit.
Furthermore, in a subgroup of African-Americans there was
a 17% excess mortality suggesting a lack of benefit among
these patients. However, these were post hoc analyses and
not prespecified end points.

The recently reported COPERNICUS trial was performed
in 2289 patients with symptomatic chronic heart failure
with symptoms at rest or at minimal exertion.198 Carvedilol
was initiated with 3·125 mg �2/day and titrated to 25 mg
�2/day. There was a significant reduction in all-cause mor-
tality from 190 (18·5% per patient-year) to 130 (11·4%)
with a hazard ratio of 0·65 (95% CI 0·52–0·81); P �0·0001.
The effect was consistent among a number of prespecified
subgroups.

In a post hoc subgroup analysis of patients in the 
MERIT-HF study with similar characteristics as the patients
in the COPERNICUS trial, with an EF of �0·25 and NYHA
class III–IV, there was a comparable reduction in all-cause
mortality (45 [11%] v 72 [18%] deaths; hazard ratio 0·61,
95% CI 0·11–0·58, P �0·0086).208

All three large � blocker studies (CIBIS-II, MERIT-HF,
COPERNICUS) had been stopped early because of clear evi-
dence of benefit and therefore resulted in limited long-term
experience with this treatment. Nevertheless, these trials
have extended the documentation for survival benefit with
� adrenergic blockers to more than 15 000 patients. Overall
experience from these trials is that treatment has been pos-
sible to initiate with high tolerability during the titration
phase. As the BEST trial showed somewhat different results
than the other three trials and also compared with the meta-
analysis by Doughty et al209 there is a suggestion that these
agents differ in their effect. Several smaller trials have been
published comparing metoprolol and carvedilol. A recent
crossover study suggested that there are differences with
respect to receptor effects, while long-term clinical effects
were comparable.210 This is further explored in the COMET
trial where carvedilol and metoprolol are compared in 3042
patients. The trial finishes its follow up in October 2002,
and results are expected by the end of 2002. The effects of

� blockers in the elderly are currently being studied in the
SENIORS trial where nebivalol is being compared with
placebo in patients above 70 years of age and with chronic
heart failure.

In the situation of heart failure secondary to acute
myocardial infarction, there are data from several older large
post myocardial infarction trials that � blockers would be
beneficial also when symptoms of heart failure are pres-
ent.173–175 These findings were first tested prospectively in
the CAPRICORN study, in which carvedilol or placebo was
given to 1959 patients with a recent myocardial infarction
and signs of left ventricular dysfunction (EF 	40%).211

There was no effect on the primary end point mortality or
cardiovascular hospitalization (hazard ratio 0·92, 95% CI
0·80–1·07), but there was a statistically significant reduc-
tion in all-cause mortality, 166 (15%) versus 151 (12%)
deaths (hazard ratio 0·77, 95% CI 0·60–0·98, P �0·03).
The risk reduction was of similar magnitude as previous
post myocardial infarction trials with � blockers.

Documented value of � blockers
Proven indication: always acceptable 
● To improve long-term survival in patients with mild to

severe heart failure
● To improve cardiac function and symptoms in patients

with symptomatic chronic heart failure, already on con-
ventional treatment with ACE inhibitors (or an ARB),
diuretics or digitalis

● To improve outcome in patients with acute myocardial
infarction and left ventricular dysfunction with or without
symptomatic heart failure

● Symptomatic treatment of patients with heart failure
who do not tolerate ACE inhibitors

Acceptable indication but of uncertain efficacy and may be
controversial 
● Symptomatic heart failure from diastolic dysfunction
Not proven: potentially harmful (contraindicated) 
● Acute decompensated heart failure
● CHF with pronounced hypotension and/or bradycardia

Clinical perspective

Drug titration and intolerance
Due to initial negative inotropic effects, treatment with 
� blockers requires a slow titration procedure. Parallel to
myocardial recovery, � blocker dosages can usually safely 
be increased. It has been noticed that patients with simulta-
neous marked hypotension and tachycardia, expressing
severe decompensation, may not tolerate � blockers.
Nevertheless, figures of intolerance have been low in 
randomized trials, comparable to those of ACE inhibitors.
Starting doses with different � blockers have been: bisoprolol
1·25mg/day; carvedilol 3·125–6.25mg 2�/day; metoprolol

Grade C

Grade C

Grade A
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12.5–25 mg/day. Doses are increased every 1–2 weeks,
when doses are doubled, until maintenance doses of full
conventional � blockade are achieved.

Although a reduction in heart rate probably is important,
it has not been possible to adequately identify responders
from non-responders to � blocker therapy. In cases with sig-
nificant obstructive pulmonary disease, � blockers should
be used with caution, and a selective � blocker would be
preferred.

Central nervous system modulators

Moxonidine

Reduction of the sympathetic nervous system activity can
also be achieved by stimulating receptors within the central
nervous system. Studies in this area has been performed
with clonidine212 and moxonidine. Moxonidine has been
documented in several phase II and III trials. In a study over
12 weeks in 97 patients, Swedberg and coworkers demon-
strated a significant attenuation of plasma norepinephrine
levels.213 With a sustained release preparation of moxoni-
dine, a more prolonged and effective reduction of plasma
norepinephrine was obtained in 265 subjects.214 The reduc-
tion was 40–50%, achieved within 3 weeks from initiation.
However, in a large phase III trial with moxonidine sus-
tained release (MOXCON) an early increase in death rate
and adverse events in the moxonidine SR group led to pre-
mature termination of the trial because of safety concerns
after 1934 patients had been entered. Final analysis
revealed 54 deaths (5·5%) in the moxonidine SR group and
32 deaths (3·1%) in the placebo group. Survival curves
revealed a significantly (P � 0·005) worse outcome in the
moxonidine SR group. Hospitalization for heart failure,
acute myocardial infarction, and adverse events were also
more frequent in the moxonidine SR group.215 This trial ter-
minated the efforts to explore whether CNS inhibition of
adrenergic activation could be an alternative to � adrenergic
blockade in heart failure.

Antiarrhythmic drugs in heart failure

Although progressive pump dysfunction is a common cause of
death in heart failure, sudden death is probably the most com-
mon reason, and has been considered responsible in 25–50%
of all deaths.216–219 Besides a few cases of primary asystole,
the majority of sudden deaths are due to ventricular arrhyth-
mias.220 The issue of antiarrhythmic therapy in heart failure
patients has therefore been of major interest. Internal car-
dioversion defibrillators are now used for prevention of sud-
den death from ventricular arrhythmias, and the use of these
therapeutic devices is dealt with elsewhere in this book.

Most antiarrhythmics cause a depression of left 
ventricular function. Although frequent and complex ven-
tricular arrhythmias may be predictive of sudden death, left
ventricular dysfunction is a more powerful predictor.221

Furthermore, these drugs may have a proarrhythmic effect,
especially in cases of left ventricular dysfunction. In the
CAST study the efficacy of antiarrhythmic drugs in patients
with left ventricular dysfunction after myocardial infarction
and with complex ventricular arrhythmias was evaluated.
Patients who responded with attenuation of arrhythmias
after drug testing were randomized to encainide, flecainide,
or moricizine. The results showed an increase in mortality
in patients treated with these agents.222 Amiodarone is 
a class III antiarrhythmic drug with no or little negative
inotropic effect. Previous promising smaller trials encour-
aged larger trials, such as the GESICA study. In this study,
516 patients with heart failure on conventional treatment
were randomized to open label amiodarone treatment 
(n � 260) or conventional treatment (n � 256). Both sud-
den deaths and deaths due to heart failure were reduced,
comprising in total 87 deaths in patients on amiodorone and
106 in the placebo group (P � 0·02).223 However, these
results were not reproduced in another study in patients
with CHF and asymptomatic ventricular arrhythmias.224 In
this study 674 patients were investigated, but amiodarone
treatment was not associated with reduction of overall mor-
tality or mortality from sudden death. Two other parallel
studies have recently been finished, in which amiodarone
was used in patients with a recent myocardial infarction and
left ventricular dysfunction.225,226 In addition, patients in
the CAMIAT study had complex ventricular arrhythmias.
Although all-cause mortality was not significantly lower in
the treatment groups, both studies showed a reduction in
arrhythmic deaths. A meta-analysis of 13 amiodarone trials
demonstrated a significant reduction in total mortality (10·9
v 12.3% per year; OR 0·87 [95% CI 0·78–0·99], P � 0·03)
and in arrhythmic deaths (4·0 v 5·7% per year; OR 0·71
[95% CI 0·59–0·85], P � 0·0003).227,228

Sotalol, a � blocker with class III antiarrhythmic proper-
ties, has not been found to reduce deaths from ventricular
arrhythmias. On the contrary, a study with the non-�
blocker isoform d-sotalol in postmyocardial patients had to
be terminated in advance because of an increased mortality
in the sotalol group.229

ACE inhibitors reduce the risk of progressive heart failure
deaths. The possibility of ACE inhibitors to affect arrhyth-
mias has been reviewed.230 In some of the heart failure trials
there has also been a reduction in the rate of sudden
deaths.78,231 However, these findings were not confirmed in
the SOLVD trial.232 The most impressive effects on sudden
deaths have been found in the large survival studies with 
� blockers. Consistent effects were found with all three
agents, bisoprolol, metoprolol, and carvedilol.196–198
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Documented value of antiarrhythmic therapy in heart
failure
Proven indication: always acceptable 
● � Adrenergic blockade in patients with congestive heart

failure
Acceptable indication but of uncertain efficacy and may be
controversial 
● Prevention of arrhythmic deaths in patients with ventric-

ular arrhythmias
Not proven: potentially harmful (contraindicated) 
● Class I antiarrhythmic drugs in patients with asympto-

matic ventricular arrhythmias and heart failure
● Class III antiarrhythmic drugs, besides amiodarone

Mechanical devices and pacing

Different kinds of left ventricular mechanical assist devices
(LVADs) have been studied for several years and they have
been in clinical use since at least early 1990s.233 Long-term
effects have been unclear. A randomized trial has been 
presented in this context. In REMATCH (Randomized
Evaluation of Mechanical Assistance for the Treatment of

Grade A

Grade B

Grade A
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Table 46.1 Key recommendations

Aim of treatment Class of drug Level of evidence

Symptomatic improvement of congestion, improvement of exercise capacity Diuretics

Reduction of mortality in mild to moderate heart failure Angiotensin converting 
enzyme inhibitors
� Adrenergic blockers

Reduction of mortality in severe heart failure Angiotensin converting 
enzyme inhibitors
� Adrenergic blockers
Spironolactone

Reduction of mortality in patients not tolerating an ACE inhibitor Angiotensin-II receptor 
1 blockers

Reduction of morbidity and symptoms in mild–severe heart failure Angiotensin converting 
enzyme inhibitors
� Adrenergic blockers
Angiotensin-II receptor 
1 blockers
Spironolactone
Digitalis

Short-term improvement of symptoms in patients with severe CHF. Non-digitalis 
Bridging towards more definitive surgical treatment, such inotropic drugs
as cardiac transplantation

Prevention of arrhythmic deaths in patients with symptomatic Amiodarone
ventricular arrhythmias

Bridging towards heart transplantation in terminal heart failure Left ventricular 
assist device

Grade B

Grade B

Grade A

Grade A
Grade A

Grade A
Grade A

Grade A

Grade B

Grade A
Grade A

Grade A

Grade A

Grade A

Grade A

Congestive Heart failure), 129 patients with advanced 
heart failure in NYHA class IV were randomized to optimal
medical management or LVAD (HeartMate).234 No patient
was eligible for heart transplantation. The objectives were to
assess effects on survival and quality of life. The mean age
was 67 years and the average ejection fraction 17%.

Kaplan–Meier survival analysis showed a reduction of
48% in the risk of death from any cause in the group that
received left ventricular assist devices as compared with the
medical therapy group (RR 0.52, 95% CI 0.34–0.78, 
P � 0.001). The rates of survival at 1 year were 52% in the
device group and 25% in the medical therapy group 
(P � 0.002), and the rates at 2 years were 23% and 8% (P �
0.09), respectively. The frequency of serious adverse events
in the device group was 2.35 times (95% CI 1·86–2.95) that
in the medical therapy group, with a predominance of infec-
tion, bleeding, and malfunction of the device. The quality of
life was significantly improved at 1 year in the device group
assessed as SF-36 and Beck Depression Inventory. There
was also a non-significant improvement in Minnesota Living
with Heart Failure.

The study shows that LVADs can prolong life and improve
quality of life in severe heart failure. The treatment effect is



limited in time and there was no significant improvement
after 2 years. The important question is to evaluate the cost
effectiveness of this expensive therapy in relation to other
treatments. The published information suggests that the
treatment costs were considerable. 

There are several surgical approaches to heart failure
including revascularization, left ventricular reconstruction,
cardiomyoplasty and mitral valvular repair. However, the
clinical studies have not been controlled, and yet the partial
left ventricular ventriculotomy (Batista) and cardiomyoplasty
have even been classified as not recommended. 

Besides conventional indication for antibradycardia pac-
ing, other pacing modalities have been tried for patients
with CHF. A dual chamber pacing with shortening of the
atrioventricular conduction has been investigated in a small
series. More recently, so called resynchronization therapy
using pacing of both the right and the left ventricles has
been introduced. There are promising results from smaller
studies showing improved left ventricular function and
symptomatology.237–239 Larger randomized studies are now
in progress testing this concept on clinical outcomes.

Concluding remarks

In the treatment of CHF there are two main classes of drugs –
ACE inhibitors and � blockers – with solid and consistent
documentation for reduction of morbidity and mortality.
Furthermore, spironolactone has recently been accepted by
the scientific community to be of value in this respect. The
ARBs have not sufficient documentation to be placed on an
equal status with ACE inhibitors. However, the ARBs are
widely accepted as a substitute when patients are not 
tolerating an ACE inhibitor (Table 46.1). The concept of
neurohormonal blockade is also evaluated in studies on
endothelin receptor blockers and vasopeptidase inhibitors.
Some of these trials are imminent. The development of
devices and surgical methods are today somewhat more
uncertain.
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Definition of myocarditis

“Myocarditis is an inflammatory disease of the myocardium
which is diagnosed by established histological, immunologi-
cal and immunochemical criteria.” It is an inflammatory 
cardiomyopathy associated with cardiac dysfunction.1 There
are a variety of etiologic causes of myocarditis and the exact
pathophysiologic mechanism remains to be elucidated.

Immunopathogenesis of myocarditis

A broad spectrum of infectious and non-infectious agents
have been associated with myocarditis (Boxes 47.1–47.3).
The application of virologic, serologic, and, most recently,
molecular biologic methods has substantiated epidemiologic
observations of an infectious cause in many cases. While
there are limited clinical data, there has been significant ani-
mal research into the etiology and pathophysiology of
myocarditis. Coxsackie A and B viruses have been the most
frequently implicated infectious agents in myocarditis.
However, serologic studies suggestive of recent infection
with Coxsackie virus are found in only about 40% of cases.2

Similarly, it is uncommon to recover virus in culture from
myocardial tissue obtained during or after acute myocarditis
despite serologic evidence suggestive of viral infection.3,4

Molecular genetic methods have continued to provide evi-
dence for antecedent viral infection in some cases of
myocarditis. Bowles et al 6 using Northern hybridization
identified Coxsackie B-specific RNA in nucleic acid extracts
of myocardial tissue from nine of 17 patients with histologi-
cally proven myocarditis or inflammatory cardiomyopathy.

The use of the polymerase chain reaction (PCR) has pro-
duced variable results. Although some studies have found
Coxsackie B or other enteroviral sequences in myocardial
tissue from cases of cardiomyopathy or myocarditis by
PCR,7 others have failed to find any evidence of persistent
Coxsackie B RNA in similar specimens8 or have found a
high frequency of enteroviral RNA in control specimens.9 In
a comparison of 34 children with myocarditis and 17 con-
trols with congenital heart disease, 68% of 38 myocardial
specimens had viral genome detected with PCR. There was
a predominance of adenovirus when compared with adults.

All control specimens and blood specimens were negative.10

In a group of 40 postorthotopic heart transplant patients,
32% (41 samples) of 129 specimens obtained as a routine
surveillance screen to rule out rejection had viral amplifica-
tion with PCR. Of these, 16 were positive for CMV, 14 for
adenovirus, six for enterovirus, three for parvovirus, and
two for herpes simplex. In 13 of 21 patients with positive
PCR, histologic scores also were consistent with moderate
to severe rejection.11 Matsumori12 compared 36 patients
with heart muscle disease and 40 consecutive patients who
underwent cardiac catheterization. In six patients (16·7%)
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Box 47.1 Common etiologies of myocarditis
Infectious
● Adenovirus
● Coxsackie virus
● Cytomegalovirus
● Epstein–Barr virus
● HIV-1
● Borrelia (Lyme’s disease)
● Toxoplasmosis
Drug induced
● Amphetamines
● Anthracyclines (especially doxorubicin)
● Catecholamines
● Cocaine
● Cyclophosphamide
● Interleukin 2
Systemic diseases
● Crohn’s disease
● Kawasaki disease
● Sarcoidosis
● Systemic lupus erythematosus
● Ulcerative colitis
● Cardiac rejection
● Giant cell myocarditis
● Peripartum myocarditis
Hypersensitivity
● Hydrochlorothiazide
● Methyldopa
● Penicillins
● Sulfadiazine
● Sulfamethoxazole



with dilated cardiomyopathy versus one patient (2·5%) with
ischemic heart disease, hepatitis C was detected. Of these six
patients, three had hepatitis C RNA identified on endo-
myocardial biopsy by the competitive nested PCR technique.
The initial presentation in two patients was ’flu-like syndrome
followed by heart failure (endomyocardial biopsy positive for
myocarditis in one patient). The third patient presented with
chronic heart failure. Thus, the accumulating evidence
strongly implicates an antecedent or perhaps persistent or
latent viral infection in the pathogenesis of myocarditis.
However, the inability to convincingly establish one or a few
etiologic agents in all cases suggests that other factors, such as
immunologic and/or genetic, are contributory.

The difficulty in recovering infectious agents or even evi-
dence of an ongoing infection in cases of lymphocytic
myocarditis has prompted the speculation that this is at least
partly autoimmune in etiology. Perhaps the best evidence
for an autoimmune component in the progression of the dis-
ease comes from murine models of Coxsackie B3-induced
myocarditis in susceptible animal strains. This experimental

disease shows histologic resemblance to human disease13–19

and has been useful in examining the immunologic and
genetic elements of myocarditis. Original studies of this
model showed a biphasic illness in which early (5–7 days
postinfection) viral myocyte damage was supplanted later
(9–45 days) by mononuclear interstitial infiltration and
chronic inflammation.19,20 During the early phase, infec-
tious virus was readily recovered from the myocardium;
during the postinfectious phase, infectious virus was not
recoverable. It is noteworthy that genetic factors dictated
the susceptibility to the development of the late phase dis-
ease19,20 as well as the susceptibility to the initial viral infec-
tion. This animal model closely resembles the currently held
model for clinical disease in humans.

The nature of the antigen(s) that initiate and perpetuate
the immune response in myocarditis is not known with cer-
tainty. The hypothesis of molecular mimicry is frequently
invoked to explain the occurrence of autoimmune disease
following an infection. Within the framework of this
hypothesis, an immune response to a dominant epitope
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Box 47.2 Uncommon infectious etiologies of myocarditis
Viral
● Arbovirus (dengue fever, yellow fever)
● Arenavirus (Lassa fever)
● Coronavirus
● Echovirus
● Encephalomyocarditis virus
● Hepatitis B
● Herpes virus
● Influenza virus
● Junin virus
● Mumps virus
● Poliomyelitis virus
● Rabies
● Respiratory syncytial virus
● Rubella virus
● Rubeola virus
● Vaccinia virus
● Varicella virus
● Variola virus
Bacterial
● Brucellosis
● Campylobacter jejuni
● Chlamydia trachomatis
● Clostridia
● Diphtheria
● Franciscella (Tularemia)
● Gonococcus
● Hemophilus
● Legionella
● Listeria
● Meningococcus
● Mycobacteria (tuberculosis, avium-intercellulare, leprae)
● Mycoplasma
● Pneumococcus

● Psittacosis
● Salmonella
● Staphylococcus
● Streptococcus
● Tropheryma whippelii (Whipple’s disease)
Fungal
● Aspergillus
● Actinomycetes
● Blastomyces
● Candida
● Coccidioides
● Cryptococcus
● Fusarium oxysporum
● Histoplasma
● Mucormycosis
● Norcardia
● Sporothrix
Rickettsial
● Rickettsia rickettsii (Rocky Mountain spotted fever)
● Coxiella burnetii (Q fever)
● Scrub typhus
● Typhus
Spirochetal
● Leptospira
● Syphilis
Helminthic
● Cysticercus
● Echinococcus
● Schistosoma
● Toxocara (visceral larva migrans)
● Trichinella
Protozoal
● Entamoeba
● Leishmania



expressed by an infectious agent could induce disease fol-
lowing infection. In the event that a similar or cross-reacting
epitope is also present on host cells, tissue damage might
result.21 Coxsackie B3 antibodies that cross-react with
myosin have been described.22 In addition, antibodies
against myosin are frequently found in experimental
myocarditis.23,24 An alternative hypothesis is that immune
reactivity to self antigens results from the aberrant expres-
sion of normally sequestered epitopes or upregulation of 
epitopes normally expressed at a density that favors toler-
ance.25 Thus, an autoimmune component of disease pathol-
ogy appears to be involved in the experimental model of the
disease and, in all likelihood, is etiologic in clinical disease 
as well. However, the same etiologic pathway may not be

followed in all cases of myocarditis. This may explain the
failure to identify a consistent underlying immunopatho-
logic picture in most cases of clinical myocarditis.

It appears, therefore, that the etiology of myocarditis 
is heterogeneous; likewise, a variety of immune effector
mechanisms have been identified in myocarditis, further
underscoring the heterogeneity of the disease. The earliest
potential effector mechanism to be described in myocarditis
was the production of autoantibodies to normal cellular
antigens. A broad variety of tissue antigens have been 
identified as targets for autoantibodies. Among these are the
� adrenergic receptor,26 the adenine nucleotide transloca-
tor,27 laminin,28 branched chain ketoacid dehydrogenase,29

heat shock protein-60 (HSP-60),30 and sarcolemmal 
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Box 47.3 Uncommon non-infectious causes of myocarditis
Drug-induced
Toxic myocarditis
● Amphetamines
● Arsenic
● Chloroquine
● Ephedrine5

● Emetine
● 5-Fluorouracil
● Interferon 

● Lithium
● Paracetamol
● Thyroid hormone
Hypersensitivity myocarditis
● Acetazolamide
● Allopurinol
● Amphotericin B
● Carbamazepine
● Cephalothin
● Chlorthalidone
● Colchicine
● Diclofenac
● Diphenhydramine
● Furosemide
● Indomethacin
● Isoniazid
● Lidocaine
● Methysergide
● Oxphenbutazone
● Para-aminosalicylic acid
● Phenindione
● Phenylbutazone
● Phenytoin
● Procainamide
● Pyribenzamine
● Ranitidine
● Reserpine
● Spironolactone
● Streptomycin
● Tetracycline
● Trimethaprim

Toxins
● Arsenic
● Carbon monoxide
● Copper
● Iron
● Lead
● Mercury
● Phosphorus
● Scorpion stings
● Snake venom
● Spider bites
● Wasp stings
Systemic diseases
● Arteritis (giant cell, Takayasu)
● � thalassemia major
● Churg–Strauss vasculitis
● Cryoglobulinemia
● Dermatomyositis
● Diabetes mellitus
● Hashimoto’s thyroiditis
● Mixed connective tissue disease
● Myasthenia gravis
● Periarteritis nodosa
● Pernicious anemia
● Pheochromocytoma
● Polymyositis
● Rheumatoid arthritis
● Scleroderma
● Sjögren’s syndrome
● Thymoma
● Wegener’s granulomatosis
Other
● Eosinophilic myocarditis
● Genetic
● Granulomatous myocarditis
● Head trauma
● Hypothermia
● Hyperpyrexia
● Ionizing radiation
● Mononuclear myocarditis



epitopes.31 Although antibodies to these antigens are fre-
quently identified in association with myocarditis, their sig-
nificance is not known. They may function in the
pathogenesis of the disease or they may be epiphenomena
arising in conjunction with the principal pathogenic process.
Perhaps these antibodies do not initiate myocyte damage/
dysfunction, but contribute to pathology at later stages of
the disease.

Dilated cardiomyopathy: background and
pathogenesis

Idiopathic dilated cardiomyopathy (IDC) is characterized by
dilation and impaired contraction of the left ventricle or
both ventricles.1 Dilated cardiomyopathy has been postu-
lated to occur in some cases as a result of recognized or
unrecognized myocarditis. Dec and colleagues13–19 reported
that endomyocardial biopsy examination revealed myocardi-
tis in 66% of patients with acute dilated cardiomyopathy 
(of �6 months duration). In the Myocarditis Treatment
Trial, only 10% of those screened with heart failure of less
than 2 years duration had biopsy-proven myocarditis.32

Nonetheless, in a substantial number of cases of IDC no
identifiable etiologic process can be ascribed. Viral infections
have been frequently implicated in IDC, as in myocarditis.
Several serologic studies have found increased prevalence or
levels of antibodies to Coxsackie B in cases of IDC.33–36

Recent investigations have used the very sensitive PCR to
search for persistent enteroviral RNA in IDC cases with
equivocal results. Among the various studies, a wide per-
centage range of IDC cases with demonstrable enteroviral
RNA has been reported (0–32%); in comparison, 0–38% of
biopsies from non-IDC cases also have been reported posi-
tive for enteroviral RNA.7,37 Thus, the finding of persistent
virus or viral RNA in IDC does not appear to be specific for
the disease, although the overall consensus continues to
favor an inciting infection in many cases.

A great deal of evidence is suggestive of autoimmune or
autoimmune-like mechanisms in the pathogenesis of IDC. 
A spectrum of autoantibodies against similar cellular compo-
nents as were identified for acute myocarditis has been
found among cases of IDC. The principal cellular compo-
nents reactive with antiheart antibodies associated with IDC
are the adenine nucleotide translocator,37 � adrenoceptors,26

myosin,38 laminin,28 actin, tropomyosin, and heat shock
protein-60 (HSP-60).30 However, antibodies reactive with
tissue antigens are often present in the circulation of asymp-
tomatic individuals.39 Thus, the source and significance of
these antibodies relative to the pathology of IDC remain 
a mystery.

One of the most frequently examined aspects of IDC is
the proposed linkage between disease frequency and the
genes of the major histocompatibility complex (MHC). Such

evidence would strengthen the argument for an immuno-
logic component in IDC and establish a genetic component
as well. The most frequently described linkage between IDC
and MHC genes in Caucasian populations has been with
class II alleles. Four of five independent studies identified a
positive association of IDC with HLA DR4.40 An association
between HLA DR4 and anti-� receptor antibodies also has
been noted.24 Linkage with other class II alleles has been
described in other ethnic groups,41 underscoring possible
ethnic differences. These studies strongly implicate geneti-
cally controlled immunologic factors with possible immune
reactivity to tissue antigens in the pathogenesis of IDC. 
The specific predisposing HLA-related locus/loci, however,
may depend on the genetic background (ethnicity) as well
as the specific vector (viral strain) involved. Conflicting 
findings regarding the association of HLA DR4 with familial
cardiomyopathy have been reported. One study observed 
an association of DR4 with familial disease,42 whereas a 
separate study found no such association.43

Despite inconclusive findings implicating HLA DR4 or
any HLA allele in IDC, the genetic contribution to familial
disease is incontrovertible. The possibility exists that a pro-
portion of sporadic cases may, indeed, represent familial dis-
ease of incomplete penetrance (that is, not all gene carriers
exhibit the characteristic phenotype of the disease) and that
disease expression may be modified by other factors either
genetic or environmental. Consistent with this hypothesis,
some overlap between familial and sporadic disease has
been noted. A central role for dysfunctional cytoskeletal ele-
ments in the pathogenesis of dilated cardiomyopathy is
emerging. Mutations in the genes for cardiac actin,44 dys-
trophin,45 desmin,46 and lamin A/C47 have been found to
cosegregate with disease in affected families. A mutated 
�-sacroglycan gene, the product of which associates with the
dystrophin complex, has been identified in both familial and
sporadic cases of dilated cardiomyopathy. Additionally, exon
8 C/T polymorphism of endothelin type A gene has been
implicated in sporadic cases of dilated cardiomyopathy.48

In aggregate, these observations have led to a proposed
“common pathway” for the development of cardiomyo-
pathy (both familial and sporadic) that involves cytoskeletal
elements.49 The association of �-sacroglycan gene muta-
tions with both sporadic and familial cases supports the
notion of a degree of etiologic overlap between these diseases
involving functional alterations in cytoskeletal elements.
This notion is further supported by the finding that varia-
tions in the gene encoding the actin-binding region of the
nebulette protein, a Z-disc protein is significantly increased
in non-familial dilated cardiomyopathy.50

Cytoskeletal dysfunction in the pathogenesis of cardiomyo-
pathy is not inconsistent with either immune-mediated 
or infectious etiologies. As stated above, IDC is frequently
associated with antibodies to cytoskeletal elements – for
example, laminin,28 myosin,38 actin, tropomyosin,30 and
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other sarcolemmal epitopes31 – and immunization with 
cardiac myosin induces disease in animal models.51,52

The cytoskeletal common pathway hypothesis also incorpo-
rates reported enteroviral associations with the disease.
Enteroviral protease 2A was demonstrated to directly cleave
dystrophin producing postinfectious cardiomyopathy in a
mouse model.53 Thus, the common pathway concept uni-
fies much of the experimental, genetic and epidemiologic
information surrounding myocarditis and cardiomyopathy
further substantiating a relationship between these disease
entities.

Epidemiology and natural history of 
myocarditis and IDC

The true incidence of myocarditis is unknown. In 12 747
autopsies performed in Sweden from 1975 to 1984, an 
incidence of 1·06% was found.54 However, autopsies of 
children and young adults presenting with sudden death
report an incidence as high as 17–21%.2 In the Myocarditis
Treatment Trial, 9·6% of 2333 patients with recent onset of
heart failure (onset within 2 years of study enrollment) met
pathologic criteria for myocarditis.32 Of 3055 patients
enrolled in the European Study of Epidemiology and
Treatment of Cardiac Inflammatory Diseases (ESETCID)
with suspected myocarditis, 526 (17·2%) had either 
histologic or immunologic evidence of acute or chronic
myocarditis. However, only 74 patients met criteria for
acute myocarditis.55 There is both a seasonal variation and a
male predominance. Of 136 patients with biopsy-proven
myocarditis, 63% presented between December and April.56

A ’flu-like illness within 3 months of presentation was
reported by 57%.56 Only 41% reported a similar illness
within 1 month of presentation.56 Blacks and males were
noted to have a 2·5-fold increased risk.56 Patients with acute
myocarditis tend to present at a somewhat younger age
(43 � 16 years) when compared to patients with IDC
(50 � 17 years).56

Of the more than three million people in the United
States with heart failure, 25% of cases are secondary to
IDC.57 From 1975 to 1984, Codd and colleagues58 detected
45 cases of dilated cardiomyopathy based on echocardio-
graphy, angiography, endomyocardial biopsy, and autopsy
results. The median age at the time of diagnosis was 
54 years, although presentation may be in childhood, 
adulthood, or old age. Forty-one cases (91%) were diag-
nosed during life. Of these, 36 patients (88%) were sympto-
matic prior to diagnosis, with dyspnea being the most
common symptom (75% were New York Heart Association
[NYHA] functional class III–IV). Five patients (14%) had a
syncopal event; 27 patients (75%) had clinical heart failure,
and nine (25%) had angina. Five of the 41 patients (12%)
were identified during a routine medical evaluation and

were asymptomatic. Four cases (9%) were diagnosed at
autopsy although all had been symptomatic. The overall
age- and sex-adjusted incidence was noted to increase from
3·9/100 000 person-years in 1975–1979 to 7·9/100 000
person-years in 1980–1984. The age- and sex-adjusted
prevalence was 36·5/100 000 population. The prevalence
of dilated cardiomyopathy in patients less than 55 years old
was 17·9/100 000. Within this group, over one third were
NYHA functional class III or IV at the time of diagnosis. The
annual incidence is 5–8 cases per 100 000.57 More recently,
Felker59 et al reported 51% of 1278 patients referred for
symptomatic heart failure were classified as idiopathic. 
A histologic diagnosis was made in 16% of patients
(myocarditis, n �117; amyloidosis, n � 41; doxorubicin
toxicity, n �16; hemochromatosis, n � 9; endomyocardial
fibroelastosis, n �1, rheumatic carditis, n �1, thrombotic
thrombocytopenic purpura, n �1; and interferon-induced
cardiomyopathy n �1). Endomyocardial biopsy in IDC
yielded non-specific findings, including myocyte hypertrophy
or interstitial fibrosis.

A random echocardiographic survey of 1640 patients in
North Glasgow, reported a prevalence of 2·9% left ventricu-
lar dysfunction (defined as ejection fraction [EF] 	 30% with
the Simpson’s biplane rule method). Slightly less then half of
the patients were asymptomatic, resulting in a population
prevalence of 1·4%. There was no significant difference in
mortality rate between symptomatic and asymptomatic
patients.60 The Rotterdam study reported a heart failure
prevalence of 3·7% in patients 55–94 years. However, 5·5%
men and 2·2% women (prevalence 2·5 times higher in men)
were noted to have impaired left ventricular function 
fractional shortening (FS) 	 25%; 60% with impaired left
ventricular function were asymptomatic (population preva-
lence 2·2%).61 However, both studies included patients with
multiple etiologies of heart failure.

Approximately 20–25% of dilated cardiomyopathy cases
are classified as familial. If liberal criteria are used for the
diagnosis (history of unexplained heart failure or depressed
left ventricular function in a first-degree relative), up to 35%
of cases may be inherited. Those with familial cardiomyo-
pathy versus sporadic cases, are younger (51·21�12·72 v
54·34 � 11·98; P � 0·03). They more frequently have ST
segment and T waves abnormalities on ECG. However, these
are non-specific findings.62 Twenty-nine per cent of asympto-
matic relatives may have abnormalities on echocardiogram,
including left ventricular enlargement (LVE) (�112% pre-
dicted), depressed fractional shortening (dFS) (	25%), or
frank dilated cardiomyopathy. When compared to normal
relatives, those with LVE or dFS are more likely to have an
abnormal exercise stress test, with a maximal oxygen con-
sumption (V O2 max) of �80%. Relatives with an abnormal
V O2 max have a lower absolute V O2 max (30 � 8 v
43 � 9 cc/kg/min) than normal relatives. The occurrence of
LVE with a dFS is associated with QRS duration prolongation
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on signal averaged ECG. At mean follow up of 39 months, 
27% of those with LVE developed symptomatic dilated 
cardiomyopathy.63

An increased incidence of IDC is noted in blacks.64,65

The cumulative survival in blacks at 12 and 24 months 
is 71·5% and 63·6% respectively, compared with 92% 
and 86·3% among whites. One year survival is adversely
affected by an ejection fraction (EF) �25% or ventricular
arrhythmias (�60% in both instances). Patients 60 years of
age or greater had a threefold increased risk of death among
both blacks and whites.65

Males have an increased incidence of IDC.64,65 The
male:female ratio is 3·4:1· The incidence rate for men is
greater than for women within all age groups.58 In a multi-
center registry of IDC, DeMaria et al 66 enrolled 65 women
and 238 men (male:female ratio 3·66). Patients referred for
cardiac transplant were excluded. Of the various clinical char-
acteristics evaluated, 10 variables were significantly different
between men and women. Men more frequently had a his-
tory of ethanol abuse and cigarette smoking. However, sub-
group analysis revealed no influence of these variables on
gender-related differences. Symptoms of heart failure were
more frequently detected in women and were indicative of
more advanced heart failure (NYHA class III–IV in 48%). Left
bundle branch block (LBBB) was detected more frequently in
women, while left anterior hemiblock (LAHB) was noted to
be more common in men. There was more pronounced left
ventricular dilation in women, with a slightly but not signifi-
cantly higher mean myocardial thickness. Exercise tolerance
was poorer in women. The median survival was 16 months
for women and 19 months for men. Seven women (11%) and
17 men (7%) underwent cardiac transplantation, while 16%
of women and 11% of men died from cardiac causes.

Peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is defined as the devel-
opment of heart failure in the last month of pregnancy or
within 5 months of delivery, in the absence of an identifiable
cause for cardiac failure and the absence of recognizable
heart disease prior to the last month of pregnancy.
Additionally, left ventricular dysfunction is demonstrable by
echocardiographic criteria.67 Risk factors include age over
30, African descent, obesity, multiparity, twin gestation
(7–10%), pre-eclamsia and gestational hypertension.68,69

The incidence varies from 1 in 15 000 to 1 in 100 live
births.70 PPCM is a distinct entity, rather then clinically
silent cardiomyopathy, which becomes manifest owing 
to the hemodynamic stress of pregnancy. The incidence and
natural history of the disease differs from IDC. Myocarditis
has been reported in 8–76% of patients with PPCM.68,71–73

The variability is likely due to sampling error and timing of
endomyocardial biopsy, geographic variation in incidence
and inclusion criteria for the diagnosis.

Other factors implicated in PPCM include abnormal
immune responses to pregnancy, maladaptive responses to
the stress of pregnancy, stress-activated cytokines (TNF
 or
interleukin-1), abnormalities of relaxin, selenium deficiency,
and prolonged tocolytic therapy.48,67 As there have been
reports of familial PPCM,74 strong consideration should be
given to screening family members of patients with PPCM.

The safety of subsequent pregnancies must be carefully
considered. Witlin75 noted that of 28 patients with PPCM,
five died (18% mortality), three (11%) had cardiac transplant,
18 (64%) had continued functional impairment, and two
(7%) had regression of cardiomyopathy. Six women had sub-
sequent pregnancies. Of these, four deteriorated clinically,
one remained well compensated on therapy, and one had 
no recurrence. Elkayam76 identified 44 women (23 white, 
16 black, five Hispanic; aged 19–39 years) with PPCM who
had subsequent pregnancies. Cardiomyopathy was diagnosed
prior to delivery in seven women; in the first month post
delivery in 28 women, and between 2 and 6 months post
delivery in nine women. The mean time from index preg-
nancy and subsequent pregnancy was 27�18 months. The
mean EF increased significantly from 32�11% to 49�12%
(P�0·001) prior to the subsequent pregnancies. However,
during the subsequent pregnancy mean EF decreased to 42�
13% (P�0·001). Twenty-eight patients had normalization of
EF (�50%) prior to the subsequent pregnancy, although 21%
developed heart failure during the subsequent pregnancy. Of
16 women with persistent left ventricular dysfunction, 44%
developed heart failure with the subsequent pregnancy. Three
women died during or after subsequent pregnancies, all with
residual left ventricular dysfunction. Premature delivery
(�37 weeks gestation) occurred in 13% of those who 
normalized the EF versus 50% in those who did not.

Women who have recovered from PPCM have a 
lower contractile reserve upon dobutamine challenge when
compared to normal controls, despite similar baseline ven-
tricular size and function.70 This may explain recurrent
symptoms with subsequent pregnancies and may be helpful
in determining which patients will tolerate future pregnancy.
Women whose left ventricular size and function do not
return to normal, should be strongly advised against sub-
sequent pregnancies.48,67

Mortality varies from 7% to 50%, with almost half of the
deaths secondary to heart failure, arrhythmias, or thrombo-
embolic events.68,77 Almost half of the deaths occur within
the first 3 months post partum. Mortality secondary to
thromboembolic events is as high as 30%. Approximately
50% of patients who regain normal cardiac function do so
within 6 months of initial diagnosis. Non-survivors have
greater hemodynamic compromise and LV dysfunction. LV
stroke work index is significantly associated with adverse
events (death or transplantation; P � 0·02).73

ACE inhibitors are the mainstay of treatment post 
partum. They are contraindicated during pregnancy due to
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teratogenicity. Hydralazine and nitrates are safe alternatives
during pregnancy.67 In patients with an EF � 35%, the use
of heparin during pregnancy and warfarin post partum
should be considered. While the use of � blockers is not
contraindicated during pregnancy, there are no data evaluat-
ing their use during pregnancy. Use of a � blocker should be
considered in patients with persistent symptoms and
echocardiographic evidence of left ventricular dysfunction
more than 2 weeks post partum.67 In addition, cautious use
of diuretics may be necessary when sodium and fluid restric-
tion fails. Exercise may help improve symptoms.

Midei71 reported on the use of immunosuppressants 
in 18 women with PPCM. Fourteen (78%) had biopsy evi-
dence of myocarditis. Ten patients were treated with pred-
nisone/azathioprine and four were untreated. One patient
died, despite treatment. Four patients with myocarditis
improved clinically without therapy. Follow up biopsy
showed near complete resolution in two. Four patients
without myocarditis were not treated. Two improved and
two required transplantation. After completion of treat-
ment, biopsy, left ventricular stroke work index, and 
pulmonary capillary wedge pressure returned to normal in
12 (not repeated in two patients).

Bozkurt compared the use of immune globulin, 1 g/kg on
2 consecutive days in six women (NYHA II–IV; EF � 40%)
with a retrospective control group of 11 patients with
PPCM. Only one of 11 biopsied, had evidence of myocardi-
tis. Four control patients had an improvement of �10% in
EF, although only two were left an EF �50%; four died or
had residual severe left ventricular dysfunction. Within the
treatment group, all had a significantly greater improvement
in EF than with conventional therapy alone(P � 0·042);
three normalized their EF.78

Clinical presentations

Myocarditis

The presenting symptoms and physical examination are often
non-specific in both myocarditis and IDC. A history of a ’flu-
like syndrome may be present in up to 90% of patients with
myocarditis, although only approximately 40% report a viral
syndrome within the prior month.2 The initial presentation
may be one of acute or chronic heart failure or cardiogenic
shock, or may mimic an acute myocardial infarction.79,80 Of
the 3055 patients in the ESETCID study, 69% had a normal
or mildly reduced EF (�45%). Dyspnea was present in
71·7%. While 31·9% had chest pain and 17·9% had arrhyth-
mic events, 78·3% of those with an EF�45% and 100% of
those with an EF �45% had subjective clinical symptoms.81

The Dallas Criteria82 (Box 47.4) were developed in 
order to standardize the histologic criteria for diagnosis of
myocarditis (Figure 47.1), facilitating a multicenter treatment
study. However, a negative biopsy does not rule out

myocarditis owing to interobserver variability, sampling
error, and the temporal evolution (transient presence) of
pathologic features.

Lieberman et al 83 proposed a clinicopathologic descrip-
tion of myocarditis, based on the initial manifestations,
endomyocardial biopsy, and recovery (fulminant, acute,
chronic active, or chronic persistent myocarditis). Patients
with fulminant myocarditis had severe hemodynamic com-
promise, requiring vasopressors or left ventricular assist
device. In addition, distinct onsets of symptoms that could
be dated – fever, or viral illness within 2 weeks of hospital-
ization – were present (two of three criteria required).
Patients were younger (aged 35 � 16 v 43 � 13; P � 0·05),
had higher resting heart rates (100 � 20 v 88 � 21;
P � 0·04), and higher right atrial pressures (9·9 � 8 mmHg
v 6·2 � 5 mmHg; P � 0·02), but lower mean arterial 
pressures (80 � 18 mmHg v 92 � 16 mmHg; P � 0·005).
Patients with acute myocarditis had an indistinct onset of
symptoms, were hemodynamically stable or required low
doses of vasopressors and were afebrile. Of 147 patients 
fulfilling Dallas Criteria, 15 met clinical criteria for fulmi-
nant myocarditis and 132 met criteria for acute myocarditis.
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Box 47.4 Dallas criteria classification of myocarditis82

Initial biopsy
● Myocarditis: myocyte necrosis, degeneration or both in

the absence of significant CAD with adjacent inflamma-
tory infiltrate �/� fibrosis

● Borderline myocarditis: inflammatory infiltrate too sparse
or myocyte damage not apparent

● No myocarditis
Subsequent biopsy
● Ongoing (persistent) myocarditis �/� fibrosis
● Resolving (healing) myocarditis �/� fibrosis
● Resolved (healed) myocarditis �/� fibrosis

Figure 47.1 Acute myocarditis. Lymphocytic infiltrate of the
myocardium with associated myocyte damage. (Hematoxylin &
eosin; slide courtesy of Robert Yowell MD.)



At 1 year, 93% with fulminant myocarditis survived without
transplant compared to 85% with acute myocarditis. At 
11 years, 93% with fulminant myocarditis survived without
transplant, while 45% with acute myocarditis were alive
without transplant.84

IDC

IDC is initially manifest by heart failure in 75–85% of
patients. Ninety per cent of patients referred to a tertiary
care center are NYHA functional class III–IV at presenta-
tion.64,65 Other potential manifestations include asympto-
matic cardiomegaly or left ventricular dysfunction on
routine evaluation, arrhythmias or even cardiogenic shock,
as in myocarditis. Patients with left bundle branch block
(LBBB) have been noted to have a greater left ventricular
diastolic dimension normalized for body surface area. The
presence of LBBB on ECG may precede the development of
cardiomyopathy in 40% of patients. LBBB may be noted on
ECG for years prior to the onset of heart failure. At rest 
and when exercised, these patients may have a higher mean
pulmonary artery pressure, although left ventricular end-
diastolic volume remains normal, by comparison with nor-
mal patients.85 Laboratory, x ray, and other diagnostic tests
are helpful but may be equally non-specific, while myocyte
hypertrophy, degeneration of myocytes, interstitial fibrosis,
and small clusters of lymphocytes (�5 per high power field)
have been noted histologically (Figure 47.2).64,65

ventricular hypertrophy (LVH), left atrial enlargement
(LAE), LBBB, and atrial fibrillation (AF). The presence of an
abnormal QRS complex on ECG correlates with severity 
of left ventricular damage and is an independent predictor of
survival. LAE, AF, and LBBB also are associated with an
increased mortality.86 Higher baseline left ventricular ejec-
tion fraction (LVEF) is positively associated with survival,
while intensity of conventional therapy at baseline is nega-
tively associated with survival.32 The presence of right ven-
tricular (RV) dysfunction, as evidenced by abnormal RV
descent on echocardiogram, was shown to be the most
important predictor of death or need for cardiac transplanta-
tion in a group of 23 patients with biopsy-proven myo-
carditis who were followed long term.87 In addition, a net
increase in LVEF (between initial and final EF) was associ-
ated with improved survival, whereas baseline EF was not
predictive of outcome. The presence and degree of left ven-
tricular regional wall motion abnormalities did not predict
the clinical course.87

Light microscopic findings on biopsy have not been
shown to predict outcome in myocarditis. Less than 10% of
biopsies repeated at 28 weeks and 52 weeks continue to
show evidence of ongoing or recurrent myocarditis, regard-
less of therapy. However, higher baseline serum antibodies
to cardiac immune globulin (Ig) G by indirect immuno-
fluoresence were associated with a better LVEF and a
smaller left ventricular end-diastolic dimension.32 Gagliardi
et al 88 followed 20 children with biopsy-proven myocarditis 
who were treated with cyclosporine and steroids and found
that 13 of 20 had persistent myocarditis at 6 months. At 
1 year, 10 patients had persistent myocarditis by endo-
myocardial biopsy, although ventricular size and function 
had improved on echocardiography. Echocardiography was
unable to detect those patients with biopsy-persistent versus
biopsy-resolved myocarditis. Despite histologic evidence of
myocarditis, no patient died or required transplantation.

IDC

Spontaneous improvement in LVEF (over 10% points)
occurs in 20–45% of patients with IDC. Improvement 
usually occurs within the first 6 months of presentation, 
but may occur up to 4 years later. Outcome is adversely
affected by progressive LV enlargement, RV enlargement,
and markedly reduced LVEF. Both LVEF and RV enlarge-
ment are independent predictors of survival. Mortality rates
of 25–30% at 1 year are noted. Overall, the annual mortality
from disease progression is 4–10% but is greater in high-risk
subgroups. Twelve per cent of patients with IDC die sud-
denly, which accounts for 28% of all deaths.64,65 In a retro-
spective study of 104 patients with dilated cardiomyopathy,
Fuster et al89 noted 77% of patients died. Two thirds of the
deaths occurred within the first 2 years. Interestingly, the
survival curve for the remaining patients was comparable to
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Figure 47.2 Idiopathic dilated cardiomyopathy. Myocyte hyper-
trophy with mild nuclear enlargement and increased interstitial
collagen. (Trichrome stain; slide courtesy of Robert Yowell MD.)

Prognosis

Myocarditis

In patients with myocarditis, ECG abnormalities associated
with a longer duration of illness (�1 month) include left



an age- and sex-matched control group. The 1 and 5 year
mortality rates were 31% and 64%, respectively. Factors sig-
nificantly associated with poorer survival were older age
(97% mortality rate in patients �55 years), cardiothoracic
ratio (86% mortality rate if the ratio was �0·55 v 40% 
if �0·55), cardiac index (CI) (mortality rate 89% if CI 
�3·0 l/min v 35% if CI � 3·0 l/min) and LV end-diastolic
pressure (mortality rate 87% if �20 mmHg). Referral bias
and secular trends, new treatment modalities, and the
prevalence of disease in the referral population should also
be noted, as these may influence overall survival.90

By comparison, when one assesses the natural history of
asymptomatic IDC, patients have an excellent prognosis,
with a 2 year survival of 100%, a 5 year survival of 78 � 8%,
and a 7 year survival of 53 � 10%. However, there is no
improvement in survival in these patients when compared
to asymptomatic patients who have previously had symp-
toms of heart failure. The most common reason for cardiac
evaluation in this group of patients is palpitations or an
abnormal chest x ray or ECG. When compared to patients
with a prior history of congestive heart failure symptoms,
these patients had a lower prevalence of cardiomegaly in
chest x rays (31% v 57% of patients) and a smaller LV and
better EF (33% v 29% EF) on echocardiography.91

Patients with syncope, a third heart sound, RV 
dysfunction, hyponatremia, elevated plasma norepineph-
rine, atrial natriuretic peptide or renin, a maximal systemic
oxygen uptake (V O2) of �10–12 ml/kg/min, CI of 
�2·5 l/min/m2, systemic hypotension, pulmonary hyper-
tension, increased central venous pressure, or loss of cardiac
myofilaments on high resolution microscopy show
increased progression of disease and worse survival.64,65

Patients with an elevated C-reactive protein (CRP) level
(�0·5 mg/dl) and an EF �40% have a poorer 5 year sur-
vival. Of those with a CRP level �1·0 mg/dl, 62% died
within five years.92 Persistently elevated levels of troponin T
(�0·02 ng/dl) are associated with more cardiac events (hos-
pitalization, arrhythmia) and poorer survival rate.93 Elevated
levels of brain natriuretic peptide are associated with a poor
prognosis and may be a useful tool to aid in the diagnosis of
heart failure.94,95

Myocardial contractile reserve, as evaluated by change in
LVEF with exercise, is an independent predictor of survival
in patients with mildly symptomatic (NYHA class I or II)
dilated cardiomyopathy. A change in LVEF of �4% was 
associated with a 75% survival versus 25% in those whose
EF changed �4% with exercise.96 Patients with greater
improvements in EF with dobutamine (0·09 � 0·06 v
0·05 � 0·05) had a better survival at 1 year (97% v 74%; 
P � 0·02), 2 years (97% v 64%; P � 0·002) and 3 years
(97% v 56%; P � 0·001). These patients had a shorter dura-
tion of heart failure, better functional capacity, better LV and
RV EF and smaller LV size. Survivors had a greater improve-
ment in LV and RV EF.97 Dobutamine-induced improvements

in LVEF and LV sphericity are predictive of subsequent
recovery in LV function.98

Coronary flow reserve is diminished in patients with
dilated cardiomyopathy. Treasure et al99 performed coro-
nary angiography and Doppler flow studies of the left ante-
rior descending (LAD) artery to estimate coronary artery
flow velocities in seven normal controls and eight patients
with dilated cardiomyopathy. The effect of acetylcholine
and adenosine on epicardial vasoconstriction in patients
with dilated cardiomyopathy was not significantly different
from normal controls. However, infusion of intracoronary
acetylcholine resulted in a dose-dependent increase in coro-
nary blood flow in normal controls only, suggesting that
endothelium-dependent coronary vasodilation is abnormal
in dilated cardiomyopathy. There was a similar change in
coronary blood flow with adenosine infusion in both groups.
Impairment in both coronary microvascular response and
epicardial vasodilator response to endothelial-dependant
vasodilation with acetylcholine may occur early (�6 months)
in the course of the disease.100

In infants and children the outcome of IDC is more vari-
able. A retrospective review of 24 patients under 20 years
old with IDC revealed that, in 92%, the initial manifestation
was heart failure. Thirteen of the patients (54%) had onset
of symptoms within 3 months of a viral syndrome although
endomyocardial biopsy did not reveal active myocarditis 
in six. Sixty-three per cent had ECG evidence of LVH and
68% had ST-T wave abnormalities. The mean EF was 26%
(5–51%). Fifteen patients died (63%). The cumulative sur-
vival was 63% at 1 year, 50% at 2 years, and 34% at 5 years
of follow up. Death was most frequently due to progressive
heart failure. Of the nine patients who survived, the symp-
toms resolved in 3–24 months. Severe mitral regurgitation
was a predictor of poor outcome. Survivors more frequently
had viral symptoms within the preceding 3 months.101

Five year survival rates of 64–84% have been reported.64,65

Sudden death is rare.64,65 A recent review of hospital
records in children from the West of Scotland identified 
53 patients with IDC or myocarditis who were �12 years
old. Of the 39 IDC cases, 38 were diagnosed in life. 
There were 15 males (M:F ratio � 1:1·6) and 64% were 
�1 year of age. Coxsackie viral antibodies were positive in
21%. Mitral regurgitation was present in 74% and 77% 
had cardiomegaly in x rays. Twelve patients died, all 
within a year; 50% within the first week of presentation.
Survival was higher if fractional shortening (FS) was �15%
(11/28 survived v 1/10 survivors), as was mean survival
(12·2 years v 9·6 years, respectively). Of the 12 who 
survived, all became asymptomatic and LV size returned to
normal in 10 patients. Myocarditis was diagnosed at
autopsy in nine of 14 patients who presented within 10 days
of illness onset; one additional patient died 4 days after 
diagnosis. Actuarial survival was 29% at 1 and 9 years. All
survivors became asymptomatic.102
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Comparison of IDC and myocarditis

Grogan et al103 compared 27 patients with active (n � 17)
or borderline (n � 10) myocarditis with 58 IDC patients. 
A viral illness was reported within the previous 3 months in
40% of patients with myocarditis versus 19% of the IDC
patients. The EF was lower (25 � 11%) in the group with
IDC compared to the myocarditis group (38 � 19%). Sixty-
three per cent of the patients with IDC were NYHA func-
tional class III–IV compared with only 30% of the patients
with myocarditis. There was no difference in survival even
when results were analyzed for the presence of active
myocarditis, borderline myocarditis, or IDC (54% 5 year
survival with IDC v 56% with myocarditis).

Summary

While multiple causal factors have been implicated in both
myocarditis and IDC, the precise etiology and pathophysiol-
ogy remain unknown. Spontaneous improvement in left
ventricular function may be noted with both myocarditis
and IDC. Survival is similar (approximately 55% at 5 years)
in both.

Treatment

Treatment of myocarditis: clinical and
experimental

General supportive measures for patients with myocarditis
include a low sodium diet; discontinuation of ethanol, illicit
drug use, and smoking; and salt restriction, especially in the
presence of heart failure. Recommendations for the limita-
tion of physical activity are based on the murine model of
Coxsackie B3 myocarditis, in which forced exercise during
the acute phase of illness was associated with increased
inflammatory and necrotic lesions (although there was no
effect on death rate).103 The Task Force104 on myopericar-
dial diseases recommends a convalescent period of approxi-
mately 6 months after onset of clinical manifestations before
a return to competitive sports.

Antiviral therapy

The use of the antiviral ribaviron105 in a murine (DBA/2)
model of encephalomyocarditis (ECM) myocarditis improved
survival and decreased myocardial viral titers when used in
higher doses (200 or 400 mg/kg/day). Therapy resulted in
fewer myocardial lesions, more pronounced inhibition of
viral replication, a reduced inflammatory response, and less
myocardial damage. However, treatment was started imme-
diately after viral inoculation. There are no human studies of
antiviral therapy to date and the ability to detect and begin
therapy immediately upon onset is limited in the clinical 
setting.

Angiotensin converting enzyme inhibition

Although there are multiple studies on the use of ACE
inhibitors in heart failure (including patients with IDC),
their utility in myocarditis has been studied only in the
murine model. Studies of Coxsackie B3 myocarditis in CD1
mice reported that early treatment with captopril (starting
on day 1 of infection) resulted in less inflammatory infiltrate,
myocardial necrosis, and calcification. Heart weight, heart
to body weight ratio, and liver congestion diminished. Even
when therapy was begun later (10 days after inoculation), 
a beneficial effect – a reduction in left ventricular mass and
liver congestion – was noted.106

A comparison of the ACE inhibitors captopril 7·5 g/kg/
day and enalapril 1 mg/kg/day with the angiotensin II
receptor blocker losartan 60 mg/kg/day in a murine 
model of ECM myocarditis revealed that only captopril and
losartan, started 1 week after viral inoculation, resulted in
decreased heart weight, body weight, heart weight to body
ratio, and hypertrophy. Left ventricular cavity dimension
decreased with the use of captopril and losartan 12 mg/kg/
day or 60 mg/kg/day. These results are consistent with an
improvement in heart failure and left ventricular hypertro-
phy. There was less necrosis with enalapril and captopril.
However, the inflammatory score was reduced only by 
captopril.77

� Blockers

Similarly, � blockers have been studied in myocarditis 
only in murine models. Metoprolol was compared with
saline in a murine model of acute Coxsackie B3 myocarditis,
starting on the day of viral inoculation and continuing for 
10 days. The result was an increased 30 day mortality (60% v
0%) in metoprolol-treated mice associated with increased
viral replication and myocyte necrosis.107 The � blocker 
carteolol has been studied in a murine model (BALB/C and
DBA/2 strains) of acute, subacute, and chronic ECM
myocarditis. Metoprolol was compared with carteolol in the
chronically infected group. There was no difference in 
survival between mice whose treatment was started on the
day of viral inoculation, compared to therapy begun 14 days
later. In chronically infected mice, carteolol resulted in a
reduction in heart weight and heart weight to body ratio
(not seen with metoprolol), and improved histopathologic
scores (diminished wall thickness, cavity dimension, fiber
diameter, cell necrosis, fibrosis, cellular infiltration, and 
calcification), suggesting that carteolol may prevent the
development of lesions similar to those found in dilated 
cardiomyopathy.108 The results suggest that early initiation
of � blockers may be harmful, whereas in the chronic 
stages of illness � blockers improve manifestations of heart
failure. In addition, non-cardioselective � blockers may be
preferable.
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Calcium-channel blockers

In a murine model of ECM induced myocarditis, verapamil
pretreatment was associated with a reduction in microvas-
cular necrosis, fibrosis, and calcification. Similar changes
were noted if treatment was begun 4 days after viral inocu-
lation. The development of microvascular constriction and
microaneurysm formation was prevented when compared
to controls. This suggests a possible role for calcium signal-
ing and microvascular spasm in the pathogenesis of this
form of viral myocarditis. Verapamil did not reduce mortal-
ity although the severity of illness and time to death were
delayed.109 There have been no human myocarditis trials
with calcium-channel blockers to date.

Non-steroidal anti-inflammatory agents

The use of ibuprofen during the acute phase of murine
Coxsackie B3 myocarditis resulted in significant exacerba-
tion of myocardial inflammation, necrosis, and viral replica-
tion, when compared to control mice.110,111

Vesnarinone

Vesnarinone suppressed TNF 
, resulting in a reduction in
myocardial necrosis, when given at a dose of 50 mg/kg, 
in a murine model of ECM myocarditis. At lower doses
(10 mg/kg) the mortality rate was reduced in comparison to
control mice, although both groups began to experience
mortality on day 5 after viral inoculation.112

Immunosuppressants

The data supporting an immunologic basis of myocarditis
have resulted in multiple treatment trials of immunosup-
pressants. The largest of these trials, the Myocarditis
Treatment Trial,32 screened 2333 patients with heart failure
of less than 2 years’ duration: 214 patients (10%) had
endomyocardial biopsy evidence of myocarditis by the
Dallas Criteria; 111 had a qualifying LVEF of �45%.
Patients were initially divided into three treatment groups:
prednisone/azathioprine, prednisone/cyclosporine, and no
immunosuppressant treatment. The prednisone/azathio-
prine group was subsequently eliminated because of limited
numbers of patients. Patients were treated for 24 weeks,
during which time conventional heart failure therapy was
continued. At both 28 and 52 weeks, no difference in pul-
monary capillary wedge pressure or change in LVEF was
observed (Figure 47.3). In addition, there was no significant
change in LVEF in treated patients as compared with
untreated (Figure 47.3). At 1 and 5 years, there was no dif-
ference in survival between groups or need for cardiac trans-
plantation (Figure 47.4). On multivariate analysis, better
baseline LVEF, less intensive conventional therapy, and

shorter illness duration were independent predictors of
improvement in LVEF during follow up. Immunologic vari-
ables (cardiac IgG, circulating IgG, natural killer and
macrophage activity, helper T cell level) were not associated
with measures of cardiac function. A higher peripheral
CD2� T lymphocyte count was associated with a higher risk
of death. At 5 years the combined end point of death or
transplantation was 56%.

Gagliardi et al88 followed 20 children with biopsy-proven
myocarditis who were treated with cyclosporine and pred-
nisone. At 1 year, 10 of 20 patients still had histologic evi-
dence of myocarditis. No patient died or required
transplantation. However, there was no control group.

Certain subgroups might nonetheless benefit from
immunosuppressant therapy, including those with giant 
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Figure 47.3 Mean (�SE) left ventricular ejection fraction
(LVEF) in the immunosuppression and control groups at base-
line, week 28, and week 52. (A) shows the mean values for all
available studies at each time, with the numbers of patients
indicated at the bottom of the panel. There was no difference
between the two groups in the mean LVEF at baseline, week
28, or week 52 (P � 0·97, P � 0·95, and P � 0·45, respec-
tively). (B) shows the mean values for the 78 patients for whom
data were available at all three times. Again, there was no sig-
nificant difference between the groups (P � 0·51, P � 0·60,
and P � 0·50, respectively). (Adapted with permission from
Mason et al.32)



cell myocarditis, hypersensitivity myocarditis, or cardiac 
sarcoidosis. With a multicenter database, Cooper113 reviewed
63 patients with giant cell myocarditis. There was no differ-
ence in the number of men versus women, or the age of
men versus women. The mean age at onset was 42·6 �
12·7 years. Eighty-eight per cent were white and 19% had
an associated autoimmune disorder. Five patients (8%) had
either Crohn’s disease or ulcerative colitis, which preceded
the onset of myocarditis. Seventy-five per cent presented
with heart failure. Approximately half had sustained refrac-
tory ventricular tachycardia during the course of the illness.
The rate of death or cardiac transplantation was 89% by 
3 years. Median survival was 5·5 months from symptom
onset to death or transplantation. The median survival in
patients treated with corticosteroids was 3·8 months versus
3·0 months in untreated patients. However, patients treated
with corticosteroids and azathioprine had an average 
survival of 11·5 months. Cyclosporine in combination 
with corticosteroids, corticosteroids/azathioprine, or corti-
costeroids/azathioprine/OKT3 survived an average of 
12·6 months. Survival was unaffected by sex, age, or time 
to presentation. Cardiac transplantation was performed in
34 patients. Nine (26%) died during an average 3·7 years of
follow up. Five of these deaths occurred within 30 days of
transplantation. Nine patients had recurrent giant cell
myocarditis in the transplanted heart, after an average of 
3 years post transplantation. Comparison with 111 patients
in the Myocarditis Treatment Trial revealed cumulative
mortality was greater in patients with giant cell myocarditis
(Figure 47.5). The ongoing Giant Cell Myocarditis Treatment
Trial will assess the efficacy of standard medical therapy 

versus standard care, in addition to therapy with muromonab-
CD3 (OKT3), cyclosporine and corticosteroids.

Other potential indications for a trial of immunosuppres-
sant therapy include failure of myocarditis to resolve, 
progressive LV dysfunction despite conventional therapy,
continued active myocarditis on biopsy or fulminant
myocarditis that does not improve within 24–72 hours of
full hemodynamic support, including mechanical assistance.
Myocarditis associated with a known immune-mediated dis-
ease, such as systemic lupus erythematosus, may also bene-
fit from immunosuppressive therapy.

These studies call into question the value of 
routine endomyocardial biopsy and immunosuppressant
therapy in adults and children. Immunologic testing may be
a more sensitive method of diagnosis and may reduce the
sampling error noted with routine histology but awaits
development and validation. Consideration of endomyocar-
dial biopsy should be given whenever these specific
immunosuppressant-responsive conditions are present or
suspected. However, the low incidence of light microscopic
evidence of histologic inflammatory disease, the fact that
there is no specific therapy for most cases of myocarditis,
and the fact that there are potential complications related 
to the procedure suggest that routine endomyocardial
biopsy is not warranted.114

Smaller studies have used differing immunosuppressant
regimens. Kühl et al 115 treated 31 patients with biopsies
classified as immunohistologically positive (more than two
cells per high power field and expression of adhesion mole-
cules), negative Dallas Criteria, and LV dysfunction. Patients
were treated with corticosteroids plus conventional therapy
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Figure 47.4 Actuarial mortality (defined as deaths and car-
diac transplantations) in the immunosuppression and control
groups. The numbers of patients at risk are shown at the bot-
tom. There was no significant difference in mortality between
the two groups. (Adapted with permission from Mason et al.32)
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Figure 47.5 Kaplan–Meier survival curves for patients with
giant cell myocarditis, showing the duration of survival among
38 patients in whom giant cell myocarditis was diagnosed by
endomyocardial biopsy or by examination of a section of 
ventricular apex. Survival was significantly longer among
patients with lymphocytic myocarditis (P � 0·001 by the log
rank test for each comparison). (Adapted with permission from
Cooper et al.113)



for 3 months followed by gradual tapering of methylpred-
nisolone doses over 24 weeks (following biopsy and LVEF
response). Therapy was associated with an improvement in
EF in 64% and improved NYHA functional class in 77%.
Four patients (12%) had no change in EF despite improve-
ment in inflammatory infiltrates. Three patients (9%) had no
change in EF or inflammatory infiltrates. However, study
conclusions are limited by the absence of a control group.
These findings also reinforce the suggestion that light
microscopy may not be the gold standard for the diagnosis
of myocarditis or evaluation of therapy. Hopefully, new
advances in immunohistochemistry will increase diagnostic
and prognostic sensitivity and specificity.

Drucker et al116 retrospectively reviewed 46 children
with congestive cardiomyopathy and Dallas Criteria of bor-
derline or definite myocarditis: 21 patients were treated
with IV IgG (2 g/kg over 24 hours) and were compared to
25 historic controls. Of the treated patients, four received a
second dose of IgG and two were also treated with pred-
nisone. Of the control patients, three received prednisone
and two of these three patients also received cyclosporin.
One died, one underwent heart transplantation, and one
had persistent LV dysfunction. Overall survival was not
improved although there was a trend toward improvement
in 1 year survival in the treated group. In the IgG group, the
mean LV end-diastolic dimension was not significantly dif-
ferent from normal after 3 months. Fractional shortening
improved in both groups but returned to normal only in the
IgG group. Improvement in ventricular function persisted
after adjustment for age, biopsy status, and use of ACE
inhibitors and inotropes.

In a comparative study of interferon-
, thymomodulin,
and conventional therapy in patients with biopsy-proven
myocarditis or IDC, an improvement in the treatment
groups was reported for EF (at rest and during exercise),
maximum exercise time, functional class, and ECG abnor-
malities. Three of 12 conventionally treated patients died
(one suddenly and two from heart failure), compared with
one of 13 treated with interferon-
 (sudden death in an IDC
patient) and one of 13 treated with thymomodulin (of
embolic cerebrovascular accident).117 The use of intra-
venous immune globulin in 10 patients (NYHA III–IV) with
symptoms of �6 months duration resulted in an improve-
ment in LVEF (Figure 47.6) and functional improvement
(NYHA I–II at 1 year of follow up) in all nine patients who
survived, regardless of biopsy results.118

Ahdoot et al reported on five children aged 15 months to
16·5 years, four with histologic evidence of acute myocardi-
tis, who were treated with OKT3 (0·1 mg/kg/IV push 
for 10–14 days), IV IgG (2 mg/kg over 24–48 hours) and 
corticosteroids. Three patients also received cyclosporine
(for 6 months), three received azathioprine (while main-
tained on cyclosporine) and one received methotrexate (for
2 months). All presented with severe heart failure, requiring

inotropic and ventilatory support. Four had life-threatening
arrhythmias. Four required temporary mechanical circula-
tory support. One patient died from a thromboembolic
event. EF normalized in the four surviving patients. After 
a mean follow up of 28·8 months (3–56 months), there
were no heart failure recurrences or progression to dilated
cardiomyopathy.119

Perhaps alternative immunosuppressant regimens and 
different diagnostic criteria may be more successful in
demonstrating the usefulness of immunosuppressants. Other
immunosuppressants have been studied in the murine
model. The use of cyclophosphamide (CYA) in a murine
model of Coxsackie B3 myocarditis revealed that therapy
begun at the time of viral inoculation resulted in less severe
cardiac lesions compared to controls but no improvement in
mortality. When therapy was begun later (8 days after viral
inoculation), survival was worse in the CYA group despite
improvement in cardiac lesions. When therapy was begun
even later (day 21), there was no difference in survival or in
cardiac infiltrates compared with controls.120 In a murine
model of EMC viral myocarditis, the use of tumor necrosis
factor (TNF) resulted in greater myocardial viral content and
more extensive myocardial necrosis and cellular infiltration.
Anti-TNF monoclonal antibody did not alter mortality 
or prevent myocardial lesions unless given before viral 
infection.121 There are no human studies with these agents.
Preliminary data on the development of an enterovirus 
vaccine using chimeric Coxsackie virus B3 in a murine
model of myocarditis suggest an attenuation of viral replica-
tion and diminished inflammatory infiltrates.122
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Figure 47.6 Change in LVEF (P � 0.003) in patients treated
with IV immune globulin. All patients demonstrated functional
improvement and at 1 year follow up were NYHA class I or II.
No patient has been re-hospitalized for congestive failure.
(Adapted with permission from McNamara et al.118)



Cardiac transplantation

An analysis of outcome of 14 055 cardiac transplant 
recipients did not confirm the initial concern that there is 
a worse outcome if transplantation is performed during 
the acute stage of myocarditis. One year actuarial survival in
all groups transplanted (IDC, myocarditis, peripartum car-
diomyopathy v other diagnoses) was 80%.123 Nonetheless,
myocarditis may recur in the transplanted heart.124

Treatment of IDC: clinical and experimental

The same general supportive measures used in myocarditis
are applicable in the management of IDC, except that mod-
erate exercise is encouraged once heart failure symptoms
have stabilized. Mild to moderate dynamic exercise is prefer-
able to isometric exercise.125

Vasodilators, ACE inhibitors, and angiotensin
receptor antagonists

The beneficial effects of vasodilators (hydralazine and isosor-
bide dinitrate) and ACE inhibitors on symptomatic improve-
ment and reduction in mortality have been shown in
multiple large clinical trials.126–130 Trials have included
15–18% of enrolled patients with a diagnosis of IDC.126–130

These trials have documented a reduction in cardiac size,
improvement in functional class, and a reduction in total
and cardiovascular mortality. In addition, there is a reduc-
tion in the number of hospitalizations.126–130

The use of enalapril in asymptomatic patients (EF � 35%)
resulted in a non-significant decrease in mortality. However,
there was a reduction in the incidence of heart failure and
related hospital admissions. The time to development of
heart failure was shown to be prolonged from 8·3 months to
22·3 months.128,129 The survival benefit of enalapril was
found to be superior to the combination of hydralazine plus
isosorbide dinitrate in the Second Vasodilator-Heart Failure
Trial (V-HeFT-2).130

A short trial (8 weeks) comparing the angiotensin 
receptor II antagonist (ARB) losartan with enalapril in 
166 patients with NYHA class III–IV and an EF of �35%
suggested comparable efficacy based on results of 6 minute
walk test, dyspnea fatigue index, neurohumoral activation
(norepinephrine and atrial natriuretic factor levels), labora-
tory evaluation, and adverse events.131 In a comparison of
losartan (titrated to 50 mg/day) with captopril (50 mg 3�/
day) in 722 NYHA class II–IV patients over the age of 65, 
a 32% relative risk reduction of death and/or hospital
admission was observed with the use of losartan (Evaluation
of Losartan in the Elderly Study [ELITE]).132 There was no
difference in the number of hospital admissions for heart
failure or improvement in functional class. This suggests
that losartan may be used as an alternative to, if not 

preferred to, ACE inhibitors. However, there was no signifi-
cant difference in mortality, sudden death or resuscitated
deaths in the follow up study (ELITE II). While the study
failed to show the superiority of losartan, the drug is a safe
and effective alternative in patients who cannot tolerate
ACE inhibitors.133

The Valsartan Heart Trial Investigators134 reported no sig-
nificant difference in survival in 5010 patients with class II–IV
heart failure (31% IDC) treated with valsartan plus ACE
inhibitors versus placebo and ACE inhibitors. However there
was a 13% lower incidence of the combined end points of
mortality and cardiac arrest necessitating resuscitation, hospi-
talization for heart failure or need for intravenous inotropes
and vasodilators. There was significant improvement in heart
failure symptoms and quality of life. Of note, on post hoc
analysis, valsartan had an adverse effect on mortality in
patients on a combination of ACE inhibitor and � blocker 
(P�0·009). Whether this is a true interaction requires fur-
ther investigation. Thus, ARBs should be considered an alter-
native in patients intolerant of ACE inhibitors.114

Digitalis

Although the use of digitalis has long been a standard in the
treatment of heart failure, only recently have large trials
been conducted to assess its safety and efficacy adequately.
Withdrawal trials of digitalis in patients with a depressed
LVEF treated with diuretics and/or ACE inhibitors, in sinus
rhythm, with mild to moderate heart failure, have shown a
worsening of exercise performance and NYHA class, lower
quality of life score, a need for additional drug therapy, more
overall hospitalizations and hospitalizations for heart failure,
and an increase in emergency room visits for heart failure
compared with patients continued on digitalis. Patients who
continued the use of digitalis had an increased time to treat-
ment failure, higher LVEF, and lower heart rate and body
weight. Its effect on mortality is neutral, with a balanced
reduction in heart failure deaths and an increase in sudden
arrhythmic deaths.135–137 However, digoxin reduced hospi-
talization for heart failure.137 Perhaps, unexpectedly, these
results were similar in a group of patients with an EF of
45%.137 The symptomatic benefit of therapy was greatest in
patients with an EF of 25%, NYHA class III–IV, and in those
with cardiomegaly. Idiopathic dilated cardiomyopathy was
the etiology of heart failure in approximately 15–40% of
patients enrolled in these trials.135–137

Immunosuppressants

The use of immunosuppressants is not as well studied in
IDC as in myocarditis. Patients with IDC felt to be immune
reactive, based on cellular infiltrate, Ig or complement depo-
sition, elevated sedimentation rate, or a positive gallium
scan, were randomized to treatment with prednisone 
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and compared to untreated controls by Parillo et al138

At 3 months, there was an improvement in EF, but this was
not sustained at 9 months.138 In another study, the use of
interferon-
 or thymomodulin in IDC appeared to improve
EF (at rest and during exercise), maximum exercise time,
functional class, and ECG abnormalities when compared
with conventional therapy alone.117

Ten patients with recent onset of heart failure and biopsy
consistent with borderline myocarditis in one patient, non-
specific inflammation in one patient, and six with no cellular
infiltrate received IV IgG. There was an improvement in both
LVEF (Figure 47.6), and functional classification (NYHA I–II
at 1 year of follow up) in all nine patients who survived.118

Conversely, the IMAC investigators randomized 62 patients
with recent onset IDC to IV IgG (2g/kg) or placebo. Sixteen
per cent had biopsy evidence of cellular inflammation. The
improvement noted in EF was identical in both groups.
There was no significant difference in event-free survival or
functional capacity between the two groups.139

Using immunohistological criteria as the basis to qualify
for immunosuppressive therapy, Wojnicz et al randomized
84 heart failure patients with increased HLA expression on
endomyocardial biopsy specimens to therapy with pred-
nisone (1 mg/kg/day, which was tapered to 0·2 mg/kg/day
for 90 days) and azathioprine (1 mg/kg for 100 days) versus
placebo. Fifty-eight patients completed the study. There was
no difference in cardiac death, transplantation or hospital 
re-admission rate, although the immunosuppressant group
had a significant improvement in EF, left ventricular dias-
tolic dimension, and NYHA functional class.140

Since the development of autoantibodies may play a role in
the initiation and progression of IDC, immunoadsorption for
their removal may be of benefit. Felix et al randomized 
18 patients with severe heart failure to immunoadsorption
(IA) followed by IgG (0·5g/kg) substitution versus conven-
tional therapy. Myocarditis was excluded in all patients. There
was a significant decline in � receptor antibody levels in the
IA group, when compared to baseline levels (P�0·01) and
when compared to conventionally treated patients (P�0·01).
In addition, there were significant improvements in hemody-
namics. Cardiac index and stroke volume index increased,
while pulmonary and systemic vascular resistance decreased.
These changes persisted for 3 months. The hemodynamic
improvements were associated with significant improvements
in EF (P�0·01) and functional class (P�0·05). However,
this was a small study and follow up was only 3 months.141

Since a specific diagnosis is infrequently made in cases of
dilated cardiomyopathy (approximately 17% of cases),59

routine endomyocardial biopsy is not recommended in all
heart failure patients.114 The benefits of endomyocardial
biopsy should outweigh the overall risks associated with 
the procedure, reported at 4·4–8%, although death from
myocardial perforation is uncommon (0·02–0·4%).59,142 As
the diagnostic yield and likelihood of therapy being altered

by the histopathologic results is low, biopsy should be con-
sidered in patients with rapid clinical deterioration, new
arrhythmias, history, or symptoms suggestive of secondary
causes of dilated cardiomyopathy, or who fail to improve
after 1 week of conventional therapy.114,142

Growth hormone

Preliminary data suggested growth hormone (GH) might be
of therapeutic benefit in patients with IDC. In a recent pilot
study, there was an improvement in quality of life, increased
maximal exercise capacity, and increased LV mass and wall
thickness, with resultant decreased wall stress, decreased
chamber size; improved hemodynamics and systolic perform-
ance, and decreased myocardial oxygen consumption.143

However, Isgaard144 conducted a randomized double blind
study of recombinant GH in 22 patients with heart failure of
various etiologies. After 3 months of treatment, there was no
improvement in systolic or diastolic function or exercise
capacity. Plasma markers of neuroendocrine activation (renin
activity, aldosterone, angiotensin II, adrenaline, noradrena-
line) remained unchanged.

Calcium-channel blockers

The Prospective Randomized Amlodipine Survival Evaluation
(PRAISE) trial145 enrolled 1153 patients with NYHA 
class III–IV heart failure and an EF of �30%. Treatment
with the calcium-channel blocker amlodipine was compared
to placebo. On subgroup analysis, patients with dilated car-
diomyopathy had a 31% reduction in fatal and non-
fatal events and a 46% lower risk of death, although there
was no significant reduction in overall mortality or fatal and
non-fatal events. The follow up study (PRAISE II) showed
no survival benefit with the use of amlodipine (presented at
American College of Cardiology Scientific Sessions 15 March,
2000 in Anaheim, CA). Its use in heart failure should be
limited to patients with hypertension and angina despite
standard heart failure therapy.114

Cardiomyopathic Syrian hamsters are known to develop
progressive focal myocardial necrosis, similar to lesions
found in human cardiac diseases. In these hamsters, the
process begins at 1 month of age, ultimately leading to heart
failure. Using silicone rubber perfusion studies, Factor and
colleagues146 were able to document microvascular vaso-
constriction, diffuse vessel narrowing, and lumenal irregu-
larity associated with adjacent areas of myocytolytic
necrosis. They were able to prevent the development of cel-
lular necrosis by pretreatment of 30 day old hamsters (the
period when they normally develop these lesions) with vera-
pamil. When treatment was begun at a later time (90 or 
150 days), there was no alteration in scar or necrosis.
However, verapamil had a positive effect on microvascular
spasm, regardless of when treatment was begun, suggesting
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abnormal cellular calcium metabolism may be involved in
the pathogenesis. Comparable human studies have not been
done. These studies lend further support to the potential
role of calcium and microvascular spasm.

� Blockers

Initial trials of the use of � blockers in IDC, while uncon-
trolled, suggested improved cardiac function and survival
when they were added to digitalis and diuretics in patients
with moderate to severe heart failure.147 In addition, the
withdrawal of such therapy appeared to result in the 
development of worsening heart failure.147

The long-term effects of metoprolol were studied in 
an early double-blind, randomized study of limited size.148

Patients also were frequently receiving treatment with
digoxin, diuretics, and vasodilators. Patients had symptomatic
heart failure with a baseline EF of 49%. In the metoprolol-
treated group, a significant improvement in functional class,
exercise capacity, mean EF, and LV end-diastolic dimension
was observed.148 The subsequent larger Metoprolol in
Dilated Cardiomyopathy (MDC) Trial149 in symptomatic
patients with an EF of �40% showed a reduction in the com-
posite end point of death or need for transplantation.
However, all of the derived benefit was secondary to a reduc-
tion in cardiac transplantation, with no independent effect on
all-cause mortality. Additional benefit was observed in several
other measures; ejection fraction, pulmonary capillary wedge
pressure, quality of life, exercise duration, and NYHA 
functional class improved significantly. The number of hospi-
tal re-admissions for all patients and re-admissions per patient
were reduced with metoprolol. In a substudy of the
Randomized Evaluation of Strategies of Left Ventricular
Dysfunction (RESOLVD), of 450 patients with an EF of
	0·40, there was about a 50% risk reduction in mortality
(P�0·052) and a significant improvement in EF with meto-
prolol CR compared to placebo over 20 weeks. There was no
impact on cardiovascular or total hospitalizations.150

The Cardiac Insufficiency Bisoprolol Study (CIBIS)151

tested bisoprolol in heart failure and found no difference in
sudden death or death from documented venous thrombo-
sis. On subgroup analysis, there was a reduction in mortality
in IDC patients and those with NYHA class IV. There was
also an improvement in functional status and fewer hospi-
talizations in patients treated with bisoprolol. The follow up
study (CIBIS-II) enrolled 2647 patients with class III or IV
heart failure and an EF of �35%. The study was terminated
early because of a significant mortality benefit in patients
treated with bisoprolol (11·8% v 17·3%; P � 0·0001). All-
cause mortality was lower and there were fewer sudden
deaths in the treated group (3·6% v 6·3%; P �0·0011). In
addition, fewer patients were hospitalized in the treatment
group (P � 0·0006). The beneficial effects of therapy were
independent of the etiology or severity of heart failure.152

The 
/� blocker carvedilol has been tested in patients
with an EF of 	35% (NYHA classes II–IV), on digitalis, 
an ACE inhibitor, and diuretics, and was associated with a
65% reduction of all-cause mortality (not a prospective 
end point), a 27% reduction in hospitalization, and a 38%
reduction in the combined end points of death and hospital-
ization (primary end point, progression of heart failure). The
reduction in mortality was independent of age, sex, cause of
heart failure, EF, exercise tolerance, systolic blood pressure,
and heart rate.153 Subsequent studies have confirmed the
beneficial effects of carvedilol on survival and improvement
in symptomatology in patients with moderate to severe
heart failure on a background of ACE inhibitors, diuretics,
and digitalis. Additionally, mean EF increased by 5%. 
There was however, no significant improvement in exercise
performance.154

The Metoprolol CR/XL Randomized Intervention Trial 
in Congestive Heart Failure (MERIT-HF) enrolled 3991
patients with class III–IV heart failure and an EF of � 40%.
Patients were randomized to long-acting metoprolol or
placebo after a 2 week single-blind run-in period; 90% of
patients were on diuretics and ACE inhibitors. Approximately
63% were on digitalis. There was a significant reduction in
all-cause hospitalization and total mortality (19% risk reduc-
tion). There was a 32% risk reduction in death or need for
heart transplantation. The number of hospitalizations (451 v
317) and hospitalization days (5303 days v 3401 days) due
to heart failure were significantly reduced when compared
to the placebo group. There was a significant improvement
in functional class and patient sense of well being, when
these criteria were assessed by patients and their physi-
cians.155 Given the mounting evidence supporting their use,
it is recommended that patients with symptomatic LV dys-
function receive treatment with � blockers. Initiation of
therapy should begin in stable patients with no or minimal
evidence of volume overload and without recent need of IV
inotropic agents. Most recent guidelines also recommend
their use in patients with asymptomatic LV dysfunction.114

Aldactone

The Randomized Aldactone Evaluation Study (RALES)
Investigators trial randomized 1663 patients with severe
heart failure (class III–IV at time of randomization; EF
�35%; 46% non-ischemic etiology). All patients were on a
loop diuretic, �90% on an ACE inhibitor, and �70% on dig-
italis. Patients randomized to aldactone had a 30% reduc-
tion in risk of death. The mortality reduction was a result of
lower risk of death from heart failure and sudden death. In
addition, there was a 30% reduction in the risk of hospital-
ization. Of those on placebo, 33% noted improvement in
heart failure symptoms and 48% had worsening heart failure
symptoms, as compared to 41% and 38% of patients, respec-
tively on aldactone (P � 0·001).156
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Inotropes

Multiple trials of different inotropes, both oral and IV (inter-
mittent or continuous), with various dose ranges, have
failed to result in an improvement in survival in patients
with heart failure, although several agents may provide tran-
sient symptomatic improvement.157–160 Thus, routine use of
these agents cannot be recommended.114

Amiodarone

Over 40% of cardiac deaths occur suddenly, presumably
from arrhythmias. Both the Grupo de Estudio de la Sobrevida
en la Insuficiencia Cardiaca en Argentina (GESICA)118 and
the Survival Trial of Antiarrhythmic Therapy in Congestive
Heart Failure (CHF-STAT)162 assessed the efficacy of amio-
darone therapy in heart failure patients with asymptomatic
ventricular arrhythmias.

GESICA161 enrolled patients with NYHA class III–IV
symptoms, an LVEF �35%, who were treated with routine
heart failure therapy. The presence or absence of non-
sustained ventricular tachycardia on Holter was noted.
Patients were prospectively randomized to amiodarone
600mg/day for 14 days, followed by 300mg/day for 2 years.
A total of 516 (260 in the amiodarone group) patients were
enrolled. Within the amiodarone group, there was a 23%
risk reduction (RR) in progressive heart failure. There was a
27% RR of sudden death, although there was no difference
in non-cardiac deaths. There was also a 31% RR in death or
heart failure admissions. On subgroup analysis, the effect of
amiodarone was similar regardless of sex, functional class
(NYHA class II–IV), and the presence or absence of non-
sustained ventricular tachycardia. In addition, a larger pro-
portion of amiodarone-treated patients were in the better
functional classes.

CHF-STAT162 enrolled 674 patients (336 amiodarone
treated) with heart failure, �10 PVC/hour (unaccompanied
by symptoms), with an EF �40% (PVC � premature ven-
tricular complex). Patients were treated with amiodarone
800 mg/day for 2 weeks, then 400 mg/day for 50 weeks,
followed by 300 mg/day until study completion. In contrast
to the GESICA trial, there was no significant reduction in
heart failure deaths, sudden deaths, or non-cardiac deaths.
Survival was unaffected by the suppression of PVCs or elim-
ination of venous thrombosis. Amiodarone-treated patients
had a significant improvement in LVEF at 6 months
although this did not affect survival. When data were ana-
lyzed based on the etiology of heart failure, there was a
trend toward improved mortality in non-ischemic patients
(P � 0·07). The difference between these two studies 
may be related to the different proportion of patients with
coronary artery disease in the two trials and the fact that
CHF-STAT but not GESICA was double-blind placebo-
controlled. The Sudden Cardiac Death in Heart Failure Trial

(SCD-HeFT) will examine the role of standard care versus
standard care with amiodarone or defibrillator.

Overview of treatment measures

While general supportive measures, with a period of no
exercise, are recommended in the treatment of myocarditis,
no specific therapies have been approved. ACE inhibitors, 
� blockers, and calcium-channel blockers have only been
studied in animal models. The routine use of immuno-
suppressants is not supported by the Myocarditis Treatment
Trial, although some subgroups may benefit, and other regi-
mens may prove beneficial (Table 47.1).

Supportive measures are also suggested in IDC and 
exercise is encouraged. Multiple trials support the use of
vasodilators, ACE inhibitors, � blockers and digoxin, 
when appropriate, in IDC (Table 47.2). Angiotensin recep-
tor blockers (ARBs) or nitrates alone, or in combination with
hydralazine, may be used as alternatives in patients who
cannot be given ACE inhibitors.114 There are insufficient
data to support the use of immunosuppressants for the treat-
ment of IDC. Further studies on the use of selected calcium-
channel blockers are underway (PRAISE-II). The routine 
use of prophylactic antiarrhythmics is also unsupported.
Transplantation is a valid treatment option for patients with
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Table 47.1 Grading of recommendations and levels of
evidence for the treatment of myocarditis

Treatment Level of Grade
evidence

Supportive measures 5 C
Immunosuppressants 1d,32 2,88 B

3,116 4115,118,119

Cardiac transplantation 2, 5 A

Table 47.2 Grading of recommendations and levels of
evidence for treatment of dilated cardiomyopathy

Treatment Level of Grade
evidence

Supportive measures 5 C
� Blockers 1a A
ACE inhibitors 1a A
Vasodilators 1a A
Angiotensin receptor 1a B
blockers
Digitalis 1a A
Aldactone 1a A
Amiodarone 1a B
Transplantation 2, 5 A



end stage IDC and/or refractory myocarditis, although
myocarditis may recur. Mechanical circulatory support may
be used as a bridge to transplant in patients with low cardiac
output states, those dependant on intravenous inotropic sup-
port, or with intractable ventricular arrhythmias, or patients
who are NHYA class IV with refractory symptoms.163
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Hypertrophic cardiomyopathy (HCM) is defined by the 
presence of left and or right ventricular hypertrophy in the
absence of a cardiac or systemic cause. It predisposes to fatal
cardiac arrhythmia, and is an important cause of sudden
death in individuals aged less than 35 years. The following
chapter reviews current data on etiology, diagnosis, and
treatment of the disease, and briefly discusses areas of
uncertainty.

Genetics

In the majority of cases, HCM is an autosomal dominant
inherited disease caused by mutations in genes encoding car-
diac sarcomeric proteins: �-myosin heavy chain on chromo-
some 14q11 (35%), cardiac troponin-T on chromosome 1q3
(15%), cardiac troponin-I on chromosome 19, 
-tropomyosin
on chromosome 15q2 (�5%), and myosin binding protein-C
on chromosome 11p11·2 (15%).1–5 Less than 1% of patients
have mutations affecting the genes encoding the essential
and regulatory myosin light chains (on chromosomes 3 and
12 respectively),6 and cardiac actin on chromosome 15.7

A further unconfirmed mutation in the gene encoding
another sarcomeric protein, Titin on chromosome 2, has also
been reported.8

A causal association between sarcomeric protein gene
abnormalities and HCM is supported by a number of obser-
vations: cosegregation of mutation and disease in adult
patients, the presence of mutations in patients with familial
HCM but not in unrelated unaffected individuals, and an
association between de novo mutations and sporadic dis-
ease.9 The manner in which specific mutations result in 
disease is still poorly understood, but it might be expected
that point mutations occurring within critical domains of
sarcomeric protein molecules would result in predictable
cardiac phenotypes. Preliminary studies have suggested that
patients with troponin-T gene mutations tend to have mild
ventricular hypertrophy and a high prevalence of sudden
death, whereas most B-myosin heavy chain mutations that
are associated with sudden death have at least moderate
hypertrophy. Despite this, mutations affecting identical
residues can result in very different clinical outcomes,10 sug-
gesting that other genetic and environmental factors influ-
ence disease expression. One such disease “modifier” may be
angiotensin converting enzyme (ACE) gene polymorphism,

with several papers suggesting that the DD genotype is asso-
ciated with more severe hypertrophy than either ID or II
genotypes.11

Recently, investigation of the functional consequences of
sarcomeric protein mutations has been facilitated by the
study of mutant �-myosin within human skeletal muscle.
The demonstration of selective type 1 fiber atrophy, reduced
shortening velocity, and impaired isometric force contrac-
tion12,13 suggest that the characteristic myocardial pathol-
ogy of HCM is a compensatory response to impaired
contractile function. A mouse model, developed by intro-
ducing a 403Arginine to glutamine 
-myosin mutation, has
supported this hypothesis by demonstrating cardiac dysfunc-
tion before the development of disarray and myocyte hyper-
trophy.14 This study also demonstrated that male mutant
mice had more extensive disease than their female counter-
parts, indicating that gender may also modulate phenotype
expression.

Pathology

Although any pattern of ventricular hypertrophy can be 
seen in HCM, it is usually asymmetrically distributed, affect-
ing the interventricular septum more than the free or poste-
rior walls of the left ventricle.15 Isolated right ventricular
hypertrophy is unreported, but right-sided involvement in
association with left ventricular hypertrophy occurs in up to
a third of patients. Microscopically, HCM is characterized by
disturbance of myocyte-to-myocyte orientation, with cells
forming whorls around foci of connective tissue (“disar-
ray”). Individual cells vary in size and length, and there is
disruption of the normal intracellular myofibrillar architec-
ture. Myocyte disarray is described in congenital heart dis-
ease, hypertension, and aortic stenosis, but it is more
extensive in HCM, typically affecting more than 20% of ven-
tricular tissue blocks post mortem and more than 5% of total
myocardium. Other characteristic features include myocar-
dial fibrosis and abnormal small intramural arteries.16

The significance of the latter remains uncertain, but the
presence of extensive small vessel disease in areas of fibrosis
has suggested that they may cause myocardial ischemia.
However, more recent data have shown that small vessel
disease may be just as widespread in patients without
extensive fibrosis.17
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Pathophysiology

Hemodynamics

Systolic function is normal or “hyperdynamic” in most
patients; 25% have a subaortic pressure gradient temporally
associated with contact between the anterior mitral valve
leaflet and the interventricular septum in systole.18 It is
thought that the mitral valve leaflet is drawn anteriorly by
Venturi forces generated as blood is rapidly ejected through
a narrowed left ventricular outflow tract. More recently the
importance of abnormal anterior displacement of the papil-
lary muscles during systole and other abnormalities of the
mitral valve apparatus such as leaflet elongation have been
recognized as contributory factors.19,20 Although the magni-
tude of the outflow tract gradient is related to the time of
onset and the duration of mitral valve–septal contact, its
clinical significance is still debated. Several papers have
shown that up to 80% of stroke volume may be ejected
before a gradient develops, leading some authorities to sug-
gest that “true” obstruction to flow does not occur.21 In
other patients, however, the presence of rapid deceleration
in aortic flow at the time of septal–mitral contact, prolonga-
tion of left ventricular ejection time, and continued ventric-
ular shortening after the onset of the outflow gradient in 
the absence of forward flow, suggest that the gradient is 
of hemodynamic significance.22 An analysis of published
hemodynamic and echocardiographic data18 has shown that
the percentage of stroke volume ejected before mitral–septal
contact is inversely related to the magnitude of the gradient.
Using this model, the gradient only becomes hemodynami-
cally “significant” when it exceeds 50 mmHg.

Diastolic function

Up to 80% of patients have a range of diastolic abnormalities
that include slow and prolonged isovolumic relaxation,
reduced rate of rapid filling, and increased left ventricular 
stiffness.23,24 The underlying cause of diastolic abnormalities
are difficult to determine in individual patients, although
myocardial fibrosis, left ventricular hypertrophy, myocyte dis-
array, myocardial ischemia, regional asynchrony, abnormal
intracellular calcium fluxes, and disordered ventricular geom-
etry may each play a role. While diastolic abnormalities are
undoubtedly the cause of symptoms in many patients, they
are also observed in asymptomatic individuals. A minority of
patients have features resembling restrictive cardiomyopathy
with severe diastolic dysfunction, markedly elevated filling
pressures, mild or no hypertrophy and bi-atrial dilatation.

Myocardial ischemia

Evidence for myocardial ischemia in HCM includes reduced
coronary flow reserve and lactate production during pacing

or pharmacologic stress.25,26 The etiology of myocardial
ischemia in HCM is likely to be multifactorial. Abnormal
intramural vessels with small lumina, increased metabolic
demands of hypertrophied myocardium, elevated left ven-
tricular filling pressures and abnormalities in diastolic filling
and relaxation may all contribute.27 Ischemia may lead to
myocardial fibrosis and scarring and, as a consequence, con-
tribute to systolic and diastolic left ventricular dysfunction.
Ischemia may also be one of the factors that contribute to
the multiplicity of events leading to ventricular arrhythmia
and sudden death. In routine clinical practice, however, the
evaluation of chest pain remains problematic because stan-
dard non-invasive screening tests, such as exercise testing
and 201thallium perfusion scintigraphy, are difficult to inter-
pret in the presence of ventricular hypertrophy.27–29

Vascular responses to exercise

The physiologic response to exercise in normal individuals
consists of an increase in systolic blood pressure associated
with a three- to fourfold increase in cardiac output. In one
third of patients with HCM the blood pressure fails to rise
appropriately or may even fall during exercise, despite an
appropriate increase in cardiac output. This abnormal reflex
is thought to relate to the inappropriate activation of ven-
tricular baroreceptors, which in turn leads to a withdrawal
of efferent sympathetic tone resulting in a fall in systemic
vascular resistance. The mechanisms responsible for baro-
receptor activation are unknown but may relate to increased
wall stress and myocardial ischemia.30–32

Clinical aspects

Epidemiology

Six studies have examined the prevalence of HCM32–37

and, whilst comparison between them is difficult because 
of the different methodologies and selection criteria used
(Table 48.1), most have suggested a figure of at least 0·2%.
The exception35 was based on an analysis of patient records
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Table 48.1 Prevalence of hypertrophic cardiomyopathy

Author n Screening Prevalence 
method (%)

Savage 198333 3000 M-mode echo 0·30
Hada 198732 12 841 ECG 0·17
Maron 199436 714 2D-echo 0·50
Codd 198935 3250 Echo/angio 0·02
Maron 199534 4111 2D-echo 0·20



from institutions in Olmsted County, Minnesota. Although,
the degree of surveillance of the resident population was
admirably high, the fact that we now know that many
patients with HCM have normal physical examinations and
are asymptomatic makes it likely that some cases escaped
detection during the initial clinical screening process.
Furthermore, the reliance in the early part of the study on
M-mode echocardiography means that many patients with
hypertrophy in those regions of the myocardium not within
the “sight” of the M-mode beam may have been over-
looked, and would not have been allocated to one of the
diagnostic codes used to select patients.

Natural history

It remains accepted wisdom that ventricular hypertrophy in
patients with HCM usually develops during periods of rapid
somatic growth, sometimes during the first year of life, but
more typically during adolescence.38–42 Until quite recently
it was thought that the risk of developing hypertrophy after
the age of 20 was very small. However, recent data from
patients with mutations in myosin binding protein-C gene
suggest that disease expression may occur throughout adult
life. Patients may develop symptoms at any age, or remain
asymptomatic all their lives. While most patients with HCM
experience an age-dependent decline in exercise capacity
and left ventricular function, only 5–10% of patients go on
to develop rapid symptomatic deterioration in association
with myocardial wall thinning, reduced systolic perform-
ance and increase in left ventricular end-systolic dimen-
sions. Sudden death occurs throughout life, but the precise
incidence varies in different series. Data from referral insti-
tutions suggest an overall annual mortality of 2%, with a
maximum of 2–4% during childhood and adolescence,38,39

whereas studies from several outpatient-based popula-
tions40–42 suggest a lower figure of approximately 1% per
annum. Data in infants with HCM are limited, but sudden
death in the first decade is thought to be uncommon.43

Symptoms

In referral centers, exertional and atypical chest pains occur
in approximately 30% of adult patients.38,39 Dyspnea is also
common in adults, and is probably caused by elevated pul-
monary venous pressure secondary to abnormal diastolic
function. Paroxysmal nocturnal dyspnea may occur in
patients with apparently mild hemodynamic abnormalities.
Its mechanism is uncertain, but myocardial ischemia or
arrhythmia may be responsible. Approximately 15–25% of
patients experience syncope and 20% presyncope. In some
this is caused by paroxysmal arrhythmia, left ventricular
outflow tract obstruction, conduction system disease or
abnormal vascular responses during exercise, but in the
majority no underlying cause is identified.

Examination

In most patients with HCM, physical examination is unre-
markable. Patients may have a rapid upstroke to the arterial
pulse, a forceful left ventricular impulse, and a palpable left
atrial beat.38 In approximately one third of patients, there is 
a prominent “a” wave in the jugular venous pressure, caused
by reduced right ventricular compliance. The first and sec-
ond heart sounds are usually normal, but a fourth heart
sound, reflecting atrial systolic flow into a “stiff” left ventricle
may be present. Up to one third of patients have a systolic
murmur caused by left ventricular outflow tract turbulence.
Physiologic and pharmacologic maneuvers that decrease
afterload or venous return (standing, Valsalva, amyl nitrate)
increase the intensity of the murmur, whereas interventions
that increase afterload and venous return (squatting and
phenylephrine) reduce it. The majority of patients with left
ventricular outflow murmurs also have mitral regurgitation.
Rarely, right ventricular outflow obstruction causes a systolic
murmur best heard in the pulmonary area.

Electrocardiogram

While the literature suggests that the ECG is abnormal at least
80% of patients,44 there are no specific changes diagnostic of
HCM. Abnormal QRS morphology, repolarization abnormali-
ties, and right and left atrial enlargement are common.38,39,44

ST segment depression is frequent during exercise and daily
life,27,28 but is difficult to interpret in the presence of baseline
ECG abnormalities. Abnormal Q waves occur in 25–50% 
of patients,44–46 most commonly in the inferolateral leads.
Suggested causes include abnormal septal activation and
myocardial ischemia. Giant negative T waves in the mid-
precordial leads may be more common in Japanese patients
with apical hypertrophy,47 but they are also seen in Western
patients with more extensive hypertrophy. Some patients
have a short PR interval with a slurred QRS upstroke, 
but only a minority (approximately 5% of all patients with
HCM)48 have accessory atrioventricular pathways.

The incidence of arrhythmias detected during 48 hour
ambulatory ECG monitoring is age dependent (Figure 48.1).
Runs of non-sustained ventricular tachycardia (NSVT) occur
in 25% of adults,49,50 but most episodes are relatively slow,
asymptomatic, and occur during periods of increased vagal
tone (such as during sleep). Sustained ventricular tachycardia
is uncommon and is sometimes associated with apical
aneurysms.51 Paroxysmal supraventricular arrhythmias occur
in 30–50% of patients,52 with sustained atrial fibrillation pres-
ent in 5% of patients at diagnosis. A further 10% of patients
develop atrial fibrillation over the subsequent 5 years.52

Echocardiography

When echocardiographic diagnostic criteria for HCM 
were established using M-mode imaging, asymmetrical
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hypertrophy of the interventricular septum (ASH) was 
considered to be the sine qua non of the disease. However,
subsequent two-dimensional echocardiographic studies
have shown that any pattern of hypertrophy is compatible
with the diagnosis.53 The proportion of patients with 
concentric versus asymmetric hypertrophy depends on the
definition employed. Thus, when a septal to posterior wall
thickness ratio of 1·3:1 is used to define asymmetry, only
1–2% of patients have concentric left ventricular hypertro-
phy.53 However, this proportion rises to approximately 30%
when a ratio of 1·5:1 is used.54 Criteria for abnormal wall
thickness vary, but values exceeding two standard devia-
tions from the mean corrected for age, sex, and height are
generally accepted as diagnostic in the absence of any other
cardiac or systemic cause. Doppler echocardiography is used
to quantify the gradient across the left ventricular outflow
tract using the modified Bernoulli equation:

peak gradient � 4Vmax
2

where Vmax is the maximum velocity across the left 
ventricular outflow tract. When it is not possible to obtain
accurate Doppler measurements, the gradient can be esti-
mated using M-mode recordings of the mitral valve and the
formula:

peak gradient � 25(X/Y ) � 25

where X is the duration of mitral–septal contact, and Y the
period from the onset of systolic anterior motion of the
mitral valve to the onset of mitral–septal contact.18

Cardiopulmonary responses to exercise

In most patients with HCM, peak oxygen consumption 
is below the predicted value corrected for age, sex, and

height. This deficit is thought to relate to impaired oxygen
delivery to contracting muscles and possibly abnormal
peripheral oxygen utilization. Other indices of cardiopul-
monary function that are often abnormal include a reduc-
tion in the anaerobic threshold and a reduced or flat oxygen
pulse (VO2/heart rate) due to a failure to maintain an
increase in stroke volume during exercise.55 Exercise testing
in HCM provides an objective assessment of exercise capac-
ity and may also be useful in differentiating HCM from 
other more rare causes of ventricular hypertrophy such as
mitochondrial disorders.

Cardiac catheterization

In the modern era, cardiac catheterization is performed only
in patients with refractory symptoms (particularly those
with severe mitral regurgitation), and in order to exclude
epicardial coronary artery disease in older patients with
chest pain. In addition to an outflow gradient, a variety of
hemodynamic abnormalities are described including ele-
vated left ventricular end-diastolic and pulmonary capillary
wedge pressures, and a “spike and dome” appearance in the
aortic waveform. Right atrial and right ventricular pressures
are usually normal unless there is a substantial right ventric-
ular outflow gradient or severe “restrictive” physiology.
Resting cardiac output is typically normal or increased,
except in patients with “end stage” ventricular dilatation.

In patients with hypertrophy confined to the distal left
ventricle, ventriculography may show a characteristic
“spade-shaped” appearance caused by the encroachment of
hypertrophied papillary muscles. Coronary arteriography is
usually normal, but systolic obliteration of epicardial vessels
is described. Muscle bridges are also described but their 
relevance to an individual patient’s symptoms is often diffi-
cult to assess.

Radionuclide studies

Several studies have used stress radionuclide imaging to 
study myocardial perfusion in patients with HCM. Fixed
201thallium perfusion defects have been associated with
increased left ventricular cavity dimensions, impaired 
systolic function, and reduced exercise capacity, and are
thought to represent myocardial scars.29 Reversible regional
201thallium defects are present in over 25% of patients, but
correlate poorly with symptomatic status.27,29 It has been
suggested that reversible defects are associated with a poor
prognosis, but one large prospective study has failed to
demonstrate any relation with medium-term outcome.56

Using positron emission tomography (PET) a reduction 
in coronary vasodilator reserve has been observed both in
hypertrophied and non-hypertrophied regions of myocardium
during dipyridamole-induced coronary microvascular vasodi-
latation.26 The reduction in vasodilator reserve may be more
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pronounced in patients with a history of chest pain and ST-
segment depression.26 PET has also demonstrated subendo-
cardial hypoperfusion after dipyridamole infusion across the
septum of patients with asymmetrical septal hypertrophy.
PET has been used to investigate the relationship between
myocardial blood flow and metabolism using fluorine-18
labeled deoxyglucose (FDG).57,58 Areas of blood flow/FDG
mismatch thought to indicate the presence of ischemic
myocardium have been described both at rest and during
exercise. Other studies, however, have demonstrated selec-
tive abnormalities of glucose metabolism, independent of
coronary flow59 and, more recently, studies have suggested
that heterogeneous FDG uptake may relate to regional sys-
tolic function and age.

Radionuclide angiography has been used to investigate
global and regional left ventricular function in HCM, and has
shown prolonged isovolumic relaxation, delayed peak filling,
reduced relative volume during the rapid filling period, and
increased atrial contribution to filling and regional hetero-
geneity in the timing, rate, and degree of left ventricular
relaxation and diastolic filling.60,61 A reduced peak filling rate
has been shown to be associated with an increased disease-
related mortality,61 but its predictive value is not high and
adds little to conventional risk stratification.

Differential diagnosis

In adults, unexplained left ventricular hypertrophy exceed-
ing two standard deviations from the normal (typically,
�1·5 cm) is usually sufficient to make a diagnosis of HCM.
In children and adolescents the diagnosis can be more diffi-
cult as young “gene carriers” may not manifest the complete
phenotype. A number of rare genetically determined disor-
ders can present with a cardiac phenotype similar to HCM,
but most are distinguished by the presence of other clinical
features. Rare exceptions include patients with Friedreich’s
ataxia that present with cardiac disease before the onset of
obvious neurological deficit,62 Noonan syndrome patients
with only very mild somatic abnormalities,63 and patients
with primary mitochondrial disease that do not have clinical
evidence for neuromuscular disease (unpublished data).
Recently mutations in the gene encoding the �2 subunit of
AMP-activated protein kinase (7q36) have been described
in two families with left ventricular hypertrophy with
Wolff–Parkinson–White syndrome. When activated, this
gene functions to protect the cell from critical depletion of
ATP by activating glycolysis and fatty acid uptake during
hypoxic stress or extreme metabolic demand.64 In routine
clinical practice the two most commonly encountered areas
of difficulty are the differentiation of HCM from “second-
ary” left ventricular hypertrophy as seen in hypertension
and the “athlete’s heart”, and the more recently identified
problem of incomplete penetrance in adults.

Hypertension

Left ventricular hypertrophy occurs in up to 50% of hyper-
tensive patients. The hypertrophic response is determined
by a number of factors including the degree of hypertension,
sex, and race.65 In general, patients with HCM tend to have
more severe hypertrophy than hypertensives, and the pres-
ence of a maximal wall thickness of more than 2 cm in a
Caucasian patient should always raise the suspicion of HCM
(Table 48.2).66,67 Concentric hypertrophy is more frequent
in patients with hypertension, and asymmetric septal hyper-
trophy more so in HCM, but the specificity of each pattern
is not high. In contrast, isolated distal ventricular hypertro-
phy does seem to be highly predictive of HCM. Systolic
anterior motion of the mitral valve occurs in both diseases,
but the combination of complete SAM with a substantial left
ventricular outflow gradient and asymmetric septal hyper-
trophy is more indicative of HCM. A number of other echo-
derived parameters such as left ventricular cross-sectional
area and direction-dependent contraction have been sug-
gested as discriminants, but these require further study.68
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Table 48.2 Relation of the pattern of left ventricular
hypertrophy to underlying etiology

ASHa Distal Symmetrical Wall
(%) (%) (%) thickness

�2.0 cm (%)

Sensitivity 56 10 81 40
(83)b (40)

Specificity 81 100 66 93
(56) (93)

Predictive 83 100 58 81
value of (70) (83)
positive test

a Defined by an interventricular septum to posterior wall
thickness ratio of �1·5:1.
b Values in parentheses from Keller et al.
Sensitivity, specificity and predictive value of asymmetric
hypertrophy (ASH and distal) in diagnosing hypertrophic 
cardiomyopathy and symmetrical hypertrophy in diagnosing
secondary hypertrophy. The same parameters are shown for
a maximal wall thickness or septal thickness of �2·0 cm in
diagnosing HCM in patients with symmetric hypertrophy.
(Taken from Shapiro et al54 and Keller et al.56)

Athlete’s heart

While HCM is the commonest cause of unexpected sudden
death in young athletes,69,70 cardiovascular adaptation to
regular training can make differentiation of the “athlete’s
heart” from HCM problematic. The ability to distinguish



these two entities is of crucial importance, as continued com-
petitive activity in a young person with HCM may threaten
that individual’s life, whereas an incorrect diagnosis of HCM
in a normal athlete may unnecessarily deprive them of their
livelihood. The presence of symptoms, a family history of
HCM and/or premature sudden death should always raise
the level of suspicion for HCM. In general, athletic training 
is associated with only a modest increase in myocardial 
mass, with �2% of elite athletes having a wall thickness
�13mm.71 A diagnosis of HCM in an elite athlete is very
likely when an individual has a left ventricular wall thickness
�16mm in men or �13mm in women. Other echocardio-
graphic features favoring a diagnosis of HCM include small
left ventricular cavity dimensions (athletes tending to have
increased left ventricular end-diastolic dimensions), left atrial
enlargement, and the presence of a left ventricular outflow
gradient.72 Doppler evidence of diastolic impairment is also
highly suggestive of HCM. The “athletic” ECG often displays
voltage criteria for left ventricular hypertrophy, sinus brady-
cardia, and sinus arrhythmia, but Q waves, ST segment
depression, and/or deep T wave inversion is highly sugges-
tive of HCM. Incremental exercise testing may also be useful
in distinguishing patients with HCM, a maximal oxygen con-
sumption �50ml/kg/min or 20% above the predicted maxi-
mal value being highly suggestive of athletic adaptation.55

The type of training may also be relevant to diagnosis as
hypertrophy is greatest in specific sports such as rowing and
cycling. Isometric activities do not appear to cause a substan-
tial hypertrophic response. Very occasionally a period of
detraining over 3–6 months is required to distinguish HCM
from the athlete’s heart.

Incomplete penetrance in adults

It is increasingly recognized that some adults with sarcom-
eric protein mutations do not fulfill conventional echocar-
diographic criteria for HCM. New clinical diagnostic criteria
for HCM based on the assumption that the probability of
disease in a first-degree relative of a patient with HCM is
50%, have recently been proposed (Box 48.1).75 It is impor-
tant to realize that they are intended to apply only to unex-
plained ECG and echocardiographic abnormalities in
first-degree adult relatives of individuals with proven HCM,
and not to isolated cases of minor echocardiographic and
ECG abnormalities.

HCM in the elderly

“Inappropriate” or idiopathic left ventricular hypertrophy
has long been recognized in patients over the age of 65
years.74–77 The pattern of disease in this age group is said to
differ from that observed in younger patients with HCM in
that symptoms occur late in life, the prognosis for most
patients is relatively good, and many have mild hyperten-
sion. The echocardiographic features of HCM in the elderly
are often the same as in the young, but some morphological
differences are described: in comparison to their younger
counterparts, patients with “elderly HCM” tend to have rel-
atively mild hypertrophy localized to the anterior inter-
ventricular septum; the left ventricular cavity is commonly
ovoid or ellipsoid rather than crescentic. Elderly patients
with left ventricular outflow tract obstruction tend to 
have more severe narrowing of the left ventricular outflow
tract, anterior displacement of the mitral valve apparatus,
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Box 48.1 Proposed diagnostic criteria for hypertrophic cardiomyopathy in first-degree relatives of patients with 
definite diagnosis of hypertrophic cardiomyopathy
MAJOR MINOR
● Echocardiography

Left ventricular wall thickness �13 mm in the anterior Left ventricular wall thickness of 12 mm in the anterior
septum or posterior wall or �15 mm in the posterior septum or posterior wall, or of 14 mm in the posterior
septum or free wall septum or free wall

Severe SAM (septal leaflet contact) Moderate SAM (no leaflet-septal contact)

Redundant MV leaflets
● Electrocardiography

LVH � repolarization changes (Romhilt & Estes) Complete BBB or (minor) interventricular conduction
defects (in LV leads)

T wave inversion in leads I and aVL (�3 mm) Minor repolarization changes in LV leads
(with QRS-T wave axis difference �300),
V3–V6 (�3 mm) or II and III and aVF (�5 mm)

Abnormal Q waves (�40 ms or �25% R wave) Deep S in V2 (�25 mm)
in at least two leads from II, III, aVF (in the absence of
left anterior hemiblock), V1–V4; or I, aVL, V5–V6

Unexplained syncope, chest pain, dyspnea
It is proposed that diagnosis of hypertrophic cardiomyopathy in first-degree relatives of patients with the disease would be 

fulfilled in the presence of one major criterion, or two minor echocardiographic criteria, or one minor echocardiographic plus two
minor ECG criteria. (From McKenna WJ et al.73.)



restricted anterior excursion of the anterior mitral valve
leaflet in systole, and a larger area of contact between the
mitral valve leaflet and the septum. Mitral valve calcification
is often seen in elderly patients, but it is not associated with
a greater degree of left ventricular outflow tract obstruction.
The frequency of moderate to severe symptoms is similar in
young and elderly patients, but the limited published evi-
dence indicates that the elderly respond well to pharmaco-
logic and surgical therapy and have a relatively good
prognosis.76 In spite of recent evidence demonstrating 
de novo hypertrophy in middle-aged patients with myosin
binding protein-C mutations, it remains uncertain whether
the majority of patients with this so-called elderly phenotype
have a separate disease entity reflecting a polygenic
response to hypertrophic stimuli. Hypertension is more fre-
quent in the elderly population, but the failure to demon-
strate any difference in left ventricular morphology in
hypertensive and non-hypertensive HCM patients (with the
possible exception of posterior wall thickness) has led some
to suggest that it is not an important factor.77 Other “hyper-
trophic” stimuli that may be present in older patients
include increased angulation and decreased compliance of
the aorta.

Risk stratification in HCM

Markers of sudden death risk in HCM

Although sudden death in HCM is a relatively uncommon
event, the fact that it frequently occurs in young asympto-
matic individuals gives it a particular significance to families
affected by HCM and to the wider community. Clinical risk
stratification in patients with HCM is based on the premise
that, if sudden death can be prevented, the natural history
of the disease for most patients is relatively benign. The
absence of risk factors also facilitates reassurance of low risk
individuals.

A number of studies have shown that individual sarcom-
eric protein gene mutations have different prognostic impli-
cations (Figure 48.2). For example, most families with
troponin-T mutations described to date have a poor progno-
sis, whereas �-myosin heavy chain mutations may have 
a benign or malignant course. Early investigations of HCM-
related 
-tropomyosin disease have suggested a favorable
prognosis.79 In spite of these data, genetic testing at present
has a limited role in risk stratification because the number 
of families studied is small, and even within families there 
is marked heterogeneity of disease expression.

Clinically a young age at diagnosis is associated with an
increased risk of sudden death (Figure 48.3). Other recog-
nized risk markers in this age group include a family history
of multiple premature sudden deaths, and recurrent unex-
plained syncopal episodes.39 More recently abnormal blood
pressure responses during exercise have been shown to be
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associated with a higher mortality in patients less than 
40 years of age.30 Abnormal blood pressure responses are
seen more frequently in patients with a family history of sud-
den death and small left ventricular cavity dimensions.31,80

Two recent studies have shown a correlation between
severe left ventricular hypertrophy (defined as a maximal wall
thickness �30 mm) and prognosis.81,82 However, taken in iso-
lation, left ventricular hypertrophy has a relatively low posi-
tive predictive accuracy; furthermore, the majority of patients
who die suddenly have wall thickness values �30mm.
Severe left ventricular hypertrophy may be more prognosti-
cally important in the young, but further studies are required.

Two studies49,50 have shown that NSVT in adults with
HCM is associated with an increased risk of sudden death.
Its clinical value is however, limited by a modest positive
predictive accuracy of 22%, and a low incidence in children.
Recently it has been suggested that NSVT is significant only
when episodes are repetitive, prolonged and/or associated
with symptoms. There are however no data to support this.

A number of other non-invasive and invasive electrophys-
iologic parameters have been evaluated in an attempt to fur-
ther refine clinical risk stratification. QT and QTc intervals
are often prolonged in patients with HCM, but no study has
shown a convincing association with the risk of sudden
death.83–85 QT dispersion may be a more sensitive marker of
the propensity to ventricular arrhythmia but further studies
in large well-characterized populations are necessary.
Abnormal signal averaged ECGs (SAECGs) are relatively
common in patients with HCM and NSVT, the best predic-
tor of NSVT being a reduced voltage (�150 �V) in the 
initial portion of the high gain QRS complex (sensitivity
95%, specificity 74%, positive predictive accuracy 64%).86

Unfortunately, abnormal SAECGs are not associated with
other clinical risk factors and do not identify patients who
go on to develop sustained ventricular arrhythmia or sudden
death. Similarly, while, global and specific vagal components
of heart rate variability (HRV) are reduced in patients with
HCM and NSVT, abnormal HRV is not predictive of sudden
catastrophic cardiac events.87

The role of programmed electrical stimulation in patients
with HCM remains controversial. The largest series from 
a single center48,88 reports that programmed ventricular
stimulation using up to three premature stimuli in the right
and/or left ventricle produces sustained ventricular arrhyth-
mia (that is, lasting for more than 30 seconds or associated
with hypotension) in 43% of patients selected on the basis of
a history of previous cardiac arrest, syncope, palpitations, or
non-sustained ventricular tachycardia on Holter. Inducible
sustained ventricular arrhythmia was associated with a 
history of cardiac arrest or syncope and, in a subsequent
study, was associated with a reduced survival. The sensitiv-
ity, specificity, and predictive accuracy for predicting 
subsequent cardiac events were 82%, 68%, and 17% respec-
tively. However, almost three quarters of the patients with

sustained ventricular arrhythmias required three premature
stimuli for induction. The experience in other cardiac dis-
eases has shown that, whilst “aggressive” protocols using
three or more stimuli are highly sensitive, their specificity is
low. In addition 76% of patients had polymorphic ventricu-
lar tachycardia or fibrillation rather than sustained monomor-
phic ventricular tachycardia, which is generally thought to
be a more sensitive and specific marker of sudden death
risk. The interpretation of these published data in HCM and
their translation into clinical practice is further complicated
by the selection criteria used to select patients as “low-risk”
patients were under-represented in the analysis. The general
view at present is that programmed stimulation is of limited
use in the assessment of risk in HCM.

Recently, the putative arrhythmogenic substrate in HCM
has been investigated by analyzing changes in individual
paced ECG transitions (“fractionation”) recorded at three
sites in the right ventricle.89 Compared with controls,
patients with a history of ventricular fibrillation have prolon-
gation of the paced ECG at relatively long extrastimulus
coupling intervals. Patients with a family history of prema-
ture sudden death or NSVT exhibit responses that span the
range from “high risk” (ventricular fibrillation) to “low risk”
(no adverse prognostic features).

Identification of high-risk patients

The identification of individuals at high risk of sudden death
has been hampered by the inherent difficulties of studying a
disease with a low prevalence and event rate. This is further
compounded by the low positive predictive accuracy of
most suggested risk markers for sudden death. Recent data
have suggested that risk may be assessed using a small 
number of easily determined risk markers, specifically, non-
sustained ventricular tachycardia, left ventricular wall thick-
ness (�30 mm), abnormal blood pressure response in those
under 80 years of age, family history of multiple sudden
deaths, and recurrent unexplained syncope. Patients with
none of the above risk factors have �1% estimated annual
risk of sudden death compared with patients with two or
more risk factors who have a 4–6% annual risk of sudden
death.90 Risk stratification remains problematic
in those patients with a single risk factor, some of whom are
clearly at increased risk of sudden death. Further work to
identify which of these individuals would benefit from pro-
phylactic therapy is required.

Management of the “high-risk” patient

There is now general agreement that low-risk adult patients –
that is, those without symptoms or risk factors – can be
readily identified, and in most populations represent the
majority of individuals with the disease. For patients 
who are considered to be at high risk of sudden death,
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implantable cardioverter defibrillators (ICDs) are increas-
ingly seen as the preferred therapy. The ICD has been
accepted as a superior treatment to antiarrhythmic medica-
tion for the prevention of life-threatening ventricular
arrhythmias and sudden death in high-risk patients with
other cardiovascular diseases. Although randomized data
comparing amiodarone to ICD in high-risk patients with
hypertrophic cardiomyopathy are not currently available,
ICDs have been shown to be effective in terminating life-
threatening tachyarrhythmias. In addition the pacing capa-
bilities of the most recent defibrillators offer protection from
cardiac arrest from bradyarrhythmias. Studies have shown
that low-dose amiodarone can reduce the incidence of 
sudden death in adults with NSVT (Figure 48.4),91 and in
children considered to be at risk,92 although the finding of
appropriate discharges in patients with ICDs already taking
amiodarone suggests that the ICD may be superior in pre-
venting sudden death. Approximately 30% of
patients with HCM and a history of cardiac arrest have a 
further event within 6 years of their first episode. There is
general agreement that, in patients with a history of ventric-
ular fibrillation, arrest ICD is the preferred therapy.93–97

In patients with multiple risk factors ICDs are increasingly
seen as the preferred therapy. In patients with a single risk
factor, management needs to be individualized; amiodarone
or ICD may be appropriate in selected individuals.

Symptomatic therapy

Obstructive hypertrophic cardiomyopathy

Most physicians still use � blockade as the first-line drug
therapy in patients with left ventricular outflow obstruction.

Grade B

While some studies have suggested that up to
70% of patients improve with � blockers, high doses are fre-
quently required and side effects may be limiting. The bene-
ficial effects of � blockers on symptoms (principally dyspnea
and chest pain) and exercise tolerance appear to result
largely from a decrease in the heart rate with a consequent
prolongation of diastole and increased passive ventricular
filling and myocardial blood flow. By reducing the inotropic
response, � blockers may also lessen myocardial oxygen
demand and decrease the outflow tract gradient during
exercise, when sympathetic tone is increased.

Verapamil has favorable effects on symptoms secondary
to improved ventricular filling and probable reduction in
myocardial ischemia. In patients with a substantial outflow
tract gradient or markedly elevated pulmonary pressure (or
both), verapamil should be used with caution, however, as
the drug’s vasodilatory effect may lead to serious hemody-
namic complications. There is no evidence that the adminis-
tration of � blockers and verapamil together is more
advantageous than the use of either drug alone, and there is
no evidence that either protects patients from sudden death.

Disopyramide reduces left ventricular outflow tract gradi-
ents and relieves symptoms by virtue of its negative inotropic
properties and has been extensively used in some centers for
symptomatic therapy in patients with significant outflow
obstruction.99,100 Reduction in SAM (systolic anterior
motion), left ventricular ejection time and improved exercise
capacity and functional status are all described but, in com-
mon with other therapies, the initial hemodynamic and clin-
ical benefits may decrease with time. Because disopyramide
may shorten the atrioventricular nodal conduction time and
thus increase the ventricular rate during paroxysmal atrial
fibrillation, supplementary therapy with � blockers or vera-
pamil in low doses is advisable. The anticholinergic effects of
disopyramide (dry mouth, urinary retention, glaucoma) may
limit the drug’s use, particularly in elderly patients.

When drug therapy fails or is only partially effective, 
surgery remains the “gold standard” treatment.101–107 The
most frequently performed operation is septal myotomy–
myectomy in which a wedge of myocardium is excised from
the upper interventricular septum via a transaortic approach.
Operative mortality in experienced centers is now 1–2%,
but may be higher in less experienced units. Most studies
indicate that operative mortality is higher when myectomy
is combined with other cardiac operations. The incidence of
non-fatal complications such as conduction system 
disease and ventricular septal defect has declined with mod-
ification of surgical practice and the use of intraoperative
transesophageal echocardiography. Some data suggest that
surgery reduces or abolishes resting gradients in 95% 
of cases, and that 70% of patients show useful symptomatic
and functional improvement. However, at least 10% continue
to experience significant symptoms. Mitral valve replace-
ment has been proposed as an alternative to myectomy, its
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attraction being that it avoids potential complications of ven-
tricular septal defect and complete heart block. In a series of
58 patients, mitral valve replacement resulted in a substan-
tial reduction in left ventricular outflow gradient, improved
symptomatic class, and an actuarial survival at 3 years of
86%.108 However, early operative mortality was 9%, and
only 68% of patients were free from thromboembolism,
anticoagulant-related problems, congestive cardiac failure,
and reoperation. Thus mitral valve replacement, whilst suc-
cessfully treating outflow tract obstruction, is usually advo-
cated only in selected patients. These include patients with
severe mitral regurgitation from intrinsic abnormalities of
the valve apparatus; patients with mid-cavity obstruction
from anomalous insertion of papillary muscle into the ante-
rior mitral leaflet; and patients with only mild septal hyper-
trophy, which suggests that muscular resection would be
associated with a high risk of septal perforation or an inade-
quate hemodynamic result. Mitral valvuloplasty
has also been combined with myotomy–myectomy in some
patients with particularly elongated mitral leaflets.

Dual chamber pacing has been proposed as a less invasive
alternative to surgery. Several studies have described signifi-
cant gradient reduction in patients treated with atrioventric-
ular synchronous pacemakers programmed with a short
atrioventricular delay to ensure constant capture of the right
ventricle.109–113 It was initially thought that pacing reduced
the outflow gradient by causing paradoxical movement of
the interventricular septum, but it is now realized that many
aspects of ventricular activation are altered by right ventricu-
lar pacing, and it is likely that reduced or delayed septal
thickening, reduced contractility, and altered papillary mus-
cle movement contribute to gradient reduction. In general,
outflow gradients can be reduced by approximately 50%, but
the translation of this benefit into useful clinical improve-
ment is very variable and unpredictable. Some workers sug-
gest that suboptimal responses to pacing may be caused by
short native PR intervals that make it impossible to achieve
maximum pre-excitation simultaneously and maintain nor-
mal atrial filling of the left ventricle. This can be overcome in
some patients by pharmacologically increasing the PR inter-
val with � blockers and/or calcium antagonists, but some
groups controversially advocate radiofrequency ablation of
the atrioventricular node in order to achieve “optimal” AV
pacing. Other unresolved issues include the significance of
the appreciable placebo effect of pacing demonstrated in at
least two randomized studies, the effect of long-term pacing
on left ventricular wall thickness, and the role of pacing in
the young. Despite the drawbacks, pacing may be an option
in a minority of drug refractory patients in whom surgery
poses an unacceptable operative risk.

Several centers are now examining a novel approach to
gradient reduction that uses injection of alcohol into the first
septal perforator branch of the left anterior descending
artery to produce a “chemical myectomy”.114–116 Published
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data suggest that procedure-related mortality is less than 1%
in experienced centers, but deaths from conduction system
damage and inadvertent injection of alcohol into other
myocardial segments are recognized. This later problem can
be minimized by the use of intracoronary myocardial con-
trast echocardiography. Preliminary data indicate that signif-
icant gradient reduction and improvement in symptoms can
be achieved. However, as with dual chamber pacing, the
actual mechanism of gradient reduction and symptomatic
improvement is likely to be more complex than the creation
of a “localized” scar in the interventricular septum. The
most frequent complication reported to date is complete
heart block, although the incidence varies between the
small numbers of centers currently performing the proce-
dure. There has been some concern regarding the short- and
long-term consequences of deliberately producing a myocar-
dial infarct such as a possible predisposition to ventricular
dysarrhythmias and progressive left ventricular wall thinning.
Long-term follow up data is not yet available in patients who
have undergone pacing or alcohol septal ablation.

Non-obstructive HCM

The treatment options in symptomatic patients without an
outflow tract gradient are limited. � Blockers and calcium-
channel antagonists can be used alone or in combination,
and, in patients with symptoms suggestive of pulmonary
venous congestion, diuretics may also be helpful. In a small
number of patients with severe refractory chest pain, a variety
of techniques, such as transcutaneous nerve stimulation and
cardiac denervation, have been used with variable success.

For the minority of patients with HCM, who arrive at an
end stage characterized by wall thinning, cavity enlarge-
ment, and systolic impairment treatment, should include
standard therapeutic agents for heart failure associated with
systolic dysfunction, including diuretics, ACE inhibitors,
and digitalis. Ultimately these patients may become candi-
dates for heart transplantation. 

Management of supraventricular arrhythmia

Paroxysmal episodes of supraventricular tachycardias, 
such as atrial fibrillation or flutter, can lead to rapid clinical
deterioration by reducing diastolic filling and cardiac output,
usually as a consequence of the high ventricular rate.
Conversely chronic supraventricular arrhythmias are often
well tolerated if the heart rate is adequately controlled.47

Established atrial fibrillation/flutter should be cardioverted,
but when restoration of sinus rhythm is not possible, 
� blockers and verapamil are usually efficacious in control-
ling the heart rate. Occasionally radiofrequency 
ablation of the atrioventricular node and implantation of 
a pacemaker may be necessary in selected patients to 
achieve adequate rate control. In patients with recurrent
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supraventricular arrhythmias, treatment is indicated only if
they are sustained (�30 seconds) or associated with symp-
toms. Specific medical therapy with low dose amiodarone
(1000–1400 mg/week), or � blockers with class III action
(for example, sotalol) is effective in maintaining sinus
rhythm, and in controlling the ventricular rate during break-
through episodes. The role of other drugs such as class 1
agents is uncertain. Atrial fibrillation/flutter in HCM is asso-
ciated with a significant risk of thromboembolism, and anti-
coagulation should be considered in all patients when atrial
fibrillation/flutter is sustained or recurs frequently.

Conclusion

HCM is a disorder of diverse etiology, pathology, and clinical
presentation. While recent advances in molecular genetics
and clinical characterization have led to greater understand-
ing of the disease and its management, several clinical 
issues remain unresolved. Nevertheless, the pace of current
research suggests that many of these controversies will be
resolved over the next decade.

Summary 1

● The majority of cases of hypertrophic cardiomyopathy
(HCM) are caused by mutations in genes encoding car-
diac sarcomeric proteins.

● Although symptoms of chest pain, dyspnea, palpitation,
and syncope are common, many patients are asympto-
matic and may present for the first time with sudden
death.

● Recurrent syncope, a family history of premature sudden
death, non-sustained ventricular tachycardia during
ambulatory ECG, left ventricular wall thickness �30 mm,
and abnormal exercise blood pressure responses are
associated with an increased risk of sudden death.

Summary 2

● Symptomatic patients with left ventricular outflow gradi-
ents should be initially treated with � blockers or diso-
pyramide. If drug therapy is ineffective, patients should
be considered for surgery. 

● Pacing and alcohol septal myectomy are a viable option
for patients with symptomatic left ventricular outflow
gradient who are unsuitable or not keen on surgery.

● All patients should undergo non-invasive risk stratifica-
tion using ambulatory electrocardiography and exercise
testing. 

● Low-risk adults can generally be reassured that their
prognosis is good. High-risk patients require further
assessment and should be considered for amiodarone
or ICD therapy. Grade B

Grade B

Grade B
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Introduction

From the vast array of clinical entities that comprise the
cardiomyopathies, two conditions were selected for this
chapter: Chagas’ heart disease and endomyocardiofibrosis.

In neither disease have large randomized controlled trials
been conducted to support recommendations for therapeu-
tic options. Knowledge of natural history and pathophysiol-
ogy is based almost entirely on observational studies, mostly
of the case series kind. Most are flawed by heterogeneous
criteria for patient selection and investigation. Thus, particu-
larly in Chagas’ heart disease, a large volume of incomplete
and biased information has been obtained, so that meta-
analysis of available data has been limited to the etiologic
treatment in a subgroup of patients.

Despite the paucity of evidence-based knowledge, the dis-
eases epitomize quite different unique pathophysiological
conditions. In essence, Chagas’ heart disease is a myocardi-
tis of parasitic origin, although the role of the etiologic agent
in the chronic phase of the disease is still somewhat contro-
versial. Endomyocardiofibrosis has no defined etiology or
pathogenesis and reasonably good animal models exist only
for the study of Chagas’ disease.

There are many reasons for the lack of solid evidence-
based data in both diseases. However, while the apparently
low prevalence of endomyocardiofibrosis is an obvious
obstacle, the high prevalence of Chagas’ heart disease in
many countries has not helped to produce large randomized
trials on therapeutic management.

Chagas’ heart disease

Epidemiology

Chagas’ disease is caused by Trypanosoma cruzi infection.
Its transmission is mainly vectoral, through the feces of
infected bloodsucking insects of the family Reduviidae (sub-
family Triatominae). Many case series reports have also
documented that the infection can occur by transplacental
and oral transmission, blood transfusion, laboratory contam-
ination, and organ transplantation. Although virtually every
organic system may be involved and megaesophagus and
megacolon can produce florid clinical conditions, it is the
cardiac involvement – the object of this chapter – that con-
stitutes the most serious form of the disease.

The current prevalence of Chagas’ heart disease is
unknown because no recent large scale screening has been
carried out even in endemic countries. Besides, the epi-
demiological information available from the different coun-
tries is strikingly varied. This reflects the diversity of public
health programs, including the control of vectoral and trans-
fusional transmission. Thus, a survey carried out from 1988
to 1990 in 850 municipalities of Brazil revealed that sero-
logical screening for Chagas’ disease was performed in only
two thirds of all blood donors.1 Also, a review of serological
surveys for Chagas’ infection among blood donors con-
ducted over the 1980s in several countries in the American
continent disclosed a highly variable rate of prevalence,
from 0% to 63%.2

Neither is case reporting reliable, even in high endemicity
areas. Rough estimates by the World Health Organization,
based upon limited serological surveys, suggest that 15–18
million people are infected in extensive areas of the South
American subcontinent.3 Moreover, some 65 million are
at risk.

Cross-sectional epidemiological studies have been carried
out in scattered areas of Brazil and Venezuela to assess
the prevalence of clinical manifestations and mortality
due to Chagas’ heart disease. However, probably because of
marked variations in the genetic background, parasite
strain, climate, socioeconomic and related hygienic alimen-
tary conditions, and healthcare measures, the prevalence of
both morbidity and mortality is extremely variable even
within each country.1

Nevertheless, Chagas’ heart disease is by far the most
common form of cardiomyopathy in Latin American coun-
tries. Further, because of modern migratory trends, it is
likely to become ubiquitous. This tendency is shown in the
United States, where based on a prevalence of 4�5% of 
T. cruzi infection detected serologically in 205 Latin American
immigrants and on rough estimates of the number of such
legal and illegal immigrants, 400 000–500 000 infected peo-
ple are believed to be living there now.4 Also, rural–urban
migration from endemic areas in Brazil is believed to have
brought half a million infected people to cities such as São
Paulo and Rio de Janeiro in the past three decades.

Chagas’ heart disease has a very high social impact. It has
been estimated that over 750 000 years of productive life
are lost annually due to premature deaths in Latin American
countries, at a cost of about US$1200 million/year.5 These
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figures substantiate the need for the elimination of transmis-
sion – a goal achieved in some regions7 and proved to be a
highly cost effective public health policy.

Natural history and prognostic factors

There is sound experimental, pathological, and clinical evi-
dence that Chagas’ heart disease presents two phases, acute
(immediately following infection) and chronic. The long
period – 10–30 years – between the acute condition and
the clinically manifest chronic Chagas’ heart disease is
known as the indeterminate form of the disease and consti-
tutes one of its most intriguing features. Its classical defini-
tion – now the subject of controversy6 – requires that the
patients be asymptomatic, have no physical signs of Chagas’
disease, and normal ECG and radiological exploration of the
chest, esophagus and colon.

Megaesophagus and megacolon are also frequently diag-
nosed in chagasic patients in Brazil, Argentina, and Chile,
but not in Mexico, Colombia or Venezuela. The hypothesis
that different T. cruzi strains or environmental factors may
cause this difference in morbidity8 has not been evaluated
by appropriately designed studies.

The natural history of Chagas’ heart disease is relatively
well known from observational studies conducted mainly in
endemic areas in Brazil, Argentina, and Venezuela since the
early 1940s. There is also a wealth of case series reports
dealing with acute Chagas’ disease acquired through non-
vector transmission. Most of these investigations consist of
cross-sectional observations of infected people in rural areas.
Very few studies have been conducted using case–control
populations of chagasic and non-chagasic people.

There have also been some observational investigations
focusing on the description and follow up of hospital based
cohorts of chagasic patients.

Both the rural and the hospital based studies have limita-
tions. There is usually no adequate identification of cardiac
involvement provided in the rural based studies. Further-
more, because of the protracted course of heart involve-
ment, from the acute phase to end stage heart failure, no
prospective studies encompassing the whole span of the dis-
ease are available. Conversely, in hospital based studies the
heart disease is often well characterized, but results could
not be extended to the whole chagasic population.

Prognosis in the acute phase

Case series using serological tests in endemic areas have
shown that in no more than 10% of the acute cases were
clinical manifestations sufficient to make a correct diagno-
sis.9 This is a major deterrent for understanding the transi-
tion from the acute to the chronic stages of Chagas’ disease.
However, the scarce clinical data are in general agreement
with findings from experimental models of Chagas’ disease.

For the minority of patients in whom the clinical diagno-
sis was possible, cardiac involvement occurred in around
90% of 313 successive cases; in 70–80%, cardiac enlarge-
ment was seen on x rays, contrasting with only 50% of cases
showing ECG abnormalities. The severity of myocarditis
was inversely proportional to age; signs of heart failure were
twice as intense in children aged up to 2 years than in those
aged between 3 and 5 years.9 Mortality in the acute phase,
as seen in the 313 cases, was 8�3%. This was higher than
the 3–5% reported in similar studies in other endemic areas
in Brazil, Argentina, and Uruguay. The ECG was normal in
63�3% of the non-fatal cases and in only 14�3% of those
who died in the acute phase. Seventy-five per cent of all
deaths were seen in children aged under 3 years. Heart fail-
ure was the constant finding in all fatal cases, with or with-
out concomitant encephalitis.9

Survival is characterized by disappearance of symptoms
and signs of heart failure within 1–3 months and normaliza-
tion of the ECG in over 90% of the cases after 1 year of the
infection. However, there is no evidence of spontaneous cure
of the infection, as demonstrated by serial xenodiagnosis and
serological tests in studies of several hundreds of chagasic
patients.

Of 172 patients who were followed in Bambuí (central
Brazil) for up to 40 years after the acute infection, the devel-
opment of cardiac involvement (based on clinical signs,
ECG, and chest x ray changes) occurred in 33�8%, 39�3%,
and 58�1% for follow up periods of 10–20 years, 21–30
years, and 31–40 years respectively.9 In another review
from the same area, for 268 patients whose acute phase of
the disease had been diagnosed an average of 27 years
before, the general mortality for the period was 13�8%.9

Prognosis in the indeterminate phase

Factors that affect the varying rates of disease progression
are currently unknown. A 1–3% per year rate of appearance
of heart involvement has been observed in several studies.
Of 400 young adults followed for 10 years, 91 (23%)
showed clinical, ECG or chest x ray markers of cardiac dis-
ease. Of note, eight deaths were recorded in that period, of
which only one could be ascribed to reagudization (that is, 
a full-blown infective illness with parasitemia) of Chagas’
heart disease.10

Another longitudinal study in Bambui, central Brazil,
contrasted the evolution of 885 young chagasic patients in
the indeterminate phase for 10 years with that of 911 cha-
gasic patients with initially abnormal ECGs in the same
period. Survival after 10 years was 97�4% and 61�3%
respectively for the indeterminate group and the group with
cardiac involvement.11

A third longitudinal study in a rural Venezuelan commu-
nity, with 47% prevalence of positive serology for Chagas’
disease, followed 364 patients for a mean period of 4 years.



Evidence-based Cardiology

720

It revealed the appearance of heart disease at a rate of 1�1%
per year in seropositive individuals. Mortality was 3% in the
4 years of follow up and Chagas’ heart disease was the cause
of death in 69% of all fatal cases.12

In 1973 a longitudinal study was initiated in a rural com-
munity in northeast Brazil. In the initial cross-sectional study,
of 644 individuals aged �10 years, 53�7% were seropositive.
The population initially described in 1973–1974 was re-
examined in 1977, 1980, and 1983. The overall rate of
development of abnormal ECG was 2�57% in seropositive
(248) as compared to 1�25% per year in seronegative (332)
individuals, a relative risk of 2 for the same geographical
area. The age adjusted mortality rate was higher in seroposi-
tive (8�9/1000/year of 488 patients) than in seronegative
individuals (7�8/1000/year of 509 individuals). Mortality in
this study was strongly associated with ventricular conduc-
tion defects and arrhythmias.13

These results were obtained in chagasic populations with
more than 50% of the patients younger than 20 years. It is
relevant that fewer indeterminate cases are found in the
older age groups because of the evolutive nature of the dis-
ease (that is, more aging patients presenting clinical signs of
cardiac or digestive involvement).

Key points

● As long as the patients remain in the indeterminate
phase, their prognosis is good. 

● After 10 years almost 80% of patients remain in the
indeterminate phase of the disease and probably 50%
of the entire population will have no signs of heart dis-
ease throughout their lives. 

● There are no clues as to why some chagasic patients
remain in the indeterminate phase, while others sooner or
later go through the chronic phase of heart involvement.

Prognosis of chronic Chagas’ heart disease

The evidence provided by the studies mentioned above
shows that the mere appearance of ECG changes entails a
bad prognosis. Also, a retrospective analysis of seropositive
individuals followed over 18 years revealed that right bun-
dle branch block was three times more common in fatal
cases than in survivors.14

Another important negative prognostic factor once heart
disease is manifest is male gender. This is borne out by sev-
eral studies carried out with long-term follow up of different
cohorts of chagasic patients.15

Only two case–control follow up studies have been
reported in Brazilian endemic areas. In central Brazil16

two cross-sectional clinical assessments (1974 and 1984)
included 12-lead ECG and radiological evaluation of heart
size. Seropositive patients and controls were matched by
age and gender. In the first cross-sectional study 264 pairs of

Grade B2

Grade B2

subjects were evaluated, of which 110 were re-examined
after the 10 year follow up period with the same clinical,
ECG, and chest x ray assessment. The incidence of heart
disease in previously healthy but serologically positive indi-
viduals was 38�3% in the 10 year period. In those patients
with previous heart involvement, a rate of 34�5% of deterio-
ration was observed in the same period. In the chagasic pop-
ulation the overall 10 year mortality was 23%, compared to
10�3% in the controls. Moreover, cardiac mortality, includ-
ing sudden death and death in heart failure, was 17%
among chagasic patients and only 2�3% in the control popu-
lation. Again, the overall mortality was much higher in cha-
gasic males and largely predominated in the group aged
30–59 years.13 The same group of investigators, applying
similar methods in northeastern Brazil, showed that 
mortality rates were 1�6% and 0% for 125 matched pairs of
respectively chagasic and non-chagasic patients followed for
4�5 years.17 Progression of disease as assessed by ECG
changes occurred in 10�4% of patients, as compared to
4�8% of controls. The hypothesis that the different morbid-
ity and mortality rates in the two regions were due to differ-
ences in the pathogenicity characteristics of T. cruzi strains
was not substantiated by direct evidence.

There is persuasive evidence to support the concept that
the mortality associated with Chagas’ disease strongly corre-
lates with severity of the myocardial dysfunction. For exam-
ple, survival 2 years after the first episode of heart failure
was only 33�4% in 160 cases.18 Of note, 10% of deaths
were sudden. In addition, 98% of the deceased people were
autopsied, revealing �20% prevalence of amastigote forms
of T. cruzi in the cardiac tissue, but with a clear predomi-
nance of this finding in male patients.18

In a study of 107 chagasic patients followed for 10 years,
a significant reduction in life expectancy, as compared to
that of 22 non-chagasic patients, was detected only in those
with ECG or clinical changes. A mortality rate of 82% 
over the 10 year follow up period was seen in the group of
34 patients with signs of heart failure at the beginning of the
study. In contrast, a 65% 10 year survival was associated
with ECG abnormalities but in the absence of signs of heart
failure.19

Another study of 104 male chagasic patients admitted to
hospital with heart failure revealed a mortality rate of 52%
after 5 years. The strongest predictors of survival were
reduced LV ejection fraction and maximal oxygen uptake
during exercise.20

In a series of 42 patients with Chagas’ heart disease in the
United States 11 deaths occurred during a mean follow up
of nearly 5 years, always in association with global or
regional LV dysfunction. Established or developing heart fail-
ure was a strong predictor of mortality but aborted sudden
death or the presence of sustained ventricular tachycardia
were not predictors for mortality in this series.21 These
results conflict with the evidence from 44 chagasic patients
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followed for a mean period of 2 years that ventricular tachy-
cardia detected during exercise testing is a marker of
increased risk of sudden death.22 This discrepancy probably
reflects the limitations of small numbers and relatively short
follow up in both studies.

Key points

● There is substantial evidence that the most important
prognostic factor in established Chagas’ heart disease is
the degree of myocardial dysfunction. However, ECG
changes also herald increased risk. 

● Once overt cardiac failure ensues the prognosis is poor
and approaches 50% in 4 years. 

● It is possible – but not proven by good evidence – that
ventricular dysrhythmia and sudden death play a more
prominent role in mortality due to Chagas’ disease than
in heart failure due to other etiologies. 

Clinical features of Chagas’ heart disease

Cardiac abnormalities are present in all stages of Chagas’
disease, but their clinical expression is highly variable. The
paucity of clinical indicators of the typical myocarditis of
acute Chagas’ disease has already been pointed out. There is
also solid evidence – from necropsy studies as well as from
in vivo investigations – that virtually all patients, even in the
indeterminate phase of the disease, have some subtle degree
of cardiac structural or functional involvement.23–29

Patients with Chagas’ heart disease are classified following
the criteria shown in Table 49.1. The anatomical and func-
tional disturbances detected during life are consistent with
the autopsy findings reported on several series of chagasic
patients who died in the various stages of the disease.23,24,30

It is not uncommon for patients with ECG and marked LV
regional abnormalities to be asymptomatic hard workers
and capable of performing as such under laboratory condi-
tions.26 When symptoms occur, they are usually in the form
of fatigue and exertional dyspnea, palpitations, dizziness
and syncope or chest pain. These are the expression of a
reduction of the cardiac reserve (including minor early signs
of diastolic dysfunction), the presence of ventricular dys-
rhythmias, and atrioventricular block. The chest pain is usu-
ally atypical for myocardial ischemia but in sporadic cases
may mimic an acute coronary syndrome.

Systemic and pulmonary embolism, arising from mural
thrombi in the cardiac chambers, is a conspicuous compli-
cation of Chagas’ heart disease, but post-mortem findings
show they are often overlooked. In 1345 necropsies on
patients with Chagas’ heart disease, 595 cases (44%)
had cardiac thrombi and/or visceral thromboembolism. The
presence of cardiac thrombi was related to severity of ven-
tricular enlargement. Embolism most frequently involved
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lungs (36%), kidneys (36%), spleen (14%), and brain
(10%).31

Congestive heart failure is more commonly expressed by
prominent signs of systemic congestion, with less intense
pulmonary congestion.32 This peculiar feature of Chagas’
heart disease is linked to early severe damage of the RV, 
a chamber frequently neglected in investigations of cardiac
function.33,34

Sudden unexpected death occurs with undefined but not
negligible frequency even in patients previously asympto-
matic. It is usually precipitated by physical exercise and
associated with ventricular tachycardia and fibrillation or,
more rarely, with complete AV block. Limited evidence from
autopsy studies in these patients indicates variable degrees
of inflammatory and neuronal cardiac alterations.24

Patients with chronic Chagas’ heart disease invariably
have one or more positive serological tests. There is also
recent and limited experience with polymerase chain 
reaction-based methods for detecting T. cruzi DNA sequences
in the blood of chagasic patients. This method is likely to
replace the cumbersome and unreliable method of direct
demonstration of parasite infection by xenodiagnosis.35

ECG abnormalities are present in most patients with
chronic Chagas’ heart disease, mainly in the form of con-
duction disturbances and ventricular arrhythmias. In more
advanced stages pathological Q waves are found, compati-
ble with extensive areas of myocardial fibrosis. The combi-
nation of right bundle branch block and left anterior
hemiblock is very typical in chronic Chagas’ heart disease.
Nevertheless, no ECG changes can be considered specific to
the disease.

Many case series reports have documented the typical
feature of striking segmental-wall motion abnormalities in
several hundreds of chronic chagasic patients. The most
characteristic lesion is the apical aneurysm, but it is the pos-
terior basal dysynergy that best correlates with the occur-
rence of malignant ventricular arrhythmia. A few small
retrospective studies have evaluated the correlation between
ventricular arrhythmia and symptoms in Chagas’ heart dis-
ease. It is apparent that complex ventricular dysrhythmia
may occur in asymptomatic patients, but it is usually a con-
spicuous manifestation associated with poor LV function.
The aneurysms are also sources of emboli.

In spite of chest pain being a common complaint in many
chagasic patients, coronary angiography is usually normal.
However, functional abnormalities in the myocardial blood
flow regulation have been described and all types of myocar-
dial perfusion defects have been detected in several small
groups of selected patients, possibly implying microvascular
coronary disturbances.28

Cardiac autonomic dysfunction, mainly parasympathetic,
has been shown in various groups of several hundreds of
chagasic patients (including those with isolated digestive
disease) whose response to various autonomic tests was
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compared to that of control subjects.28,34,36,37 However, in
Chagas’ disease patients, the autonomic abnormalities do
not correlate with any symptoms or cause postural hypoten-
sion. Recent scintigraphic studies demonstrated early 
sympathetic denervation, topographically related to the seg-
mental-wall motion and perfusional abnormalities often
detected in patients with more advanced stages of disease.38

Pathophysiology and pathogenetic mechanisms

The clinical manifestations arising during the acute phase
are closely related to parasite presence in target organs such
as the gastrointestinal tract, central nervous system and

heart, coexisting with high grade parasitemia. Lympha-
denopathy, liver and spleen enlargement are markers of
widespread immunologic reaction.

As the parasitemia abates and the systemic inflammatory
reaction subsides, it is believed that a silent, relentless, focal
myocarditis ensues during the indeterminate phase. In pre-
disposed hosts, encompassing approximately 30–50% of the
infected population, this chronic myocarditis may evolve to
cumulative destruction of cardiac fibers and marked repara-
tive fibrosis. During this phase ventricular arrhythmias 
and sudden death may rarely occur as manifestations of 
the underlying focal inflammatory process, and possibly, of
the early autonomic denervation. The incessant myocarditis

Table 49.1 A clinical classification of Chagas’ heart disease

Clinical phase

Acute Indeterminate Overt heart Heart
disease failure

IA IB

Symptoms Fairly Absent Absent Minimal Present
common

Physical Usually Normal Normal May be Abnormal
Abnormal abnormal

ECG Common Absent Absent RBBB, LAHB, � Q waves
changes AVB, PVCs VT

Heart size Usually Normal Normal Normal Enlarged
(x rays) abnormal

RV function Usually Normal May be Usually Abnormal
abnormal depressed abnormal

LV diastolic ? ? Mild Abnormal Abnormal
function impairment

LV systolic Abnormal Normal Mild Segmental Global
function segmental dysynergy depression

dysynergy

Perfusion ? Mild Mild Common Common
defects abnormalities abnormalities

Autonomic ? May be May be May be Usually
function abnormal abnormal abnormal abnormal

RV Abnormal May be Usually Abnormal Abnormal
biopsy abnormal abnormal

Exercise ? Normal May be May be Abnormal
stress test abnormal abnormal Reduced

– Arrhythmia – Arrhythmia exercise
– Chronotropic – Chronotropic capacity

deficit deficit

Arrhythmia/Sudden ? Absent Very uncommon May be detected Common
death

Abbreviations: AVB, atrioventricular block; ECG, electrocardiogram; LAHB, left anterior hemiblock;  LV, left ventricle; PVCs, 
premature ventricular complexes; RBBB, right bundle branch block; RV, right ventricle;  VT, ventricular tachycardia; ?, unknown



is eventually responsible for myocardial mass loss attaining
critical degrees, thereby leading to regional and global ven-
tricular remodeling, chamber dilation and setting the
anatomic substrate for malignant dysrhythmia.

This hypothesis is based on experimental models for
Chagas’ heart disease. Additional evidence has been pro-
vided by studies correlating clinical and pathological find-
ings in autopsied humans dying in all phases of the disease.
Most studies included case series of dozens of patients for
the acute and indeterminate phases and ranging from 
hundreds to thousands of cases for the chronic phase.

The most intriguing challenge for understanding the
pathophysiology of Chagas’ heart disease lies in the complex
host-parasite relationship.39,40 It is not clear why in many
patients (who remain in the indeterminate phase) the
myocardial aggression is controlled at low levels, whereas in
others the development of full blown chronic Chagas’ car-
diomyopathy is triggered. In brief, auto-immune mediated
myocardial injury is probably sustained and exacerbated by
continuous antigen presentation related to low grade per-
sistent T. cruzi tissue parasitism.

Evidence gathered from pathophysiological studies in ani-
mal models and in humans is consistent with the hypothesis
that four main pathogenetic mechanisms participate in the
genesis of chronic Chagas’ heart disease:

● neurogenic mechanisms
● parasite-dependent inflammatory aggression
● microvascular disturbances
● immune mediated cardiac damage.

Neurogenic mechanisms – As discussed above, abnormal
autonomic cardiac regulation, preceding the development 
of myocardial damage, has been conclusively shown in 
many functional investigations.28,34,36,37,38,41–46 Accordingly,
intense neuronal depopulation has been clearly demonstrated
in several pathologic studies.30,47

Antibodies against autonomic receptors may be detected
in experimental and human chronic Chagas’ disease.
Functional abnormalities in the cardiac electrogenesis can
be caused by auto-antibodies against beta1-adrenergic and
muscarinic M2-receptors.42–46 It is still speculative whether
receptor stimulation or inhibition thus triggered could medi-
ate myocardial damage.

However, various kinds of evidence militate against neu-
rogenic derangements being a main pathogenetic mecha-
nism. Even in endemic areas cardiac denervation shows
marked individual variability in intensity and frequency.37,48

Also, no correlation has been shown between cardiac
parasympathetic denervation and the extent of myocardial
dysfunction or the presence of dysrhythmia. Moreover, the
typical chagasic cardiomyopathy is found in geographical
regions where the disease is apparently caused by parasite
strains devoid of neurotropism. Interestingly, in such

regions, the typical chagasic digestive syndromes – consid-
ered to be causally related to parasympathetic denervation
of the esophagus and colon – are rarely described.37

Furthermore, no follow up studies correlating autonomic
regulation, myocardial function, and cardiac rhythm assess-
ment have been reported.

In conclusion, the role of dysautonomia remains to be
determined. Furthermore, the attractive hypothesis impli-
cating autonomic impairment in triggering sudden death
has never been appropriately tested.

Parasite-dependent inflammatory aggression – A direct
cause-effect relationship between parasitism and
inflammatory findings in the chronic phase of Chagas’ heart
disease was initially discarded.47 Very low-grade parasitemia
was detected by xenodiagnosis. Also, the scanty tissular
nests of amastigotic T. cruzi bear no topographic relation
with the diffuse focal inflammation, as seen by classical
histopathological staining techniques.

However, more sensitive molecular biology methods have
shown that parasitemia may be persistent in the chronic
phase of Chagas’ disease.49,50 In myocardial biopsy speci-
mens from chronic chagasic patients techniques using
amplification of DNA sequences of T. cruzi51 and immuno-
fluorescent monoclonal antibodies52,53 showed parasite anti-
gens in the inflammatory infiltrates.

Microvascular disturbances – Several independent
studies in animal models54,55 and in humans with 
Chagas’ disease,56–59 focusing on histopathological changes,
platelet activation and endothelial function disturbances
support the hypothesis of microvascular abnormalities. These
derangements may cause ischemic-like symptoms and
transient ECG changes often detected in chagasic patients.
They might also constitute the mechanism responsible for
the myocardial perfusion abnormalities described in
chagasic patients with angiographically normal coronary
arteries.4,28

On the basis of the evidence from these investigations, it
has been postulated that microvascular derangements could
be a relevant mechanism for the amplification and perpetua-
tion of myocardial damage triggered by the inflammatory
process;55 however, there is no information on their prog-
nostic implications.

Immune mediated cardiac damage – Studies in humans
and in animal experiments provide evidence for the role
played by immunological mechanisms in chronic Chagas’
heart disease. It is widely accepted that mononuclear
inflammatory infiltrates seen in chronic chagasic myocarditis
are the expression of cell mediated aggression. Ultrastructural
microscopic studies in animal models show that immune
effector cells cause lysis of non-parasitized myocardial
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for laboratory or surgical accidents and in organ transplant
recipient and donors.66,67 After adequate treatment a
negative xenodiagnosis is found in over 90% of cases and
serological tests are negative in 80%. A more recent study
suggested that molecular methods can be more effective to
show parasite persistence; the etiologic treatment in the
acute phase led to PCR negative results in 73% of the cases,
while xenodiagnosis was negative in 86% after 3 years.68

Despite these current recommendations, in the absence
of long-term follow up trials, there is no evidence for the
prevention of chronic organ damage even for patients
treated in the acute phase. The impact on prognosis has not
been established, again due to lack of appropriately designed
follow up studies.

Chronic phase – From experimental studies there is
scarce evidence for benefit of trypanocide treatment against
the development of chronic tissue damage.69 Also, evidence
for potential benefits of etiologic chemotherapy in chronic
human Chagas’ disease is extremely limited, due mainly to
misleading criteria being employed in small trials.

Besides several case-series studies, a prospective, non-
randomized, controlled trial involving 131 patients treated
with benznidazole (5 mg/kg/day for 30 days) and 70
untreated patients with a mean follow up period of 8 years
has been reported.70 Progression of disease was assessed by
ECG changes. Treated patients presented fewer ECG
changes than the control group (4�2% v 30%) and less dete-
rioration in the clinical condition (2�1% v 17%). These
results suggest that etiologic treatment may impact favor-
ably in the chronic phase.

However the parasitological criterion of persistent nega-
tivity of the xenodiagnosis is unreliable as this test is 
commonly negative in the chronic phase of Chagas’ disease –
60–80% – despite the presence of overt and progressive car-
diac involvement. Moreover, large fluctuations of parasitemia
occur over time. There may also be bias in the trials caused
by selection of patients with persistent parasitemia in the pre-
treatment period. Furthermore, results of experimental stud-
ies have shown that in the chronic phase the parasitemia is
low or not detectable at all, while there is a predominant 
tissular parasitism by amastigotic forms of T. cruzi.

Conversely, because persistently positive serological tests
may merely reflect mechanisms of immunological memory
or be associated with crossreactivity to altered host anti-
gens, results of any of the serological criteria used to assess
etiological treatment are clearly inadequate. In fact, the
observed rate of negativation of serological tests following
treatment in the chronic phase is consistently low (4–8%) 
in trials suffering the same methodological limitations dis-
cussed above.

Thus, until an adequate laboratory method is available for
assessment of cure, the only acceptable criteria for etiologic
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cells.60 Depletion of the TDC4� lymphocyte subpopulation
prevents myocardial injury in the murine model of Chagas’
heart disease.61 Conversely, myocardial damage is induced
in non-chagasic animals, by passive transfer of TDC4�

lymphocytes from infected mice.61,62 Furthermore, the
identification of antigenic epitopes related to cross-reactivity
between T. cruzi and myocardial protein has been
reported.63,64

These findings support the notion of an organ-specific
autoimmune aggression against self-antigens modified since
the acute phase. Also plausible is an incessant aggression
maintained by persistent presentation of cross-reacting para-
site antigens to the macrophage system, as a consequence of
lifelong tissue parasitism.

Key points

● The evidence gathered from pathophysiological studies
in animal models and in humans is consistent with the
hypothesis of immune mediated injury being a key patho-
genetic mechanism in chronic Chagas’ heart disease.

● The immune responses are probably related to the persist-
ing low-grade T. cruzi tissue parasitism but the mechanisms
triggering exacerbated responses in some cases and deter-
ring significant immune damage in others are still unknown.

● The presence of the parasite (or its remnants) in direct
topographic relation to the inflammatory foci has poten-
tial therapeutic implication.

● Microvascular disturbances probably constitute important
amplification mechanisms for the inflammatory myocar-
dial injury.

● Cardiac dysautonomia is a well characterized feature
that may precede other manifestations of myocardial
damage but its pathogenetic role is still debated.

Management of Chagas’ heart disease

Etiologic treatment

Although recent developments in basic biochemistry of the
parasite allowed the identification of potential targets for
chemotherapy, such as protein prenylation, sterol, proteases
and phospholipid metabolism,65 few antitrypanosomal
agents are currently available for clinical use. Nifurtimox
and benznidazole have been shown to be comparable in effi-
cacy and high incidence of side effects including dermatitis,
polyneuritis, leukopenia, gastrointestinal intolerance. This
often warrants discontinuation of treatment, and nifurtimox
was abandoned in most centers.

Acute phase – There is consensus that in the acute phase
etiologic treatment is mandatory to control symptoms and
life threatening myocarditis and encephalitis. Guidelines
have been developed to recommend etiologic treatment also
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treatment must be based on the prevention of the appear-
ance of the clinical manifestation or the arrest of damage
already detected. For this, a long follow up period of large
cohorts of patients would be required.

Using better diagnostic tests and research designs, more
recent clinical trials have reported high rates of parasitologic
cure in children with early chronic T. cruzi infection and
claimed trypanocidal therapy for the indeterminate phase.71

A recent systematic review of studies testing the efficacy
of trypanocide therapy in the chronic asymptomatic T. cruzi
infection has been carried out.72 Only five studies met the
inclusion criteria requiring that published trials randomly
allocated participants with chronic T. cruzi infection without
symptomatic Chagas’ heart disease to one or more of the
trypanocidal drugs (benznidazole, nifurtimox, allopurinol)
given for at least 30 days at any dose, and to control treat-
ment with or without placebo.71–76 Studies had to report on
at least one of the following outcomes: all-cause mortality,
sudden death, incidence of heart failure, side effects of treat-
ment, ECG changes (collectively named here as “clinical
outcomes”) or reduction in parasite load, reduction in anti-
body titres to T. cruzi or negative seroconversion (collec-
tively named as “parasite-related outcomes”). General
characteristics of the five studies included are shown in
Table 49.2. Data synthesis for pooled outcomes including all
information available are shown in Figure 49.1.

The most important finding in this review was that 
trypanocide therapy improved parasite-related outcomes. The
strongest effect was found for benznidazole that significantly
reduced the proportion of positive xenodiagnosis in both chil-
dren and adults and increased the rate of negative serocon-
version in children, when serology was tested using the
ELISA with Antigen-total stimulation (AT ELISA) technique.
Allopurinol and itraconazole failed to demonstrate a signifi-
cant effect on these outcomes and had severe side effects.
Although these results are in favor of the use of trypanocide
therapy in children and asymptomatic adults for reducing
antibodies or the parasite load respectively, whether this
effect will result in clinical benefit remains to be proven.
None of these trials was designed primarily to assess clinical
outcomes and failed to report key methodological issues. 
In addition, because of the variability in their designs and the
small size of each trial, the meta-analysis performed for the
pooled outcomes could never include all randomized partici-
pants. Thus, all observations on the effects of these agents for
chronic asymptomatic T. cruzi infection should be interpreted
in the light of the small number of participants in studies not
intended to evaluate clinical outcomes. Hence, at present, no
experimental evidence is available to support any recommen-
dation on the clinical use of trypanocide therapy for improv-
ing clinical outcomes in chronic asymptomatic T. cruzi
infection. Large randomized controlled studies encompassing

Table 49.2 General characteristics of included studies

Author Participants Interventions Outcomesa

country (% IP) (n randomized) (Primary and secondary)
(year) dose

Andrade School Benznidazole (64) Seroconversion
Brazil (1996) children 7�5 mg/kg/day – 8 weeks v placebo (65) Antibodies changes

(90%)

Apt Adults Allopurinol (187) Seroconversion
Chile (1998) (70%) 8�5 mg/kg/day – 8 weeks v itraconazol (217) n positive

xenodiagnosis
6 mg/kg/day – 16 weeks v placebob (165) ECG changes

Side effects

Coura Adults Benznidazole (26) n positive
Brazil (1997) (NA) 5 mg/kg/day – 4 weeks v nifurtimox (27) xenodiagnosis

5 mg/kg/day – 4 weeks v placebo (24)

Gianella Adults Allopurinol (20) n positive
Bolivia (1997) (NA) 300 mg tid – 8 weeks v placebo (20) xenodiagnosis

Sosa-Estani School Benznidazole (55) Seroconversion
Argentina children 5 mg/kg/day – 8 weeks v placebo (51) Antibodies changes
(1998) (95%)

aAs stated by the authors in the report.
bParticipants initially in placebo arm were re-allocated to one of the active arms after two months of treatment.
Abbreviations: NA, information not available; IP, indeterminate phase. Reproduced with permission72
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patients in different stages of disease have to be performed to
overcome the current dilemma.

Prevention of reagudization
Trypanosomicide therapy has been shown in several cases to
prevent the parasitological reactivation of Chagas’ disease
following corticosteroid therapy.77 It is debatable whether

primary chemoprophylaxis would be justifiable in all
patients undergoing treatment with immunosuppressant
drugs for associated diseases.78

Treatment of congestive heart failure

Hemodynamic derangements in chronic chagasic patients
with heart failure are comparable to those reported in

Study

Andrade

Sosa-Estani

Total

Heterogeneity test �2= 0·58 P = 0·45/Overall effect test Z = –1·16 P = 0·2

BZD
(n/N)

1/59

1/40

2/99

Plac
(n/N)

4/58

1/41

5/99
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29
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OR (95% CI)

0·01 0·1 1 10 100

0·01 0·1 1 10 100

0·01 0·1 1 10 100

–1·5 –0·5 0·5 1·50

0·28 (0 ·05–1·69)

1·03 (0·06–16·99)

0·41 (0·09–1·85)
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Andrade
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37/58

24/44

61/102
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3/54

3/44

6/98
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57·8

42·2

100

OR (95% CI)

12·35 (5·72–26·68)

 9·19 (3·73–22·64)

10·91 (6·07–19·58)
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IV – Antibody titers mean differences/All
available studies (IIF)

III – Positive xenodiagnosis/all tests/AIl
available studies

II – Negative seroconversion/BZD – AT
ELISA – children
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n TT/n Plac
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(48·4)
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(13·5)
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(38·1)

115/115

(100)

All TT
mean (sd)
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(1052)
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(2·31)
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(1400)

–30·1
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0·68
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0·04

(–0·69–0·76)

–0·66
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–0·58
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Figure 49.1 Overview of the effect, estimates for data on four outcomes pooled. Estimates are expressed as odds ratios, using the
method proposed by Yusuf and Peto (Peto OR), or standardized mean differences (SMD) and its 95% confidence intervals using the
fixed models statistical approach (95% CI Fixed). Antibodies mean changes are given in the units originally reported by authors. 
A negative sign means reduction of levels after being treated. Reproduced from Villar et al72 with permission.



dilated cardiomyopathies of other etiologies. Similarly, the
classic therapeutic interventions – sodium restriction, diuret-
ics, digitalis, and vasodilation with nitrates and hydralazine –
have been successful in relieving congestive symptoms.
Small studies have documented short-term hemodynamic
beneficial effects of these agents and, to a lesser extent,
improvement in exercise tolerance in chronic chagasic
patients. However, no studies reported improvement in sur-
vival or even in long-term outcome.

Small prospective studies on ACE inhibitors have shown
promising results in heart failure complicating Chagas’ dis-
ease. A multicenter, prospective, non-controlled trial
assessed the impact of adding an ACE inhibitor to conven-
tional therapy in 115 patients with heart failure (of whom
20 were chagasics). At the end of 12 weeks, irrespective of
etiology, the NYHA functional class was significantly
improved in most patients (85�2%).79 A single-blind,
crossover trial of ACE inhibitor and placebo for 6 weeks
each, with a washout period of 2 weeks, was reported on 18
NYHA class IV chagasic patients.80 Treatment with the ACE
inhibitor was associated with significant reduction in neuro-
humoral activation and ventricular arrhythmias. These
results indicate a potentially beneficial role for this class of
drugs in reducing active mechanisms related to sudden
death. However, no long-term controlled study has assessed
the impact on survival of chagasic patients treated with ACE
inhibitors.

Other neuro-humoral blocking drugs such as beta 
adrenergics and spironolactone have not been objectively
tested in any clinical trial including a large enough number
of chagasic patients to permit efficacy assessment compara-
tive to other etiologies of congestive heart failure.

Surgical treatment

Heart transplantation – Heart transplantation has been
performed in small numbers of patients with refractory heart
failure due to Chagas’ disease. However, transplantation is
limited by socioeconomic factors in the areas where the
disease is endemic and by problems related to the obligatory
immunosuppression.

Acute myocarditis with marked transitory LV systolic
depression has previously been reported in small case series
as a frequent complication in patients receiving the usual
dose cyclosporin therapy.81 Although the reactivation of
acute infection was usually responsive to antiparasite ther-
apy, the possibility of definitive damage to the allograft could
not be ruled out and early concern was raised that this 
could constitute a severe limitation or even contraindication
for heart transplantation in Chagas’ disease. Nevertheless,
recent data have shown more encouraging results to cir-
cumvent this limitation, through the use of reduced
immunosuppression regimen. The long-term impact of heart
transplantation in chagasic patients has recently been

described in a subgroup of a large cohort of 792 patients
submitted to orthotopic heart transplantation in 16 centers
in Brazil, The mean overall follow up period was 2�87�3�05
years, and 117 patients with chronic Chagas’ heart disease
constituted the subgroup. The entire cohort population also
included 407 patients with idiopathic dilated cardiomyopa-
thy and 196 with ischemic heart disease.82 Among chagasic
patients the reported criteria and contraindications for trans-
plantation were similar to those used for non-chagasic
patients, except for the detection of megacolon or mega-
esophagus, also considered a contraindication for transplan-
tation. The survival rate of Chagas’ disease patients at 1 and
12 years was respectively 76%, and 46%. These survival
rates were statistically better in comparison with the rest of
the cohort group in which the respective survival rates were
72% and 27%. It is worthy of note that reactivation of 
T. cruzi infection with myocarditis and meningoencephalitis
was rarely reported, and was the cause of death, in only
0�3% of the entire chagasic cohort. Even allowing for the
poor control of other relevant characteristics of chagasic and
non-chagasic patients in this retrospective analysis of a
cohort study, the results suggest that heart transplantation is
a valid therapeutic option in end stage Chagas’ heart disease
with expected survival rate at least comparable to other
patients submitted to this procedure.

Dynamic cardiomyoplasty – Reported experience with
this procedure in chagasic patients is limited. While initial
results in very few patients showed encouraging symptom
and LV function improvement,83 a survey of surgical centers
in South America (112 patients of whom 96 had heart failure
due to dilated cardiomyopathy and 13 due to Chagas’ heart
disease) was less optimistic.84 Comparative analysis showed
survival rates of 86�1% and 49�8% for patients with dilated
cardiomyopathy and 40% and 9�5% for chagasic patients at 1
and 5 years follow up respectively. These results were
corroborated by another recent observational study, again
including a quite reduced number of chagasic patients.85

There are no clues from these data to elucidate why the
prognosis for chagasic patients was worse.

Clearly large controlled randomized trials are needed to
define any value of dynamic cardiomyoplasty as a temporary
approach, before refractory heart failure due to Chagas’
heart disease can be treated by more radical interventions
such as cardiac transplantation.86

Partial left ventriculectomy and synchronization therapy –
The so-called Batista operation has been performed in small
numbers of chagasic patients in many scattered surgical
centers in Brazil, without any systematic approach specific for
this disease. Because no systematic outcome information is
available, and also due to the lack of consistent results with
the procedure in other etiologies, currently, partial left
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ventriculotomy can not be recommended for the treatment
of chagasic heart failure. Also, recent small case-series studies
reported acute symptomatic and hemodynamic
improvement after dual-chamber or multisite pacemaker
implantation, but on an entirely empirical basis.

Prevention of thromboembolic events

There is very limited clinical information on the risk of
embolism in patients with mural thrombus or apical
aneurysm. In 65 selected patients with apical aneurysm, a
follow up study ranging from 19 to 176 months docu-
mented 17 episodes of thromboembolism in 14 patients
(24�5%)87 – seven to the brain, nine to the lung and one to
the iliac artery. These patients also had congestive heart fail-
ure and 11 died in the observation period. In eight of those
patients, the cause of death was related to heart failure and
in three it was a consequence of cerebral embolism.

Another small study in an endemic region of South
America addressed the contribution of Chagas’ heart disease
in 69 patients having embolic strokes.88 Of 13 patients with
non-ischemic dilated cardiomyopathy, Chagas’ heart disease
was detected in nine (13�0%). It was the third most fre-
quently identified cause of embolism after atrial fibrillation
(29%) and rheumatic valvular heart disease (20�3%).

However, the real risk of thromboembolism in patients
with Chagas’ heart disease is unknown, as no specific stud-
ies have addressed this problem.

Furthermore, despite the preliminary evidence that
thromboembolic events are relevant factors in the natural
history of Chagas’ disease, no clinical studies have been con-
ducted to date on adequate treatment and prevention.
Current recommendations for anticoagulant therapy are
based on information derived from other dilated cardiomyo-
pathies. Thus, chagasic patients presenting global LV dys-
function, atrial fibrillation, previous embolic episodes, and
dyskinetic areas with detected mural thrombus are candi-
dates for treatment with intravenous and/or oral anticoagu-
lants. Social and economic factors limit the implementation
of this treatment, however, even in chagasic patients with
otherwise apparently clear indications for prevention of
thromboembolism.

Management of rhythm disturbances

A wide spectrum of rhythm disturbances is one of the main
hallmarks of Chagas’ heart disease. Sinus node dysfunction
and other atrial dysrhythmias are common findings and
usually present at the early appearance of symptoms.
Management of rhythm disturbances does not differ from
that recommended for other cardiomyopathies, although
there is no sound evidence to support any specific treatment.

Complex ventricular dysrhythmia is the most important
disturbance because of its implication for sudden death. It is

believed that this is more common in chagasic patients than
in other dilated cardiomyopathies, but no adequate compar-
ative study has been reported to support this hypothesis. 
As may be expected, there is reasonable evidence that the
more complex and frequent the ventricular dysrhythmia,
the worse the ventricular function. However, there is con-
vincing evidence that complex ventricular dysrhythmia may
also occur in chagasic patients with preserved global LV
function. This is more remarkable when dyskinesia in the
posterior basal LV region seems to provide the electrophysi-
ologic substrate for refractory ventricular tachycardia.
Although no prospective controlled trial has been con-
ducted, the scarce experience reported suggests that this
subgroup may benefit from surgical excision of fibrotic tis-
sue following careful electrophysiologic mapping of LV dysk-
inetic regions. Equally limited is the reported experience
with implantable cardioverter defibrillators in chagasic
patients surviving episodes of sudden death.4,89

Except for several small case series reports, very scanty
information has been published on the efficacy of pharmaco-
logical antiarrhythmic therapy in Chagas’ heart disease. 
A prospective, double-blind, placebo-controlled, randomized
crossover study in a reduced number of patients reported
similar effects of disopyramide and amiodarone for control-
ling ventricular dysrhythmia.90 Another prospective open,
parallel, randomized study in 81 chagasic patients with ven-
tricular dysrhythmia compared the efficacy of flecainide and
amiodarone.91 The final evaluation by Holter monitoring
after 60 days showed a significant and comparable reduc-
tion in the frequency of ventricular tachycardia achieved
with both flecainide (96�5%) and amiodarone (92�6%).
However, the follow up was insufficient for conclusions to
be drawn on the long-term efficacy or the impact of arrhyth-
mia control on the incidence of sudden death.

Two moderately large randomized trials included chaga-
sics among patients treated with amiodarone. The GESICA
(Grupo de Estudio de la Sobrevida en la Insuficiencia
Cardiaca en Argentina) study concluded after 2 years of 
follow up that low-dose amiodarone was effective in reduc-
ing mortality and hospital admission in patients with severe
heart failure, independent of the presence of complex 
ventricular dysrhythmia.92 Unfortunately, the subgroup of
chagasic patients was very modest (48 of 516 patients) 
and subgroup analysis was not provided. Neither would it
have been likely to be useful.

An ongoing prospective, multicenter, randomized, con-
trolled study designed to evaluate the impact of amiodarone
on survival of treatment of asymptomatic ventricular
arrhythmia also included chagasic patients.93 In its pilot
phase, this trial enrolled 127 patients (24 with Chagas’
heart disease) with LVEF �35%, presenting frequent ven-
tricular premature complexes and/or repetitive forms of
asymptomatic ventricular arrhythmia. The preliminary
results after 12 months of follow up showed a significant
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reduction in the incidence of sudden death in the amio-
darone group (7�0% v 20�4%). However, owing to a high
dropout rate (16%), follow up data were obtained in only
106 patients. Nevertheless, it is to be hoped that the final
results, recruiting a larger number of chagasic patients, will
provide some helpful evidence on treating ventricular dys-
rhythmia with amiodarone in Chagas’ disease.

Complete atrioventricular block may also contribute to
low cardiac output and cause syncope and sudden death in
chagasic patients. In this situation pacemakers are used, as
in other cardiac conditions. The evidence on the effects of
pacemaker implantation comes from limited case series
reports with historic control series of patients in whom this
treatment was not possible.89

The common association of atrioventricular disturbances
and ventricular complex dysrhythmia in the same patient
also requires pacemaker implantation associated with phar-
macological antiarrhythmic therapy. This management is
regarded as prophylactic, although it is not based on
unquestionable evidence.

Key points

● Etiologic treatment is clearly warranted for treatment of
acute phase or chronic infection reactivation associated
with immune-suppressive states. Despite
recent evidence supporting the participation of persist-
ent tissue parasitism in the chronic phase of disease,
and preliminary persuasive evidence that treatment 
of chronic asymptomatic patients results in benefit 
from the parasite outcomes point-of-view, there is no
evidence that clinical outcomes are influenced.

● Digitalis, diuretics and neurohumoral blocking drugs are
empirically used for treating chagasic patients with heart
failure. 

● Heart transplantation can be considered a promising
treatment for refractory heart failure in Chagas’ patients,
even though this position is based in only one prospec-
tive multicenter cohort including small number of
patients. 

● Pharmacological, surgical, and device-based strategies
for the treatment of ventricular dysrhythmia in chagasic
patients are empirical and not supported by any large
randomized, controlled trials. 

Endomyocardial fibrosis (EMF)

EMF is a restrictive cardiomyopathy with still unknown eti-
ology occurring most frequently in tropical and subtropical
countries. Major endocardial fibrotic involvement of the
inflow portion of one or both ventricles, including the
subvalvular region, leads to cavity obliteration, restriction of
diastolic filling, and clinical manifestations of congestive
heart failure and valvular regurgitation. A remarkably 

Grade B4

Grade B2

Grade B2

Grade A/C, 1c and 5

Grade A/B4

similar cardiac involvement occurring in non-tropical coun-
trieshas been described as endomyocardial disease. This is
commonly named Löffler endocarditis or hypereosinophilic
syndrome.

Although a still disputed issue, it has been postulated that
the two conditions represent different stages of the same dis-
ease.94 Another controversial hypothesis is that eosinophil-
derived factors have a toxic role in the pathogenesis of
endomyocardial damage. A recent report combines circum-
stancial evidence for the association of vector-borne etiology
and helminth hypereosinophilia as an etiologic hypothesis
for endemic EMF in tropical rain forest zones.95

Epidemiology and natural history

The low prevalence of EMF inhibits the study of the epi-
demiology and natural history. Even the larger published
series have included only around 100 patients.

Symptoms and signs

Biventricular involvement has been documented in approxi-
mately half of the patients with EMF, while isolated right or
left ventricular disease is variably described in 10–40% of
cases in different published series. Depending upon predom-
inant involvement of either chamber, symptoms and signs
related to pulmonary congestion (left-sided) and systemic
congestion (right-sided disease), and to mitral or tricuspid
reflux, will tend to be more conspicuous.

Constrictive pericarditis is an important differential diag-
nosis in EMF, especially when the right ventricle is
markedly involved.96 Demonstration of ventricular oblitera-
tion by imaging techniques is essential for the diagnosis, but
endomyocardial biopsy can be decisive in selected patients.

The magnitude of symptoms, the grade of ventricular
obliteration (especially of the right ventricle), and the occur-
rence of valvar regurgitation are important prognostic deter-
minants of mortality in this disease. These clinical markers
are useful in selecting patients for surgery since a good long-
term prognosis has been reported for patients who have mild
ventricular dysfunction and no valvular regurgitation.97

Surgical management

Extensive surgical excision of the fibrotic tissue, preserving
or replacing the atrioventricular valves, can ameliorate symp-
toms and improve hemodynamics and has been suggested to
improve the long-term prognosis.98 An operative mortality
ranging from 4�6% to 25�0% has been reported in small case
series studies. Ten year 70% and 17 year 55% survival rates
have been respectively reported in European and Latin
American series.99,100

It must be emphasized that no reports based on random-
ized controlled trials of treatment strategies are available.
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Key points

● The etiology and pathogenesis of EMF are still to be
determined.

● The epidemiology, natural history, and pathophysiology
are very incompletely understood, with available data
based solely on retrospective evidence from small
observational investigations. 

● Promising preliminary results obtained with surgical
approaches await validation in large randomized, con-
trolled studies before any general recommendation for
improving quality of life and survival rates can be made.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Pericardial disease is a potentially curable cause of heart 
disease that accounts for about 7% of all patients who are
hospitalized for cardiac failure in Africa.1 Although there are
no good epidemiologic data on the incidence or prevalence
of pericarditis in different populations,2 hospital-based series
indicate that the spectrum of pericardial disease is deter-
mined by the epidemiologic setting of the patient. In
Western countries, most cases of primary pericarditis are 
of unknown cause, whereas tuberculosis accounts for 
the majority of patients in the developing world.3,4 Thus,
evidence-based guidelines should be adapted according to
the prevalence of certain diseases in particular geographic
areas and patient populations.

A discussion of the large number of diseases that may
affect the pericardium5 (Box 50.1) cannot be covered in this
short chapter. Consequently, this overview will focus on the
diagnosis and treatment of idiopathic and tuberculous peri-
carditides. It will, in particular, aim to examine the extent to
which existing treatments are supported by evidence from
well-designed prospective studies. The findings reported

here are based on a comprehensive search of electronic
databases and bibliographies of articles on pericarditis.

Primary acute pericardial disease

Acute pericarditis may be caused by a variety of disorders
(Box 50.1). Among the secondary forms of pericarditis, the
underlying disorder is usually evident before pericardial
involvement. The most challenging dilemma for the physi-
cian is the patient with acute pericardial disease without
apparent cause at the initial evaluation (primary acute peri-
cardial disease). In Western series a specific etiology has been
found in only 14–22% of these patients when they are sub-
jected to a prospective diagnostic protocol  (Table 50.1).3,6

Diagnosis

Acute pericarditis is the occurrence of two or more of the
following: characteristic chest pain, pericardial friction rub
(pathognomonic of acute pericarditis), and an electrocardio-
gram (ECG) showing characteristic ST segment elevation or
typical serial changes.7 The chest radiograph, echocardio-
gram, and radionuclide scans are of little diagnostic value in
uncomplicated acute pericarditis.

The first step in the etiologic diagnosis of acute pericarditis
consists of a search for an underlying disease that may
require specific therapy. In most cases of suspected viral peri-
carditis, special studies for etiologic agents are not necessary
because of the low diagnostic yield of viral studies and lack of
specific therapy for viral disease.7 However, a treatable con-
dition such as Mycoplasma-associated pericarditis must be
considered and treated with antibiotics if the serologic test 
is consistent with the diagnosis.8 The Permanyer-Miralda 
et al protocol3 for the evaluation of acute pericardial disease
is discussed under “Pericardial effusion” below.

Treatment

Although there are no controlled trials, it is generally accepted
that bed rest and oral non-steroidal anti-inflammatory drugs
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Box 50.1 Causes of acute pericarditis5

● Malignant tumor
● Idiopathic pericarditis
● Uremia
● Bacterial infection
● Anticoagulant therapy
● Dissecting aortic aneurysm
● Diagnostic procedures
● Connective tissue disease
● Postpericardiotomy syndrome
● Trauma
● Tuberculosis
● Other

● radiation
● drugs inducing lupus-like syndrome
● myxedema
● postmyocardial infarction syndrome
● fungal infections
● AIDS-related pericarditis



(NSAIDs) are effective in most patients with acute 
pericarditis.7 The use of corticosteroids for acute idiopathic
pericarditis when the disease does not subside rapidly is also
untested in randomized trials, but it may be unnecessary
and even dangerous in acute non-relapsing pericarditis 
in view of the availability of other agents, such as the 
parenteral NSAID ketorolac tromethamine.9 Ketorolac is an
extremely potent analgesic agent that appears to cause rapid
resolution of symptomatic acute pericarditis. However, the
limitation of this study of 20 patients with acute pericarditis
was that there was no control group for comparison.9

Idiopathic relapsing pericarditis is the most troublesome
complication of acute pericarditis, affecting about 20% of
cases. There are no established therapeutic guidelines for
patients who do not respond to NSAIDs.7 Corticosteroids
provide symptomatic relief in most of these patients, but
symptoms recur in many when the prednisone dosage is
reduced and severe complications are associated with 
prolonged steroid use.10 Claims of effectiveness have been
made in small uncontrolled studies for pericardiectomy, 
azathioprine, high-dose oral and intravenous corticosteroids,

and colchicine (Table 50.2).10 The results of these studies
are inconsistent and the effectiveness of these potentially
harmful therapeutic modalities remains to be established in
well-designed randomized studies. Nevertheless, colchicine,
used on the basis of its efficacy in the recurrent polyserositis
seen in familial Mediterranean fever,16 has aroused much
interest following the dramatic effects which were initially
reported with its use in recurrent pericarditis.15 The accu-
mulating experience with colchicine indicates that, whilst
its long-term use is well tolerated, it is associated with a vari-
able remission rate of 33–100% (Table 50.2), and there is a
tendency for a small proportion of patients to relapse after
cessation of therapy.16 In a multicenter cohort study involv-
ing 51 patients with recurrent pericarditis who did not
respond to conventional treatments, colchicine induced
remission in 86%, and 60% remained recurrence-free after
discontinuation of the drug.20 These data support the use of
colchicine to prevent recurrent attacks of pericarditis as an
adjunct to conventional treatment, although the effective-
ness of the agent remains to be evaluated in randomized
controlled trials. Grade B
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Table 50.1 Etiology of primary acute pericarditis in the West

Permanyer-Miralda et al 19853 Zayas et al 19955

(n � 231) (n � 100)

Acute idiopathic pericarditis 199 (86%) 78 (78%)
Neoplastic pericarditis 13 (6%) 7 (7%)
Tuberculous pericarditis 9 (4%) 4 (4%)
Other infections 6 (3%) 3 (3%)
Collagen vascular disease 2 (0.5%) 3 (3%)
Other 2 (0.5%) 5 (5%)

Table 50.2 Therapeutic strategies previously evaluated in recurrent pericarditis (after failure of non-steroidal 
anti-inflammatory drugs)

Study Patients Therapeutic strategy Remission rate
(n) evaluated

Fowler10 9 Pericardiectomy 2/9 (22%)
Hatcher11 24 Pericardiectomy 20/24 (83%)
Asplen12 2 Azathioprine 2/2 (100%)
Melchior13 2 IV Methylprednisolone 2/2 (100%)

as pulse therapy
Marcolongo14 12 High-dose prednisone 11/12 (92%)

with aspirin
Major side effects in 3

Guindo15 and de la Serna16 9 Colchicine 9/9 (100%)
Spodick17 8 Colchicine 3/9 (33%)
Adler18 8 Colchicine 4/8 (50%)
Millaire19 19 Colchicine 14/19 (74%)
Guindo 20 51 Colchicine 44/51 (86%)



Pericardial effusion

The spectrum of causes of pericardial effusion is similar to
acute pericarditis (Box 50.1). However, prospective studies
indicate that large pericardial effusions are more likely to be
a result of serious underlying illnesses such as tuberculosis
and cancer, where rapid diagnosis may lead to earlier ther-
apy and improved survival.3 The clinical features vary
depending on the rate of accumulation of the fluid, the
amount of fluid that accumulates, and the stage at which
the patient is first seen.

Diagnosis

The radiographic signs of pericardial effusion include an
enlarged cardiac silhouette, a pericardial fat stripe, a predom-
inant left-sided pleural effusion, and an increase in transverse
cardiac diameter compared with previous chest radiographs.
However, these signs cannot reliably confirm or exclude the
presence of pericardial effusion, thus making radiography
poorly diagnostic of pericardial effusion.21 Similarly, ECG is
useful only in that it may suggest a cardiac abnormality. The
QRS complexes are usually small, with generalized T wave
inversion. Electrical alternans, which suggests the presence
of massive pericardial effusion, is uncommon. Even more
uncommon is total electrical alternans (P-QRS-T alternation),
which is pathognomonic of tamponade.22

Echocardiography, computed tomography (CT), and mag-
netic resonance imaging (MRI) can accurately detect and
quantify pericardial effusion. Echocardiography, which is rel-
atively inexpensive, sensitive (capable of detecting as little
as 17 ml pericardial fluid), harmless, and widely available, is
the diagnostic method of choice for pericardial effusion.5

Furthermore, it may also provide prognostic information. 
A large effusion with a circumferential echo-free space of
�1 cm in width at any point is reported to be a powerful
predictor of tamponade23 and intrapericardial echo images
are associated with an increased likelihood of subsequent
constriction.24

Permanyer-Miralda et al 3 have evolved a systematic
approach for the evaluation of acute primary pericardial dis-
ease in developed countries with a low prevalence of tuber-
culosis  (Table 50.3). It is based on a prospective study of
231 consecutive patients who were evaluated to determine
the safest and most sensitive approach to the etiologic 
diagnosis of acute pericardial disease. The findings were
confirmed in a subsequent prospective study of a similar
diagnostic protocol involving 100 patients with primary
pericardial disease.5 First, these prospective studies indicate
that a specific etiology is found in only 14–22% of 
patients with acute primary pericardial disease  (Table 50.1).
Secondly, while therapeutic pericardiocentesis is absolutely
indicated for cardiac tamponade, it is not warranted as a
routine investigation because of low diagnostic yield. The

indications for diagnostic pericardiocentesis are the clinical
suspicion of purulent or tuberculous pericarditis and those
with an illness lasting longer than 1 week. Thirdly, the diag-
nostic yield of pericardiocentesis and pericardial biopsy is
similar. Whereas biopsy is more invasive and may entail the
need for general anesthesia, it is a safe procedure and direct
histologic examination of the pericardium may allow imme-
diate diagnosis in the case of tuberculosis. Furthermore,
pericardial biopsy may allow a more direct visualization of
the pericardium. However, even when detailed investiga-
tions are performed, including pericardioscopy and surgery,
the etiology of pericardial effusion remains obscure in a sig-
nificant number of patients.25

Cardiac tamponade

A pericardial effusion may result in the life-threatening 
complication of cardiac tamponade, a condition caused by
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Table 50.3 Protocol for evaluation of primary acute
pericardial disease3

Stage Evaluation

Stage I
General studies and Electrocardiogram

echocardiogram Chest radiograph
Tuberculin skin test
Serologic tests

Stage II
Pericardiocentesis Therapeutic pericardiocentesis: 

absolutely indicated for cardiac
tamponade

Diagnostic pericardiocentesis: 
clinical suspicion of purulent 
or tuberculous pericarditis

Illness lasting for more than
1 week

Stage III
Surgical biopsy of “Therapeutic” biopsy: as part 

the pericardium of surgical drainage in 
patients with severe 
tamponade relapsing after 
pericardiocentesis

Diagnostic biopsy: in patients 
with more than 3 weeks 
illness and without an 
etiologic diagnosis having 
been reached by previous 
procedures

Stage IV
Empirical Fever and pericardial effusion 

antituberculous of unknown origin persisting 
treatment for more than 5–6 weeks



compression of the heart and impaired diastolic filling of the
ventricles. It is an indication for pericardiocentesis.

Cardiac tamponade is a clinical diagnosis, which is 
confirmed by echocardiography. The clinical examination
shows elevated systemic venous pressure, tachycardia, dysp-
nea, and pulsus paradoxus.26 Pulsus paradoxus may be
absent in some instances such as left ventricular dysfunc-
tion, atrial septal defect, regional tamponade, and positive
pressure breathing. Systemic blood pressure may be normal,
decreased, or even elevated. The diagnosis is usually con-
firmed by the echocardiographic demonstration of a large
circumferential pericardial effusion and some of the features
listed in Table 50.4. However, as a diagnostic test for 
tamponade, echocardiography may lack both sensitivity 
and specificity in certain clinical situations. For example,
echocardiographic features of right heart collapse may be
absent in the presence of loculated effusions causing
regional left ventricular compression or in patients with pul-
monary hypertension. This is particularly important after
cardiac surgery when the absence of a circumferential effu-
sion and right atrial collapse and right ventricular diastolic
collapse may not exclude the presence of life-threatening
tamponade.27,28 Furthermore, a dilated non-collapsing infe-
rior vena cava and an abnormal respiratory pattern of dias-
tolic flow are not specific signs of tamponade  (Table 50.4).

Constrictive pericarditis

The etiology of constrictive pericarditis has changed over
the past four decades.29 Tuberculous constrictive pericardi-
tis, which was a common cause of constriction worldwide
before the 1960s, has since declined in incidence and is
now rare in Western countries. In these countries the 

diminished importance of tuberculous pericarditis has been
associated with a large contribution made by idiopathic
cases. Postradiotherapy constriction, which was first recog-
nized as an important disease in the 1960s, continues to 
feature prominently among the causes of constrictive peri-
carditis, while postsurgical constriction has emerged as an
important cause.

Constrictive pericarditis is characterized anatomically by
an abnormally thickened and non-compliant pericardium
that limits ventricular filling in mid to late diastole.
Consequently, nearly all ventricular filling occurs very rap-
idly in early diastole. This results in elevated cardiac filling
pressures and the characteristic hemodynamic waveforms
during which the diastolic pressures of the cardiac chambers
equalize. The clinical manifestations of constrictive peri-
carditis, which are secondary to systemic venous conges-
tion, mimic a variety of cardiopulmonary disorders, making
the diagnosis of this condition difficult in some cases.

Diagnosis

The chest radiograph and ECG are usually abnormal, draw-
ing attention to the heart, but the abnormalities are largely
non-specific. Chest radiography may reveal a small, normal,
or enlarged cardiac silhouette, pleural effusions in 60%, and
pericardial calcification in 5–50% of cases.29–31 Calcification
is not specific for constrictive pericarditis, as a calcified 
pericardium does not necessarily imply constriction. Non-
specific but generalized T wave changes are seen in most
cases, while low voltage complexes occur in about 30%.

The ideal imaging technique for the accurate preoperative
diagnosis of pericardial constriction would simultaneously
provide both anatomic data describing the thickness of the
pericardium and physiologic/hemodynamic data describing
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Table 50.4 Echocardiographic features of cardiac tamponade26

Echocardiographic/Doppler criteria Comments

1. Right heart collapse: right atrial compression, right Changes in blood volume may affect the sensitivity and 
ventricular diastolic collapse specificity of right heart collapse as a sign of tamponade. 

False positives and false negatives may occur

2. Abnormal respiratory changes in ventricular dimensions Inconstant finding

3. Abnormal respiratory changes in tricuspid and mitral May also be seen in obstructive airways disease, pulmonary 
flow velocities embolism, and right ventricular infarction

4. Dilated inferior vena cava with lack of inspiratory collapse Often seen with congestive heart failure and constrictive 
pericarditis

5. Left ventricular diastolic collapse Frequent sign of regional cardiac tamponade and useful marker 
of tamponade in postoperative patients in a retrospective 
investigation27

6. Swinging heart Not sensitive, specificity unknown



the characteristic differential diastolic filling to the left ventri-
cle and the right ventricle with respiration. In these regards,
echocardiographic findings of abnormal ventricular septal
motion (septal bounce or shudder), dilated inferior vena cava,
and hepatic veins in patients with right heart failure are sug-
gestive of constrictive pericarditis. Respiratory variation in
mitral inflow velocities and hepatic veins is quite characteris-
tic for constrictive pericarditis, although the lack of respira-
tory variation does not exclude constrictive pericarditis.
Specificity of these Doppler findings of constrictive pericardi-
tis is enhanced by demonstrating no significant respiratory
variation in the superior vena cava velocity. In patients with
increased respiratory effort such as chronic obstructive pul-
monary disease, which simulates the interventricular depend-
ence resulting in similar two-dimensional and Doppler
echocardiographic findings, superior vena caval velocities are
markedly increased with inspiration.32 New tissue Doppler
recording of mitral annulus velocity adds more confidence in
distinguishing constrictive pericarditis from restrictive process
because of myocardial disease (Table 50.5).33

CT and MRI can demonstrate the extent and distribution
of pericardial thickening. While this does not make the 
diagnosis of constriction, it is often very useful to know 
that the pericardium is abnormal in a patient in whom this
diagnosis is suspected. In addition, CT or MRI features 
of myocardial atrophy or fibrosis predict a poor outcome 
following pericardiectomy.34 A promising new imaging 
technique is cine-CT, which simultaneously provides both
anatomic and physiologic data that may allow accurate pre-
operative diagnosis of pericardial constriction.35 Unless the
diagnosis is very obvious, cardiac catheterization is usually
performed. The characteristic finding is equal end-diastolic
pressures in the two ventricles, persisting with respiration
and fluid challenge. However, the diagnosis of constrictive
pericarditis remains a challenge because it is often mimicked
by restrictive cardiomyopathy. A number of studies, using
different techniques, have attempted to distinguish the two
conditions, including studies of left ventricular filling rate,
mitral and tricuspid diastolic flow patterns, pulmonary venous
flow velocity, hepatic flow velocity patterns, hemodynamic
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Table 50.5 The differentiation of constrictive pericarditis from restrictive cardiomyopathy

Type of evaluation Constrictive pericarditis Restrictive cardiomyopathy

Physical examination Regurgitant murmurs uncommon Regurgitant murmurs may be present

Chest radiography Pericardial calcification may be present Pericardial calcification absent

Echocardiography Normal wall thickness Increased wall thickness, thickened 
cardiac valves and granular sparkling 
texture (amyloid). Enlarged atria

Pericardium may be thickeneda Pericardium usually normal
Prominent early diastolic filling with abrupt
displacement of interventricular septum
due to increased ventricular interaction

Doppler studies Early mitral flow is reduced with onset of No respiratory variation in diastolic
inspiration and reciprocal effect on flow with short deceleration time
tricuspid flow
Expiratory increase of hepatic vein Inspiratory increase of hepatic vein 
diastolic flow reversal diastolic flow reversal

Mitral and tricuspid regurgitation may 
be present

Mitral annulus velocity �7 cm/s Mitral annulus velocity �7 cm/s

Cardiac catheterization RVEDP and LVEDP usually equal LVEDP often �5 mmHg greater than 
RVEDP, but may be identical

RV systolic pressure �50 mmHg RV systolic pressure �50 mmHg
RVEDP �one third of RV systolic pressure

Endomyocardial biopsy May be normal or show non-specific May reveal specific cause of 
myocyte hypertrophy or myocardial fibrosis restrictive cardiomyopathy

CT/MRI Pericardium may be thickened Pericardium usually normal
�3 mma

Abbreviations: CT, computed tomography; LV, left ventricular; LVEDP, left ventricular end-diastolic pressure; MRI, magnetic reso-
nance imaging; RV, right ventricular; RVEDP, right ventricular end-diastolic pressure
a Normal thickness of the pericardium does not rule out pericardial constriction.



investigations, endomyocardial biopsy, and CT and MRI 
studies.36 Table 50.5 summarizes the important differences
between the two conditions. No technique is totally reliable
and in some patients, the only way of making the diagnosis is
to perform a pericardiectomy.37

Treatment

The treatment for chronic constrictive pericarditis is com-
plete resection of the pericardium. The average hospital
mortality following pericardiectomy in several series ranges
from about 5% to 16%.29,38–40 Poor outcome is related
mainly to preoperative disability, the degree of constriction,
and myocardial involvement. The majority of early deaths
are associated with low cardiac output, which has been
attributed to myocardial atrophy. Thus, early pericardiec-
tomy is recommended in patients with non-tuberculous
constrictive pericarditis before severe constriction and
myocardial atrophy occur.

Among patients who survive the operation, symptomatic
improvement can be expected in about 90% and complete
relief of symptoms in about 50%. The 5 year survival rate
ranges from 74% to 87%. Long-term survival and sympto-
matic relief do not appear to be influenced by age, choice of
median sternotomy or left thoracotomy, or transient low out-
put syndrome postoperatively. However, long-term survival is
unfavorably influenced by the presence of severe preopera-
tive functional disability (NYHA class III or IV, diuretic use),
renal insufficiency in the preoperative state, the presence of
extensive non-resectable calcifications, incomplete pericar-
dial resection, and the presence of radiation pericarditis,
which is commonly complicated by myocardial fibrosis and
restrictive myocardial disease.

Tuberculous pericarditis

The prevalence of tuberculous pericarditis follows the 
same pattern as that of tuberculosis in general. It is the 
most common cause of pericarditis in developing countries
where tuberculosis remains a major public health problem,
but accounts for only about 5% of cases in the West.3,4

In Africa the incidence of tuberculous pericarditis is rising 
as a direct result of the human immunodeficiency virus 
epidemic41 and this trend is likely to occur in other parts of
the world where the spread of AIDS is leading to the 
resurgence of tuberculosis. Tuberculosis caused by drug
resistant Mycobacterium tuberculosis has emerged in the
past few years as a serious threat to global public health, but
its impact on pericardial tuberculosis has not been studied.

Tuberculous pericarditis appears to be more common in
blacks than whites and males than females,42,43 although
the sex difference was reversed in the large prospective
studies of Strang et al 30,44 The disease can occur at any age.

Tuberculous pericardial effusion

Tuberculous pericarditis is usually detected clinically 
either in the effusive stage or after the development of 
constriction. Tuberculous pericarditis has a variable clinical
presentation and it should be considered in the evaluation of
all instances of pericarditis without a rapidly self-limited
course.43 While tuberculous pericarditis may cause effusions
that do not produce cardiac compression, more commonly
there is at least some degree of cardiac compression, which
may be severe, causing tamponade.

Tuberculous pericardial effusion usually develops insidi-
ously, presenting with non-specific systemic symptoms such
as fever, night sweats, fatigue, and loss of weight.4,42,45 Chest
pain, cough, and breathlessness are common.45–47 Severe
pericardial pain of acute onset characteristic of idiopathic
pericarditis is unusual in tuberculous pericarditis.42,45,48

Right upper abdominal aching due to liver congestion is also
common in these patients.4,42,45 In South African patients
with tuberculous pericardial effusion, evidence of chronic
cardiac compression that mimics heart failure is by far the
most common presentation  (Table 50.6).4,47,49 While there
is marked overlap between the physical signs of pericardial
effusion and constrictive pericarditis, the presence of
increased cardiac dullness extending to the right of the 
sternum favors a clinical diagnosis of pericardial effusion.

Diagnosis

A definite diagnosis of tuberculous pericarditis is based on
the demonstration of tubercle bacilli in pericardial fluid or
on histologic section of the pericardium and a probable diag-
nosis is made when there is proof of tuberculosis elsewhere
in a patient with unexplained pericarditis. A definite or
probable diagnosis is made in up to 73% of patients treated
for tuberculous pericarditis.44,50 The chest radiograph shows
features of active pulmonary tuberculosis in only 30% and
pleural effusion is present in 40–60% of cases.43 The ECG is
usually abnormal, drawing attention to the heart.44,51 The
ST segment elevations characteristic of acute pericarditis are
usually absent. ECG findings are not specific for a tubercu-
lous etiology.50

Pericardiocentesis is recommended in all patients in
whom tuberculosis is suspected. The pericardial fluid is
bloodstained in 80% of cases4 and, since malignant disease
and the late effects of penetrating trauma cause bloody 
pericardial effusion, confirmation of tuberculosis as the cause
is important. The difficulty in finding tubercle bacilli in the
direct smear examination of pericardial fluid is well known.
Culture of tubercle bacilli from pericardial effusions can be
improved considerably by inoculation of the fluid into double
strength liquid Kirchner culture medium at the bedside. 
A prospective study of the value of the double strength liquid
Kirchner culture medium in patients considered to have
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tuberculosis reported a 75% yield compared to a 53% yield
with conventional culture.52 For Mycobacterium tuberculo-
sis, the radiometric method (BACTEC) permits an average
recovery and drug sensitivity testing time of 18 days, com-
pared to 38·5 days for conventional methods, but the low
yield of 54% is the major disadvantage of the former
method.52 Sputum with acid-fast bacilli will be found in only
about 10% of patients.4 Gastric washings from such patients
may be studied and urine culture and lymph node biopsy
may also demonstrate tubercle bacilli.

In developing countries tuberculin skin testing is of 
little value owing to the high prevalence of primary 
tuberculosis, mass BCG immunizations and the likelihood
of cross-sensitization from mycobacteria present in the 
environment.53 Furthermore, the limited utility of the tuber-
culin skin test has also been documented in a prospective
study performed in a non-endemic area.43

There is considerable urgency to establish the correct diag-
nosis of tuberculosis since early initiation of therapy is associ-
ated with a favorable outcome.45 Since tubercle bacilli are
often not found on stained smears of pericardial fluid46,54 and
their growth on culture requires 3–6 weeks, there is a need
for other means of making an early diagnosis. Unfortunately,
a rapid, simple, inexpensive, sensitive, and specific diagnos-
tic test for pericardial tuberculosis is not available.53

Pericardial biopsy is an important option, but a normal
result does not exclude the diagnosis.

Recently, the usefulness of measuring adenosine 
deaminase activity for the rapid diagnosis of pericardial

tuberculosis has been reported in different study popula-
tions with consistent results showing a pericardial fluid
activity of �40 U/l to have a sensitivity and specificity of
more than 90%.55–57 An analysis of the largest prospective
study of the usefullness of the adenosine deaminase test for
the diagnosis of pericardial tuberculosis,58 which included 
a wide spectrum of patients with pericardial effusion,
yielded a likelihood ratio of 3·8 and 0·05 for positive and
negative tests respectively  (Table 50.7). Fagan’s nomogram
(Figure 50.1) for interpreting diagnostic test results can be
used to determine the usefulness of a positive (adenosine
deaminase �40) or negative (adenosine deaminase �40) test
result.59,60 Although the likelihood ratio for a positive test is
3·8, a high pretest probability of 80% is associated with a
post-test probability of 95% if the adenosine deaminase
result is positive. The likelihood ratio of a negative adeno-
sine deaminase test is 0·05, which should confer conclusive
changes on pretest to post-test probabilities.

In addition to the adenosine deaminase test, the meas-
urement of interferon � levels in pericardial fluid may 
offer another means of early diagnosis. A study involving 
12 patients, with definite tuberculous pericardial effusion,
and 19 controls indicated that elevated interferon � meas-
ured by radioimmunoassay in pericardial aspirate is a 
sensitive (92%) and highly specific (100%) marker of a tuber-
culous etiology in patients with a pericardial effusion.61 This
promising report needs confirmation in larger studies.

The polymerase chain reaction is useful in detecting
Mycobacterium tuberculosis DNA in pericardial fluid,62–64
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Table 50.6 Physical signs documented by a single observer in 88 patients with pericardial effu-
sion and 67 patients with constrictive pericarditis in South Africa4

Signs Pericardial effusion Constrictive pericarditis
(n � 88) (n � 67)

Hepatomegaly 84 (95%) 67 (100%)

Increased cardiac dullness 83 (94%) 17 (25%)

Raised jugular venous pulse 74 (84%) 67 (100%)

Soft heart sounds 69 (78%) 51 (76%)

Sinus tachycardia 68 (77%) (Transient AF in 3) 47 (70%) (Persistent AF in 2)

Ascites 64 (73%) 60 (89%)

Apex palpable 53 (60%) 39 (58%)

Significant pulsus paradoxus 32 (36%) 32 (48%)

Edema 22 (25%) 63 (94%)

Pericardial friction rub 16 (18%) –

Pericardial knock – 14 (21%)

Third heart sound – 30 (45%)

Sudden inspiratory splitting of – 24 (36%)
the second heart sound

Abbreviation: AF, atrial fibrillation



but the technique is less sensitive than established methods
and is prone to contamination and false positive results and
thus not yet suitable for routine clinical use.53,64 At present,
serum antibody tests against specific tuberculoprotein epi-
topes have not offered a significant diagnostic advance over
other methods.53

Treatment

In areas and communities with a high prevalence of tuber-
culosis, a pericardial effusion is often considered to be tuber-
culous, unless an alternative cause is obvious, and treatment
often has to be commenced before a bacteriologic diagnosis
is established.52 A definite diagnosis is not made in about a
third of patients treated for tuberculous pericarditis and an
adequate response to antituberculous chemotherapy serves
as confirmation. When systematic investigation fails to yield
a diagnosis in patients living in non-endemic areas, good
prospective data indicate that there is no justification for
starting antituberculous treatment empirically.7

Antituberculous chemotherapy dramatically increases 
survival in tuberculous pericarditis. In the preantibiotic era,
mortality was 80–90% and currently it ranges from 8% to
17%.47,65,66 A regimen consisting of rifampicin, isoniazid, 
and pyrazinamide in the initial phase of at least 2 months, 
followed by isoniazid and rifampicin for a total of 6 months 
of therapy has been shown to be highly effective in treating
patients with extrapulmonary tuberculosis.67,68 Treatment for
9 months or longer gives no better results and has the added
disadvantages of increased costs and poor compliance.68

Short-course chemotherapy is also highly effective in curing
tuberculosis in HIV-infected patients,69 although it has not
been evaluated specifically in tuberculous pericarditis.

In 1988 Strang et al44 reported a prospective double-
blind evaluation of patients with tuberculous pericardial
effusion treated with antituberculous drugs who were ran-
domly allocated to prednisolone or placebo during the first
11 weeks of therapy (Figure 50.2): 240 patients entered the
study and 198 were evaluated at 24 months; 42 patients
(18%) were excluded from analysis mainly owing to loss to
follow up and non-compliance with medication. In this trial,
five of 97 patients given prednisolone compared with 11 of
101 given placebo died of pericarditis; seven and 17 needed
repeat pericardiocentesis; three and seven open surgical
drainage, and 91 and 88 had a favorable functional status at
24 months, respectively. Table 50.8 shows the outcomes for
patients in the prednisolone and control groups together
with the associated odds ratios (95% CI) and P values for
the 198 patients who were analyzed in the trial. Patients
treated with prednisolone were significantly less likely to
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Table 50.7 Test properties of the adenosine deaminase (ADA) assay derived from Latouf et al 58

ADA level Definite diagnosis of pericardial tuberculosis Likelihood ratio

Present Absent

n Proportion n Proportion

ADA �40 U/l 77 77/80 � 0·963 26 26/103 � 0·253 3·80
ADA �40 U/l 3 3/80 � 0·038 77 77/103 � 0·748 0·05
Total 80 103
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require repeat pericardiocentesis and had fewer combined
adverse events than the placebo group. Although there is a
suggestion that prednisolone may have a beneficial effect
with regard to death from pericarditis, the 95% confidence
intervals are consistent with a null effect.

It appears from these data that the adjuvant use of 
prednisolone in tuberculous pericarditis is associated with 
a reduced risk of reaccumulation of pericardial fluid and 
less morbidity during the treatment period, which may be
clinically significant. It should, however, be noted that the

exclusion of a high proportion of randomized patients from
the analysis may be a source of substantial bias in the find-
ings reported in this study. In support of the possibility of
bias, a re-analysis of this trial that includes all the partici-
pants in the groups to which they were randomized showed
that the tendency for prednisolone to reduce the incidence
of cardiac tamponade requiring pericardiocentesis was not
statistically significant (RR � 0·43, 95% CI 0·19–1·01).70

Similarly, the effect of prednisolone on all-cause mortality
showed a promising but non-significant effect (RR � 0·53,
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Figure 50.2 Tuberculous pericardial effusion trial profile.44 A total of 198 patients were included in the analysis.

Table 50.8 Pericardial effusion: prednisolone versus placebo44

Outcome Group prednisolone Group placebo Peto’s odds P value
(n � 97) (n � 101) ratio (95% CI)

1. Favorable status at 24 monthsa 91/97 88/101 2·15 (0·84–5·53) 0·11
2. Repeat pericardiocentesis 7/97 17/101 0·41 (0·17–0·95) 0·04
3. Subsequent open drainage 3/97 7/101 0·45 (0·13–1·60) 0·22
4. Pericardiectomy 7/97 10/101 0·71 (0·26–1·92) 0·50
5. Total with one or more adverse eventsb 21/97 35/101 0·53 (0·29–0·98) 0·04
6. Death from pericarditis 5/97 11/101 0·46 (0·17–1·29) 0·14

a Patients were classified as having a favorable status if the following criteria were fulfilled or if only one was still abnormal: pulse rate
�100, jugular venous pulse �5cm, arterial pulsus paradoxus �10mmHg, ascites and edema absent/just detectable, physical activ-
ity unrestricted, cardiothoracic ratio �55%, and electrocardiogram voltage �6 mm in V6 or �4 mm along the frontal axis.
b Includes outcomes numbered 2, 3, 4, and 6.



95% CI 0·23–1·18). Therefore, on the basis of the currently
available data, prednisolone cannot be recommended for
routine use in patients with tuberculous pericardial effusion.
We concur with the recommendation that corticosteroids
should be reserved for critically ill patients with recurrent
large effusions who do not respond to pericardial drainage
and antituberculous drugs alone.31

In the study by Strang et al,44 which compared
prednisolone and placebo, those who were willing were also
randomized to open complete drainage by substernal peri-
cardiotomy and biopsy under general anesthesia followed by
suction drainage on admission or percutaneous pericardio-
centesis as required to control symptoms and signs (Figure
50.2); 101 patients participated in this comparison.
Complete open drainage abolished the need for pericardio-
centesis (odds ratio 0·12, 95% CI 0·04–0·39) but did not
influence the need for pericardiectomy for subsequent con-
striction (odds ratio 0·45, 95% CI 0·10–2·06) 
or the risk of death from pericarditis (odds ratio 1·51, 95%
CI 0·33–6·96).

The impact of antituberculous treatment on the develop-
ment of constrictive pericarditis in patients with chronic peri-
cardial effusion of unknown cause has been investigated in a
randomized trial in India:71 Twenty-five adults were random-
ized in a prospective 2:1 fashion to receive either three-drug 
antituberculous treatment (group A) or placebo (group B)
for 6 months; 21 patients (14 in group A and seven in group
B) completed the study protocol, and were included in the
analysis. The primary end points were the development of
pericardial thickening diagnosed by CT scan and constric-
tive pericarditis diagnosed by cardiac catheterization. There
was no significant difference between the groups in the
development of the combined end point of pericardial thick-
ening and constrictive pericarditis (group A: n � 3, 21·4% v
group B: n � 2, 29·6%; P � NS); and pericardial fluid had
disappeared in 10 patients (six in group A and four in group
B). Thus, antituberculous treatment did not prevent the
development of constrictive pericarditis and did not alter
the clinical course in patients with large chronic pericardial
effusions of undetermined etiology in an endemic area.
However, the results of this trial should be considered 
with caution because of the small sample size involved.
Nevertheless, the study makes a very important observation
that requires further evaluation. In endemic areas antituber-
culous chemotherapy, which is not without hazard, is often
administered to patients with large pericardial effusions in
the absence of proof of tuberculosis.4

Recently, Hakim et al72 reported the first double-blind
randomized placebo controlled trial of adjunctive steroids in
the treatment of effusive tuberculous pericarditis in HIV
seropositive patients. This Zimbabwean study randomized
58 HIV positive patients aged 18–55 years with suspected
tuberculous pericarditis to receive prednisolone (n � 29) 
or placebo (n � 29) for 6 weeks, in addition to standard

Grade A

short-course antituberculous chemotherapy. The primary
end points were resolution of pericardial fluid and death
over an 18-month period of observation. There was no dif-
ference in the rate of radiologic and echocardiographic reso-
lution in pericardial effusion. By contrast, there were fewer
deaths in the intervention group (5/29) compared with 
the placebo group (10/29), but the numbers were small and
the result could have occurred by chance (RR � 0·50, 95%
CI 0·19–1·28). Thus the trials of steroids for the treatment
of tuberculous pericarditis suggest that prednisolone has a
potentially large beneficial effect on survival in immuno-
competent and HIV seropositive patients, but the individual
trials were too small to be sure that this is a true effect.70

We believe that well-designed and adequately powered 
trials of steroids in tuberculous pericarditis are warranted.

Tuberculous pericardial constriction

Constrictive pericarditis is one of the most serious sequelae
of tuberculous pericarditis and it occurs in 30–60% of
patients despite prompt antituberculous treatment and the
use of corticosteroids.42,43 Tuberculosis is the most frequent
cause of constrictive pericarditis in developing countries.3,4

The presentation is highly variable, ranging from asympto-
matic to severe constriction. The diagnosis is often missed
on cursory clinical examination  (Table 50.6). The diastolic
lift (pericardial knock) with a high-pitched early diastolic
sound and sudden inspiratory splitting of the second heart
sound are subtle but specific physical signs, and found in
21–45% of patients with constrictive pericarditis. These
signs are often missed by the inexperienced observer unless
specifically sought. Furthermore, if the investigation is not
clinically guided, echocardiography has the potential to miss
the signs that are suggestive of this diagnosis.

Diagnosis

Most patients with constrictive pericarditis in South Africa
have the subacute variety, in which a thick fibrinous exudate
fills the pericardial sac, compressing the heart and causing a
circulatory disturbance. As a result, calcification of the peri-
cardium will be absent in the majority.30 The chest radiograph
findings are non-specific. In a study reported by Strang et al,
70% of 143 patients had a cardiothoracic ratio greater than
55% and only 6% had a ratio greater than 75%.30 It is uncom-
mon to find concomitant pulmonary tuberculosis. Non-
specific but generalized T wave changes are seen in most
cases, while low voltage complexes occur in about 30% of
cases. Atrial fibrillation occurs in less than 5% of cases, is per-
sistent, and usually occurs with a calcified pericardium. As
with tuberculous pericardial effusion, the ECG is useful only
in drawing attention to the presence of a cardiac abnormality.

Echocardiography is particularly valuable in confirming
the diagnosis of subacute constrictive pericarditis. Typically,
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a thick fibrinous exudate is seen in the pericardial sac and is
associated with diminished movements of the surface of the
heart, normal sized chambers, absence of valvular heart dis-
ease, and absence of myocardial hypertrophy.30 In time, the
pericardial exudate condenses into a thick skin surrounding
the heart, which usually, but not always, can be distin-
guished from myocardium.

Treatment

The treatment of tuberculous pericardial constriction
involves the use of antituberculous drugs and pericardiec-
tomy for persistent constriction in the face of drug therapy.
In a double-blind, randomized, controlled trial in South
Africa, 143 patients with tuberculous pericarditis and clini-
cal signs of a constrictive physiology were allocated to receive
prednisolone or placebo in addition to antituberculous drugs

during the first 11 weeks of treatment  (Figure 50.3)30: 114
patients were available for evaluation at 24 months; 20% of
patients were excluded from analysis mainly due to loss to
follow up and non-compliance with medication. Although
clinical improvement occurred more rapidly in the pred-
nisolone group and there was a lower mortality from peri-
carditis at 24 months (4% v 11%) and a lower requirement
for pericardiectomy (21% v 30%), these findings were not
statistically significant  (Table 50.9). The remarkable finding
of this study is that constriction resolved on antituberculous
chemotherapy within 6 months in most patients, and only
29 (25%) of the 114 patients with constrictive pericarditis
required pericardiectomy for persistent or worsening 
constriction.

No controlled studies have compared early pericardiec-
tomy with late pericardiectomy in this condition. We rec-
ommend pericardiectomy if the patient’s condition is static
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Figure 50.3 Tuberculous constrictive pericarditis trial profile30

Table 50.9 Constrictive pericarditis: prednisolone versus placebo30

Outcome Group prednisolone Group placebo Peto’s odds P value
(n � 53) (n � 61) ratio (95% CI)

1. Favorable status at 24 monthsa 50/53 52/61 2·60 (0·79–8·59) 0·116
2. Pericardiectomy 11/53 18/61 0·63 (0·27–1·47) 0·29
3. Death from pericarditis 2/53 7/61 0·35 (0·09–1·36) 0·13

a See note a in Table 50.8.



hemodynamically or deteriorating after 4–6 weeks of anti-
tuberculous therapy. However, if the disease is associated with
pericardial calcification, which is a marker of chronic disease,
surgery should be undertaken earlier under the antitubercu-
lous drug cover. The reported risks of death with pericardiec-
tomy in patients with tuberculous constrictive pericarditis are
variable, ranging from 3% to 16%.40,73 

Effusive constrictive tuberculous pericarditis

This mixed form is a common presentation in Southern
Africa. There is increased pericardial pressure owing to effu-
sion in the presence of visceral constriction and the venous
pressure remains elevated after pericardial aspiration. In
addition to physical signs of pericardial effusion, a diastolic
knock may be detected on palpation and an early third heart
sound on auscultation.

In patients with the effusive constrictive syndrome
echocardiography may show a pericardial effusion between
thickened pericardial membranes, with fibrinous pericardial
bands apparently causing loculation of the effusion.

The treatment of effusive constrictive pericarditis is 
a problem because pericardiocentesis does not relieve the
impaired filling of the heart and surgical removal of the fibri-
nous exudate coating the visceral pericardium is not possi-
ble. Antituberculous drugs should be given in the standard
fashion and serial echocardiography performed to detect the
development of a pericardial skin, which is amenable to sur-
gical stripping. The place of corticosteroids in such patients
is unknown.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



Rheumatic fever is the most important cause of acquired
heart disease in children and young adults worldwide.
Initiated by an oropharyngeal infection with group A 
� hemolytic streptococci (GAS) and following a latent
period of approximately 3 weeks, the illness is characterized
by an inflammatory process primarily involving the heart,
joints, and central nervous system. Pathologically, the
inflammatory process causes damage to collagen fibrils and
connective tissue ground substance (fibrinoid degeneration)
and thus rheumatic fever is classified as a connective tissue
or collagen vascular disease. It is the destructive effect on
the heart valves that leads to the important effects of the dis-
ease, with serious hemodynamic disturbances causing car-
diac failure or embolic phenomena resulting in significant
morbidity and mortality at a young age.

There have been many publications concerning the pri-
mary and secondary prevention of rheumatic fever and the
treatment of the acute attack. The evidence from random-
ized controlled clinical trials is strongest in the field of pri-
mary prevention or the treatment of pharyngitis caused by
GAS. There are few randomized trials concerning secondary
prevention. In the treatment of the acute attack, most publi-
cations have been observational studies with only a small
minority of randomized trials.

Epidemiology

In the developed countries of the world, the incidence of
rheumatic fever fell markedly during the 20th century. For
example, in the USA the incidence per 100000 was 100 at
the start of this century, 45–65 between 1935 and 1960, and
is currently estimated to be approximately 2 per 100000. This
decrease in rheumatic fever incidence preceded the introduc-
tion of antibiotics and is a reflection of improved socio-
economic standards, less overcrowded housing, and improved
access to medical care. The current prevalence of rheumatic
fever in the USA and Japan, 0·6–0·7 per 1000 population, con-
trasts sharply with that in the developing countries of Africa,
Asia, and South America, where rates as high as 15–21 per
1000 have been reported. For example, in a study of 12050
schoolchildren in Soweto, South Africa, a peak prevalence of
rheumatic heart disease of 19·2/1000 children was reported.1

As GAS pharyngitis and rheumatic fever are causally
related, both diseases share similar epidemiologic features.
The age of first infection is commonly between 6 and 
15 years. Also, the risk for developing rheumatic fever is
highest in situations where GAS is more common, for exam-
ple where people live in crowded conditions.

Pathogenesis

Clinical, epidemiologic, and immunologic observations tend
to support strongly the causative role of untreated GAS
pharyngitis in rheumatic fever. Beyond this, however, the
pathogenesis of acute rheumatic fever and clinical heart 
disease remains unclear and several important and unex-
plained observations render the management of this impor-
tant disease extremely difficult. These are:

● individual variability of susceptibility to GAS pharyngitis;
● individual variability of development of symptomatic

GAS pharyngitis;
● individual variability of development of acute rheu-

matic fever after an episode of GAS pharyngitis;
● individual variation in the development of carditis and

chronic rheumatic heart disease after an attack of acute
rheumatic fever;

● the development of chronic rheumatic heart disease in
patients who have no definite history of acute rheumatic
fever.

Streptococcal skin infection (impetigo) has not been
shown to cause rheumatic fever. While effective antibiotic
treatment virtually abolishes the risk of rheumatic fever, in
situations of untreated epidemic GAS pharyngitis up to 3%
of patients develop it.2 Worryingly, as many as a third of
patients who develop rheumatic fever do so after virtually
asymptomatic GAS and in more recent outbreaks, 58%
denied preceding symptoms.3 This does not augur well for
the primary prevention of rheumatic fever where prompt
diagnosis of GAS pharyngitis and treatment are essential.

The virulence of the streptococcal infection is dependent
on the organisms’ M protein serotype, which determines the
antigenic epitopes shared with human heart tissue, especially
sarcolemmal membrane proteins and cardiac myosin.4 It is
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these variations in virulence, as a result of M protein varia-
tion, that are thought to explain the occasional outbreaks of
rheumatic fever in areas of previously low incidence.5 Other
factors influencing the risk for rheumatic fever are the mag-
nitude of the immune response and the persistence of the
organism during the convalescent phase of the illness.2

Evidence suggests that host factors play a role in the risk
for rheumatic fever. In patients who have suffered an attack
of rheumatic fever, the incidence of a repeat attack is
approximately 50%. A specific B cell alloantigen has been
found to be present in 99% of patients with rheumatic 
fever versus 14% of controls.6 Certain HLA antigens appear
to be associated with increased risk for rheumatic fever.
Approximately 60–70% of patients worldwide are positive
for HLA-DR3, DR4, DR7, DRW53, or DQW2.7 Such genetic
markers for rheumatic fever risk may be useful to identify
those in need of GAS prophylaxis. However, in view of 
the frequency with which these markers occur, they are
unlikely to be of practical benefit in the short term.

Clinical features

While there is no specific clinical, laboratory or other test to
confirm conclusively a diagnosis of rheumatic fever, the diag-
nosis is usually made using the clinical criteria first formulated
in 1944 by T Duckett Jones8 and subsequently modified 
by the Committee on Rheumatic Fever, Endocarditis, and
Kawasaki Disease of the Council on Cardiovascular Disease in
the Young (American Heart Association).9 The revised criteria
emphasize the importance of diagnosing initial attacks of
rheumatic fever. The criteria are often incorrectly applied to
the diagnosis of recurrent attacks, for which they were not
originally intended. The diagnosis is suggested if, in the pres-
ence of preceding GAS infection, two major criteria (carditis,
chorea, polyarthritis, erythema marginatum, and subcuta-
neous nodules) or one major and two minor criteria (fever,
arthralgia, elevated erythrocyte sedimentation rate, elevated
C-reactive protein, or a prolonged PR interval on ECG) are
present. Evidence of preceding GAS infection, essential for
the diagnosis, may be obtained from throat swab culture (only
positive in approximately 11% of patients at the time of diag-
nosis of acute rheumatic fever)3 or by demonstrating a rising
titer of antistreptococcal antibodies, either antistreptolysin O
(ASO) or anti-deoxyribonuclease B (anti-DNase B).

Prevention

The most recent recommendations on the prevention of
rheumatic fever have been published by the Committee on
Rheumatic Fever, Endocarditis, and Kawasaki Disease of the
Council on Cardiovascular Disease in the Young (American
Heart Association).10

Prevention of rheumatic fever may be considered to be
either prevention of the initial attack (primary prevention)
or prevention of recurrent attacks (secondary prevention).
True primary prevention of rheumatic fever depends more
on socioeconomic than medical factors. Upgrading housing
and other aspects of urban renewal will do more toward
eradicating the disease than antibiotic prophylaxis.

Primary prevention

Prevention of the initial attack of rheumatic fever depends
on the prompt recognition of GAS pharyngitis and its effec-
tive treatment. Whilst it has been demonstrated that ther-
apy initiated as long as 9 days after the onset of GAS
pharyngitis can prevent an attack of rheumatic fever,11 early
treatment reduces both the morbidity and the period of
infectivity.

The first report of the use of penicillin for the treatment 
of GAS pharyngitis and prevention of most attacks of 
rheumatic fever was published in 1950.11 Over the follow-
ing 40 years, attention focused on accurate diagnosis and
treatment of GAS pharyngitis. A single dose of intramuscu-
lar benzathine penicillin G became the most common mode
of treatment and avoided problems of non-compliance.
Subsequently, as a result of the pain and possibility of aller-
gic reaction associated with benzathine penicillin G, oral
penicillin became the treatment of choice12 and remains 
so today.13 In situations where compliance with a 10 day
course of oral penicillin would be unreliable, a single dose 
of IM benzathine penicillin G would be preferred (dosage
1·2 million U if �27 kg, otherwise 600 000 U).

Early studies established a 10 day course of oral penicillin
as optimal14,15 and this has been supported in more recent
studies.16,17 Shorter treatment periods are associated with
significant decreases in bacteriological cure while longer
courses of treatment do not increase cure rate.

Current recommendations10 for penicillin therapy in 
children cite a dose of 250 mg �2–3/day. These recom-
mendations are based on trials (Table 51.1) of 250 mg given
�2–4/day resulting in equivalent cure rates.18–21 A dose 
of 750 mg/day penicillin yielded significantly worse results
than 250 mg �3/day when compared in a randomized
study.22 There is no evidence available for optimal doses 
of penicillin in adults but 500 mg �2–3/day is currently
recommended.10

Over the past decade, many trials have been published
comparing penicillin VK to a variety of other antimicrobial
agents, most commonly cephalosporins and macrolides.
This has been prompted by the reported increase in treat-
ment failures with penicillin. It has been suggested that
treatment failure rates of up to 38% are possible. This con-
tention, however, has been thoroughly investigated in a
study by Markowitz et al 23 in which treatment failure rates
of penicillin were compared between two time periods,
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1953–1979 and 1980–1993. Of the almost 2800 patients
with GAS serotyping, treatment failures ranged between
10·5% and 17%, with no significant difference between
each time period. It was thus concluded that the over-
reporting of treatment failures was due to problems with the
design of the individual studies.

An increased bateriologic cure rate for streptococcal pharyn-
gitis by cephalosporins was demonstrated in a meta-analysis24

of 19 randomized comparisons of a variety of cephalosporins
with 10 days of oral penicillin therapy. Throat swab cultures
were used to determine the presence of GAS and clearance
after treatment. The results showed a statistically significant
advantage of cephalosporins for which a bacteriologic cure
rate of 92% was reported versus 84% for penicillin. The corre-
sponding clinical cure rates were 95% and 89% respectively. It
is suggested that the resistance of cephalosporins to penicilli-
nase-producing anaerobes and staphylococci present in the
pharyngeal flora may explain these findings. This difference in
efficacy would mean that 12–13 patients would require
cephalosporin treatment to potentially prevent one penicillin
bacteriological treatment failure.

More recently, a multicenter comparison of 10 day 
therapy with cefibuten oral suspension (9 mg/kg/day in 
one dose) and penicillin V (25 mg/kg/day in three divided
doses)25 revealed a bacteriological cure rate of 91% versus
80% respectively (corresponding clinical cure rates were
97% v 89%). Shorter courses of selected
cephalosporins26 (4 or 5 days) have been shown to be effec-
tive, but current recommendations10 suggest that further
study of these regimens is required before their adoption.
The cephalosporins offer statistically significant advantages
over penicillin in controlled clinical trials. It remains to be
demonstrated, however, whether this statistical benefit can
be translated into clinical or epidemiological benefit in
regions where the disease is endemic. Given the financial
constraints on healthcare resources of developing nations
and the considerable cost difference, it would seem that this
is unlikely in the foreseeable future. Greater benefit is likely
to be achieved by concerted efforts to identify, treat, and
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ensure compliance in large numbers of patients with the
established, albeit inferior, penicillin schedules.

In patients allergic to penicillin, erythromycin has been
shown to have an equivalent cure rate.27 The recom-
mended dosage for erythromycin estolate is 20–40 mg/kg/
day in 2–4 divided doses, and for erythromycin ethylsucci-
nate, it is 40 mg/kg/day in 2–4 divided doses, both for 
10 days.28 The efficacy of erythromycin estolate
is superior to that of erythromycin ethylsuccinate and is
associated with fewer gastrointestinal tract side effects.29

GAS strains resistant to erythromycin have been reported in
some parts of the world.30

Thus, penicillin V remains the treatment of choice in non-
penicillin allergic patients as it has a long record of efficacy
and is probably the most cost effective option.

Appropriate antibiotic therapy in children with strepto-
coccal pharyngitis should result in a clinical response within
24 hours – most children will become culture negative
within the first or second day of treatment.31 After comple-
tion of therapy, only patients who have persistent or recur-
ring symptoms, or those at an increased risk for recurrence,
require repeat throat swab culture. If symptomatic patients
are still harboring GAS in the oropharynx, a second course
of antibiotics, preferably with another agent (amoxicillin
clavulanate, cephalosporins, clindamycin or penicillin and
rifampicin), is recommended.10 Failure to eradicate GAS
occurs more frequently following the administration of 
oral penicillin than IM benzathine penicillin G.32 Further
treatment of asymptomatic patients, who are frequently
chronic GAS carriers, is only indicated for those with previ-
ous rheumatic fever or their family members.

Secondary prevention

Following an initial attack of rheumatic fever, there is a high
risk of recurrent attacks, which increase the likelihood of car-
diac damage, and continuous antibiotic therapy is required.
This is especially important as GAS infections need not 
be symptomatic to trigger a recurrence of rheumatic fever, 
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Table 51.1 Cure rates for various penicillin dosage schedules used in treatment of streptococcal pharyngitis

Reference Agent/dose Bacteriologic cure rate (%)

Gerber et al. (1985)21 Pen V 250 mg 2�/day �10 days 82·0
Pen V 250 mg 3�/day �10 days 71·5

Gerber et al. (1989)22 Pen V 750 mg 1�/day �10 days 78·0
Pen V 250 mg 3�/day �10 days 92·0

Vann and Harris (1972)19 Potassium Pen G 80 000 U 2�/day �10 days 88·0

Spitzer and Harris (1977)20 Pen V 500 mg 2�/day �10 days 83·0
Pen V 250 mg 3�/day �10 days 84·0

Abbreviation: Pen, penicillin



nor does optimal GAS treatment preclude a recurrence. It is
recommended that patients who have suffered either proven
attacks of rheumatic fever or Sydenham’s chorea be given
long-term prophylaxis following the initial treatment to erad-
icate the pharyngeal GAS organisms. Recommendations
regarding the duration of such prophylaxis are largely empiric
and based on observational studies.

The duration of prophylaxis should be individualized and
take into account the socioeconomic conditions and risk of
exposure to GAS for that patient. Individuals who have 
suffered carditis, with or without valvular involvement, are
at higher risk for recurrent attacks33,34 and should receive
prophylaxis well into adulthood and perhaps for life. If
valvular heart disease persists then prophylaxis is indicated
for at least 10 years after the last attack of rheumatic fever
and at least until 40 years of age. Those patients who have
not suffered rheumatic carditis can receive prophylaxis until
21 years of age or 5 years after the last attack.35

The choice of prophylactic agent has to be made with due
regard for the likelihood of compliance with a regimen over
a period of many years. Therefore, despite 
associated pain (which can be ameliorated by using lido-
caine as a diluent 36), intramuscular injection of benzathine
penicillin G is the method of choice in most situations. 
The recommended dose is 1·2 million U every 3–4 weeks.
A comparison of 3 weekly (n � 90) versus 4 weekly (n �
63) benzathine penicillin prophylaxis37 demonstrated the
superiority of the 3 weekly dosage. The only prophylaxis
failure in the 3 weekly dosage group was due to partial 
compliance versus five true failures in the 4 weekly dosage
group. A long-term follow up study38 for a mean period of
6·4 years (range 1–12 years) in 249 consecutively random-
ized patients to 3 or 4 weekly regimens further supported
the former schedule (0·25% v 1·29% prophylaxis failures
respectively). Assays for penicillin levels in blood have also
shown that 4 weekly dosage did not provide adequate drug
levels throughout the intervening period between doses.39

Therefore, only those considered at low risk should receive
a 4 weekly dose.

Oral prophylaxis has been shown to be less effective than
intramuscular penicillin G prophylaxis, even when compli-
ance is optimal.32 Penicillin V 250 mg �2/day for adults
and children is the recommended dose. No published data
exist on other penicillins, macrolides, or cephalosporins for
secondary prophylaxis of rheumatic fever. However erythro-
mycin, at a dose of 250 mg �2/day is usually recom-
mended for those allergic to penicillin.

Patients who have either had prosthetic valves inserted
and/or who are in atrial fibrillation require warfarin anti-
coagulation. This is a situation that may necessitate the use
of an oral prophylaxis regimen. In such patients intramuscu-
lar injections of penicillin may carry the risk of hematoma 
formation, especially in patients rendered asthenic as a 
consequence of their underlying illness. This important 
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circumstance is, as far as we are aware, not addressed in the
literature.

Acute management

The aim of the acute treatment of a proven attack of rheu-
matic fever is to suppress the inflammatory response and so
minimize the effects on the heart and joints, to eradicate the
GAS from the pharynx, and provide symptomatic relief.

The longstanding recommendation of bed rest would
appear to be appropriate, mainly in order to lessen joint
pain. The duration of bed rest should be individ-
ually determined but ambulation can usually be started once
the fever has subsided and acute phase reactants are return-
ing towards normal. Strenuous exertion should be avoided,
especially for those with carditis.

Even though throat swabs taken during the acute attack
of rheumatic fever are rarely positive for GAS, it is advisable
for patients to receive a 10 day course of penicillin V (or
erythromycin if penicillin allergic). Although conventional,
this strategy is untested. Thereafter, secondary prophylaxis
should commence as described in the previous section.

The choice of anti-inflammatory agent is between 
salicylates and corticosteroids. Recently, a meta-
analysis of trials comparing these two agents has been pub-
lished.40 In this review, a total of 130 publications from
1949 were assessed. While 11 studies had been random-
ized, only five (Table 51.2)41–45 fulfilled the meta-analysis
criteria of:

● adequate case definition by the Jones criteria;
● proper randomization to either salicylates or some form

of corticosteroid;
● non-overlap of subjects between studies; and
● follow up for at least 1 year for assessment of the pres-

ence of an apical systolic murmur suggesting structural
cardiac damage as a result of carditis.

The trials varied in the use of steroid agent used, either 
cortisone, ACTH, or prednisone.

The largest study of the five selected for the meta-analysis
was that of the Rheumatic Fever Working Party where
ACTH, cortisone, and aspirin were compared in a trial
involving 505 children in the USA and UK.44 This study
found no long-term advantage to be associated with either
therapy. While apical systolic murmurs disappeared more
rapidly in the steroid-treated groups, the prevalence of a 
cardiac murmur at 1 year follow up was the same as for the
salicylate-treated group. The erythrocyte sedimentation rate
was found to normalize and nodules resolved faster in the
steroid group.

When the five studies were examined in the meta-analysis,
it was found that the advantage of corticosteroids over salicy-
lates, in preventing the development of a pathologic apical
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systolic murmur after 1 year of treatment, was not statistically
significant (estimated odds ratio 0·88, 95% CI 0·53–1·46).

All these trials may be criticized on two important points.
Firstly, the method used to assess cardiac involvement 
was clinical with the development or persistence of an 
apical systolic murmur the usual criterion. It could be
argued that observer error and interobserver variability of
clinical methodology could invalidate the results and that
the question should be re-examined using modern non-
invasive techniques. It has, however, been shown that, at
least during the acute phase of the illness, transthoracic two-
dimensional echocardiography with color flow imaging does
not add significantly to the clinical evaluation of the degree
of cardiac involvement.46 The second point relates to the
duration of follow up. Lack of clinical evidence of cardiac
involvement at 1 or 2 years following the initial attack of
acute rheumatic fever is no guarantee that the important
sequelae of valvular incompetence or stenosis will not
develop in the ensuing decades.

Appropriate dosages of anti-inflammatory agents are
aspirin 100 mg/kg/day in four or five divided doses or pred-
nisone 1–2 mg/kg/day. Patients with severe cardiac involve-
ment appear to respond more promptly to corticosteroids.47

The duration of therapy must be gauged from the severity
of the attack, the presence of carditis, and the rate of
response to treatment. Milder attacks with little or no cardi-
tis may be treated with salicylates for approximately a month
or until inflammation has subsided, as assessed by clinical
and laboratory evidence. More severe cases may require 
2–3 months of steroid therapy before this can be gradually
weaned. Up to 5% of patients may still have rheumatic activ-
ity despite treatment at 6 months. Occasionally a “rebound”

of inflammatory activity can occur when anti-inflammatory
therapy is reduced, and may require salicylate treatment.

Alternative non-steroidal anti-inflammatory agents have
not been adequately assessed in trials and would be of bene-
fit only in individuals allergic to or intolerant of aspirin.

A recent prospective randomized controlled trial 
demonstrated no benefit for intravenous immunoglobulin
over placebo when administered during the first episode of
rheumatic fever.48

In patients whose initial attack of rheumatic fever is inad-
equately treated, there is a high risk that the rheumatic
activity will continue and result in valvular incompetence,
most commonly of the mitral valve. The end result of an
ongoing rheumatic process with deteriorating valvular func-
tion is heart failure. Experience has shown that in such
cases prompt surgical management49 is the sole option and
can result in the survival of up to 90% of patients.50 It has
been suggested that the reduction in cardiac workload fol-
lowing valve surgery results in a settling of the rheumatic
process – akin to the beneficial effect observed for bed rest.

Conclusion

While questions regarding the pathogenesis of rheumatic
fever remain, sufficient evidence is available to offer guid-
ance on the appropriate prevention and acute treatment of
this common illness (Table 51.3). It must be remembered
that as most sufferers of this disease are in poor socio-
economic environments and in countries where resources
are scarce, the regimens used must be cost effective and
chosen with a view to maximizing patient compliance. 
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Table 51.2 Randomized trials of acute rheumatic fever treatment

Reference Number of Agent/dose Apical murmur present 
patients analyzed at 1 year (%)

Combined Rheumatic 57 Prednisone 60 mg/day Steroids 57·1% v ASA 37%
Fever Study Group (1960)41 �21 days then taper v

ASA 50 mg/lb/day
�9 weeks, then taper

Combined Rheumatic 73 Prednisone 3 mg/lb/day Steroids 25·3% v ASA 32·1%
Fever Study Group (1965)42 �7 days then taper v ASA 

50 mg/lb/day � 6 weeks

Dorfman et al (1961)43 129 Hydrocortisone 250 mg then taper Steroids 12·5% v ASA 34·4%
and/or ASA to 20–30 mg%

Rheumatic Fever 497 ACTH 80–120 U and taper v Steroids 48·6% v ASA 44%
Working Party (1955)44 cortisone 300 mg and 

taper v ASA 60 mg/lb/day and taper

Stolzer et al (1965)45 128 ASA 30–60 mg/lb/day �6 weeks v Steroids 26·3% v ASA 34·6%
cortisone 50–300 mg/day v
ACTH 20–120 v mg/day



A recent study of the effect of a 10 year education program
on the reduction of rheumatic fever incidence51 demon-
strated what can be achieved by a structured approach to
patient identification, community education, and effective
diagnosis and treatment. This intervention resulted in a 78%
reduction in the incidence of rheumatic fever within 10
years. Much could be achieved through the establishment
of similar programs where rheumatic fever is rife.
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● Valve repair/replacement surgery for severe valve dysfunction.
a Duration of secondary prophylaxis depends on history of carditis and if valvular involvement persists. For details see text.
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Introduction

In mitral valve disease symptomatic status, ventricular func-
tional status and the kind of operation that will ultimately be
performed all affect the indication for valve surgery. This
chapter will integrate these aspects into a strategy for surgi-
cal correction. It should be noted that in surgery for valve
disease there are few large controlled trials of therapy. Most
knowledge of the response of valve disease to surgery
accrues from reports of surgical outcome in both selected
and unselected patients.

Mitral regurgitation

Surgical objectives

Like all valvular lesions, mitral regurgitation imposes a
hemodynamic overload on the heart. Ultimately, this over-
load can only be corrected by surgically restoring valve com-
petence. For valve surgery in general, the timing of surgery
has two opposing tenets. First, as surgery has an operative
risk and, if a prosthesis is inserted, imposes the risks inher-
ent in valve prosthesis, surgery should be delayed for as long
as possible. Second, surgery which is delayed until the
hemodynamic overload has caused irreversible left ventricu-
lar dysfunction will result in a suboptimal outcome. In some
patients, far advanced left ventricular dysfunction may mili-
tate against operating at all.

The timing of valve surgery is made even more complex
in mitral regurgitation, as frequently valve repair rather than
valve replacement can be effected. Because valve repair
does not involve the use of a valvular prosthesis, and
because it also helps to preserve left ventricular function, it
is applicable at the two ends of the spectrum of mitral regur-
gitation. Repair might be considered in asymptomatic
patients with normal left ventricular function because the
disease could be cured then without the need for intense
follow up and without the use of a valve prosthesis.1 At the
other end of the spectrum, patients with severe impairment
of left ventricular function who might not be candidates for
mitral valve replacement with chordal disruption might
have a good result from valve repair.2 However, for most

patients mitral valve surgery is performed for the relief of
symptoms or to prevent worsening of asymptomatic left
ventricular dysfunction.

Etiology

The mitral valve apparatus consists of the mitral valve annu-
lus, the valve leaflets, the chordae tendineae and the papil-
lary muscles. Abnormalities of any of these structures may
cause mitral regurgitation. The common causes of mitral
regurgitation include infective endocarditis, the mitral valve
prolapse syndrome with myxomatous degeneration of the
valve, spontaneous chordal rupture, rheumatic heart disease,
collagen disease such as Marfan’s syndrome, and coronary
artery disease leading to papillary muscle ischemia or necro-
sis. These etiologies are especially important with regard to
surgical correction. For instance, the spontaneous rupture of
a posterior chorda tendinea leads to mitral valve repair in
almost 100% of cases. On the other hand, severe rheumatic
deformity of the valve which has led to mitral regurgitation
may be irreparable, necessitating replacement.

Pathophysiology

Hemodynamic phases of mitral regurgitation

Figure 52.1 depicts the pathophysiologic phases of mitral
regurgitation.3 In the acute phase, such as might occur with
spontaneous chordal rupture, there is sudden volume over-
load on both the left ventricle and the left atrium. The regur-
gitant volume, together with the venous return from the
pulmonary veins, distends both chambers. Distention of the
left ventricle increases use of the Frank–Starling mecha-
nism, by which increased sarcomere stretch increases end-
diastolic volume modestly and also increases left ventricular
stroke work. The new orifice for left ventricular ejection
(the regurgitant pathway) facilitates left ventricular empty-
ing and end-systolic volume decreases. Acting in concert,
these two effects increase ejection fraction and total stroke
volume. However, as shown in Figure 52.1, panel A, if only
50% of the total stroke volume is ejected into the aorta there
is a net loss of 30% of the initial forward stroke volume. At
the same time, volume overload on the left atrium increases

52 Mitral valve disease: indications for
surgery
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left atrial pressure. At this point in time the patient suffers
from low output and pulmonary congestion and appears to
be in left ventricular failure, although left ventricular muscle
function is either normal or even augmented by sympathetic
reflexes. Acute severe mitral regurgitation may lead to shock
and pulmonary edema, requiring intra-aortic balloon coun-
terpulsation and urgent mitral valve repair or replacement.
However, if the patient can be maintained in a relatively
stable condition, he or she may then enter the chronic com-
pensated phase (Figure 52.1, panel B) within 3–6 months.

In the chronic compensated phase of mitral regurgitation,
eccentric cardiac hypertrophy, in which sarcomeres are laid
down in series, allows enlargement of the left ventricle,
enhancing its total volume pumping capacity. Total stroke vol-
ume is increased, allowing normalization of forward stroke
volume. Enlargement of the left atrium accommodates the
volume overload at a lower pressure, eliminating pulmonary
congestion. In this phase the patient may be remarkably
asymptomatic, able to perform normal daily activities, and can
even engage in sporting events of modest physical demands.4

The patient may remain in the compensated phase for
months or years. However, eventually the persistent volume
overload leads to a decline in left ventricular function
(Figure 52.1, panel C). A loss of myofibrils or an insensitivity
to cyclic AMP may be responsible, at least in part, for loss of
left ventricular contractility.5,6 In this phase, left ventricular
end-systolic volume increases because the reduced force of
contraction results in poor left ventricular emptying, for-
ward stroke volume falls, and left ventricular dilation
may worsen the mitral regurgitation. At this time there is
re-elevation of the left atrial pressure, resulting again in pul-
monary congestion. Notably, the still favorable loading con-
ditions of mitral regurgitation (increased preload and normal
afterload) permit a “normal” ejection fraction even though
left ventricular dysfunction has developed.

Importance of the mitral valve apparatus

Although the contribution of the mitral valve apparatus to
left ventricular function was noted by Rushmer and Lillehei
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decades ago,7,8 its physiologic significance and impact on
patient care have only recently received widespread appre-
ciation. It is quite clear that the mitral valve apparatus has a
wider role than simply to prevent mitral regurgitation.
Rather, the apparatus is an integral part of the left ventricu-
lar internal skeleton. In early systole, tugging on the appara-
tus by the chordae tendineae may shorten the major axis
while lengthening the minor axis, in turn augmenting pre-
load there during the pre-ejection phase of systole. In addi-
tion, the apparatus helps to maintain the normal and
efficient ellipsoid shape of the left ventricle.

Transection of the chordae causes an immediate fall in
left ventricular function.9 Until the importance of chordal
preservation during mitral valve surgery was recognized,
ejection fraction almost always fell following surgery. This
was attributed to increased afterload from surgical closure of
the low-impedance pathway which, preoperatively, had
facilitated ejection into the left atrium. However, it is now
clear that closure of the same low-impedance pathway in
which chordal integrity is maintained results in no fall in
ejection fraction, or only a modest decline, suggesting that
the increased postoperative load theory is not the sole mech-
anism for ejection fraction falls.2,11–13 In fact, chordal preser-
vation can actually effect a lowering of systolic wall stress
(afterload) instead of an increase as left ventricular radius
decreases following surgery [stress � pressure�radius/2 �
thickness].10 Thus, chordal integrity should be maintained
whenever possible. A recent randomized study demon-
strated that maintenance of just the posterior apparatus low-
ers mortality and leads to superior postoperative function
compared to posterior and anterior chordal transection.14

Apart from the benefits on left ventricular function, if
mitral valve repair can be performed instead of replacement,
operative mortality is lower, postoperative survival is better
and the need for anticoagulation is removed while throm-
boembolism remains low.14–17 Even if the mitral valve is so
badly damaged that a prosthesis must be inserted, chordal
preservation, especially of the posterior chords, can usually
be performed, resulting in better ventricular function than if
all the chords were removed.10 Unfortunately, despite
recognition of the importance of the mitral valve apparatus,
repair is only performed in about 30% of all operations for
mitral regurgitation, varying from zero in some institutions
to 90% in others.

Indications for surgery

Severity of mitral regurgitation 

Under most circumstances only severe mitral regurgitation
is corrected surgically. Mild to moderate regurgitation
(regurgitant fraction � 40%) under most circumstances nei-
ther causes symptoms nor leads to left ventricular dysfunc-
tion, even over a protracted period of time. Severity is

Grade B

difficult to ascertain by physical examination alone, espe-
cially in acute mitral regurgitation. As noted above, in acute
mitral regurgitation there has been no time for cardiac dila-
tion to occur. Thus, palpation of the precordium does not
reveal a hyperdynamic left ventricular impulse. Although
the murmur of mitral regurgitation is present, severity can-
not be gauged from its intensity. In most cases of severe
mitral regurgitation an S3 should be present. This finding
does not necessarily indicate heart failure, but may simply
be the result of a large regurgitant volume filling the left ven-
tricle under a higher than usual left atrial pressure. In
chronic mitral regurgitation there should be evidence on
physical examination of an enlarged hyperdynamic left ven-
tricle, unless the patient’s size or habitus makes physical
examination difficult. Failure to find evidence of an enlarged
heart suggests that the mitral regurgitation is not either
severe enough or chronic enough to cause left ventricular
enlargement.

In chronic severe mitral regurgitation the chest radi-
ograph should also show cardiac enlargement, and the elec-
trocardiogram is likely to demonstrate left atrial abnormality
and left ventricular hypertrophy.

In most cases, quantification of regurgitant severity is esti-
mated during echocardiography, with Doppler interrogation
of the mitral valve. In acute mitral regurgitation, transtho-
racic echocardiography may underestimate regurgitant
severity.18 In such cases, transesophageal echocardiography
is helpful. It should be noted that Doppler flow studies visu-
ally demonstrate blood flow velocity across the mitral valve,
and not true flow. Because of this, both under- and overesti-
mation of regurgitant severity is possible. Flow mapping,
which expresses the regurgitant jet in terms relative to left
atrial size, has been used extensively. However, the limita-
tions of this method are well known and the technique is
semiquantitative at best.19,20 Other methods, such as the
proximal isovelocity surface area, have been employed
experimentally and in clinical investigations.21–23 In using
proximal isovelocity surface area to estimate regurgitation
flow, the area of convergence of the regurgitant jet on the
ventricular side of the mitral valve is measured at the point
of aliasing. By multiplying proximal isovelocity surface area
by the known aliasing velocity, actual flow is obtained,
which should be a better indication of regurgitant severity.
Unfortunately, the convergence pattern is often difficult to
pinpoint clinically and is not applicable in many cases. As
with mitral valve repair, practice varies from center to center,
with some centers routinely accurately quantifying the sever-
ity of disease24 whereas others rely on a visual estimation.

When regurgitation severity is in doubt because of discor-
dance between left ventricular size and the regurgitant signal,
that is a small left ventricle and left atrium suggesting mild dis-
ease and a Doppler signal suggesting severe disease, the issue
should be resolved at cardiac catheterization. During cardiac
catheterization, hemodynamics and a left ventriculogram give



additional (although also imperfect) information about the
degree of mitral regurgitation. The left ventriculogram,
unlike the Doppler study, visualizes the actual flow of con-
trast medium from the left ventricle into the left atrium.
Care must be taken to inject enough contrast agent (at least
60 ml) to opacify both the enlarged left ventricle and the left
atrium in mitral regurgitation. Coronary arteriography is
also performed at cardiac catheterization if there is any sus-
picion of an ischemic etiology for mitral regurgitation, or
when risk factors for coronary disease coexist.

Acute mitral regurgitation 

In almost all cases of severe acute mitral regurgitation the
patient is symptomatic. The acute hemodynamic changes
noted above cause decreased forward output and sudden
left atrial hypertension, resulting in pulmonary congestion,
reduced forward flow, and the symptoms of dyspnea,
orthopnea, exercise intolerance and fatigue. Vasodilator
therapy may be successful in alleviating symptoms by pre-
ferentially increasing forward flow while simultaneously
decreasing left ventricular size, thereby partially restoring
mitral valve competence.25 If vasodilators fail, or if the
patient is so severely decompensated that hypotension con-
traindicates their use, intra-aortic balloon counterpulsation
is necessary. In such cases surgery should follow soon after.
This is especially true for the patient with ischemic mitral
regurgitation. Such patients may have a volatile course, with
initially mild heart failure which progresses unpredictably in
severity. These patients require close follow up.26,27 In
milder cases where symptoms can be relieved by medical
therapy, patients should be given a trial of medical therapy,
during which they may enter the compensated chronic
phase. In such cases patients may then become asympto-
matic for months or years. However, one study28 suggests
that such patients are at risk of sudden death. If confirmed,
this would indicate that relief of symptoms with medical
therapy might be masking hemodynamic or electrical insta-
bility, and thus be dangerous.

Chronic mitral regurgitation

Symptomatic disease – The onset of symptoms
of congestive heart failure, or a more subtle decrease in
exercise tolerance, is usually indicative of a change in
physiologic status which usually has important clinical
significance. The onset of new atrial fibrillation is also
probably indicative of a significant change in disease status.
Further, atrial fibrillation by itself leads to increased
morbidity and decreased cardiac output. In most cases, the
onset of symptoms or persistent atrial fibrillation is an
indication for mitral valve surgery even when objective
indicators of left ventricular function do not show
advancement to dysfunction. Early surgery in the mildly
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symptomatic patient is especially indicated when there is a
high probability that mitral valve repair can be effected. In
this circumstance there is no need to delay longer, waiting
for more severe symptoms or the onset of more apparent left
ventricular dysfunction. A valve repair will allow
improvement in lifestyle while at the same time avoiding
the risks of a prosthesis. Early surgery may be especially
important when mitral regurgitation is due to a flail leaflet,
because this condition may be associated with a modest
increase in the risk of sudden death.29 If preoperative
evaluation indicates that repair is unlikely, close follow up of
the patient is indicated. If symptoms continue to worsen, or
if left ventricular dysfunction develops, mitral competence
should be restored.

In the patient with mild symptoms and normal left
ventricular function, transesophageal echocardiography to
determine valve anatomy is crucial. This procedure is the
best preoperative test to define whether or not repair can be
performed or if replacement will be necessary.

Assessment of left ventricular function – A major goal in
the management of the patient with mitral regurgitation is to
correct the lesion prior to the development of irreversible left
ventricular contractile dysfunction. Unfortunately, contrac-
tility is difficult to measure clinically. Standard ejection phase
indices, such as ejection fraction, which are used to gauge
left ventricular function in most cardiac diseases, are con-
founded by the abnormal loading conditions present in
mitral regurgitation, necessitating alterations in the way
these indices are used.30 Because ejection fraction is
augmented by increased preload in mitral regurgitation31

the value for ejection fraction should be supernormal in the
face of normal contractility. A “normal” ejection fraction for
the patient with mitral regurgitation is probably 0·65–0·75.
Indeed, Enriquez-Sarano and colleagues32 have demon-
strated that once the ejection fraction falls to less than 0·60
in patients with mitral regurgitation, long-term mortality is
increased, suggesting that left ventricular dysfunction has
already developed at that threshold for ejection fraction.

End-systolic dimension, which is less dependent upon
preload, has also been developed as an important indicator
of left ventricular dysfunction in this disease. As demon-
strated in Figure 52.2, when the end-systolic dimension
exceeds 45 mm, the postoperative outcome is worsened.33

This figure, or its angiographic equivalent, has been found to
be predictive in other studies.34,35 Careful evaluation of the
patient with mitral regurgitation with history and physical
examination, augmented by serial echocardiograms, should
avoid the situation in which unrecognized left ventricular
dysfunction develops. Yearly follow up is probably adequate
as long as the ejection fraction exceeds 0·65 and the end-
systolic dimension is less than 40 mm. If the ejection frac-
tion is lower or the end-systolic dimension is higher, more
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frequent follow up is indicated. When the ejection fraction
approaches 0·60 or when the end-systolic dimension
approaches 45 mm, surgery should be contemplated.

In other cases where it is apparent that the severity of mitral
regurgitation will eventually necessitate surgery, it could be
argued that if mitral valve repair can be performed, little is to
be gained by waiting. This circumstance is much like atrial
septal defect, where at low operative mortality (less than
1%) the defect can be repaired without the use of a
prosthesis before unwanted sequelae develop (in the case of
atrial septal defect, persistent atrial arrhythmias and
pulmonary hypertension; in the case of mitral regurgitation,
left ventricular dysfunction). If this approach is taken it must
be clear that repair rather than replacement can be effected.
If the asymptomatic patient with normal left ventricular
function is ultimately treated with a prosthesis when a
repair had been anticipated, it should be considered 
a complication of surgery, as the unwanted risks of a
prosthesis could have been at least temporarily avoided.

Asymptomatic patients with left ventricular dysfunction
– It is the asymptomatic patient with left

ventricular dysfunction at whom serial follow up is aimed. If
left ventricular dysfunction has developed (ejection fraction
� 0·6, endsystolic dimension � 45 mm), surgery should be
performed to prevent further irreversible left ventricular
dysfunction even if it entails a prosthetic valve. As left
ventricular dysfunction has already been indicated by non-
invasive testing in such patients, every effort should be
made to spare at least part of the mitral valve apparatus to
prevent a further decline in left ventricular function
postoperatively.

Asymptomatic elderly patients – Patients over
the age of 75 with mitral regurgitation are at increased risk
for operative death and a poor outcome. This is especially
true if replacement instead of repair is performed, or if
concomitant coronary disease – a consequence of aging – is
present.12,36 Thus, elderly asymptomatic patients with mild
left ventricular dysfunction should probably be managed
medically. Only patients with severe symptoms in whom
medical therapy is ineffective should undergo this relatively
high-risk procedure. A summary of indications for surgery is
given in Table 52.1.
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Figure 52.2 Plot of an S-shaped curve-related computed
probability of postoperative death or severe heart failure to
measured preoperative end-systolic diameter. Individual data
coordinates are indicated by solid squares and bars represent
upper 95% confidence intervals that were computed from the
standard error (some points are overlapping; total n � 61).
(Reproduced with permission from Wisenbaugh et al.31)

Indications for surgery in the asymptomatic 
patient with mitral regurgitation

Patients with normal left ventricular function –
At first glance the asymptomatic patient with mitral
regurgitation who has normal left ventricular function would
not seem to require surgery. In this patient, surgery will
neither improve lifestyle nor prevent reversible left ventricular
dysfunction from developing imminently. However, patients
with flail leaflet may become symptomatic within the next
year29 and may be at some increased risk for sudden death.

Grade B

Table 52.1 Indications for mitral surgery in asymptomatic patients with severe non-ischemic mitral
regurgitation

Repair likely Repair unlikely

Patient aged �75 with flail leaflet —
Patient aged �75 with persistent atrial fibrillation —
Patient aged �75 with EF �0·60 or ESD �45 mm Patient aged � 75 with EF � 0·60 or ESD � 45 mm

Abbreviations: EF, ejection fraction; ESD, end-systolic minor axis dimension



Establishment of symptom status – Because of the
insidious nature of mitral valve disease, patients may subtly
alter their lifestyle to maintain their asymptomatic status.
Thus, history alone may fail to identify this gradual 
decline in exercise tolerance. Therefore, in patients with
mitral valve disease, formal exercise testing is useful to
objectively quantify changes in exercise tolerance over the
time of follow up and to separate truly asymptomatic
patients from those who avoid situations that produce
symptoms.

Far advanced disease 

Occasionally patients reach the first attention of the physi-
cian when in severe congestive heart failure, with far
advanced left ventricular dysfunction. Many patients in this
category may benefit from surgery because correction of
mitral regurgitation will lower left atrial pressure and per-
haps increase forward output. However, in such cases post-
operative left ventricular function will remain depressed and
lifespan is likely to be shortened. It is often difficult to decide
whether left ventricular dysfunction is so far advanced that
surgery should not be performed. The answer to this ques-
tion is predicated upon the kind of operation that is contem-
plated. If repair with sparing of most chordal structures can
be performed, patients with an ejection fraction as low as
30% can survive surgery with postoperative ejection per-
formance maintained at this relatively low level.2 However,
for patients with an ejection fraction �40% in whom only
mitral valve replacement can be performed, operative mor-
tality might be prohibitive. Wisenbaugh33 has further sug-
gested that if the end-systolic dimension exceeds 50 mm in
patients with rheumatic mitral regurgitation, postoperative
risk is extremely high whether repair can be effected or not.

Ischemic mitral regurgitation 

The prognosis for ischemic mitral regurgitation remains
substantially worse than for non-ischemic disease.37,38 A
worsened prognosis probably accrues from the automatic
presence of a second potentially fatal and independently pro-
gressive cardiac disease, and from the presence of ischemic
myocardial dysfunction. Guidelines for surgery are not well
developed. Common sense indicates that surgery should be
performed when ischemic mitral regurgitation has caused
shock or intractable pulmonary congestion.

Medical therapy 

Apart from the use of prophylactic antibiotics against infec-
tive endocarditis, there is no proven medical therapy for
chronic mitral regurgitation. Although vasodilators are effec-
tive in treating the acute disease, no large long-term trials have
been performed to examine their effect in chronic disease.
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The trials that have been performed differ regarding benefit
from this therapy.39,40 Further, because afterload is not typi-
cally elevated in chronic mitral regurgitation, the physio-
logic underpinnings for vasodilators used for afterload
reduction are less clear. In fact, vasodilators in this case
might lead to cardiac atrophy, potentially putting the patient
at a disadvantage when mitral valve replacement is finally
performed.

Summary

Patients with acute mitral regurgitation and severe hemody-
namic instability require surgical correction. In less severe
situations medical therapy may allow the patient to enter
the chronic compensated phase, in which surgery can be
delayed.

When symptoms develop in chronic mitral regurgitation,
they are usually an indication for valve surgery. This is espe-
cially true if left ventricular dysfunction is developing, or if it
is certain that a mitral valve repair can be performed. In
asymptomatic patients with normal ventricular function sur-
gery should only be contemplated when there is a certainty
of repair. On the other hand, if left ventricular dysfunction is
developing surgery should be performed to prevent further
deterioration, whether or not a repair can be effected.

Mitral stenosis

Etiology and pathophysiology

Most mitral stenosis in adults is acquired through rheumatic
heart disease. In developed countries it typically appears in
women in their fourth or fifth decade. In developing
nations, where the rheumatic process appears to be more
aggressive, stenosis may develop in adolescence or early
adulthood.

As mitral stenosis worsens, a gradient develops between
the left atrium and left ventricle during diastole. At the same
time the stenotic valve impairs left ventricular filling, limit-
ing cardiac output. The combination of pulmonary conges-
tion caused by left atrial hypertension and diminished
forward cardiac output caused by inflow obstruction mimics
the hemodynamics of left ventricular failure, even though
the left ventricle itself is usually spared from the rheumatic
process, especially in developed countries.41 However, in
approximately one third of patients left ventricular ejection
performance is reduced despite no impairment in contractil-
ity.42 Reduced ejection fraction is caused by reduced preload
from the impairment of left ventricular filling and from
increased left ventricular afterload secondary to reflex sys-
temic vasoconstriction in the face of decreased cardiac out-
put. Ejection performance may return to normal shortly
after mitral stenosis is relieved.43
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Although the left ventricle is usually spared from direct
involvement in this disease, the right ventricle experiences
pressure overload because it supplies the hemodynamic
force propelling blood across the stenotic mitral valve. Thus,
as left atrial pressure rises, pulmonary pressure and right
ventricular pressure also must increase, placing a pressure
overload on the right ventricle. For reasons that are unclear,
as the disease progresses reversible pulmonary vasoconstric-
tion develops, leading to a worsening of pulmonary hyper-
tension and eventually to right ventricular failure.

Indications for surgery 

In most cases mitral stenosis can be relieved by balloon
valvotomy, which offers results comparable to those of open
commissurotomy, as shown in a randomized trial.44 Surgery
is reserved for those cases in which valve anatomy is unfa-
vorable for balloon valvotomy, or in which balloon valvo-
tomy has been attempted and failed. Although in some
instances open surgical commissurotomy can be successful
even though balloon valvotomy was predicted to be unsuc-
cessful, the unfavorable anatomy for balloon valvotomy will
also be unfavorable for commissurotomy, necessitating valve
replacement. Thus when surgery is anticipated, the risks
and complications of a prosthesis should also be anticipated.

The timing of surgery for mitral stenosis can largely be
predicated on symptomatic status, as shown in Figure 52.3.45

Grade B

Once more than New York Heart Association (NYHA) class II
symptoms develop, mortality increases abruptly and surgery
should be performed before class III symptoms appear. In
addition, some studies indicate that the presence of
pulmonary hypertension substantially increases operative
risk,35,46 and so surgery should be contemplated in patients
who develop asymptomatic pulmonary hypertension (pul-
monary artery systolic pressure �50 mmHg). When surgery
precedes severe pulmonary hypertension, operative mortal-
ity, even with the insertion of a prosthesis, is 1–3%.

The most difficult situation for timing surgery arises in the
young woman who wishes to bear children. In such patients
in whom balloon valvotomy has already been ruled out
because of unfavorable valve anatomy, the choice of pros-
thetic valve becomes quite difficult. If a mechanical valve is
placed it will require anticoagulation, which is problematic
during pregnancy. Administration of warfarin causes a par-
ticularly high incidence of fetal malformation, especially
when used during the first trimester. It can be substituted by
daily injections of heparin, but serious thrombotic complica-
tions have occurred in such circumstances, suggesting that
this therapy is inadequate in at least some cases.47 On the
other hand, if a bioprosthesis is placed in a young woman it
is likely to degenerate within a decade or sooner, forcing the
patient to have a reoperation with its attendant increased
surgical risk. There is no correct solution to this dilemma,
and the prosthesis that is eventually inserted is chosen after
lengthy consultation between patient and surgeon.

Summary 

In most cases mitral stenosis can be treated successfully
with balloon valvotomy. However, if this procedure is unfea-
sible, open commissurotomy or valve replacement is indi-
cated for those with NYHA symptoms greater than class II,
or for the development of pulmonary hypertension.
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Evidence-based management of patients with aortic valve
disease is limited by the absence of prospective randomized
trials of surgery versus medical therapy. There is one
prospective randomized trial evaluating patient outcome
with use of a pharmacologic agent in patients with aortic
valve regurgitation. However, evidence can also be obtained
from retrospective studies. This evidence is extremely useful
and important in the management of patients.

Sir Thomas Lewis pointed out 80 years ago the inade-
quacy of knowledge of prognosis in patients with heart 
disease. He proposed a system for prospective follow up of
patients, which we now call “databases” or “registries”. The
latter are, of course, the major evidence used in this chapter
to delineate the indications for surgery. The American
College of Cardiology and American Heart Association 
published Guidelines for the management of patients with
valvular heart disease.1 This document has provided an
important framework upon which clinical decisions can be
based.

Aortic valve stenosis

Etiology

A wide variety of disorders may produce aortic valve
obstruction;2 however, those that result in severe stenosis in
adults are:

● congenital
● acquired

● calcific (degenerative)
● autoimmune

● rheumatic.

The most common cause of aortic stenosis in younger adults
is a congenital bicuspid valve, which is found in 1–2% of 
the general population. Rheumatic heart disease is still 
common in developing countries. In most patients aged
�40 years, the severely stenotic valve is calcified. In
patients aged �65 years, 90% of severely stenotic valves are
tricuspid. Non-rheumatic calcified valves are thought to be
“degenerative” but recent data suggest that it may be the
result of an autoimmune reaction to antigens present in the

valve;3 and that the initial process may be an atherosclerotic
lesion.4,5

Grading the degree of stenosis

The natural history of aortic stenosis is variable depending
on the degree of stenosis and the rate at which it progresses.
Cardiac catheterization and echocardiographic–Doppler
ultrasound studies indicate the systolic pressure gradient
increases on an average by 10–15 mmHg per year. The
10–15 mmHg increase is a linearized value whereas the
increase is not linear but a stepwise function with periods 
of steady state interspersed by an increase in gradient. The
range of progression is also wide. Recent data suggest that
the progression of aortic stenosis may be related to cardio-
vascular risk factors.6 The systolic gradient across the
stenotic aortic valve is dependent on the following:

● the stroke volume (not the cardiac output because the
gradient and valve area are a per beat, and not a per
minute, function)

● the systolic ejection period
● systolic pressure in the ascending aorta.

The stenotic valve area is inversely related to the square root
of the mean systolic gradient. Thus, measurement of valve
area is an important part of the assessment of the severity of
aortic valve stenosis. The valve area may decrease by as
much as 0·12 � 0·19 cm2 per year.7

Valve area is related to the body surface area and
increases in larger individuals, probably because of the need
for a larger stroke volume and cardiac output. The normal
aortic valve area ranges from 3 to 4 cm2. It is reduced to half
its size before a systolic gradient occurs.8 The orifice area
has to be reduced to one third of its size before significant
hemodynamic changes are seen;9 gradients increase precipi-
tously after that. The obvious clinical problem is that in 
an individual patient with aortic stenosis one usually does
not know the valve area prior to the onset of disease.
Echocardiography is usually the initial procedure used to
confirm the presence and determine the severity of aortic
valve stenosis.10 In an experienced center the severity of
aortic stenosis determined by Doppler echocardiography
correlates reasonably well with the severity determined by
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cardiac catheterization.11 A comprehensive echocardio-
graphic examination in aortic valve stenosis should include
assessment of the aortic valve peak and mean gradient as
well as aortic valve area.12 When the clinical picture does
not correlate with the hemodynamic data obtained by
Doppler echocardiography, re-evaluation by cardiac
catheterization is indicated.

The outcome of patients with severe aortic valve stenosis
was described by Ross and Braunwald13 after review of
seven autopsy studies published before 1955, and
Horstkotte and Loogen14 reported on 35 patients (10 of
whom were asymptomatic) with aortic valve area of
�0·8 cm2 by cardiac catheterization who refused surgery.
The findings are shown in Table 53.1.

The mortality of symptomatic patients with “severe” aor-
tic stenosis from eight studies15 is given in Table 53.2.

Mild aortic stenosis

The classification of the severity of aortic valve stenosis was
defined in the guidelines provided by the Committee on

Valvular Heart Disease.1 In this document aortic valve
stenosis is defined as mild when the aortic valve area was
�1·5 cm2. In two studies, patients with aortic valve area
�1·5 cm2 by catheterization had no mortality on follow up.
At the end of 10 years, in one study 8% had severe stenosis,
and in the other 15% had a cardiac event. At the end of 20
years, aortic stenosis had become severe in only 20% and
continued to be mild in 63%.14,15

Moderate aortic stenosis

Moderate aortic valve stenosis is defined as a valve area of
�1·0–1·5 cm2. In one study in which patients were fol-
lowed after cardiac catheterization, the 1 year and 10 year
mortality was 3% and 15%, respectively; and at 10 years
65% of patients had had a cardiac event.15

Severe aortic stenosis

Several criteria have been used to define severe aortic steno-
sis. The guidelines provided by the Committee on Valvular
Heart Disease1 describes severe aortic valve stenosis as an
aortic valve area 	1·0 cm2 and a mean aortic pressure gra-
dient, in the setting of normal cardiac output, of
�50 mmHg. This definition was supported by data from a
large multicenter database (492 patients) which suggested
that the 1 year mortality of those with aortic valve areas
after catheter balloon valvuloplasty for calcific aortic steno-
sis of 	0·7 cm2 versus that of those with valve areas
�0·7 cm2 was 37% versus 42%, respectively.16 Kennedy
and coworkers17 reported on 66 patients with aortic valve
areas of 0·7–1·2 cm2 (0·92�0·15 cm2), normal left ventricu-
lar volumes and ejection fraction, whose average age was
67 years. In an average follow up of 35 months, 21% died
and 32% had valve replacement; at 4 years, the actuarial
incidence of death or valve replacement was 41%.17 Thus,
these studies show that patients with aortic valve areas of
0·7–1·0 cm2 have an outcome without valve replacement
that is not benign, and is not consonant with moderate
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Table 53.1 Survival, according to symptoms, of patients
with “severe” aortic stenosis

Symptoms Average survival

Autopsy dataa Post cardiac
(years) catheterizationb

(months)

Overall 3 23
Anginac 5 45
Syncope 3 27
Heart failure �2 11

a Data of Ross and Braunwald.13

b Data of Horstkotte and Loogen.14

c Angina in patients with aortic stenosis occurs even in those
without associated obstructive CAD.

Table 53.2 Mortality of symptomatic patients with “severe” aortic stenosis15

Authors Year of publication Patients Mortality follow up time (years)
(n)

1 2 3 5 10 11

Frank et al23 1973 15 36% 52% 90%
Rapaport84 1975 62% 80%
Chizner et al85 1980 23 26% 48% 64% 94%
Schwarz et al30 1982 19 79%
O’Keefe et al86 1987 50 43% 63% 75%
Turina et al87 1987 50 40%
Kelly et al88 1988 39 38%
Horstkotte et al14 1988 35 82%



stenosis; these patients should be considered as having
severe stenosis. Since gradients are frequently measured ini-
tially by Doppler ultrasound, a suggested conservative
guideline for relating Doppler ultrasound gradient to sever-
ity of aortic stenosis (AS) in adults with normal cardiac out-
put and normal average heart rate is shown in Table 53.3.

A suggested grading of the degree of aortic stenosis is
given in Table 53.4.

Natural history

The duration of the asymptomatic period after the develop-
ment of severe aortic stenosis is uncertain. In a study of
asymptomatic patients with varying degrees of severity 
of aortic stenosis, 21% of 143 patients18 with a mean age of 72
years required valve replacement within 3 months of evalu-
ation at a referral center. At 2 years the mortality was 10%
and the event rate (death/valve replacement) in the remain-
ing patients was 26%. Moreover, it is important to recognize
that most patients in this study had only moderate aortic
stenosis. In another study of 123 asymptomatic adults,7 also
with varying grades of severity of aortic stenosis aged
63�16 years, only the actuarial probability of death or aor-
tic valve surgery is provided. It was 7�5% at 1 year, 38�8%
at 3 years and 74�10% at 5 years. The event rate at 2 years
for aortic jet velocity by Doppler ultrasound of �4·0 m/s
(peak gradient by Doppler ultrasound �64 mmHg) was
79 �18%, for a velocity of 3·0–4·0 m/s (peak gradient
36–64 mmHg) was 66�13%, and for a velocity of �3·0 m/s

(peak gradient of �36 mmHg) was 16�16%.7 Aortic jet
velocity is influenced by the same parameters as aortic valve
gradient (see above). Thus, the duration of the asympto-
matic period, particularly in those aged �60 years, is proba-
bly very short.19,20

Paul Dudley White in 195121 credited the first 
recorded occurrence of sudden death to T Bonet in 1679.22

In the past 70 years the reported incidence of sudden 
death in eight series has ranged from 1 to 21%. Ross and
Braunwald,13 after reviewing seven autopsy series published
before 1955, concluded the incidence was 3–5%. The inci-
dence in asymptomatic adult patients has been 33% (one in
three)23 and 30% (three of ten).14 This information is diffi-
cult to use in clinical decision making because important
data are not available – that is, the incidence by actuarial
analysis of sudden death in a significant number of asympto-
matic patients with severe stenosis. It is reasonable to con-
clude that the true incidence of sudden death in adults with
severe aortic valve stenosis is unknown and that sudden
death usually occurs after the onset of symptoms, however
minor or minimal the symptoms may be. The incidence of
sudden death is believed to be higher in children.

The development of symptoms of angina, syncope, or
heart failure, changes the prognosis of the patient with aor-
tic valve stenosis. Average survival after the onset of symp-
toms is �2–3 years. Nearly 80% of asymptomatic patients
with peak aortic valve velocity measured by Doppler
echocardiography �4m/s develop symptoms within 
3 years, and therefore careful clinical monitoring for the devel-
opment of symptoms and progressive disease is indicated.

Management

Patients with valvular heart disease need antibiotic prophy-
laxis against infective endocarditis; those with rheumatic
valves need additional antibiotic prophylaxis against recur-
rences of rheumatic fever.24 

Surgery is recommended in those with severe valve
stenosis and is the only specific and direct therapy for most
adults with severe aortic stenosis. Rarely, in young patients,
the aortic valve is suitable for balloon or surgical valvotomy.
In most adults, surgery for aortic stenosis means valve
replacement.24,25 

The operative mortality of valve replacement is
	5%.25–27 In those without associated coronary artery dis-
ease, heart failure or other comorbid conditions, it is 	2%
in experienced and skilled centers.28 Aortic valve replace-
ment in conjunction with coronary artery bypass carries a
surgical mortality of about 7%.27 The operative mortality in
those �70 years and in octogenarians is much higher, aver-
aging 8% for valve replacement and 13% for those undergo-
ing valve replacement and associated coronary bypass
surgery;25 however, operative mortality in these patients is
also dependent on the associated factors listed above.29

Grade B

Grade A
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Table 53.3 Doppler ultrasound gradient as an indica-
tor of severe aortic stenosis (AS)

Peak gradient Mean gradient AS severe

�80 mmHg �70 mmHg High likely
60–79 mmHg 50–69 mmHg Probable
�60 mmHg �50 mmHg Uncertain

From Rahimtoola,15 with permission

Table 53.4 Grading of stenosis by aortic valve area
(AVA)

Aortic stenosis AVA (cm2) AVA index (cm2/m2)

Mild �1·5 �0·9
Moderate 1·1–1·5 �0·6–0·9
Severea 	1·0 	0·6

a Patients with AVAs that are at borderline values between
the moderate and severe grades (0·9–1·1 cm2; 0·55–
0·65 cm2/m2) should be individually considered.
From Rahimtoola15 with permission



Patients with associated coronary artery disease (CAD)
should have coronary bypass surgery at the same time as
valve replacement, because it results in a lower operative
mortality (4·0% v 9·4%) and better 10 year survival (49% v
36%).28 This was in spite of the fact that those who under-
went coronary bypass surgery had more CAD (34% had three
vessel disease, 11% had left main artery disease, and 38% had
single vessel disease) than those who did not undergo coro-
nary bypass surgery (13% had three vessel disease, 1% had
left main disease, and 65% had single vessel disease).28

Although this approach to CAD is generally approved, there
are no randomized trials to support these recommendations.
The presence of CAD, its site and severity can be estimated
only by selective coronary angiography, which should be 
performed in all patients 35 years of age or older who are
being considered for aortic valve surgery, and in those aged

�35 years if they have left ventricular dysfunction, symptoms
or signs suggesting CAD, or they have two or more risk fac-
tors for premature CAD (excluding gender).25 The incidence
of associated CAD will vary considerably depending on the
prevalence of CAD in the population;15,24 in general, in per-
sons 50 years of age or older it is about 50%.25

In severe aortic stenosis, valve replacement results in an
improvement of survival (Figure 53.1) even if they have nor-
mal left ventricular function preoperatively.14,30

Normal preoperative left ventricular function remains
normal postoperatively if perioperative myocardial damage
has not occurred.31 Left ventricular hypertrophy regresses
toward normal;31,32 after 2 years, the regression continues
at a slower rate up to 10 years after valve replacement.32

In patients with excessive preoperative left ventricular
hypertrophy,33 the hypertrophy may regress slowly or not 
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Figure 53.1 There are no prospective randomized trials of aortic valve replacement in severe aortic stenosis (AS), and there are
unlikely to be any in the near future. Two studies have compared the results of aortic valve replacement with medical treatment in
their own center during the same time period in symptomatic patients with normal left ventricular systolic pump function. (A) Patients
who had valve replacement (closed circles) had a much better survival than those treated medically (open circles). (From Schwarz 
et al30 with permission.) (B) Patients who were treated with valve replacement (BSA) had a better survival than those treated 
medically (NH). (From Horstkotte and Loogen14 with permission.) These differences in survival between those treated medically and
surgically are so large that there is a great deal of confidence that aortic valve replacement significantly improves the survival of
those with severe aortic stenosis. Grade A



at all. Preoperatively, these patients have a small left ventricu-
lar cavity, severe increase in wall thickness, and “super-
normal” ejection fraction; this occurs in 42% of women and
14% of men in those aged �60 years.33 After valve replace-
ment their clinical picture often resembles that of hyper-
trophic cardiomyopathy without outflow obstruction, which
is a difficult clinical condition to treat, both in the early post-
operative period and after hospital discharge;33 therefore, sur-
gery should be performed prior to development of excessive
hypertrophy. Surviving patients are functionally improved.25

After valve replacement, the 10 year survival is �60% 
and 15 year survival is about 45%.25,34 One half or more of
the late deaths are not related to the prosthesis but to associ-
ated cardiac abnormalities and other comorbid conditions.34

Thus, the late survival will vary in different subgroups of
patients. The older patients (�60 years) have a 12 year actu-
arial survival of �60%.35 Relative survival refers to survival
of patients compared to age- and gender-matched people in
the population. The relative 10 year survival after surgery is
significantly better in those aged �65 than in those aged
	65 years (94% v 81% respectively, Figure 53.2);36 the 94%
relative survival is not significantly different from the 100%
relative survival. Thus, surgery should not be denied to those
�60–65 years old and should be performed early.25,35–37

Patients who present with heart failure related to aortic
valve stenosis should undergo surgery as soon as possible.
Medical treatment in hospital prior to surgery is reasonable
but ACE inhibitors should be used with great caution in
such patients, and in such a dosage that hypotension and
significant fall of blood pressure is avoided. They should not
be used if the patient is hypotensive. If heart failure does not
respond satisfactorily and rapidly to medical therapy, surgery
becomes a matter of considerable urgency.25 Catheter 
balloon valvuloplasty has a very limited role in adults with
calcific aortic stenosis and carries a risk of �10%. In 
addition, restenosis and clinical deterioration occur within 
6 to 12 months. In adults with aortic stenosis, balloon
valvuloplasty is not a substitute for valve replacement but
can be a bridge procedure in selected patients.38 It usually
improves patients’ hemodynamics and may make them 
better candidates for valve replacement.

The operative mortality for patients with heart failure has
declined: 25 years ago the operative mortality was �20%,39

but in the current era it is 	10%.40 Although this is higher
than in patients without heart failure, the risk is justified,
because late survival in those who survive the operation is
excellent and is far superior to that which can be expected
with medical therapy. The 7 year survival of patients who
survive operation is 84%.41 The 5 year survival in those
without associated CAD is greater than in those with CAD
(69% v 39%, P � 0·02).40 Left ventricular function improves
in most patients provided there has been no perioperative
myocardial damage and becomes normal in two thirds of
the patients, unless there was irreversible preoperative

myocardial damage (Figure 53.3).39,40 In addition, the oper-
ative survivors are functionally much improved.39,40 Left
ventricular hypertrophy and left ventricular dilation, if pres-
ent preoperatively, regress toward normal.39 Despite the
excellent results of valve replacement in patients with
severe aortic stenosis who are in heart failure, these results
are not as good as for those who are not in heart failure;
therefore, it is important to recognize that surgery should
not be delayed until heart failure develops.

Six per cent of older patients with aortic stenosis present in
cardiogenic shock.38 The hospital mortality in such patients is
near 50%. The subsequent mortality is also very high if 
the patients have not had their aortic stenosis relieved.38

Thus, these patients need to be managed aggressively by
emergency surgery with or without catheter balloon valvu-
loplasty as a “bridge” procedure.38
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Figure 53.2 Data from the Karolinska Institute in Sweden has
provided an interesting perspective on the long-term survival
after valve replacement in patients with aortic stenosis (AS) aged
�65 years. They have examined the relative survival – compared
the survival of the patient who has undergone aortic valve
replacement with another age and sex matched person in the
same population. Actuarial survival �95% confidence interval is
shown. Patients under the age of 65 had a relative survival of
81% which is significantly lower than 100%, and is also lower
than that of those aged �65 years. On the other hand, patients
who underwent valve replacement at age �65 had a relative sur-
vival of 94% at the end of 10 years and this was not significantly
different from 100%. These data indicate that survival following
valve replacement for aortic stenosis in patients aged �65 is not
significantly different from age- and sex-matched individuals in
the population without aortic stenosis; and the late relative sur-
vival of patients aged �65 years is much better than that of
patients aged �65. (From Lindblom et al36 with permission.)



Boxes 53.1 and 53.2 summarize the results of valve
replacement in those with severe aortic stenosis and the fac-
tors predictive of a worse postoperative survival, less recov-
ery of left ventricular function, and less improvement of
symptoms in those with severe aortic stenosis and preopera-
tive left ventricular systolic dysfunction.15,25,29–32,34–36,39–41

Patients with severe left ventricular dysfunction, low aortic
valve gradient, and small calculated aortic valve area repre-
sent a difficult patient population. There is controversy regard-
ing the best management of these patients, in part related to
the difficulty differentiating patients with true severe aortic
valve stenosis from patients with moderate aortic valve steno-
sis and severe left ventricular dysfunction. Differentiating
these two patient groups may have an important impact on
the management decision and the operative outcome. Thus,
patients with low gradient aortic valve stenosis should not be
denied aortic valve replacement. A recent series confirms that
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ejection fraction normalized in two thirds of the patients and, in
the two patients with the lowest ejection fraction (0·18 and
0·19), ejection fraction normalized in both. These data indicate
that there is probably no lower limit of ejection fraction at which
time these patients become inoperable. This also indicates that
the lower the ejection fraction, the more urgent the need for
valve replacement. (From Smith et al39 with permission.)

Box 53.1 Results of valve replacement in patients with
severe aortic valve stenosis
● Improved symptoms and survival in symptomatic

patients, especially in those with left ventricular systolic
dysfunction, clinical heart failure, and in those aged 	65
years

● Improvement in left ventricular systolic dysfunction,
which normalizes in two thirds of patients

● Regression of left ventricular hypertrophy
● Improvement in functional class, more marked in those

with severe symptoms preoperatively

Box 53.2 Factors predictive of a less favorable 
outcome
● Extent and severity of associated comorbid conditions
● Presence and severity of clinical heart failure 

preoperatively
● Severe associated coronary artery disease
● Severity of depression of preoperative left ventricular

ejection fraction
● Duration of preoperative left ventricular systolic dys-

function
● Extent of preoperative irreversible myocardial damage
● Skill and experience of operating and other associated

professional teams
● Extent of perioperative myocardial damage
● Complications of a prosthetic heart valve

Figure 53.3 Examination of changes in LVEF in each individ-
ual patient among those who had left ventricular systolic dys-
function and clinical heart failure. After valve replacement the
LVEF improved from 0·34 to 0·63. All but one patient showed
an improvement in LVEF; the only patient who showed deterio-
ration in ejection fraction suffered a perioperative myocardial
infarction and had a complete heart block; and the only patient
who showed only a small increase in ejection fraction had 
had a myocardial infarct prior to valve replacement. Note that



the surgical mortality is high and late survival lower than
expected. Importantly however, most survivors experienced
improvement in functional class and ejection fraction.42

A small gradient across the valve may be associated with
a small calculated aortic valve area that would be in a range
indicating severe aortic stenosis. There are at least two pos-
sible causes for this clinical circumstance. First, there is a
small or reduced stroke volume and a normal or near nor-
mal systolic ejection time; thus, the gradient is small and the
calculated aortic valve area correctly indicates severe aortic
stenosis. The second consideration is that the stroke volume
is reduced, and thus the valve needs to open only to a small
extent to allow the left ventricle to eject the small stroke
volume. The calculated aortic valve area accurately reflects
the extent to which the valve has opened but overestimates
the severity of aortic stenosis. Use of a provocative test using
an inotropic agent, such as dobutamine,43,44,45 may allow
one to make the correct differentiation between the two.
Dobutamine increases systolic flow per second owing to
increases in stroke volume or shortening of ejection time or
both. In the first circumstance described above, dobutamine
will result in an increase in gradient but the calculated valve
area remains more or less unchanged. On the other hand, in
the second circumstance described above, the gradient may
or may not increase with dobutamine but the calculated
valve area increases significantly, indicating that the stenosis
is not severe. When the dobutamine test is used, it is impor-
tant to measure cardiac output and simultaneous left ventric-
ular and aortic pressures both before and during dobutamine
infusion. Alternatively, the gradient and valve area may be
assessed by echocardiography/Doppler during dobutamine
infusion; however, one needs to be certain that cardiac out-
put has increased significantly with dobutamine.

Surgery should be advised for the symptomatic patient
who has severe aortic stenosis. In young patients, if the
valve is pliable and mobile, simple balloon valvuloplasty or
surgical commissurotomy may be feasible. Older patients
and even young patients with calcified, rigid valves will
require valve replacement.

In view of the dismal natural history of symptomatic
patients with severe aortic stenosis, the excellent outcome
after surgery, and the uncertain natural history of the 
asymptomatic patient, it is reasonable to recommend aortic
valve replacement in select asymptomatic patients in centers
with the appropriate skill and experience. The combined risk
of surgery and late complications of a valve prosthesis must
be weighed against the risk of sudden death. There is no con-
sensus about valve replacement in the truly asymptomatic
patient. Clearly, if the patient has left ventricular dysfunction,
obstructive CAD or other valve disease that needs surgery,
and has severe aortic stenosis, then aortic valve replacement
should be performed. Some would recommend valve
replacement in all asymptomatic patients with severe aortic
stenosis, while others would recommend it in all those with

Grade B

aortic valve area of 	0·70 cm2 and in selected patients only
with aortic valve area of 0·71–1·0 cm2.

Exercise testing should be avoided in symptomatic patients
with aortic stenosis but has been used by some cardiologists to
help determine which patients with asymptomatic aortic
stenosis should be referred for aortic valve replacement.19 In a
small series, Amato and colleagues reported no serious exer-
cise-related complications. During follow up, 6% of the asymp-
tomatic patients (4/66) experienced sudden death; all had a
positive exercise test and an aortic valve area of 	0·6cm2. The
exercise test was considered positive if there was a horizontal
or down sloping ST segment depression of �1mm in men or
�2mm in women, or an up sloping ST segment depression of
�3mm in men, measured 0·08seconds after the J point. The
exercise test was also considered positive if precordial chest
pain or near syncope occurred, if the ECG showed a complex
ventricular arrhythmia, or if systolic blood pressure failed to
rise by �20mmHg during exercise compared with baseline.

It must be emphasized that this is a controversial
issue. Some cardiologists advise against exercise testing in any
patient with severe aortic valve stenosis, especially when the
extent of coronary artery disease is not known.

Recommendations: aortic valve
replacement/repair in severe aortic stenosis1

Indication Class
● Symptomatic patients I
● Asymptomatic patients with:

● associated significantly obstructed I
CAD needing surgery

● other valve or aortic disease needing I
surgery

● left ventricular systolic dysfunction IIa
● aged �60–65 years IIa
● abnormal response to exercise IIa
● severe left ventricular hypertrophy IIb

(�15 mm)
● significant arrhythmias IIb
● left ventricular dysfunction on exercise IIb
● Prevention of sudden death III

in asymptomatic patients
CAD, coronary artery disease
Class I: Conditions for which there is evidence and/or gen-
eral agreement that a given procedure or treatment is useful
and effective.
Class II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefullness/effi-
cacy of a procedure or treatment.
IIa: Weight of evidence or opinion is in favor of usefull-
ness/efficacy.
IIb: Usefullness/efficacy is less well established by evi-
dence/opinion.
Class III: Conditions for which there is evidence and/or gen-
eral agreement that the procedure/treatment is not useful,
and in some cases, may be harmful.
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Chronic aortic valve regurgitation

Etiology

The causes of chronic aortic regurgitation are:46

● aortic root/annular dilation
● congenital bicuspid valve
● previous infective endocarditis
● rheumatic
● in association with other diseases.

In developed countries, aortic root/annular dilation and
congenital bicuspid valve are the commonest causes of
severe chronic aortic regurgitation.

Natural history

During the first world war, Sir Thomas Lewis and his col-
leagues47 at Hampstead and Colchester Military Hospitals
reported to the Medical Research Council highlighting the
inadequacy of the knowledge of heart disease, especially
from the standpoint of prognosis. Sir Thomas Lewis pro-
posed a system,48 subsequently called “after histories”,48

which was a prospective follow up of patients. All patients
in RT Grant’s “after histories”48 had valvular heart disease –
most had aortic regurgitation – in which the patient charac-
teristics were defined and described in detail, particularly by
the degree of cardiac enlargement and the grade of cardiac
failure. This probably was the start of databases or registries
in cardiovascular medicine.

Chronic aortic valve regurgitation is a condition of com-
bined volume and pressure overload. With progression of
the disease, compensatory hypertrophy and recruitment of
preload reserve permit the left ventricle to maintain a nor-
mal ejection performance despite the elevated afterload.
The majority of patients remain asymptomatic throughout
the compensated phase, which may last decades. The 
natural history of chronic aortic valve regurgitation can be
considered by three different eras: the era of syphilis, the 
era of rheumatic fever/carditis, and the current era of non-
invasive quantification of left ventricular function.

Era of syphilis

The data are from the 1930s and 1940s, and thus largely prior
to availability of antibiotics.49 The duration from syphilis infec-
tion to death was 20 years. The duration of the asymptomatic
period after aortic regurgitation was 5 years in 60% of
patients; and the 5 year survival was 95%. Once symptoms
had developed, the 10 year survival ranged from 40 to 60%.
Heart failure was associated with a 1 year survival of 30–50%,
and 10 year survival of 6%. In a study of 161 patients reported
in 1935, the 10 year survival after heart failure had developed
was 34% but was 66% in those treated with arsenic.49 Syphilis
still occurs, but current therapy of syphilis is cheap and 
efficacious if diagnosed early. Syphilitic aortic regurgitation is

not common, and the outcome in syphilitic aortic regurgita-
tion may be more benign in the current era.

Era of rheumatic fever/carditis

Although the incidence of rheumatic valve disease is low in
developed countries, rheumatic heart disease remains the
most common form of valve disease in many parts of the
world. Moreover, some people now domiciled in the devel-
oped world have had their initial attack(s) of acute rheu-
matic fever whilst living in less developed countries.

The detection of a murmur after the episode of acute
rheumatic fever averages 10 years.49 The average interval
from detection of murmur to development of symptoms is
10 years and the percentage of patients remaining symptom-
free 10 years after detection of the murmur is 50%.49

In 1971, Spagnuolo and coworkers50 reported the 15 year
actuarial follow up of 174 young people who had a median
follow up of 10 years. Patients were considered to be in a
cumulative high-risk group if they had systolic blood pressure
�140 mmHg and/or diastolic blood pressure �40 mmHg,
moderate or marked left ventricular enlargement on chest
radiography, and two of three ECG abnormalities (S in V2�R
in V5 � 51 mm, ST segment depression or T wave inversion
in left ventricular leads). The group’s findings are summa-
rized in Table 53.5.
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Table 53.5 Reported outcome in 174 young people 
followed for a mean of 10 years after an episode of
rheumatic fever

Symptoms/outcome Outcome %
(years)

● Cumulative high-risk group
● mortality 6 30
● angina 7 60
● heart failure 6 60
● mortality or angina 6 87

or heart failure
● Cumulative low-risk group

● Mortality 6 0
15 5a

● Angina 5 2
● Heart failure 6 2

15 5
● Mortality or angina 15 8

or heart failure

a The one patient (of the 72 patients) in this subgroup who
died had developed two of the three risk factors.

In 1973, Goldschlager and coworkers51 reported on the
duration of the asymptomatic period in 126 patients with
varied etiology (Table 53.6).



Current era

In the current era, patients have been followed after non-
invasive tests (echocardiography/Doppler ultrasound,
radionuclide LVEF) or after invasive studies (cardiac
catheterization or angiography). Reported outcomes are
shown in Table 53.7.

As outlined in Table 53.7,52–58,64 the natural history of
patients with chronic aortic valve regurgitation depends on
the presence or absence of symptoms and on the status of
the left ventricle. In asymptomatic patients with normal left
ventricular function, data would suggest the progression to
symptoms and or left ventricular systolic dysfunction in
approximately 4% per year. Sudden death occurs very rarely,
0·1% per year, and asymptomatic left ventricular dysfunc-
tion occurs at a rate of 1–3% per year, depending on the fre-
quency of follow up.

There are limited data on asymptomatic patients with
reduced left ventricular systolic function. However, avail-
able data would suggest that most of these patients will
develop symptoms warranting surgery within two to three
years, at an average rate of �25% per year.

Limited data are available on the natural history of symp-
tomatic patients with severe aortic valve regurgitation.
These patients have a poor prognosis despite medical ther-
apy, with reported mortality rates of 10 and 20% per year in
patients with angina and heart failure, respectively.

Important limitations of some of the studies in the litera-
ture must be kept in mind. For example, the “natural his-
tory” group in one study was composed of several subsets of
patients53 and 36% of this group were on medications for
symptoms. Another concern is the true rate of the develop-
ment of asymptomatic left ventricular dysfunction.54 At least
25% of patients who develop left ventricular systolic dys-
function do so before they have symptoms, thus emphasizing

the need for quantitative assessment of left ventricular systolic
function at follow up in asymptomatic patients with severe
aortic regurgitation and normal left ventricular systolic func-
tion. More recent studies indicate a poor outcome of symp-
tomatic patients with medical therapy, even among those
with preserved systolic function (Table 53.8).57,65

Sir William Broadbent66 stated 100 years ago that “The
age of the patient at the time when the lesion is acquired is
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Table 53.6 Asymptomatic period observed in 126
patients following an episode of rheumatic fever

Age group (years) Patients symptomatic 
at 10 yearsa (%)

11–20 0
21–30 24
31–40 35
41–50 71
51–60 77
61–70 89

a Symptoms were those of dyspnea, fatigue and, less fre-
quently, chest pain and palpitations. Patients deteriorated
from NYHA functional Class I to Classes II, III, or IV.
From Goldschlager et al.50

Table 53.7 Outcomes of patients with severe aortic
regurgitation

Outcome Incidence

Asymptomatic patients with
normal left venticular 
systolic function52–59

progression to symptoms 2·4–5·7% per year
and/or left ventricular (average 3·8%
systolic dysfunction per year)

progression to 
asymptomatic 
left ventricular dysfunction:

follow up at 12 month 
intervalsa54 0·9% per year

follow up at 6 month 
intervalsa58 3·4% per year

Sudden death 0·1% per year
Asymptomatic patients with
left ventricular systolic 
dysfunction60–61

progression to cardiac 
symptoms �25% per year

Symptomatic patients50,62–64

mortality rate average 
�10% per year

angina �10% per year
heart failure �20% per year

a See text for details.

Table 53.8 Likelihood of symptoms or left ventricular
dysfunction or death

● Left ventricular end-diastolic dimension
�70 mm 10% per year
�70 mm 2% per year

● Left ventricular end-systolic dimension
�50 mm 19% per year
End-systolic dimension �25 mm/m2 8% per year
40–49 mm 6% per year
�40 mm 0% per year



the most important consideration in prognosis …”. In
asymptomatic patients with normal left ventricular systolic
function, the independent predictors of symptoms, left ven-
tricular systolic dysfunction, and death by multivariate
analysis were: older age, decreasing resting LVEF, and left
ventricular dimension on M-mode echocardiography.54

However, in many of these patients, M-mode images were
not obtained from two dimensionally directed echocardio-
grams. Very importantly, most of these dimensions were
obtained in the United States, and US women have smaller
left ventricular dimensions than men, even when they
become symptomatic.67 Thus, it is unlikely that the above
criteria apply to women and almost certainly will not be
applicable to populations of smaller body size, for example,
Asians, Latin Americans, sub-Saharan Africans, and Orientals.
The left ventricular dimension should be corrected to body
surface area.68 Patients also develop symptoms and/or left
ventricular systolic dysfunction at a faster rate if their initial
left ventricular end-diastolic volume is �150 ml/m2 when
compared to those with volumes �150 ml/m2.53 Older age
also appears to increase the annual mortality.68

Patients with severe ventricular dilation when exercised
have shown mean pulmonary artery wedge pressure
�20 mmHg and/or exercise ejection fraction �0·50, and
such patients have demonstrated reduced exercise capacity,
with reduced maximum V O2.69,70

Patients who present with ventricular tachycardia, ven-
tricular fibrillation or syncope and have inducible ventricu-
lar tachycardia on electrophysiologic studies have an 80%
probability of a serious arrhythmic event up to 4 years of 
follow up, versus 47% in those in whom ventricular tachy-
cardia could not be induced (P � 0·005).71

Acute severe aortic valve regurgitation usually causes 
sudden severe symptoms of heart failure or cardiogenic
shock. The sudden large regurgitant volume load is imposed
on a normal size left ventricle causing marked elevation in left
ventricular end-diastolic pressure and left atrial pressure.
Echocardiography is invaluable in determining the severity
and etiology of aortic valve regurgitation.10 The etiology of
acute aortic valve regurgitation may have an important
impact on the treatment, which is usually emergency surgery.

Management options

Angina is a result of a relative reduction of myocardial blood
flow because of an increased need or associated obstructive
CAD or both.25 It does not respond to nitrates as well as in
aortic stenosis. The options are to reduce the amount of aor-
tic regurgitation and/or to revascularize the myocardium by
coronary bypass surgery or by percutaneous catheter tech-
niques. Clinical heart failure is treated with the traditional
first-line triple therapy, that is, digitalis, diuretics, and ACE
inhibitors. Parenteral inotropic and vasodilator therapy may
be needed for those in severe heart failure.72 The only 

direct method(s) to reduce the amount of regurgitation is by
arterial dilators73 and valve surgery – that is, valve replace-
ment or valve repair.

Arterial dilators

In chronic aortic valve regurgitation, therapy with vasodilat-
ing agents is designed to improve forward stroke volume
and reduce regurgitant volume. These effects should trans-
late into reductions in left ventricular end-diastolic volume,
wall stress, and afterload, resulting in preservation of left
ventricular systolic function and reduction in left ventricular
mass. These effects have been observed in small numbers of
patients receiving hydralazine.73 In a trial of 80 patients
over 2 years74 in which 36% of patients were symptomatic
(NYHA class II) and were being treated with digitalis and
diuretics, hydralazine produced very minor improvements
of left ventricular size and function.74 Side effects associated
with long-term use of hydralazine seriously impaired com-
pliance and only 46% of the patients completed the trial.
Hydralazine is rarely used currently. Occasionally it is used
for a short period of time, to tide the patient over an acute
reversible complication or in preparation for elective surgery
in selected patients with left ventricular dysfunction. Less
consistent results have been reported with ACE inhibitors,
depending on the degree of reduction in arterial pressure
and end-diastolic volume. In an acute study in the catheter-
ization laboratory, 20 patients were randomized to either
oral nifedipine or oral captopril.75 Nifedipine produced 
a reduction of regurgitant fraction but captopril did 
not. Nifedipine produced a greater increase of forward
stroke volume and cardiac output and a greater fall of 
systemic vascular resistance. This study showed that,
acutely, nifedipine was superior to an ACE inhibitor. A short-
term 6 month randomized trial of a small number of
patients showed that the results with captopril were similar
to placebo – that is, there were no significant changes in 
M-mode echocardiographic left ventricular dimensions.76

A randomized trial of 72 patients for 12 months of long-
acting nifedipine showed statistically significant reductions
of left ventricular end-diastolic volume index and left ven-
tricular mass, and increase of LVEF.58 The role of long-acting
nifedipine on patient outcome has been evaluated in a
prospective, randomized trial of 143 asymptomatic patients
with chronic, severe aortic valve regurgitation, and normal
left ventricular systolic function; 69 patients were random-
ized to long-acting nifedipine and 74 patients to digoxin.
The patients were evaluated at 6 month intervals for med-
ication complication and had a history, physical examina-
tion, ECG, chest radiograph, and echocardiographic/
Doppler study. Two independent blinded observers read
each echocardiographic/Doppler study. Criteria for valve
replacement were established prior to the start of the study.
If left ventricular dysfunction developed, this had to be 
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confirmed by a repeat echocardiographic/Doppler study at
1 month and by preoperative left ventricular angiographic
study. At 6 years, the need for valve replacement was
34�6% in the digoxin-treated group and 15�3% in the
nifedipine-group, P � 0·001 (Figure 53.4).58 Thus, for every
100 patients treated with nifedipine, 19 fewer valve
replacements were needed at the end of 6 years; note that
even after 6 years, the curves are not parallel and do not
converge (see Figure 53.4). Compared to the digoxin group,
the nifedipine-treated group demonstrated a reduction in
left ventricular volume and mass. Ejection fraction increased
in the digoxin arm of the trial, and left ventricular volumes
and mass increased. After aortic valve replacement, 12 of 16
patients (75%) in the digoxin group and all six patients in the
nifedipine group who had an abnormal LVEF before surgery
had a normal ejection fraction. Eighty-five per cent of
patients in the digoxin arm of the trial, who underwent valve
replacement, developed an abnormal ejection fraction and
only three patients had valve replacement for symptoms.
Moreover, patients in the digoxin arm of the trial had an out-
come similar to that reported in the natural history studies.

Long-acting nifedipine is the drug of choice for asympto-
matic patients with severe chronic aortic valve regurgitation
and normal left ventricular systolic function unless there is a
contraindication to its use.25 The goal of vasodilator therapy
is to reduce systolic blood pressure. The dose should be
increased until there is a measurable decrease in blood 
pressure or side effects. Vasodilator therapy is not indicated

in patients with normal left ventricular dimension and/or
normal blood pressure. ACE inhibitors are not of proven
benefit in asymptomatic patients with severe chronic 
aortic valve regurgitation and normal left ventricular systolic
function. 

Valve surgery (replacement/repair)

Surgery for aortic valve regurgitation should only be 
considered when the degree of regurgitation is severe.
However, the presence of severe aortic valve regurgitation
does not mandate surgery. The critical issue is to choose the
best time for surgical intervention. Aortic valve repair or
replacement should be performed in most symptomatic
patients irrespective of the degree of left ventricular dys-
function. Postoperative survival is better after valve replace-
ment in symptomatic patients with normal or mildly
impaired left ventricular systolic function (ejection fraction
[EF] � 0·45) than in those with greater impairment of left
ventricular systolic function (EF � 0·45).77 In one study,
patients with preoperative left ventricular EF of �0·60 had
a better survival than those with left ventricular EF of
�0·60.78 Extreme left ventricular dilation (end-diastolic
dimension �80) associated with aortic valve regurgitation
occurs primarily in men and is often associated with left
ventricular dysfunction. Extreme left ventricular dilation,
however, is not a marker of irreversible left ventricular dys-
function. Operative risk and late postoperative survival are
acceptable in these patients.79 In the setting of severe left
ventricular dysfunction (EF �0·25), the risk of aortic valve
surgery increases and potential benefits decline, since left
ventricular dysfunction may be on the basis of irreversible
myocardial damage. However, even in the highest risk
patients, the risk of surgery and postoperative medical ther-
apy for heart failure are usually less than the risk of long-
term medical management alone. 

Aortic valve surgery for asymptomatic patients is more
controversial but is indicated in the setting of left ventricular
dysfunction with an EF �0·50 and in the setting of severe
left ventricular dilation (end-diastolic dimension �75 mm or
end systolic dimension �55 mm), even if the ejection frac-
tion is normal. The threshold values of end-diastolic and end-
systolic dimension recommended for aortic valve replacement
in asymptomatic patients may need to be adjusted to body
surface area. In one series, it was noted that a left ventricular
end-systolic dimension corrected for body surface area
(LVS/BSA) of �25 mm/m2 was associated with increased
mortality when followed conservatively.1,68,79

After valve replacement, patients with normal preopera-
tive left ventricular systolic function have reductions of left
ventricular volumes and hypertrophy.80 In the majority of
patients with normal preoperative left ventricular function,
there is an increase in EF after valve replacement, presum-
ably because of a reduction of myocardial stress.31,81 Left
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Figure 53.4 The role of long term, long acting nifedipine ther-
apy in asymptomatic patients with severe aortic regurgitation
and normal left ventricular systolic pump function was evaluated
in 143 asymptomatic patients in a prospective randomized trial.
By actuarial analysis, at 6 years, 34 � 6% of patients in the
digoxin group underwent valve replacement versus 15 � 3% of
those in the nifedipine group (P � 0·001). This randomized trial
demonstrates that long term arteriolar dilator therapy with long
acting nifedipine reduces and/or delays the need for aortic
valve replacement in asymptomatic patients with severe aortic
regurgitation and normal left ventricular systolic pump function.
(From Scognamiglio et al 52 with permission.)



ventricular hypertrophy continues to decline for up to 5–8
years in those with normal preoperative left ventricular sys-
tolic function, but at a slower rate after 18–24 months.31,81

Most patients are symptomatically improved and are in
NYHA class I.25

After valve replacement in those with abnormal preoper-
ative left ventricular systolic function (EF 0·25–0·49), there
is a reduction of heart size and left ventricular end-diastolic
pressure, end-diastolic and end-systolic volumes and hyper-
trophy.77 Left ventricular EF improves or normalizes only if
the EF was abnormal for 	12 months prior to surgery.81

Very early after valve replacement, there may be a reduction
in EF. The left ventricular end-diastolic volume has not yet
decreased but the regurgitant volume has been eliminated;
this causes a decline in EF. An early decrease in left ventric-
ular end-diastolic dimension is a good indicator of functional
success of aortic valve replacement as the magnitude of
reduction in end-diastolic dimension after operation corre-
lates with the magnitude of late increase in EF.1 Moreover,
unless there is a perioperative complication, most patients are
symptomatically improved and are in NYHA class I or II.25

In those with severe symptoms and severe reduction of EF
or severe left ventricular dilation preoperatively, survival as
well as the beneficial effects on left ventricular function and
functional class are less marked.80,82

Boxes 54.3 and 54.4 summarize the results of valve
replacement in those with severe chronic aortic valve regur-
gitation and the factors predictive of a worse postoperative
survival, less recovery of left ventricular function, and less
improvement in symptomatic state in those with severe
regurgitation and preoperative left ventricular systolic 
dysfunction.

There are two controversial questions regarding patients
with severe aortic valve regurgitation. First, when does the
symptomatic patient become inoperable? Second, when
should one operate on asymptomatic patients with severe
aortic valve regurgitation (assuming that associated co-
morbid conditions do not make the patient inoperable or at
high risk for surgery)?

Severe left ventricular systolic dysfunction is the major
factor that makes the patient with severe aortic valve regur-
gitation inoperable. In the published study of left ventricular
dysfunction in which the patient and left ventricular func-
tion improved after valve replacement, the patients had an
EF of 0·25–0·49.77,80 Personal experience indicates that
with skilled and experienced surgery, patients with an EF of
0·18–0·24 are improved with operation. There are limited
data on the results of valve replacement in patients with
severe aortic valve regurgitation and severe left ventricular
systolic dysfunction with a left ventricular EF of �0·18,
these patients are very high risk for conventional valve sur-
gery and many would consider such patients inoperable.

The asymptomatic patient with severe aortic valve regur-
gitation poses a challenging clinical dilemma. If patients
have developed left ventricular systolic dysfunction, then
their outcome is poor without surgery, and left ventricular
dysfunction, if present for 12 months or longer, does not
normalize after surgery;81 therefore, surgery is advisable.
Patients who need surgery for associated conditions, for
example, obstructive CAD, thoracic aortic disease, such as
an aortic aneurysm, or another valve lesion, should have
surgery for the severe aortic regurgitation. Patients who
have developed severe left ventricular dilation are on the
edge of developing symptoms at a high rate. One could wait
for symptoms to develop and follow these patients very care-
fully at frequent intervals. Asymptomatic patients who do
not have severe left ventricular dilation and those who do
not have left ventricular dysfunction at rest or exercise
should not have surgery for chronic aortic valve regurgita-
tion. The current status of aortic valve repair prevents rec-
ommending this as an early prophylactic procedure. It is
difficult to determine which aortic valves will be amenable
to repair. In addition, the current rate of reoperation is at a
level that prevents regular use of this procedure in asympto-
matic patients with minimal left ventricular enlargement.83
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Box 53.3 Results of valve replacement in patients with
severe chronic aortic valve regurgitation
● Improved survival in those with mild to moderate impair-

ment of left ventricular systolic function and in those
with severe left ventricular enlargement irrespective of
their symptomatic status

● Improvement in left ventricular systolic dysfunction;
function normalizes if the dysfunction is of 	12 months’
duration preoperatively

● Regression of left ventricular hypertrophy
● Improvement in functional class, particularly in those

with preoperative mild to moderate impairment and in
those with preoperative left ventricular dysfunction

Box 53.4 Factors predictive of a less favorable 
outcome
● Extent and severity of associated comorbid conditions
● Severe obstructive coronary artery disease
● Presence and severity of clinical heart failure 

preoperatively
● Severity of depression of preoperative LVEF
● Duration of preoperative left ventricular systolic 

dysfunction
● Extent of preoperative irreversible myocardial damage
● Severity of increase in left ventricular end-diastolic and

end-systolic size (left ventricular end-diastolic and end-
systolic volumes of �210 and �110 ml/m2, respec-
tively, or end-diastolic and end-systolic dimensions of
�80 mm and �60 mm, respectively)

● Skill and experience of operating and associated profes-
sional teams, for example, anesthetists

● Extent of perioperative myocardial damage
● Complications of a prosthetic heart valve



Recommendations: aortic valve replacement/repair in
severe chronic aortic regurgitation
● Indication Class
● Symptomatic patients with:

● NYHA class III or IV symptoms and 
normal LV systolic function (LVEF � 0·5) I

● NYHA class II symptoms, preserved 
systolic function (LVEF � 0·5) but with 
progressive LV dilation or declining EF 
at rest, or declining exercise capacity on 
exercise testing I

● Canadian Heart Association class II or 
greater angina with or without CAD I

● NYHA class II symptoms with preserved 
LV systolic function (LVEF � 0·5) with 
stable LV size and systolic function on 
serial studies and stable exercise 
tolerance IIa

● LV systolic dysfunction
–LVEF 0·25–0·49 I
–LVEF 0·18–0·24 IIb

● Asymptomatic patients with:
● LV systolic dysfunction

–LVEF 0·25–0·49 I
–LVEF 0·18–0·24 IIb

● normal LV function and:
● associated severe obstructive CAD 

needing surgery I
● other valve or thoracic aortic disease 

needing surgery I
● severe LV dilation with EDD �70 mm or

ESD �55 mm and normal LV systolic 
function (LVEF �0·50) IIb

● normal systolic function at 
rest (LVEF �0·5) but decline in 
EF (�0·50) on exercise radionuclide 
angiography IIb

● normal systolic function at 
rest (LVEF �0·5) but decline in 
EF (�0·50) on stress echocardiography III

● LV dilation is not severe (EDD �70 mm, 
ESD �50 mm) III

Abbreviations: NYHA, New York Heart Association; EDD,
end-diastolic dimension; ESD, end-systolic dimension; LVEF,
left ventricular ejection fraction; EF, ejection fraction; LV, left
ventricular

For definition of classes, see p. 773
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Aortic stenosis: natural history and prognosis

There are three major etiologies for valvular 
aortic stenosis in the adult patient: rheumatic aortic steno-
sis; congenital bicuspid aortic stenosis with secondary calci-
fication; and senile calcific or degenerative aortic stenosis. In
rheumatic aortic stenosis the major pathologic feature is
commissural fusion, with associated thickening and fibrosis
of the valve leaflets. Symptoms may not occur until the
age of 50 or 60 and are often accompanied by evidence
of other valvular disease, usually mitral. Patients with con-
genital bicuspid aortic stenosis develop progressive narrow-
ing and calcification of the aortic valve over time, with
symptoms often present by age 40–50. Degenerative calcific
(senile) aortic stenosis appears to result from years of normal
mechanical stress on the aortic valve, with progressive
immobilization of cusps secondary to calcium accumulation
in the pockets of the aortic cusps, and eventual fibrosis.
Degenerative calcific aortic stenosis is now the most com-
mon cause of aortic stenosis in patients presenting for aortic
valve replacement.1

Most data regarding the natural history of aortic stenosis
are derived from clinical experience during the presurgical
era. The natural history of aortic stenosis is characterized by
a long latent period marked by slowly increasing obstruction
and adaptive myocardial hypertrophy. The majority of
patients are free of cardiovascular symptoms until relatively
late in the course of the disease. However, once patients
with aortic stenosis develop symptoms of angina, syncope or
heart failure, survival with medical therapy is dismal, with
death occurring within 2–5 years in most patients following
the development of symptoms (Figure 54.1). Average 
survival in patients with aortic stenosis and angina or syn-
cope is 2–3 years, and may be as short as 1·5 years in
patients with aortic stenosis who develop heart failure.2

Concomitant atrial fibrillation decreases survival in all symp-
tom groups.

Asymptomatic patients with aortic stenosis have an excel-
lent prognosis and rarely die without premonitory symp-
toms. A study by Pellikka et al 4 showed that mortality was
slightly higher in asymptomatic patients treated with “pro-
phylactic” valve replacement than in patients not operated
on until symptoms develop. A recent study by Otto and col-
leagues reported follow up of 123 patients with asympto-
matic aortic stenosis. During the 2·5 year, follow up period

Grade A

there were no sudden cardiac deaths. This study suggested
that the rate of hemodynamic progression and clinical out-
come in adults with asymptomatic aortic stenosis may be
predicted by echocardiographic aortic jet velocity. Of those
patients who entered the study with a peak aortic jet veloc-
ity �4 m/s only 21% were alive and free of valve replace-
ment 2 years later.5

The timing of aortic valve replacement in patients with
aortic stenosis is predicated on the development of symp-
toms or deterioration in left ventricular performance, rather
than severity of valve gradient or reduction in valve orifice
area. Carabello6 has proposed a definition of “critical” aortic
stenosis as that valve area small enough to cause the symp-
toms of aortic stenosis that often presage sudden death:
a “critical” situation indicating the need for aortic valve
replacement. The aortic valve area associated with such
symptom development varies significantly from patient to
patient.

Aortic stenosis: natural history and prognosis

● Long latent period without symptoms
● Poor prognosis following symptom development with

death in 2–5 years
● Prognosis significantly improved by valve replacement

surgery.
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Figure 54.1 Natural history of aortic stenosis without opera-
tive treatment. (Reproduced with permission from Ross and
Braunwald.3)



Surgery for aortic stenosis

The initial surgical approach to treatment of aor-
tic stenosis involved surgical valvuloplasty. In contrast to the
situation with pulmonary and mitral stenosis, the stenotic
aortic valve did not respond favorably to surgical valvulo-
plasty techniques. Closed aortic commissurotomy was asso-
ciated with a high incidence of acute aortic regurgitation
and operative mortality, and was abandoned after the devel-
opment of open aortic valve surgical techniques. Surgical
valvuloplasty under direct vision for aortic stenosis was first
described in 1956, but was limited by a high rate of resteno-
sis leading to subsequent aortic valve replacement, as well
as a significant incidence of complications, including aortic
regurgitation, infective endocarditis and systemic emboliza-
tion.7 Although ultrasonic decalcification and careful surgi-
cal sculpting procedures carried out under direct vision are
initially effective in some patients, restenosis remains a seri-
ous problem.8 However, open surgical valvulotomy remains
an important treatment for infants and children with critical
aortic stenosis, a situation where initial prosthetic valve
replacement is undesirable.

The development and refinement of surgical aortic valve
replacement significantly improved morbidity and mortality
in patients with symptomatic aortic stenosis. Although there
is no prospective randomized controlled study comparing aor-
tic valve replacement with medical therapy in such patients,
long-term follow up in high-quality case series has convinc-
ingly demonstrated the long-term benefits of aortic valve
replacement, including hemodynamic improvement, regres-
sion of left ventricular hypertrophy, improvement of left 
ventricular function and improved survival.9–11 Operative
mortality for aortic valve replacement ranges from 2 to 8%,
but may be as low as 1% in patients less than 70 years of age
without significant comorbidity.

Aortic valve replacement, however, is associated with
increased morbidity and mortality in certain subgroups.10,12–15

Aortic valve replacement in the presence of left ventricular
failure may be associated with perioperative mortality as
high as 10–25%, and the need for emergency aortic valve
replacement with operative mortality as high as 40%.
Surgical risk is increased in the elderly patient, and may be
increased severalfold with the need for concomitant bypass
or multiple valve surgery. Although advanced age remains a
strong predictor of operative death for aortic valve replace-
ment even in recent studies, age alone is not a contraindica-
tion to aortic valve replacement in patients with aortic
stenosis.16 The Society of Thoracic Surgeons National
Cardiac Surgery Database identified risk factors in nearly
50 000 patients who had valve surgery between 1994 and
1997: for patients with isolated aortic valve replacement,
age was not a strong predictor of risk.17 Fremes and col-
leagues18 at the University of Toronto described the result of
valve surgery in 469 consecutive patients over 70 years of
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age, and found that the predicted probability of operative
mortality ranged from 0·9 to 76%, depending on the pres-
ence of other risk factors, including urgent operation, dou-
ble valve surgery, coronary artery disease, female gender
and left ventricular dysfunction. The authors suggested that
elderly patients in good risk categories should be offered sur-
gical intervention for the correction of valvular lesions,
whereas alternative therapy might be indicated in patients
with multiple risk factors in whom surgical mortality
was prohibitively high. Levinson and colleagues at the
Massachusetts General Hospital reported on aortic valve
replacement for aortic stenosis in octogenarians.19 In their
cohort of 64 patients, serious comorbid non-cardiac condi-
tions were infrequent. In-hospital mortality was 9·4%. An
additional 10% of patients had permanent severe neurologic
deficits and an additional 38% had a “complicated” course,
marked by temporary encephalopathy, discharge to a reha-
bilitation facility or some combination thereof, albeit with
ultimately good results. Although most survivors were ulti-
mately free of cardiac symptoms, there was a high price to
pay in terms of perioperative mortality and morbidity to
achieve these results. However, recent series suggest that
surgical results may be improving in very elderly patients.
Rosengart and colleagues20 compared results in 100 consec-
utive patients age 85 years or older who underwent open
heart surgery between 1994 and 1997 with results obtained
in the prior decade, and noted improvement in 30 day mor-
tality and risk of major complications.

Therefore, while surgical aortic valve replacement has
clearly improved the outcome in most patients with critical
aortic stenosis, the higher risk in some patient subgroups,
including the elderly, often leads to physician or patient
deferral of aortic valve replacement. In an attempt to define
the natural history of such patients, O’Keefe and colleagues21

at the Mayo Clinic performed a case comparison study of 50
patients with severe, symptomatic aortic stenosis in whom
surgery was declined by the patient (n � 28) or the physician
(n � 22). The actuarial survival at 1, 2 and 3 years was
57, 37 and 25%, respectively. The survival of age- and sex-
matched control subjects was 93, 85 and 77%, respectively
(P � 0 · 0001 at each 1 year interval) (Figure 54.2). This
study suggested that the natural history of untreated aortic
stenosis remains dismal and has not improved in the modern
era, and confirmed the necessity of evaluating alternative
non-surgical therapy, such as balloon aortic valvuloplasty, in
patients likely to decline aortic valve replacement, or for
whom surgery is not an option.

Development of balloon aortic valvuloplasty

Children and adolescents with congenital aortic
stenosis generally have non-calcified valves with commissural
fusion. Because aortic valve replacement is not desirable in
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this age group, commissural incision under direct vision is
the preferred surgical procedure, and has been shown to
confer significant hemodynamic improvement at low risk.22

The contribution of commissural fusion to the etiology of
valvular stenosis and mechanism of surgical improvement in
this patient group led to the consideration of balloon aortic
valvuloplasty as an alternative, non-surgical therapy.

In 1984 Lababidi and colleagues23 reported the first series
of 23 children and young adults with congenital aortic steno-
sis treated with percutaneous balloon aortic valvuloplasty.
The patients ranged in age from 2 to 17 years. Balloon valvu-
loplasty was performed by the retrograde approach from the
femoral artery, utilizing balloons of 10–20 mm in diameter.
Percutaneous balloon dilation resulted in a decrease in the
peak aortic valve gradient from 113 to 32 mmHg, with no
change in cardiac output. The excellent initial results of
percutaneous balloon valvuloplasty for aortic valve stenosis
were confirmed by Rosenfeld and colleagues in young
adults with congenital aortic stenosis. Long-term follow-up
appeared to be excellent, with a 58% event-free rate at mean
follow-up of 38 months,24 although a recent multicenter
study from Japan reported that progressive aortic insuffiency
and recurrence of pressure gradient was not uncommon by
4 years after balloon valvuloplasty.25

The excellent results of balloon valvuloplasty in pediatric
patients with congenital aortic stenosis led to consideration
of this technique in adult patients with acquired calcific aor-
tic stenosis. Two reports in 1986 described the first success-
ful balloon valvuloplasty procedures in adult patients.
Cribier and colleagues in France performed percutaneous
balloon dilation in three elderly patients with calcific aortic

stenosis.26 The peak aortic gradient decreased from 75 to
33 mmHg, with an increase in calculated aortic valve area
from 0·5 to 0·8 cm2. All patients had symptomatic improve-
ment. McKay and colleagues27 at the Beth Israel Hospital
in Boston described two elderly patients (aged 93 and
85 years) with calcific aortic stenosis treated with balloon
valvuloplasty with 12–18 mm balloons. This report likewise
described a substantial reduction in the transaortic pressure
gradient and a significant increase in aortic valve area, with
symptomatic improvement in both patients and significant
improvement in left ventricular function in one. Despite ini-
tial concern regarding the possibility of valve disruption or
embolization in the calcific valves present in adult patients,
no patient in either report developed emboli or a significant
increase in aortic regurgitation.

Mechanism of balloon aortic valvuloplasty

To assess the safety, efficacy and mechanism of
balloon aortic valvuloplasty, Safian and colleagues28 per-
formed balloon dilation of stenotic aortic valves in 33 post-
mortem specimens and in six patients undergoing aortic
valve replacement, prior to removal of the stenotic valve.
The cause of aortic stenosis was degenerative nodular calci-
fication in 28 cases, calcific bicuspid aortic stenosis in eight
cases, and rheumatic heart disease in three. The distribution
of the etiology of aortic stenosis in this report is in concor-
dance with the observation that degenerative calcific aortic
stenosis is now the most common cause of aortic stenosis in
adults presenting for aortic valve replacement.1

Safian and colleagues performed balloon dilation with
15–25mm balloons in the postmortem specimens, and with
18–20mm balloons in the surgical patients. Balloon dilation
resulted in increased leaflet mobility and increased valve ori-
fice dimensions in all patients. The mechanism of successful
dilation included fracture of calcified nodules within the
leaflets in 16 valves, separation of fused commissures in five
valves, both in six valves, and “grossly inapparent microfrac-
tures” (or stretching) in 12 valves. Liberation of calcific
debris, valve ring disruption and midleaflet tears did not occur
in any valve, although valve leaflet avulsion was produced in
one postmortem specimen after inflation with a clearly over-
sized balloon. The authors concluded that there were several
mechanisms for successful balloon aortic valvuloplasty, with
the predominant mechanism in a given patient depending on
the etiology of the stenosis. Furthermore, it appeared that
embolic phenomena and acute regurgitation were not likely
to be frequent complications following valvuloplasty.

The study by Safian and colleagues suggested that the
most common etiology of aortic stenosis in the balloon valvu-
loplasty population is degenerative nodular calcification,
and that the predominant mechanism of valve dilation is
fracture of calcified nodules within leaflets and leaflet
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Figure 54.2 Survival among 50 patients with severe aortic
stenosis who did not undergo surgical treatment, in comparison
with an age- and sex-matched control group from the US popu-
lation. Asterisks denote significant differences (P � 0.0001)
between the two groups. Standard errors are shown as vertical
lines. (Reproduced with permission from O’Keefe et al.21)



Balloon valvuloplasty: aortic valve

785

stretching. Considered in conjunction with the disappoint-
ing surgical experience when stenotic aortic valves were
dilated or cracked, the results of this mechanistic study pre-
dicted that there might be only mild improvement in aortic
valve orifice area in patients treated with balloon aortic
valvuloplasty, and that any such improvement might be
short-lived. As will be seen, these implications were subse-
quently borne out in clinical trials.

Technical aspects

In the original reports by Cribier26 and McKay,27 balloon
valvuloplasty was performed via the retrograde femoral
approach. The most common balloon size used with the
single-balloon retrograde approach is 20 mm, although
smaller balloons can be used initially in small or frail patients.
If no waist is produced in the inflated balloon, or if the aortic
valve gradient is not sufficiently decreased by a given balloon
size, a larger balloon may produce a better result.

Several modifications of the percutaneous retrograde
femoral approach have been described. Block and Palacios29

described an antegrade transseptal technique which they
advocated for patients with severe iliac occlusive disease,
tortuous iliac vessels or abdominal aortic aneurysm. This
approach has recently been reported using the Inoue bal-
loon, which may provide a greater increase in aortic valve
area than conventional balloons30 and which allows com-
bined mitral and aortic valvuloplasty using a single catheter
and access site.31 A retrograde brachial approach may also
be useful in such situations, although care must be taken to
avoid injury to the brachial artery by the large valvuloplasty
balloon. Dorros and colleagues32 described a double-balloon
technique, using both femoral arteries or a combined
brachial and femoral approach. The combined diameter of
the balloons used in this approach usually exceeds the diam-
eter of the largest balloon used with single-balloon tech-
niques. While initial results with double-balloon aortic
valvuloplasty showed a greater enlargement of aortic valve
area, follow-up studies showed no reduction in subsequent
restenosis compared to single-balloon valvuloplasty.33 An
important recent technical advance is management of the
femoral access site with preloaded suture closure devices,

which may significantly reduce the incidence of vascular
complications following balloon valvuloplasty.34,35

Initial results of balloon aortic valvuloplasty

Single center studies

Within several years of the initial reports of bal-
loon valvuloplasty in adult patients with aortic stenosis, sev-
eral centers reported large single-center experiences.36–39

Cribier et al 36 reported their initial experience with 92 adult
patients with symptomatic aortic stenosis and a mean age of
75 years. The aortic valve gradient was reduced from 75 to
30 mmHg, with an increase in calculated aortic valve area
from 0·5 to 0·9 cm2. The left ventricular ejection fraction
rose from 48% at baseline to 51% immediately following the
procedure. The majority of patients had marked sympto-
matic improvement. There were three in-hospital deaths and
eight late deaths.

Safian et al37 reported their initial experience with bal-
loon aortic valvuloplasty in 170 consecutive patients treated
at the Beth Israel Hospital in Boston. The procedure was
completed successfully in 168 patients and resulted in sig-
nificant increases in mean aortic valve area (0·6–0·9 cm2)
and cardiac output (4·6–4·8 l/min) and a significant
decrease in aortic valve pressure gradient (71–36 mmHg)
(P � 0·01 for all comparisons). There were six in-hospital
deaths and five patients required early aortic valve replace-
ment. The majority of patients had marked symptomatic
improvement following the procedure. The most common
complication was vascular, involving the femoral access site:
40 patients required transfusion and 17 required surgical
repair. Transient dysrhythmias, most commonly left bundle
branch block, occurred in 28 patients. Left ventricular
perforation and tamponade occurred in three patients,
a marked increase in aortic regurgitation in two patients,
and a non-Q wave myocardial infarction in one patient. No
patient suffered a stroke.

The hemodynamic results and complications of balloon
aortic valvuloplasty in several large single-center studies are
summarized in Tables 54.1 and 54.2, respectively. The
results are remarkable for their similarity across study sites.

Grade B

Table 54.1 Acute hemodynamic results of balloon aortic valvuloplasty

Author Patients (n) Aortic valve gradient (mmHg) Aortic valve area (cm2)

Pre Post Pre Post

Cribier26 92 75 30 0.5 0.9
Safian28 170 71 36 0.6 0.9
Block29 162 61 27 0.5 0.9
Lewin39 125 87 32 0.6 1.0
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In general, balloon aortic valvuloplasty resulted in a 50–70%
decrease in aortic valve gradient and a 50–70% increase in
aortic valve area, resulting in early symptomatic improve-
ment in most patients. The most common complication was
vascular at the access site; there was a low incidence of life-
threatening procedural complications. Death during the
periprocedural period occurred in about 6% of patients.

Multicenter studies

Two large multicenter studies reported the initial
results of balloon valvuloplasty in adult patients with symp-
tomatic aortic stenosis.40,41 The Mansfield Balloon Aortic
Valvuloplasty Registry40 evaluated data from 27 clinical
centers in the United States and included 492 patients
treated with balloon aortic valvuloplasty between December
1986 and October 1987. The mean age of patients was
79 years. All had severe symptoms, with 92% reporting
congestive heart failure. Balloon aortic valvuloplasty was
performed via the femoral approach in 92% of patients,
by the brachial approach in 6%, and by the transseptal
approach in 2%. A single-balloon technique was used in
72% of patients. The largest balloon size was 20 mm in over
half of patients.

In the Mansfield Registry, balloon aortic valvuloplasty
resulted in a decrease in mean aortic valve gradient from
60 to 30 mmHg, an increase in cardiac output from 3·9
to 4·0 l/min and an increase in aortic valve area from 0·5
to 0·8 cm2. Most patients had significant symptomatic
improvement. Death occurred during the procedure in
4·9% of patients, and within 7 days of the procedure in an
additional 2·6%. The most common complication (11%)
was local vascular injury, requiring surgical repair in 5·7% of
patients. Embolic complications, ventricular perforation
resulting in tamponade, and significant increase in aortic
insufficiency each occurred in 1–2% of patients, and signifi-
cant arrhythmia or myocardial infarction in less than 1%.
Emergency aortic valve replacement was required in 1% of
patients following balloon valvuloplasty.

The National Heart Lung and Blood Institute (NHLBI)
Balloon Valvuloplasty Registry enrolled 674 elderly (average
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age 78 years) patients at 24 centers between November
1987 and November 1989.41 Heart failure was the most
common presenting symptom, occurring in 92% of patients;
45% of patients had angina and 35% had syncope. A single-
balloon retrograde valvuloplasty technique was used in 94%
of patients; the largest balloon used was 20 mm in over half.
The mean gradient decreased from 55 to 29 mmHg and the
aortic valve area increased from 0·5 to 0·8 cm2, associated
with symptomatic improvement in most patients. Procedural
mortality was 3%; other major complications associated with
the valvuloplasty procedure included cardiac arrest (5%),
emergency aortic valve replacement (1%), left ventricular
tamponade (2%), cerebral vascular accident (1%), systemic
embolus (1%), emergency temporary pacing (5%), and ven-
tricular arrhythmia requiring countershock (3%).

In summary, the initial results of the multicenter studies
were similar to each other, and to the results of the previously
described single-center studies, and suggested that balloon aor-
tic valvuloplasty resulted in modest hemodynamic improve-
ment and significant symptomatic improvement in many
patients considered to be at high risk for aortic valve surgery.

Left ventricular function

Aortic valve replacement has been shown to
improve left ventricular function in many patients with
aortic stenosis and left ventricular dysfunction.9–11 Safian
and colleagues42 at Beth Israel Hospital examined the effect
of balloon aortic valvuloplasty on left ventricular perform-
ance in 28 patients with a low left ventricular ejection
fraction (mean 37%), severe aortic stenosis and a mean age
of 79 years. Balloon valvuloplasty resulted in significant
increases in aortic valve area (0·5–0·9 cm2), systolic pressure
(120–135 mmHg), and cardiac output (4·2–4·8 l/min)
(P � 0·01 for all comparisons), and significant decreases in
transaortic pressure gradient (69–35 mmHg) and pulmonary
capillary wedge pressure (24–20 mmHg) (P � 0·01 for both
comparisons). All patients were symptomatically improved at
the time of discharge.

Serial radionuclide ventriculography showed an increase
in left ventricular ejection fraction from 37% prior to 
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Table 54.2 Complications of balloon aortic valvuloplasty

Author Patients (n) Complications (%)

Death CVA Perforation MI AI Vascular

Safian28 170 3·5 0 1·8 0·6 1·2 10·0
Block29 162 7·0 2·0 0 0 0 7·0
Lewin39 125 10·4 3·2 0 1·6 1·6 9·6
Total 457 6·6 1·5 0.7 0·7 0·9 8·8

Abbreviations: AI, aortic insufficiency; CVA, cerebrovascular accident; MI, myocardial infarction



valvuloplasty to 44% 48 hours post procedure and 49% at
3 month follow up. However, there was substantial hetero-
geneity of response, with 13 patients showing progressive
increases in left ventricular ejection fraction (34% to 49% to
58%, P � 0 · 001), whereas 15 patients showed no signifi-
cant change in ejection fraction (41% to 40% to 41%,
P � NS) over 3 months. There was no difference between
the groups with respect to age, extent of coronary disease,
history of myocardial infarction, or baseline or postproce-
dure aortic valve area. However, peak systolic wall stress
and left ventricular dimensions were higher in those
patients who showed no improvement in ejection fraction.
It may be that the failure to increase ejection fraction in this
group is due to irreversible impairment in myocardial con-
tractile function, secondary to previous infarction or long-
standing aortic stenosis. Davidson and colleagues at Duke
University also found that fewer than half of patients with a
baseline left ventricular ejection fraction less than 45%
showed sustained improvement following percutaneous bal-
loon aortic valvuloplasty, even at short-term follow up.43

Follow up

Despite the moderate hemodynamic improve-
ment and significant symptomatic improvement initially
achieved in most patients with aortic stenosis following per-
cutaneous balloon valvuloplasty, this technique is severely
limited by the high incidence of restenosis. The Beth Israel
group reported follow-up results in 170 patients (mean age
77 years) with symptomatic aortic stenosis who underwent
balloon aortic valvuloplasty between October 1985 and
April 1988.37 The procedure was completed successfully in
168 patients, with significant improvement in aortic valve
area and gradient. There were six in-hospital deaths and five
patients required early aortic valve replacement. Follow up
averaging 9·1 months was available for all 157 patients
discharged from the hospital after successful valvuloplasty.
In 44 patients (28%), recurrent symptoms developed a
mean of 7·5 months after the procedure: 16 were treated by
repeat valvuloplasty, 17 by aortic valve replacement and 11
with medical therapy. Two patients had a second restenosis,
treated by aortic valve replacement in one case and by a
third valvuloplasty procedure in the other. At latest follow
up 103 patients (66%) were symptomatically improved,
including 15 with restenosis who successfully underwent
redilation. Twenty-five patients died after discharge, a mean
of 6 months after balloon valvuloplasty. The most common
cause of death was progressive congestive heart failure.

Repeat cardiac catheterization was performed in 35
patients in the Beth Israel follow-up cohort, including 21 with
recurrent symptoms, a mean of 6 months after valvuloplasty.
Significant aortic valve restenosis was found in all 21 patients
with recurrent symptoms, and in eight of the 14 patients
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without symptoms. If restenosis was assumed to have
occurred in all 25 patients who died, and in all 44 patients
with recurrent symptoms, then the “clinical” rate of resteno-
sis following valvuloplasty was 44% at only 9 months. The
probability of survival at 1 year was 74% for the entire study
population. However, if both recurrent symptoms and death
were considered as events, the probability of event-free
survival at 1 year was only 50%.

Similarly poor long-term results with high rates of early
restenosis were reported by both of the multicenter studies
of balloon aortic valvuloplasty. Among the 492 patients
treated with balloon valvuloplasty in the Mansfield Registry
the 1 year survival rate was 64%, with an event-free survival
rate of only 43%.44 Among the 674 patients reported in
the National Heart, Lung and Blood Institute Balloon
Valvuloplasty Registry, survival at 1, 2 and 3 years was 55,
35 and 23%, respectively.45 Lieberman and colleagues46

reported long-term follow up in 165 patients undergoing
balloon aortic valvuloplasty. The median duration of follow
up was 3·9 years, with follow up achieved in 99% of
patients. Ninety-three per cent of patients died or under-
went aortic valve replacement, and 60% died of cardiac-
related causes. The probability of event-free survival,
defined as freedom from death, aortic valve replacement or
repeat balloon aortic valvuloplasty at 1, 2 and 3 years after
balloon valvuloplasty, was 40%, 19% and 6%, respectively.
By contrast, the probability of survival 3 years after balloon
aortic valvuloplasty in a subset of 42 patients who under-
went subsequent aortic valve replacement was 84%.

Mechanism of restenosis

Because the mechanism by which balloon aortic valvulo-
plasty increases aortic valve area appears to consist chiefly
of fracture of calcified nodules within leaflets and leaflet
stretching, and only rarely involves separation of commis-
sural fusion,28 it is not surprising that the initial improve-
ment in aortic valve area is modest at best, and that
significant and early restenosis occurs in most patients. Any
element of improvement in the aortic valve area due to
leaflet stretching is likely to be rapidly compromised by elas-
tic recoil, and in fact postprocedure echocardiographic fol-
low up suggests early loss of initial valve area in many
patients.47 Histologic examination in patients who under-
went balloon aortic valvuloplasty and had subsequent valve
tissue examined at the time of aortic valve replacement or
necropsy, showed evidence of closing of fractures in calci-
fied nodules by granulation tissue that may lead to valvular
scarring.48,49 The more rapid time course of this type 
of inflammatory response, compared to the slowly develop-
ing valvular calcification that initially led to the aortic 
stenosis, may explain the relatively rapid progression to
symptomatic restenosis following initially successful balloon
valvuloplasty.

Balloon valvuloplasty: aortic valve
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predictors of event-free survival included pulmonary capil-
lary wedge and pulmonary artery pressures. Although the
pre- and postvalvuloplasty aortic valve area and aortic valve
gradient were not associated with event-free survival, the
per cent reduction in the peak aortic valve gradient was a
strong predictor of long-term event-free survival. For
patients with a left ventricular ejection fraction of less than
40% at baseline, improvement in the ejection fraction was
also directly associated with event-free survival. Notably,
when patients aged 80 or older were analyzed as a sub-
group, univariate analysis indicated that the predictors of
long-term event-free survival were the same in elderly
patients as in the entire patient cohort.

In the stepwise multivariate analysis the only independ-
ent predictors of event-free survival following balloon aortic
valvuloplasty were the baseline aortic systolic pressure,
the baseline pulmonary capillary wedge pressure (inversely
related), and the per cent reduction in the peak aortic
valve gradient. A baseline aortic systolic pressure less than
110 mmHg was associated with a relative risk of late events
of 2·03, and a baseline pulmonary capillary wedge pressure
greater than 25 mmHg was associated with a relative risk of
1·73, compared to the risk in patients with a baseline aortic
systolic pressure greater than or equal to 140 mmHg and
a pulmonary capillary wedge pressure less than 18 mmHg,
respectively. Furthermore, a reduction of less than 40% in
the peak aortic valve gradient was associated with a relative
risk of late events of 1·75, compared to the risk in patients
in whom valvuloplasty produced a reduction of 55% or
more in the peak aortic valve gradient.

To facilitate prediction of outcome following aortic valvu-
loplasty, using only information available prior to the proce-
dure, Kuntz and colleagues utilized the two independent
baseline hemodynamic predictors in the Cox model, and
estimated the probability of event-free survival at 6, 12, 18
and 24 months for all patients (Table 54.3). According to
this two-variable predictive model, patients with baseline
pulmonary capillary wedge pressure less than 18 mmHg and
aortic systolic pressure greater than or equal to 140 mmHg
(the most favorable patient subgroup) had event-free sur-
vival rates of 65% at 1 year and 41% at 2 years. On the other
hand, patients with baseline pulmonary capillary wedge
pressure greater than 25 mmHg and aortic systolic pressure
less than 110 mmHg had event-free survival rates of only
23% at 1 year and 4% at 2 years.

In summary, Kuntz and colleagues found that the most
important predictors of event-free survival following balloon
aortic valvuloplasty were factors related to baseline left
ventricular performance, a finding confirmed by analysis of
long-term outcome in both large multicenter balloon aortic
valvuloplasty registries.44,45 The best long-term results fol-
lowing valvuloplasty were observed in patients who would
also have been expected to have excellent long-term results
after aortic valve replacement. In fact, comparison with the
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Results of balloon aortic valvuloplasty

● Initial hemodynamic and symptomatic improvement
● Early restenosis, with recurrent symptoms
● No improvement in long-term survival or event-free

survival.

Predictors of outcome following balloon 
aortic valvuloplasty

Following recognition of the high incidence of
restenosis after balloon aortic valvuloplasty, attempts were
made to identify patient subsets more likely to derive long-
term benefit. Kuntz and colleagues50 analyzed event-free
survival in 205 patients who underwent balloon valvulo-
plasty for symptomatic critical aortic stenosis. They evalu-
ated 40 demographic and hemodynamic variables as
univariate predictors of event-free survival by Cox regres-
sion analysis, and attempted to identify independent predic-
tors of event-free survival by stepwise multivariate analysis.
The rate of event-free survival, defined as survival without
recurrent symptoms, repeat balloon valvuloplasty or sub-
sequent aortic valve replacement, was 18% over a mean fol-
low-up period of 24 months (Figure 54.3). Direct predictors
of long-term event-free survival in the univariate analysis
included female gender, left ventricular ejection fraction,
and left ventricular and aortic systolic pressure. Inverse
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Figure 54.3 Actuarial total and event-free survival among
205 patients treated by balloon aortic valvuloplasty (BAV).
Shown for comparison are the actuarial survival rates among
unselected octogenarians in the United States and among
octogenarians who undergo aortic-valve replacement (AVR).
The numbers below the figure show how many patients were
alive or alive without an event at each follow-up. (Reproduced
with permission from Kuntz et al.50)
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surgical data on aortic valve replacement in octogenarians
suggests that patients with good hemodynamic performance
have better survival after aortic valve replacement than after
balloon aortic valvuloplasty.19 Among patients with poor left
ventricular performance or advanced heart failure, event-
free survival following balloon aortic valvuloplasty was
dismal and did not appear to improve the natural history
of untreated aortic stenosis.21 Therefore, even in elderly
patients with advanced heart failure and higher periopera-
tive risk,13 aortic valve replacement may increase the likeli-
hood of long-term survival compared to balloon aortic
valvuloplasty. In such high-risk patients, however, balloon
aortic valvuloplasty may have a role in providing transient
hemodynamic improvement, perhaps decreasing the risk of
subsequent aortic valve replacement.

Repeat balloon aortic valvuloplasty

In patients who are not candidates for surgery
the development of restenosis following balloon aortic valvu-
loplasty can be managed with a repeat procedure. Studies of
repeat valvuloplasty have shown that the absolute aortic
valve area tends to be slightly smaller both before and after
the repeat valvuloplasty, even when larger balloons or
balloon combinations are used.51 The incidence of repeat
restenosis remains high: follow up of the 47 patients in the
Mansfield Registry who underwent repeat valvuloplasty
showed that 66% of patients had died, undergone sub-
sequent valve replacement or required a third valvuloplasty
at a mean follow up of 5 months.52 Histologic study of
valves treated with balloon valvuloplasty, and excised prior
to subsequent surgery or examined at autopsy, has shown
active cellular proliferation within the splits in calcified nod-
ules, as well as foci of ossification.48 These findings suggest
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an active scarring process in response to balloon valvulo-
plasty, which may explain the failure to achieve better
results with the use of larger balloons, and raises the possi-
bility that balloon-induced injury to the aortic valve may
accelerate the natural history of aortic stenosis.

Aortic valve surgery after balloon 
aortic valvuloplasty

Most surviving patients who have undergone
balloon aortic valvuloplasty develop clinically significant
restenosis within 1–2 years of the procedure. Many of these
patients are subsequently treated with aortic valve replace-
ment. Johnson and colleagues at the Beth Israel Hospital
reported 45 patients (25% of the initial balloon valvuloplasty
cohort) subsequently treated with aortic valve replace-
ment.53 Three patients required emergency operation imme-
diately after unsuccessful valvuloplasty, and the remaining
42 had an elective operation at a mean of 8 months follow-
ing valvuloplasty, primarily for the development of sympto-
matic restenosis. Despite the fact that the majority of these
patients had initially undergone balloon valvuloplasty
because they were considered to be at high risk for surgery,
there were only four hospital deaths among the 45 patients.
Three additional patients died a mean of 11 months follow-
ing surgery. All surviving patients had persistent sympto-
matic improvement following surgery.

Lieberman and colleagues at Duke reported 40 patients
(24% of the initial balloon valvuloplasty treatment group)
who subsequently underwent aortic valve replacement.54

Only one patient (2·5%) suffered a perioperative death.
The probability of survival 3 years from the date of the last
mechanical intervention was 75% for patients treated
with balloon valvuloplasty and subsequent aortic valve
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Table 54.3 Estimated event-free survival according to baseline
hemodynamic variables

Pre PCWP Pre AOSP Event-free survival (%)
(mmHg) (mmHg)

6 mth 12 mth 18 mth 24 mth

�18 �140 79 65 51 41
�18 110–139 73 58 42 31
�18 �110 64 46 30 19

18–25 �140 74 59 43 32
18–25 110–139 68 50 34 23
18–25 �110 58 38 22 13

�25 �140 63 44 28 18
�25 110–139 55 35 19 10
�25 �110 43 23 10 4

Abbreviations: AOSP, aortic systolic pressure; PCWP, pulmonary capillary wedge
pressure
Reproduced with permission from Kuntz et al.50



replacement, compared to only 20% for patients whose
restenosis was treated with repeat balloon valvuloplasty, and
13% for patients who had no further mechanical interven-
tion after developing restenosis. The majority of surgically
treated patients remained asymptomatic at last follow up. It
is important to note that this study is not a randomized com-
parison of treatment strategies for restenosis, and the results
must be interpreted in light of the probable selection bias
with regard to choice of management strategy for aortic
valve restenosis. Nevertheless, it appears that in this group
of patients initially felt to be at high risk for aortic valve
replacement, surgery could be performed with an accept-
able operative risk. Furthermore, as opposed to balloon
valvuloplasty, aortic valve replacement appears to offer a
reasonable chance of long-term freedom from symptoms.
Although these reports do not specifically address potential
reduction in the risk of subsequent surgery by prior per-
formance of balloon valvuloplasty, a beneficial effect cannot
be excluded.

Balloon aortic valvuloplasty v aortic 
valve surgery

There are no randomized trials comparing bal-
loon aortic valvuloplasty with aortic valve replacement in
adult patients with critical aortic stenosis. However, Bernard
and colleagues in France compared two non-randomized
matched series of patients with aortic stenosis treated with
either balloon aortic valvuloplasty or aortic valve replace-
ment at the same institution between January 1986 and
March 1989.55 Forty-six patients were treated with balloon
aortic valvuloplasty and 23 with aortic valve replacement
with a bioprosthesis. Baseline clinical and hemodynamic
parameters were similar in both groups; all patients were at
least 75 years old. Follow-up was 22 months for the aortic
valvuloplasty patients and 28 months for those having sur-
gery. Among patients treated with balloon aortic valvulo-
plasty, three patients (6·5%) died within 5 days of the
procedure, and an additional 24 (42%) died during sub-
sequent follow up, with 16 deaths being due to recurrent
heart failure. Sixteen patients (35%) underwent subsequent
aortic valve replacement at a mean of 16 months following
balloon valvuloplasty. At last follow up, only three valvulo-
plasty patients (6·5%) remained alive without subsequent
aortic valve replacement. Of the patients treated with initial
aortic valve replacement, two (8·7%) died in the periopera-
tive period and an additional three (13%) died during the
follow up period. All remaining patients (78%) were alive
and in New York Heart Association functional class I or II at
last follow up. The overall survival rate following balloon
valvuloplasty was 75% at 1 year, 47% at 2 years and 33% at
5 years. By contrast, survival following surgery was 83% at
1 and 2 years and 75% at 3 and 4 years. Although selection

Grade B

bias cannot be excluded in this non-randomized case com-
parison study, nevertheless the results strongly suggest that
percutaneous balloon aortic valvuloplasty does not compare
favorably with aortic valve surgery in elderly patients with
aortic stenosis.

Specific indications for balloon valvuloplasty

Aortic valvuloplasty prior to 
non-cardiac surgery

Patients with severe aortic stenosis are at
increased risk for significant cardiac complications during
non-cardiac surgery.56 Three studies described the role of bal-
loon aortic valvuloplasty in the management of patients with
critical aortic stenosis requiring major non-cardiac sur-
gery.57–59 In these studies, 29 patients with critical aortic
stenosis underwent balloon aortic valvuloplasty which was
complicated by procedural death due to ventricular perfora-
tion and tamponade in one patient. Valvuloplasty resulted in
a significant improvement in aortic valve gradient and aortic
valve area. Twenty-eight of the 29 patients underwent the
planned surgical procedure under general or epidural anes-
thesia. All but one patient had uncomplicated non-cardiac
surgery, with no significant congestive heart failure, hypoten-
sion, myocardial infarction, arrhythmia or conduction abnor-
mality either during or immediately after surgery. One
patient developed marked hypotension requiring transient
intravenous pressor support during surgery for bowel carci-
noma, resulting in interruption of surgery. This patient subse-
quently underwent aortic valve replacement and coronary
artery bypass graft surgery, followed by repeat bowel resec-
tion. Procedures performed successfully following palliative
balloon aortic valvuloplasty included aortic aneurysm repair,
repair of hip fracture, exploratory laparotomy and thoraco-
tomy. However, the cited reports are not randomized or
case–control comparisons of preoperative balloon aortic
valvuloplasty versus aortic valve replacement or medical
therapy, and do not test the hypothesis that routine balloon
valvuloplasty reduces the risk of non-cardiac surgery in
patients with critical aortic stenosis. O’Keefe and col-
leagues60 at the Mayo Clinic described 48 patients with
severe aortic stenosis who underwent non-cardiac surgery
(including vascular, orthopedic and abdominal procedures)
without preoperative balloon valvuloplasty. There were no
major perioperative complications in this group, who were
managed with careful monitoring of systemic and pulmonary
artery pressure during anesthesia. Therefore, the available
evidence suggests that balloon valvuloplasty prior to urgent
non-cardiac surgery may have greatest benefit in those
patients with critical aortic stenosis and poor ventricular func-
tion, heart failure or hypotension, in whom transient hemo-
dynamic improvement may decrease the risk of perioperative
complications.

Grade B/C
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Aortic valvuloplasty as a bridge to 
aortic valve replacement

As noted earlier, many patients treated with
balloon aortic valvuloplasty subsequently undergo aortic
valve replacement. Early series of such patients demonstrated
an acceptable operative risk and excellent surgical outcome,
with long-term freedom from symptoms in most sur-
vivors.53,54 In contrast, recent reports of cardiac surgery in
octogenarians identified previous percutaneous aortic valvu-
loplasty as an independent predictor of hospital death fol-
lowing valve replacement.61,62 However, in most patients
undergoing surgery in these studies, valve replacement was
performed because of failure of the initial balloon aortic
valvuloplasty, which was not specifically used to stabilize
the patient for subsequent surgery.

Smedira and colleagues63 studied critically ill patients
with aortic stenosis in whom balloon aortic valvuloplasty
was specifically used as a bridge to aortic valve replacement.
They reported five patients with severe aortic stenosis, mul-
tiple organ failure and severe hemodynamic compromise
who were judged to be at excessive risk for aortic valve sur-
gery. Balloon aortic valvuloplasty was used in these patients
to provide transient hemodynamic improvement, to improve
organ function, and to decrease the risk of subsequent defin-
itive surgical correction. Following successful balloon aortic
valvuloplasty and clinical stabilization, subsequent elective
valve replacement was performed in all patients without
complications. This report suggests that balloon aortic valvu-
loplasty may have a role as a bridge to subsequent aortic
valve replacement for patients in whom heart failure or
hypotension is so severe that the risk of primary aortic valve
surgery is unacceptable.

Aortic valvuloplasty in cardiogenic shock

Of the 674 patients in the multicenter NHLBI
Balloon Valvuloplasty Registry, 39 (6%) had cardiogenic
shock. The largest reported series specifically describing the
role of balloon aortic valvuloplasty in cardiogenic shock is
that of Moreno and colleagues from the Massachusetts
General Hospital.

Moreno64 studied 21 patients with critical aortic stenosis
and cardiogenic shock treated with balloon aortic valvulo-
plasty. All patients had major associated comorbid conditions
precluding the use of emergency aortic valve replacement.
The hemodynamic results were excellent, with an increase
in systolic aortic pressure from 77 to 116 mmHg and an
increase in aortic valve area from 0·5 to 0·8 cm2

(P � 0·0001 for both comparisons). Cardiac index increased
from 1·84 to 2·24 l/min/m2 (P � 0·06). Nine treated
patients died in hospital, two during the procedure and
seven following successful valvuloplasty. Procedural compli-
cations were frequent, with five patients suffering vascular
complications and one patient each developing stroke, 
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cholesterol embolus and aortic regurgitation requiring 
aortic valve replacement. Twelve patients (57%) survived
and were discharged from the hospital. During follow up of
15 months, five additional patients died. Actuarial survival
was 38% at 27 months. The only predictor of improved 
survival was the postprocedure cardiac index.

In summary, the limited published data suggest that
emergency percutaneous balloon aortic valvuloplasty can be
successfully performed in patients with critical aortic steno-
sis and cardiogenic shock. Morbidity and mortality remain
high even after hemodynamically successful procedures.
Given the poor long-term outcome in patients treated with
balloon aortic valvuloplasty, its use in patients with cardio-
genic shock should be considered a bridge to subsequent
aortic valve replacement in those patients who improve
sufficiently to undergo surgery at reasonable risk.

Aortic valvuloplasty in patients with 
low output, low gradient

Patients with left ventricular dysfunction and
aortic stenosis in the presence of low cardiac output and low
aortic valve gradient present a complex diagnostic and ther-
apeutic challenge. Aortic valve surgery is associated with
increased morbidity and mortality in such patients, a subset
of whom have irreversible myocardial dysfunction.10–12

Balloon aortic valvuloplasty has been proposed as a diagnostic
tool in patients with aortic stenosis and low-output low-
gradient hemodynamics, to distinguish those with reversible
myocardial dysfunction due to abnormal loading conditions
from those with irreversible myocardial dysfunction. It has
been suggested that patients with low-output low-gradient
hemodynamics who have a significant improvement in
either ventricular function or symptoms following success-
ful balloon aortic valvuloplasty are more likely to improve
following aortic valve replacement than those patients in
whom the former produces no significant benefit.

Safian and colleagues studied 28 patients with a low left
ventricular ejection fraction (mean 37%) and severe aortic
stenosis who underwent balloon aortic valvuloplasty.42 On
the basis of response to balloon valvuloplasty they were able
to separate patients into a subset with progressive improve-
ment in left ventricular ejection fraction, and a subset which
showed no significant change in left ventricular function.
Nishimura and colleagues, utilizing data from the multicenter
Mansfield Aortic Valvuloplasty Registry, compared 67 patients
with low-output low-gradient hemodynamics against
200 patients with a low cardiac index but not a low aortic
valve gradient.65 Patients with low-output low-gradient
hemodynamics had less of a decrease in aortic valve gradi-
ent after valvuloplasty, but a similar improvement in esti-
mated aortic valve area. However, actuarial survival at
12 months was 46% for these patients, as against 64% in the
comparison cohort (P � 0·05). Furthermore, patients with
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low-gradient hemodynamics were less likely to show sus-
tained symptomatic improvement. Therefore, as long-
term outcome after balloon valvuloplasty is poor in these
patients aortic valve replacement may be indicated
in those in whom balloon aortic valvuloplasty produces an
initial favorable response. Although these reports suggest
that it may be possible to identify a subset of patients with
aortic stenosis and low-output low-gradient hemodynamics
likely to benefit from subsequent aortic valve replacement,
the hypothesis that response to aortic valvuloplasty predicts
subsequent outcome following surgery has not been tested.

Other indications

Case reports have described the use of balloon
aortic valvuloplasty for the management of critical aortic
stenosis in pregnancy, documenting its safe performance
during pregnancy with subsequent normal births.66 Given
their age range, pregnant patients are more likely to have
congenital or rheumatic aortic stenosis and therefore to
have valve stenosis due to commissural fusion, which
responds more favorably to balloon dilation than does the
more frequently encountered degenerative calcific valvular
disease. Use of balloon aortic valvuloplasty as a bridge to
subsequent cardiac transplant in a patient with aortic steno-
sis and end-stage heart failure has also been described.67

Indications for balloon aortic valvuloplasty

● Symptomatic critical aortic stenosis in patients who are
not candidates for aortic valve replacement

● Bridge to aortic valve replacement in patients with severe
hemodynamic compromise

● Prior to urgent non-cardiac surgery
● Aortic stenosis with low-output low-gradient

hemodynamics.

Conclusions

The development and analysis of balloon aortic valvuloplasty
as a treatment strategy for adult patients with critical aortic
stenosis offers a paradigm for the investigation of new thera-
peutic techniques. The initial enthusiasm for new treatment
modalities, often based on arguments of physiology, first
principles or small case series, is often replaced by a sobering
realization of limitations and complications, revealed by care-
ful prospective multicenter clinical trials, ultimately resulting
in the development of appropriate clinical indications for the
new treatment strategy. The development and investigation
of balloon aortic valvuloplasty for aortic stenosis followed
just such a course and illustrates the impact of careful, early
prospective clinical trial data on the evolution and rapid
development of appropriate indications for new therapeutic
techniques.

Grade C

Although valve replacement clearly improves morbidity
and mortality in patients with symptomatic aortic stenosis,
concern regarding the higher morbidity in high-risk subgroups
led to the investigation of balloon aortic valvuloplasty as an
alternative. Early evidence from both single- and multicenter
series showing hemodynamic and symptomatic improvement
in most patients treated with balloon valvuloplasty, led to ini-
tial widespread enthusiasm for this new technique. However,
this enthusiasm was quickly tempered as subsequent follow
up in these high-quality case series demonstrated a high rate
of hemodynamic and clinical restenosis, and failure of balloon
valvuloplasty to improve long-term or event-free survival.

Critical evaluation of the data from these large case series
provided further understanding of the appropriate role of
balloon valvuloplasty in the management of patients with
aortic stenosis. When patients were stratified by the inde-
pendent predictors of event-free survival, it became clear
that those who did best with balloon aortic valvuloplasty
were acceptable candidates for valve surgery and had an
even better event-free survival following surgery. On the
other hand, patients with baseline profiles that indicated a
high risk for surgery also did extremely poorly with balloon
valvuloplasty, with event-free survival that did not appear to
differ from the natural history of untreated aortic stenosis.
The rapid accumulation and careful analysis of clinical trial
data on patients treated with balloon valvuloplasty quickly
established that the treatment of choice for adult patients
with symptomatic aortic stenosis is valve replacement, with
balloon valvuloplasty being reserved for those in whom sur-
gery is not possible or practical. Further refinement of the
appropriate therapeutic niche for balloon aortic valvulo-
plasty has been aided by small case series targeted at specific
indications for non-surgical therapy of aortic stenosis.

The following guidelines on appropriate utilization of
balloon aortic valvuloplasty in adult patients with sympto-
matic critical aortic stenosis are based on case series and
case–control studies, and therefore should be considered as
Grade B recommendations.

Based on the available evidence, balloon aortic valvulo-
plasty should be considered:

1. For patients with symptomatic aortic stenosis who
are not operable, or who are poor candidates for
aortic valve replacement owing to severe comorbid
illness or advanced age in the presence of other sig-
nificant predictors of surgical risk. It should be empha-
sized that advanced age alone in a patient without
other significant surgical risk factors is not a contraindi-
cation to aortic valve replacement. It must be further
stressed that the goal of balloon aortic valvuloplasty
in this patient group is transient symptomatic relief, as
there is no evidence that valvuloplasty improves sur-
vival or provides long-term freedom from symptoms.
Grade B



2. As a bridge to subsequent aortic valve replacement in
patients with advanced heart failure, hypotension or
cardiogenic shock, when clinical presentation suggests
excessive risk for an initial surgical strategy. The goal of
balloon aortic valvuloplasty in this cohort is transient
hemodynamic improvement, leading to stabilization of
the patient for subsequent aortic valve replacement,
the only treatment shown to ultimately improve long-
term survival. 

3. For patients with critical aortic stenosis and poor vent-
ricular function, heart failure or hypotension who
require urgent or emergency non-cardiac surgery. The
goal of balloon aortic valvuloplasty in this patient
subset is successful completion of the required non-
cardiac surgical procedure, with subsequent aortic
valve replacement for the underlying aortic stenosis.

4. For patients with aortic stenosis, diminished left ven-
tricular function and low-output low-gradient hemody-
namics, in whom the response to initial “diagnostic”
balloon valvuloplasty may help identify those likely
to benefit from subsequent aortic valve replacement.

Given the disparity in outcome between aortic valve
replacement and balloon aortic valvuloplasty in large high-
quality case series and non-randomized case–control stud-
ies, it is unreasonable to pursue randomized clinical trials
comparing these treatment strategies. However, the high-
quality case series rapidly performed and reported in
patients treated with balloon aortic valvuloplasty not only
established the appropriate role for balloon valvuloplasty 
in the treatment of aortic stenosis, but also confirmed 
the value of prompt clinical investigation in the rapid devel-
opment of appropriate indications for new therapeutic 
techniques. When the goal of therapy is long-term or
symptom-free survival, the available clinical trial data clearly
support valve replacement as the treatment of choice for
aortic stenosis. However, in patients who are not candidates
for or who refuse surgery, the trial data have demonstrated a
role for balloon aortic valvuloplasty, albeit with the more
limited goal of transient, palliative symptomatic relief, with-
out improvement in survival or long-term symptomatic 
benefit.
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55
Introduction

Percutaneous balloon mitral valvuloplasty is the latest 
technique in an evolution that began with Elliot Cutler
advancing a knife retrograde through the apex of the left
ventricle of a beating heart in 1923.1 Neither he nor Henry
Suttar, who performed a similar procedure in England two
years later received the expected accol ades,2 and there has
been continuing dispute about the relative role of mitral
obstruction in defining the spectrum of mitral stenosis. Sir
Thomas Lewis’ statement that valvotomy was based on an
erroneous idea, namely that the valve is the chief source of
the trouble3 has few proponents in the modern era and
relieving mitral obstruction is the de facto standard of care.

After a 20 year hiatus, the battlefield experience with
closed heart procedures in the second world war led to the
application of these techniques outside the trauma arena.
Although early results were confounded by significant mor-
bidity and mortality, closed mitral valvotomy became a rou-
tine procedure for severe mitral stenosis, and is still the
treatment of choice in many parts of the world where the dis-
ease is endemic and medical facilities limited. Large series4,5

have claimed good long-term results, but lack of systematic
follow up or comprehensive objective data obscure the actual
restenosis rate and survival. In a Mayo Clinic retrospective
analysis6 there was 79% 10 year and 55% 20 year survival rate
with reoperation in 34% by 10 years; however nearly a quar-
ter of patients were lost to follow up and severity of disease at
baseline could only be estimated. Open commissurotomy
with the potential advantages of direct vision has supplanted
closed procedures in industrialized nations. Controversy
remains as to its superiority7–9 with the advantages of direct
vision favoring cases where thrombus is present.

The percutaneous approach

A pediatric cardiac surgeon, Kanji Inoue, developed a 
double lumen atrial septostomy balloon catheter made 
of latex, with a mesh weave used to constrain the bal-
loon during inflation into the classic wishbone shape
depicted in Figure 55.1.10 He then adapted the device for
percutaneous balloon mitral valvuloplasty, demonstrated
under direct vision in the operating room its ability to split
fused mitral commissures11 and performed the first procedure
in 1982.12

Mechanisms of valvuloplasty

The mechanisms responsible for the benefits of balloon
mitral valvuloplasty13 arise from the substantial radial force
exerted by the enlarging balloon.14 This stretches the mitral
annulus, has the capacity to split fused commissures, and
occasionally results in the cracking of calcifications. The
stretching mechanism has been observed intraoperatively,15

whereas the splitting of commissures16 and cracking of 

Balloon valvuloplasty: mitral valve 
Zoltan G Turi

Figure 55.1 The Inoue balloon during staged deployment.
From top to bottom: distal inflation with pullback against the
valve; proximal inflation; full deployment. (Reprinted with per-
mission of the American Heart Association, Inc.38)
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calcifications have been demonstrated by direct observation
in excised valves.17 The largely successful nature of balloon
mitral valvuloplasty is derived from commissural splitting; bal-
loon dilatation procedures where the other two mechanisms
predominate, such as balloon valvuloplasty for calcific aortic
stenosis, have less impressive short- and long-term results.

Preprocedure evaluation

The most common reason for exclusion of patients is
unsuitable valve anatomy. Specific relevant physical exami-
nation findings are diminution of the first heart sound (often
indicative of extensive subvalvular disease) and a hyper-
dynamic ventricle, suggestive of volume loading secondary 
to mitral or aortic regurgitation, both of which are relative
contraindications to the procedure.

Non-invasive methods

The echocardiographic findings of greatest predictive 
value have been debated at length. The standard,18 the
Wilkins-Weyman score, incorporates a scoring system for
mitral valve leaflet thickening, mobility and calcification, and
severity of subvalvular disease (Table 55.1), with a score of
�8 described as an “ideal” patient population, and echo
scores over 12 potentially predicting poorer results. The 
correlation between this echo score and initial as well as
long-term results is only fair, perhaps because it is a semi-
quantitative system based on partly subjective assessments

and because other factors not included in the system have
predictive value. Thus studies have alternately confirmed19–21

or refuted the predictive value of the Wilkins-Weyman
score.22–25 One element of the score, leaflet mobility, corre-
lates more strongly with outcome (r value � 0·67) than the
complete score,26 while another element, severe calcification
of the valve,27 alone predicts a fourfold increase in cardiac
complications and a 26% increase in 6 year mortality. In
addition important anatomic features that predict outcome,
such as eccentricity of commissural fusion and a funnel
shaped subvalvular apparatus28 (both negative predictors)
are not included. Neither are presence of moderate or severe
mitral regurgitation or left atrial thrombus, both relative con-
traindications. In univariate analysis, the scoring system does
predict long-term results,20 but so do age, presence of atrial
fibrillation,27 and severity of stenosis before and after the pro-
cedure.29 Further, multivariate analyses that included the
echo score but not its individual components, failed to
demonstrate a single preprocedure predictor of event free
survival.30 Multivariate analysis that includes commissural
calcification did reveal this to be a strong predictor of death,
restenosis, and mitral valve replacement.31 Perhaps the most
compelling reason for routinely deriving the echo score is to
allow for comparison with known data; most mitral valvulo-
plasty trials incorporate this or similar scoring systems.
However, no absolute predictors of short- and long-term out-
come have been developed.

Routine, preprocedure, transesophageal echocardiography
has been recommended because of its superiority for detec-
tion of left atrial thrombus,32 as well as other structural

Table 55.1 Grading of mitral valve characteristics from the echocardiographic examination

Grade Mobility Subvalvar thickening Thickening Calcification

1 Highly mobile valve with Minimal thickening just Leaflets near normal in A single area of increased
only leaflet tips restricted below the mitral leaflets thickness (4–5 mm) echo brightness

2 Leaflet mid and base Thickening of chordal Midleaflets normal, Scattered areas of
portions have normal structures extending up considerable thickening brightness confined to
mobility to one third of the of margins (5–8 mm) leaflet margins

chordal length
3 Valve continues to move Thickening extending to Thickening extending Brightness extending into

forward in diastole, the distal third of the through the entire the midportion of the
mainly from the base chords leaflet (5–8 mm) leaflets

4 No or minimal forward Extensive thickening and Considerable thickening Extensive brightness
movement of the leaflets shortening of all chordal of all leaflet tissue throughout much of the
in diastole structures extending (�8–10 mm) leaflet tissue

down to the papillary
muscles

Note. The total echocardiographic score was derived from an analysis of mitral leaflet mobility, valvar and subvalvar thickening, and
calcification which were graded from 0 to 4 according to the above criteria. The total possible score ranges from 0 to 16.

Reprinted with permission from Wilkins GT, Weyman AE, Abascal VM et al. Percutaneous balloon dilation of the mitral valve: an
analysis of echocardiographic variables related to outcome and the mechanism of dilation. Br Heart J 60:299–309. © 1988 by the
BMJ Publishing Group.18



abnormalities including vegetations or ruptured chordae.
The case is most compelling in patients predisposed to clot
formation such as those with spontaneous echo contrast
(“smoke”) on surface echocardiography and those with atrial
fibrillation. The former was an independent predictor of left
atrial thrombus in a prospective study of 100 patients.33

Cardiac catheterization

Cardiac catheterization prior to balloon commissurotomy is
rarely necessary in young patients, but can be beneficial to
exclude coronary artery disease in older subjects. The gradi-
ent alone is a poor proxy for assessment of severity of 
disease pre-valvuloplasty since it can lead to overestimation
of disease with poor heart rate control or underestimation 
in patients who have not had fluids for many hours prior 
to catheterization.

Contraindications

While the usually cited contraindications are left atrial
thrombus, greater than mild mitral regurgitation and severe
calcification or subvalvular disease, these were largely
empirically derived and can be challenged.

Thrombus

Hung34 and others have described at least three series
exceeding 90 patients total with apparent organized left
atrial appendage clot who underwent uncomplicated balloon
commissurotomy. However, valvuloplasty is not attempted
when there is left atrial thrombus along the septum, free in
the cavity, or on the surface of the valve. Using the conserva-
tive approach preferred by most interventionalists, Kang
reports successful resolution of left atrial thrombi with 
warfarin therapy followed by balloon commissurotomy.35

Mitral regurgitation

The general presumption that valvuloplasty in patients with
moderate or greater mitral regurgitation carried a high risk has
not been prospectively tested; however, there have been two
retrospective evaluations. A comparison of 25 patients with
moderate mitral regurgitation and 25 age and gender matched
patients with mild or no regurgitation did indeed demonstrate
an increase in severe insufficiency post procedure; however,
these patients had much higher echo scores and twice as fre-
quently had severe calcification.36 Further, while 20% of those
with initially moderate mitral regurgitation developed severe
regurgitation, hemodynamic improvement overall was similar,
as was the incidence of post procedure mitral valve replace-
ment. Similarly, patients with mild mitral regurgitation also
had less favorable anatomy at baseline and had lower event

free survival but a similar success rate.37 Thus, the evidence
suggests that balloon commissurotomy can still be considered
for these patients if they are poor risks for heart surgery.
Nevertheless, a theoretical disadvantage is additional volume
loading of the left ventricle when antegrade flow is improved
after balloon commissurotomy, a concern in the presence of
aortic regurgitation as well.

Severe calcification

Patients with symmetrical severe calcification may not
respond at all to balloon commissurotomy;22,38 those with
asymmetric calcification are prone to leaflet tearing or 
rupture.28 While high echo score alone does not predict the
occurrence of severe mitral regurgitation,39 one component,
severe calcification, does.40 Nevertheless, when the risk of
surgery is prohibitive, growing experience with predomi-
nantly elderly patients with high echo scores and poor 
overall morphology has shown moderate improvement 
in hemodynamics and palliation of symptoms at the cost of
high morbidity and mortality.41

Procedure

Antegrade v retrograde approaches

The predominant approach to percutaneous balloon mitral
valvuloplasty is the antegrade transseptal approach. The
techniques include single cylindrical balloon, Inoue, double
and trefoil balloons, as well as monorail and metal valvulo-
tomes. Inoue and the double cylindrical balloon methods
account for virtually all mitral valvuloplasties performed.
The procedure has also been performed retrograde.42–44 The
advantages include avoidance of transseptal puncture; how-
ever large devices are introduced into the femoral artery and
balloons are passed across the submitral apparatus without
balloon flotation (increasing the risk of catheter entrap-
ment). There are no direct comparison studies between
antegrade and retrograde techniques.

Inoue technique

The Inoue balloon’s principal features are: a modifiable distal
tip with reduced profile for transseptal passage, a nylon mesh
covering that allows the balloon to straddle the mitral valve,
and a compliance curve that allows the balloon to dilate over
at least a 4mm range of sizes (Figure 55.1). A stepwise
approach involves evaluating the patient, typically by echocar-
diography, between each balloon inflation to assess for
improvement and detect presence of increasing mitral regur-
gitation. If improvement is suboptimal and regurgitation has
not occurred/increased, the size is typically increased by 1 mm
increments. In reviewing 19 series reporting results of Inoue
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valvuloplasty, we noted a reported early success rate of 93%
in a total of 7091 patients.45,46 Success was variably defined
and in some reports overlapped with severe mitral regurgita-
tion, atrial septal defect or embolic events, but included a
doubling of the valve area in most studies.

Cylindrical balloon techniques

The cylindrical balloon technique, introduced in 1985,47

did not uniformly result in adequate gradient reduction and
gave way to a double balloon method.48 A stepwise dilation
technique is also used with progressively larger balloons
placed side by side until adequate gradient reduction is
obtained or an increase in mitral regurgitation is noted. The
results of 12 studies incorporating 1864 patients reported 
a 90% overall success rate.

Long-term follow up

In an extraordinary series of 4832 patients across 120 cen-
ters in China, Chen and colleagues have claimed that 98·8%
of patients were in NYHA functional class I or II at a mean 32
months follow up, 99·3% success rate, and virtually no com-
plications.49 Restenosis was reported as 5·2% over a mean 
32 months follow up. While there were likely problems with
data gathering, the evidence from multiple studies of high
success and low complication rates in patients with favorable

anatomy is consistent.20,50 Less favorable long-term results
were reported by Cohen et al51 for 145 patients followed for
a mean of 3 years. Their 5 year event free survival was only
51% (freedom from mitral valve replacement, redilation, or
death); however, a high percentage of their patients had unfa-
vorable anatomic features. In general, these descriptive series
have suffered from incomplete follow up, non-overlapping
end points, and lack of serial hemodynamic measurements
for assessing hemodynamics and restenosis.

Single v double cylindrical balloons

The disadvantages of single balloons are related to the conun-
drum of a round balloon in an elliptical orifice – resulting in
lower gradient reduction. Although no randomized compar-
isons were made, and much of the data are from sequential
individual operator series, or sequential inflations with single
followed by double balloons, the latter appears to be superior
in retrospective comparisons (Figure 55.2)52–54 as well as in
an in vitro study.55 The increased lateral force exerted by two
balloons is one presumed mechanism for the superior split-
ting of the laterally directed commissures. However, a com-
parison of effective balloon dilating area to body surface area
showed that a large single balloon could have similar hemo-
dynamic benefits as two smaller balloons. Thus, geometry is
not the sole determinant.

40
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Figure 55.2 Single v double balloon mitral valvotomy. Note the initial modest reduction of gradient from baseline (A) after single
balloon commissurotomy (B), with near complete resolution of gradient after double balloon inflation (C). (Reprinted with permission
of the American Heart Association, Inc.115)
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Inoue v double balloon (Table 55.2)

The Inoue technique’s principal advantages are simplicity
and short procedure times. The Inoue balloon differs from
cylindrical single balloons because of the unique balloon
design. The slenderizing feature that facilitates septal pas-
sage and the dumb-bell shape of the inflated balloon have
been reported by some to result in a lower incidence of
atrial septal defect (� 2·5% v up to 10% for the double 
balloon technique)56 and a much lower likelihood of cata-
strophic apical perforation.

In a prospective randomized comparison between Inoue
and double balloon valvotomy, no significant differences
were noted in immediate results, including complications.57

A trend toward fewer atrial septal defects with the Inoue
balloon was not significant. Because of a lack of other
prospective randomized comparisons by physicians equally
experienced at both techniques, questions remain unan-
swered. It is likely that an easier procedure with lower com-
plication rates (the Inoue technique) is a trade off for slightly
greater mitral regurgitation,25,58 possibly because the distal
portion of the balloon is oversized and may traumatize the
subvalvular apparatus. There are also suggestive data that
the double balloon technique, by virtue of the lateralization
of forces, is advantageous in less favorable anatomy. One
example is the result of dilation of asymmetrically fused
commissures – where the Inoue technique has been used
this led to significant risk of severe mitral regurgitation,59

whereas with double balloon technique use this appeared to
be less of a problem.60 The disadvantages of the two balloon
technique include longer procedure times, and higher risk
of left ventricular apical perforation61–64 although the higher

complication rates reported61,65 may also reflect operator
experience with this more complex procedure. 

Other techniques

Percutaneous metal mitral commissurotomy is a promising
new technique being adopted primarily in a number of 
developing countries; a series of 153 patients was described by
its inventor, Alain Cribier.66 The device, essentially a Tubbs
dilator mounted on a cable, is introduced via the right femoral
venous approach and can be opened to a maximum of 40mm.
Initial results are encouraging; in particular, what appear to be
relatively high postprocedure valve areas (2·2�0·4cm2)
and low rates of mitral regurgitation (severe mitral regurgi-
tation in 1%). Randomized trials comparing this technique
to balloon dilatation have not yet been published although
several smaller studies have been completed. The metal-
lic head of the device, the most expensive component, is 
theoretically resterilizable by autoclaving: a potential advan-
tage in parts of the world where mitral stenosis is endemic
and the cost of disposables prohibitive. 

Additional data on the retrograde non-transseptal tech-
nique previously described by Stefanadis and colleagues
have been reported67 for the first time from multiple investi-
gational sites. Long-term (up to 9 years) results are relatively
comparable to antegrade techniques. However, significant
rates of severe mitral regurgitation (3·4%) and of femoral
artery injury (1·1%), as well as a relatively modest success
rate (88%) in the setting of favorable echocardiography
scores (7·7 � 2·0), suggest that this procedure might best 
be reserved for patients where transseptal puncture has

Grade B

Grade B

Table 55.2 Comparative results of valvuloplasty techniques

Inoue Double balloon Single balloon

MVA n MVA n MVA n
(mean � SD) (mean � SD) (mean � SD)

Abdullah117 1·9 � 0·4 60 2·1 � 0·5 60
Arora57 2·1 � 0·4 310 2·2 � 0·4 290
Bassand64 2·0 � 0·5 71 2·0 � 0·5 161
Kasper118 1·7 � 0·7 23 2·2 � 0·8 22
Ortiz119 1·8 � 0·4 100 2·0 � 0·5 36
Park56a 1·9 � 0·5 59 2·0 � 0·5 61
Rothlisberger120 1·6 � 0·6 145 1·8 � 0·7 90
Ruiz121 1·9 � 0·3 85 2·0 � 0·6 322
Sharma25 2·2 � 0·4 120 2·1 � 0·5 230
Trevino60 2·0 � 0·4 157 2·1 � 0·5 56
Zhang61 1·8 � 0·3 43 1·8 � 0·4 43
NHLBI122 2·0 � 0·8 591 1·7 � 0·7 114

aStudy by Park et al was randomized. 
Abbreviation: MVA, mitral valve area in cm2



unique contraindications. Because of the learning curve
associated with this procedure, and the fact that most
patients are amenable to the antegrade approach, the long-
term role of this technique is uncertain. Similarly, a series of
antegrade Inoue balloon valvuloplasties via a jugular venous
route had a significant associated complication rate, but rep-
resents another alternative approach.68 Finally, Bonhoeffer
and colleagues have described a monorail double balloon
technique that has potential cost advantages and simplifies
the standard double balloon technique; no formal compari-
son to other techniques has been performed.69

Intraprocedural transesophageal
echocardiography

Use of transesophageal echocardiography during balloon
mitral valvuloplasty has been recommended for early detec-
tion of major complications (severe mitral regurgitation, 
tamponade, and large atrial septal defect).70 In addition,
transesophageal echo can confirm needle location during
transseptal puncture.71 Finally, decreased procedure time,
mitral regurgitation, and residual atrial septal defects have
been described in a randomized study of fluoroscopy plus
transesophageal echo versus fluoroscopy without echo during
balloon commissurotomy.72 The evidence provided by these
three studies is not compelling. The latter included a 60% rate
of major complications in the non-echo group, suggesting lim-
ited experience. Surface two-dimensional echocardiography is
sensitive enough to detect increasing mitral regurgitation in
most patients, and is an excellent tool for early appreciation of
tamponade. Atrial septal defects are becoming substantially
less common and are largely limited to 5mm or smaller and
resolve post procedure. Finally, transseptal puncture in experi-
enced hands has limited risk; arguably the procedure should
not be performed by those who need transesophageal echo
guidance. Intracardiac echo using a transducer placed via the
femoral vein may be an alternative but has not yet been tested
systematically in this setting.

Complications

The learning curve is steep, which has had a major effect
both on success and complication rates,73 as well as skewing
data in the literature.56 The National Heart Lung Blood
Institute (NHLBI) registry reported substantially lower rates
of all major complications except acute mitral regurgitation
at centers performing more than 25 cases and in the second
year that sites enrolled patients; a willingness to attempt bal-
loon commissurotomy in higher-risk subsets in the second
year may explain the mitral regurgitation. A recent report
compares the first 100 cases of Inoue balloon dilatation ver-
sus a subsequent 133 cases, all by the same high volume

operator with extensive prior double balloon experience.
The postprocedure valve area, overall success rate and 
complication rates were significantly improved beyond 
100 cases.74 It is likely that the best interests of patients
undergoing the procedure would be served by having 
relatively few centers perform higher volumes.

Overall mortality has been approximately 1%, most 
commonly related to tamponade not only from transseptal
catheterization75 but also from fenestration of the left ventric-
ular apex, in particular by the cylindrical balloon technique.
The incidence of tamponade has ranged from 2% to 4%,
severe mitral regurgitation from 1% to 6%, and cerebral 
vascular accident and/or thromboembolism in up to 4%.
Disturbingly, magnetic resonance imaging detected new
hyperintensitivity foci suggestive of cerebral infarcts in 11 of
27 patients.76 All had been evaluated before their procedure
by transesophageal echocardiography without detection of
clot. Thus, embolization may be common even if not clinically
apparent. The probable sources are intracavitary clot, catheter
induced thrombus formation and showers of calcium.

Atrial septal defects were a significant source of early
complications,76 arising from transseptal tearing secondary
to inadvertent proximal deployment of cylindrical balloons,
withdrawal of winged balloons retrograde, or trauma to the
septum from 5 or 8 mm balloons used to dilate the septum.
Theoretically these problems should be avoidable by use of 
a dilator and a shorter balloon system, both features of the
Inoue technique, and indeed this has been the finding.77 It
should be noted that decompression of the left atrium by a
significant sized post procedure atrial septal defect may have
influenced the results of some balloon valvuloplasty series
and may lead operators to overestimate the mitral valve area
post procedure.78

Predictors of outcome

Predictors of outcome were addressed in a number of non-
randomized prospective and retrospective analyses. Factors
predicting poorer functional class, hemodynamics, overall
and event free survival were found to include age, presence of
atrial fibrillation, valvular calcification, and postprocedure
results, with event free survival at 6–7 years ranging from 15%
(unfavorable baseline anatomy) to 83%.79–81 Although these
studies were not randomized, they incorporate a broader
spectrum of patients with mitral stenosis than the random-
ized trials, and may represent a more “real world” assessment
of results to be expected in the overall population.

Additional attention was focused on predictors of adverse
outcome, in particular mitral regurgitation. Age and severity
of mitral stenosis,82 and degree of anterior leaflet retrac-
tion83 correlated with postprocedure insufficiency. The
nature of pre- and postprocedure mitral regurgitation was
carefully studied in 50 patients.84 As previously noted,

Balloon valvuloplasty: mitral valve

801



described a 10-fold increase in restenosis rates at 5 years for
patients with prior commissurotomy100 (both to approxi-
mately 20%). Most significant is the finding by Jang and 
colleagues that stratification by echo score resulted in 
nearly superimposable results for de novo and repeat 
commissurotomy procedures, suggesting that results are
defined by valve morphology rather than history of prior
commissurotomy.98

Bioprosthesis

Several case reports have described successful balloon
dilatation of bioprosthetic mitral valves, although both the
hemodynamic and longer term benefits were obscure in all
but one.101–103 However, bioprosthetic valves are typically
similar histologically to those seen in calcific aortic stenosis:
severe leaflet thickening, immobility and calcification, with-
out commissural fusion.104,105 Thus, a formal
intraoperative study, examining the morphology of severely
stenosed bioprosthetic valves before and after balloon dila-
tion, revealed “completely ineffectual” dilation106 with sub-
stantial leaflet tearing and cuspal perforation. Although the
need for a percutaneous approach to the problem is great,
the data do not support bioprosthetic mitral valve dilation.

Balloon v surgical commissurotomy

Randomized trials comparing balloon and surgical commis-
surotomy were begun early in the development phase of the
percutaneous technique. Because both use blind dilation of
the valve with blunt instruments, and because closed com-
missurotomy was the predominant procedure in countries
where mitral stenosis was prevalent, the early randomized
trials compared balloon and closed commissurotomy. In
these studies, surgeons were typically more experienced
than the operators performing balloon valvuloplasty. In
1988 we randomized 40 patients with relatively ideal
anatomy and severe mitral stenosis;107 these patients have
been followed with serial catheterization and echocardiogra-
phy over a 7 year period; there were similar hemodynamic
improvements in both groups, sustained through 7 years
(Figure 55.3), with one late death in each group and need for
repeat commissurotomy in 20%.108 The actual restenosis
rate (26% in the balloon group and 35% in the surgical
group) as defined by a 50% loss of the gain and a valve 
area �1·5 cm2 is significantly higher than the repeat 
commissurotomy rate because restenosis and functional
class do not correlate strongly. Thus it is likely that resteno-
sis rates in trials that have not done formal follow up hemo-
dynamics underestimated the true severity of disease during
follow up. Two other studies have compared balloon and
closed commissurotomy with shorter, non-invasive follow
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severe mitral regurgitation is typically due to leaflet tearing,
while most new mitral regurgitation is typically pericommis-
sural in origin. In addition to anatomic predictors, the steep
compliance curve of the Inoue balloon was reported as a
likely culprit for severe mitral regurgitation.85 Use of balloon
sizes in the upper portion of the pressure-volume curve was
associated with increased mitral regurgitation; whether this
finding, based on retrospective observation, is truly causal is
unproven, but has been the subject of numerous anecdotal
reports and several abstracts. Previous observations that
patients with prior surgical commissurotomy have satisfac-
tory but inferior results were again confirmed.86,87

Perhaps the most comprehensive analysis of outcome 
was a recently published follow up of up to 15 years in 
879 patients. Severe postprocedure mitral regurgitation,
echo score �8, age, prior surgical commissurotomy, NYHA
functional class IV, moderate preprocedure mitral regurgita-
tion, and elevated pulmonary artery pressures postproce-
dure were identified as independent predictors of adverse
events at long-term follow up.88

Valvuloplasty for mild mitral stenosis

Several studies have looked retrospectively at the results 
of balloon valvuloplasty for patients with valve areas of
1·3–1·5 cm2.89,90 While historical comparisons suggest
greater valve area increase than in patients with severe
mitral stenosis, there is no evidence that the risk of occa-
sional mortality, need for mitral valve replacement or other
major morbidity warrants this approach. The possibility that
early commissurotomy may adversely affect the course of
the disease, including progression to pulmonary hyperten-
sion, atrial fibrillation and stroke remains a hypothesis in
need of prospective investigation.91

Pregnancy

There have been multiple reports of successful balloon com-
missurotomy during pregnancy.92–94 The procedure has been
performed with echo guidance and without fluoroscopy95 to
avoid radiation exposure to the fetus. 

Dilation for restenosis

Reoperation for mitral valve stenosis has long been associ-
ated with increased morbidity and mortality.96 Several large
balloon commissurotomy series have reported inferior over-
all results compared to de novo dilatation. Davidson reported
less symptomatic improvement97 while Jang described a 20%
lower success rate (only 51% having valve area �1·5 cm2)
and nearly 20% requiring mitral valve replacement by 
4 years.98 Cohen described twice the frequency99 and Medina

Grade B

Grade C



Balloon valvuloplasty: mitral valve

803

up only; these have demonstrated balloon results superior
to73 or similar to closed commissurotomy.109 However
closed commissurotomy in the former study resulted in only
a 1·3 cm2 mean valve area, suggesting relatively unaggres-
sive dilation. Finally, a randomized comparison by Ben
Farhat and colleagues described superior acute results
(2·2 � 0·4 cm2 v 1·6 � 0·4 cm2) for balloon valvuloplasty
and 4 year restenosis rate of 7% v 37%.110 Thus balloon
commissurotomy is at least equal and probably superior to
closed surgical commissurotomy. Grade A
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Figure 55.3 Mitral valves areas at baseline and each follow up
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3 years in patients randomized to percutaneous
balloon or surgical closed mitral commissurotomy.108 Asterisk
denotes P � 0·001 compared with baseline.
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Figure 55.4 Mitral valve areas at baseline and at each follow up
interval in patients randomized to balloon or open surgical com-
missurotomy. The values represent the percentile of patients
whose valve areas are 	 the valve areas on the abscissa. The
baseline values overlap, but a shift to the right (representing
higher valve areas) is seen for the balloon group at each time
point. (Reprinted by permission of the New England Journal of
Medicine. Copyright © 1994, Massachusetts Medical Society.113)

Open commissurotomy v balloon

The hypothesis that open commissurotomy would be supe-
rior to balloon valvuloplasty was based on the potential 
benefits of direct vision, including surgical splitting and
remodeling of the subvalvular apparatus, neither of which
are features of closed or balloon commissurotomy. A pro-
spective series of 100 open commissurotomy patients 
gathered data specifically for historical comparison to the
then reported results of balloon valvuloplasty and concluded
that open commissurotomy was distinctly superior.111 The
results of surgery, mean valve area 2·9 cm2, exceeds expec-
tations and may be related to technique of measurement112

or patient selection, while mitral regurgitation was absent in
all but eight cases (where it was reported to be mild), results
also testimony to great operator skill but in excess of prior
reports.8 On the contrary, the more compelling
evidence from prospective randomized studies is for similar
or superior results with balloon commissurotomy. In 1989
we randomized 60 patients to a prospective comparison of
balloon versus open commissurotomy.113 Patients had near
identical baseline hemodynamics but those undergoing bal-
loon commissurotomy had superior mitral valve areas at 3
years (Figure 55.4). A possible explanation for superior
results in balloon commissurotomy patients is the direct and
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continuous feedback to the operator of hemodynamics 
during catheterization laboratory procedures, which even
with the advent of transesophageal monitoring in the 
operating room is not available to the same degree to the
surgeon.

In the trial referred to earlier, Ben Farhat and colleagues
report a three-way randomized comparison of balloon,
closed and open surgical commissurotomy in 90 patients.110

Most of the objective information is through 6 month follow
up, although clinical status/events and valve areas are
described through 7 years. Their results, which include an
absence of mortality, NYHA class I function in 90% of the
balloon and open mitral commissurotomy (OMC) patients,
and residual valve area of 1·8 cm2 in these two groups at 
7 years with only 7% restenosis, are exceptionally optimistic.
The results of closed commissurotomy were distinctly 
inferior. Because functional class correlates poorly with
hemodynamics in mitral stenosis and because planimetry,
the technique used here for mitral valve area assessment
beyond 6 months, is subjective when the commissures are
open (and was not performed by blinded investigators), the
findings of this study need to be confirmed. Less optimistic
data, utilizing hemodynamics and blinded interpretation, sug-
gest that restenosis rates may be 25% by 7 years even in
patients with relatively ideal valve anatomy preprocedure.114

Nevertheless, this paper confirms that balloon valvuloplasty
is at least as effective as open commissurotomy for patients
with severe mitral stenosis and ideal valve anatomy. 



outcome, balloon commissurotomy, at the cost of higher risk
in patients with unfavorable anatomy, still has the potential
for palliation. The safety and efficacy of Inoue and double
balloon valvuloplasty are not compellingly different in expe-
rienced hands and the selection of techniques should be
based on operator preference, experience, and equipment
availability. Low cost, avoidance of thoracotomy scar and dis-
comfort, shorter hospitalization and excellent follow up
results to date mandate consideration of balloon valvulo-
plasty in most patients with rheumatic mitral valve stenosis
without significant contraindications. Since balloon as well
as surgical commissurotomy are largely palliative procedures,
percutaneous balloon valvuloplasty has the added benefit of
delaying the time until eventual thoracotomy. 

In summary, percutaneous balloon mitral valvuloplasty is a
superior alternative to surgical commissurotomy for a signifi-
cant subset of patients with rheumatic mitral stenosis. Careful
case selection and performance of the procedure by experi-
enced teams will have a significant impact on outcome. Both
clinical and financial considerations suggest that balloon
valvuloplasty is the procedure of choice for rheumatic mitral
stenosis in patients with suitable anatomy. 

Key points

● Ideal patients have severe mitral stenosis without:
�mild mitral regurgitation, severe subvalvular disease,
or severe calcification

eccentric commissural fusion, clot in left atrium, 
volume loaded left ventricle

● Procedure may be of benefit in:
�critical mitral stenosis, but evidence for favorable
long-term risk–benefit ratio is lacking

patients with unfavorable anatomy, including moderate
mitral regurgitation, but with less favorable results
and higher morbidity/mortality

patients with mitral restenosis, dependent on anatomic
features

pregnant patients
● Balloon valvuloplasty is superior to closed commissuro-

tomy and is equivalent or superior to open commissuro-
tomy in ideal patients
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Introduction

Changes in treatment of mitral regurgitation provide a classic
example of how advances in surgical technique influence the
overall strategy of medical management of valvular heart dis-
ease, including both the indications for and timing of opera-
tion. In North America, degenerative diseases such as floppy
valves and ruptured chordae tendineae are the most com-
mon causes of non-ischemic mitral valve regurgitation.1–3

Previously, clinicians observed patients with mitral regur-
gitation until symptoms developed or until there was evi-
dence of left ventricular failure. Usually, operation resulted
in replacement of the valve with a prosthesis. This left the
patient with ventricular dysfunction, irreversible in some
cases, and also the attendant prosthesis-related risks such as
thromboembolism, hemorrhage caused by systemic anti-
coagulation, infection, and risks of mechanical failure. The
advent of mitral valve repair, with its predictability and
safety, lead to new criteria for intervention. Indeed, early

operation for valve repair should be considered for all
patients with severe mitral regurgitation.4,5

Timing of operation for mitral 
valve regurgitation

Mitral valve regurgitation often progresses slowly
and because of favorable loading conditions, left ventricular
dysfunction can develop even though systolic indices of left
ventricular performance are maintained. Indeed, with severe
mitral valve regurgitation, normal ventricular function
should result in a hyperdynamic left ventricle with a supra-
normal ejection fraction. When the ejection fraction falls
below 60% in the presence of severe mitral regurgitation, 
the prognosis of patients after surgical correction worsens
(Figure 56.1).4 However, the relative insensitivity of ejection
fraction in gauging ventricular performance in patients with
mitral regurgitation has led to the development of indices of
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left ventricular function that are less dependent on preload,
such as end systolic dimension. Again, prognosis after valve
repair or replacement is poor when preoperative left ventric-
ular end systolic dimension exceeds 45 mm.4 Thus, even in
an asymptomatic patient with an ejection fraction greater
than 60%, if left ventricular end systolic diameter approaches
45 mm, valve repair should be seriously considered.4

Valve repair v replacement

There are no prospective, randomized studies
comparing outcomes after mitral valve repair with replace-
ment for mitral regurgitation. In addition, it is often difficult
to compare these two modes of surgical treatment by
review of the literature because of heterogeneous patient
populations.6 Patients with anatomy favorable for valve
repair may have less advanced disease when compared to
those patients in whom valve replacement is necessary.7

However, even with these confounding factors, some
generalizations can be made. First, analysis based upon
adjustment for baseline differences in patient populations
indicates that patients undergoing mitral valve repair have
improved survival and better postoperative left ventricular
function than patients undergoing mitral valve replacement
(Figure 56.2).7 In addition, patients undergoing valve repair
have a lower operative mortality than their counterparts
having prosthetic replacement (Table 56.1).6 These good

Grade A

results following valvuloplasty are, at least in part, due to
maintenance of normal left ventricular geometry and func-
tion through preservation of the valve-chordal-papillary
muscle complex.8–11

Importantly, valve repair and replacement have similar
low rates of reoperation. A study from our clinic comparing
the outcomes of 195 patients undergoing valve repair with
214 who underwent valve replacement for organic mitral
regurgitation demonstrated that freedom from reoperation
was 90% and 93% (repair and replacement) at 5 years 
and 75% and 80% at 10 years respectively (P � 0·47)7

(Figure 56.3).
Valve repair can even be undertaken in some patients

with calcification of the leaflets and annulus. Although this

Evidence-based Cardiology

810

0
0

20

40

60

80

La
te

 s
ur

vi
va

l (
%

)

100

1 2 3 4 5 6 7 8 9 10

188 175 164 148 127 108 85 70 50 37 25

0 1 2 3 4 5 6 7 8 9 10

187 180 166 122 86 69 48 37 22 10 7

P = 0·0001 P = 0·77

Expected

Years

Observed

58 ± 5%

Valve replacement Valve repair

69 ± 6%

Figure 56.2 Plots of late survival (in operative survivors) of patients with valve replacement (left) and valve repair (right) compared
with their expected survival. Note that in patients with valve repair, there is no difference in the expected survival, whereas in patients
with valve replacement, the survival is significantly lower than expected. (From Enriquez-Sarano et al.7)

Table 56.1 Operative mortality for mitral valve replace-
ment v repair

Replacement Repair P

Overall n � 214 n � 195
(10·3%) (2·6%) 0·002

Age 	75 years n � 39 n � 44
(30·8%) (6·8%) 0·0005

Age �75 years n � 175 n � 151
(5·7%) (1·3%) 0·036

From Enriquez-Sarano et al7



presents a challenge to the surgeon, repair utilizing standard
techniques after tissue decalcification and debridement does
not adversely affect surgical outcome.12,13 Mitral valve
repair rather than replacement is also possible in the setting
of native valve endocarditis, as this results in lower hospital
mortality and improved long-term outcome when compared
to valve replacement.14 Thus, valve repair for mitral regurgi-
tation, whatever the etiology, should be the first choice of
surgical correction.

Freedom from reoperation for structural valve-related
degeneration has been reported as high as 90% at 10 years
and 85% at 15 years following valve repair.15 In patients
who exhibit valve failure following repair, successful re-
repair can be undertaken in 16–21% of patients.16,17 Thus,
the ultimate likelihood of requiring a mitral prosthesis fol-
lowing surgical repair of mitral regurgitation is very low.

Basic concepts of repair

Prolapse of a segment of the posterior leaflet is treated by tri-
angular or quadrangular resection of the unsupported por-
tion or by plication of the redundant leaflet tissue.18,19 In
patients with anterior leaflet prolapse, with or without
chordal rupture, we favor chordal replacement with Gore-
Tex suture.20

Dilation of the valve annulus almost always accompanies
mitral regurgitation.21 Progressive annular enlargement
worsens regurgitation by further decreasing the area of
leaflet coaptation. The dilation tends to be asymmetrical, in
that it affects the mural leaflet up to the commissures.22

Dilation changes annular shape so that the anteroposterior
diameter of the valve becomes greater than the transverse
diameter. Because of this, an annuloplasty procedure is an
integral part of mitral valve repair. The goals of an annulo-
plasty are fourfold:

1. decrease annulus diameter, thereby decreasing the area
that the leaflets must seal;

2. prevent further dilation of the annulus;

3. allow coaptation of the leaflets along several millimeters
from their free margins, thus decreasing the probability
of tears in areas where segments of leaflets or chordae
were repaired;

4. restoration of normal annulus shape.

Annuloplasty is typically performed with a prosthetic
ring;23,24 we favor a partial posterior ring25 to reorient the
anterior or posterior leaflets for adequate coaptation (Figure
56.4). Postoperative valve function as assessed by degree of
regurgitation, transvalvular gradient, and valve area is com-
parable, irrespective of which technique is utilized.25 It
should be noted that the normal mitral annulus changes size
and shape during the cardiac cycle.26–29 This “sphincter-
like” function results in a reduction in valve area by 26%
during systole, which is associated with a change in shape
from circular to elliptical.30 If a flexible annuloplasty is uti-
lized for repair rather than a rigid ring, superior left ventric-
ular systolic function can be demonstrated early and late
following valve repair.31,32

Valve replacement

Choice of a valve prosthesis requires considera-
tion of the qualities of the valve weighed against the
patient’s needs. Durability of the prosthesis is often the pri-
mary concern of the patient. Indeed, when discussing valve
replacement with a patient, the most commonly asked ques-
tion is “How long will it [the prosthesis] last?” For currently
available mechanical valves in the United States, the answer
is a qualified “forever”, qualified in the sense that intrinsic
material failure of mechanical valves is now extremely
rare.33 However, this does not mean that a valve might not
need to be replaced because of extrinsic mechanical failure
(for example, pannus ingrowth inhibiting proper function of
the closure mechanism), and the patient should understand
these differences. Durability of biologic valves is not so well
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defined for the individual patient. Indeed, as outlined below,
by their very nature, tissue valves have a limited lifespan
and their use must be matched to a patient’s needs.

Anticoagulation and thrombogenicity are the other major
issues with prosthetic valves. Mechanical valves offer excel-
lent durability that clearly surpasses that of currently available
tissue valves, but thrombus formation and thromboembolism
are recognized hazards. Anticoagulation to prevent thrombo-
embolism introduces an incremental risk to a patient. Indeed,
taken together, anticoagulant-related hemorrhage and throm-
bosis account for up to 75% of complications following
mechanical valve replacement.34

Finally, when evaluating different types of cardiac valve
prostheses, one must understand the concepts of valvular
hemodynamics. These are directly related to valve design and
determine the work the heart must expend to pump blood
through the prosthesis. All currently approved prosthetic
valves have a sewing ring which, with the housing of the
valve, takes up a certain cross-sectional area in the path of
blood flow. This “sewing ring area” is larger for the tissue
valves than for the mechanical valves. The effective orifice
area (EOA) of a valve is the actual area of the valve available
for blood flow. If one divides the EOA by the sewing ring area,
one can calculate the performance index of a given valve. 
The performance index of currently available porcine 
valves ranges from 0·35 to 0·4, pericardial valves 0·65, 
and tilting disc valves from 0·67 to 0·70, so that all stent
mounted prosthetic valves are, by definition, stenotic com-
pared to normal native valves. The potential for residual out-
flow obstruction when a small prosthetic valve is used in a
large patient gives rise to the condition termed valve-
prosthesis patient mismatch.35,36 For most patients, the trans-
valvular gradient is small and of little clinical significance. It
should be noted, however, that as the valve size decreases
and the EOA concomitantly decreases, there can be a precipi-
tous rise in the transvalvular gradient, which could cancel out
the clinical improvement anticipated from valve replacement.

Two other aspects of valve function are often overlooked:
dynamic and static prosthetic valve regurgitation. Dynamic
regurgitant fraction is the amount of regurgitation that
occurs through a valve before the occluder has a chance to
close fully. This is lowest for the tilting disc valves, followed
by the bileaflet prostheses; the greatest dynamic regurgita-
tion is associated with the ball and cage prostheses.37 Static
regurgitation occurs through a valve after the valve has
closed. Some static regurgitation is engineered into most
valves to wash the valve components and eliminate
microemboli. Bileaflet valves and Medtronic-Hall tilting disc
valves have greater static regurgitation than ball and cage
valves.37 Although regurgitant volume through a normally
functioning prosthesis is not important in a patient with ade-
quate ventricular function, in the face of decreased ejection
fraction, large regurgitant volumes may attenuate the hemo-
dynamic improvement produced by valve replacement.

Mechanical valves

Currently in the United States, there are five cate-
gories of mechanical valves approved for implication by the
Food and Drug Administration. These include the St Jude 
(St Jude Medical, Minneapolis, MN) bileaflet prosthesis, the
Medtronic-Hall (Medtronic Inc, Minneapolis, MN) tilting disc
valve, the CarboMedics (CarboMedics, Austin, TX) bileaflet
prosthesis, the Starr-Edwards ball valve (Baxter Healthcare,
Santa Ana, CA), and the Omnicarbon tilting disc valve, which
evolved from the Omniscience valve. There are few prospec-
tive, randomized studies comparing outcomes between these
categories of valves in the same patient populations.

Non-randomized studies and informal comparisons of
published series show little difference in late patient out-
come, either in morbidity or mortality, following implanta-
tion of currently approved mechanical prostheses (for
review, see reference37). Several prospective, randomized
studies comparing specific valves bear out this assertion.
Schulte and associates randomized 150 consecutive patients
to receive a tilting disc prosthesis or Starr-Edwards valve or
mitral valve replacement; there was no significant difference
in late patient survival (mean follow up 14·8 years) between
the two tilting disc valves (Bjork-Shiley, Lillehei-Kaster) and
a ball and cage prosthesis (Starr-Edwards).38

In another randomized study of 102 patients, Fiore and
colleagues found no significant difference in linearized rates
of valve-related events and 3 year actuarial survival between
a tilting disc (Medtronic-Hall) and bileaflet (St Jude) prosthe-
sis (Figure 56.5).39 Even when comparing an early model tilt-
ing disc prosthesis (Bjork-Shiley) with a bileaflet prosthesis
(St Jude), no significant difference in early and late survival
or major bleeding complications could be demonstrated in
178 patients in a prospectively randomized, European study
(mean follow up of 52 months or 778 patient-years).40 Thus,
with regard to clinical performance and hemodynamic data,
there are no large randomized studies that definitively
demonstrate the superiority and thus preferential selection of
one mechanical prosthesis over another.

Bioprosthetic valves

The three most commonly used bioprostheses are
the Hancock porcine valve (Medtronic Inc) and the
Carpentier-Edwards porcine and bovine pericardial valves
(Baxter Healthcare). The main drawback of the bioprosthetic
valves is structural deterioration which is not a simple linear
function of time as the rate of structural dysfunction steadily
accelerates after 5–6 years of implantation.41–43 Regurgitation
through cusp tears associated with calcific nodules is the
most frequent form of bioprosthesis failure; pure stenosis due
to calcified leaflets occurs infrequently. Structural dysfunction
of bioprostheses is markedly accelerated in children, adoles-
cents, and young adults, but is attenuated in very elderly
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patients. For aortic bioprostheses, patients younger than
39–44 years of age have structurally related, event free esti-
mates ranging from 58% to 70% at 10 years;43–45 this drops
to 33% at 15 years.46 This is in contrast to patients over 70
years of age, who have event free estimates of 95% and 93%
at 10 and 15 years following implantation.46 Event free esti-
mates for patients between 60 and 69 years of age, 10 years
following implantation, range from 92% to 95%.45–47

Many investigators have compared the performance of
the Hancock and the Carpentier-Edwards porcine biopros-
theses. In general, no significant differences in the short-
and long-term performance of these valves have been
demonstrated.48–51 Indeed, at 10 year follow up of 174
patients undergoing mitral or aortic valve replacement who
were prospectively randomized to receive either a Hancock
or Carpentier-Edwards porcine bioprosthesis, there were no
significant differences in patient survival, durability of the
prosthesis or valve-related complications.48 These findings
were confirmed in another study of 147 patients random-
ized to receive either the Carpentier-Edwards or Hancock
porcine bioprosthesis in the mitral position. At 10 years, no
significant differences in survival or valve-related complica-
tions were apparent.52

Previously, all commercially available bioprostheses were
mounted on a stent or frame to give the relatively flaccid tis-
sue valve a fixed base to facilitate implantation. The stent
and sewing ring, however, significantly decrease the EOA
and make tissue valves relatively obstructive when com-
pared with mechanical prostheses. There has been consider-
able interest recently in stentless bioprosthetic valves that
are inserted in much the same fashion as homografts.
Hemodynamic performance of stentless bioprostheses is
good and like other tissue valves, no anticoagulation is
required.53–56 In one report, 254 patients with the Toronto
SPV stentless valve (St Jude Medical) were followed for 
3 years and the initially favorable EOAs and transvalvular
gradients were said to improve with time.53 In addition, left
ventricular mass decreased by 14·3% in the study period.

The primary mode of failure of stentless valves, like 
all bioprostheses, is valvular regurgitation. Indeed, 27% of
200 patients were found to have aortic insufficiency 1 year
following implantation of a stentless aortic valve (PRIMA
Edwards; Baxter Healthcare); however, only one patient
exhibited grade 3 insufficiency.55 In addition, in a non-
randomized study of 150 patients receiving either a stentless
bioprosthesis (PRIMA Edwards), a traditional bioprosthesis
or a homograft, no difference in morbidity or mortality was
noted between the groups after 1 year.57 While the initial
data on stentless bioprostheses in the aortic position are
encouraging, further long-term studies will be needed to
establish their ultimate role in the management of aortic
valve disease.

Development of stentless valves for the mitral position
has been difficult. Because the mitral valve annulus changes
shape during the cardiac cycle, a stentless prosthesis in this
location requires additional external support to maintain
competence. This engineering challenge has been met by
using artificial chordae to anchor the stentless valve to
native papillary muscle.58 Short-term success has been
reported, but a stentless prosthesis for the mitral position
should be considered as experimental.

An additional category of tissue valves currently available
for implantation are homografts. These are human tissue
valves (either aortic or pulmonic) that have been harvested
from cadavers, sterilized antibiotically, and cryopreserved.59,60

Homografts have many attractive features including minimal
gradients, low thrombogenicity without need for anticoagula-
tion, and low risk of infection, even when used in patients
with active endocarditis.61,62 Implantation of a homograft is
considered more difficult than implantation of a stent mounted
bioprosthesis and both experience of the surgeon and surgical
technique appear to influence late results.63 Freedom from
reoperation due to structural deterioration of homografts 
has been reported to range from 83% at 8 years64 to 86% at
14 years.60 When valve failure occurs, it is due to the gradual
development of insufficiency.

Valve repair and choice of valves
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The other homograft available for aortic valve replacement
is the pulmonary valve autograft (termed the Ross proce-
dure). The Ross procedure involves excision of a patient’s nor-
mal pulmonic valve (autograft) and utilizing it to replace the
diseased aortic valve.65,66 A cryopreserved human pulmonary
artery homograft (allograft) is then implanted to replace the
native pulmonic valve. There are many positive aspects of the
operation. First, as both of the valves are tissue valves, no
anticoagulation is required. Second, since the pulmonic valve
autograft is not exposed to the antibiotic sterilization or cryo-
preservation process, it is viable and has potential for growth
and long-term durability.67,68 In one series of 195 patients,
the freedom from reoperation (autograft or allograft) was
reported to be 89% at 5 years.69 Compared to allograft
replacement of the aortic valve, patients receiving the pul-
monary autograft have comparable hemodynamics and early-
to medium-term postoperative recovery.70

However, there are three potential drawbacks to the pul-
monary autograft. First, the operation converts single valve
disease to a double valve replacement. And even if the pul-
monary autograft functions perfectly, there is potential for
tissue degeneration and obstruction of the pulmonary allo-
graft; in fact, the need for right-sided valve re-replacement
may be underestimated. In the best of hands and in carefully
selected patients, cumulative risk of reoperation for pul-
monary valve substitute approaches 20% at 20 years postop-
eratively.65,71 In addition, there is a 10–20% incidence of
autograft aortic insufficiency, grade 2�, following opera-
tion.72 Long-term follow up from multiple institutions 
is necessary to define the safety and durability of the 
pulmonary autograft for aortic valve replacement.

Comparative studies of mechanical v
bioprosthetic valves

In a prospective, randomized study in which
262 patients received either a mechanical (Bjork-Shiley) or
porcine bioprosthesis (initially Hancock and subsequently
Carpentier-Edwards) in the mitral position, actuarial sur-
vival and incidence of thromboembolism was comparable at
7 years follow up.73 Another prospective, randomized study
also demonstrated comparable survival following valve
replacement with either a mechanical valve or bioprosthe-
sis.74 Five hundred and seventy-five men, scheduled to
undergo either aortic or mitral valve replacement, were ran-
domized either to receive a mechanical valve (Bjork-Shiley)
or porcine bioprosthesis (Hancock). After 11 years, survival
rates and freedom from all valve-related complications were
similar for both patient groups. However, the profile of
valve-related complications was different in that structural
failure was only observed with the bioprosthetic valves,
whereas bleeding complications were more frequent in
patients with mechanical valves. Thus, while the types of
complications might differ between patients with either a
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bioprosthesis or mechanical valve, the actual incidence of
the complications is comparable and survival is similar. As
such, the choice between a bioprosthesis and a mechanical
valve should be based on other factors.

Matching the patient to the prosthesis: factors 
in selecting a valve for implantation

Because patient survival following valve replace-
ment is independent of the type of prosthesis used and
dependent on other factors, one needs to focus on patient
variables when selecting a valve. First, one must assess a
patient’s life expectancy after valve replacement. For
patients aged 65–69 years undergoing aortic and/or mitral
valve replacement, survival is approximately 53% at 
10 years and 25% at 15 years; for patients 70 years of age or
older, survival is 30–38% at 10 years and 25% at 15 years.47

Coronary artery disease requiring bypass grafting at the time
of valve replacement further decreases long-term survival.75

All other factors being equal, it has been our practice to sug-
gest a mechanical valve to patients 70 years or younger and a
bioprosthesis to those 75 years and older. In the “gray area”
between 70 and 75 years, recommendations are made based
upon a patient’s general health and personal preference.

The other major issue related to the choice of a valve
prosthesis is anticoagulation. Obviously, a mechanical valve,
with its obligatory need for lifelong oral anticoagulation,
would be contraindicated in a patient who:

● has bleeding tendencies
● because of geography or psychosocial issues, would be

unable to monitor the level of anticoagulation
● has an occupation with a high risk of trauma
● is a female of childbearing age who desires a future

pregnancy.

In these situations, one of the tissue valves would be indi-
cated. However, if a patient is likely to require anticoagula-
tion for some other condition such as atrial fibrillation, 
a large left atrium, chronic deep venous thrombosis or 
a mechanical prosthesis in another location, then a mechan-
ical valve is chosen for its durability. In addition, if for some
reason a patient would be at great risk for reoperation and
valve re-replacement, a mechanical valve is favored.
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The diagnosis and management of infective endocarditis (IE)
raises many questions and clinical decisions which invite
application of the principles of evidence-based medicine.
Most of these have not been formally asked or answered by
means of controlled clinical studies. Current practice is
based upon an extensive accumulation of uncontrolled clin-
ical experience, rather than upon validated clinical trials.

Here we will discuss common issues that arise during
diagnosis and management of IE. Recommendations will be
offered, along with an evidence-based grading (on an A, B,
C scale) of the basis for each recommendation.

Background

Pathophysiology

Endocarditis refers to inflammation of the endocardial lining
of the heart. The heart valves are most often involved, or
less commonly the lining of the heart chambers (mural
endocarditis). When the lesions of endocarditis (vegeta-
tions) contain micro-organisms, the associated disease is
termed infective endocarditis. This general term covers the
various clinical subcategories of the disease (for example,
acute, subacute, prosthetic valve infection) and also the 
various etiologic agents (bacteria, yeasts or fungi).

The pathophysiology of this disease often begins with the
formation of non-bacterial thrombotic endocarditis (NBTE).
This lesion, which is sometimes called a “fibrin-platelet
plug”, is a receptive precursor site which may become
infected by circulating organisms during the course of a 
bacteremia or fungemia.1–3 NBTE is not normally found in
healthy hearts, but it may develop on an endocardial lining
which has been damaged by one of several mechanisms.
One of the most common pathogenic mechanisms is that of
a cardiac valvular lesion, such as scarring or stenosis, leading
to high velocity turbulent flow across the valve, with result-
ant damage to the endothelial lining.4,5 The damaged area
may become a locus for deposition of fibrin and platelets,
resulting in NBTE. The type of underlying cardiac valvular
lesion determines where a vegetation is most likely to form
on the endocardial surface. A bacteremia caused by organ-
isms that have the capacity to adhere to this lesion, mediated

by surface factors such as adhesins, may seed the NBTE and
lead to development of an infected vegetation.1–3,6

Vegetations are the pathologic hallmark of IE.1,2,6 They
are composed of masses of organisms enmeshed with fibrin,
platelets, and a variable (often scanty) inflammatory infil-
trate. The vegetations may be of various sizes, and may 
or may not progress to cause further valvular, perivalvular,
or extracardiac complications. Valvular complications may
include valvular dysfunction, destruction, or obstruction.
Perivalvular complications include extension of infection
into adjacent structures, which may result in formation of a
perivalvular abscess. Extracardiac complications most com-
monly result from embolic phenomena such as emboliza-
tion into the coronary arteries or the systemic arterial tree,
resulting in ischemia, infarcts, and sometimes secondary
bleeding. Less commonly, abscesses or mycotic aneurysms
may develop in various organs. Other extracardiac compli-
cations may include immune complex mediated disease
such as glomerulonephritis.

Epidemiology

IE has been variously categorized in the past as acute, sub-
acute, chronic, native valve, prosthetic valve, culture-negative,
and intravenous drug abuse associated endocarditis. These
terms have some value, but they may overlap. It is useful to
specify the infecting organism because this allows prediction
of the likely natural history, treatment requirements, and
prognosis for an individual patient. Here we will briefly dis-
cuss the epidemiology of IE in the context of three main
categories: native valve, prosthetic valve, and culture-
negative endocarditis.7–9

Table 57.1 shows the etiologic agents that are most com-
monly isolated in native valve IE. Cases caused by virulent
pathogens such as Streptococcus pneumoniae or Staphy-
lococcus aureus may develop on previously normal valves.
More often, native valve endocarditis develops in associa-
tion with predisposing congenital or acquired valvular
lesions, especially when caused by less virulent organisms
such as the viridans streptococci.

Prosthetic valve endocarditis can be subcategorized 
into early (onset up to 60 days after valve replacement),
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intermediate (onset from 2 to 12 months) or late cases (onset
after one year). The observed spectrum of etiologic agents is
different for the two categories, with the organisms causing
late onset prosthetic valve endocarditis more closely resem-
bling native valve subacute endocarditis, except that coagulase-
negative staphylococci remain important (Table 57.1).

Culture-negative IE remains fairly common (3–30% of
cases in recent series), despite improvements in blood cul-
ture techniques and culture media. Organisms that previ-
ously were difficult to recover, such as nutritionally variant
streptococci and the fastidious Gram-negatives (HACEK
group: Haemophilus spp, Actinobacillus actinomycetem-
comitans, Cardiobacterium hominis, Eikenella spp, and
Kingella kingae) are now routinely isolated from modern,
optimized blood culture media, usually within 3–5 days. An
exception to this is Bartonella spp which have recently been
found in association with endocarditis among homeless 
individuals, and as a rare opportunistic infection in patients
with AIDS.10,11

Diagnosis

Clinical manifestations

Patients with acute IE typically present with an accelerated
course typified by high fever, chills, and prostration, whereas
those with subacute endocarditis present more insidiously.

These patients often have a “flu-like illness” consisting of
fever, chills, myalgias/arthralgias, and weakness, but there
is great variability in the clinical presentation.7

Cardiac manifestations may dominate the clinical presen-
tation in either acute or subacute disease, with the presence
of new or worsened murmurs, or development of cardiac
failure due to valvular damage. The patient may present
with chest pain due to pleuritis, pericarditis or myocardial
infarction resulting from coronary arterial embolism.

Extracardiac clinical manifestations consist of embolic as
well as vascular phenomena. The patient may present with a
headache without any definable neurologic abnormalities, or
may have focal abnormalities such as areas of cerebritis,
infarcts, hemorrhages or mycotic aneurysms. A cellular reac-
tion in the cerebrospinal fluid (with or without menin-
gismus) may also be present, although only a minority of
patients have positive cerebrospinal fluid cultures. The
patient may present with focal pain such as flank or left-sided
upper quadrant abdominal pain due to embolic infarcts,
which may at times be complicated by the formation of
abscesses, especially in the spleen. There are many other
potential sites for embolization with associated clinical find-
ings, although autopsy findings show that many emboli go
undetected during life.

Various other vascular phenomena may occur, including
petechiae, splinter hemorrhages, Osler’s nodes, Janeway
lesions, or clubbing of the fingernails.
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Table 57.1 Frequency of various organisms isolated in native value infective endocarditis

Organism NVE IV drug abusers Early PVE Late PVE
(%) (%) (%) (%)

Streptococci 65 15 5 35
Viridans, alpha-hemolytic 35 5 �5 25
Strep. bovis (group D) 15 �5 �5 �5
Strep. faecalis (group D) 10 8 �5 �5
Other streptococci �5 �5 �5 �5

Staphylococci 25 50 50 30
Coagulase-positive 23 50 20 10
Coagulase-negative �5 �5 30 20

Gram-negative aerobic bacilli �5 5 15 10
Fungi �5 5 10 5
Miscellaneous bacteria �5 5 5 5
Diphtheroids, propionibacteria �1 �5 5 �5
Other anaerobes �1 �1 �1 �1
Rickettsia �1 �1 �1 �1
Chlamydia �1 �1 �1 �1
Polymicrobial infection �1 5 5 5
Culture-negative endocarditis 5–10 �5 �5 �5

These are representative figures collated from the literature; wide local variations in frequency are
to be expected. 
Abbreviations: NVE, native valve endocarditis; PVE, prosthetic valve endocarditis
Reproduced with permission, from Durack7



Laboratory tests

Anemia is commonly present, usually of mild to moderate
severity with a normochromic, normocytic film typical of the
anemia of chronic disease. Although many patients with acute
or subacute endocarditis have some degree of leukocytosis,
this is not a reliable laboratory finding. In approximately 90%
of patients with infective endocarditis the erythrocyte sedi-
mentation rate (ESR) is elevated; the median value is about
65mm/h, but the range is wide and about 10% are within the
normal range. Urinalysis may show microscopic hematuria
and/or mild proteinuria in approximately 50% of cases, with
occasional red blood cell casts and heavy proteinuria in those
patients who develop immune-complex glomerulonephritis.
Non-specific serologic abnormalities are common, especially
positive rheumatoid factor which is seen in 30–40% of cases
of the subacute form of the disease. A polyclonal increase in
gammaglobulins is characteristic of active endocarditis.

Microbiology

Blood cultures remain the definitive microbiologic proce-
dure for diagnosis of infective endocarditis.12–15 The micro-
organisms isolated from blood cultures may provide the
clinician with clues to the diagnosis, given the clinical set-
ting. For example, patients who present from the commu-
nity with a fever of unknown origin who have multiple
positive blood cultures for viridans group streptococci, ente-
rococci, or the HACEK organisms, should be considered to
have IE until proven otherwise.12,16,17 In addition, the tem-
poral pattern of positive cultures may assist in the diagnosis.
If three or more blood culture sets drawn at least one hour
apart all are positive for the same micro-organism, this is
termed “persistent bacteremia”, which indicates that an
endovascular infection may be present. Table 57.1 shows
the leading organisms isolated from patients with acute,
subacute, and prosthetic valve infective endocarditis.

What are the optimal blood culture techniques
required to diagnose infective endocarditis?

Background

A positive blood culture is one of the two major diagnostic
criteria for IE.13 Therefore, blood cultures should be
obtained from every patient in whom this diagnosis is sus-
pected. Optimal techniques are required in order to mini-
mize the number of patients with infective endocarditis that
fall into the “culture-negative” category, without resorting
to an excessive number of costly blood cultures.14,15

Evidence

Typically, the bacteremia associated with endocarditis is
continuous, with 10–200 colony-forming units per milliliter

of blood.18 If this were true in every case, it would only be
necessary to draw one single sample of about one milliliter of
venous blood in order to make the diagnosis. In practice, how-
ever, some patients with IE have intermittent or fluctuating
bacteremia, and some have less than one organism per milli-
liter of blood. Therefore, the number of positive culture
results is directly correlated with the number of blood samples
drawn and the volume of blood in each individual sample.

Single samples should not be drawn because the most
common contaminants of blood cultures, coagulase-
negative staphylococci from the skin, can cause IE.12,19–21

Therefore, a single sample drawn from a patient who might
have IE, which is positive for a coagulase-negative staphylo-
coccus, is uninterpretable.

Overall, about two thirds of all samples drawn from
patients with IE are positive. This figure represents the com-
bined results from two patient populations. The first group
includes the “classical” untreated IE patient with continu-
ous bacteremia in whom all or nearly all cultures will be
positive.22 In such patients, more than 90% will be diag-
nosed by the first sample drawn, rising to more than 95%
from three cultures.19–22 The second population is a mixed
group in whom the proportion of positive cultures is much
lower. Many of these patients have received some anti-
biotic treatment, such as empirical oral ampicillin or
cephalosporin, which has temporarily or permanently sup-
pressed the bacteremia and turned the blood cultures nega-
tive without curing the underlying endocarditis. Others may
have difficult-to-culture organisms, fungal infections or 
culture-negative IE.14

In order to decrease the number of “culture-negative”
endocarditis episodes, investigators have tried to improve
the yield by drawing blood during fever spikes, or by cultur-
ing arterial instead of venous blood.23 These practices are of
marginal or no value. 

The majority of clinical microbiology laboratories routinely
hold their blood culture bottles for 5–7 days before issuing a
negative report. Because some of the etiologic agents, for
example, HACEK group organisms,24,25 have been tradition-
ally regarded as slow-growers, some laboratories have adopted
the policy of prolonging incubation times for blood cultures to
14–21 days in cases of suspected infective endocarditis.
Recent data, however, suggest that with modern, improved
blood culture media this practice may be unnecessary for all
but a very few organisms, such as Bartonella spp.10,12,26,27

Should transesophageal echocardiography be
performed in all patients with suspected
infective endocarditis?

Background

Transthoracic M-mode echocardiography (TTE) was first used
for the detection of vegetations associated with endocarditis
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in 1973. Several years later a report describing two dimen-
sional transthoracic echocardiographic findings of vegeta-
tions was published. Since then there have been many
reports on the use of this technology to assist in the diagno-
sis of endocarditis.29–45 The sensitivity of the procedure for
detection of vegetations is 60–75%.29–32

Transesophageal echocardiography (TEE) was initially
described in the late 1980s, and has proved especially valu-
able in evaluating patients with suspected endocarditis. TEE
is more sensitive than TTE for detection of vegetations,
abscesses, valve perforations, and other complications of
IE.30,35 Because a TEE examination is more costly than a TTE
examination, many comparative studies have been under-
taken to determine which technology should be used in the
initial diagnostic evaluation of a patient with suspected IE.

Evidence

Multiple studies have demonstrated the superior sensitivity
of TEE when compared to TTE. However, this fact does not
resolve the question of which is the most appropriate and
cost effective test for IE in patients with different pretest
probabilities of having that disease.

Transthoracic echocardiography (TTE) has an overall 
sensitivity for detection of intracardiac vegetations of 60–
75%.32 Transesophageal echocardiography (TEE) has greater
sensitivity – 95% or better overall, although the sensitivity
in an individual case varies depending upon factors such as
the location and size of the vegetations.30,35–40

TEE is far superior to TTE in detecting abscesses in
patients with both native and prosthetic valve endocarditis
(PVE), with a sensitivity of detection of 87%, as compared to
28% with TTE in one study.41 Because patients with PVE
are more likely than those with native valve endocarditis
(NVE) to have perivalvular abscesses, it is now accepted that
TEE is the technique of choice in evaluating a patient with
suspected PVE. TEE should also be applied in cases of NVE

where there is a prolonged clinical course of infection, as
well as those patients who do not respond to adequate med-
ical therapy.

The need for TEE in the initial evaluation of patients with
NVE, however, is not so clear. In a retrospective analysis of
180 patients referred for echocardiography for suspected
infective endocarditis, in whom both TTE and TEE were
done, the TTE was reported as technically inadequate in 
46 patients (25%). In the remaining 134 patients, there was
an almost equal distribution of patients who had a positive
TTE (41 patients), a negative TTE (46 patients), and an abnor-
mal but non-diagnostic TTE (47 patients). All patients who
had a positive TTE were subsequently found to have a posi-
tive TEE, while only two patients with a negative TTE were
found to have a positive TEE, yielding a sensitivity of 100%
and a specificity of 96%. The principal value of the TEE was in
the non-diagnostic group, as well as those with a technically
inadequate TTE. In the non-diagnostic group, 9 patients
(41%) were found to have positive TEE results for vegetations
or abscesses. The study concluded that for initial evaluation of
suspected native valve endocarditis, a TTE should be the first
echocardiographic study. If the TTE is technically inadequate,
then a TEE should be performed. If the TTE is clearly positive,
or clearly negative, no additional echocardiographic study
should be performed, as there was no incremental diagnostic
value with TEE. A TEE, however, should be routinely per-
formed if the TTE is abnormal but non-diagnostic.

Another study analyzed the diagnostic value of echo-
cardiography in suspected infective endocarditis, based on
the pretest probability of disease.42 In this study, both TTE
and TEE were performed on 105 consecutive patients with
suspected endocarditis. On the basis of clinical criteria and
(separately) echocardiography, patients were classified as hav-
ing either low, intermediate, or high probability of endocardi-
tis. Echocardiography had low diagnostic value in patients
with a low clinical probability of endocarditis, using either
TTE or TEE. The authors concluded that echocardiography
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Conclusions Grading Comments/references

Draw at least two sets (two separate venepunctures, This helps to
with each sample divided equally between two bottles) identify contaminants
for each blood culture ordered and increases yield of

positives12,14,15,19

Inoculate 8–12 ml blood into each bottle This maximizes
yield of positives12,14,15,19

Hold the culture bottles for 14–21 days before The yield is very
issuing the final negative report in order to minimize low after 5 days12,27

“culture-negative” episodes (not recommended)

Draw an arterial blood sample for culture if venous The benefit of culturing
blood samples are negative but the diagnosis of IE arterial blood is
still seems likely (not recommended) none or very small23,28

Grade C

Grade C

Grade B

Grade A



should not be used to make a diagnosis of IE in patients with
a low clinical probability of disease. In addition, for those
patients with an intermediate or high clinical probability of
IE, TTE should be the initial echocardiographic procedure,
reserving TEE for those patients with prosthetic valves 
and those with either a technically inadequate TTE, or a
TTE which indicates an intermediate probability of 
endocarditis.42

How can the diagnosis of suspected IE be
confirmed?

Background

The vegetations of IE are located in an inaccessible site, 
and can be visualized directly only at surgery or autopsy.
Therefore, for purposes of initial diagnosis of IE they must
be visualized indirectly, usually by means of echocardiogra-
phy. Positive findings on echocardiography are a major crite-
rion for diagnosis of IE, but they are not definitive because
of possible false positive or false negative results.43–45 Like-
wise, blood cultures, which constitute the second major 
criterion for diagnosis of IE, also can yield false positive or
false negative results.

Evidence

In 1981, von Reyn and colleagues46 published a paper 
on infective endocarditis in which they proposed a set of
diagnostic criteria which designated cases as definite, proba-
ble, possible, or rejected. These criteria, however, contained
some confusingly worded definitions and did not utilize find-
ings from echocardiography, which had only recently come
into general use. In 1994, Durack and colleagues from the
Duke Endocarditis Service published improved criteria
which introduced the concept of major and minor diag-
nostic criteria and included echocardiographic findings.13

(Tables 57.2 and 57.3). Subsequently, multiple studies have
analyzed cases diagnosed by the gold standard of pathologic
confirmation at surgery or autopsy, comparing both sets of
criteria. In each of these studies the Duke criteria were found
to be notably more sensitive than the von Reyn criteria.47–51

In most of these studies, it was felt that the inclusion of
echocardiographic data was the primary factor resulting in
the increased sensitivity, although even when compared
with a modified von Reyn classification with addition of
echocardiographic data, there still was an increase in sensi-
tivity. Often increased sensitivity is associated with a con-
comitant decrease in specificity, but two studies indicate that
the Duke criteria have good specificity.52,53 These criteria

Infective endocarditis

821

Conclusions Grading Comments/references

Echocardiography should not be used routinely as a Not cost effective unless
screening test to “rule out endocarditis” in patients there is other evidence
with fever and murmur of IE, raising the pretest

probability30,32,42

For suspected native valve infective endocarditis, This is the most cost 
TTE should be the initial echocardiographic study effective approach32,42

If the TTE is technically inadequate in a patient with Otherwise the diagnosis 
intermediate or high clinical probability of IE, then TEE may be missed32,42

should be performed

If the TTE is abnormal but non-diagnostic in a patient TEE is more
with intermediate or high pretest clinical probability sensitive32,42

of IE, then TEE should be performed

If the TTE is negative or abnormal but non-diagnostic TEE is more
in a patient with high pretest clinical probability of IE, sensitive32,42

then TEE should be performed

If the TTE is technically adequate and positive, no Note however that
additional echocardiographic studies are warranted TEE may be
initially – that is, it is not necessary to “confirm” a performed for other
positive TTE with a TEE study reasons, such as to

detect abscesses32,42

In patients with suspected prosthetic valve endocarditis, TEE is best for detection
TEE should be performed of abscesses30,32,41,42

Grade A

Grade B

Grade B

Grade B

Grade A

Grade A

Grade B



should be useful to specify patient entry criteria for epidemi-
ologic studies and clinical trials involving IE.

Can IE be cured with bacteriostatic
antimicrobials?

Background

Antimicrobial agents are traditionally classified as bacteri-
cidal or bacteriostatic, according to whether they kill or

inhibit growth, respectively. In fact, this classification is an
oversimplification because an antimicrobial drug may be
partially bactericidal, or may be bacteriostatic for one
species of bacteria and bactericidal for another. There is a
widely quoted “general rule” that IE should be treated only
with bactericidal drugs. The rationale often given to support
this “rule” is that colonies of bacteria within a vegetation
are protected from host defenses, especially neutrophils,
which in other sites would usually eliminate organisms that
had been inhibited by bacteriostatic antibiotics.
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Table 57.2 Criteria for diagnosis of infective endocarditis

Definite infective endocarditis

Pathologic criteria
Micro-organisms: demonstrated by culture or histology in a vegetation, or in a vegetation
that has embolized, or in an intracardiac abscess, or

Pathologic lesions: vegetation or intracardiac abscess present, confirmed by histology
showing active endocarditis

Clinical criteria (use specific definitions listed in Table 57.3)
2 major criteria, or
1 major and 3 minor criteria, or
5 minor criteria

Possible infective endocarditis
Findings consistent with infective endocarditis that fall short of “Definite,” but not “Rejected”

Rejected
Firm alternative diagnosis for manifestations of endocarditis, or
Resolution of manifestations of endocarditis, with antibiotic therapy for 4 days or less, or
No pathologic evidence of infective endocarditis at surgery or autopsy, after antibiotic
therapy for 4 days or less

Adapted from Durack et al13 with permission

Conclusions Grading Comments/references

The diagnosis of IE is certain only if confirmed by Echocardiography
suitable pathologic specimens and/or cultures can yield false
obtained at surgery or autopsy positives13

A “definite” diagnosis of IE (more than 95% confidence) 13,47–50

can be made without surgical or autopsy specimens if 
defined major and minor criteria (the Duke criteria) are 
properly applied

The diagnosis of IE can be rejected with high specificity 52,53

if defined clinical criteria are properly applied, but this 
usually requires some delay to allow a period 
of observation

The decision as to whether or not to begin antibiotics Treatment
should be made on the overall clinical assessment as decisions often
to the likelihood of IE, not based solely upon the need to be made
Duke criteria before all diagnostic

information is
available13,53

Grade B

Grade A

Grade A

Grade A



Evidence

In the early days of antimicrobial therapy before penicillin
was available, patients with IE were often treated with pro-
longed courses of sulfonamides. This nearly always failed.
For example, in one study none of 42 patients with strepto-
coccal IE treated with sulfonamides survived.54 On the
other hand, sulfonamide therapy occasionally cured a fortu-
nate patient.55 Sulfonamides were most likely to succeed in
the small subgroup of cases of IE caused by Haemophilus spp,
which are especially susceptible to sulfonamides. In the 
special case of IE caused by Coxiella burnetii (the organism
causing Q fever) bacteriostatic antibiotics such as tetra-
cyclines are generally used for lack of better alternatives. In
most cases they suppress but do not cure the endocardial
infection; valve replacement surgery is required to increase

the likelihood of cure. Similarly, few antibiotics are available
to treat IE caused by resistant Gram-negative bacilli such as
Pseudomonas cepacia or Stenotrophomonas maltophilia,
in these the combination of a (bacteriostatic) sulfonamide
plus trimethoprim has been used with some success.56

Should combinations of antimicrobials 
be used to treat IE?

Background

IE is generally regarded as being difficult and/or slow to
cure. Therefore, many attempts have been made to improve
cure rates by using optimal antimicrobial regimens, even
more so than in most other infections. In the course of this
effort, many combinations of antibiotics have been tried,
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Table 57.3 Definitions of terminology used in the diagnostic criteria for endocarditis

Major criteria
Positive blood culture for infective endocarditis
Typical micro-organism for infective endocarditis from two separate blood cultures:

Viridans streptococci,a Streptococcus bovis, HACEK group, or community
acquired Staphylococcus aureus or enterococci, in the absence of a primary focus, or

Persistently positive blood culture, defined as recovery of a micro-organism consistent with
infective endocarditis from:
(i) Blood cultures drawn more than 12 hours apart, or
(ii) All of three or a majority of four or more separate blood cultures, with first

and last drawn at least 1 hour apart
Evidence of endocardial involvement
Positive echocardiogram for infective endocarditis

(i) Oscillating intracardiac mass, on valve or supporting structures, or in the path
of regurgitant jet, or on implanted material, in the absence of an alternative
anatomic explanation, or

(ii) Abscess, or
(iii) New partial dehiscence of prosthetic valve, or

New valvular regurgitation (increase or change in pre-existing murmur not sufficient)

Minor criteria
● Predisposition: predisposing heart condition or injection drug use
● Fever: � 38·0 �C (100·4 �F)
● Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm,

intracranial hemorrhage, conjunctival hemorrhages, Janeway lesions
● Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth spots, rheumatoid

factor
● Microbiologic evidence: positive blood culture, but not meeting major criterion as

previously definedb or serologic evidence of active infection with organism consistent with
infective endocarditisc

● Echocardiogram: consistent with infective endocarditis but not meeting major criterion as
previously defined

a Including nutritional variant strains.
b Excluding single positive cultures for coagulase-negative staphylococci or organisms that do not
cause endocarditis.
c Positive serology for Coxiella burnetii or Bartonella spp may be used as a major criteria.
HACEK, Haemophilus spp, Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella spp, and Kingella kingae
Source: adapted from Durack et al13



and a general impression exists that combination therapy is
optimal for treatment of IE. This is only partly true.

Evidence

There is excellent documentation that enterococcal endo-
carditis usually is best treated with a combination of two
antibiotics. The primary reason for this is that most strains of
Enterococcus faecalis are relatively resistant to antibiotics,
but are killed synergistically by a combination of a penicillin
and an aminoglycoside.58 This does not hold true, however, if
the strain shows high level resistance to aminoglycosides
(defined as resistance to 2000micrograms/ml of streptomycin
or 500micrograms/ml of gentamicin). In the latter case, 
vancomycin should be substituted,59 except for strains that
are vancomycin resistant.60 Ample documentation for the
value of combination therapy has been published, based upon 
in vitro studies, and in vivo treatment of both animals and
humans. Unfortunately, the frequency of high level resistance
among enterococci has greatly increased over the past 15
years, making the choice of optimal therapy more difficult.65

Even when streptococci are fully sensitive to penicillin,
combinations of a penicillin and an aminoglycoside or 
vancomycin act synergistically against them, so long as 
the strain is not vancomycin resistant (VRE) or has high
level resistance to aminoglycosides.61 This has been con-
vincingly demonstrated both in vitro and in experimental
animals.62,63 The human correlate is found in the fact that
combination therapy cures more than 97% of cases caused
by penicillin-sensitive viridans streptococci within 2 weeks,
whereas penicillin alone cures only 80–85% in the same
interval, and requires 4 weeks to reach 97% cure or better.
This fact has been well proven.54,64

What is the optimal duration of treatment for IE?

Background

Early experience established that endocarditis could not be
cured by short courses of antibiotics (7–10 days) that would

have been adequate to cure other common infections 
such as pneumonia or gonorrhea. Trials of longer duration
were more successful, eventually leading to the widely 
followed practice of treating IE for 6 weeks. This remains
common practice today, despite the fact that more than half
of all cases of IE could be reliably cured by 2–4 weeks of
treatment.

Evidence

Before 1950 it was reported that IE could not be cured with
10 days of treatment, even when the organisms were highly
susceptible to penicillin and/or high doses were given.56,74,75

Subsequently, high cure rates were achieved by extending
treatment to 4–6 weeks. For many years, 6 weeks of therapy
was regarded as the standard duration for treatment of IE. In
fact, this “rule” often led to overtreatment because 4 weeks
would have been adequate for the majority of these cases.55

Because of number preferencing for even numbers, 3 and 
5 week regimens have not been studied, even though 
intuitively it seems likely that these durations would work 
as well as 4 and 6 week regimens, respectively.

Some cases of endocarditis can be cured with treatment for
only 2 weeks. This is well supported by clinical experience for
two important groups of patients: uncomplicated penicillin
sensitive streptococcal native valve endocarditis,55,76 and intra-
venous drug addicts with right-sided S. aureus endocarditis.70

It should be noted that outpatient parenteral antibiotic
therapy (OPAT) is appropriate for selected patients with
IE.76–79 In most cases, these will be patients without serious
complications who have responded promptly to standard
therapy begun in hospital. When OPAT is employed for
treatment of IE, the total duration of therapy should nor-
mally be the same as if the patient had been hospitalized
throughout the course of treatment.

The B ratings listed in the conclusions below could be
improved by publication of larger numbers of cases or by
randomized controlled studies.

Evidence-based Cardiology

824

Conclusions Grading Comments/references

Bacteriostatic antibiotics often fail when There are
used to treat IE animal data and

case reports to
show this54,55

Bacteriostatic antibiotics may be used to treat IE in a Uncontrolled case reports
few special cases, for example, Q fever, resistant show that cure or useful
organisms like Pseudomonas cepacia or suppression can be
Stenotrophomonas maltophilia, or suppressive achieved in some 
therapy for organisms not likely to be curable, patients56,57

such as Pseudomonas on a prosthetic valve

Grade B

Grade A



What are the main indications for surgical
intervention during management of IE?

Background

The introduction of valve replacement, valve repair, and other
surgical procedures has revolutionized the management of IE,
being second in importance only to the advent of antibiotic
therapy for IE. Many studies have indicated that surgical

intervention improves the prognosis of IE over medical therapy
alone.85–87 The benefits of early rather than late surgical inter-
vention have been appropriately emphasized.86–88 However,
surgical placement of artificial cardiac valves is associated
with high costs, significant morbidity, especially in the form of
late complications, and some mortality. Furthermore, about
two thirds of all patients with IE can be cured without 
any surgical intervention. Therefore, correct selection of the

Infective endocarditis

825

Conclusions Grading Comments/references

Combination therapy should be used for IE caused by 60, 66

enterococci

A combination of at least two antibiotics (a � lactam 67, 68

plus an aminoglycoside) should be used for IE caused 
by coagulase-negative staphylococci

A combination of three antibiotics (a � lactam plus an Limited number
aminoglycoside plus rifampin) should be used for IE of patients reported;
caused by coagulase-negative staphylococci no comparative trials67,68

An aminoglycoside should be added to a � lactam for A definitive
the first few days of therapy for IE caused by S. aureus outcome study has

not been done68,69

Combination therapy should be used for right-sided IE Only one major study
caused by S. aureus if a short course (2 week) available70,71,72

regimen is used

Addition of an aminoglycoside for IE caused by penicillin 73

sensitive streptococci is beneficial and cost effective 
if a short course (2 week) regimen is used

Addition of an aminoglycoside for IE caused by penicillin No modern cost
sensitive streptococci is beneficial and cost effective effectiveness study
if a standard (4 week) regimen is used has been done73

Grade C

Grade A

Grade B

Grade C

Grade C

Grade A

Grade A

Conclusions Grading Comments/references

Penicillin sensitive IE can be cured in 2 weeks by combined penicillin 73, 80

plus aminoglycoside, or in 4 weeks by penicillin alone

Enterococcal endocarditis should be treated for at least 4 weeks 59, 73, 81, 82

Most cases of HACEK endocarditis can be cured in Total number of reported
3–4 weeks (Haemophilus, Actinobacilllus, cases is small73,83,84

Cardiobacterium, Eikenella, Kingella spp)

Most cases of tricuspid valve S. aureus IE in Only one major
intravenous drug users can be cured in 2 weeks study done70

Results of treatment for IE in HIV infected patients 72

with �200 CD4 lymphocytes/mm3 are similar to 
results in non-HIV patients

HIV infected patients with �200 CD4 lymphocytes and IE have a This has not been 
worse prognosis, and therefore should not receive short-course formally studied72

(2 week) antibiotic therapy for IE

Most cases of left-sided native valve S. aureus IE can be Controlled study
cured in 4 weeks not done73

Grade B

Grade C

Grade B

Grade B

Grade B

Grade B

Grade A



subgroup of about one third of patients who will benefit from
surgery becomes of critical importance.

Evidence

Many hundreds of publications have reported on experience
with surgery for IE, beginning in 196589 and continuing
unabated today. The cumulative experience is based upon
thousands of patients. However, this extensive experience
does not include randomized studies of medical versus 
surgical therapy, primarily because selection bias (that is,
choosing more seriously ill patients for surgery) is virtually
impossible to overcome. Therefore, the conclusions which
have emerged, although often well supported by case 
studies, can only be rated B in terms of evidence-based
analyses.

What is the correct timing for valve 
replacement during management of IE?

Background

In the past, it was often stated on empirical grounds that valve
replacement surgery should be postponed until the patient
had been cured by antibiotics. If the patient could not survive
until cure, it was believed that surgery should be delayed as
long as possible to allow suppression of the number of remain-
ing bacteria to the lowest possible level to reduce the risk of
relapse or infection of the new prosthetic valve. The available
evidence does not support these widely held views.

Evidence

Actual experience showed that the frequency of relapse
and/or infection of the prosthesis after surgery for IE is low,
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Conclusions I: Strong indications for surgical Grading Comments/references
intervention during IE

Heart failure unresponsive to medical therapy 7, 8, 87, 90

Presence of a valve ring abscess 7, 8, 90, 91, 92

Early prosthetic valve infection (onset within 60 days 7, 8, 90, 93

of surgery)

Prosthetic valve infection caused by S. aureus 7, 8, 68, 71, 92, 93

Prosthetic valve infection caused by Gram-negative 7, 8, 93

bacilli (not HACEK group)

Endocarditis caused by filamentous fungi (not yeasts) 94, 95

Prosthetic valve infection caused by yeasts 93, 96

Development of a sinus of Valsalva aneurysm 97

Occlusion of valves by very large vegetations 7, 8, 98Grade B

Grade B

Grade B

Grade B

Grade B

Grade B

Grade B

Grade B

Grade B

Conclusions II: Relative (less strong) indications Grading Comments/references
for surgical intervention during IE

Recurrent arterial emboli 7, 8, 99, 100

Native left-sided valve infection caused by S. aureus 7, 8, 68, 71

Apparent failure of medical therapy (persistent 7, 8, 90

bacteremia, persistent fever, increase in size of 
vegetation during treatment)

Native valve infection caused by Gram-negative bacilli 7, 8

(not HACEK)

Large-sized left-sided vegetations by echo 7, 8

(greater than 15–20 mm)

Native valve infection caused by yeasts 95, 96, 101–103

Late onset prosthetic valve infection 7, 8, 93

Development of cardiac conduction abnormality 7, 8, 91

during IE, but no abscess identified by TEE
Grade C

Grade C

Grade C

Grade C

Grade C

Grade C

Grade C

Grade C



whether or not antibiotics had been given for long periods
before operation. For patients with a good indication for
valve replacement early in the course of active endocarditis,
many authors have strongly advocated early surgery, before
antibiotics have cured the patient, to avoid deaths and com-
plications that might occur during antibiotic treatment.85–88

Can IE be prevented?

Background

IE sometimes develops as a complication of bacteremias asso-
ciated with medical and dental procedures, such as urinary
catheterizations or tooth extractions. Although these cases rep-
resent only a small proportion – about 5% – of all cases of IE,
much effort has been made to prevent them because IE carries
high associated morbidity and mortality. Soon after antibiotics
became available, various attempts were made to prevent bac-
teremias and/or IE by giving antibiotics before dental extrac-
tions or other procedures.104–108 Subsequently, the American
Heart Association109 and many other groups110–112 have issued
recommendations for prevention of IE by this means.

Evidence

The evidence that bacteremias induced by medical and den-
tal procedures can cause IE in patients with predisposing
heart lesions consists of many uncontrolled case reports.
There are sufficient numbers of these to support the con-
clusion that there is a real risk after tooth extractions and 
procedures involving an infected genitourinary tract.113–115

The evidence that lower-risk procedures such as gastro-
intestinal endoscopy, procedures on the uninfected urinary
tract, and biopsies and other minor surgical procedures cause
a significant number of cases of IE is sketchy.108,116–114

Prophylaxis of IE has been proven unequivocally to be
effective in experimental animal models of endocarditis by
giving antibiotics before injecting bacteria intravenously.125–132

However, there has been no definitive study to demonstrate
efficacy of antibiotic prophylaxis for infective endocarditis in
humans.116 One review of patients with prosthetic heart
valves indicated that antibiotic prophylaxis before dental 
and urogenital procedures was effective,133 but this study was
retrospective, unrandomized, and unblinded. Analysis of
prospectively collected cases in the Netherlands indicated
that prophylaxis was either ineffective or, at best, only 
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Conclusions Grading Comments/
references

If there is no indication for early surgery, complete a standard No randomized
course of antibiotic treatment before valve replacement. studies available90

If there is an adequate indication for early surgery, proceed to Many
valve replacement without regard to the duration of antibiotic uncontrolled
treatment already given. Delay can result in avoidable reports support
complications or death. early surgery85–88,90

Grade A

Grade B

Conclusions Grading Comments/
references

Bacteremias following tooth extraction or surgical procedures 137

involving an infected genitourinary tract can cause endocarditis

Bacteremias following gastrointestinal endoscopy or surgical 124, 137, 138

procedures involving an uninfected genitourinary tract can 
cause endocarditis

Prevention of IE by giving antibiotics before medical and dental 116, 129

procedures that cause bacteremia is an empiric practice which has
been proven effective in animal models but not in humans

Attempted prevention of IE in selected high-risk groups undergoing 133

high-risk procedures such as tooth extraction is probably effective

Attempted prevention of IE in selected high-risk groups undergoing 110–112

high-risk procedures such as tooth extraction is recommended

Extensive practice of attempted prophylaxis for IE is probably not 139, 140

cost effective
Grade B

Grade B

Grade C

Grade A

Grade C

Grade B



marginally effective.134 Other analyses have indicated that
even if prophylaxis is effective, it would probably not be cost
effective as a general strategy.135,136 Despite all this uncer-
tainty, most authorities continue to recommend selective use
of prophylaxis for patients with higher risk cardiac lesions
undergoing higher risk procedures.109,116

References

1.Durack DT, Beeson PB. Experimental bacterial endocarditis. I.
Colonization of a sterile vegetation. Br J Exp Pathol
1972;53:44–9.

2.Angrist A, Oka M, Nakao K. Vegetative endocarditis. Pathol
Ann 1967;2:155–212.

3.Blanchard DG, Ross RS, Dittrich HC. Nonbacterial thrombotic
endocarditis. Chest 1993;102:954–6.

4.Rodbard S, Yamamoto C. Effect of stream velocity on bacterial
deposition and growth. Cardiovasc Res 1969;3:68–74.

5.Grant RT, Wood JE, Jr, Jones TD. Heart valve irregularities in
relation to subacute bacterial endocarditis. Am Heart J 1928;
14:247–61.

6.Moreillon P, Que YA, Bayer AS. Pathogenesis of streptococcal
and staphylococcal endocarditis. Infect Dis Clin North Am
2002;16:297–318.

7.Durack DT. Infective and noninfective endocarditis. In: 
Hurst JW, ed. The heart, arteries and veins, 7th edn. New York:
McGraw-Hill, 1990.

8.Scheld WM, Sande MA. Endocarditis and intravascular 
infections. In: Mandell GL, Douglas RG, Jr, Dolin R, eds.
Principles and practice of infectious diseases, 4th edn. 
New York: Churchill Livingstone, 1995.

9.Cabell CH, Abruytn E. Progress toward a global understanding
of infective endocarditis: early lessons from the International
Collaboration on Endocarditis investigation. Infect Dis Clin
North Am 2002;16:255–72.

10.Houpikian P, Raoult D. Diagnostic methods: current best prac-
tices and guidelines for identification of difficult-to-
culture pathogens in endocarditis. Infect Dis Clin North Am
2002;16:377–92.

11.Schwartzman WA, Marchevsky A, Meyer RD. Epithelioid
angiomatosis or cat scratch disease with splenic and hepatic
abnormalities in AIDS: case report and review of the literature.
Scand J Infect Dis 1990;22:121–33.

12.Towns ML, Reller LB. Diagnostic methods: current best prac-
tices and guidelines for isolation of bacteria and fungi. Infect
Dis Clin North Am 2002;16:363–76.

13.Durack DT, Bright DK, Lukes AS, Duke Endocarditis Service.
New criteria for diagnosis of infective endocarditis: utilization of
specific echocardiographic findings. Am J Med 1994;96:200–9.

14.Washington JA, II. The role of the microbiology laboratory 
in the diagnosis and antimicrobial treatment of infective 
endocarditis. Mayo Clin Proc 1982;57:22–32.

15.Washington JA. The microbiological diagnosis of infective endo-
carditis. J Antimicrob Chemother 1987;20:29–39.

16.Maki DG, Agger WA. Enterococcal bacteremia: clinical fea-
tures, the risk of endocarditis, and management. Medicine
1988;67:248–69.

17.Gullberg RM, Homann SR, Phair JP. Enterococcal bacteremia:
analysis of 75 episodes. Rev Infect Dis 1989;11:74–85.

18.Beeson PB, Brannon ES, Warren JV. Observations of the sites of
removal of bacteria from the blood in patients with bacterial
endocarditis. J Exp Med 1945;81:9–23.

19.Weinstein M, Reller L, Murphy J, Lichtenstein K. Clinical sig-
nificance of positive blood cultures: a comprehensive analysis of
500 episodes of bacteremia and fungemia in adults. 
I. Laboratory and epidemiologic observations. Rev Infect Dis
1983;5:35–53.

20.Towns M, Quartey S, Weinstein M et al. Clinical significance of
positive blood cultures: a prospective, multicenter investiga-
tion. ASM 1993; Abstract No. C232: Abstract.

21.Weinstein M, Murphy J, Reller L, Lichtenstein K. Clinical sig-
nificance of positive blood cultures: A comprehensive analysis
of 500 episodes of bacteremia and fungemia in adults. 
II. Clinical observations, with special reference to factors influ-
encing prognosis. Rev Infect Dis 1983;5:54–70.

22.Belli J, Waisbren BA. The number of blood cultures necessary
to diagnose most cases of bacterial endocarditis. Am J Med Sci
1956;232:284–8.

23.Mallen MS, Hube EL, Brenes M. Comparative study of blood
cultures made from artery, vein, and bone marrow in patients
with subacute bacterial endocarditis. Am Heart J 1946;XX:
692–5.

24.Geraci JE, Wilson WR. Endocarditis due to gram-negative bac-
teria: report of 56 cases. Mayo Clin Proc 1982;57:145–8.

25.Chen YC, Chang SC, Luh KT, Hsieh WC. Actinobacillus actin-
omycetemcomitans endocarditis: a report of four cases and
review of the literature. QJM 1992;81:871–8.

26.Drancourt M, Birtles R, Chaumentin G, Vandenesch F, Etienne
J, Raoult D. New serotype of Bartonella henselae
in endocarditis and cat-scratch disease. Lancet 1996;347:
441–3.

27.Doern GV, Davaro R, George M, Campognone P. Lack of
requirement for prolonged incubation of Septi-Chek blood cul-
ture bottles in patients with bacteremia due to fastidious bacte-
ria. Diagn Microbiol Infect Dis 1996;24:141–3.

28.Murray M, Moosnick F. Arterial vs venous blood cultures. 
J Lab Clin Med 1940;26:382–7.

29.Gilbert BW, Haney RS, Crawford F et al. Two-dimensional echocar-
diographic assessment of vegetative endocarditis. Circulation
1977;55:346–53.

30.Sachdev M, Peterson G, Jollis JG. Diagnostic methods: imaging
techniques for diagnosis of endocarditis. Infect Dis Clin North
Am 2002;16:319–38.

31.Stewart JA, Silimperi D, Harris P, Wise NK, Fraker TD, Jr, 
Kisslo JA. Echocardiographic documentation of vegetative
lesions in infective endocarditis: clinical implications.
Circulation 1980;61:374–80.

32.Irani WN, Grayburn PA, Afridi I. A negative transthoracic
echocardiogram obviates the need for transesophageal echocar-
diography in patients with suspected native 
valve active infective endocarditis. Am J Cardiol 1996;78:
101–3.

33.Jaffe WM, Morgan DE, Pearlman AS, Otto CM. Infective endo-
carditis, 1983–1988: echocardiographic findings and factors
influencing morbidity and mortality. J Am Coll Cardiol
1990;15:1227–33.

Evidence-based Cardiology

828



34.Martin RP. The diagnostic and prognostic role of cardiovascular
ultrasound in endocarditis: bigger is not better. J Am Coll
Cardiol 1990;15:1234–7.

35.Taams MA, Gussenhoven EJ, Bos E et al. Enhanced morpholog-
ical diagnosis in infective endocarditis by transesophageal
echocardiography. Br Heart J 1990;63:109–13.

36.Rohmann S, Erbel R, Gorge G et al. Clinical relevance of 
vegetation localization by transoesophageal echocardiography
in infective endocarditis. Eur Heart J 1992;12:446–52.

37.Shapiro SM, Bayer AS. Transesophageal and Doppler echo-
cardiography in the diagnosis and management of infective
endocarditis. Chest 1991;100:1125–30.

38.Pedersen WR, Walker M, Olson JD et al. Value of trans-
esophageal echocardiography as an adjunct to transthoracic
echocardiography in evaluation of native and prosthetic valve
endocarditis. Chest 1991;100:351–6.

39.Morguet AJ, Werner GS, Andreas S, Kreuzer H. Diagnostic
value of transesophageal compared with transthoracic echo-
cardiography in suspected prosthetic valve endocarditis. Herz
1995;20:390–8.

40.Anders K, Foley K, Stern WE, Brown WJ. Intracranial spar-
ganosis: an uncommon infection. Case report. J Neurosurg
1984;60:1282–6.

41.Daniel WG, Mugge A, Martin RP et al. Improvement in the diag-
nosis of abscesses associated with endocarditis by transesophageal
echocardiography. N Engl J Med 1991;324: 795–800.

42.Lindner JR, Case RA, Dent JM et al. Diagnostic value of
echocardiography in suspected endocarditis. An evaluation
based on the pretest probability of disease. Circulation
1996;93:730–6.

43.Hickey AJ, Wolfers J. False positive diagnosis of vegetations on a
myxomatous mitral valve using two-dimensional echocardiog-
raphy. Aust NZ J Med 1982;12:540–2.

44.Mintz GS, Kotler MN. Clinical value and limitations of echocar-
diography. Its use in the study of patients with infectious endo-
carditis. Arch Intern Med 1980;140:1022–7.

45.Sokil AB. Cardiac imaging in infective endocarditis. In: 
Kaye D, ed. Infective endocarditis. 2nd edn. New York: Raven
Press, 1992.

46.von Reyn CF, Levy BS, Arbeit RD, Friedland G, Crumpacker
CS. Infective endocarditis: an analysis based on strict case 
definitions. Ann Intern Med 1981;94:505–17.

47.Bayer AS, Ward JI, Ginzton LE, Shapiro SM. Evaluation of new
clinical criteria for the diagnosis of infective endocarditis. Am J
Med 1994;96:211–19.

48.Del Pont JM, De Cicco LT, Vartalitis C et al. Infective endo-
carditis in children: clinical analyses and evaluation of two diag-
nostic criteria. Pediatr Infect Dis 1995;14:1079–86.

49.Fournier PE, Casalta JP, Habib G, Messana T, Raoult D.
Modification of the diagnostic criteria proposed by the Duke
Endocarditis Service to permit improved diagnosis of Q fever
endocarditis. Am J Med 1996;100:629–33.

50.Cecchi E, Parrini I, Chinaglia A et al. New diagnostic criteria
for infective endocarditis. A study of sensitivity and specificity.
Eur Heart J 1997;18:1149–56.

51.Olaison L, Hogevik H. Comparison of the von Reyn and Duke
criteria for the diagnosis of infective endocarditis: a critical
analysis of 161 episodes. Scand J Infect Dis 1996;28:
399–406.

52.Hoen B, Beguinot I, Rabaud C et al. The Duke criteria for diag-
nosing infective endocarditis are specific: analysis of 100
patients with acute fever or fever of unknown origin. Clin
Infect Dis 1996;23:298–302.

53.Dodds GA, Sexton DJ, Durack DT, Bashore TM, Corey GR,
Kisslo J. Negative predictive value of the Duke criteria for infec-
tive endocarditis. Am J Cardiol 1996;77:403–7.

54.Galbreath WR, Hull E. Sulfonamide therapy of bacterial endo-
carditis: results in 42 cases. Ann Intern Med 1943;18:201–3.

55.Durack DT. Review of early experience in treatment of bacterial
endocarditis, 1940–1955. In: Bisno AL, ed. Treatment of infec-
tive endocarditis. New York: Grune & Stratton, 1981.

56.Speller DCE. Pseudomonas cepacia endocarditis treated with
co-trimazole and kanamycin. Br Heart J 1972;35:47–8.

57.Street AC, Durack DT. Experience with trimethoprim-
sulfamethoxazole in treatment of infective endocarditis. Rev
Infect Dis 1988;10:915–21.

58.Wilson WR, Wilkowske CJ, Wright AJ, Sande MA, Geraci JE.
Treatment of streptomycin-susceptible and streptomycin-resist-
ant enterococcal endocarditis. Ann Intern Med 1984;
100:816–23.

59.Watanakunakorn C, Bakie C. Synergism of vancomycin–
gentamicin and vancomycin–streptomycin against enterococci.
Antimicrob Agents Chemother 1973;4:120–4.

60.Caron F, Lemeland JF, Humbert G, Klare I, Gutmann L. Triple
combination penicillin–vancomycin–gentamicin for experimen-
tal endocarditis caused by a highly penicillin- and 
glycopeptide-resistant isolate of Enterococcus faecium. 
J Infect Dis 1993;168:681–6.

61.Watanakunakorn C, Glotzbecker C. Synergism with aminogly-
cosides of penicillin, ampicillin and vancomycin against non-
enterococcal group-D streptococci and viridans streptococci.
J Med Microbiol 1976;10:133–8.

62.Sande MA, Irvin RG. Penicillin-aminoglycoside synergy in
experimental Streptococcus viridans endocarditis. J Infect Dis
1974;129:572–6.

63.Fantin B, Carbon C. In vivo antibiotic synergism: contribution
of animal models. Antimicrob Agents Chemother 1992;36:
907–12.

64.Geraci JE. The antibiotic therapy of infective endocarditis: ther-
apeutic data on 172 patient seen from 1951 through 1957:
additional observations on short-term therapy (two weeks) for
penicillin-sensitive streptococcal endocarditis. Med Clin North
Am 1958;42:1101–48.

65.Hoen B. Special issues in the management of infective endo-
carditis caused by gram-positive cocci. Infect Dis Clin N Am
2002;16:437–52.

66.Rice LB, Calderwood SB, Eliopoulos GM, Farber BF, Karchmer
AW. Enterococcal endocarditis: a comparison of prosthetic and
native valve disease. Rev Infect Dis 1991; 13:1–7.

67.Karchmer AW, Archer GL, Dismukes WE. Staphylococcus epi-
dermidis causing prosthetic valve endocarditis: microbiologic
and clinical observations as guides to therapy. Ann Intern Med
1983;98:447–55.

68.Karchmer AW. Staphylococcal endocarditis. In: Kaye D, ed.
Infective endocarditis, 2nd edn. New York: Raven Press, 1992.

69.Sande MA, Courtney KB. Nafcillin-gentamicin synergism in
experimental staphylococcal endocarditis. J Lab Clin Med
1976;88:118–24.

Infective endocarditis

829



70.Chambers HF, Miller RT, Newman MD. Right-sided
Staphylococcus aureus endocarditis in intravenous drug
abusers: two-week combination therapy. Ann Intern Med
1988;109:619–24.

71.Petti CA, Fowler VG. Staphylococcus aureus bacteremia 
and endocarditis. Infect Dis Clin North Am 2002;16:
419–36.

72.Miro JM, del Rio A, Mestres CA. Infective endocarditis in
intravenous drug abusers and HIV-1 infected patients. Infect
Dis Clin North Am 2002;16:273–96.

73.Wilson WR, Karchmer A, Dajani A et al. Antibiotic treatment
of adults with infective endocarditis due to viridans strepto-
cocci, enterococci, staphylococci and HACEK microorgan-
isms. JAMA 1995;274:1706–13.

74.King FH, Schneierson SS, Sussman ML, Janowitz HD,
Stollerman GH. Prolonged moderate dose therapy versus
intensive short term therapy with penicillin and caronamide
in subacute bacterial endocarditis. J Mt Sinai Hosp 1949;
16:35–46.

75.Bloomfield AL, Armstrong CD, Kirby WMM. The treatment of
subacute bacterial endocarditis with penicillin. J Clin Invest
1945;24:251–67.

76.Kwon-Chung KJ, Hill WB. Studies on the pink, adenine-
deficient strains of Candida albicans. I. Cultural and morpho-
logical characteristics. Sabouraudia 1970;8:48–59.

77.Francioli P, Etienne J, Hoigne R, Thys J, Gerber A. Treatment
of streptococcal endocarditis with a single daily dose of ceftri-
axone sodium for 4 weeks. Efficacy and outpatient treatment
feasibility. JAMA 1992;267:264–7.

78.Francioli P, Ruch W, Stamboulian D, International Infective
Endocarditis Study Group. Treatment of streptococcal endo-
carditis with a single daily dose of ceftriaxone and netilmicin
for 14 days: a prospective multicenter study. Clin Infect Dis
1995;21:1406–10.

79.Stamboulian D, Bonvehi P, Arevalo C et al. Antibiotic man-
agement of outpatients with endocarditis due to penicillin-sus-
ceptible streptococci. Rev Infect Dis 1991;13:S160–S3.

80.Wilson WR, Geraci JE, Wilkowske CJ, Washington JA. Short-
term intramuscular therapy with procaine penicillin plus
streptomycin for infective endocarditis due to viridans strepto-
cocci. Circulation 1978;57:1158–61.

81.Geraci JE, Martin WJ. Antibiotic therapy of bacterial endo-
carditis. VI. Subacute enterococcal endocarditis: clinical,
pathologic and therapeutic consideration of 33 cases.
Circulation 1954;10:173–94.

82.Moellering RC, Jr, Wennersten C, Weinstein AJ.
Penicillin–tobramycin synergism against enterococci: a com-
parison with penicillin and gentamicin. Antimicrob Agents
Chemother 1973;3:526–9.

83.Shorrock PJ, Lambert PA, Aitchison EJ, Smith EG, Farrell ID,
Gutschik E. Serological response in Enterococcus faecalis
endocarditis determined by enzyme-linked immunosorbent
assay. J Clin Microbiol 1990;28:195–200.

84.Bieger RC, Brewer NS, Washington JA, II. Haemophilus
aphrophilus: a microbiologic and clinical review and report of
42 cases. Medicine 1978;57:345–55.

85.Bogers AJJC, van Vreeswijk H, Verbaan CJ et al. Early surgery
for active infective endocarditis improves early and late
results. Thorac Cardiovasc Surg 1991;39:284–7.

86.Aranki SF, Adams DH, Rizzo RJ et al. Determinants of early
mortality and late survival in mitral valve endocarditis.
Circulation 1995;92:143–9.

87.Middlemost S, Wisenbaugh T, Meyerowitz C et al. A case for
early surgery in native left-sided endocarditis complicated 
by heart failure: results in 203 patients. J Am Coll Cardiol
1991;18:663–7.

88.Jubair KA, Al Fagih MR, Ashmeg A, Belhaj M, Sawyer W.
Cardiac operations during active endocarditis. J Thorac
Cardiovasc Surg 1992;104:487–90.

89.Wallace AG, Young G, Jr, Osterhout S. Treatment of acute bac-
terial endocarditis by valve excision and replacement.
Circulation 1965;31:450–3.

90.Olaison L, Pettersson G. Current best practices and guidelines:
indications for surgical intervention in infective endocarditis.
Infect Dis Clin North Am 2002;16:453–76.

91.DiNubile MJ, Calderwood SB, Steinhaus DM, Karchmer AW.
Cardiac conduction abnormalities complicating native valve
active endocarditis. Am J Cardiol 1986;58:1213–17.

92.Tucker KJ, Johnson JA, Ong T, Mullen WL, Mailhot J. Medical
management of prosthetic aortic valve endocarditis and aortic
root abscess. Am Heart J 1993;125:1195–7.

93.Karchmer AW, Longworth DL. Infections of intracardiac
devices. Infect Dis Clin North Am 2002;16:477–506.

94.Woods GL, Wood P, Shaw BW, Jr. Aspergillus endocarditis in
patients without prior cardiovascular surgery: report of a case
in a liver transplant recipient and review. Rev Infect Dis
1989;II:263–72.

95.Fowler VG, Durack DT. Infective endocarditis. Curr Opin
Cardiol 1994;9:389–400.

96.Guzman F, Cartmill I, Holden MP, Freeman R. Candida 
endocarditis: report of four cases. Int J Cardiol 1987;16:
131–6.

97.Scully RE, Mark EJ, McNeely WF, McNeely BU. Case records
of the Massachussetts General Hospital. N Engl J Med
1996;334:105–11.

98.Khan SS, Gray RJ. Valvular emergencies. Cardiol Clin 1991;
9:689–709.

99.Steckelberg JM, Murphy JG, Ballard D et al. Emboli in infec-
tive endocarditis: the prognostic value of echocardiography.
Ann Intern Med 1991;114:635–40.

100.Sexton DJ, Spelman D. Current best practices and guidelines:
assessment and management of complications of infective
endocarditis. Infect Dis Clin North Am 2002;16:507–22.

101.Kawamoto T, Nakano S, Matsuda H, Hirose H, Kawashima Y.
Candida endocarditis with saddle embolism: a successful sur-
gical intervention (abstract). Ann Thorac Surg 1989;
48:723–4.

102.Tanka M, Toshio A, Hosokawa S, Suenaga Y, Hikosaka H.
Tricuspid valve Candida endocarditis cured by valve-sparing
debridement. Ann Thorac Surg 1989;48:857–8.

103.Isalska BJ, Stanbridge TN. Fluconazole in the treatment of candi-
dal prosthetic valve endocarditis. BMJ 1988;297:178–9.

104.Rhoads PS, Schram WR, Adair D. Bacteremia following tooth
extraction: prevention with penicillin and N U 445. 
J Am Dent Assoc 1950;41:55–61.

105.Pressman RS, Bender IB. Antibiotic treatment of the gingival
sulcus in the prevention of bacteremia. Antibiotics Annual
1954;92–104.

Evidence-based Cardiology

830



106.Northrop PM, Crowley MC. Further studies on the effect of
the prophylactic use of sulfathiazole and sulfamerazine on
bacteremia following extraction of teeth. J Oral Surg
1944;2:134.

107.Budnitz E, Nizel A, Berg L. Prophylactic use of sulfapyridine
in patients susceptible to subacute bacterial endocarditis fol-
lowing dental surgical procedures. J Am Dent Assoc
1942;29:346.

108.Camara DS, Gruber M, Barde CJ, Montes M, Caruana JA, Jr,
Chung RS. Transient bacteremia following endoscopic injec-
tion sclerotherapy of esophageal varices. Arch Intern Med
1983;143:1350–2.

109.Dajani AS, Taubert KA, Wilson WR et al. Prevention of 
bacterial endocarditis. Recommendations by the American
Heart Association. Circulation 1997;96:358–66.

110.Delaye J, Etienne J, Feruglio A et al. Prophylaxis of infective
endocarditis for dental procedures. Report of a working party
of the European Society of Cardiology. Eur Heart J
1985;6:826–8.

111.Michel MF, Thompson J, Boering G, Hess J, Van Putten PL.
Revision of the guidelines of the Netherlands Heart
Foundation for the prevention of endocarditis. Genees-
middelen-bull 1986;20:53–6.

112.Shanson DC. Antibiotic prophylaxis of infective endocarditis
in the United Kingdom and Europe. J Antimicrob Chemother
1987;20:119–31.

113.Meneely JK. Bacterial endocarditis following urethral manipu-
lation. N Engl J Med 1948;239:708–9.

114.Slade N. Bacteriaemia and septicaemia after urological 
operations. Proc R Soc Med 1958;51:331–4.

115.Sullivan NM, Sutter VL, Mims MM, Marsh VH, Finegold SM.
Clinical aspects of bacteremia after manipulation of the geni-
tourinary tract. J Infect Dis 1973;127:49–55.

116.Durack D. Prevention of infective endocarditis. N Engl J Med
1995;332:38–44.

117.Shorvon PJ, Eykyn SJ, Cotton PB. Gastrointestinal instrumen-
tation, bacteraemia, and endocarditis. Gut 1983;24:
1078–93.

118.Edson RS, Van Scoy RE, Leary FJ. Gram-negative bacteremia
after transrectal needle biopsy of the prostate. Mayo Clin Proc
1980;55:489–91.

119.Livengood CH, III, Land MR, Addison WA. Endometrial
biopsy, bacteremia, and endocarditis risk. Obstet Gynecol
1985;65:678–81.

120.Mellow MH, Lewis RJ. Endoscopy-related bacteremia.
Incidence of positive blood cultures after endoscopy of upper
gastrointestinal tract. Arch Intern Med 1976;136:667–9.

121.Yin TP, Dellipiani AW. Bacterial endocarditis after Hurst
bougienage in a patient with a benign oesophageal stricture.
Endoscopy 1983;15:27–8.

122.Giglio JA, Rowland RW, Dalton HP, Laskin DM. Suture
removal-induced bacteremia: a possible endocarditis risk. 
J Am Dent Assoc 1992;123:65–70.

123.Ho H, Zuckerman MJ, Wassem C. A prospective controlled
study of the risk of bacteremia in emergency sclerotherapy of
esophageal varices. Gastroenterology 1991;101:1642–8.

124.Low DE, Shoenut JP, Kennedy JK et al. Prospective assess-
ment of risk of bacteremia with colonoscopy and polypec-
tomy. Dig Dis Sci 1987;32:1239–43.

125.Glauser MP, Bernard JP, Morceillon P, Francioli P. Successful
single-dose amoxicillin prophylaxis against experimental strep-
tococcal endocarditis: evidence for two mechanisms of protec-
tion. J Infect Dis 1983;147:568–75.

126.Bernard J, Francioli P, Glauser MP. Vancomycin prophylaxis of
experimental Streptococcus sanguis; inhibition of bacterial
adherence rather than bacterial killing. J Clin Invest
1981;68:1113–16.

127.Moreillon P, Francioli P, Overholser P, Meylan P, Glauser MP.
Mechanisms of successful amoxicillin prophylaxis 
of experimental endocarditis due to Streptococcus 
intermedius. J Infect Dis 1986;154:801–7.

128.Malinverni R, Overholser CD, Bille J, Glauser MP. Antibiotic
prophylaxis of experimental endocarditis after dental extrac-
tions. Lab Invest 1988;77:182–7.

129.Glauser MP, Francioli P. Relevance of animal models to the
prophylaxis of infective endocarditis. J Antimicrob Chemother
1987;20(Suppl. A):87–93.

130.Durack DT, Petersdorf RG, Beeson PB. Penicillin prophylaxis
of experimental S. viridans endocarditis. Trans Assoc Am
Phys 1972;85:222–30.

131.Durack DT, Petersdorf RG. Chemotherapy of experimental
streptococcal endocarditis. I. Comparison of commonly 
prophylactic regimens. J Clin Invest 1973;52:592–8.

132.Pelletier LL, Durack DT, Petersdorf RG. Chemotherapy 
of experimental streptococcal endocarditis. IV. Further observa-
tions on antimicrobial prophylaxis. J Clin Invest 1975;
56:319–30.

133.Horstkotte D, Friedrichs W, Pippert H, Bircks W, Loogen F.
Benefits of endocarditis prevention in patients with prosthetic
heart valves. [German]. Z Kardiol 1986;75:8–11.

134.Van Der Meer JTM, Van Wijk W, Thompson J, Vandenbroucke
JP, Valkenburg HA, Michel MF. Efficacy 
of antibiotic prophylaxis for prevention of native-valve 
endocarditis. Lancet 1992;339:135–40.

135.Patton JP. Infective endocarditis: economic considerations. In:
Kaye D, ed. Infective endocarditis, 2nd edn. New York:
Raven Press, 1992.

136.Imperiale TF, Horwitz RI. Does prophylaxis prevent post-
dental infective endocarditis? A controlled evaluation of 
protective efficacy. Am J Med 1990;88:131–6.

137.Everett ED, Hirschmann JV. Transient bacteremia and 
endocarditis prophylaxis. A review. Medicine 1977;56:
61–77.

138.Biorn CL, Browning WH, Thompson L. Transient bacteremia
immediately following transurethral prostatic resection. J Urol
1950;63:155–61.

139.Clemens JD, Ransohoff DF. A quantitative assessment of pre-
dental antibiotic prophylaxis for patients with mitral-valve pro-
lapse. J Chron Dis 1984;37:531–44.

140.Bor DH, Himmelstein DU. Endocarditis prophylaxis for
patients with mitral valve prolapse: a quantitative analysis. Am
J Med 1984;76:711–17.

Infective endocarditis

831



832

Introduction

Despite improvements in prosthetic materials and valve
design, thromboembolism remains a serious complication in
patients following heart valve replacement. It is generally
agreed that lifelong oral anticoagulants are indicated in
patients with mechanical prosthetic valves and in patients
with tissue valves, if they have atrial fibrillation or a history
of thromboembolism.1–3 In the absence of antithrombotic
therapy, systemic embolism and stroke have been reported
in between 5% and 50% of patients, depending upon the
valve site, the type of valve replacement and the presence of
comorbid conditions.2,3 With the use of anticoagulants, the
rate of systemic embolism has been reduced to 1–3% per
year.4 Antithrombotic therapy, however, carries an impor-
tant risk of bleeding, which is related to the level of anti-
coagulation used.5 Studies of long-term oral anticoagulant
therapy for deep vein thrombosis have shown that a less
intense regimen (INR 2·0–3·0) is as effective but safer than
the more intense regimen (INR 3·0–4·5) that was standard
until recently.6–8 Subsequently, studies in patients following
either bioprosthetic or mechanical heart valve replacement
have shown reduced bleeding with a lower intensity of anti-
coagulants without loss of efficacy,9–11 and based on these
studies there has been marked improvement in the safety of
the long-term anticoagulant regimens used following heart
valve replacement.

Bioprosthetic heart valves

The risk of thromboembolism is less with uncomplicated
bioprosthetic valves than with mechanical valves.12–15 Oral
anticoagulants, including warfarin, have been shown to be
effective and safe when used at a targeted INR of 2·0–3·0 in
such patients based on the results of one prospective clinical
trial.9 This study compared two intensities of anticoagula-
tion to determine the safety and efficacy of a less intense
anticoagulant regimen in patients following tissue valve
replacement. One hundred and eight patients were random-
ized to standard anticoagulant control (INR 3·0–4·5), and
102 patients to a less intensive regimen (INR 2·0–2·5).
Treatment was continued for 3 months. In this study there

was no difference in the frequency of major systemic emboli
(1·8% v 1·8%) between the two treatment groups, but there
were significantly fewer major hemorrhagic complications
(0·0% v 4·5%; P � 0·034) and total hemorrhagic complica-
tions (5·4% v 14·6%; P � 0·042) in the low intensity group
(INR 2·0–3·0) compared to the high intensity group, respec-
tively. This level of anticoagulation (INR 2·0–3·0) is now
recommended by the American College of Chest Physicians
(ACCP) for patients with tissue valve replacement.4

The risk of thromboembolism is limited mainly to the first
3 months postoperatively in uncomplicated patients with
tissue valves, but is present indefinitely in patients with atrial
fibrillation.16 A low ejection fraction, an enlarged left atrium,
previous history of venous thromboembolism, and the pres-
ence of a pacemaker also increase the risk of thrombo-
embolic complications.17,18 Consequently, in uncomplicated
patients with mitral bioprosthetic valves, anticoagulant ther-
apy is recommended for 3 months while long-term therapy 
is indicated in patients with atrial fibrillation, those with 
an atrial thrombus detected at echocardiography, and those
who develop a systemic embolus.4 Patients with
uncomplicated bioprosthetic valves in the aortic position are
at very low risk of systemic embolism and some authorities
therefore suggest they do not require anticoagulant therapy,
although this recommendation remains controversial.4,19

Long-term treatment with aspirin 80 mg/day following
3 months of oral anticoagulant therapy is likely to be benefi-
cial to prevent subsequent thromboembolic events in patients
with uncomplicated bioprosthetic valves.4 The
current recommendations by the ACCP for patients with
tissue valves are shown below.

Mechanical prosthetic heart valves

Patients with mechanical heart valve prostheses require life-
long anticoagulation therapy. The optimal level of anticoagu-
lation in patients with mechanical heart valve replacements
has been placed on a scientific footing based on the results of
recent studies. Randomized trials have shown that oral anti-
coagulants are effective in reducing the risk of systemic
embolism in patients with mechanical prosthetic valves
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when given at lower intensity than has been used in the
past. The 2001 guidelines of the ACCP4 recommend two
intensity regimens of long-term oral anticoagulant treatment
according to the site of the mechanical prosthesis and the
presence of concomitant risk factors. A lower INR range
between 2·0 and 3·0 is now recommended for patients with
a bileaflet valve (St Jude Medical or Carbomedics) or a tilt-
ing disc valve (Medtronic–Hall) in the aortic position who
are in normal sinus rhythm and have a left atrium of normal
size. These newer recommendations, which are levels of
evidence for the St Jude Medical valves and

for Carbomedics and Medtronic–Hall, are
based on the results of long-term follow up studies.20–23 In
particular, a study from France20 has confirmed the efficacy
of a less intense level of anticoagulation following mechani-
cal heart valve replacement. In this study 433 patients with
mechanical prostheses were randomized to anticoagulant
therapy monitored to achieve an INR of 2·0–3·0 or 3·0–4·5
and followed for 2·2 years. Thromboembolic outcome
events, either clinical events or asymptomatic CNS abnor-
malities proven on CT scan, occurred in 10 of 185 (5·3%)
patients in the low intensity group and 9 of 192 (4·7%)
patients in the high intensity group (P � 0·78). Importantly,
there was a statistically significant difference in the rate of
bleeding complications between the two groups. Bleeding
events occurred in 34 patients (18·1%) in the low intensity
group compared with 56 patients (29·2%) in the high inten-
sity group (P � 0·01). The majority of patients in this trial,
however, had aortic valve replacements and were in sinus
rhythm, which limits the generalizability of the results.

Grade B2
Grade A2

An INR range between 2·5 and 3·5 is still recommended
for mechanical valves in the mitral position.4 This recom-
mendation was based on two prospective studies that
demonstrated that anticoagulant therapy maintained within
this target INR range was as effective as a more intense level
of anticoagulation, but with less bleeding. In the first study10

there was no difference in the frequency of major embolic
events in the patients treated with a high intensity regimen
(INR 9·0) compared with patients treated with a less
intense (INR 2·65) anticoagulant regimen (4·0 v 3·7 embolic
episodes per 100 patient years, respectively). However,
there was significantly less bleeding in the less intense group
(6·2 v 12·1 hemorrhagic episodes per 100 patient years;
P � 0·02). The second study11 compared low intensity (INR
2·0–2·99) with high intensity (INR 3·0–4·5) oral anticoagu-
lants in patients with mechanical valves, all of whom were
treated with aspirin (330 mg twice per day) in combination
with dipyridamole (75 mg per day). In this study one tran-
sient ischemic attack occurred in the low intensity group
and two in the high intensity group. There were signifi-
cantly fewer bleeding events in the low intensity group, in
which three episodes occurred compared with 12 in the
high intensity group (P � 0·02).

Although these studies form the basis for the recommen-
dations for a less intense level of anticoagulation, they have
a number of limitations. In the first study a very high inten-
sity anticoagulant regimen was compared with a moderately
high intensity anticoagulant regimen. The mean daily dose
of warfarin in the high intensity group was 8·5 mg and in
the low intensity group the mean daily dose of 5·9 mg was
similar to the average daily dose of 5·4 mg used in the high
intensity group in three venous thrombosis studies,6–8 and
in the randomized study in patients with tissue valves.9 This
suggests that the low intensity group in the first mechanical
valve study10 may have been equivalent to the standard
intensity group in the venous thromboembolism studies.8

The second study11 was small, and therefore the claim that
the two regimens were identical in efficacy is questionable.
This latter study does, however, confirm the marked differ-
ence in bleeding between high intensity and low intensity
anticoagulant regimens. The ACCP recommendations for
mechanical valves are shown below.

The ACCP recommendation of an INR target of 2·5–3·5
is lower than that reported in a study conducted in Europe
which has recommended a target range of 3·0–4·0.24 How-
ever, the European recommendation is based on retrospec-
tive data and largely on events that occurred in patients
with older caged ball valve prostheses. Thus recommenda-
tions based on these data are unlikely to be applicable for
use in patients with the modern bileaflet and tilting disc
valves that are currently in use.

Of interest, two recent studies have reported a high sensi-
tivity to warfarin in the immediate postoperative phase 
during oral anticoagulation induction and suggested the

Antithrombotic therapy in bioprosthetic heart valve
replacement: recommendations

INR Duration Grade of
recommendation

Mitral 2·0–3·0 3 mth

Aortic 2·0–3·0 3 mth

Atrial
fibrillation 2·0–3·0 Long-term

Left atrial 2·0–3·0 Long-term
thrombosis (duration

uncertain)

Permanent
pacemaker 2·0–3·0 Optional

Systemic
embolism 2·0–3·0 3–12 mth

Normal Long-term
sinus aspirin
rhythm (80 mg/day)

From Stein et al.4
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need for lower starting doses of warfarin to regularly
achieve the therapeutic range (that is, 2·5–3·0 mg instead of
5·0 mg) in most patients.25,26

Combination antithrombotic therapy

A major limitation to the current approach used to treat high-
risk patients with prosthetic heart valves is that systemic

embolism, which may result in disabling stroke, still occurs
at a rate of approximately 2–3% per year, despite the use of
anticoagulants.4 The addition of antiplatelet agents to oral
anticoagulants has been advocated as an improved approach
to the treatment of patients with mechanical valves, or high-
risk patients with tissue valves, to reduce further the risk of
major systemic embolism. In an early study27 the combina-
tion of dipyridamole and oral anticoagulants significantly
reduced mortality in patients with early models of the
Starr–Edwards prosthesis compared with anticoagulants
alone. A subsequent study from the Mayo Clinic28 reported
that the addition of dipyridamole to oral anticoagulants
significantly reduced the risk of thromboembolic events in
patients with mechanical heart valve prostheses. A recent
meta-analysis of the dipyridamole studies (Table 58.1) has
confirmed improved outcomes with combined therapy
compared with anticoagulants alone.29 The routine use of
dipyridamole in combination with oral anticoagulants is,
however, not widely accepted for the treatment of patients
with mechanical valves or high-risk patients with tissue
valves, because of the frequency of adverse effects, includ-
ing intractable headache, dizziness, nausea, flushing, and
syncope.

The combination of aspirin and oral anticoagulants has
also been used in the treatment of patients with heart valve
replacement with a significant reduction in embolic compli-
cations, but with an increased risk of bleeding complica-
tions.30 In the early studies reported to date, aspirin was
used in high doses (approximately 1 g/day), and in most
cases the bleeding with the combination of high-dose aspirin
and high-dose oral anticoagulants was gastrointestinal.31

There is good evidence that gastrointestinal irritation and
hemorrhage is dose-dependent over a range of 100–1000 mg
of aspirin per day and that the antithrombotic effects of
aspirin are independent of the dose over this range.

One completed study32 compared low-dose aspirin 
combined with warfarin in the treatment of patients with
mechanical heart valve replacements to determine whether
low-dose aspirin would result in an improved antithrom-
botic effect, without the same high risk of bleeding that has

Antithrombotic therapy in mechanical heart valve
replacement: recommendations

INR Grade of
recommendation

Uncomplicated 2·0–3·0
bileaflet aortic

Uncomplicated 2·0–3·0
tilting disc aortic

Bileaflet aortic 2·5–3·5 or 
and atrial 2·0–3·0 �
fibrillation aspirin 80 mg

to 100 mg/day

Uncomplicated 2·5–3·5
bileaflet mitral

Uncomplicated 2·5–3·5
tilting disc mitral

Additional risk 2·5–3·5 �
factors aspirin 80 mg

to 100 mg/day

Systemic 2·5–3·5 �
embolism aspirin 80 mg

to 100 mg/day

Caged ball or 2·5–3·5 �
caged disc valve aspirin 80 mg

to 100 mg/day

From Stein et al.4

Grade A/C

Grade B2

Grade B2

Grade B2

Grade B3

Grade B3/4

Grade B3

Grade A1a

Table 58.1 Dipyridamole plus anticoagulants following heart valve replacement

Oral A/C alone Oral A/C � % RR 2 P
dipyridamole

Thromboembolism 69/582 (11·9%) 31/559 (5·5%) 56 0·007
Non-fatal T/E 48/582 (8·2%) 24/559 (4·3%) 50 0·005
Fatal T/E 21/582 (3·6%) 7/559 (1·3%) 64 0·008
Death 67/582 (11·5%) 40/559 (7·2%) 40 0·013
Hemorrhage 87/539 (16·1%) 80/501 (16·0%) �1 0·94

Abbreviations: A/C, anticoagulants; T/E, thromboembolism
From Pouleur and Buyse29
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been reported for the combination of oral anticoagulants
with high-dose aspirin. This was a double-blind, randomized
trial to compare the relative efficacy and safety of aspirin 
(100 mg per day) with placebo in the prevention of systemic
embolism or vascular death in patients with mechanical
heart valve replacement or high-risk patients with tissue
valves who had atrial fibrillation or a history of thromboem-
bolism. Three hundred and seventy patients were treated
with oral anticoagulant therapy (warfarin: INR 3·0–4·5)
and randomized to receive aspirin (186 patients) or placebo
(184 patients) and followed for up to 4 years (average 2·5
years). The outcomes of the study were systemic embolism,
valve thrombosis, vascular death, and hemorrhage. Systemic
embolism or vascular death occurred in 6 (3·2%) of the
aspirin-treated patients and 24 (13·0%) of the placebo-treated
patients (RR 77·2%; 90% CI 51·7–89·2; P � 0·0002). 
The corresponding rates for systemic embolism or death from
any cause were 13 (7·0%) and 33 (17·9%), respectively 
(RR 64·7%; 90% CI 39·6–79·5; P � 0·0005); for vascular
death 2 (1·1%) and 13 (7·1%), respectively (RR 85·4%; 90%
CI 49·8–95·9; P � 0·0015); and for death from any cause
9 (4·8%) and 22 (12·0%), respectively (RR 62·7%; 90% CI
44·5–80·5; P � 0·0048). Major bleeding events occurred in
24 (12%) of the aspirin-treated patients compared with 19
(10·3%) in the placebo-treated patients (absolute difference
2·6%; 90% CI�8·3–3.4; P � 0·2710).

The results of this study, the annualized rates of which are
summarized in Table 58.2, demonstrated that in patients
with mechanical valve replacement or high-risk patients with
tissue valve replacement, the addition of aspirin (100mg per
day) to oral anticoagulation therapy (warfarin: INR 3·0–4·5)
reduced mortality, vascular mortality, and systemic embolism,
but with some increase in minor bleeding. In a recent study
in patients with mechanical prostheses,33 it was shown that
low-dose aspirin (100mg/day) was as effective as high-dose
aspirin (650mg/day) in combination with oral anticoagulants
at a target INR of 2·0–3·0, but with a reduced risk of bleed-
ing. Therefore, the addition of low-dose aspirin (80–100
mg/day) is now recommended for patients with concomitant
atrial fibrillation or other additional risk factors and patients

who had thromboembolic events despite adequate oral anti-
coagulant therapy.

Ticlopidine may also be useful as an adjunct to oral anti-
coagulants, but the data are less solid since the one study in
which it has been evaluated was not randomized.34 There
are currently no available data on the association of aspirin
and clopidogrel in this setting.

Summary

The demonstration that, for most indications for oral anti-
coagulant therapy, less intense anticoagulation (INR 2·0–3·0)
is as efficacious as standard intensity anticoagulation (INR
3·0–4·5) but with significantly less bleeding is an important
advance in antithrombotic therapy. It has greatly improved
safety of long-term oral anticoagulant therapy and has
resulted in its more widespread use in the prevention and
treatment of thromboembolism. It is the level of choice in
uncomplicated patients with tissue prostheses. Further evi-
dence is required, however, before this less intense regimen
is routinely adopted for patients with mechanical valves and
for high-risk patients with tissue valves. The addition of low-
dose aspirin to anticoagulants may be more efficacious in the
prevention of systemic embolism and vascular death in heart
valve replacement patients than anticoagulants alone and
may permit a lower intensity of anticoagulation to be used.
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



The increasing burden of stroke

Stroke is a major global healthcare problem.1 In most
Western countries, stroke is the third leading cause of death
after heart disease and cancer, and is a major cause of long-
term disability and a significant cost to health and social serv-
ices.2 The majority (about 75%) of new cases of stroke occur
in people over the age of 65 years,2–4 and about one third of
them are dead within one year.5,6 In addition to concerns
about dependency and being a burden to others, survivors
hope to remain free of recurrent stroke (and other serious
vascular events), estimated at about 30–40% over the first
five years after the onset of stroke.7,8

After a long period of neglect and an attitude to stroke that
has been one of therapeutic nihilism, the past few decades has
seen growing interest in the area of stroke medicine and con-
siderable advances in the epidemiology and therapeutics of
stroke. This can be explained by a number of factors, such as
the ready availability of non-invasive diagnostic technology
and an increase in evidence from randomized controlled tri-
als. Computerized tomography (CT) and magnetic resonance
imaging (MRI) provide the clinician with the ability to confirm
the bedside diagnosis of stroke and transient ischemic attack
(TIA), differentiate accurately intracerebral hemorrhage (and
subarachnoid hemorrhage) from infarction, and distinguish
the cerebral lesions underlying several distinct stroke syn-
dromes in life. In comparison to ischemic heart disease, stroke
is a heterogeneous clinical syndrome that encompasses a
number of pathological entities that are not necessarily related
to atherosclerosis, have different patterns of occurrence and
outcome, and may require different management. However, 
it is often difficult to assign a specific cause for the different
types of cerebral infarction (that is, large artery atherothrom-
bosis, cardioembolism, and “small vessel” lacunes) in a partic-
ular individual due to the non-specific and overlapping nature
of risk factors and other features. Modern neuro-imaging has
also allowed a greater awareness of the importance of “silent
strokes” and of the broader effects of strokes on the mind and
emotion. Depression is an important sequela of stroke,9 while
cerebrovascular disease and Alzheimer’s disease often coincide
in older people. Indeed, evidence is accumulating that 
cerebrovascular disease may play a role in the etiology of
Alzheimer’s disease as well as vascular dementia.10

Although the continuous decline in mortality and inci-
dence from stroke in some populations over recent decades
is an encouraging trend,11–17 there is still no general consen-
sus about the factors responsible, or their relative contribu-
tions, to these trends. It is unclear, for example, whether
there has been a change in the natural history with fewer
and less severe strokes, either of which could be related to
the better control of blood pressure and other risk factors; or
whether there has been an improvement in survival follow-
ing stroke related to improvements in acute and long-
term medical care. It is also uncertain why there has been
recent trend of a slowdown in the decline,15,18,19 or even 
an increase in mortality rates from stroke in some Eastern
European countries.20 One possible explanation is that this is
related to the decline in mortality from coronary artery dis-
ease and consequent rising prevalence of chronic ischemic
heart disease and heart failure, which increase the pool of
persons at high risk of stroke. Other potential candidates
include changes in the prevalence of risk factors, in particular
diabetes, obesity and smoking, and the recognized failure of
hypertension detection and control programs.

Untangling the puzzle of trends in stroke is a matter of
pressing importance because the elderly, the most stroke-
prone age group, constitute the fastest growing segment of
the population. If the incidence of stroke were to stabilize
rather than fall, there will soon be an absolute increase in
the numbers of disabled survivors of stroke, with major con-
sequences for the health system and informal caregivers. In
developed countries, at least, it has been suggested that
early death from stroke in patients who were already “hand-
icapped” from other causes may contribute to these com-
munities avoiding an overall increase in the burden of care
related to long-term survivors of stroke.21 Even so, country-
specific data on trends in the cause-specific incidence of
stroke provide important local feedback on the success (or
failure) of preventative strategies, while patterns of case
fatality and outcome should bear a closer relationship to the
management of acute stroke. Both are required for the plan-
ning of services that will inevitably come under increasing
pressure from the aforementioned demographic changes.
The burden of stroke, in particular, is projected to increase
dramatically in developing countries, due to rapid changing
population demographics and a shift from traditional, rural
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to urban lifestyles.1,22 It is imperative, then, that researchers,
healthcare providers and policy makers develop appropriate
and cost effective interventions for the prevention, treatment
and management of stroke. Hankey and Warlow23 provide
an excellent overview of the effectiveness and costs of such
strategies, and this is summarized in Tables 59.1 and 59.2.

Stroke units and stroke services

Arguably the single most important therapeutic advance
during the past decade in the treatment of patients with
acute stroke has been the development of stroke services
and stroke units. Strong evidence exists from pooled clinical
trial data that well coordinated multidisciplinary, inpatient,
stroke unit care can significantly improve the likelihood of
returning home and retaining independence after stroke.24

Compared with conventional care in a general medical
ward, stroke units are associated with a relative risk reduc-
tion (RRR) of 9% and an absolute risk reduction (ARR) of
5·6%. Thus, the number of patients with stroke that need to
be treated (NNT) on a stroke unit to prevent one from dying
or becoming dependent is an impressive 18.23 The benefit of
stroke units applies across all subgroups of patients includ-
ing those who are old, severely disabled, or are admitted
late to hospital.24 While it is uncertain which part of this
expert care is important, there is broad consensus that
stroke services, both in the acute and rehabilitation phases,
need to be well coordinated and include a multidisciplinary
team approach, active participation of family, and special
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education and training of staff (see Table 59.3). In common
with coronary care units, stroke units also facilitate the con-
duct of randomized trials and allow the development of pro-
tocols and practices to facilitate rapid, early and thorough
evaluation, treatment and rehabilitation.

There is much interest in extending the “black box”
package of stroke unit care into the community. In the past
decade, there have been an increasing number of trials of
specialist domiciliary (home-based) stroke care and rehabili-
tation schemes, with the aim of either avoiding the need for
admission to hospital, or enabling earlier and more effective
discharge and follow up. Although there may be scope to
prevent some admissions to hospital after stroke, it is not an
easy task, not least because stroke is a frightening illness,
with most patients disabled at onset. In most countries, hos-
pitals offer a safe and secure environment for intensive nurs-
ing care and rehabilitation. Patients with stroke, therefore,
conventionally receive a substantial part of their acute care
and rehabilitation in hospitals or in other institutions that
offer a 24 hour stay. This emphasis on hospital care,
together with greater public and professional education on
acute symptoms and the need to regard stroke as an emer-
gency,25,26 mean that it is probably unrealistic to anticipate
major service development to the area of “hospital avoid-
ance” for patients with stroke in the future.

Conversely, there is much interest in the development of
services that allow patients with stroke to be sent home
from hospital earlier than usual and receive domiciliary
rehabilitation. Advocates of early discharge schemes suggest
several advantages: satisfying patient choice, reducing risks
associated with prolonged inpatient care, the home setting

Table 59.3 Organization of stroke services – evidence grades

Recommendation Evidence grade

1. Every health care organization involved in the care of patients with
acute stroke should ensure that the there are specialty service(s)
responsible for the management of these patients which comprise the
following factors:
● A geographically defined unit as the inpatient service base
● A well coordinated multidisciplinary team
● Staff with special training and expertise in stroke care and

rehabilitation
● Educational programs for staff, patients and caregivers
● Agreed-on protocols for common problems

2. Specialist stroke services can be delivered to patients, following the
acute phase, equally effectively in hospital or the community

3. Rehabilitation can be provided to patients within a specialist
outpatient or domiciliary setting with equal effect

4. Patients with acute stroke who are not admitted to hospital can
benefit from a domicilary rehabilitation team that includes an
occupational therapist.
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being more focused toward rehabilitation outcomes, and
savings in costs.27 Since 1997, several randomized trials of
early hospital discharge and domiciliary stroke rehabilitation
have been published.28 These data are consistent with
regard to no adverse impact on patient outcomes and a
reduction in hospital length of stay, and the limited eco-
nomic analyses available indicate potential cost-savings with
such schemes.29,30 There is high quality evidence that
allows some broad recommendations to be made regarding
the organization of stroke care31 (see Table 59.1).

Treatment of ischemic stroke

Another major therapeutic landmark in the management of
stroke is the use of thrombolytic therapy for acute ischemic
stroke. Most acute strokes are due to cerebral infarction fol-
lowing occlusion of arterial blood vessels. The pathogenesis
of resulting brain damage can be separated into two sequen-
tial processes:

1. the vascular and hematological events that produce
occlusion and reduce blood flow in the affected area

2. ischemic necrosis of brain cells.

Surrounding blood vessels in the brain may partly main-
tain blood flow into the damaged area and therefore, the
outer regions of the damaged area are less severely affected
than within the core. This process produces an area of irre-
versible severe ischemia surrounded by an area of moderate
ischemia, known as the “penumbra”. The recognition that
further death of neurons in the penumbra may be prevented
has focused attention on treatments to minimize, or even
reverse, the damaging effects of ischemia provided they can
be initiated within a short period of time after the onset of
stroke. This “therapeutic window” may be divided into two
partly overlapping components: the “reperfusion window”
related to the restoration of blood flow and the “neuro-
protective window” related to damaging effects within brain
cells. Studies in various animal models and clinical trials sug-
gest that the reperfusion window is very short, perhaps only
a few hours, while the neuroprotective window may be much
longer, maybe up to 48 hours. While an effective neuro-
protective agent for acute stroke has yet to be identified, con-
siderable progress has been made in therapies aimed at
restoring blood flow to prevent or lessen the spreading
ischemia within the penumbra.

In 1996, the United States Food and Drug Administration
(FDA) approved intravenous recombinant tissue plasminogen
activator (rt-PA) in selected patients with acute ischemic
stroke, provided treatment can begin within 3 hours of the
onset of symptoms. The approval was based largely on the
results of two combined, National Institute of Neurologic
Disease and Stroke (NINDS) Acute Stroke Studies, where all
patients were treated within 3 hours of the onset of symptoms

and half of the patients were treated within 90 minutes.32

Subsequent individual trials of rt-PA (and streptokinase)
with time windows extending up to 6 hours after the onset
of stroke have failed to show a definite positive benefit on
their own, but several meta-analyses of the trials indicate a
large beneficial effect of treatment, albeit with significant
risk, mainly intracerebral hemorrhage.33,34 Risk of intracere-
bral hemorrhage is estimated to be 5–10%, and appears
more likely to occur in patients with evidence of a large vis-
ible infarct on CT, and concurrent use of aspirin among
other factors. Despite this risk, use of intravenous rt-PA
appears to result in at least a 30% RRR in disability from
stroke. The benefits (about 65 patients per 1000 treated
avoid “death or long-term dependence”) appear to be sev-
eral times greater than for aspirin, the only other proven
effective medical treatment used early after the onset of
stroke.35,36

Although licenses have been granted for the use of rt-PA
in several countries and subsequent consensus statements
from lead professional organizations such as the American
Heart Association37 endorsing the use of intravenous rt-PA.
The uptake of this therapy in clinical practice is extremely
limited, even despite intensive community and professional
awareness campaigns.38 In addition, there has been criti-
cism of editorial format of certain consensus statements39

and concerns raised about the randomization process in the
NINDS trial and failure to adjust for imbalance in baseline
variables (J Wardlow, personal communication). Thus, there
is a long way to go before we can use thrombolysis widely in
patients with acute ischemic stroke. Despite the published
data, consensus statements, and guidelines, only a very
small minority of patients with acute ischemic stroke cur-
rently receive intravenous rt-PA, mainly due to various edu-
cational barriers and delays in getting people to hospital
quickly after the onset of symptoms. Much more data is
required to establish reliably the balance of benefits and
risks of thrombolysis across different groups of patients,
even those patients treated after the 3 hour time win-
dow.33,34 A large multicenter trial (International Stroke Trial
(IST) – 3) has commenced to address these issues and 
influence clinical practice.

Apart from rt-PA, two very large trials have 
established that aspirin 300 mg, administered within the
first 48 hours after the onset of ischemic stroke, reduce 
the risk of death or dependency at 6 months by 1·3%,
mainly by reducing early recurrent ischemic stroke.35,36

Despite a long history of use as standard therapy for estab-
lished or threatened acute ischemic stroke, a large number
of trials individually, and when combined in a meta-
analysis,35,40 have established beyond doubt that heparin in
any form, dose or route of administration has no benefit. Even
among patients with presumed cardio-embolic stroke, the
modest potential benefit is counterbalanced by a significant
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excess risk of symptomatic hemorrhage, of which the most
lethal is intracerebral hemorrhage.35,40,41

Prevention of stroke

The most realistic approach to lessen the burden of stroke is
prevention, with both population-based strategies and the
targeting of high-risk individuals being advocated.
Epidemiologic studies suggest that significant reductions in
the incidence of stroke, as with coronary heart disease, can
be expected by reducing the prevalence or shifting the dis-
tribution of risk factors across the entire population.42 Thus,
identifying risk factors and intervening to control or modify
them remains the most important means of reducing the
burden of stroke. Favorable lifestyle behaviors, including
weight reduction, diets that are high in fish, fruit and veg-
etables, and increased physical activity, are based on sound
epidemiologic data. Although direct evidence is lacking,
observational studies suggest that stopping smoking decreases
the risk of stroke by at least 30%.43 A substantial reduction
in the incidence of stroke has been noted following cessa-
tion of smoking, even in older people and in those who have
been heavy smokers for many years.44

The “high risk” strategy involves the identification and
management of people at high risk of developing stroke.
Therapies of proven benefit in the prevention of stroke among
certain individuals are blood pressure lowering therapy,
antiplatelet therapy, cholesterol lowering therapy, anticoagu-
lation, and carotid endarterectomy. Evidence is mounting that
aggressive treatment of hyperglycemia among patients with
diabetes mellitus is also effective in reducing the risk of
stroke.45 The absolute benefits of these interventions appear
to be greater in subjects in whom the absolute risk is particu-
larly high, notably older people. Effective prevention of stroke
in individuals depends on the efficient identification and man-
agement of these subjects, particularly in primary care.

Blood pressure reduction strategies

Blood pressure is the single most important reversible risk
factor for stroke. Pivotal data about the relationship between
blood pressure and stroke comes from both prospective
observational studies and clinical trials. Observational studies
provide information from which the effects of prolonged
blood pressure differences can be estimated,46 while trials
provide data about the effects of short-term blood pressure
reduction.47 Four major overviews of observational studies on
blood pressure and stroke have been conducted to date. Such
analysis overcomes many of the limitations of individual 
studies, which have frequently failed to adjust the size of the 
association for measurement error, in particular regression
dilution bias.46,48–50 A consistent finding of these over-
views is a continuous, approximately log linear relationship
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between usual levels of blood pressure and the primary inci-
dence of stroke, with no evidence of an upper or lower
threshold level of blood pressure and stroke risk. On the
basis of this relationship, it is estimated that a 5 mmHg
lower diastolic blood pressure (or 10 mmHg lower systolic
blood pressure) is associated with a 30–40% lower risk of
stroke, and there is no evidence that these associations dif-
fer between men and women.

Most of the trial data is on the primary prevention of
stroke, confirming beyond doubt the benefits of blood pres-
sure lowering in preventing first-ever stroke in middle-
aged men and women. Several meta-analyses of trials51–53

demonstrate that lowering blood pressure in this age group
is effective in preventing stroke, with risk reductions com-
mensurate with predictions based on non-experimental epi-
demiologic studies of 30–40%. 

Moreover, the Heart Outcomes Prevention Evaluation
(HOPE) trial54 results suggest that activation of the renin–
angiotensin system is an independent risk factor for stroke.
In this study of 9297 patients with a history of symptomatic
vascular disease (mainly coronary artery disease), who were
randomized to either ramipril 10 mg daily or placebo on top
of best medical therapy, there was a significant reduction in
the rate of the combined end point cluster of stroke, myocar-
dial infarction, or death from vascular causes in the patients
allocated ramipril (14·0%) compared with those given
placebo (17·8%). This RRR of 22% (95% CI 14–30) and 
an ARR of 3·8% over about 5 years of follow up was 
much greater than could be expected from the size of the
reductions in blood pressure (3 mmHg systolic, 1 mmHg
diastolic). The effects of treatment on the end point of any
stroke, a RRR of 32% (95% CI 16–44), were consistent
across baseline blood pressures, concurrent medication use,
and important patient subgroups including those with and
without a history of hypertension.55 Moreover, these data
support the hypothesis that angiotensin converting enzyme
(ACE) inhibition has beneficial effects independent of blood
pressure reduction.

Existing data from randomized controlled trials and a sys-
tematic review including patients with cerebrovascular dis-
ease suggested that blood pressure lowering therapy may
reduce the risk of recurrent stroke by an equivalent amount
to that of primary stroke prevention.56 However, this evi-
dence has not been compelling enough to influence clinical
practice. In fact, the approach to blood pressure control
among clinicians involved in the care of patients with stroke,
and particularly those who are old and normotensive, has
been conservative, due in part to concerns about the adverse
effects of aggressive blood pressure lowering in this setting.
The Perindopril Protection Against Recurrent Stroke Study
(PROGRESS) undertaken in over 6000 patients was designed
to address this issue by determining the effects of a flexible
ACE-inhibitor based blood pressure lowering regimen
(perindopril with or without the addition of the diuretic,
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indapamide) on the risks of stroke and other major vascular
events in patients with a history of stroke or TIA.57 Overall,
blood pressure was reduced by an average of 9·0/4·0mmHg
(SE 0·3/0·2) among patients assigned active treatment 
compared with those assigned placebo during the trial.
Compared with those assigned to placebo, the blood pressure
reductions among those treated with combination therapy
(12·3/5·0mmHg, SE 0·5/0·3) were about twice as high as
those treated with single-drug therapy (4·9/2·8 mmHg, SE
0·6/0·3). The study showed that treatment reduced the
incidence of stroke, coronary events and major vascular
events by 28%, 26% and 26%, respectively. Active treat-
ment reduced the risks of ischemic stroke by around one
quarter and hemorrhagic stroke by one half, and was
equally effective in patients with and without a history of
hypertension. Combination perindopril and indapamide 
provided even greater benefits.

Thus, blood pressure lowering therapy should now be
regarded as the most important measure for both the pri-
mary and secondary prevention of stroke. 

Although the choice of therapy will depend on the degree
of acceptance of direct evidence, as well as on regulations
and prescribing patterns, the evidence is strong for therapy
that includes an ACE inhibitor and maximizes the degree of
blood pressure reduction, such as a combination of perindo-
pril and indapamide. Moreover, effective implementation of
such therapy in high-risk groups in combination with popu-
lation-wide blood pressure lowering strategies, provides one
of the most meaningful, practical, and effective ways of con-
trolling the looming epidemic of cardiovascular disease and
stroke, worldwide.

Antiplatelet therapy

In the late 1950s and mid-1960s two research paths con-
verged. The first involved the identification of platelet fibrin
thrombogenesis as a cause of retinal and hemispheric TIAs.
The other involved investigators in Toronto, New York, and
Oxford who coincidently determined that several drugs –
sulfinpyrazone, aspirin, and dipyridamole – altered platelet
responsiveness both in the test tube and in experimentally
injured arteries.58–60 Clinical trials of platelet inhibitors were
subsequently undertaken for the prevention of stroke, inter-
estingly before being tested in other vascular diseases. 
The first was a small trial of dipyridamole involving only
169 patients, which showed no benefit.61 Next, the
Canadian Cooperative Study was undertaken using a facto-
rial study design in which patients received aspirin 1300 mg
daily, sulfinpyrazone 800 mg, both or neither in patients
with a recognizable arterial origin for their TIA or non-
disabling stroke.62 After 585 patients, two thirds male and
one third female, had been followed for an average of 
28 months, the investigators reported that patients in the
two arms of the trial containing aspirin compared with those
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not on aspirin had a RRR of 31% for the combined end point
of stroke and death. No benefit was detected in the sulfin-
pyrazone arm. A subgroup analysis reported no benefit for
the 200 women in the trial and when the results for men
alone were analyzed in a data generated subgroup, a 48%
benefit in stroke and death was observed in the aspirin con-
taining groups.

Since the publication of that important study there 
has been a flurry of activity. Most importantly, the mode 
of action and effectiveness of aspirin has been well eluci-
dated, and several new antiplatelet agents identified and
tested. Aspirin inhibits thromboxane A2 formation by irre-
versibly acetylating the platelet enzyme cyclo-oxygenase.
Thromboxane A2 is an important stimulus for platelet aggre-
gation and release. Platelet aggregation is thus inhibited for
up to 10 days after exposure to aspirin. Absorption of aspirin
occurs rapidly and peak plasma concentrations are reached
within 1–3 hours. Even though the plasma half life of
aspirin is short, antiplatelet activity is prolonged, but bleed-
ing times return to normal within two days of cessation 
of aspirin. In a meta-analysis of 145 randomized trials of
antiplatelet therapy, aspirin was shown to be associated 
with a RRR of all vascular events (including stroke) of 
about 22%.63

Aspirin is, therefore, appropriate for all patients with
ischemic stroke unless there is specific contraindication,
such as aspirin sensitivity. Aspirin given to patients with a
history of stroke or TIA reduces the relative risk of stroke
and other important vascular events by about 14% (95% CI
4–21),64 from about 7% to 6% per year. This equates to 
an ARR of 1·0% and an NNT of 100. Aspirin is also benefi-
cial in such patients who also have atrial fibrillation (AF).
The annual risk of stroke has been shown to be reduced 
from 12% to 10%, a RRR of 14% (95% CI 15–36) and an
ARR of 2·0%.65

In the mid-1990s, there was much controversy over the
most effective dose of aspirin.66–68 The optimal dose for effi-
cacy and tolerability is low dose aspirin (100–300 mg daily).
Gastrointestinal side effects such as gastritis and hemor-
rhage are more common in older people and are dependent
on the dose and duration of treatment. The small risk of
intracerebral hemorrhage with prolonged use of aspirin is
outweighed by the benefits in high-risk patients.

Among the other antiplatelet agents, dipyridamole, ticlo-
pidine and clopidogrel have all been shown to be beneficial
in the secondary prevention of stroke. Compared with
aspirin, clopidogrel reduces the relative risk of stroke and
other major vascular events by about 10% (95% CI
3–17)69,70 from about 6·0% (aspirin) to 5·4% (clopridogrel)
per year, which is an ARR of 0·6% compared with aspirin,
and equates to about a NNT of 166 compared with aspirin,
and probably 62 compared with aspirin. 

Although expensive, clopidogrel is as safe as aspirin and,
unlike the closely related agent ticlopidine, is not known to
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cause an excess of neutropenia and thrombocytopenia.70,71

In the European Stroke Prevention Study 2 (ESPS 2),72

6602 patients were given aspirin (25 mg twice daily), modi-
fied-release dipyridamole (200 mg twice daily), the combi-
nation or placebo. The RRR for the combined end points of
stroke and death were 13·2% for aspirin, 15·4% for dipyri-
damole, and 24·4% for the combination of aspirin and
dipyridamole. An update of the data indicates that com-
pared with aspirin, the combination of aspirin and modified-
release dipyridamole reduces the risk of stroke by about
23% (95% CI 7–37), and that this effect is greater for stroke
than other serious vascular events.73,74

Anticoagulants

AF is a major risk factor for stroke. It predisposes to the 
formation of intracardiac thrombi, mainly within the atria,
that may embolize to the brain and other organs. The preva-
lence of AF increases with age, from 0·5% in patients 
aged 50–59 years to about 9% in patients over the age of 
70 years.75 With an aging population, it is likely that AF will
become an increasingly important public health problem.
Overall, the annual risk of stroke is about 5%, but rates vary
from less than 2% to more than 10% according to the pres-
ence of one or more clinical characteristics such as congestive
cardiac failure, hypertension, older age (�75 years), diabetes
and previous history of stroke or TIA.76

There is good evidence that warfarin and aspirin are both
highly efficacious in preventing stroke (and other vascular and
embolic events) in patients with AF. Six randomized trials
have evaluated warfarin with placebo,77–82 two other trials
have compared warfarin with aspirin,83,84 and a meta-
analysis85 indicates a 64% RRR of stroke favoring warfarin
over placebo and a 48% RRR favoring warfarin over aspirin.
Aspirin is associated with a RRR of 22%.86,87 Given the con-
sistency of the treatment effects across subgroups of
patients, the absolute benefits of antithrombotic therapy is
high in those patients who are at highest risk of stroke.
Thus, the decision to commence warfarin anticoagulation
therapy is usually based on an evaluation of the risks and
benefits in an individual patient. Bleeding is the main risk
associated with warfarin. Results of the pooled analyses of
the major studies show a slightly higher frequency of major
bleeding events in warfarin treated groups compared with
placebo (1·3% v 1·0% per year). On the basis of these data, a
target international normalized ratio (INR) of between 2·0
and 3·0 is generally recommended as a safe and effective
level of anticoagulation.88 These recommendations are fur-
ther supported by the results of the Stroke Prevention in
Reversible Ischemic Trial (SPIRIT),89 which involved 1316
patients with TIA or minor stroke in which aspirin (30 mg
daily) was compared with warfarin and a target INR of 3·0
to 4·5. The trial was stopped after the first scheduled
interim analysis due to an excess of major bleeding in the
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warfarin group, and no significant difference between
groups in the incidence of the non-hemorrhagic end points
(hazard ratio 1·03, 95% CI 0·6–1·75).

Based on small studies only, warfarin (or heparin) appears
to reduce the incidence of stroke in patients with recent
anterior myocardial infarction.90 Patients who have had a
recent stroke or TIA in conjunction with a recent myocar-
dial infarction should be given heparin therapy followed by
3–6 months of warfarin therapy.91 In the setting of acute
ischemic stroke attributed to cardio-embolism, though, it is
often advisable to wait at least a week before commencing
anticoagulation, in order to prevent hemorrhagic transfor-
mation of the infarct. 

In the absence of a potential cardiac source for the stroke,
such as AF, recent transmural, anterior, myocardial infarc-
tion, dilated cardiomyopathy, valvular heart disease, there
are presently no other clear indications for warfarin therapy
for the prevention of stroke. In the recently completed
Warfarin-Aspirin Recurrent Stroke Study (WARSS), there
was no significant difference in the prevention of recurrent
ischemic stroke, death or intracranial hemorrhage between
the groups, although there was a slight trend for aspirin
superiority.92

There may be benefit of warfarin in certain other sub-
groups of patients with vascular disease. On the basis of 
retrospective observational data, the Warfarin-Aspirin
Symptomatic Intracranial Disease study93 a clinical trial has
commenced comparing warfarin with aspirin in patients
with severe intracranial arterial stenosis.

Cholesterol lowering therapy

The relation between diet, serum cholesterol levels and
ischemic heart disease is relatively well understood but the
evidence is less reliable and more complex for stroke. This
reflects, in part, the diversity of stroke pathogenesis, with
qualitatively different associations of serum cholesterol with
the risks of ischemic and hemorrhagic stroke.94–98 High
serum cholesterol is considered an important risk factor for
ischemic stroke, more so in Western societies than in Asian
populations,99 whereas a weak inversion association is appar-
ent between serum cholesterol and the risk of intracerebral
hemorrhage. Although there have been no completed ran-
domized trials of cholesterol lowering therapy in patients
with stroke or TIA alone, several large scale, randomized 
trials have established that long-term use of certain 3-
hydrozy-3-methylglutaryl co-enzyme A reductase inhibitors
(statins) results in significant reductions in the risk of major
cardiovascular events in patients with a wide range of 
lipid levels, both100 with101–103 and without,104,105 a history
of coronary artery disease. The evidence suggests that low-
ering serum cholesterol with statins can reduce the risk of
stroke by about 25% (95% CI 14–41) over just a few years
of therapy.106 Grade A1a
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Carotid endarterectomy

Symptomatic disease

Atherosclerotic disease of the carotid artery is an important
cause of stroke. The risk of recurrent stroke in recently symp-
tomatic patients with severe carotid stenosis is as high as 28%
over 2 years. The introduction of carotid artery surgery in
1954 by Eastcott, Pickering, and Rob heralded a new era in
stroke prevention. In 1967 a randomized trial was launched
to evaluate this exciting prospect of carotid endarterectomy,
with results published in 1970.107 The trial, despite its merits,
was not supportive of the procedure due to a number of prob-
lems including the small sample size of only 316 randomized
patients and relatively high perioperative complication rate of
11%. In addition, almost half of the patients had symptoms
only in the vertebral basilar vascular territory and too many
patients were lost to follow up (12% in the surgical and 1·3%
in the medical group). A second small trial conducted at the
same time but reported much later, was overwhelmingly neg-
ative due to a high perioperative complication rate.108

These negative trials did not reduce the enthusiasm for
the procedure. By 1985 a total of 107 000 endarterectomies
were being carried out annually in the United States and it
was estimated that a cumulative total of one million
endarterectomies had been conducted for both symptomatic
and asymptomatic disease. The appropriateness of patient
selection and the awareness that in many centers, a forbid-
dingly high level of operative morbidity and mortality
existed, led to a requirement for high quality clinical trials.

The two major trials for symptomatic disease are the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) and the European Carotid Surgery Trial (ECST),
which between them included nearly 6000 patients, and
they have demonstrated convincingly the benefits of carotid
endarterectomy.109,110 A third smaller trial, when stopped,

had a trend towards the same result but involved only 189
patients.111 NASCET and ECST required angiography for
entry and demanded focal hemisphere or retinal minor
stroke or TIAs within 180 days. Both stopped the random-
ization of patients with severe stenosis because of com-
pelling evidence on interim analyses demonstrating a clear
reduction in ipsilateral strokes with endarterectomy. Both
trials also showed no net benefit of surgery for all patients
with mild-moderate grades of stenosis.112,113 NASCET and
ECST used measurements of the narrowest diameter of the
stenosed segment as the numerator based on angiographic
criteria. The results from NASCET demonstrated a 2 year
65% relative and a 17% absolute risk reduction favoring
endarterectomy (Table 59·2). When the ECST angiograms
were remeasured by the NASCET method and the results
calculated for the reduced number of patients who would
be “severe” by NASCET criteria, the favorable results in the
survival curves for surgery were very similar.114

The compelling results in favor of endarterectomy for
severe stenosis in NASCET and ECST are dependent on 
two important caveats. First, the surgical complication rate
undertaken by experienced surgeons was low. In NASCET
the occurrence of any stroke, disabling or mild, lasting more
than 24 hours or death in the 30 day period was 5·8%. For
disabling stroke and perioperative death, the complication
rate was 2·1%. The long-term benefits of endarterectomy
are abolished as the complication rate exceeds 10%.
Surgeons must therefore be highly skilled.

Second, the results relate to a measurement of the degree
of stenosis from conventional carotid angiograms. Conven-
tional angiography carries a 1% risk of stroke; one stroke in
five is disabling.115 In NASCET, from 2929 angiograms per-
formed in 100 centers, the minor and non-disabling stroke
rate was 0·6%, the disabling stroke rate 0·1%. While this rate
was high, it was only one tenth the risk of stroke from
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Table 59.4 Risk of ipsilateral stroke or any perioperative stroke or 
perioperative death – NASCET. (Reproduced with permission from
Neurology 1996;46:605)

Study time Risk (%) Risk (%) Risk (%) RRR (%) NNT
medical surgical difference

30 days 3·3 5·8 �2·5 — —
1 year 17·3 7·5 9·8 57 10
2 years 26·0 9·0 17·0 65 6

From the North American Symptomatic Carotid Endarterectomy Trial
(NASCET), the risk of stroke for 331 medically treated and 328 surgically
treated patients with symptoms appropriate to severe stenosis are given at 
30 days, 1 and 2 years. To prevent one stroke in 2 years, six patients need to
have endarterectomy.
Abbreviations: NNT, number needed to treat by endarterectomy to prevent one
stroke within the specified study time; RRR, relative risk reduction



endarterectomy: 5·8% for any stroke or death and 2·1% 
for disabling stroke or death. Modern non-invasive carotid
imaging such as MRI, spiral CT and duplex and Doppler ultra-
sound avoids the risk associated with conventional intra-
arterial catheter carotid angiography. However, it is important
that the reliability of images obtained are well established in
order to avoid operating on patients with false-positive scans,
or denying benefits of the intervention in those with false-
negative scans.116 Moreover, carotid ultrasound alone will 
not identify important lesions of the intracranial arteries.
Aneurysms and stenosis of intracranial vessels exists in about
2% and 5% of patients symptomatic with extracranial steno-
sis, respectively. If such lesions are identified, the benefit:risk
ratio of endarterectomy will be reduced.

Although endarterectomy remains the standard treat-
ment for a well defined group of high-risk patients, there is
growing interest in the use of percutaneous, transluminal
angioplasty (PTA) and stenting for carotid stenosis to avoid
the significant risk of stroke or death of between 6% and 8%
associated with surgery. In the Carotid and Vertebral Artery
Transluminal Angioplasty Study (CAVATAS) involving over
500 patients, almost all with symptomatic carotid stenosis,
randomized to PTA and surgery, the 30 day outcomes were
almost identical for the groups.117 The rate of death or any
major stroke was 9·9% after surgery and 10·0% after angio-
plasty. Analysis of the other risks of treatment confirmed that
PTA was safer than surgery in terms of minor morbidity,
reduced hospital length of stay, but was associated with a
higher rate of (asymptomatic) restenosis during follow up.
Stents suitable for carotid use have only been available in
recent years and few were used in CAVATAS. Given advances
in technology in this area, further clinical trials are underway
to evaluate whether primary carotid stenting should be the
surgical procedure of choice for carotid stenosis based on
effectiveness, lower risks and reduced costs.

Asymptomatic disease

Design flaws in early trials prevented conclusive evidence
being gained about the benefit of endarterectomy in patients
with asymptomatic carotid stenosis. In the Carotid Artery
Stenosis with Asymptomatic Narrowing: Operation Versus
Aspirin (CASANOVA) trial, patients with greater than 
90% stenosis were excluded and crossovers were common
between the medical and surgical groups, while in the 
Mayo Asymptomatic Carotid Endarterectomy (MACE) trial,
standard medical care including use of aspirin, was not
extended to the surgical arm. The United States Veterans
Administration (VA) trial was small, with only 444 patients,
and reported a perioperative complication rate of 4·4%, but
the stroke-free survival curves were similar in patients receiv-
ing endarterectomy to those given best medical care alone.118

A fourth trial, the Asymptomatic Carotid Atherosclerosis
Study (ACAS), used a more robust design and randomized
1662 patients. A significant benefit was demonstrated in favor
of endarterectomy with a RRR of 53% after 2·7 years of aver-
age follow up.119 However, there are reservations about
the clinical significance of this result (see Table 59.5). The
absolute benefits of the procedure in this setting are small,
RRR of 1% per year, so that 67 patients are required to
undergo endarterectomy to prevent one stroke in 2 years.
This is in contrast to the six symptomatic patients required to
derive benefit with similarly severe disease. When the peri-
operative complication rate exceeds 3%, the benefits are
negated. A higher figure is known to be common. Thus,
endarterectomy for all patients with asymptomatic carotid
stenosis is not a cost effective procedure.

All of the symptomatic trials and major observational
case-series studies have observed a worsening of prognosis
with increasing degrees of carotid stenosis.120,121 However,
there is also a strong association between cardiovascular risk
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Table 59.5 Risk of ipsilateral stroke or any perioperative stroke or perioperative death (based
upon 825 patients randomized to CEA) — ACAS. (Reproduced with permission from Neurology
1996;46:605)

Study time Risk (%) Risk (%) Risk (%) RRR (%) NNT
medical surgical difference

30 days 0·4 2·3 �1·9 — —
1 year 2·4 3·0 �0·6 — —
2 years 5·0 3·5 1·5 30 67
5 years 11·0 5·1 5·9 53 17

From the Asymptomatic Carotid Atherosclerosis Study (ACAS), the risk of stroke is compared between
the medically and surgically treated patients. To prevent one stroke in 2 years, 67 patients need to have
endarterectomy. Adjusting the surgical arm to include only the patients who had endarterectomy, the
30 day surgical risk becomes 2·6% and the 1, 2 and 5 year risks rise to 3·3%, 3·8% and 5·4% respec-
tively. The number needed to treat to prevent one stroke in 2 years becomes 83.
Abbreviations: NNT, number needed to treat by endarterectomy to prevent one stroke within the spec-
ified study time; RRR, relative risk reduction



factors and carotid stenosis in all age groups.122 Thus,
although the reduction in strokes after endarterectomy is
found to be greatest in those with the most severe stenosis,
there remains uncertainty about the benefits of endarterec-
tomy in the elderly, including those with asymptomatic 
disease.123 In view of this uncertainty, a fifth and largest trial
is being conducted in Europe, the Asymptomatic Carotid
Surgery Trial (ACST).124 It is possible that a high-risk 
patient subgroup, for example those with high grade 
stenosis (85–99%) and a high vascular risk profile, will be
identified in which endarterectomy is definitely cost effec-
tive for asymptomatic carotid disease. In the meantime, only
carefully selected high risk patients should be recommended
for endarterectomy, conducted by the most expert of 
surgeons.

Conclusions

Four decades of clinical observation and randomized con-
trolled trials in stroke prevention have provided very posi-
tive and promising results. Several key points emerge:

● Modifiable risk factors for stroke have been identified.
From a public health viewpoint, risk factors of greatest
importance in the prevention of stroke are those that
carry a high population-attributable risk, such as high
blood pressure, obesity, high cholesterol levels, physical
inactivity, and cigarette smoking. Stroke prevention in the
community requires manipulation of these risk factors in
individuals at high risk and in the whole population.

● Given the continuous relationship between levels of
risk factors and stroke risk, effective prevention of
stroke involves the management of the patient as a
whole person defined by their absolute risk of future
major vascular events rather than by a single variable
such as the level of blood pressure or serum cholesterol.

● On the basis of a large body of direct and indirect evi-
dence, clinicians should now consider blood pressure
lowering therapy as pivotal to the prevention of recur-
rent stroke in all patients with cerebrovascular disease,
irrespective of blood pressure levels, age and other char-
acteristics. Although there is no evidence at present to
guide the timing of blood pressure lowering therapy
after the onset of stroke, pragmatically it is probably
wise to wait until patients are clinically stable. The evi-
dence is strong for therapy that maximizes the degree
of blood pressure reduction using an ACE inhibitor-
based regimen.

● Aspirin is cheap, safe, familiar and acceptable as the
antiplatelet agent of first choice for patients with vascu-
lar disease. The optimal dose of aspirin is 100–300 mg.
Aspirin is also the first choice for patients with acute
ischemic stroke, commencing within 48 hours of onset.
Clopidogrel is more expensive and combination aspirin

and modified-release dypridamole is less well tolerated
but both agents offer modest benefits over aspirin.

● Warfarin is indicated only for patients with a proven or
potential, cardiac (embolic) source of stroke. Warfarin is
favored when the risk of stroke is high and aspirin is
favored when the risk of stroke is low. Various clinical
parameters have been well identified that allow clinical
stratification of risk.

● Carotid endarterectomy is indicated for patients with
severe carotid artery stenosis who have had symptoms
of retinal or brain ischemia appropriate to the stenosis,
and are willing to undergo a small but definite risk of
death or disability related to the procedure undertaken
by an experienced surgeon. PTA may be undertaken as
an alternative to carotid endarterectomy in experienced
hands. There remains uncertainty about the cost effec-
tiveness of endarterectomy in patients with high grade
asymptomatic stenosis and that of carotid stenting.

● Cholesterol lowering therapy with statins is safe, well
tolerated and cost effective in preventing major vascular
events including stroke in all high-risk individuals irre-
spective of baseline cholesterol levels.

● Well organized care and rehabilitation within stroke
units or services has been shown to save lives and reduce
long-term dependency. The key components of such care
should include multidisciplinary team approach, active
participation of family, special education and training of
staff, and early commencement of rehabilitation.

● The primary focus of thrombolytic therapy is to restore,
preserve and improve circulation to acute focal brain
ischemia. Although rt-PA remains the only approved
hyperacute stroke therapy, all other data suggest that
other thrombolytic or neuroprotective approaches are
likely to have very short time-windows for efficacy and
safety. While the risk of bleeding is significant, it is com-
parable with the risks associated with other procedures
such as carotid endarterectomy. Effective community
and professional education, motivation and training are
likely to be important for more widespread application
as acute stroke treatment.
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Introduction

Women with heart disease comprise approximately 1% of
the population in obstetric referral centers,1 though they are
less frequently seen in general obstetric practice. Current
data on pregnancy outcomes of women with heart disease
are primarily from studies that were retrospective, focused
on a particular cardiac lesion, or examined populations man-
aged at a single institution or from an earlier era. Treatment
recommendations are usually based on institutional experi-
ence or extrapolation from observational studies.

Pregnancy in most women with heart disease has a favor-
able outcome for both mother and fetus. With the exception
of patients with Eisenmenger syndrome, pulmonary vascu-
lar obstructive disease and Marfan syndrome with aortopa-
thy, maternal death during pregnancy in women with heart
disease is rare.1–5 However, pregnant women with heart dis-
ease do remain at risk for other complications, including
heart failure, arrhythmia and stroke.

Women with congenital heart disease comprise the major-
ity of pregnant women with heart disease seen at referral 
centers.1,5 The next largest group includes women with 
rheumatic heart disease. Other important conditions less fre-
quently encountered include peripartum dilated cardiomy-
opathy, hypertrophic cardiomyopathy and coronary artery
disease. Gestational hypertension, arising de novo or superim-
posed on pre-existing hypertension, is responsible for around
15% of all maternal mortality and considerable morbidity.6

Cardiovascular physiology and pregnancy

Pregnancy is characterized by hormonally mediated changes
in blood volume, red cell mass and heart rate, resulting in a
50% increase in cardiac output during the antepartum
period.7 Increases in LV end-diastolic dimension and volume
are present by 14 weeks’ gestation and reach maximum lev-
els early in the third trimester.8–12 Preload- and afterload-
adjusted indices of contractility remain in the normal range
during the antepartum period.13 LV mass increases during
pregnancy as a consequence of increased LV wall thickness.
Gestational hormones, circulating prostaglandins and the
low-resistance vascular bed in the placenta result in
decreases in peripheral vascular resistance and blood pres-
sure (BP). These physiological changes are exacerbated in

multifetal gestations. During labor and delivery there are
additional increases in cardiac output and oxygen consump-
tion.7,14 Immediately following delivery, relief of caval com-
pression and autotransfusion from the emptied uterus result
in a transient increase in cardiac output. Most of the hemo-
dynamic changes of pregnancy have resolved by the second
postpartum week, but complete return to normal does not
occur until 6 months after delivery.15,16 LV diastolic dimen-
sion, volume and mass also return to preconception levels
by the sixth postpartum month.

Outcomes associated with specific 
cardiac lesions

Congenital heart lesions

Left to right shunts

The effect of increase in cardiac output on the volume-
loaded right ventricle in atrial septal defect (ASD), or the
left ventricle in ventricular septal defect (VSD) and patent
ductus arteriosus (PDA), is counterbalanced by a decrease
in peripheral vascular resistance. Consequently, the increase
in volume overload is attenuated. In the absence of pul-
monary hypertension, pregnancy, labor and delivery are
well tolerated.1,4,5,17 However, arrhythmias,
ventricular dysfunction and progression of pulmonary
hypertension may occur, especially when the shunt is large
or when there is pre-existing elevation of pulmonary artery
pressure. Infrequently, particularly in ASD, paradoxical
embolization may be encountered if systemic vasodilatation
and/or elevation of pulmonary resistance promote transient
right to left shunting.

Left ventricular outflow tract obstruction

When aortic stenosis (AS) complicates pregnancy it is usu-
ally due to congenital bicuspid aortic valve, which may also
be associated with aortic coarctation and/or ascending aor-
topathy. Other causes of left ventricular (LV) outflow tract
obstruction at, below and above the valve have similar
hemodynamic consequences. Women with symptomatic
aortic stenosis should delay pregnancy until after surgical
correction.18 However, the absence of symp-
toms is not sufficient assurance that pregnancy will be well

Grade B4

Grade B2

853

60 Heart disease and pregnancy
Samuel C Siu, Jack M Colman



tolerated. In a pregnant woman with severe AS the limited
ability to augment cardiac output may result in abnormal
elevation of LV systolic and filling pressures, which in turn
precipitate or exacerbate heart failure or ischemia. In addi-
tion the non-compliant, hypertrophied ventricle is sensitive
to falls in preload. The consequent exaggerated drop in car-
diac output may lead to hypotension. In a compilation of
many small retrospective series, 65 patients were followed
through 106 pregnancies with a maternal mortality of 11%
and a perinatal mortality of 4%.19 In 25 of the same 65 preg-
nancies managed more recently there was no maternal mor-
tality, although maternal functional deterioration occurred in
20% of pregnancies.19 Women with moderate or severe aor-
tic stenosis continue to be at increased risk for pulmonary
edema or arrhythmia during pregnancy.1,5,19

Intrapartum palliation by balloon valvuloplasty may be help-
ful in selected cases. 

In the absence of prosthetic dysfunction or residual aortic
stenosis, patients with bioprosthetic aortic valves usually
tolerate pregnancy well. Although it had been stated that
pregnancy might accelerate the rate of degeneration of
bioprosthetic or homograft valves, recent studies have
shown that this is not the case.20 A study of
14 pregnancies in women who underwent pulmonary auto-
graft aortic valve replacement (Ross procedure) reported
favorable maternal and fetal outcomes except in one
woman who developed postpartum LV dysfunction.21

Pregnancy in a woman with a mechanical valve
prosthesis carries an increased risk of valve thrombosis as a
result of the hypercoagulable state. The magnitude of this
increased risk (3–14%) is greater if subcutaneous unfrac-
tionated heparin rather than warfarin is used as the antico-
agulant agent; this may be the result of inadequate dosing,
insufficient monitoring or reduced efficacy of heparin18,22

(see anticoagulation section under antepartum
management).

Coarctation of the aorta

Maternal mortality with uncorrected coarctation was 3% in
an early series; the risk was higher in the presence of associ-
ated cardiac defects, aortopathy or long-standing hyperten-
sion; aortic rupture accounted for 8 of the 14 reported
deaths and occurred in the third trimester as well as in the
postpartum period.23 The results of recent stud-
ies have been more encouraging. In 182 pregnancies
reported in three recent studies, the only maternal death
occurred in a woman with Turner syndrome who had previ-
ously undergone coarctation repair.1,5,24 The
management of hypertension in uncorrected coarctation is
particularly problematic in pregnancy, because satisfactory
control of upper body hypertension may lead to excessive
hypotension below the coarctation site, thereby compromis-
ing the fetus. Intrauterine growth restriction and premature
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labor and delivery are more common. Following coarctation
repair, the risk of dissection and rupture is reduced but not
eliminated. Pregnant women with repaired coarctation are
at increased risk for pregnancy-induced-hypertension, prob-
ably as a result of residual abnormalities in aortic compli-
ance.1,5,24

Pulmonary stenosis

Mild pulmonic stenosis, or pulmonic stenosis that has been
alleviated by valvuloplasty or surgery, is well tolerated during
pregnancy and fetal outcome is favorable.1,5

Although a woman with severe pulmonic stenosis may be
asymptomatic, the increased hemodynamic load of preg-
nancy may precipitate right heart failure or atrial arrhyth-
mias; such a patient should be considered for correction
prior to pregnancy. Even during pregnancy, bal-
loon valvuloplasty may be feasible if symptoms of pulmonary
stenosis progress.

Cyanotic heart disease: unrepaired and repaired

In uncorrected or palliated pregnant patients with cyanotic
congenital heart disease, such as tetralogy of Fallot, single
ventricle etc., the usual pregnancy-associated fall in sys-
temic vascular resistance and rise in cardiac output exacer-
bate right to left shunting, leading to increased maternal
hypoxemia and cyanosis. A study examining the outcomes
of 96 pregnancies in 44 women with a variety of cyanotic
congenital heart defects reported a high rate of maternal
cardiac events (32%, including one death), prematurity
(37%) and a low livebirth rate (43%).25 The
lowest livebirth rate (12%) was observed in mothers with
arterial oxygen saturation 	85%.

Tetralogy of Fallot is the most common form of cyanotic
congenital heart disease. Pregnancy risk is low in women who
have had successful correction of tetralogy.1,4,5

However, residua and sequelae, such as residual shunt, right
ventricular outflow tract obstruction, arrhythmias, pulmonary
regurgitation, right ventricular systolic dysfunction, pul-
monary hypertension (owing to the effects of a previous pal-
liative shunt) or LV dysfunction (owing to previous volume
overload), increase the likelihood of pregnancy complications
and require independent consideration.

Atrial repair (that is Mustard or Senning procedure) was
developed for the surgical correction of complete transposi-
tion of the great arteries. The anatomic right ventricle sup-
ports the systemic circulation. Late adult complications
following atrial repair include sinus node dysfunction, atrial
arrhythmias and dysfunction of the systemic ventricle. In
43 pregnancies in 31 women described in recent reports,
there was one late maternal death.26,27 There
was a 14% incidence of maternal heart failure, arrhythmias 
or cardiac deterioration. There have been no studies of 
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pregnancy outcome in women who received the current
repair of choice for complete transposition, the arterial
switch procedure. However, in the absence of ventricular
dysfunction, coronary obstruction or other important residua
or sequelae, a good outcome is expected. 

The Fontan operation eliminates cyanosis and volume
overload of the functioning systemic ventricle, but patients
have a limited ability to increase cardiac output. In a review
of 33 pregnancies in 21 women who were doing well after
the Fontan operation there were 15 (45%) term pregnancies
with no maternal mortality, although two women had
cardiac complications and the incidence of first-trimester
miscarriage was high (39%).28 As the 10 year
survival following the Fontan operation is only 60–80% it is
important that information regarding long-term maternal
prognosis be discussed during preconception counseling.

Marfan syndrome

Life-threatening aortic complications of Marfan syndrome are
due to medial aortopathy resulting in dilatation, dissection
and valvular regurgitation. Risk is increased in pregnancy
owing to hemodynamic stress and perhaps hormonal effects.
Although older case reports suggested a very high mortality
risk in the range of 30%, a subsequent study found an overall
maternal mortality of 1% and fetal mortality of 22%.29

A prospective study of 45 pregnancies in 21 patients reported
no increase in obstetric complications or significant change in
aortic root size in patients with normal aortic roots.
Importantly, in the eight patients with a dilated aortic root
(�40 mm) or prior aortic root surgery, three of nine pregnan-
cies were complicated by either aortic dissection (2) or rapid
aortic dilatation (1).30 Thus, patients with aortic root involve-
ment should receive preconception counseling emphasizing
their risk, and in early pregnancy should be offered termina-
tion. In contrast, women with little cardiovascular involve-
ment and with normal aortic root diameter may tolerate
pregnancy well, though there remains a possibility of dissec-
tion even without prior evidence of aortopathy. 
The likelihood of aortic dilatation increases with increasing
maternal age, so that advice to complete families at a younger
age is appropriate. Serial echocardiography should be used to
identify progressive aortic root dilatation during pregnancy
and for 6 months postpartum; prophylactic � blockers should
be administered.31

Congenitally corrected transposition of 
the great arteries

Many adult patients will have had surgical interventions, 
primarily VSD closure and relief of pulmonic stenosis, 
sometimes requiring a valved conduit from the LV to the 
pulmonary artery. Potential problems in pregnancy include
dysfunction of the systemic right ventricle and/or increased
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systemic AV valve regurgitation, with heart failure, atrial
arrhythmias and AV block. In two recent reports on 41
patients there were 105 pregnancies, with 73% live births
and no maternal mortality, although seven patients developed
heart failure, endocarditis, stroke or myocardial infarction.32,33

Eisenmenger syndrome and pulmonary 
vascular obstructive disease

Maternal mortality in Eisenmenger syndrome is approxi-
mately 30% in each pregnancy.34 The majority of
complications occur at term and during the first postpartum
week. Preconception counseling should stress the extreme
pregnancy-associated risks. Termination should always be
offered to such patients, as should sterilization. The vasodi-
latation associated with pregnancy will increase the magni-
tude of right to left shunting in patients with Eisenmenger
syndrome, resulting in worsening of maternal cyanosis and
adverse effects on fetal outcome. Spontaneous abortion is
common, intrauterine growth restriction is seen in 30% of
pregnancies, and preterm labor is frequent. The high perina-
tal mortality rate (28%) is due mainly to prematurity.

Pregnancy may accelerate the progression of pulmonary
vascular disease by increasing the risk of in-situ thrombosis
and/or thromboembolism; other mechanisms may be oper-
ative as well. 

A recent review of outcome of 125 pregnancies in patients
with Eisenmenger syndrome, primary pulmonary hyperten-
sion and secondary pulmonary hypertension reported poor
outcomes in all three groups.35 The maternal
mortality observed in the various groups was 36%, 30% and
56%, respectively. The overall neonatal mortality was 13%.

Mitral valve prolapse

Isolated mitral valve prolapse has an excellent outcome in
pregnancy36–38 and affects management only as
a possible indication for endocarditis prophylaxis, or if severe
mitral regurgitation has led to symptomatic deterioration or
left ventricular dysfunction.

Rheumatic heart disease

Mitral stenosis is the most common rheumatic valvular
lesion encountered during pregnancy. The hypervolemia
and tachycardia associated with pregnancy exacerbate the
impact of mitral valve obstruction. The resultant elevation
in left atrial pressure increases the likelihood of atrial fibrilla-
tion. Thus, even patients with mild to moderate mitral steno-
sis who are asymptomatic prior to pregnancy, may develop
atrial fibrillation and heart failure during the ante- and 
peripartum periods. Atrial fibrillation is a frequent precipitant
of heart failure in pregnant patients with mitral stenosis,
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owing primarily to uncontrolled ventricular rates; equivalent
tachycardia of any cause may produce the same detrimental
effect. Earlier studies examining a pregnant population com-
prised predominantly of women with rheumatic mitral dis-
ease showed that mortality rate increased with worsening
antenatal maternal functional class.3 More recent studies
found no mortality, but described substantial morbidity from
heart failure and arrhythmia.1,5 The risk for complications
was especially high in those women with moderate or severe
mitral stenosis.1,5,39 Percutaneous mitral valvu-
loplasty should be considered in patients with functional
class III or IV symptoms despite optimal medical therapy and
hospitalization.40–42

Pregnant women whose dominant lesion is rheumatic aor-
tic stenosis have a similar outcome to those with congenital
aortic stenosis. Aortic or mitral regurgitation is generally well
tolerated during pregnancy even if severe, although deterio-
ration in maternal functional class has been observed.

Peripartum cardiomyopathy

Peripartum cardiomyopathy is a form of idiopathic dilated
cardiomyopathy diagnosed by otherwise unexplained LV
systolic dysfunction, confirmed echocardiographically, pre-
senting during the last antepartum month or in the first
5 postpartum months.43 It usually manifests as heart failure,
although arrhythmias and embolic events also occur. Many
affected women will show improvement in functional status
and ventricular function postpartum, but others may have
persistent or progressive dysfunction. The relapse rate during
subsequent pregnancies is substantial in women with evi-
dence of persisting cardiac enlargement or LV dysfunction.
However, pregnancy may not be risk free even in those with
recovery of systolic function, as subclinical abnormalities
may persist.44 In a recently published multicenter survey
examining the outcomes of 60 pregnancies in women with
peripartum cardiomyopathy diagnosed during a prior preg-
nancy, 44% of women with LV ejection fraction �0·50
developed symptoms of congestive heart failure during sub-
sequent pregnancies, with an associated mortality rate of
19%. In contrast, symptoms of congestive heart failure devel-
oped in 21% of women with LV ejection fraction �0·50, and
none of this group died (Figure 60.1).45

Hypertensive disorders in pregnancy

Hypertensive disorders of pregnancy are the second most
common cause of maternal mortality, accounting for 15%
of all obstetric deaths.6 They also predispose to other com-
plications, such as placental abruption, stroke, disseminated
intravascular coagulation, renal and/or hepatic failure and
congestive heart failure.46 The fetus is at increased risk for
intrauterine growth restriction, prematurity and intrauterine
death.
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Several guidelines and consensus documents have been
developed which attempt to standardize definitions and crite-
ria for diagnosis.46–49 Unfortunately, terminology and defini-
tions vary slightly, but importantly in these documents this
compromises clarity. The recommendations of the Canadian
Hypertension Society and the Society of Obstetricians and
Gynaecologists of Canada define hypertension in pregnancy
as pre-existing hypertension (elsewhere called chronic hyper-
tension, renal hypertension, underlying hypertension, essen-
tial hypertension or secondary hypertension), gestational
hypertension without proteinuria and other adverse condi-
tions (elsewhere called pregnancy-induced hypertension,
transient hypertension) or gestational hypertension with pro-
teinuria or other adverse conditions (elsewhere called pre-
eclampsia, eclampsia, HELLP [hemolysis, elevated l iver
enzymes, low p latelets] syndrome, gestational proteinuric
hypertension).46,48,49 The recent American guidelines set cri-
teria for the diagnosis of hypertension in pregnancy as seated
systolic blood pressure �140 and/or diastolic blood pressure
�90 mmHg (using Korotkoff phase V (disappearance of
sound) to determine diastolic pressure).6 The BP elevation
should be noted on repeated measurements. Proteinuria in
pregnancy is significant when there is �0·3 g protein in a
24 hour urine collection. Severe hypertension is defined as a
systolic blood pressure �160 and/or a diastolic blood pres-
sure �110 mmHg and severe proteinuria as a 24 hour urine 
protein excretion �2 g. Gestational hypertension may be
superimposed on pre-existing hypertension. In the absence 
of proteinuria and other adverse conditions, gestational 
hypertension that resolves postpartum is called transient
hypertension or benign gestational hypertension, whereas if
it persists postpartum it is understood as pregnancy-induced
unmasking of pre-existing (or chronic) hypertension.
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Figure 60.1 The frequency of maternal heart failure (CHF)
and death during the first subsequent pregnancy in women with
peripartum cardiomyopathy as stratified by preserved (LVEF
�50%) versus reduced left ventricular ejection fraction (LVEF
�50%). In the group with preserved left ventricular ejection
fraction there were no deaths during the first subsequent preg-
nancy. (From Elkayam et al.45)



The pathophysiology of gestational hypertension with
proteinuria or other adverse conditions (pre-eclampsia) dif-
fers from other forms of hypertension. As a result of placen-
tal dysfunction, the normal cardiovascular adaptations to
pregnancy (increased plasma volume and decreased periph-
eral resistance) do not occur. There is reduced perfusion to
the placenta, liver, kidneys and brain. It is thought that
endothelial dysfunction, perhaps a consequence of the
decreased perfusion, results in excessive vasoactive toxins,
which produce most if not all the manifestations of gesta-
tional hypertension. Thus, hypertension is but one effect,
not a cause, of the clinical syndrome.

Certain adverse conditions are associated with worse out-
comes. Frontal headache, severe nausea and vomiting, visual
disturbances, chest pain and shortness of breath, and right
upper quadrant pain are significant symptoms. The compo-
nents of the HELLP syndrome may be found, either individu-
ally or combined. Other adverse maternal manifestations are
severe hypertension, severe proteinuria, hypoalbuminemia
(�18 g/l) oliguria, pulmonary edema and convulsions. Fetal
compromise may be revealed by oligohydramnios, absent or
reversed umbilical artery end-diastolic flow, and abnormali-
ties in fetal biophysical profile. Intrauterine growth restric-
tion, prematurity and placental abruption are the serious
adverse fetoplacental consequences.

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy is a disorder with distinct
genetic abnormalities and a diverse clinical profile. Morpho-
logically there is unexplained ventricular hypertrophy,
which is usually asymmetric and predominantly involves
the interventricular septum. Obstruction to left ventricular
outflow is a common but not invariable feature. Diastolic
function abnormalities are important determinants of the
clinical manifestations.

In patients with dynamic left ventricular outflow tract
obstruction, increases in preload tend to reduce the severity
of obstruction, whereas increases in contractility and
decreases in afterload tend to worsen it. Diastolic dysfunc-
tion magnifies the preload dependence on cardiac output. As
a consequence, pregnancy may be associated with worsen-
ing symptoms. Maternal outcome is often good, although at
least two deaths have been reported, and serious complica-
tions (congestive heart failure, supraventricular tachyarrhyth-
mias, ventricular tachycardia, syncope) may occur, especially
in women who already have symptoms prior to pregnancy,
and in those with substantial LV diastolic and/or systolic 
dysfunction.50,51 Fetal outcomes are good. 
� Blockers may be used, as in the non-pregnant state. Dual
chamber pacing may be of value in patients with symptoms
refractory to medical therapy. The role of septal
alcohol ablation or surgical myectomy during pregnancy has
not been defined.
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Coronary artery disease

Symptomatic coronary artery disease (CAD) is an uncommon
accompaniment of pregnancy. Major predisposing factors for
atherosclerotic CAD include long-standing diabetes mellitus,52

familial hypercholesterolemia and tobacco abuse. In addition,
some non-atherosclerotic causes of CAD, though also rare, are
more frequent in or aggravated by pregnancy, such as coronary
artery dissection, coronary artery embolism, vascular complica-
tions of vasoactive obstetric therapies (for example ergot deriv-
atives, prostaglandins), and collagen vascular diseases. The
long-term residua of childhood Kawasaki disease include coro-
nary artery stenoses and aneurysms, which may become
symptomatic during pregnancy. Cocaine abuse must be con-
sidered in any young person with an acute coronary event.53

Diagnosis of infarction may be confounded peripartum
because of the release of CK-MB isoenzyme from the uterus.54

Because of the possibility of unusual causes of ischemia and
infarction, coronary angiography should be considered early.
Fetal exposure to radiation from routine coronary angiography
is �5 mGy (�500 mrad).55 Adverse fetal consequences of this
amount of radiation are extremely small or negligible55

, and pregnancy should not be seen as a con-
traindication to a clinically necessary study.56 Thromobolysis is
not contraindicated,53 but the diagnosis of coronary thrombo-
sis as opposed to other causes of coronary occlusion cannot be
routinely assumed; if immediately available, coronary angiog-
raphy with the option of primary angioplasty can immedi-
ately confirm the diagnosis and thus increase the likelihood
of providing appropriate therapy.

Management

Risk stratification and counseling

Risk stratification and counseling of women with heart dis-
ease is best accomplished prior to conception. The data
required for risk stratification can be readily acquired from a
thorough cardiovascular history and examination, 12-lead
electrocardiogram (ECG) and transthoracic ECG. In patients
with cyanosis, arterial oxygen saturation should be assessed
by percutaneous oximetry. In counseling, the following areas
should be considered: the underlying cardiac lesion; mater-
nal functional status; the possibility of further palliative or
corrective surgery; additional associated risk factors; mater-
nal life expectancy and ability to care for a child; and the risk
of congenital heart disease in the offspring.

Defining the underlying cardiac lesion is an important
part of stratifying risk and determining management.
Review of prior catheterization and operative reports may
be necessary to clarify the diagnosis. The nature of residua
and sequelae should be clarified, especially ventricular func-
tion, pulmonary pressure, severity of obstructive lesions,
persistence of shunts and the presence of hypoxemia.
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Almost all patients can be stratified into low-, intermediate-
or high-risk groups (Box 60.1). Maternal functional status is
widely used as a predictor of outcome, and most often
defined by NYHA functional class. In a study of 482 preg-
nancies in women with congenital heart disease, cardiovas-
cular morbidity was less (8% v 30%) and livebirth rate
higher (80% v 68%) in mothers with NYHA functional class I
than in the others.2 In two studies examining
the outcomes of 851 pregnancies, poor functional status
(NYHA � II) or cyanosis, left ventricular systolic dysfunc-
tion, left heart obstruction, and history of cardiac events
prior to pregnancy (arrhythmia, stroke or pulmonary
edema) were independent predictors of maternal cardiac
complications.1,5 Poor maternal functional class
or cyanosis was also predictive of adverse neonatal events.

Box 60.1 Maternal cardiac lesion and cardiac risk during
pregnancy
Low risk
Left to right shunts
Repaired lesions without residual cardiac dysfunction
Isolated mitral valve prolapse without significant regurgitation
Bicuspid aortic valve without stenosis
Mild–moderate pulmonic stenosis
Valvular regurgitation with normal ventricular systolic function
Intermediate risk
Unrepaired or palliated cyanotic congenital heart disease
Uncorrected coarctation of the aorta
Mitral stenosis
Mild or moderate aortic stenosis
Mechanical prosthetic valves
Severe pulmonic stenosis
Moderate to severe systemic ventricular dysfunction
Systemic right ventricle or single ventricle
Hypertrophic cardiomyopathy
History of peripartum cardiomyopathy with no residual
ventricular dysfunction

Symptomatic arrhythmia
Pre-existing hypertension
Gestational hypertension without pre-eclampsia
Stable coronary artery disease
High risk
New York Heart Association (NYHA) class III or IV symptoms
Significant pulmonary hypertension with or without right to
left shunt

Marfan syndrome with aortic root or major valvular involvement
Severe aortic stenosis
History of peripartum cardiomyopathy with residual ventricular
dysfunction

Recent myocardial infarction or unstable angina
Gestational hypertension with proteinuria or other adverse
conditions (pre-eclampsia)

In a recently published prospective study the four
independent risk factors described above (poor functional
status or cyanosis, left ventricular systolic dysfunction, left
heart obstruction, and history of cardiac events prior to
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pregnancy) were incorporated into a revised risk index. The
risk of a cardiac event (cardiac death, stroke, pulmonary
edema or arrhythmia) during pregnancy increased with the
number of predictors present during the antepartum evalua-
tion. This risk index was derived using two thirds of the
study sample and then validated in the remaining pregnan-
cies. For each risk category there was excellent agreement
between the expected and the observed rate of events in
both the derivation and the validation set (Figure 60.2).1

The above-mentioned predictors were also pre-
dictive of the combined likelihood of cardiac event (as
defined above), deterioration of maternal functional class
during pregnancy, or need for an urgent cardiac intervention
during the ante- or postpartum periods (Figure 60.3). This
index, together with lesion-specific risk estimates, aids the
risk stratification of women with heart disease at preconcep-
tion counseling, and also during pregnancy.
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Figure 60.2 The frequency of maternal cardiac complications
(pulmonary edema, cardiac arrhythmia, stroke or cardiac death)
as predicted by the risk index and observed in the derivation
and validation groups, as a function of the number of cardiac
predictors (n denotes number of pregnancies). (From Siu et al.1)

Further palliative or corrective surgery. Both maternal
and fetal outcomes are improved by surgery to correct
cyanosis, which should be undertaken prior to conception
when possible.4 Similarly, patients with
symptomatic obstructive lesions should undergo intervention
prior to pregnancy.18 A systematic overview of
the outcome of cardiovascular surgery performed during
pregnancy reported a maternal and fetal mortality of 6% and
30%, respectively.57 Planning for valve
replacement prior to pregnancy requires the need for
ongoing anticoagulation with a mechanical valve to be
weighed against the likelihood of early reoperation if a tissue
valve is used. For aortic stenosis, an attractive alternative is
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Grade B4
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the pulmonary autograft. The lack of ideal choices once
severe valve disease is present argues for completing
families earlier, before the age-dependent progression of
valve disease necessitates valve replacement surgery.

Additional associated risk factors that may complicate
pregnancy include a history of arrhythmia or heart failure,
prosthetic valves and conduits, anticoagulant therapy, and
the use of teratogenic drugs such as warfarin or angiotensin-
converting enzyme inhibitors.

Maternal life expectancy and ability to care for a 
child. A patient with limited physical capacity or with a
condition that may result in premature death should be
advised of her potential inability to look after her child.
Women whose condition imparts a high likelihood of fetal
complications, such as those with cyanosis or on
anticoagulants, must be apprised of these added risks.

The risk of recurrence of congenital heart disease in off-
spring should be addressed in the context of a 0·4–0·6%
risk in the general population. The risk with an affected first
degree relative increases about 10-fold. A multicenter study
examining the offspring of patients with major congenital
heart defects who survived cardiac surgery described an
overall recurrence rate of 4% in the offspring.58

Obstructive left heart lesions have a higher recurrence 
rate. Certain conditions, such as Marfan syndrome and 
the 22q11 deletion syndromes, are autosomal dominant,
conferring a 50% risk of recurrence in an offspring. Patients

Grade B2

with congenital heart disease who reach reproductive age
should be offered genetic counseling so that they are fully
informed of the mode of inheritance and recurrence risk, as
well as the prenatal diagnosis options available to them.

Preventative strategies to decrease the inci-
dence of congenital defects, such as preconception use of
multivitamins containing folic acid, can be discussed at the
time of such counseling.59

Antepartum management

Pregnant women with heart disease may be at particular
risk for one or more of congestive heart failure; arrhythmias;
or thrombosis, emboli and adverse effects of anticoagulants.
Pre-existing and/or gestational hypertension/pre-eclampsia
may also require management.

When ventricular dysfunction is a concern, limitation of
activity is helpful, and in severely affected women with
class III or IV symptoms hospital admission by mid second
trimester may be advisable. Gestational hypertension,
hyperthyroidism, infection and anemia should be identified
early and treated vigorously. For patients with functionally
significant mitral stenosis, � adrenergic blockers should be
used to control heart rate. Digitalis, although a time-honored
treatment for the same purpose, is often ineffective in blunt-
ing pregnancy-induced tachycardia. We also offer empiric
therapy with � adrenergic blockers to patients with coarcta-
tion and to Marfan patients. 

Arrhythmias

Arrhythmias in the form of premature atrial or ventricular
beats are common in normal pregnancy; sustained tachy-
arrhythmias have also been reported. In those with pre-
existing arrhythmias, pregnancy may exacerbate their
frequency or hemodynamic severity. Pharmacologic treat-
ment is usually reserved for patients with severe symptoms,
or when sustained episodes are poorly tolerated in the pres-
ence of ventricular hypertrophy, ventricular dysfunction or
valvular obstruction. Sustained tachyarrhythmias, such as
atrial flutter or atrial fibrillation, should be treated promptly,
avoiding teratogenic antiarrhythmic drugs. Digoxin and 
� adrenergic blockers are the antiarrhythmic drugs of
choice, in view of their known safety profiles.60

Quinidine, adenosine, sotalol and lidocaine are also 
“safe”, but published data on their use during pregnancy are
more limited. Amiodarone is more problematic and stan-
dard texts classify it as contraindicated in pregnancy, although
there are case reports describing its successful use with 
careful follow up; it is not teratogenic, but may impair
neonatal thyroid function.61,62 Electrical cardio-
version is safe in pregnancy. A recent report of 44 preg-
nancies in women with implantable cardioverter
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Figure 60.3 The frequency of any primary or secondary car-
diac events (deterioration in maternal functional class, need for
urgent cardiac interventions during the ante- or postpartum
periods, pulmonary edema, cardiac arrhythmia, stroke, death)
as predicted by the risk index and observed in the derivation
and validation groups, as a function of the number of cardiac
predictors (n denotes number of pregnancies). (From Siu 
et al.1)



defibrillators reported favorable maternal and fetal out-
comes.63

Anticoagulation

When a pregnant woman with a mechanical heart valve
requires anticoagulation heparin and warfarin are used, but
controversy continues as to which is better at different
stages of pregnancy. Oral anticoagulation with warfarin is
better accepted by patients and is effective. However, war-
farin embryopathy may be produced during organogenesis,
and fetal intracranial bleeding can occur throughout preg-
nancy. A recent study of 58 pregnancies reported that a
daily warfarin dose of 	5 mg was associated with no cases
of embryopathy.22 Fetal intracranial hemor-
rhage during vaginal delivery is a risk with warfarin unless it
has been stopped at least 2 weeks prior to labor. Adjusted-
dose subcutaneous heparin has no teratogenic effects as
the drug does not cross the placenta, but heparin may
cause maternal thrombocytopenia and osteoporosis. Claims
of inadequate effectiveness of heparin in patients with
mechanical heart valves have been countered by arguments
that inadequate doses were used. In a systematic overview
of prior studies examining the relationship between antico-
agulation regimen and pregnancy outcome in women with
prosthetic heart valves, the overall pooled maternal mortal-
ity was 2·9%.64 The use of oral anticoagulants
throughout pregnancy was associated with the lowest rate
of valve thrombosis/systemic embolism (4%). The use of
unfractionated heparin between 6 and 12 weeks’ gestation
only was associated with an increased risk of valve throm-
bosis (9%). Recent practice guidelines have favored the use
of either warfarin plus low-dose aspirin during the entire
pregnancy, or warfarin substituted by heparin only during
the peak teratogenic period (6–12 weeks’ gestation).18

Low molecular weight heparin is easier to
administer and has been suggested as an alternative to
adjusted-dose unfractionated heparin. The adjunctive use of
low-dose acetyl salicylic acid with heparin should also be
considered.65,66 ASA in low dose is safe for the
fetus, even at term67 , although high maternal
doses may promote premature duct closure.

Clinical trials are needed to better define the optimal anti-
coagulation strategy.

Eisenmenger syndrome

If a woman with Eisenmenger syndrome does not accept
counseling to terminate, or presents late in pregnancy,
meticulous antepartum management is necessary, including
early hospitalization, supplemental oxygen, and possibly
empiric anticoagulation. The efficacy of nitric
oxide therapy in these patients has yet to be demonstrated.
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Hypertension in pregnancy

Mild pre-existing hypertension may not require pharma-
cotherapy in pregnancy, as fetal outcomes are unaffected,
maternal blood pressure falls lower than baseline during the
first 20 weeks of gestation, and excessive lowering of mater-
nal blood pressure may compromise placental perfusion,
with no proven maternal benefit.6 Therapy should be initi-
ated or reinstituted if moderate–severe hypertension develops
(systolic BP �150–160; diastolic BP �100–110; or both), or
there is target organ damage. It is not clear whether treat-
ment of mild–moderate pre-existing (chronic) hypertension
reduces the risk of developing superimposed gestational
hypertension with proteinuria (pre-eclampsia). If treatment
is indicated, drug therapy established as safe includes
methyldopa, hydralazine, labetalol and other �-blockers68

, and nifedipine.69 Diuretics are
indicated for the management of volume overload in renal
failure or heart failure, may be used as adjuncts in the man-
agement of pre-existing (chronic) hypertension, but should
be avoided in gestational hypertension (pre-eclampsia), which
is a volume contracted state.6,70 Angiotensin-
converting enzyme inhibitors and angiotensin receptor
blocking agents are contraindicated after the first trimester
of pregnancy, and so should be stopped either before con-
ception or in the first trimester as soon as pregnancy is diag-
nosed.71,72

Gestational hypertension with proteinuria (pre-eclampsia)
is treated effectively only by delivery of the fetus and pla-
centa. Delay in delivery to allow maturation of the fetus can
often be accomplished if the syndrome is mild, the patient is
under very close surveillance in a hospital or obstetric day
unit, and pregnancy is terminated as soon as further benefit
to the fetus is unlikely or maternal safety is compromised.6

Multidisciplinary approach and 
high-risk pregnancy units

Women with heart disease who are at intermediate or high
risk for complications should be managed in a high-risk
pregnancy unit by a multidisciplinary team from obstetrics,
cardiology, anesthesia and pediatrics (Box 60.2). 
When dealing with a complex problem the team should
meet early in the pregnancy. At this time the nature of the
cardiac lesion, the anticipated effects of pregnancy and
potential problems should be explored. As it is often not pos-
sible for every member of the team to be at the patient’s bed-
side at a moment of crisis, it is helpful to develop and
distribute widely a written management plan for foreseeable
contingencies. Women with heart disease in the “low-risk”
group can be managed in a community hospital setting.
However, if there is doubt about the mother’s status or
the risk, consultation at a regional referral center should be
arranged.
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Box 60.2 Management of pregnancy in women with
heart disease
All patients
● Define the lesion, the residua and the sequelae
● Assess functional status
● Determine predictors of risk: general and lesion specific
● Eliminate teratogens
● Arrange genetic counseling when relevant
● Consider consultation with a regional center
● Assess need for endocarditis prophylaxis during labor

and delivery
Intermediate and high-risk patients
● Arrange management at a regional center for high-risk

pregnancy
● Consider antepartum interventions to reduce pregnancy

risk
● Engage a multidisciplinary team, as appropriate
● Consider a multidisciplinary case conference
● Develop and disseminate a management plan
● Anticipate vaginal delivery in almost all cases, unless

there are obstetric contraindications
● Consider early epidural anesthesia
● Modify labor and delivery to reduce cardiac work
● Plan postpartum monitoring

Labor and delivery

Vaginal delivery is recommended, with very few exceptions.
The only cardiac indications for cesarean section are aortic
dissection, Marfan syndrome with dilated aortic root, and fail-
ure to switch from warfarin to heparin at least 2 weeks prior
to labor. Preterm induction is rarely indicated,
but once fetal lung maturity is assured a planned induction
and delivery in high-risk situations will ensure the availability
of appropriate staff and equipment. Although there is no con-
sensus on the use of invasive hemodynamic monitoring dur-
ing labor and delivery, we commonly utilize intra-arterial
monitoring and often central venous pressure monitoring as
well in cases where there are concerns about the interpreta-
tion and deleterious effects of a sudden drop in systemic blood
pressure (for example in patients with severe aortic stenosis,
pulmonary hypertension, or more than moderate systemic
ventricular systolic dysfunction). The need for an
indwelling pulmonary artery catheter is contentious and has
not been studied during pregnancy. Its value has not been
shown in several studies of unselected patients with heart dis-
ease monitored through non-cardiac surgical procedures. It
may be considered when the information sought is not avail-
able otherwise and warrants the risk of the procedure; risk
may be increased because of complex anatomy, such as atrial
baffles, or in the setting of pulmonary hypertension, because
of possible pulmonary infarction or rupture.

Heparin anticoagulation is discontinued at least 12 hours
prior to induction, or reversed with protamine if spontaneous
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labor develops, and can usually be resumed 6–12 hours
postpartum.

Endocarditis prophylaxis is initiated at the onset of active
labor when indicated. The American Heart Association rec-
ommendations state that delivery by cesarean section and
vaginal delivery in the absence of infection do not require
endocarditis prophylaxis except, perhaps, in patients at high
risk.73 Although many centers with extensive
experience in caring for pregnant women with heart disease
utilize endocarditis prophylaxis routinely, there is no evi-
dence to support this common practice.

Epidural anesthesia with adequate volume preloading is
the technique of choice. Epidural fentanyl is particularly
advantageous in cyanotic patients with shunt lesions as it
does not lower peripheral vascular resistance. In the pres-
ence of a shunt, air and particulate filters should be placed
in all intravenous lines. 

Labor is conducted in the left lateral decubitus position to
attenuate hemodynamic fluctuations associated with contrac-
tions in the supine position. Forceps or vacuum extraction will
shorten the latter part of the second stage of labor and reduce
the need for maternal expulsive effort. As hemodynamics do
not approach baseline for many days after delivery, those
patients at intermediate or high risk may require monitoring
for a minimum of 72 hours postpartum. Patients
with Eisenmenger syndrome require longer close postpartum
observation, as mortality risk persists for 7 days or more.
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There are three main aspects to the management of venous
thromboembolism (VTE): diagnosis, prevention, and treat-
ment. Prior to focusing on these, relevant aspects of the
pathogenesis and natural history of VTE will be reviewed.

Pathogenesis of VTE

Virchow is credited with identifying stasis, vessel wall injury,
and hypercoagulability as the pathogenic triad responsible for
thrombosis. This classification of risk factors for VTE remains
valuable.

● Venous stasis. The importance of venous stasis as a risk
factor for VTE is demonstrated by the fact that most
deep vein thrombosis (DVT), associated with stroke,
affect the paralyzed leg,1 and most DVT which are
associated with pregnancy affect the left leg,2 the iliac
veins of which are prone to extrinsic compression by
the pregnant uterus and the right common iliac artery.

● Vessel damage. Venous endothelial damage, usually as
a consequence of accidental injury, manipulation dur-
ing surgery (for example, hip replacement), or iatro-
genic injury, is an important risk factor for VTE. Hence,
75% of proximal DVT complicating hip surgery occur 
in the operated leg,3 and thrombosis is common with
indwelling venous catheters.4,5

● Hypercoagulability. A complex balance of naturally
occurring coagulation and fibrinolytic factors, and their
inhibitors, serve to maintain blood fluidity and hemo-
stasis. Inherited, or acquired, changes in this balance
predispose to thrombosis. The most important inherited
biochemical disorders associated with VTE are due to
defects in the naturally occurring inhibitors of coagula-
tion: deficiencies of antithrombin, protein C or protein
S, and resistance to activated protein C caused by factor
V Leiden. The first three of these disorders are rare in
the normal population (combined prevalence of �1%),
have a combined prevalence of about 5% in patients
with a first episode of VTE,6 and are associated with 
a 10- to 40-fold increase in the risk of VTE.7 The factor
V Leiden mutation is common, occurring in about 5%
of Caucasians and about 20% of patients with a first
episode of VTE (that is, fourfold increase in VTE risk).7,8

Hyperhomocysteinemia, owing to hereditary and
acquired factors, is also a risk factor for VTE.9 

Elevated levels of a number of coagulation factors 
(I, II, VIII, IX, XI) are associated with thrombosis in a
“dose-dependent” manner.10–12 It is probable that such
elevations are often inherited, with strong evidence for
this with factor VIII.10 A mutation in the 3� untrans-
lated region of the prothrombin gene (G20210A),
which is associated with about 25% increase in pro-
thrombin levels, occurs in about 2% of Caucasians and
about 5% of those with a first episode of VTE (that is,
about a 2·5-fold increase in risk).7,8,13 Prothrombotic
abnormalities of the fibrinolytic system have question-
able importance.

Acquired hypercoagulable states include estrogen
therapy, antiphospholipid antibodies (anticardiolipin anti-
bodies and/or lupus anticoagulants), systemic lupus 
erythematosus, malignancy, combination chemotherapy,
and surgery.14 Patients who develop immunologically-
related heparin-induced thrombocytopenia also have 
a very high risk of developing arterial and venous throm-
boembolism.15 Unlike the congenital abnormalities,
acquired risk factors are often transient, which has
important implications for the duration of anticoagulant
prophylaxis and treatment.

● Combinations of risk factors and risk stratification.
The risk of developing VTE depends on the prevalence
and severity of risk factors (Box 61.1).14 Accordingly,
by assessment of these factors, surgical patients can be
categorized as having a low, moderate, or high risk of
VTE (Table 61.1).

Prevalence and natural history of VTE

VTE is rare before the age of 16 years, probably because the
immature coagulation system is resistant to thrombosis.
However, the risk of VTE increases exponentially with
advancing age (1·9-fold per decade), rising from an annual
incidence of approximately 30/100 000 at 40 years, to
90/100 000 at 60 years, and 260/100 000 at 80 years.14,16

Clinically important components of the natural history of
VTE are summarized in Box 61.2.17

61 Venous thromboembolic disease
Clive Kearon, Jeffrey S Ginsberg, Jack Hirsh



Venous thromboembolic disease

865

Diagnosis of VTE

Objective testing for DVT and pulmonary embolism (PE) is
important because clinical assessment alone is unreliable,
failure to diagnose VTE is associated with a high mortality,
and inappropriate anticoagulation needs to be avoided.

Diagnosis of DVT

Venography is the criterion standard for the diagnosis of
DVT.18,19 However, because of its invasive nature, technical
demands, costs, and the risks associated with contrast
media, non-invasive tests have been developed, of which
venous ultrasound imaging (VUI) and, more recently, 
D-dimer testing, are the most important (Box 61.3).

Clinical assessment

Although clinical assessment cannot unequivocally confirm
or exclude DVT, clinical evaluation with empiric assessment
or a structured clinical model (Table 61.2), can stratify
patients as having a low (	10% prevalence), moderate
(�25% prevalence) or high (�60% prevalence) probability

Box 61.1 Risk factors for venous thromboembolisma

● Patient factors
● Previous VTEb

● Age over 40
● Pregnancy, purpureum
● Marked obesity
● Inherited hypercoagulable state

● Underlying condition and acquired factors
● Malignancyb

● Estrogen therapy
● Cancer chemotherapy
● Paralysisb

● Prolonged immobility
● Major traumab

● Lower limb injuriesb

● Heparin-induced thrombocytopenia
● Antiphospholipid antibodies

● Type of surgery
● Lower limb orthopedic surgeryb

● General anesthesia �30 min
a Combinations of factors have at least an additive effect on
the risk of VTE.
b Common major risk factors for VTE.
Abbreviation: VTE, venous thromboembolism

Table 61.1 Risk stratification for postoperative VTE, frequency of VTE without prophylaxis, and recommended methods
of prophylaxis.

Venographic DVTa Pulmonary embolism Recommended prophylaxis

Calf Proximal Symptomatic Fatal
(%) (%) (%) (%)

Low risk 2 0·4 0·2 �0·01 Early mobilization
less than 40 years and
uncomplicated surgery and
no additional risk factors

Moderate risk 20 5 2 0·5 Low-dose UFHb

more than 40 years or LMWH (�3000 U daily)c

prolonged/complicated surgery or GC stockingsd

additional “minor” risk factors

High risk 50 15 5 2 LMWH (�3000 U per day)c

major surgery for malignancy or Warfarin (INR 2–3)f

previous VTE or knee/hip surgery or Adjusted-dose UFHg

heparin-induced thrombocytopenia IPC devicese

a Asymptomatic DVT detected by surveillance bilateral venography.
b Low-dose UFH: 5000 U of subcutaneous unfractionated heparin preoperatively, and twice or three times daily postoperatively.
c LMWH: subcutaneous low molecular weight heparin; higher doses (for example, �4000 U once daily with a preoperative start
[Europe], or �3000 U twice daily with a postoperative start [North America]) are used in high-risk patients; in moderate-risk
patients �3000 U daily with a preoperative start is used.
d GC stockings: graduated compression stockings, alone or in combination with pharmacologic methods.
e IPC devices: intermittent pneumatic compression devices, alone or in combination with graduated compression stockings and/or
pharmacologic methods.
f Warfarin: usually started postoperatively and adjusted to achieve an International Normalization Ratio (INR) of 2·0–3·0.
g Adjusted-dose UFH: preoperative start with an adjusted, three times daily, dose to raise the activated partial thromboplastin time
to the upper limit of the normal range.
Abbreviations: DVT, deep vein thrombosis; VTE, venous thromboembolism
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of DVT.20 Such categorization is useful in guiding
the performance and interpretation of objective testing.20–22

Venous ultrasound imaging

VUI has a sensitivity for proximal DVT of about 97% and a
specificity of 94% in symptomatic patients, which, on aver-
age, translates into a positive predictive value of 97% and 
a negative predictive value of 98% for proximal DVT.19 The
essential component of VUI is assessment of venous com-
pressibility of the common femoral and popliteal veins (down
to the calf vein trifurcation), with application of ultrasound
probe pressure.19 VUI is much more difficult 
to perform and less accurate in the calf (sensitivity of
�70%).19 For these reasons, and because isolated calf DVT is
uncommon and of limited importance, VUI of the calf veins
is often not performed. Instead, if DVT cannot be excluded
by a normal proximal VUI in combination with other results 
(for example, low clinical probability or normal D-dimer [see
Box 61.3]), a follow up VUI is performed after 1 week to
detect extending calf vein thrombosis (�2% of patients).19

If the second VUI examination is normal, the risk of sympto-
matic VTE during the next 6 months is less than 2%.19

Grade A

Grade ABox 61.2 Natural history of venous thromboembolism
(VTE)
● Clinical factors can identify high-risk patients14

● VTE usually starts in the calf veins112

● Over 80% of symptomatic DVTs are proximal19,112

● Two thirds of asymptomatic DVT detected postopera-
tively by screening venography are confined to the distal
(calf) veins19

● About 20% of symptomatic isolated calf DVTs sub-
sequently extend to the proximal veins, usually within 
a week of presentation113

● PE usually arises from proximal DVT114

● The majority (�70%) of patients with symptomatic 
proximal DVT have asymptomatic PE (high probability
lung scans in �40%),115 and vice versa43,116

● Only one quarter of patients with symptomatic PE have
symptoms or signs of DVT117

● About 50% of untreated symptomatic proximal DVTs
are expected to cause symptomatic PE83

● About 10% of symptomatic PE are rapidly fatal118

● About 30% of untreated symptomatic non-fatal PE will
have a fatal recurrence74,119

● The risk of recurrent VTE is lower if risk factors are
reversible than if there is no apparent, or a persistent,
risk factor90–93,96

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary
embolism

Box 61.3 Test results which effectively confirm or exclude DVT (deep vein thrombosis)
● Diagnostic for first DVT

● Venography: intraluminal filling defect
● Venous ultrasound: non-compressible proximal veins at two or more of the common femoral, popliteal, and calf trifurcation

sites19

● Excludes first DVT
● Venography: all deep veins seen, and no intraluminal filling defects18

● D-dimer: normal test, which has a very high sensitivity (�98%) and at least a moderate specificity (�40%)27

● Venous ultrasound or impedance plethysmography: normal and
(a) low clinical suspicion for DVT at presentation,29,120 or
(b) normal D-dimer test, which has a moderately high sensitivity (�85%) and specificity (�70%) at presentation,29,120 or
(c) normal serial testing (venous ultrasound at 7 days; impedance plethysmography at 2 and 7 days)

● Low clinical suspicion for DVT at presentation and a normal D-dimer test, which has a moderately high sensitivity (�85%) and
specificity (�70%) at presentation29

● Diagnostic for recurrent DVT
● Venography: intraluminal filling defect
● Venous ultrasound:

(a) a new non-compressible common femoral or popliteal vein segment,19 or
(b) a �4.0 mm increase in diameter of the common femoral or popliteal vein compared to a previous test19,37a

● Impedance plethysmography:
(a) conversion of a normal test to abnormal121,122a

(b) an abnormal test 1 year after diagnosis19a

● Excludes recurrent DVT
● Venogram: all deep veins seen and no intraluminal filling defects
● Venous ultrasound or impedance plethysmography: normal, or 	1 mm increase in diameter of the common femoral or

popliteal veins on venous ultrasound compared to a previous test, and remains normal (no progression of venous ultra-
sound) at 2 and 7 days19,37,121,122

● D-dimer: normal test, which has a very high sensitivity (�98%) and at least a moderate specificity (�40%)27

a If other evidence is not consistent with recurrent DVT (for example, venous ultrasound, impedance plethysmography, clinical
assessment, D-dimer), venography should be considered. (Adapted from Kearon et al.19)



non-diagnostic on its own (see Box 61.4).28–32 As less 
sensitive D-dimer assays are more specific (�70%), they
yield fewer false-positive results. Specificity of D-dimer
decreases with aging33 and with comorbid illness such as
cancer.34 Consequently, D-dimer testing has limited value 
as a diagnostic test for VTE in hospitalized patients and is
unhelpful in the early postoperative period.

Diagnosis of DVT in pregnancy

Pregnant patients with suspected DVT can generally 
be managed in the same way as non-pregnant patients,
although except for serial impedance plethysmography19,35,36

diagnostic approaches have not been evaluated in this popu-
lation. In pregnant patients with normal non-
invasive tests who have a high clinical suspicion of isolated
iliac or calf DVT, venography (a complete study or a limited
study using abdominal shielding, respectively) should be
considered. Alternatively, normal magnetic resonance imag-
ing, a normal D-dimer, or normal Doppler ultrasound imag-
ing of the iliac veins, are likely to helpful for excluding DVT.

Diagnosis of recurrent DVT

Persistent abnormalities of the deep veins are common fol-
lowing DVT.19,37 Therefore, diagnosis of recurrent
DVT requires evidence of new clot formation. Tests that can
diagnose or exclude recurrent DVT are noted in Box 61.3.19,37

Magnetic resonance imaging (MRI)

A recent small but rigorous study suggests that direct MRI of
thrombus is very accurate for the diagnosis of DVT, includ-
ing thrombosis in the calf and pelvis, and in asymptomatic
or pregnant patients.38 The technique does not require radi-
ographic contrast and has the potential to differentiate acute
from old thrombus.

Diagnosis of PE

Pulmonary angiography is the criterion standard for the
diagnosis of PE, but has similar limitations as venography.39

As with suspected DVT, clinical assessment is useful for 
categorizing probability of PE (Table 61.3 and Box 61.4).40

Ventilation–perfusion lung scanning

The usual initial investigation in patients with suspected 
PE is a ventilation–perfusion lung scan. A normal perfusion
scan excludes PE,41 but is found in a minority (10–40%) 
of patients.33,42–44 Perfusion defects are non-specific; only
about one third of patients with defects have PE.42,45

The probability that a perfusion defect is due to PE increases

Grade A

Grade B

Grade B
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The accuracy of VUI is substantially lower if its findings are
discordant with the clinical assessment22,23 and/or if abnor-
malities are confined to short segments of the deep veins;24 in
about 25% of such cases, the results of venography differ with
VUI or reveal calf vein thrombosis.

The accuracy of VUI in asymptomatic postoperative
patients who have a high risk for DVT is poor with a 
sensitivity for proximal DVT of only about 62%,19 and such
screening is not recommended in patients who have
received prophylaxis.25 

D-dimer blood testing

D-dimer is formed when cross-linked fibrin is broken down
by plasmin and levels are usually elevated with DVT and/or
PE. Normal levels can help to exclude VTE but elevated D-
dimer levels are non-specific and have low positive predic-
tive value.26 D-dimer tests differ markedly as diagnostic tests
for VTE. A normal result with a very sensitive
(�98%) D-dimer assay excludes VTE on its own.26,27

However, very sensitive D-dimer tests have low specificities
(�40%), which limits their usefullness because of high false-
positive rates.27 In order to exclude DVT and/or PE, a nor-
mal result with a less sensitive D-dimer assay (�85%) needs
to be combined with either a low clinical probability or
another objective test that has negative predictive but is also

Grade A

Grade A

Table 61.2 Clinical model for determining clinical sus-
picion of deep vein thrombosis (Wells et al.20)

Variables Points

Active cancer (treatment ongoing or 1
within previous 6 months or palliative)

Paralysis, paresis, or recent plaster 1
immobilization of the lower extremities

Recently bedridden �3 days or 1
major surgery within 4 weeks

Localized tenderness along the distribution 1
of the deep venous system

Entire leg swollen 1
Calf swelling 3 cm � asymptomatic side 1

(measured 10 cm below tibial tuberosity)
Pitting edema confined to the symptomatic leg 1
Dilated superficial veins (non-varicose) 1
Alternative diagnosis as likely or greater �2

than that of DVT

Total points
Pretest probability calculated as follows:

High �2
Moderate 1 or 2
Low �1

Note: In patients with symptoms in both legs, the more symp-
tomatic leg is used.
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with size and number, and the presence of a normal ventila-
tion scan (“mismatched” defect).42,45 A lung scan with mis-
matched segmental or larger perfusion defects is termed
“high probability”.45 A single mismatched defect is associ-
ated with a prevalence of PE of about 80%.46 Three or more
mismatched defects are associated with a prevalence of PE of
�90%.46 Lung scan findings are highly age dependent with a
relatively high proportion of normal scans and a low propor-
tion of non-diagnostic scans in younger patients.33

Lung scanning and clinical assessment

Clinical assessment of PE is complementary to ventilation–
perfusion lung scanning; a moderate or high clinical suspi-
cion in a patient with a high probability lung scan is diag-
nostic (prevalence of PE of �90%); however, a low clinical
suspicion with a high probability defect requires further
investigation because the prevalence of PE with these find-
ings is only about 50%.42,45 The prevalence of PE
with subsegmental, matched, perfusion defects (“low proba-
bility” scan) and a low clinical suspicion is expected to be
less than 10% (see below).27,30,42

Helical (spiral) computerized tomography (CT)

Helical CT following intravenous injection of radiographic
contrast can be used to visualize the pulmonary arteries.
Although widely used to diagnose PE, the technique has yet
to be definitively evaluated for this purpose.47,48 Grade B

Grade A

Current evidence suggests that helical CT can be interpreted
as follows:

● Intraluminal filling defects in lobar or main pulmonary
arteries are likely to be associated with a probability of PE
of at least 85%, similar to a high-probability ventilation–
perfusion scan.48

● Intraluminal defects confined to segmental or subseg-
mental pulmonary arteries are non-diagnostic, and
patients with such findings require further testing.48

● A normal helical CT substantially reduces the probability
of PE but does not exclude the diagnosis (that is, similar
to a “low probability” ventilation–perfusion scan).47,48

Although this statement is largely based on extrapolation
from experience with patients who have non-diagnostic lung
scans, patients with helical CT scans that are not diagnostic
for PE can be managed as outlined in Box 61.4. Grade C

Table 61.3 Model for determining a clinical suspicion
of pulmonary embolism (Wells et al123)

Variables Points

Clinical signs and symptoms of deep vein 3·0
thrombosis (minimum leg swelling and pain
with palpation of the deep veins)

An alternative diagnosis is less likely than 3·0
pulmonary embolism

Heart rate �100 beats/min 1·5
Immobilization or surgery in the 1·5

previous 4 weeks
Previous deep vein thrombosis/pulmonary 1·5

embolism
Hemoptysis 1·0
Malignancy (treatment ongoing or within 1·0

previous 6 months or palliative)

Total points
Pretest probability calculated as follows:

High �6
Moderate 2–6
Low �2

Box 61.4 Test results which effectively confirm or
exclude pulmonary embolism (PE)
● Diagnostic for PE

● Pulmonary angiography: intraluminal filling defect
● Helical CT: intraluminal filling defect in a lobar or

main pulmonary artery47,48

● Ventilation–perfusion scan: high probability scan
and moderate/high clinical suspicion42,43

● Diagnostic for DVT: with non-diagnostic ventilation–
perfusion scan or helical CT124

● Excludes PE
● Pulmonary angiogram: normal39

● Perfusion scan: normal41

● D-dimer: normal test, which has a very high sensi-
tivity (�98%) and at least a moderate specificity
(�40%)27

● Non-diagnostic ventilation–perfusion scan, or nor-
mal helical CT, and normal proximal VUI and

(a) low clinical suspicion for PE30,50 a

(b) normal D-dimer test, which has at least a mod-
erately high sensitivity (�85%) and specificity
(�70%)30,32 a

● Low clinical suspicion for PE and normal D-dimer,
which has at least a moderately high sensitivity
(�85%) and specificity (�70%)30,32

a If serial VUI (venous ultrasound imaging) is performed it is
expected to become abnormal in 1–2% of these patients
and reduce the frequency of symptomatic VTE (venous
thromboembolism) during 3 months of follow up from
�1.5% to �0.5%.
(Adapted from Kearon40)

D-dimer testing

As previously discussed when considering diagnosis of 
DVT, a normal D-dimer result, alone27 or in combination
with another negative test,30,32 can be used to exclude PE
(Box 61.4). Grade A



evolving proximal DVT, the forerunner of recurrent PE. If
serial VUI for DVT (two additional tests a week apart) is neg-
ative, the subsequent risk of recurrent VTE during the next
3 months is less than 1%,30,44,51 which is similar to that after
a normal pulmonary angiogram.39 As an additional precau-
tion, patients who have had PE and/or DVT excluded
should routinely be asked to return for re-evaluation if
symptoms of PE and/or DVT persist or recur.

Diagnosis of PE in pregnancy

Pregnant patients with suspected PE can be managed 
similarly to non-pregnant patients, with the following 
modifications: 

● VUI can be performed first and lung scanning per-
formed if there is no DVT; patients with unequivocal
evidence of DVT can be presumed to have PE.

● The amount of radioisotope used for the perfusion scan
can be reduced and the duration of scanning extended.

● If pulmonary angiography is performed, the brachial
approach with abdominal screening is preferable.

● In the absence of safety data relating to helical CT in
pregnancy, this is discouraged (if it is necessary, abdomi-
nal screening should be used). Consistent with other
young patients who are suspected of having PE, a high
proportion of pregnant patients have normal scans and a
small proportion have high probability scans.33,52 These
recommendations are based on a belief that the risk of
inaccurate diagnosis of suspected PE during pregnancy
is greater than the risk of radioactivity to the fetus.52,53

Algorithms for the diagnosis of PE

Local availability of methods of testing and differences
among patient presentations influence the diagnostic
approach to PE. A number of prospectively validated 
algorithms have been published, which emphasize the use
of different initial non-invasive tests in conjunction with
ventilation–perfusion lung scanning including:

● structured clinical assessment and serial VUI;44

● sensitive D-dimer assay, empiric clinical assessment,
and single bilateral VUI;27

● clinical assessment, moderately sensitive D-dimer assay
and serial VUI.30

Prevention of VTE (Box 61.6)

In a non-randomized trial, oral anticoagulation was shown
to prevent PE in patients with fractured hips, without caus-
ing an unacceptable increase in bleeding.54 

Subsequently, low-dose unfractionated heparin was shown
to reduce postoperative DVT and fatal PE by two thirds.55,56

Further studies have demonstrated that the efficacy of 

Grade A

Grade B
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Tests for DVT in patients with suspected PE

Testing for DVT is an indirect way to diagnose PE (see 
Box 61.4).49 VUI of the proximal veins is the usual method,
although bilateral ascending venography, or CT or MRI of
the legs at the same time as examination of the pulmonary
veins, can also be used. Negative tests for DVT do not rule
out PE but they reduce the probability, and suggest that the
short-term risk of recurrent PE is low.49 Because the preva-
lence of PE is expected to be less than 5% in patients with 
a non-diagnostic lung scan, a low clinical suspicion of PE,
and a normal VUI of the proximal veins, it is reasonable 
to exclude PE with these findings.27,30,44,50 

Management of patients with non-diagnostic
combinations of non-invasive tests for PE (Box 61.5)

Patients with non-diagnostic test results for PE at presenta-
tion have, on average, a prevalence of PE of 20%.42,49 Two
management approaches are reasonable in such patients.
The first is the performance of pulmonary angiography,
which is usually definitive. The second is the withholding 
of anticoagulants and performance of serial VUI to detect

Grade B

Box 61.5 Management of patients with non-diagnostic
non-invasive tests for PE
● Serial VUI of the proximal veins after 1 and 2 weeks

Suitable for most such patients,30,44 although pulmonary
angiography is preferred for the subgroups outlined
below. This approach can be supplemented with bilat-
eral venography (for patients that might otherwise be
considered for pulmonary angiography).116

● Pulmonary angiography preferred option if:
● segmental intraluminal filling defect on helical CTa,b

● subsegmental intraluminal filling defect and high
clinical suspicion

● high probability ventilation–perfusion scan and low
clinical suspicionb

● symptoms are severe, post-test probability is high
but non-diagnostic, and PE needs to be excluded
from the differential diagnosis

● serial testing is not feasible (for example, scheduled
for surgery, geographic inaccessibility)

a A segmental intraluminal filling defect with a high clinical
suspicion is likely to have a positive predictive value of
�85% and could be considered diagnostic for PE.
b Ventilation–perfusion scanning can be performed after
these findings have been obtained with helical CT; or helical
CT may be performed after these findings have been
obtained with ventilation–perfusion scanning;47,48 If the sec-
ond test is also non-diagnostic for PE, serial ultrasounds may
be reconsidered.
Abbreviations: DVT, deep vein thrombosis; LMWH, low
molecular weight heparin; PE, pulmonary embolism; VTE,
venous thromboembolism; VUI, venous ultrasound imaging,
(Adapted from Kearon40)



reduction in VTE), aspirin alone is not recommended during
the initial postoperative period.62 It may be a reasonable
alternative to LMWH or warfarin for the weeks following
hospital discharge, particularly if patients do not have addi-
tional risk factors for VTE. Recently, hirudin66

(a direct thrombin inhibitor) and fondaparinux67,67a,67b

(the pentasaccharide of heparin that binds antithrombin)
have been shown to be more effective than LMWH follow-
ing major orthopaedic surgery; fondaparinux may cause
marginally more bleeding. 

The evidence that short-term prophylaxis (for example,
low-dose unfractionated heparin) prevents clinically impor-
tant VTE in immobilized medical patients is less convincing,
partly because it has been less extensively studied in this pop-
ulation, and because there is concern that medical patients
remain at high risk of VTE after prophylaxis is stopped.62,68

In addition to augmenting the efficacy of pharmacologic
methods of prophylaxis, mechanical methods are effective
on their own. Graduated compression stockings prevent
postoperative VTE in moderate-risk patients (risk reduction
of 68%),62,69 and intermittent pneumatic compression
devices prevent postoperative VTE in high-risk orthopedic
patients.62,70,71 The relative efficacy of graduated compres-
sion stockings and intermittent pneumatic compression
devices is uncertain. No difference in efficacy was evident in
neurosurgical patients;72 however, pneumatic compression
devices are expected to be superior to graduated compres-
sion stockings in high-risk patients.62 Mechanical methods
of prophylaxis should be used in patients who have a mod-
erate or high risk of VTE if anticoagulants are contraindi-
cated (for example, neurosurgical patients).62 

Because postoperative fatal PE is rarely preceded by
symptomatic DVT,55 prophylaxis is the best way to prevent
it. Use of primary prophylaxis is strongly supported by cost
effectiveness analyses, which indicate that it reduces overall
costs in addition to reducing morbidity.73

Treatment of VTE

Heparin therapy

In 1960, Barritt and Jordan established that heparin 
(1·5 days) and oral anticoagulants (2 weeks) reduced the risk
of recurrent PE and associated death.74 Based on expert opin-
ion, 10–14 days of heparin therapy, and 3 months of oral anti-
coagulation became widely adopted in clinical practice. It was
subsequently shown that 4 or 5 days of intravenous heparin is
as effective as 10 days of therapy for the initial treatment of
VTE.75,76 Comparatively recently, the need for an initial course
of heparin therapy was verified.77 Many trials have established
that weight-adjusted LMWH (without laboratory monitoring)
is as safe and effective as adjusted-dose unfractionated heparin
for the treatment of acute VTE;78 it can be used to treat
patients without hospital admission79 and need only be
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low-dose unfractionated heparin can be improved either by
increasing the dose so as to minimally prolong the activated
partial thromboplastin time (APTT),57 or by combining its
use with graduated compression stockings58 or intermittent
pneumatic compression devices.59

Meta-analyses support that, at doses that are associated
with equivalent efficacy (odds ratio 1·03) following general
surgery, low molecular weight heparins (LMWH) are associ-
ated with less bleeding (odds ratio 0·68) than low-dose
unfractionated heparin.60 Used at higher dose
than for general surgery, LMWH is more effective (odds
ratio 0·83) that unfractionated heparin following orthopedic
surgery and is associated with a similar frequency of bleed-
ing.60 An additional 3 or 4 weeks of LMWH after hospital
discharge further reduces the frequency of symptomatic
VTE after orthopedic surgery (from 3·3% to 1·3%61).
Warfarin (target INR 2–3 for about 7 to 10 days) is less 
effective that LMWH at preventing DVT detected by 
venography soon after orthopedic surgery,62 but appears to
be similarly effective at preventing symptomatic VTE over 
a 3 month period.62,63 There is evidence that
aspirin reduces the risk of postoperative VTE by one third.64

A study of over 17 000 patients, mostly follow-
ing hip fracture repair, confirmed these findings, including 
a reduction in fatal PE (0·27% v 0·65%) during the month
following surgery.65 However, as warfarin and LMWH 
are expected to be more effective (at least a two thirds

Grade A

Grade A

Grade A

Box 61.6 Prevention and treatment of venous 
thromboembolism
● Primary prophylaxis with anticoagulants and/or

mechanical methods should be used in hospitalized
patients who have a moderate or high risk of VTE.

● Acute VTE (DVT and/or PE) should be anticoagulated
with:
● Heparin (unfractionated or LMWH) for a 

minimum of 4–5 days. If unfractionated
heparin is used, a dose of at least (a) 30 000 U/
day or 18 U/kg/h by intravenous infusion; or 
(b) 33 000 U/day, by twice daily, subcutaneous,
injection, should be administered. Dose
of unfractionated heparin should be adjusted to
achieve “therapeutic” APTT results. 

● Oral anticoagulation for 3–6 months, 
with a dose adjusted to achieve an INR of 2.0–3.0.

Prolonged unfractionated heparin or
LMWH at therapeutic, or near therapeutic, 
doses is a satisfactory alternative. 
Anticoagulation should be continued for longer than
3 months in patients with a first episode of idio-
pathic VTE, and when VTE is associated
with a risk factor, for as long as such factors are
active. 

See Box 61.5 for abbreviations
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injected subcutaneously once daily.80 Danaparoid, hirudin,
and argatroban can be used to treat heparin induced thrombo-
cytopenia, with or without associated thrombosis.81,82

Oral anticoagulant therapy

A randomized trial of patients with DVT, comparing 
3 months of warfarin (International Normalization Ratio (INR)
�3·0–4·0) with low-dose heparin after initial treatment with
full-dose intravenous heparin, established the necessity for 
prolonged oral anticoagulation after initial heparin therapy.83

Prolonged high-dose subcutaneous heparin84 and,
subsequently, LMWH (50–75% of acute treatment dose) was
subsequently shown to be equally effective.85

In the 1970s it was recognized that, because of differences in
the responsiveness of thromboplastins to oral anticoagulants, a
prothrombin time ratio of 2·0 reflected a much more intense
level of anticoagulation in North America than in Europe. This
prompted a comparison of two intensities of warfarin therapy
(corresponding to mean INRs of �2·1 and �3·2) for the treat-
ment of DVT.86 This study found that the lower intensity of
oral anticoagulation was as effective as the higher intensity but
caused less bleeding. The trials showing that heparin therapy
could be reduced to 5 days also showed that warfarin could 
be started at the same time as heparin.75,76 A recent series 
of small studies support starting warfarin with the expected
daily dose rather than a loading dose (for example, 5mg v
10mg),87,88 and managing over-anticoagulation without bleed-
ing (for example, INRs�6) with small oral rather than sub-
cutaneous doses of vitamin K (for example, 1mg).89

During the last decade, a series of well-designed studies
have helped to define the optimal duration of anticoagula-
tion. Their findings can be summarized as follows:

● Shortening the duration of anticoagulation from 390,91

or 692 months to 490,91 or 692 weeks results in a dou-
bling of the frequency of recurrent VTE during 190,91 to
292 years of follow up. 

● Patients with VTE provoked by a transient risk factor
have a lower (about one third) risk of recurrence than
those with an unprovoked VTE or a persistent risk 
factor.90–94

● Three months of anticoagulation is adequate treatment
for VTE provoked by a transient risk factor; subsequent
risk of recurrence is 	3% per patient-year.90,91,94–96

● Three months of anticoagulation may not be adequate
treatment for an unprovoked (“idiopathic”) episode of
VTE; subsequent early risk of recurrence has varied
from 5% to 25% per patient-year.92,95,97,98

● After 6 months of anticoagulation, recurrent DVT is 
at least as likely to affect the contralateral leg; this 
suggests that “systemic” rather than “local” (including
inadequate treatment) factors are responsible for recur-
rences after 6 months of treatment.99
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● There is a persistently elevated risk of recurrent VTE
after a first episode; this appears to be 5–12% per year
after 6 or more months of treatment for an unprovoked
episode.92,95,98

● Oral anticoagulants targeted at an INR of �2·5 are 
very effective (risk reduction �90%) at preventing
recurrent unprovoked VTE after the first 3 months of
treatment.97,100 

● Indefinite anticoagulation is an option for patients 
with a first unprovoked VTE who have a low risk of
bleeding. 

● A second episode of VTE does not necessarily indicate 
a high risk of recurrence or the need for indefinite 
anticoagulation.97

● Risk of bleeding on anticoagulants differs markedly
among patients depending on the prevalence of risk 
factors (for example, advanced age; previous bleeding
or stroke; renal failure; anemia; antiplatelet therapy;
malignancy; poor anticoagulant control).101

● Risk of recurrence is lower (about half) following an 
isolated calf (distal) DVT; this favors a shorter duration
of treatment.92,95 

● Risk of recurrence is higher with antiphospholipid anti-
bodies (anticardiolipin antibodies and/or lupus anticoag-
ulants),97,102 homozygous factor V Leiden103 cancer93

and, probably, antithrombin deficiency; these favor 
a longer duration of treatment. 

● Heterozygous factor V Leiden and the G20210A pro-
thrombin gene mutations do not appear to be clinically
important risk factors for recurrence.103 

● Other abnormalities, such as elevated levels of clotting
factors VIII, IX, XI, and homocysteine, and deficiencies
of protein C and protein S, may be risk factors for recur-
rence; they have uncertain implications for duration of
treatment.

Thrombolytic therapy

Systemic thrombolytic therapy accelerates the rate of reso-
lution of DVT and PE at the cost of around a fourfold
increase in frequency of major bleeding, and about a 10-fold
increase in intracranial bleeding.104–107 This can be life-saving
for PE with hemodynamic compromise.106,108

Thrombolytic therapy may reduce the risk of the prothrom-
botic syndrome following DVT but this does not appear 
to justify its associated risks104,105 Catheter-based treatments
(that is, thrombolytic therapy or removal of thrombus)
require further evaluation before they can be recommended.

Inferior vena caval filters

A recent randomized trial demonstrated that a filter, as an
adjunct to anticoagulation, reduced the rate of PE (asympto-
matic and symptomatic) from 4·5% to 1·0% during the 
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12 days following insertion, with a suggestion of fewer fatal
episodes (0% v 2%).109 However, after 2 years, patients 
with a filter had a significantly higher rate of recurrent DVT
(21% v 12%) and a non-statistically significant reduction in
the frequency of PE (3% v 6%). This study supports the use
of vena caval filters to prevent PE in patients with acute
DVT and/or PE who cannot be anticoagulated (that is, 
they are bleeding), but does not support more liberal use of
filters. Patients should receive a course of anti-
coagulation if this subsequently becomes safe.

Treatment of VTE during pregnancy

Unfractionated heparin and LMWH do not cross the pla-
centa and are safe for the fetus, whereas oral anticoagulants
cross the placenta and can cause fetal bleeding and 
malformations.110,111 Therefore, pregnant women with VTE
should be treated with therapeutic doses of subcutaneous
heparin (unfractionated heparin or, increasingly, LMWH)
throughout pregnancy. Care should be taken to
avoid delivery while the mother is therapeutically anticoag-
ulated; one management approach involves stopping sub-
cutaneous heparin 24 hours prior to induction of labor and
switching to intravenous heparin if there is a high risk of
embolism. After delivery, warfarin, which is safe for infants
of nursing mothers, should be given (with initial heparin
overlap) for 6 weeks and until a minimum of 3 months of
treatment has been completed. 

The future

There are many questions relating to currently available
antithrombotic agents and diagnostic techniques that need
answering, and many new antithrombotic agents under
development that will require clinical evaluation. In addi-
tion, future studies are expected to focus on clinical and
genetic subgroups that may benefit from tailored manage-
ment, such as different intensities or durations of prophy-
laxis or treatment. Thrombolytic therapy deserves further
evaluation, particularly systemic therapy for severe PE 
without overt hemodynamic compromise (for example,
with echocardiographic right ventricular dysfunction), and
catheter-directed therapy for iliofemoral DVT. Safer throm-
bolytic regimens might also broaden indications. In order 
to provide clear directions for clinical management, future
studies need to focus on clinically important outcomes (that
is, symptomatic VTE, major bleeding).
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Epidemiology

The prevalence of lower extremity arterial occlusive disease
as judged by history has been examined in several studies.
Large cohorts of patients have been questioned about symp-
toms of intermittent claudication. This has mostly been
done using a questionnaire initially designed by Rose.1 The
method has an acceptable specificity but lacks sensitivity
and, for obvious reasons, it does not detect asymptomatic
arterial occlusive disease.2 The prevalence of peripheral
arterial occlusive disease varies between studies, with high
figures reported from Russia and Finland.3,4 With large and
reliable studies, it is likely that the prevalence at the age of
60 is 3–6%.5 Most studies report a prevalence of less than
5% at 50 years.

In order to detect lower extremity arterial occlusive dis-
ease more specifically, studies have been performed measur-
ing ankle pressure with non-invasive techniques. In general
it can be said that the prevalence of disease increases by a
factor of 3 compared with studies based on questionnaires.
There is a significant correlation between the ankle brachial
pressure index (ABI) and the symptom of intermittent clau-
dication, although the correlation is modest with r values
between 0·1 and 0·2.6 Based on such objective methods,
11·7% of the population in the Framingham study had
peripheral arterial disease. Thus assessment of peripheral
arterial disease by the symptom of intermittent claudication
underestimates the true prevalence,7 but the cut off points
determining what is considered to be a pathologic ABI is of
great importance for the estimation of the prevalence using
objective methods.8

The prevalence is greatly influenced by age as pointed out
in one of the major studies, the Framingham study.9 Other
important factors are cigarette smoking and sex. Thus non-
smoking women in the age group 55–64 years showed a
prevalence by history of 3·9% compared with smoking men
in the age group 75–84 years where the prevalence was
14·5%. Additional factors increasing the risk are diabetes
and fibrinogen levels.10

Few studies have examined the incidence of peripheral
arterial occlusive disease by following normal subjects and
determining when claudication appears. In the Framingham
study, the yearly incidence increases from 0·2% in 45–55
year old men to 0·5% in 55–65 year old men.9 In the last

follow up after 38 years, the yearly rates were found to
increase until the age 75 and then declined. The statistical
analyses revealed that those with intermittent claudication
were significantly older, had higher cholesterol levels, higher
blood pressure, higher frequency of diabetes, and smoked
more cigarettes.11 The Edinburgh artery study provides simi-
lar figures with an annual incidence of 1·8 per 1000 ran-
domly selected patients from general practitioners.12

Long-term outcome

The natural history of patients with lower extremity arterial
disease has been studied regarding both the fate of the limb
and mortality. Among patients with peripheral arterial occlu-
sive disease, at most one in five will require surgical correc-
tion for their vascular disease13 and 2–5% will undergo
amputation.5,9 The risk for amputation decreases if the
patients can stop smoking.14 Patients with peripheral arte-
rial occlusive disease have a decreased life expectancy com-
pared with the normal population. This is almost solely
explained by cardiovascular disease in general and coronary
artery disease in particular. After 10 years, only 52% of 
claudicants are still alive.15 The relative risk of dying from
cardiovascular disease and coronary heart disease (CHD) is
reported to be 5–6 times that of the normal population over
10 years.16 The severity of the peripheral arterial occlusive
disease is associated with the risk of dying, since the lower
extremity arterial disease is a surrogate variable reflecting
the severity of atherosclerosis affecting the coronary arter-
ies.17 Smoking is also an important predictor of the risk of
dying in these patient groups.18 The greatest threat to the
patient with peripheral arterial disease is thus death from
cardiac causes. Patients with peripheral arterial disease 
and concomitant three vessel coronary artery disease (CAD)
have an improved survival after coronary artery bypass 
grafting (CABG).19 The natural course of intermittent 
claudication on the other hand is relatively benign in terms
of limb survival as reflected by the low risk of amputation.
This may, however, partly be explained by the fact that the
mortality among patients with severe disease and high risk
of amputation is considerably higher than for patients with
mild disease.
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Key points

● The prevalence of lower extremity arterial occlusive dis-
ease is high: 3–5% in individuals over 50 years of age.

● Patients with peripheral arterial occlusive disease have
approximately fivefold increased risk of dying from car-
diovascular causes over 10 years.

● Mortality and morbidity are increased by smoking, hyper-
tension, and the severity of the disease.

● Intermittent claudication itself has a relatively benign
course as reflected by a low risk of amputation.

Investigation of the patient with peripheral
vascular disease

An adequate history and physical examination provide the
basis for proper management of patients with peripheral vas-
cular disease. The history should include a survey of rele-
vant risk factors and possible symptoms of concomitant
cardiovascular disease (for example, angina pectoris).
Palpation of pulses and auscultation in the groin and over
the femoral arteries may reveal signs of occlusion or
stenoses in the vessels from the iliac artery down to the
lower leg. The popliteal artery is best evaluated with 
the knee slightly elevated from the support and the tissue in
the distal popliteal fossa pressed against the tibia. Palpation
at this location is particularly important when a popliteal
aneurysm is suspected. In cases with more severe ischemia,
inspection may reveal a diminished growth of hair and nails,
and distal ischemic ulcers often located on toes and heels.
Elevation of the legs will cause a whitening of the most
affected foot, which in the dependent position typically is
more red than the contralateral one, owing to an increase of
blood in the superficial venous plexa.

Measurement of the ankle pressure is of value as a quan-
titative estimate of the degree of arterial insufficiency. This is
easily done with a continous wave pen-doppler detecting
the pulse either in the posterior tibial or the dorsal pedal
artery when a blood pressure cuff around the ankle is slowly
deflated from a suprasystolic pressure. By dividing the meas-
ured value with the brachial pressure the ABI is determined.
An index below 0·9 is considered pathologic. In patients
with diabetes mellitus, the ABI may be falsely elevated
owing to sclerosis of the media of the arteries, which resists
compression by the cuff.

Further anatomic evaluation of the arterial system is
needed only when invasive procedures are indicated. Duplex
sonography is the method of choice, but in most cases has to
be followed by angiography, when surgery is planned.

All patients with peripheral vascular disease should have
blood tests to detect other treatable risk factors such as
blood lipids, blood or plasma glucose, and serum creatinine.
Systemic blood pressure is also a treatable risk factor that
should be measured.

Key points

● History (symptoms, smoking, other cardiovascular 
diseases) and physical examination (peripheral pulses,
blood pressure) are essential.

● Screen for cardiovascular risk factors (cholesterol, 
glucose).

● Measurement of ABI is valuable in all patients.
● Duplex sonography and angiography are required only

when invasive procedures are considered.

Intermittent claudication

Pathophysiology

Intermittent claudication is caused almost exclusively by
atherosclerotic lesions in the arteries to the legs. The lesion
causing the symptoms may be located above the inguinal lig-
ament (the aorta, iliac artery, or the common femoral artery)
or below, in such cases often in the distal part of the superfi-
cial femoral artery. Combinations of series of stenosis or
occlusions also involving the popliteal and lower leg vessels
are not uncommon.

The evolution of the disease may be slow with gradual
onset of symptoms but in many cases the occurrence of a
thrombus in a severely stenosed area or overlying a ruptured
atherosclerotic plaque may cause an acute onset of 
symptoms.

The most common location of pain is in the calf, since the
majority of vascular occlusions occur in the superficial
femoral artery. When the main lesion is in the iliac region,
pain and muscular dysfunction may also be located in the
gluteal muscles and the thigh. The symptoms are caused by
an inappropriate blood supply in relation to the metabolic
needs of the muscles during exercise. When occlusion of
the artery occurs gradually, collaterals, often from the deep
femoral artery, may compensate for the limited arterial 
supply through the natural artery.

Therapy

General measures

The aim of therapy for intermittent claudication is twofold:

● to reduce risk factors associated with the disease and
thereby improving the long-term prognosis of the
patient;

● to improve walking distance and thus the quality of life
for the patient.

In the general management of the patient it is mandatory
to screen for risk factors associated with atherosclerosis.
Smoking should be stopped immediately as the risk for the
patient with claudication for having an amputation in the
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future is reduced to virtually zero.14

Hyperlipidemia and hypertension should be treated accord-
ing to guidelines outlined in other sections of this book. A
meta-analysis of lipid lowering therapy in 698 patients with
peripheral arterial disease indicated that active therapy
reduced disease progression and the severity of claudica-
tion.20 Recently the Heart Protection Study including
20 000 patients with coronary or non-coronary artery dis-
ease or diabetes was reported, showing that simvastatin
40 mg/day reduced cardiovascular mortality and morbidity.
The 24% decrease of vascular events was consistent in all
subgroups including patients with peripheral vascular dis-
ease and regardless of cholesterol levels.21 Thus,
a statin should be given as first-line therapy, but niacin could
also be valuable since it increases serum HDL (high density
lipoproteins) concentrations and lowers serum triglyceride
concentrations, which are the most common lipid distur-
bances in patients with intermittent claudication.

A fear of reducing distal perfusion pressures in patients
with claudication by antihypertensive treatment has some-
times prevented doctors from instituting adequate treatment
of hypertension. In particular, � blockers have been consid-
ered by some to be contraindicated in this situation.
Controlled studies have, however, shown that treatment of
claudicants with � blockers only reduces walking capacity
marginally or not at all.22 Therefore, if strong indications,
such as heart failure, or a previous myocardial infarction exist,
� blockers should also be used in claudicants.

The HOPE study investigated the effect of the ACE
inhibitor ramipril 10 mg/day compared with placebo.23 The
study included 1715 patients with symptomatic peripheral
vascular disease and 3099 patients with an ABI � 0·9. These
subgroups benefitted at least equally well as the entire study
population from the treatment. The beneficial effect was
seen even among patients who already had adequate blood
pressure control. Treatment with an ACE inhibitor should
thus be strongly considered in patients with peripheral arte-
rial disease. 

If symptoms of increased ischemia of the legs occur dur-
ing treatment for hypertension, this strengthens the indica-
tion for an invasive procedure in order to relieve the
symptoms of leg ischemia. If this is not possible, the anti-
hypertensive therapy should be reduced with caution.

Since patients with intermittent claudication have an
increased risk for major cardiovascular events because of
their generalized atherosclerotic disease, antiplatelet ther-
apy should be given prophylactically, preferably with aspirin,
based on conclusions from meta-analysis.24

Although major studies on the effect of aspirin in patients
with claudication are lacking, the effect in subgroups with
claudication (n � 3295; risk reduction from 11·8% to 9·7%
over 27 months) seems to be equivalent to the reduction
seen in the atherosclerotic population as a whole.24 The
combination with dipyridamole may provide an additional

Grade A

Grade A

Grade A

Grade A

Grade B preventive effect,25 but so far only one study has shown an
effect on major end points by this combination in the case of
the secondary prevention of stroke.26 In 687 claudicants stud-
ied over a 7 year period, ticlopidine 250mg �2/day reduced
the need for vascular reconstructive surgery by 51% com-
pared to placebo.27 In the same trial, the mortality rate was
29.1% lower (64 v 89 cases) in the ticlopidine group com-
pared with the placebo group.28 The same dose of ticlopidine
may also produce some increase in walking capacity in com-
parison with placebo.29 The disadvantage of this compound is
the risk of adverse effects and the need for laboratory control
of white blood cell counts. A better and safer alternative to
ticlopidine for patients who cannot tolerate aspirin is clopi-
dogrel, which was studied in the CAPRIE trial.30 In the 
6452 patients with peripheral arterial disease, clopidogrel
75mg/day showed a relative risk reduction of 23·8% in
ischemic stroke, myocardial infarction, or death from other
vascular causes compared to aspirin 325mg/day.30

Exercise

Patients with claudication should be instructed to walk 
as much as possible and, when pain occurs, they should try 
to walk despite the pain.31 Training by intensive walking on
treadmill or outdoors has been shown to be as effective 
or even better than other programs of physical training and, in
most cases, will improve walking capacity by 100–200%.31

In some cases the symptoms of claudication may even disap-
pear completely. The optimal exercise program includes 
walking to near maximal pain for more than 30 minutes per
session at least three times weekly during at least a 6 month
period.32

Pharmacologic treatment to increase 
walking capacity

Different pharmacologic agents have been evaluated for
improvement of walking distance in addition to physical
training. Most of these treatments have been inconsistent in
their effect and of marginal benefit. Generally, vasodilators
have not been shown to be effective. The agent so far most
extensively studied has been pentoxifylline, which is avail-
able in most countries for the treatment of intermittent
claudication. The patients most likely to respond are those
with a history of claudication over 1 year and an ABI of
�0·8.33 A meta-analysis of the pentoxifylline studies has
shown an increase of 44 meters in maximal walking dis-
tance on the treadmill compared with placebo.34 The phos-
phodiesterase inhibitor cilostazol was approved in 1999 by
the FDA for treatment of claudication. Cilostazol is prima-
rily a platelet inhibitor and a vasodilator that has been
shown to increase the walking distance compared with
placebo and also with pentoxifylline.35 However, the use 
of the drug is hampered by the risk for worsening heart 
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failure.36 A randomized but open study37 indicates that
prostaglandin E1 given intravenously may be more effective
than pentoxifylline (60·4% compared with 10·5% increase
in walking capacity), but further studies are needed to estab-
lish the role of prostaglandins in this context.

Key points

● Quit smoking!
● Regular exercise – walking until intolerable pain.
● Intervention against other cardiovascular risk factors;

treat hypertension and institute a statin to all patients
with a normal or high cholesterol level.

● Antiplatelet therapy and ACE inhibitor to be considered
for all patients.

● Other pharmacologic therapy of very limited benefit.

Critical ischemia

Pathophysiology

When the distal pressure in the leg is too low to provide suf-
ficient perfusion in order to meet the metabolic demands of
the tissue, pain will also occur in the resting situation, par-
ticularly in the supine position when there is no contribu-
tion to distal pressures by hydrostatic forces. Subsequently
ulcers in the apical parts of the extremity may develop
owing to an insufficient nutritional blood flow in the 
skin.

According to the European Consensus Document on
chronic lower limb ischemia, critical ischemia is defined as
“persistently recurring rest pain requiring regular analgesia
for more than 2 weeks and/or ulceration or gangrene of the
foot and toes in combination with an ankle systolic pressure
less than 50 mmHg”. In the case of diabetes, where the
measurements of ankle pressures are unreliable because of
incompressible arteries, the absence of palpable pulses are
sufficient.38 The definition has been criticized because many
patients with critical limb ischemia according to the above
definition still have an intact lower extremity after 1 year.
This is exemplified by the findings in control groups of ran-
domized trials regarding non-surgical treatment of critical
limb ischemia.39 Furthermore, some patients who do not fit
into this definition may lose their legs because of ischemia.40

A recent consensus document was made more practical. 
A patient with critical limb ischemia is defined as “a patient
with chronic ischemic rest pain, ulcers and gangrene attrib-
utable to objectively proven arterial disease”.41

The crucial factor regarding tissue nutrition is the flow
through the capillary bed, which is dependent not only on
the pressure in the arteries but also on other factors, such as
blood viscosity and distribution of flow between nutritional
and non-nutritional vessels – that is, arteriovenous shunts.
Intravital capillaroscopy and transcutaneous oxygen tension

are methods that can assess tissue nutrition, thereby offering
additional prognostic information in these patients.38

Patients with critical ischemia should be evaluated for possi-
ble vascular reconstructive surgery or endovascular treat-
ment (see below).

General measures

When invasive procedures to restore blood flow (see below)
are not possible or have failed, several therapeutic measures
should be considered. Optimization of the hemodynamic
situation is one aim. Heart failure and edema should be
treated vigorously. Lowering the foot end of the bed at night
may improve distal perfusion pressure and relieve symp-
toms. Shoes should be well fitting to avoid the risk of pres-
sure against the skin. Ulcers should be treated with care,
and more often dry dressings are preferable in order not to
moisturize intact skin around the ulcer area.

Though not scientifically proven in this situation, anti-
coagulation may be of benefit. Thus, oral anticoagulants or 
low molecular weight heparin should be considered as an
alternative or an addition to aspirin, since both arterial and
venous thrombi are common in the severely ischemic leg.42

Warfarin has been shown to lower the risk of occlusion in
femoropopliteal vein grafts.43 Pain should be treated by
pharmacologic measures. Spinal cord stimulation could be
used since this method has been shown to decrease pain
possibly by increasing microvascular blood flow.44

The only pharmacologic agent so far convincingly shown
to have a positive influence on the prognosis of patients with
critical limb ischemia is a synthetic prostacyclin (Iloprost),
which is given intravenously daily for a period of 2–4 weeks.
In a meta-analysis, rest pain and ulcer size were found to
improve in comparison with placebo and, more importantly,
the probability of being alive with both legs still intact 
after 6 months was 65% in the Iloprost-treated group com-
pared to 45% in the placebo-treated patients.39

Pentoxifylline has been shown to be of benefit in a short-term
perspective as a pain reliever but no long-term trials have
been performed.45 Spinal cord stimulation has been used to
avoid amputations, but so far it has not benefitted patients
with critical limb ischemia as a preventive treatment.46

Key points

● Evaluate possibilities for revascularization.
● Optimize cardiac hemodynamics.
● Avoid hypotension – lower foot end of bed at night.
● Provide adequate pain relief.
● Optimize local skin and wound care.
● Consider anticoagulation or antiplatelet therapy.
● Consider Iloprost treatment when revascularization is

not possible or has failed.
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Surgical treatment of intermittent claudication
and critical ischemia

In this chapter both open surgery and endovascular 
treatment are considered. In the latter group percutaneous
transluminal angioplasty (PTA) in combination with both
thrombolysis and stenting are included. The major indica-
tions for reconstructive procedures for lower extremity
ischemia are critical ischemia and claudication.

Preoperative cardiac evaluation

Since patients with peripheral vascular disease have a high
frequency of cardiac comorbidity, the perioperative mortal-
ity and morbidity is dominated by cardiac problems. Many
attempts have been made to identify patients with a high
risk of perioperative cardiac complications. The rationale for
such a strategy is to identify patients in need of coronary
artery revascularization before the vascular procedure, and
also to provide a basis for more intensive cardiac monitoring
during peripheral vascular surgery. Although not specifically
designed for peripheral vascular surgery, clinical risk scores
according to Goldman47 or Detsky48 have been used.
Further tests include ambulatory ECG, dipyridamole thal-
lium scintigraphy, ejection fraction estimation by radio-
nuclide ventriculography, and stress echocardiography. All
these tests are effective in predicting perioperative cardiac
mortality and morbidity, but dobutamine stress echocardiog-
raphy seems to be most promising in a meta-analysis.49

Patients who have reversible defects on preoperative thal-
lium scintigraphy are at a high risk of perioperative cardiac
mortality and morbidity,50 and successful coronary revascu-
larization decreases this risk following vascular surgery.51

Nevertheless, routine evaluation of all patients scheduled
for peripheral vascular surgery with thallium scintigraphy is
not warranted.52 The reason for this is that both coronary
angiography and coronary revascularization add to the
risk.53 Today it can therefore be concluded that patients
with a low risk, as reflected by either absence of angina pec-
toris or only mild disease, do not benefit from further evalu-
ation aiming at coronary angiography.54 Patients with high
risk according to clinical scoring systems or careful history
should be evaluated with dipyridamole thallium scinti-
graphy or dobutamin stress echocardiography. 
The use of bisoprolol, a �1 selective inhibitor, reduced the
30 day combined cardiac morbidity and mortality from 34%
to 3·4% in high-risk patients undergoing peripheral vascular
surgery.55 Whether other � blockers have the same effect
remains to be shown. 

Open surgical vascular reconstructions

The vascular reconstructions for lower limb ischemia are
mainly divided into supra- and infrainguinal reconstructions.

Grade B

Grade B

Suprainguinal vascular reconstructions

In the aortoiliac segment, vascular reconstructive proce-
dures were initially dominated by thromboendarterectomy
(TEA); this, however, requires large dissections. After the
introduction of bypass grafting with synthetic materials TEA
was largely abandoned except for short localized lesions.
The results of aortobifemoral bypass with Dacron grafts 
for arterial occlusive disease are usually good with 1 year
patency rates in the range of 95%. The patency rates are
influenced by the outflow bed, so that patients with a patent
superficial femoral artery (SFA) have better patency rates
than those with an occluded SFA. There are no prospective
randomized trials comparing TEA and aortofemoral bypass.
TEA is said to have lower long-term patency rates, and
another disadvantage is that the surgical procedure is more
extensive. Aortofemoral bypass with a synthetic graft, how-
ever, has the disadvantage of risk of infection. Although this
is an infrequent complication, it is associated with major
morbidity and mortality, since an infected graft has to be
removed.

During recent years the number of aortobifemoral recon-
structions have declined owing to the more frequent use of
endovascular methods, particularly PTA with or without
stenting. Thus the extensive procedure of aortobifemoral
bypass can be converted into a lesser procedure if at least
one iliac artery can be opened with PTA. In such cases the
contralateral leg can be revascularized with the aid of an
extra-anatomic procedure – that is, femorofemoral bypass.
The latter procedure has good patency rates, approximately
90% at 1 year and 65% at 5 years.56–58 In patients who are
unfit for major surgery and where the iliac arteries cannot
be opened up with endovascular procedures another extra-
anatomic bypass can be employed. In such patients axillo-
bifemoral bypass can be used, but this type of extra-
anatomic bypass is a compromise, since it has lower patency
rates than aortobifemoral bypass.59

Infrainguinal vascular reconstructions

The standard procedure for infrainguinal occlusive disease 
is femoropopliteal bypass or bypass to the crural arteries.
Bypass to the crural arteries is often performed in people
with diabetes since their occlusive disease is in many cases
more peripherally located than in non-diabetic patients with
atherosclerosis. The most commonly used graft material is
the saphenous vein but, if this is unavailable, arm veins or
synthetic grafts may be used. In general it has been stated
that use of autologous material is superior in infrainguinal
reconstructions.60 Some randomized studies have failed to
detect a difference in long-term patency between synthetic
grafts and saphenous vein grafts. One study did not show a
significantly different patency at 2 years follow up, but after 
4 years there was a significant difference in favor of saphenous
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vein grafts, 68% patency versus 47%.61 For
bypass grafts with the lower anastomosis below the knee,
autologous material is clearly preferred. This is particularly
true when bypass procedures are done to the crural arteries
where the use of synthetic grafts produces dismal results.

When an autologous vein is used, the original procedure
implies excision and reversal of the vein so that the blood
can flow freely across the valves. The “in situ” technique,
originally introduced by Hall, has, however, in recent years
gained more popularity:62 the saphenous vein is left in its bed
and the valves are destroyed by special instruments; tributar-
ies are identified and tied off. Some prospective randomized
trials have been performed comparing the two methods 
but no definitive advantage with either method has been
shown.63 Therefore the personal preference of the surgeon
often decides which method should be used. The advantage
with the in situ method is that the larger end of the vein is
anastomosed to the larger artery, and the smaller end of the
vein to the small distal artery. With meticulous technique it is
said that the vein is exposed to less trauma, but the valve
destruction definitely induces some damage to the vein.

In order to improve long-term patency rates, two meth-
ods have been employed: graft surveillance and pharmaco-
logic treatment. Postoperative surveillance of vein grafts is
used by many surgeons in order to detect a failing graft,
defined as a graft with a developing stenosis that threatens
to reduce the blood flow below a critical level. Only few
randomized studies have been done examining the effect on
long-term patency rates in surveillance programs identifying
and treating critical graft stenosis. Conflicting results regard-
ing the effectiveness of such programs have been obtained.
One study reported a patency rate of 78% in an intensive
surveillance program including duplex scanning of the graft
after 3 years versus 53% without such a program.64 Other
studies, however, have failed to demonstrate an advantage
of duplex scanning over clinical surveillance with measure-
ments of ankle pressure.65 Whether a graft surveillance 
program has a beneficial effect upon amputation rate also
remains to be shown.

The effect of antiplatelet therapy on total mortality has
been studied in several trials and it seems to reduce cardio-
vascular mortality.66 There is only one trial that has studied
the similar effects of oral anticoagulants, and this trial sug-
gested that they both prevent graft occlusion and diminish
the risk of cardiovascular death.43 Pharmacologic therapy
seems to improve the patency rate for infrainguinal vascular
reconstructions. Most centers use antiplatelet therapy with
acetylsalicylic acid, and a meta-analysis of randomized trials
has indicated that such treatment improves the patency
rate.67 Oral anticoagulants are not used as
widely as antiplatelet therapy but many surgeons use it
selectively in patients where the prognosis for graft patency
for some reason is bad. Whether antiplatelet therapy or oral
anticoagulants differ in their effectiveness against graft

Grade A

Grade A occlusion is not known. Only one study has addressed this
question and no significant difference in graft patency was
found between patients treated with warfarin or acetyl 
salicylic acid. Subgroup analysis, however, revealed that oral
anticoagulants seemed to be more effective in patients
receiving autologous grafts and antiplatelet therapy in those
receiving synthetic grafts.68

Key points

● For bilateral suprainguinal occlusions aortofemoral
bypass is the standard procedure, but endovascular
methods are used at an increasing rate.

● For unilateral suprainguinal occlusions femorofemoral
bypass can be used.

● For infrainguinal occlusions saphenous vein bypass is
the standard procedure, but synthetic grafts can be
used if suitable veins are lacking.

● Bypass to infragenicular arteries using synthetic grafts
produces inferior results compared to saphenous vein
bypass.

Endovascular procedures

Since the introduction of transluminal dilation by Dotter, this
field has grown enormously.69 The introduction of PTA has
resulted in more indications for endovascular procedures to
some extent at the expense of open surgical reconstructions.

Percutaneous transluminal angioplasty

In common with other vascular reconstructive procedures
the success rate of PTA is highly dependent upon various
factors. In general it can be said that proximal lesions – that
is, iliac lesions – have a better success rate than distal ones –
that is, femoropopliteal lesions. The chance of a successful
outcome is higher for stenoses rather than occlusions, irre-
spective of the site of the lesion. In common with surgical
vascular reconstructions, the outflow determines the out-
come also for PTA. Thus, in cases of a good outflow, the
results are better than if the outflow is poor.70 In summary,
the chance of success is much higher when a short iliac
stenosis is dilated in a patient with patent superficial 
femoral and profunda femoris arteries than after dilation of 
a popliteal occlusion in a patient with occlusions of two out
of three crural arteries.

The indications for this procedure need to be considered.
PTA of an iliac stenosis in a patient with claudication has a
low risk and a high chance of success and may, therefore, be
perfectly appropriate, even if the severity of the disease state
is relatively mild, as compared with a patient with critical
limb ischemia and a threat of amputation. On the other
hand, a patient with an occluded popliteal artery and poor
leg run-off with ischemic ulceration has a strong indication
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for the procedure and, in such a patient, it may also be 
perfectly appropriate to make an attempt at PTA, even
though the success rate is relatively low. For patients with
critical ischemia, PTA of infrapopliteal vessels has also been
performed successfully and could even be used for short
occlusions.71,72

Subintimal angioplasty has been advocated.73 The
method implies that a guidewire enters the subintimal 
space and then re-enters the vessel distal to the occlusion,
and the subintimal space is then dilated with the balloon. 
In the femoropopliteal segment, occlusions longer than
20 cm can be treated, whereas intraluminal angioplasty is
generally not advocated for occlusions longer than a few
centimeters. Patency rates of approximately 60% at 3 years
for femoropopliteal occlusions have been reported after
subintimal angioplasty.74 The reported figures are patency
rates for technically successful procedures, but in 20% 
the procedure cannot be performed. The method has also
been used for infrapopliteal arteries.75 Subintimal angio-
plasty, if proven successful, could be a future alternative to
femoropopliteal bypass.

Formal comparisons in prospective randomized trials
between PTA and surgery are relatively scarce. Such trials
are difficult because, in order for a patient to be included,
the lesion has to be suitable for PTA – that is, it should be
either a stenosis or a short occlusion. Knowing that the
treatment of a stenosis with PTA is relatively successful with
less risk and shorter hospital stay, it is sometimes considered
ethically questionable to include patients in a trial between
PTA and surgery. In a study including 263 patients with
lesions in the iliac, femoral, or popliteal arteries comparing
bypass surgery and PTA, primary success favored surgery,
while limb salvage favored PTA, but the differences were
not statistically significant. After 4 years there was no signif-
icant difference in outcome.76

Randomized trials comparing angioplasty with non-
surgical treatment for intermittent claudication have, 
however, been performed, but they are relatively small 
and the results are to some extent contradictory. In one
study the treadmill distances improved in both groups but
were superior in those undergoing an exercise program, and
after 6 years there was no benefit in treadmill walking dis-
tance after angioplasty.77 In another study, an improvement
in ABI was shown 6 months following angioplasty, which
could not be found in patients undergoing exercise pro-
grams. Significantly more patients were asymptomatic after
6 months in the angioplasty group compared with those
treated with exercise programs. This study, however, had a
shorter follow up, and the conservative treatment was not
as active as in the study where no difference could be seen
between exercise program and PTA.78 It can still be con-
cluded that PTA is suitable for stenoses or short occlusions
in claudicants, but few claudicants have discrete lesions
suitable for PTA.

Stenting has been used at an increasing rate over the last
few years. It is generally advised not to use stents in smaller
arteries, and this implies that stents are used relatively 
seldom in the femoropopliteal region. Stents, however, are
used in the iliac arteries after PTA, particularly when there is
recoil or dissection. Several types of stents have been used,
both self-expandable and balloon-expandable ones. Stenting
below the inguinal ligament is not generally recommended.

Thrombolysis

Thrombolysis of peripheral arterial occlusive disease is 
recommended for acute arterial occlusions, but it also has a
place in subacute occlusions. Thrombolysis should be 
intra-arterial and preferably the thrombolytic agent should
be delivered into the clot, either with an end hole catheter
or a catheter with multiple side holes. Today recombinant
tissue plasminogen activator (rtPA) is used most commonly.
Other thrombolytic agents are, however, being developed
and have been tried for indications other than peripheral
arterial occlusive disease. The dosage and rate of administra-
tion of thrombolytic agents varies in different reports and
makes comparisons difficult. There are, however, some
prospective randomized trials comparing surgery with intra-
arterial thrombolytic therapy. In one representative study,
the mean duration of ischemia was almost 2 months and
patients were included if the duration was less than 
6 months. Overall the study favored surgery. Patients ran-
domized to catheter-directed thrombolysis had significantly
greater ongoing or recurrent ischemia, life-threatening 
hemorrhage, and vascular complications compared with
surgical patients. Stratification by duration of ischemia,
however, showed that patients treated within 14 days of
onset of symptoms had an amputation rate after thromboly-
sis of 6% compared to 18% for those undergoing surgery.
Patients treated with thrombolysis in this group also had 
a shorter hospital stay. In patients with acute ischemia the
amputation-free survival at 6 months follow up was also bet-
ter in those treated with thrombolysis.79 Further analysis of
this material reveals that thrombolysis provides a reduction
of the predetermined surgical procedure in 50–60% of the
cases.80

Key points

● PTA is more successful for stenoses than for occlusions.
● PTA is more successful for short than for long 

occlusions.
● PTA may be combined with stent if recoil occurs or if

PTA produces dissection with intimal flaps.
● Thrombolysis should be performed by local intrathrom-

bal administration of the drug.
● PTA may be preceded by thrombolysis in cases with

recent occlusions.

Grade B

Peripheral vascular disease

883



Inflammatory vascular diseases –
thromboangitis obliterans (Buerger’s disease)

Temporal arteritis, Takayashu’s disease of the aortic arch,
and several diseases affecting the arterioles and microcircu-
latory vessels have an inflammatory or immunogenic origin.
In this chapter these diseases are not considered.

Thromboangitis obliterans, or Buerger’s disease, also has
an inflammatory component, although the pathophysiology
is still not fully known. The major pathogenetic factor,
tobacco smoke, has been clearly established, however, for a
long time. The patient is usually a young or middle aged
man with excessive smoking habits. The disease is segmen-
tal and affects both veins and arteries leading to recurrent
thrombophlebitis and, in more severe cases, to multiple
ulcerations of toes and fingers owing to occlusion of distal
arteries. Larger arteries are often affected, which in part may
be due to concomitant atherosclerotic disease.

The treatment is based on total avoidance of tobacco
smoke. Treatment with prostaglandins, especially the syn-
thetic prostacyclin analog Iloprost (see critical ischemia
above), has been shown to have positive effects regarding
pain alleviation and healing of ulcers.81
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Grading of recommendations and 
levels of evidence used in 
Evidence-based Cardiology

GRADE A

Level 1a Evidence from large randomized clinical trials (RCTs) or
systematic reviews (including meta-analyses) of multi-
ple randomized trials which collectively has at least as
much data as one single well-defined trial.

Level 1b Evidence from at least one “All or None” high quality
cohort study; in which ALL patients died/failed with con-
ventional therapy and some survived/succeeded with
the new therapy (for example, chemotherapy for tuber-
culosis, meningitis, or defibrillation for ventricular fibrilla-
tion); or in which many died/failed with conventional
therapy and NONE died/failed with the new therapy (for
example, penicillin for pneumococcal infections).

Level 1c Evidence from at least one moderate-sized RCT or a
meta-analysis of small trials which collectively only has
a moderate number of patients.

Level 1d Evidence from at least one RCT.

GRADE B

Level 2 Evidence from at least one high quality study of non-
randomized cohorts who did and did not receive the
new therapy.

Level 3 Evidence from at least one high quality case–control
study.

Level 4 Evidence from at least one high quality case series.

GRADE C

Level 5 Opinions from experts without reference or access to
any of the foregoing (for example, argument from 
physiology, bench research or first principles).

A comprehensive approach would incorporate many different
types of evidence (for example, RCTs, non-RCTs, epidemiologic
studies, and experimental data), and examine the architecture 
of the information for consistency, coherence and clarity.
Occasionally the evidence does not completely fit into neat com-
partments. For example, there may not be an RCT that demon-
strates a reduction in mortality in individuals with stable angina
with the use of � blockers, but there is overwhelming evidence
that mortality is reduced following MI. In such cases, some may
recommend use of � blockers in angina patients with the expecta-
tion that some extrapolation from post-MI trials is warranted. This
could be expressed as Grade A/C. In other instances (for example,
smoking cessation or a pacemaker for complete heart block), the
non-randomized data are so overwhelmingly clear and biologically
plausible that it would be reasonable to consider these interven-
tions as Grade A.
Recommendation grades appear either within the text, for example,

and or within a table in the chapter.
The grading system clearly is only applicable to preventive or ther-
apeutic interventions. It is not applicable to many other types of
data such as descriptive, genetic or pathophysiologic.

Grade A1aGrade A



External evidence derived from randomized clinical trials
(RCTs) provides the practicing physician with a sound, rig-
orous and secure basis for making management decisions on
individual patients. However, even vociferous advocates of
evidence-based medicine will caution against the use of
external evidence as the sole criterion for treating all
patients. It is well to bear in mind that evidence obtained
from clinical trials is derived from large population data-
bases. More often than not, the entry criteria tend to define
the boundaries of specified interest (for example, acute
myocardial infarction), whereas exclusion criteria, such as
age, sex, comorbid disease states etc., may well have denied
entry to one’s individual patient now awaiting treatment.
These exclusions may be based on concerns related to
patient safety, lack of applicability, historical considerations
or confounders (for example, significant non-cardiac illness)
that can affect the evaluation of treatment. Nevertheless,
the practicing physician is left inquiring, “Where can I find
my patient within the trial’s data set?” Here is where inter-
pretation and the application of external evidence requires 
a logical integration of overall trial results with a knowl-
edge of biologic mechanisms, patient risk and clinical 
circumstances.

Evidence-based v patient centered medicine? 
Not an either/or choice

Few would deny an approach to therapeutic decision 
making based on proven external evidence combined with
clinical experience, knowledge of pathophysiology and 
sensitivity to individual patient needs. To marry the two
effectively is to recognize, and hence to avoid, their respec-
tive limitations if either were to be applied alone.

Recognizing the limitations of 
external evidence

For most RCTs, proving therapeutic efficacy necessitates cer-
tain constraints in patient selection. It is not uncommon that
many patients in a physician’s practice would not have ful-
filled the restrictive entrance criteria of most moderate-size

RCTs. For example, some RCTs have an age cut off that
actually excludes more than half of all patients with the 
disorder. This by no means implies that the reputed benefit
of the test drug is not applicable (effective) to the patients
excluded, but it does beg the question. Entry criteria alone
should never be the sole basis for denying a patient the ben-
efit of proven therapy. Interpatient variability is inevitable in
all RCTs and contributes much to the “random errors” seen
in small and moderate-sized trials. However, the larger the
trial the smaller the random error, and the more likely that
benefit can be reliably extrapolated to some patients who do
not necessarily qualify for entry.1,2 For example, one may
observe that the benefits are consistent across different sub-
groups, suggesting that the results may be applicable beyond
the boundaries of patient selection, whereas on the other
hand there may emerge reliable evidence for a lack of bene-
fit in certain subgroups.

Evidence-based medicine that depends solely on external
evidence is disease oriented rather than patient oriented. In
other words, the verifiability of RCT data is often dependent
on having a given diagnosis, as opposed to a clinical spec-
trum of risk associated with the diagnosis. This is the so-
called “labeling” dilemma. For example, patients labeled as
having “acute coronary syndrome” simply because they
present with chest pain associated with non-ST segment ele-
vation are often treated alike in an RCT, whereas the clinical
expression of this entity may encompass a wide range from
very low- to very high-risk patients. Translating external evi-
dence based solely on a unified diagnosis into practice
guidelines or clinical pathways has the unfortunate conse-
quence of making management decisions dependent on a
label rather than the presenting clinical circumstances and
risk of the underlying disorder.

Another nagging problem with the “bottom line” of clini-
cal trials is the emphasis on primary end points that are
measurable. Statistical dependency on hard data such as
mortality rates, prespecified clinical outcome events, rehos-
pitalizations etc. fails to acknowledge the significance of
clinically relevant “soft” data, such as impact on symptoms,
quality of life, psychosocial wellbeing, attitudes, economic
realities and patient preferences.

Finally, clinical trials all have finite time limits and, 
not uncommonly, the duration may be inadequate to 
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assess long-term benefits and risks, especially for any new
drug. In such cases the information from RCTs may have 
to be supplemented by other sources of non-randomized
evidence.

Recognizing the limitations of patient 
centered medicine

Who would have guessed that aspirin could reduce the rela-
tive risk of death and adverse coronary events in postmyo-
cardial infarction patients by 25%? Or that � blockers would
be so effective in class II–III chronic heart failure? Or that
inotropic agents, despite improving hemodynamics and clin-
ical wellbeing in patients with advanced heart failure, do so
at the expense of shortened survival? Or that some antiar-
rhythmic agents, although they achieve cosmetic cleansing
of so-called malignant ventricular ectopy from the electro-
cardiogram, are potentially hazardous? Previously held con-
cepts of disease mechanisms as the basis for initiating new
therapies or persisting with old therapies have been chal-
lenged by clinical trials results. And so, what is apparent as a
“logical” management approach to a given clinical problem
may commit even the most experienced physician to inap-
propriate prescribing practices. Patient centered medicine is
not a concept that is firmly rooted in empirical medicine.3 It
does not guarantee that a physician, feeling secure in his or
her realm of expertise, will be kept abreast of therapeutic
advances based on clinical trial results. Unfortunately, this
can lead to a tendency to persist in outmoded approaches.

Surely a cogent argument can be made to blend the posi-
tive features of patient centered and evidence-based
approaches through a constant awareness of their respective
limitations.

Some principles of application

Knowing the person who has the disease is as important
as knowing the disease that the patient has.4

Clinical decision making ought to incorporate the three fol-
lowing ingredients: (a) intelligent use of external evidence
based on well established clinical trial results and epidemio-
logic data whenever available; (b) clinical expertise, knowl-
edge of fundamental mechanisms of disease, and willingness
to listen to the testimony of one’s patients; and (c) sensitivity
to patients’ preferences, values, needs and beliefs.

1. It is well to bear in mind that for any given diagnosis
(label), patients at the greatest risk of a disease will usu-
ally derive the greatest benefit from an established treat-
ment, as the absolute benefit usually increases with risk
whereas harm due to the treatment remains compara-
tively fixed across the risk spectrum.5 Therefore, to

avoid the hazard of labeling it is critical to risk stratify
one’s patient. It is only after one has listened carefully to
the testimony of the patient, performed a proper exami-
nation and conducted the relevant tests that one can
formulate a degree of attributable risk. Remember, it is
just as important to identify the patient at very low risk,
thereby sparing him or her unnecessary aggressive
investigation and/or therapy, as it is to identify the
high-risk patient for whom aggressive treatment can be
life saving.

2. The absence of external evidence should not lead to
therapeutic nihilism. Not all consensus recommenda-
tions are supported by grade A evidence. In fact, many
consensus panel recommendations and clinical practice
pathways are based on evidence that ranges from 
the use of clinical judgment, albeit under a cloud of
uncertainty, to grade B through grade A evidence.6,7

When external evidence is lacking, one’s own clinical
experience, knowledge of pathophysiology, reasoned
judgment and awareness of the patient’s needs are indis-
pensable substitutes.

3. One should avoid using the trial entry criteria to deter-
mine whether a particular patient would benefit from
the active treatment.2,5 Failure to qualify for entry is
determined by many factors, few of which necessarily
compromise the potential for therapeutic benefit. For
example, if a trial’s age cut off was 65 years then a rea-
sonable risk/benefit assessment can be done for those
older by assessing whether, within the trial, age modi-
fied the treatment effect.

4. One should always try to use the best available external
evidence science has to offer, but never at the expense
of ignoring the patient’s psychosocial conditions,
beliefs, values and preferences. As medical decisions
become more codified one should not fail to recognize
and honor the importance of patient preferences.8

A patient’s medical decision based on his or her partic-
ular needs, preferences and beliefs should always be
respected, as the patient is given the opportunity to
hear the nature of the external evidence. Consensus
recommendations are guidelines only. They represent
an active process subject to continual review as new
and as yet untested information emerges. When follow-
ing any recommendation based on external evidence
the physician should always exercise clinical judgment
based on a close working interaction with the patient.

Section preview

The following case reports stress the importance of knowing
how and when to apply best external evidence, not just to
know what that evidence is. They represent an attempt to
put a clinical face on a statistical bottom line by illustrating
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practical solutions in the application of evidence-based med-
icine to individual patient problems. These case studies 
are real life presentations in which therapeutic decisions 
are either clearly guided by external evidence or require
extra clinical reasoning skills in concert with best available
evidence. From the files of these distinguished consultant
cardiologists two different cases are presented for each of
the 11 clinical topics. The first case in each series represents
a clinical scenario where the management decision is
unequivocally substantiated by use of the external best evi-
dence. The second case is more complex and represents a
challenge to incorporate external evidence with reasoned
judgment, an experienced examination, a sound knowledge
of cardiovascular pathophysiology, and sensitivity to the
patient’s needs and preferences. 
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64 Stable angina: choice of
PCI v CABG v drugs
Douglas A Holder

Case scenario 1 While vacationing in Puerto Rico, a 51 year old Canadian woman sustains an uncomplicated
inferior myocardial infarction. Upon returning to Canada she experiences angina up to four to
five times per day, relieved by one or two nitroglycerin sprays. Her risk factors include a history
of smoking, a positive family history of coronary artery disease, and a total cholesterol of 
5·4 mmol/l (LDL-C 4·1; HDL-C 1·2) and triglycerides 1·34 mmol/l. Her medications are 
diltiazem 240 mg CD daily; transdermal nitroglycerin 0·4 mg/h patch ON in am and OFF hs;
enteric coated aspirin 325 mg daily; salbutamol and beclomethosone dipropionate puffs. She is
unable to take � blockers because of increased airways resistance secondary to chronic smoking.

A decision is made to proceed with coronary angiography with the view to revascularization.
Coronary angiography which reveals a 90% stenosis of the midthird of a dominant right coro-
nary artery (RCA) (Figure 64.1). Angiographically, the dominant RCA stenosis, being severe,
non-calcified, and discrete, is technically suitable for percutaneous coronary intervention (PCI).
After the second inflation with a 2·5 mm balloon the procedure is complicated by acute closure
due to a spiral dissection which extends down well below the original stenosis towards the crux
(Figure 64.2). A 2·5/28 mm stent and a 2·5/24 stent are deployed to tack up the intima from
the distal end of the dissection back to and including the original stenosis. This results in an
angiographically excellent result (Figure 64.3). The patient makes an uneventful recovery and is
discharged on clopidogrel 75 mg daily in addition to her previous medications.

She is well for 2 months but then develops recurrent angina. An exercise (treadmill) thallium
study is positive at 5 1_

2 minutes with angina; 1 mm ST depression and reversible inferior wall
ischemia on scanning. A repeat coronary angiogram reveals a discrete restenosis at the juncture
of the two stents (Figure 64.4). The patient and her husband decide to choose coronary artery
bypass surgery (CABG) rather than repeat PTCA.

Figure 64.1 A 90% discrete stenosis in a dominant right
coronary artery (RCA)

Figure 64.2 After the second balloon inflation, note the spiral
dissection extending down toward the crux
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Question
Is there evidence to support these therapeutic steps?

Comment

There were three decision points where the patient was pre-
sented with options for therapeutic interventions.

1 Evidence to recommend initial PTCA

The patient presented with postmyocardial infarction angina
due to single vessel RCA stenosis. To date, randomized con-
trolled trials (RCT) comparing CABG to medical treatment
have shown no survival benefit from surgery because of the
low prognostic risk associated with single vessel right coro-
nary disease.1,2 There have been no direct comparisons of
PTCA with CABG in this subset of single vessel disease, but

the BARI study of multivessel disease showed no survival
benefit for either treatment over a 5 year follow up period.3

Thus, in making the therapeutic recommendation at this
stage, prognosis was not the main issue. Symptom relief was.

The ACME trial compared medical treatment to PTCA
for single vessel left anterior descending disease with the
end point being anginal frequency and treadmill time at 
6 months of follow up.4 In this trial of 107 patients, 46% of
medically treated patients were free of angina compared
to 64% of PTCA patients (P 	 0·01) and there was an
increase in treadmill time, 2·1 minutes over baseline in the
PTCA group compared to 0·5 minutes in the medically
treated group (P � 0·0001). However, because of restenosis,
those patients assigned to PTCA had a more frequent
requirement for further procedures (16 patients required
PTCA; 2 required CABG). In another trial comparing med-
ical treatment to PTCA to left internal mammary artery
(LIMA) grafting for proximal single vessel left anterior
descending artery stenosis �80% there were no differences
among the groups in mortality or infarction rates, but no
patient needed further revascularization in the surgical
group compared to 8/72 (11%) of those undergoing PTCA
and 7/72 (10%) on medical treatment (P � 0·019).5

Acknowledging that clinical trials that specifically apply to
our patient are lacking, these studies nevertheless allow us
to conclude that surgery would be an acceptable choice for
achieving symptomatic relief, and that PTCA is intermediate
between medical treatment and surgery in achieving symp-
tomatic relief but at a cost of a higher likelihood of further
revascularization in the future. The other considerations in
comparing surgery to PTCA are higher initial mortality and
morbidity with surgery, as well as the fact that the patency of
a saphenous vein graft in the circulation is less than that of a
mammary artery. The angiographic characteristics of the
stenosis were consistent with a high likelihood of primary
success with PTCA, and if restenosis did not occur then the
time when CABG might have to be done could be delayed.

2 Evidence for the decision to employ a
“bail-out” stent

Acute closure due to spiral dissection is a recognized complica-
tion, occurring in 1–2% of patients undergoing PTCA. The risk
of surgical mortality in the setting of an emergency operation is
approximately twice that of an elective procedure. Current
stent design almost always allows prompt deployment of a
stent which quickly tacks up the dissection and relieves the
ischemia.6 Thus, the need for immediate surgery is rare.

3 Evidence for the decision for coronary
bypass surgery

Unfortunately, the patient developed restenosis within the
stented segment of the RCA. This was discrete, distal to the

Figure 64.3 Post-stent deployment revealing adequate
patency of the RCA

Figure 64.4 Restenosis at the juncture of the distal and 
middle stents 2 months after angioplasty
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Question
Is conservative medical management optimal at this point?

Comment

Here, the decision rests, in part, on whether clear evidence
is available to offer sound advice to an asymptomatic patient
with objective evidence of three vessel disease and exercise
induced silent ischemia. If this patient had symptoms of

classic angina pectoris the therapeutic decision for recom-
mending coronary bypass surgery (CABG) with the expecta-
tion of symptom relief and improved prognosis could be
substantiated. If the patient had a definite left main stenosis,
or depressed LV function, the argument for CABG is
strongly made because in this setting CABG improves prog-
nosis even in the absence of symptoms.1,2 This patient is
somewhat unusual in that not only is he asymptomatic but
he is capable of a good workload (800 kpm of supine bicycle
exercise). However, there is convincing evidence of signifi-
cant ischemia at this level of work with ST depression 

site of the original plaque, and very unlikely to dissect with
repeat dilation because of the stent buttressing the vessel
wall. Thus, this stenosis would have been amenable to
either repeat PTCA or coronary bypass surgery (CABG). The
clinical advice was to offer repeat PTCA. However, when
the substance of the earlier discussion of PTCA versus med-
ical therapy versus CABG was again reviewed, the patient
and her husband opted for surgery as a more “definitive”
method of dealing with her problem. She subsequently
underwent single vessel bypass without incident and con-
tinues with secondary prevention therapy.
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Case scenario 2 A 63 year old man tells the following story. Approximately 11_
2 years previously he experienced a

feeling of “indigestion” while walking. This led to a symptom limited exercise test that was con-
sidered positive by ECG criteria but was not accompanied by any symptoms. His symptom of
“indigestion” did not recur and he continued to pursue outdoor activities such as canoe trip-
ping, camping, and walking without limitation. Risk factors include type II diabetes mellitus and
hypercholesterolemia. He is a non-smoker.

His current medications are humulin insulin 70/30; 20 units ac breakfast and 18 units ac
supper, pravastatin 40 mg qhs (total cholesterol now is 4·47 mmol/l; LDL 2·87; HDL 1·12; 
TG 1·05), acebutolol 100 mg po bid, and enteric coated aspirin 325 mg po daily.

A stress MUGA scan reveals the following. Exercise duration 11 minutes and 31 seconds;
maximum heart rate 144 per minute; maximum blood pressure 170/84 and no angina. The
ECG shows 4·5 mm downsloping ST-segment at maximum stress. Ejection fraction: baseline
69%; 200 kpm 73%; 400 kpm 66%; 600 kpm 61%; 800 kpm 58%; post-exercise recovery 67%
indicating a fall in EF at higher workloads. Left ventricular wall motion analysis demonstrated
hypokinesis of the septum, posterolateral, and inferior walls.

Conclusion Silent ischemia. Suggest referral for coronary angiography. Coronary angiography reveals a normal
left main coronary artery trifurcating into left anterior descending, intermediate, and circumflex
branches (Figure 64.5). There is a “left main equivalent” distribution of disease with stenoses
involving the LAD 75%, intermediate 90%, and circumflex 90%. The RCA is diffusely diseased
with a maximal narrowing of 60% in the midthird segment. LV systolic function is normal at rest.



of 4.5 mm and a reduction in ejection fraction from 69% at
rest to 58% with maximal effort. There is also evidence of
LV wall motion abnormality in multiple sites consistent
with the extent of coronary artery disease noted on the
angiogram.

The question therefore is one of prognosis rather than
symptom relief. Common sense alone argues that his
myocardium would benefit from revascularization. There is
evidence to suggest that the long-term prognosis of patients
with documented silent ischemia is similar to those with
symptomatic angina pectoris,3,4 and thus our treatment
should be aimed at the coronary disease substrate, rather
than the clinical chest pain syndrome. Given the left main
equivalent distribution as well as the diseased RCA, this
patient was referred for consideration of coronary bypass
surgery. The nature of the left coronary disease is also
amenable to PCI although the procedure is somewhat riskier
because of the proximal nature of the plaque in the LAD 
vessel. In addition, the likelihood of restenosis is significant
because of the need for multivessel stenting in this diabetic
patient. If the initial enthusiasm for coated stents is borne
out with further observation then a PCI approach might well
be a reasonable alternative in the future. Currently, the deci-
sion to undergo CABG is supported by evidence gleaned
from a careful review of all major trials on bypass surgery for
different severities of coronary artery disease.5
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Figure 64.5 Multivessel coronary artery stenoses suggesting
a “left main equivalent” with (A) LAD 75%, (B) intermediate
90%, and (C) circumflex 90%. The RCA is diffusely diseased
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(B)
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Question
What initial and further measures should be taken in this
patient?

Comment

This case represents a good example of unstable angina
without “classic” chest pain. The initial evaluation should
aim to answer two important questions: First, do the pre-
senting symptoms and signs represent ischemic heart dis-
ease? Second, is this patient at significant risk for an adverse
clinical outcome?

While myocardial ischemia usually causes deep, poorly
localized chest or arm discomfort, some patients may have
no chest discomfort but present with epigastric, jaw, arm, or
neck discomfort. Other “atypical” symptoms that may sug-
gest angina even in the absence of chest pain include dysp-
nea, nausea, vomiting, and diaphoresis. If these symptoms
are brought on by emotional stress or physical exertion and
are relieved by rest or nitroglycerin, they should be consid-
ered equivalent to angina. Atypical angina is more common
in women than men, and more prevalent in elderly people
and in patients with diabetes. It is important to remember

that new-onset or worsening dyspnea on exertion is the
most common “anginal equivalent”, especially in elderly
patients. Although this patient does not complain of classic
exertional chest pain, the diagnosis of an unstable coronary
syndrome is likely given her history of diabetes and exer-
tional dyspnea (Table 65.1).

The recent change in pattern culminating in ischemic
symptoms with minimal exertion is of concern. However
the patient’s presentation lacks other “high risk” characteris-
tics that are associated with an increased short-term risk of
death or non-fatal myocardial infarction (MI) (Table 65.2).
These include: rest pain for greater than 20 minutes, 
transient ST segment changes of greater than 0·5 mV, and
elevated serum cardiac enzymes. Current published guide-
lines suggest that she should be admitted to the hospital in 
a unit that offers continuous rhythm monitoring and careful
observation for recurrent ischemia.

Initial medical management should include an aspirin,
nitrates, a � blocker, and antithrombotic therapy in the form
of full dose, IV unfractionated heparin (UFH) or subcuta-
neous low molecular weight heparin (LMWH).1

Aspirin remains the gold standard for antiplatelet therapy.
In unstable angina trials, aspirin therapy significantly
reduced the relative risk of fatal or non-fatal MI by 60%.2

An oral loading dose of 160–325 mg/day non-enteric 

65 Acute coronary syndromes
George J Philippides

Case scenario 1 A 64 year old diabetic woman presents to the emergency ward with left arm discomfort,
diaphoresis, nausea, and shortness of breath lasting 10 minutes. She has had similar episodes
intermittently for the past 6 months, lasting up to 2 minutes. However, these episodes were
usually brought on by heavy exertion and relieved by resting. The episodes have become more
frequent over the past month and have been occurring with minimal exertion during the past
48 hours.

Physical examination is within normal limits except for a blood pressure of 150/90 mmHg
and a heart rate of 110. The initial ECG and the one taken an hour later after resolution of
symptoms show no ischemic ST or T wave changes. Serum troponin and creatine kinase-MB
isoenzyme (CK-MB) levels are not elevated.
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formulation should be given initially followed by
75–160 mg/day maintenance therapy. In patients who are
aspirin intolerant, the adenosine diphosphate receptor
antagonist clopidogrel can be substituted. This oral
antiplatelet agent was shown in the Clopidogrel versus
Aspirin in Patient at Risk of Ischemic Events (CAPRIE) trial
to reduce the risk of cardiovascular events in patients with
established vascular disease by 8·7% compared with
patients treated with aspirin.3 Recently, the Clopidogrel in
Unstable angina to prevent Recurrent Events (CURE) trial
showed that treatment with clopidogrel in addition to
aspirin reduced the risk of future ischemic events compared
to aspirin therapy alone.4 A loading dose of 300 mg clopido-
grel should be given followed by 75 mg/day orally.

The widespread use of oral, topical, and IV nitrate 
preparations in unstable angina is based on their well-
established physiologic and clinical effects, rather than on
data from large-scale randomized trials. Nitroglycerin 
(NTG) reduces myocardial oxygen demand and improves
regional myocardial blood flow by dilating epicardial coro-
nary vessels. Patients with unstable symptoms can be given
three 0·4 mg NTG tablets sublingually. Intravenous NTG
should be initiated and titrated as needed in patients with
refractory symptoms.5

� Receptor antagonists should be started early in all
patients who do not have contraindications. Intravenous
boluses of metoprolol 5 mg or propranolol 1 mg can be given
slowly over 1 to 2 minutes and repeated every 5 minutes
until the target heart rate of 50–60 is reached. Oral therapy
can be initiated 30–60 minutes later. An overview of several
small studies of � blocker therapy in unstable angina 
suggests a small, but significant, reduction in the risk of 
progression to myocardial infarction.6

Rate controlling, non-dihydropyridine calcium-channel
blockers (verapamil or cardizem) can be used as initial 
therapy for patients with contraindications to � blockers, for
patients who continue to have ischemic symptoms despite
treatment with nitrates and � blockers, and for patients with
variant angina.7 In general short-acting dihydropyridine 
calcium-channel blockers such as nifedipine should be
avoided, and special care must be taken when using any 
calcium-channel blocker in patients with depressed left 
ventricular function.

Antithrombotic therapy with unfractionated heparin (UFH)
or a low molecular weight heparin (LMWH) should be started
immediately to reduce the risk of myocardial infarction,
death, or recurrent ischemia. The most recent guidelines
from the American College of Cardiology recommend 

Table 65.1 Likelihood that signs and symptoms represent an ACS secondary to CAD

Feature High likelihood Intermediate likelihood Low likelihood
Any of the following: Absence of high-likelihood Absence of high- or 

features and presence of intermediate-likelihood
any of the following: features but may have:

History Chest or left arm pain or Chest or left arm pain or Probable ischemic symptoms  
discomfort as chief symptom discomfort as chief symptom in absence of any of
reproducing prior documented Age �70 years the intermediate likelihood
angina Male sex characteristics

Known history of CAD, including MI Diabetes mellitus Recent cocaine use

Examination Transient MR, hypotension, Extracardiac vascular disease Chest discomfort reproduced
diaphoresis, pulmonary edema, by palpation
or rales

ECG New, or presumably new, Fixed Q waves T-wave flattening or inversion 
transient ST-segment Abnormal ST segments or in leads with dominant
deviation (�0·05 mV) or T-waves not documented R waves
T wave inversion (�0·2 mV) to be new Normal ECG
with symptoms

Cardiac markers Elevated cardiac TnI, TnT, or CK-MB Normal Normal

Reproduced with permission. ACC/AHA Guidelines for the Perioperative Cardiovascular Evaluation for Noncardiac Surgery. 
J Am Coll Cardiol 1996;27:910–48. Copyright 1996 by the American College of Cardiology and American Heart Association, Inc.
Abbreviations: CAD, coronary artery disease; CK-MB, creatine kinase-MB isoenzyme; ECG, electrocardiogram; MI, myocardial
infarction; MR, mitral regurgitation; TnI, troponin I; TnT, troponin T
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60 units of UFH followed by 12 units/kg/hour infusion.
Alternatively, the low molecular weight heparin enoxaparin
1 mg/kg SQ �2/day can be used. Two trials that studied
over 7000 patients showed a roughly 20% reduction in the
rate of death, MI, and need for urgent revascularization in
those treated with enoxaparin rather than UFH.8 The
biggest advantage of LMWH over UFH is ease of administra-
tion as monitoring of activated partial thromboplastin time
(APTT) is not required.

Subsequent management depends on the patient’s clini-
cal course. Repeat ECG and cardiac marker measurements
should be performed 6–12 hours after the onset of symptoms.

Elevated serum cardiac enzymes9 or recurrent ischemic
symptoms,10 despite treatment with aggressive pharma-
cotherapy as described above, would necessitate early 
coronary angiography with an eye toward percutaneous or
surgical revascularization. In the absence of these “high-risk
features”, the patient can safely undergo non-invasive 
testing after the doses of nitrates and � blocker agents have
been titrated and the heparin has been stopped. Patients
with inducible ischemia or severely depressed left ventricu-
lar function (LVEF � 35%) should also be considered for
coronary angiography (Figure 65.1).

Table 65.2 Short-term risk of death or non-fatal MI in patients with unstable anginaa

Feature High risk Intermediate risk Low risk
At least one of the following No high-risk feature No high- or intermediate-
must be present: but must have risk feature but may have

one of the following: any of the following features:

History Accelerating tempo of ischemic Prior MI, peripheral or
symptoms in preceding 48 h cerebrovascular disease,

or CABG, prior aspirin use

Character of pain Prolonged ongoing (�20 minutes) Prolonged (�20 min) rest New-onset or progressive 
rest pain angina, now resolved, with CCS Class III or IV angina

moderate or high likelihood the past 2 weeks without
of CAD prolonged (�20 min)

Rest angina (�20 min) rest pain but with moderate
relieved with rest or or high likelihood of 
or sublingual NTG CAD (see Table 65.1)

Clinical findings Pulmonary edema, most likely Age �70 years
due to ischemia

New or worsening MR murmur S3 or 
new/worsening rales

Hypotension, bradycardia,
tachycardia

Age �75 years

ECG Angina at rest with transient T-wave inversions �0·2 mV Normal or unchanged ECG
ST-segment changes �0·05 mV Pathological Q waves during an episode of 

Bundle-branch block, new or chest discomfort
presumed new

Sustained ventricular tachycardia

Cardiac markers Elevated (e.g. TnT or TnI �0·1 ng/ml) Slightly elevated (e.g. Normal
TnT �0·01 but �0·1 ng/ml)

a Estimation of the short-term risks of death and non-fatal cardiac ischemic events in unstable angina is a complex multivariable
problem that cannot be fully specified in a table such as this; therefore, this table is meant to offer general guidance and illustra-
tion rather than rigid algorithms.
Reproduced with permission. ACC/AHA Guidelines for the Perioperative Cardiovascular Evaluation for Noncardiac Surgery. 
J Am Coll Cardiol 1996;27:910–48. Copyright 1996 by the American College of Cardiology and American Heart Association, Inc.
Abbreviations: CABG, coronary artery bypass graft; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; 
MI, myocardial infarction; MR, mitral regurgitation; NTG, nitroglycerine; TnI, troponin I; TnT, troponin T.
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Figure 65.1 Recommended strategy in unstable angina/non-ST elevation MI
Abbreviations: UFH, unfractionated heparin; LMWH, low molecular weight heparin
Adapted with permission from Bertrand ME et al. Management of acute coronary syndromes without persistent ST segment eleva-
tions: Recommendations of the Task Force of the European Society of Cardiology. Eur Heart J 2000;21:1424
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Case scenario 2 A 77 year old male with a longstanding history of stable, class I angina is seen in the emergency
ward with non-exertional precordial chest pain radiating to the left shoulder and dyspnea for 
30 minutes. He has had similar episodes over the last year lasting up to 5 minutes but these
were brought on by exertion and relieved with rest or sublingual nitroglycerin. On examination
the blood pressure is 100/50, the heart rate is 120 bpm. The physical examination reveals rales
to the mid lung fields bilaterally. The initial ECG is shown in Figure 65.2. The serum troponin
level is 6·8.

Comment

This patient presents with a classic acute coronary syn-
drome, and a diagnosis of non-ST-elevation MI (NSTEMI) is
confirmed by an elevated serum troponin level.

As usual, prompt treatment with a regimen of aspirin,
heparin, nitrates, and � blockers is mandated in order to
decrease the risk for recurrent ischemic events. However sev-
eral aspects of this patient’s clinical presentation suggest that
he remains at high risk for death or myocardial infarction
despite appropriate medical therapy. These “high-risk features”
include advanced age, an accelerating tempo of ischemic
symptoms over the preceding 48 hours, rest pain for greater
than 20 minutes, evidence of pulmonary edema or hypoperfu-
sion, new or worsening mitral regurgitation, dynamic ST
changes �1mm, and elevated serum cardiac markers.1–3

A review of the randomized clinical trials of GP IIb-IIIa
receptor antagonists suggests that these agents should be
administered, in addition to aspirin and heparin, in patients

with many of these high-risk clinical features, in patients
with continuing ischemia, and in patients who are sched-
uled for percutaneous coronary intervention (PCI).4,5

Patients with elevated serum troponin levels appear to
derive the greatest benefit from GP IIb-IIIa inhibitor therapy.
While the benefits of GP IIb-IIIa inhibition appear to be
greatest in patients undergoing PCI, several trials have
shown that GP IIb-IIIa inhibitors are also effective in reduc-
ing the rate of ischemic events in the acute, “pre-cath”
phase of medical management, and this benefit is maintained
and heightened if a PCI is subsequently performed.6

Furthermore, similar to data from clinical trials of throm-
bolytic therapy in acute ST elevation MI, patients with
unstable angina and NSTEMI who are treated the earliest
after symptom onset with a GP IIb-IIIa inhibitor appear to
derive the most benefit.7

Early coronary angiography should also be strongly 
considered. The Thrombolysis in Myocardial Infarction
(TACTICS-TIMI-18) Trial randomized 2220 patients with
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Figure 65.2 ECG of Case 2
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unstable angina or NSTEMI to an early invasive strategy,
which included cardiac catheterization within 48 hours,
and revascularization if appropriate versus a conservative
strategy, in which catheterization was performed only if
spontaneous or inducible ischemia was observed. All
patients were treated with aspirin, heparin, and the glyco-
protein IIb-IIIa inhibitor tirofiban. Early invasive therapy
was associated with a significantly reduced rate of death or
MI at 6 months (7·3% v 9·5%; OR, 0·74; P � 0·05).8

Early coronary angiography in patients with acute coro-
nary syndromes yielded similar reductions in ischemic
events in the Fragmin and Fast Revascularization during
Instability in Coronary Artery Disease (FRISC) II trial.9 Both
trials found that the benefit of an early invasive strategy was
greatest in intermediate- and high-risk patients with ele-
vated troponin levels and/or ischemic ST changes on the
admission electrocardiogram.

Based on these recently published clinical trials and prac-
tice guidelines, this “high-risk” patient should be treated
with an aggressive antithrombotic and antiplatelet regimen
that includes an intravenous glycoprotein IIb-IIIa inhibitor in
addition to aspirin and heparin. An early invasive strategy
consisting of coronary angiography with an eye toward revas-
cularization if necessary should also be pursued (Figure 65.1).

Competing interest: the author has received educational
grants for Aventis, and has spoken on unstable angina at
events sponsored by Aventis.

References

1.Braunwald E, Antman EM, Beasly JW et al. ACC/AHA guide-
lines for the management of patients with unstable angina and
non ST-segment elevation myocardial infarction: a report of the

American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. J Am Coll Cardiol
2000;36:970–1062.

2.Antman EM, Corbalan R, Huber K, Jaffe AS. Issues in early risk
stratification for UA/NSTEMI. Eur Heart J Supplements
2001;3(Suppl. J):J6–J14.

3.Antman EM, Cohen M, Bernick P et al. The TIMI risk score for
unstable Angina/non-ST-elevation MI: a method for prognosti-
cation and therapeutic decision making. JAMA 2000;
284:835–42.

4.The PRISM-PLUS Investigators. Inhibition of the platelet glyco-
protein IIb/IIIa receptor with tirofiban in unstable angina and
non-Q-wave myocardial infarction. N Engl J Med 1998;
338:1488–97.

5.The PURSUIT Trial Investigators. Inhibiton of platelet glycopro-
tein Ilb/IIIa with eptifibatide in patients with acute coronary
syndromes. N Engl J Med 1998;339:436–43.

6.Boersma E, Akkerhuis KM, Theroux P et al. Platelet glycopro-
tein IIb/IIIa receptor inhibition in non-ST-elevation acute coro-
nary syndromes: early benefit during medical treatment only,
with additional protection during percutaneous coronary inter-
vention. Circulation 1999;100:2045–8.

7.Bhatt DL, Marso SP, Houghtaling P et al. Does earlier adminis-
tration of eptifbatide reduce death and MI in patients with
acute coronary syndromes? Circulation 1998;98:1560–1.

8.Cannon CP, Weintraub WS, Demopoulos LA et al. for 
the TACTICS-Thrombolysis in Myocardial Infarction 18
Investigators. Comparison of early invasive and conservative
strategies in patients with unstable coronary syndromes treated
with the glycoprotein IIb/IIIa inhibitor tirofiban. 
N Engl J Med 2001;344:1879–87.

9.Fragmin and Fast Revascularization during Instability in
Coronary artery disease (FRISC II) Investigators. Invasive com-
pared with non-invasive treatment in unstable coronary-artery
disease: FRISC II prospective randomised multicentre study.
Lancet 1999;354:708–15.



902

Question
What is the proper course of action at this juncture?

Comment

There is overwhelming evidence from major clinical trials
that early intervention with thrombolytic therapy, combined

with aspirin for acute myocardial infarction, substantially
reduces mortality and the risk of recurrent ischemic
events.1–4 Does this case fit the entrance criteria? The symp-
toms of prolonged chest pain unresponsive to nitroglycerin,
together with accompanying symptoms of nausea, weakness
and diaphoresis, raise a strong suspicion of acute myocardial
infarction. This is substantiated by the ECG findings of
hyperacute ST segment elevation in leads II, III and AVF, 
signifying an acute inferior wall myocardial infarction.

66 Acute myocardial infarction
Bryan F Dias, Ernest L Fallen

Case 1 A 68 year old woman with an 18 month history of chronic stable effort angina presents to the
emergency room of a community hospital with a 2 hour history of increasing retrosternal chest
pain associated with weakness, diaphoresis and nausea. Three applications of nitroglycerin
spray 5 minutes apart fail to offer relief. She is a well controlled type 2 diabetic on glyburide
5 mg od. She also has esophageal acid reflux disease but clearly distinguishes her reflux symp-
toms from angina. There is no history of gastrointestinal bleeding.

On examination she is pale, anxious and diaphoretic. Her blood pressure is 110/80 in both
arms and her pulse is 70 and regular. Her neck veins are elevated 3 cm at 45 degrees, with a
sustained hepatojugular reflux. She has a soft late crescendo apical systolic murmur. Her lungs
are clear. An ECG is immediately ordered and reveals the following (Figure 66.1).

aVRI V1 V4

V5V2aVLII

III

II

aVF V3 V6

Figure 66.1 Twelve-lead ECG showing hyperacute ST segment elevation in leads II, III and AVF, signifying acute inferior wall
ischemic injury/infarction
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With an evolving infarction less than 3 hours from pain
onset there is Grade A evidence that the treatment of choice
is prompt coronary thrombolysis plus aspirin.1–4 The 
patient is therefore given aspirin 160 mg to chew while an
intravenous line is inserted. After confirmation that the
patient has no contraindication (recent bleed, stroke,
trauma, surgery etc.) she is given streptokinase 1·5 million
units intravenously over 1 hour. There is no evidence that
rtPA (recombinant tissue plasminogen activator) alteplase 
or reteplase is superior to the less expensive streptokinase 
in patients with first-onset acute inferior myocardial 
infarction.5,6

The patient is monitored in the coronary care unit, where
relief of anxiety and pain is achieved by administering 
oxygen, intravenous nitroglycerin and morphine as needed.
She is prescribed an oral � blocker (metoprolol 50 mg 
bid), which will be continued indefinitely.7–9 Because there
is no major complication, such as congestive heart failure or
intermittent chest pain, the patient will continue on aspirin
and the � blocker without the need for full-dose or low
molecular weight heparin.5,6 There is also no echocar-
diographic evidence of significant left ventricular dys-
function (her estimated ejection fraction is �40%) to
warrant an ACE inhibitor during the acute phase of the
infarction.10

The community hospital where she is admitted does not
have coronary angiographic facilities; the nearest hospital
with such facilities is several hours away. If such facilities
were immediately available this patient would be a candi-
date for primary coronary intervention (PCI), that is angio-
plasty with stent.11
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Case 2 A 66 year old man presents to the emergency room with severe chest pain. He has had two pre-
vious coronary artery bypass operations (2 and 12 years ago) and a history of two previous
myocardial infarctions prior to his last bypass. For the past year his functional status has been
stable, with Canadian Cardiovascular Society class I angina.

He is now 3 hours following the onset of retrosternal chest pain unrelieved by sublingual
nitroglycerin (0·6 mg � 3). The pain is characterized as 10/10 severity, crushing in nature, with
radiation to the jaw. Associated symptoms include dyspnea, diaphoresis and weakness. These
symptoms are similar to those he had with the onset of his previous infarctions.

Physical examination reveals an acutely ill-looking man. He is in painful distress, pale and
clammy. His blood pressure is 100/80, equal in both arms. His pulse is 90 bpm and regular.
Lung fields are clear. His neck veins are not abnormally elevated. There are no murmurs or
extra heart sounds. His ECG is shown in Figure 66.2.

Question
What action would you now take?

Comment

Here is an example where strict adherence to clinical path-
way algorithms based on the results of clinical trials can be
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misleading. In this case the widespread ST segment depres-
sion led to the initial diagnosis of subendocardial ischemia,
manifested as either unstable angina or non-ST segment 
elevation (NSTEMI) infarction (so-called acute coronary syn-
drome, or ACS). The use of thrombolysis for unstable angina
or NSTEMI infarction has been studied but results show a
trend towards no benefit or possible harm.1,2 The patient
was therefore given aspirin 325 mg and full-dose intra-
venous heparin, starting with a 7units/kg bolus followed by
1200 units/h IV. Within the next hour neither sublingual
nor intravenous nitroglycerin had any effect on the pain,
which persisted at 10/10 severity. Similarly, an intravenous
� blocker (propanolol 5 mg IV � 3 every 10 min) and mor-
phine (10 mg IV over 30 min) had little effect. The pain per-
sisted unabated, and serial ECGs showed ongoing ischemic
changes but no evidence of injury (ST elevation).

This patient initially received the standard treatment for
the diagnosis of acute coronary syndrome (ACS), namely
aspirin and an antithrombotic (unfractionated heparin in
this case3–5), and yet these measures, plus intensification of
the antianginal therapy, failed to relieve his symptoms. One
could make a case for a different antithrombotic/antiplatelet
approach. Studies examining low molecular weight heparin
(LMWH) versus unfractionated heparin (UHF) in patients
presenting with ACS have shown equivalency.6,7 As for an
additional antiplatelet agent, clopidogrel, an adenosine

diphosphate receptor antagonist, when combined with
aspirin in patients with ACS, showed a relative risk reduc-
tion of death, myocardial infarction or stroke by 18% com-
pared to aspirin alone in the CURE Study.8 The use of
glycoprotein IIb/IIIa receptor antagonists (eptifibatide or
tirofiban) has been shown to be effective in acute ischemic
situations when added to aspirin and heparin.9,10

However, there is a strong suspicion that this patient is
actually suffering an acute myocardial infarction with total
coronary artery occlusion. He had experienced identical
symptoms with his previous infarctions; he is acutely ill with
diaphoresis, weakness and restlessness – symptoms that are
characteristic of myocardial necrosis, as opposed to reduced
perfusion. On reflection the ECG changes may be construed
as misleading in view of his chronic history of multiple
ischemic insults. A decision was therefore made to proceed
immediately with thrombolytic therapy. Within 45 minutes
following IV infusion of rtPA the patient’s pain had completely
abated and his ECG normalized, with only persistent T wave
negativity in the anterior leads. Subsequent investigations
revealed a peak creatinine kinase of 2969 with a strongly pos-
itive CKMB fraction. The patient went on to an uneventful
recovery and was discharged from hospital on day 7.

Although the evidence from clinical trials would not nec-
essarily support the routine use of thrombolytic agents based
on the ECG changes seen in this case, here is an example
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Figure 66.2 Twelve-lead ECG showing widespread ST segment depression with left axis deviation. There are no Q waves nor ST
segment elevation, except in lead AVR.
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where exclusive reliance on a test (ECG) without appreciat-
ing clear clinical signs of myocardial necrosis, due probably
to an occlusive thrombus, can result in misdirected therapy.
A case could be made for primary angioplasty should facili-
ties be available. However, in view of the probability of
extensive three-vessel coronary disease and multiple
blocked bypass grafts it would be more prudent to consider
invasive investigation and intervention on an elective basis.
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Question
What advice would you now give him?

Comment

Here is a case where a physician’s advice to an otherwise
recalcitrant patient is strongly fortified by clear evidence
that preventive strategies post acute myocardial infarction
yield favorable outcomes. The patient is now chest pain and
failure free. He has one non-modifiable risk factor (family
history) and several modifiable ones (smoking, sedentary
lifestyle, obesity, and a propensity for hypertension). His
lipid status is unknown, although the LDL-C of 3·0 on the
first day of his infarct raise suspicion of a hyperlipidemic
state. Evidence from clinical trials ought to persuade the
patient that a preventive strategy of pharmacologic prophy-
laxis, combined with risk factor modification and lifestyle
changes, can reduce his likelihood of suffering a major event
in the foreseeable future.

Secondary prophylaxis

To reduce his risk of recurrent ischemic events and death he
should continue indefinitely on enteric coated aspirin
81–325 mg/day1 and a � blocker.2,3 In view of his reduced
LV function a number of clinical trials support the use of an
ACE inhibitor.4–6

Risk stratification

For risk stratification he should be scheduled for a symptom-
limited exercise test in 2–4 weeks, with a view to (a) assess-
ing his exercise capacity; (b) determining whether he is
high, intermediate or low risk; and (c) ruling out severe
underlying ischemia that might warrant early coronary
angiography. For instance, a low-risk patient is one who can
achieve more than 8 METS of exercise with no chest pain or
ST segment changes. A high-risk patient would be one who
either experiences angina or significant ST segment depres-
sion at a low workload, or whose blood pressure either fails
to rise or decreases during exercise.

67 Postmyocardial infarction: preventive
measures
Ernest L Fallen

Case 1 A 53 year old sedentary, overweight male chartered accountant, previously symptom free, was
admitted to hospital 6 days ago with an acute anteroseptal infarction. He received thrombolysis
with rtPA (total dose 100 mg). The acute phase of his illness was complicated by frequent iso-
lated ventricular ectopic beats (�10/h) and mild cardiac decompensation (Killip class IIa). His
risk factors include a positive family history, a 30 pack year smoking history, mild hypertension
and obesity (body mass index BMI � 29). His lipid status is unknown, except for a single 
LDL-C � 3·0 mmol/l at the time of hospital admission.

He is now ready for discharge and is free of heart failure and chest pain. His ECG shows a
sinus rhythm at 65 bpm with qS waves and T inversion in leads V1–V3 without ST elevation. His
echocardiogram reveals severe hypokinesis of the septum and apex, but no other regional wall
abnormalities. There is no left ventricular dilatation and his estimated ejection fraction is 45%.
There is no valvular abnormality and no endocardial thrombus.

On physical examination he is in sinus rhythm with a blood pressure of 122/80 and a supine
respiratory rate of 16 breaths per minute. His lungs are clear. There is a soft S4 but no murmurs.
He has good peripheral pulses, no neck vein distension and no arterial bruits.
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Risk factor modification/lifestyle changes

A proper rehabilitation program7 should include (a) an exer-
cise program; (b) nutrition counseling; (c) smoking cessation
strategies; and (d) maintenance of ideal weight (BMI � 25).
He should have his lipids checked (total cholesterol, LDL-C,
HDL-C and triglycerides) in about 4–6 weeks. Efforts should
be made to ensure that his LDL-C is less than 2·6 mmol/l
and his total cholesterol to HDL-C ratio is less than 4·5 (see
Chapters 12, 13 and 36).

In summary, using evidence-guided recommendations8,9

the patient’s chance of avoiding recurrent ischemic events
and returning to a satisfactory quality of life is significantly
enhanced by adherence to a program consisting of daily
aspirin, � blocker, a statin and an ACE inhibitor, combined
with regular exercise and cessation of smoking. Our patient
has shown signs of depression, which is another significant
risk factor, but it has not yet been confirmed with certainty
that antidepressants reduce the risk of postinfarction
ischemic events.
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Case 2 A 66 year old woman sustains an acute inferoposterior myocardial infarction for which she
receives streptokinase (1·5 million units over 1 hour) and aspirin to chew. She makes a satisfac-
tory recovery. The only complications are persistent but asymptomatic sinus bradycardia
(45–50/min), papillary muscle dysfunction with moderate mitral regurgitation, and an esti-
mated left ventricular ejection fraction of 0·35. There are no overt signs of heart failure or ven-
tricular irritability. She is angina free post MI.

Her risk factors include heavy smoking (40 pack years); severe peripheral vascular disease
with asymptomatic carotid bruits (80% stenosis of the right internal carotid artery), and inter-
mittent claudication of the right leg. She has elevated triglycerides, at 6·5 mmol/l. Her previous
total cholesterol (3 months ago) was 5·8 mmol/l and HDL-C was 0·98. She is 22 years post hys-
terectomy and bilateral oophorectomy. That operation was complicated by phlebitis and a pul-
monary embolus. Her only medication at the time of hospital admission was an H2 receptor
antagonist because of a history of upper gastrointestinal bleeding 12 years ago and episodic epi-
gastric burning. There is mild renal impairment, with a creatinine of 180. There is no family his-
tory of heart disease. However, her mother died of breast cancer at age 65.

Physical examination at the time of hospital discharge shows a resting heart rate of 48 bpm.
Her blood pressure is 160/85. Her urea is 9·5 and creatinine 180. An ECG shows sinus rhythm
but with a first-degree atrioventricular block of 0·24 seconds.

Question
What advice would you now give her?

Comment

This case raises several issues regarding the risk versus bene-
fit of routine prophylactic strategies which, for most post-MI
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patients, are supported by strong evidence from well
designed clinical trials. For instance, one would wish to be
cautious about reflexly prescribing a � blocker. Remember,
she has persistent bradycardia with partial AV block, symp-
tomatic peripheral vascular disease, hyperlipidemia and
impaired LV function. On the other hand, � blockers have
been shown to be especially effective in reducing mortality
in post-MI patients with mild to moderate LV dysfunction.1

Here the benefit of a � blocker probably outweighs the over-
all risk because it has the combined effect of protecting the
ischemic myocardium, reducing the risk of sudden cardiac
death and stabilizing blood pressure.

In view of her LV dysfunction, she would also be a candi-
date for an ACE inhibitor, but she is a non-diabetic with an
elevated creatinine, peripheral vasculopathy and persistent
hypertension, probably due to renovascular disease. Here an
ACE inhibitor need not be denied if careful and frequent
monitoring of renal function is carried out over the first
month or so post discharge. As for hormone replacement
therapy with estrogen, the alleged benefit on endothelial
function has not so far been substantiated by carefully
designed clinical trials.2 Besides, the patient is asking some
hard questions regarding the history of breast cancer in the
family and her previous history of phlebitis and pulmonary
embolus. Finally, the history of gastrointestinal bleeding
raises caution with respect to aspirin prophylaxis. The
clinical trials unfortunately have not provided satisfactory
guidelines on how to weigh the risk versus the benefit of
postinfarction prophylaxis for patients with certain potential
hazards, such as this case. Although this case does not easily
qualify for entrance criteria to most of the large post-MI clin-
ical trials, it is not a reason to deny her useful protective
measures as indicated above.

As for rehabilitative measures, although it would be diffi-
cult for her to achieve a high level of exercise training using
leg exercise, there is evidence that a well supervised upper
arm exercise program may be useful.3 If she is intolerant of
an ACE inhibitor perhaps a combination of hydralazine and
nitroglycerin4 might serve to improve circulatory function,
control her hypertension and improve her heart rate. She
should continue on aspirin as long as she also continues
with an H2 blocker or, better still, reduce the dose of aspirin
to 81 mg a day and add clopidogrel.5 As for her lipids, she
probably would benefit from a fibrate rather than a statin,
although there are no clinical trials that have compared the
two, head to head, for this particular type of patient.
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Question
Is his metabolic risk profile adequate for the treatment he
is on?

Comment

The results of the Heart Protection Study1 have dramatically
altered the way in which clinicians should be identifying
and treating lipoprotein disorders in high-risk individuals.
The currently accepted strategy supported by the National
Cholesterol Education Program (Adult Treatment Panel III) in
the USA2 and the Canadian Guidelines for the Diagnosis
and Treatment of Dyslipoproteinemias,3 as well as the
European Task Force for the Prevention of Cardiovascular
Disease, is an evaluation of global cardiovascular risk based
on the patient’s gender, age, total (or LDL) cholesterol, HDL
cholesterol, cigarette smoking, blood pressure and diabetes.
In patients at high risk for cardiovascular disease or those

with established atherosclerotic cardiovascular disease, some
notable differences between European, Canadian and US
guidelines have emerged. From a strategy of reaching target
values (for example, LDL cholesterol less than 2·5 mmol/l
in Canada) the Heart Protection Study shows that baseline
levels of LDL or total cholesterol do not markedly influence
the positive impact of treatment.

And so, for our patient the widespread use of the statin
class of drugs post acute coronary event has now become
standard therapy. Although some lipid specialists may dis-
agree with initiating a statin drug without knowledge of
prior basal measurements of serum lipids, this class of drugs
has proved safe and highly efficacious in improving out-
come. Obtaining a lipoprotein profile within 24 hours of
hospital admission remains sound clinical practice, but the
initiation of treatment as soon as possible after diagnosis,
and verification 6 weeks to 6 months later, is useful. In this
case, the LDL cholesterol is below the recommended target
and it remains to be determined whether allowing the LDL
to exceed 2·5 mmol/l should invite further intervention.
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68 Metabolic risk and secondary
prevention of coronary disease
Jacques Genest Jr

Case 1 The patient is a 55 year old man post acute myocardial infarction. His initial treatment con-
sisted of thrombolytic therapy within 4 hours of presentation. He was in Killip class I and 4 days
after his myocardial infarction a submaximal stress test did not reveal ischemia at 9·2 METS. He
was initially treated with aspirin 325 mg od, metoprolol 50 mg po bid and simvastatin 40 mg po
qhs. Six months after his infarction his metabolic profile revealed a total cholesterol of 4·20,
plasma triglyceride of 1·2 mmol/l, HDL cholesterol of 1·2 mmol/l and an LDL cholesterol of
2·45 mmol/l. The patient had stopped smoking and his body mass index was 26·7·

Case 2 A 55 year old woman, recently postmenopausal, presented to the emergency department with
retrosternal squeezing chest pain of 30 minutes’ duration. The ECG showed anterolateral ST
segment depression and the troponins were slightly elevated. Urgent cardiac catheterization
revealed an 85% proximal circumflex stenosis, which was successfully dilated and stented. 
A lipid profile done in hospital showed her total cholesterol to be 4·1 mmol/l, plasma triglyc-
eride 2·6 mmol/l, HDL cholesterol 0·62 mmol/l and an LDL cholesterol 2·3 mmol/l. Her body
mass index was 27·2, her blood pressure was 150/86 and her fasting glucose was 5·2 mmol/l.



Question
What would be optimum metabolic management for this
patient?

Comment

This case represents a therapeutic challenge. The Veterans
Affairs HDL intervention trial (VA-HIT) showed that patients
with a low HDL cholesterol benefited from the drug gemfi-
brozil 600 mg po bid.4 The recently released HATS trial
showed that low-dose simvastatin with niacin greatly
improved both HDL and the total cholesterol to HDL 
ratio, and was associated with a decrease in the progression
of atherosclerosis.5 The Health Protection Study (HPS),
however, showed that in patients whose total cholesterol

was higher than 3·5 mmol/l simvastatin 40 mg/day con-
ferred a dramatic benefit.1 The optimal treatment of high-
risk patients with very low HDL cholesterol and mild to
moderate triglycerides is still an issue of intense debate. Our
patient has an HDL that is markedly below the fifth 
percentile for age- and gender-matched subjects.

The fibric acid group of medications has been shown in
clinical trials to decrease cardiovascular mortality4 and are
an appropriate option. The combination of a low-dose statin
with niacin is also an appropriate choice here, and yet the
use of a statin as seen in the HPS1 and 4S6 studies appears to
confer benefit. Each of these therapies has been shown to be
superior to placebo alone. The use of postmenopausal estro-
gen (partly because of its effect on increasing HDL choles-
terol levels) has been questioned in view of the negative
findings in the HERS trial.7
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Case 3 A 60 year old man with hyperglycemia (fasting blood sugar 7·6 mmol/l) treated with diet also
has moderate hypertension (150/92) and an abnormal lipid profile. His total cholesterol is 
6·4 mmol/l, plasma triglyceride 3·2 mmol/l, HDL cholesterol 0·8 mmol/l and LDL cholesterol
4·15 mmol/l. He has a positive exercise tolerance test at 8·2 METS using the Bruce protocol
and his body mass index is 29·8 with a waist circumference of 104 cm. He has a sedentary
lifestyle and his wife reports that he snores loudly at night.

Question
What is the approach to this patient with multiple metabolic
risk factors?

Comment

Since the last edition of Evidence Based Cardiology a major
rethink has taken place in preventive cardiology. Landmark
clinical trials have shown unequivocally that patients with
atherosclerotic disease who have multiple metabolic risk
factors, such as diabetes and hyperlipidemia, have a risk of
future cardiovascular events not dissimilar to those who
have already suffered an acute coronary event. Therefore,
the previously narrow definition of secondary prevention
has been widened to include individuals with multiple risk
factors where the rate of hard cardiovascular events exceeds
20% in 10 years. This “high-risk strategy” centers on the
identification of global cardiovascular risk, as seen in this
patient. This patient has the typical manifestations of the
metabolic syndrome, consisting of abdominal obesity,
increase in abdominal girth, low HDL cholesterol, elevated
plasma triglycerides, hyperglycemia (insulin resistance) and
hypertension. These patients tend to have small dense LDL
particles and elevated apolipoprotein B levels. They may

also have elevated procoagulant factors, as well as an altered
tPA : PAI-1 ratio and endothelial dysfunction. Although
these patients represent some of the highest cardiovascular
risk, current algorithms, including the Framingham Heart
Study, may not provide a true estimation of risk because
obesity, plasma triglycerides and other factors are not
included in the cardiovascular risk calculations.

Nevertheless, the treatment of these patients is multifac-
torial. Clearly, blood pressure control with appropriate med-
ications is warranted. Although fibric acid derivatives will
lower plasma triglyceride and raise the HDL cholesterol
somewhat,4 the preferred medication in this case would be
a statin at a moderately high dose.1 Although statins have a
modest effect on HDL per se (unless, as in this case, there is
hypertrigyceridemia) they significantly improve the total
cholesterol to HDL ratio. In addition they do lower plasma
triglyceride levels.

Overall, the patient is urged to engage in a concerted effort
to reduce all the metabolic risk factors. This can be helped
by making the patient aware of the clustering of his risk pro-
file and the potential effect on his cardiovascular health. The
patient needs to lose weight, change diet and exercise regu-
larly. The loss of even a few kilograms of intra-abdominal fat
will significantly decrease fasting blood glucose levels and
insulin resistance. It will also reduce his triglyceride and
help increase his HDL cholesterol levels, as well as lower his



blood pressure. This constitutes a great therapeutic chal-
lenge which can best be achieved by a multidisciplinary
team approach, including a dietician and exercise rehabilita-
tion specialists.
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Question
What would be the most appropriate management at this
point?

Comment

Here, one seeks evidence to guide the management of an
elderly patient with extensive peripheral vascular disease
who may or may not have concomitant coronary artery dis-
ease. The finding of an asymptomatic high grade carotid
stenosis (�60%) warrants consideration of prophylactic
carotid endarterectomy if the patient’s general health is
good. A 60% diameter reducing stenosis (carotid ultra-
sound) is considered as an indication for surgical interven-
tion in asymptomatic patients who are in a low-risk surgical
category: using a ratio of 3·2 for the peak systolic velocity at
the site of narrowing divided by that from the carotid artery,

a sensitivity of 92% and a specificity of 86% can be achieved.
This gives a positive predictive value of 85%, a negative pre-
dictive value of 93% and an overall accuracy of 89%.1 The
evidence shows that carotid endarterectomy in patients
with an asymptomatic carotid stenosis �60% in severity sig-
nificantly reduces the risk of ipsilateral stroke, perioperative
stroke or death compared to medical therapy alone.2

In view of the patient’s age and widespread peripheral
vascular disease it is prudent to assess his perioperative car-
diac risk. Dobutamine stress echocardiography was per-
formed and was negative for ischemia. This test is associated
with a high negative predictive value.3

The patient underwent right carotid endarterectomy
without complications. Postoperatively, following a discus-
sion with the patient regarding the natural history of inter-
mittent claudication and indications for restoration of
pulsatile flow,4 he elected a conservative treatment program
which included aspirin 325 mg/day, a walking program for
intermittent claudication, and foot care and protection.

69 Peripheral vascular disease with
suspect coronary artery disease
Peter C Spittell

Case 1 Over the past several years a 74 year old man has noticed progressive left leg discomfort with
walking. Standing still provides complete relief. His walking distance has gradually decreased to
less than one block in the past year. He is a non-smoker, non-diabetic, and has no prior cardiac
history. His medications include captopril and dyazide for hypertension.

On examination, his blood pressure is 140/80 mmHg (both arms) and his resting pulse is 65
bpm and regular. There is a right carotid bruit and reduced femoral pulses with bilateral bruits.
Pulses are non-palpable below the femoral level on the left. On the right, the popliteal and pos-
terior tibial pulses are mildly reduced and the dorsalis pedis pulse is absent. Elevation pallor is
grade III (pallor is less than 30 seconds) on the left and grade 0 (no pallor in 60 seconds) on the
right. The remainder of the physical examination is normal.

A resting ECG reveals normal sinus rhythm with a non-specific T wave abnormality. The
chest radiograph is normal. Routine hematology and chemistry values are normal.

The resting ankle : brachial systolic pressure indexes (ABI, normal �0·9) are 1·0 on the right,
0·6 on the left. After walking 124 yards (113 m) on a treadmill (10% incline, 1·5 mph) and
developing left hip, thigh and calf claudication, his postexercise ABIs are 0·3 on the right and
0·2 on the left, consistent with moderate (right) and moderately severe (left) peripheral arterial
occlusive disease, respectively.

Carotid ultrasound demonstrates a large amount of atheromatous plaque in the right carotid
bulb associated with a 70–99% stenosis.
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Case 2 A 52 year old man presents with progressive exertional right calf discomfort over the past year.
Standing still provides complete relief but his walking distance has gradually shortened to one
block. He notes similar but less severe discomfort in the left calf. His claudication is severely
limiting his lifestyle.

He is taking amlodipine for systemic hypertension, has smoked tobacco for the past 34 years
and has a history of hyperlipidemia treated by diet. Blood glucose is normal. He denies a history
of angina pectoris or diabetes mellitus.

On examination his blood pressure is 140/90 mmHg (both arms), resting pulse is 85 bpm
and regular. A grade 1/4 systolic murmur at the cardiac apex and a right carotid bruit are pres-
ent. A small abdominal aortic aneurysm is also palpable. The popliteal, posterior tibial and dor-
salis pedis pulses are absent on the right. On the left, the popliteal and posterior tibial pulses
are moderately reduced. The dorsalis pedis pulse is absent. Elevation pallor is grade III (pallor
in less than 30 seconds) and grade I (pallor in less than 60 seconds) on the right and left,
respectively.

A resting ECG shows normal sinus rhythm without other abnormalities. Routine hematology
and chemistry values are normal.

Resting ankle:brachial systolic pressure index (ABI) is 0·5 on the right and 0·6 on the left (ABI
normal �0·9). After walking 282 yards (258 m) on a treadmill (10% incline, 2 mph) and devel-
oping right calf claudication, his postexercise ABIs are 0·2 on the right, 0·7 on the left, consis-
tent with severe peripheral arterial occlusive disease on the right and mild disease on the left.
Carotid ultrasound reveals a right external carotid artery stenosis with mild atherosclerotic dis-
ease in the right carotid bulb, but is otherwise normal. Abdominal ultrasound confirms a small
abdominal aortic aneurysm (2·5 cm).

After a discussion of peripheral arterial occlusive disease with the patient, including its natu-
ral history, prognosis, treatment and goals of treatment, he elects to pursue restoration of pul-
satile flow.

Question
How would you proceed at this point?

Comment

This case is somewhat more complex insofar as there is
more suspicion of concomitant coronary artery disease.
Therefore, with the decision to pursue vascular surgery, an
assessment of the patient’s perioperative cardiac risk is war-
ranted.1 Although he has no history of angina pectoris he
has a number of cardiovascular risk factors (male gender,

tobacco, hypertension, hyperlipidemia). Furthermore, his
intermittent claudication limits his activity and may prevent
him from experiencing exertional angina. To further assess
his perioperative cardiac risk, dobutamine stress echocardio-
graphy was performed and demonstrated normal left ven-
tricular size and function, but was positive for ischemia
(new regional wall motion abnormalities in the mid and 
apical anterior wall). A positive dobutamine stress echocar-
diogram has a positive predictive value of 35% for a periop-
erative cardiac event. When ischemia occurs at a
significantly lower heart rate during dobutamine stress
(�70% of the age-corrected maximal heart rate) the positive
predictive value increases to 53%.2



treatment of his hypertension, and the importance of ade-
quate control of hypertension was discussed. Ultrasound of
the abdominal aorta in 1 year was recommended to re-evalu-
ate his abdominal aortic aneurysm. Additional instruction on
dietary therapy for hyperlipidemia was given and a follow-up
lipid profile was arranged in 3 months.
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Medical therapy was elected (suspect single vessel dis-
ease with normal left ventricular function), and it was felt
safe to proceed with peripheral revascularization. Peripheral
angiography demonstrated a high grade stenosis involving a
short segment of the distal right superficial femoral artery.
Percutaneous transluminal angioplasty of the stenosis was
performed. Although no well designed large scale clinical
trial has yet been done to determine the efficacy of percuta-
neous angioplasty for this type of patient, percutaneous
angioplasty was none the less felt to be indicated because
the prognosis for limb loss in patients with intermittent clau-
dication is related mostly to the severity of disease, as
assessed by ankle pressure measurements, at the time of study
entry.3 After the procedure, a normal dorsalis pedis pulse was
restored on the right. The intermittent claudication com-
pletely resolved following the procedure. He was placed on
aspirin (325mg/day), advised to stop smoking and instructed
in foot care and protection. Amlodipine was continued for



Question
How would you manage this patient?

Comment

To summarize, this is a middle-aged man with diabetes and
an ischemic cardiomyopathy who presents with New York
Heart Association functional class III heart failure. There is
both clinical and laboratory evidence of left ventricular
systolic dysfunction and volume overload, without clinical
evidence of decreased cardiac output. In addition, his
echocardiogram shows findings consistent with left ventric-
ular remodeling without intracavitary thrombus formation.
There is no clear precipitant to his recent clinical decom-
pensation. He has been compliant with his medications and
fluid and salt restriction, and does not drink alcohol. His
blood sugars have been well controlled and he has had 
no recent infection. A complete blood count and thyroid

function tests should be checked to rule out anemia and
hyperthyroidism, respectively.

Although we have not identified a precipitating factor in
this case, it is reasonable to consider treatment of the under-
lying cause of heart failure.1 The patient is status post myocar-
dial infarction many years ago, and may have developed
recurrent ischemia, either silent or with dyspnea as an anginal
equivalent. An exercise imaging study should be performed to
rule out reversible ischemia. If this is negative, an assessment
of myocardial viability with low-dose dobutamine stress
echocardiography, resting thallium scintigraphy or positron
emission tomography should be considered.2 Several studies
have shown that patients with ischemic cardiomyopathy and
viable myocardium have significant improvement in left
ventricular function following surgical revascularization.3,4

However, in the absence of angina or inducible ischemia, the
superiority of surgery over medical therapy in prolonging sur-
vival in patients with ischemic cardiomyopathy remains
unproven. A National Institutes of Health-sponsored trial
(STICH) is currently under way to test this hypothesis.
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70 Heart failure
Michael M Givertz

Case 1 A 58 year old man with non-insulin dependent diabetes mellitus and coronary artery disease
presents to your office with progressive dyspnea on exertion and lower extremity edema. He is
status post anterior myocardial infarction 15 years ago. Following cardiac rehabilitation, he
returned to work full-time as an electrical engineer and remained asymptomatic without angina
or heart failure until 1 year ago, when he started to “slow down”. Over the last several months
he has noted increasing shortness of breath with usual daily activities, and more recently
the onset of bilateral lower extremity edema. He can no longer play with his grandchildren
because of fatigue. He denies chest pain, palpitations or lightheadedness. He sleeps comfortably
on one pillow and has had no recent change in his weight or appetite. His current medications
include captopril 12·5 mg tid, furosemide 20 mg qd, glyburide 5 mg qd and aspirin.

On physical examination he is a well-nourished older-appearing man who appears comfort-
able lying supine. Blood pressure is 130/70 mmHg and heart rate is 100 beats per minute and
regular. Jugular venous pressure is 8 cmH2O. Lungs are clear bilaterally. Cardiovascular exami-
nation reveals a displaced PMI, grade 2 over 6 holosystolic murmur at the apex, and soft S3 gal-
lop. The liver edge is palpable 2 cm below the right costal margin, and there is 1� pitting
edema to the mid-calves bilaterally. His feet are warm with intact distal pulses. Laboratory tests
are notable for a serum sodium of 136 mmol/l, creatinine of 1·8 mg/dl, and hemoglobin A1c of
6·2%. His electrocardiogram reveals normal sinus rhythm with a non-specific intraventricular
conduction delay and old anterior myocardial infarction. A transthoracic echocardiogram
demonstrates moderate left ventricular dilation with anteroapical akinesis, left ventricular ejec-
tion fraction of 25%, mild right ventricular dysfunction, and 2� mitral regurgitation.



The overall goals in the management of heart failure are to
eliminate symptoms, improve quality of life and prolong sur-
vival. Non-pharmacologic management of heart failure
should be reviewed with the patient and his family. The
importance of salt and fluid restriction and daily monitoring
of home weights should be reinforced. Once euvolemia has
been achieved (see below), a submaximal exercise program
(for example, walking, stationary bicycle) should be encour-
aged. Recent studies suggest that exercise training may result
in improvement in symptoms and functional capacity,
improved blood flow and skeletal muscle metabolism, and
reduced hospitalizations for heart failure.5 The effect of exer-
cise training on survival in heart failure remains unknown.

Pharmacologic therapy should be optimized according to
recent consensus guidelines.6 The patient is currently taking
captopril, an angiotensin converting enzyme (ACE) inhibitor,
at a relatively low dose. Several large prospective randomized
controlled trials have demonstrated the beneficial effects of
ACE inhibitors on exercise tolerance, salt and water balance,
symptoms, neurohormonal activation, quality of life and sur-
vival in patients with chronic heart failure.7 Furthermore, in
this patient with mild diabetic nephropathy, ACE inhibitor
therapy may slow the progression of renal dysfunction; also,
as demonstrated in the SAVE study, captopril reduces the risk
of recurrent myocardial infarction and stroke in patients with
post-MI left ventricular dysfunction.8 The optimal dosing of
ACE inhibitors remains controversial. One prospective study
(ATLAS) demonstrated the superiority of high-dose versus
low-dose ACE inhibitor therapy in patients with chronic heart
failure without increased toxicity.9 Current guidelines recom-
mend increasing the dose of captopril to 50mg tid as blood
pressure and renal function tolerate.

For the treatment of systemic and pulmonary venous con-
gestion, more aggressive diuresis is warranted. The daily
dose of furosemide should be increased until the required
response is achieved (for example, the absence of jugular
venous distention, hepatomegaly and edema). If this strat-
egy is not effective, combination therapy with a thiazide
diuretic should be tried. Adequate diuresis with careful
attention to weight and renal function will generally result
in improved symptoms and may slow the progression of
chamber dilation by reducing ventricular filling pressures.
However, diuretic therapy may also cause renal dysfunction,
electrolyte depletion and neurohormonal activation. It
should be emphasized that there have been no randomized
controlled trials demonstrating the long-term efficacy and
safety of diuretic therapy in patients with heart failure.

Follow up 1

The patient undergoes exercise echocardiography, which 
is negative for ischemia, and resting thallium scintigraphy
demonstrates no significant viability of the anterior and 

apical walls. He diureses 8 lb on an increased dose of oral
furosemide, and captopril is titrated to 37·5 mg tid. Jugular
venous distention and lower extremity edema resolve, but
blood pressure, heart rate and renal function are unchanged.
Despite adjustment of vasodilator and diuretic therapy, there
is no change in his exertional dyspnea.

Question
He remains moderately symptomatic despite treatment with
an ACE inhibitor and diuretic. What is the next step?

The next step is to initiate therapy with a � adrenergic
antagonist. Traditionally, � blockers were contraindicated in
the treatment of heart failure because of concern about nega-
tive inotropic effects leading to clinical deterioration. In the
late 1970s and early 1980s, small uncontrolled trials sug-
gested a beneficial effect of � blockers in patients with dilated
cardiomyopathy. Subsequent randomized controlled trials
have demonstrated that � blockers improve symptoms and
cardiac function, and reduce morbidity and morality in
patients with chronic heart failure due to left ventricular sys-
tolic dysfunction.10 Consensus guidelines recommend the use
of � blockers, in addition to ACE inhibitors and diuretics, in
the management of patients with mild to moderate heart fail-
ure,6 and more recent data suggest their safety and efficacy in
patients with severe heart failure.11 Because euvolemia has
been achieved, � blocker therapy can be initiated safely at a
low dose and titrated gradually at regular intervals (for exam-
ple, every 1–2 weeks). Renal insufficiency should not prevent
the initiation of � blocker therapy, as the patient’s renal func-
tion has remained stable on ACE inhibitor therapy. However,
renal function should be followed during � blocker titration.

Follow up 2

Carvedilol, a non-selective � blocker with 
1 blocking prop-
erties, is initiated at a dose of 3·125 mg bid. One week later
the patient returns to clinic with complaints of increased
dyspnea on exertion and recurrent lower extremity edema.
His clinical evaluation is consistent with worsening heart
failure, a known adverse effect of � blocker therapy, and this
responds to a doubling of the furosemide dose for 2 days.
Over the next 2 months carvedilol is titrated to a target dose
of 25 mg bid. During this period, symptoms of worsening
heart failure occur on one additional occasion. Close moni-
toring of symptoms and weight, and adjustments in diuretic
dosing, enable the patient to achieve a target dose of �
blocker therapy. After 6 months, a follow-up echocardio-
gram reveals a decrease in the left ventricular end-diastolic
dimension and an increase in the left ventricular ejection
fraction to 35%. This time-dependent reverse remodeling of
the left ventricle has been demonstrated with several differ-
ent � blockers, including metoprolol12 and carvedilol.13
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Question
After remaining clinically stable for 1 year, he develops wors-
ening heart failure. What is the next step in management?

For persistent or recurrent heart failure symptoms despite
treatment with an ACE inhibitor, � blocker and diuretic,
several adjunctive therapies may be considered. Digoxin is
an oral positive inotropic agent with antiadrenergic effects
that has been shown to be safe and effective in patients with
symptomatic heart failure. Although the DIG trial showed
no difference in survival in heart failure patients treated
with digoxin versus placebo, there were fewer deaths attrib-
utable to progressive heart failure in the digoxin-treated

group.14 Another class of medications that may provide
symptomatic benefit in heart failure are the organic
nitrates.15 These may be used to reduce both systemic and
pulmonary venous congestion. As with diuretics, it should
be remembered that nitrates alone have not been shown to
reduce morbidity or mortality in patients with chronic heart
failure. If, despite these therapies, the patient develops
severe heart failure, other medical and surgical options may
be considered. The aldosterone antagonist spironolactone
has been shown to prolong survival in patients with severe
heart failure,16 and more recently biventricular pacing has
been approved for patients with symptomatic LV dysfunc-
tion and intraventricular conduction delay.17 For refractory
heart failure, mechanical cardiac assist and cardiac trans-
plantation may be considered in selected cases.18
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Case 2 A 74 year old woman is referred to you by her primary care physician for evaluation of “new-
onset heart failure”. Her cardiac risk factors are positive for hypertension, diabetes and hyperc-
holesterolemia. She was told that she had a myocardial infarction many years ago, but details
are not available for review. Four years ago, an echocardiogram obtained as part of a preopera-
tive evaluation for laparoscopic cholecystectomy revealed a left ventricular ejection fraction of
45% and moderate mitral regurgitation. She was treated briefly with an angiotensin converting
enzyme inhibitor, but this was changed to an angiotensin receptor antagonist because of cough.
She remained stable until 2 months ago, when she presented with progressive dyspnea on exer-
tion, associated with dull chest pain and pedal edema. The addition of digoxin and furosemide
resulted in a 5 lb weight loss and improvement in symptoms.

Her past medical history is significant for osteoarthritis, peptic ulcer disease and hypothy-
roidism. Her medications include losartan 50 mg qd, furosemide 40 mg qd, digoxin 0·25 mg qd,
pravastatin 40 mg qhs, levothyroxine 100 micrograms qd, and ibuprofen 400 mg tid. She does
not smoke cigarettes or drink alcohol. On physical examination she appears anxious but in no
respiratory distress. Blood pressure is 140/80 mmHg, heart rate is 58 beats per minute and reg-
ular, and weight is 148 pounds. Jugular venous distention and hepatojugular reflux are absent.
Lungs are clear to auscultation bilaterally. Cardiovascular examination reveals a non-palpable
PMI, S3 and S4 gallops, and a soft systolic ejection murmur at the apex without radiation. Her
abdomen is non-tender, without hepatosplenomegaly. Her extremities are warm and without
edema.

Laboratory tests reveal a serum sodium of 141 mmol/l, potassium 4·4 mmol/l, BUN
25 mg/dl, creatinine 1·4 mg/dl, digoxin level 1·6 ng/ml, TSH 2·1 mU/l, and hematocrit 38%.
Chest radiography shows cardiomegaly without congestion. Her 12-lead electrocardiogram
reveals sinus bradycardia and left bundle branch block. An echocardiogram demonstrates mild
left ventricular enlargement, left ventricular ejection fraction of 20% with inferior and apical aki-
nesis, normal right ventricular size and function, and mild thickening of the mitral valve leaflets
with 2–3� central mitral regurgitation. Right heart catheterization reveals a right atrial pressure
of 9 mmHg, pulmonary artery systolic and diastolic pressures of 58 and 24 mmHg, respectively,
mean pulmonary capillary wedge pressure of 26 mmHg, and cardiac output of 4·8 l/min.
Angiography reveals no significant coronary artery disease, and ventriculography confirms
severe left ventricular dysfunction with 3� mitral regurgitation.

Question
What is your assessment of this patient?

In summary, this is an elderly woman with hypertension,
diabetes and a non-ischemic dilated cardiomyopathy who
presents for further management. The cause of her left ven-
tricular systolic dysfunction remains incompletely defined.



Although she has a high likelihood of having ischemic heart
disease based on her cardiac risk factors, history of “myo-
cardial infarction”, left bundle branch block on electro-
cardiogram and regional wall motion abnormalities on
echocardiogram, coronary angiography demonstrates no sig-
nificant coronary artery disease. This case highlights the lack
of specificity of the history, ECG and echocardiogram for
diagnosing ischemic heart disease in the presence of severe
left ventricular systolic dysfunction.19 Not infrequently,
patients are told by their physician that they may have had a
“heart attack” based on the presence of a left bundle branch
block. In the evaluation of heart failure, cardiac catheteriza-
tion is indicated not only to define coronary anatomy, but
also to assess hemodynamics and, in this case, to determine
the severity of mitral regurgitation.

If ischemic heart disease does not explain this patient’s LV
dysfunction, what are the other possible causes? There is no
history of myocarditis, anemia or significant alcohol use. She
has a history of hypothyroidism, but is maintained on thy-
roid hormone replacement therapy and has no clinical or
biochemical evidence of active thyroid disease. Chronic
mitral regurgitation (MR) may result in heart failure and left
ventricular remodeling, and it is often difficult to distinguish
primary mitral valvular disease causing advanced heart fail-
ure from MR secondary to left ventricular dilation (for
example, following myocardial infarction). In this case,
moderate LV dysfunction was noted 4 years ago in associa-
tion with moderate MR, suggesting that myocardial disease
is the primary process. Other echocardiographic findings
that make primary MR less likely are the lack of structural
abnormalities of the mitral valve or subvalvular apparatus,
normal left atrial size, and the absence of pulmonary hyper-
tension or right ventricular dysfunction. Alternatively, the
presence of a left bundle branch block and known LV dys-
function make the diagnosis of idiopathic dilated cardiomy-
opathy likely,20 although recent studies have shown that up
to 20% of these cases may be familial.21 In general, idio-
pathic dilated cardiomyopathy is a diagnosis of exclusion.22

A “bedside” clinical assessment should be performed on
all patients with chronic heart failure to assess the presence
or absence of congestion and hypoperfusion.23 In addition,
functional status should be determined both for prognostic
reasons and to assess the response to therapy. This patient
presents with exertional dyspnea and chest pain; pedal
edema has resolved with diuresis. Although her examina-
tion does not suggest the presence of pulmonary or systemic
venous congestion, right heart catheterization is notable for
elevated right and left heart filling pressures and moderate
pulmonary hypertension with adequate systemic perfusion.
Importantly, this case demonstrates the limited reliability of
physical signs24 and chest radiography25 for estimating
hemodynamics in patients with chronic heart failure. Some
findings, such as an S3 gallop or cardiomegaly, are highly
sensitive but lack the specificity to be of diagnostic value;

other findings, such as pulmonary rales and jugular venous
distention, are highly specific but insensitive. The clinical
utility of other non-invasive tools to assess cardiac filling
pressures, such as myocardial tissue Doppler imaging or
plasma B-type natriuretic peptide (BNP) levels, remains
unproven.

To better define her functional capacity, exercise tread-
mill testing with continuous gas exchange analysis (also
termed cardiopulmonary exercise testing) should be consid-
ered. Numerous studies have demonstrated the independ-
ent prognostic value of peak oxygen consumption in
patients with heart failure,26 and cardiopulmonary exercise
testing may be used to assess the response to therapy. If the
patient is unable to undergo maximal exercise testing, a sub-
maximal test such as the 6-minute walk test may provide an
estimate of peak functional capacity, and is better toler-
ated.27 Quality of life assessment, although commonly used
in clinical research protocols and for quality improvement
analyses, is not a standard of care in clinical practice.

Question
How would you manage this patient?

Despite the presence of significant mitral regurgitation,
there is no proven role for mitral valve repair or replacement
in the treatment of patients with dilated cardiomyopathy,
although there are surgical proponents of this approach.28

Appropriate initial medical therapy would be to increase
diuresis, which can be accomplished with higher doses of
furosemide. Without the assistance of a pulmonary artery
catheter or a reliable non-invasive tool to measure cardiac
filling pressures,29 clinical end points such as decreased dys-
pnea with stable renal function should be targeted. As previ-
ously noted, the long-term efficacy and safety of diuretics in
the treatment of heart failure remain unknown. Ibuprofen, a
non-steroidal anti-inflammatory agent that may contribute
to fluid retention in heart failure,30 should be discontinued.

Neurohormonal antagonist therapy should be maxi-
mized. The patient is taking a moderate dose of losartan, an
angiotensin receptor blocker (ARB), in place of an ACE
inhibitor, which was discontinued because of cough. Based
on available clinical trials data31 and according to consensus
guidelines,6 ACE inhibitors rather than ARBs continue to be
the agents of choice for blockade of the renin–angiotensin
system (RAS) in heart failure. Cough, although not uncom-
mon with ACE inhibitors, is not an absolute contraindica-
tion to ACE inhibitor therapy and requires discontinuation
of medication in less than 5% of patients.31 In addition,
cough may be due to the heart failure itself, rather than the
ACE inhibitor prescribed to treat heart failure. In the pres-
ent case it would be reasonable to rechallenge the patient
with an ACE inhibitor and titrate to a target dose (for exam-
ple, lisinopril 40 mg qd).9 Although there has been increas-
ing interest in the combined use of an ACE inhibitor and
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ARB for maximal RAS blockade, preliminary data from the
Val-HeFT study raises concerns about this approach in
patients who are also taking a � blocker.32 In this case, 
� blocker therapy should be initiated and titrated to target
doses (for example, carvedilol 25 mg bid, Toprol-XL 200 mg
qd) to achieve important survival benefits.10 Sinus bradycar-
dia and left bundle branch block are not contraindications to
� blocker therapy, but require close monitoring. If sympto-
matic bradycardia occurs, implantation of a permanent
pacemaker should be considered rather than discontinua-
tion of the � blocker.

Digoxin may be contributing to bradycardia in this case.
Although the serum digoxin level of 1·6 ng/ml is within the
normal range, the level may not correlate with symptoms or
electrocardiographic evidence of digoxin toxicity.33 During
� blocker titration it would be reasonable to decrease the
digoxin dose to 0·125 mg qd and maintain serum digoxin
levels in the low normal (0·5–1·0 ng/ml) range. However,
the role of monitoring digoxin levels in patients with
chronic heart failure remains controversial.

Follow up

The patient responds well to an increase in her furosemide
dose with improved exertional tolerance and resolution of
chest pain. Arrangements are made to initiate � blocker
therapy on an outpatient basis. On the evening prior to her
scheduled visit, she has a witnessed syncopal event without
prodromal symptoms while standing in the bathroom. An
ambulance is called and the emergency medical technicians
find her lying on the floor, awake but mildly confused, with
spontaneous respirations and pulse. Her blood pressure is
100/70 mmHg. A rhythm strip obtained on route to the
hospital reveals sinus tachycardia at a rate of 108 beats per
minute with occasional premature ventricular complexes
and a 3-beat run of non-sustained ventricular tachycardia. In
the emergency room she is alert and oriented, without focal
neurologic deficits, postural hypotension or evidence of gas-
trointestinal bleeding. She has no sustained arrhythmias on
telemetry.

Question
What would you do next?

The evaluation and management of syncope has been well
described34 and is beyond the scope of this chapter. Syncope
in patients with symptomatic LV dysfunction is particularly
concerning, as it may be caused by ventricular arrhythmias
and is associated with an increased risk of sudden death.
Among survivors of sustained ventricular tachycardia asso-
ciated with syncope and LV failure, the implantable car-
dioverter defibrillator (ICD) has been shown to improve
survival compared with antiarrhythmic drug therapy.35

Furthermore, in patients with coronary artery disease,
reduced ejection fraction and asymptomatic non-sustained
VT, the ability to induce ventricular tachycardia at the time
of electrophysiologic study is an indication for ICD place-
ment.36 Finally, Moss et al recently demonstrated that in
patients with a prior myocardial infarction and advanced LV
dysfunction, prophylactic implantation of a defibrillator
improves survival.37 However, the role of ICD therapy in
patients with syncope and heart failure due to non-ischemic
cardiomyopathy is less clear. Some would advocate place-
ment of an ICD in this patient based on observational data
showing improved outcomes compared with medical ther-
apy alone.38 Alternatively, evidenced-based cardiologists
will await the results of primary prevention trials of sudden
cardiac death in the broad population of patients with LV
dysfunction.39
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Question
What should be done now?

Comment

Three issues need to be reviewed with the patient: the
most likely cause of the atrial fibrillation; the desirability of
cardioversion, with restoration and maintenance of sinus
rhythm; and the rationale for lifelong anticoagulation therapy.

In this case, lacking any clinical features of coronary,
hypertensive, valvular or myopathic heart disease, the atrial
fibrillation is most likely to be due to electrical and, perhaps,
mechanical remodeling of the atria. Heterogeneous electri-
cal properties throughout the atria have evoked the trigger
to provoke atrial fibrillation and the substrate to sustain it.1,2

Moreover, the persistence of atrial fibrillation undermines
effective heart rate control, resulting in exertional dyspnea
and palpitations, and is associated with thrombus formation,
especially in the left atrial appendage.3 Consequently, there
is an increased risk of thromboembolic stroke, particularly
when atrial fibrillation converts back to sinus rhythm.

Careful appraisal of the patient’s story suggested that her
symptoms had been present for several days. Three options
for abrogating the atrial fibrillation were reviewed with her:
(1) anticoagulation and antiarrhythmic drug usage with
interim transthoracic echocardiography (TTE) to quantify
left ventricular systolic function, left atrial size, and search

for atrial thrombus; then, elective cardioversion in 
3–4 weeks, if drug therapy did not remit the atrial fibrilla-
tion; (2) 3–4 weeks of warfarin anticoagulation and interim
TTE, followed by elective cardioversion with an INR
2·0–3·0 to minimize the risk of thromboembolic stroke;4 (3)
anticoagulation with heparin, expedited hospitalization for
transesophageal echocardiography (TTE), and facilitated car-
dioversion, if there were no evidence of atrial thrombi. The
patient was assured that TEE would provide a clearer view
of the left atrial appendage than TTE;5 could quantify left
atrial appendicular inflow and outflow blood velocity,
enhancing clot identification and possibly improving stroke
risk estimate;6 and had been carefully documented in a ran-
domized clinical trial to be an effective and safe alternative
strategy for guiding cardioversion of atrial fibrillation, with
an embolic event risk 0·8% compared to conventional
3–4-week anticoagulation with TTE of 0·5%.7 Additionally,
TEE-guided cardioversion could reduce the rate of recurrent
atrial fibrillation during the year following restoration of
sinus rhythm.8 Because the electrical remodeling and
reverse remodeling processes that accompany atrial fibrilla-
tion and its correction occur over several days,9 other mech-
anisms, such as reverse mechanical or structural remodeling
of the atria, would be beneficially involved in the prevention
of atrial fibrillation by prompt cardioversion.1 The patient
understood that the longer atrial fibrillation persisted the
more difficult it would be to restore sinus rhythm and
prevent recurrence of this disorder, and opted for facilitated
cardioversion.
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Case 1 A 74 year old woman who had been followed with annual examinations requested an interim
office visit because of exertional shortness of breath and palpitations. Review of her medical
records confirmed the absence of asthma, diabetes or cardiovascular disease and the presence
of easy bruising when using aspirin on a regular basis. Recent blood pressures have been
150–160/70–80 mmHg and the possibility of drug treatment for systolic hypertension had been
discussed, but she opted for a healthy lifestyle, including recreational exercise three to four
times a week. On this occasion her BP was 156/72. The lungs were clear and there was no
ankle edema. Cardiac examination showed variable intensity S1, A2 � P2, No S3 and a 1/6
mitral systolic ejection murmur. Thyroid examination was normal and thyroid chemistries were
TSH 4·0, total T4 7·2 micrograms/dl, total T3 1·2 ng/ml. ECG confirmed atrial fibrillation with
a ventricular rate of 96/min, normal voltage and QRS interval, and a QRS axis of minus
45 degrees, signifying left anterior fascicular delay.



Follow up

The TEE showed normal LV wall thickness, size and func-
tion (LVEF 60%); the LA was normal in size (38 mm) and
contained no clot even in its appendage. That same morning
cardioversion was successfully accomplished with a 100 J
transthoracic countershock restoring sinus rhythm. The
patient was discharged on low molecular weight heparin for
several days, and anticoagulation with warfarin with an
intended INR of 2·0–3·0 was continued. The absence of dia-
betes, heart failure or prior thrombotic stroke or transient
ischemic attack suggested a low future risk for atrial fibrilla-
tion related stroke,10 as did the normal LV and LA parame-
ters on echocardiography.11 Because population-based
studies have showed the attributable risk of stroke for atrial
fibrillation to increase substantially in the eighth and ninth
decades,12 plans were made for long-term anticoagulation
and warfarin surveillance via an anticoagulation clinic. Low-
dose � blocker and angiotensin converting enzyme inhibitor
therapy was given to lower systolic pressure.13 Agents of
these two antihypertensive classes were also selected to
blunt adrenergically mediated triggers for atrial fibrillation1

and to suppress angiotensin II contributions to an arrhyth-
mogenic electrical dispersion substrate via regional
increases in L-type Ca currents (I Ca, L), regional decreases
in transient outward potassium currents (It0), and atrial
fibrosis and atrial myocyte hypertrophy.14,15
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Case 2 A 69 year old man had a history of chronic coronary heart disease. He had sustained two prior
myocardial infarctions which cumulatively had resulted in congestive heart failure. Persistent
exertional angina prompted cardiac catheterization, which identified three-vessel severe
(�70% luminal diameter narrowing) obstructive coronary artery disease and severe LV systolic
dysfunction (LVEF 30%). Three-vessel coronary bypass surgery was successfully completed, with
perioperative use of amiodarone to suppress atrial fibrillation (AF). Medical therapy with
angiotensin converting enzyme inhibitor, glycoside, diuretic, statin, aspirin and � blocker was
continued for chronic heart failure. During outpatient cardiac rehabilitation monitoring sinus
rhythm with rare atrial and ventricular premature beats was confirmed and no exertional angina
was observed. Exercise capacity improved. One year later the patient complained of exertional
fatigue. Repeat ECG showed AF with a ventricular rate of 90 at rest, left ventricular hypertrophy,
and old anteroseptal and inferior myocardial infarction patterns. On examination there was no
evidence of pulmonary congestion or peripheral edema and the BP was 116/70.



Question
What is the best course of action?

Comment

The principal hazard from atrial fibrillation would be
enhanced thromboembolic stroke risk. Warfarin anticoagu-
lation can reduce this risk by about two thirds;1 although it
has not been conclusively proved that restoration of sinus
rhythm will significantly reduce cardiovascular mortality,2 in
this case resumption of coordinated atrial contraction (atrial
transport and booster pump function) would enhance left
ventricular filling by �25%, fortifying left ventricular stroke
output via a Starling mechanism while tending to lower left
atrial pressure. Symptoms of exertional fatigue and short-
ness of breath would thereby be improved. Warfarin was ini-
tiated, and 3 weeks after attaining an INR of between 2·0
and 3·0 transthoracic electrical cardioversion using a
damped sign wave monophasic waveform was attempted.
Countershocks of up to 400 J were unsuccessful in restoring
sinus rhythm, however.

Question
What should be done now?

Further comment

The patient was informed that antiarrhythmic drug therapy
with amiodarone could reduce the heterogeneity of regional
atrial electrical properties seen in AF, and that it had been
successfully used to suppress AF at the time of his coronary
bypass surgery. He was also informed that clinical trial evi-
dence had indicated a significantly lower frequency of AF in
this setting (22·5% v 38·0%).3 Additional clinical data had
also showed the value of amiodarone in the conversion to
and maintenance of sinus rhythm in chronic heart failure
patients with AF.4 In the event that AF still persisted after
amiodarone therapy then transthoracic cardioversion could
again be attempted, this time using a rectilinear biphasic
waveform device. These devices have greater efficacy and
require less countershock energy in restoring sinus rhythm.5

They utilize impedance compensation, ensuring a constant
current delivery to depolarize the heart, and are especially
advantageous in patients with high impedance.6 The patient
concurred with these plans. Amiodarone therapy 400 mg
tid for 1 week, followed by 400 mg daily, was established.
Digoxin dosage was reduced from 0·125 mg daily to three
times a week to accommodate the amiodarone reduction in
digoxin excretion. Warfarin daily dosage was also modified
downward to allow for its interaction with amiodarone. The
INR was maintained between 2·0 and 3·0. With persisting

AF after 1 month of amiodarone therapy, electrical car-
dioversion was successfully accomplished using a biphasic
waveform device. Amiodarone was then reduced to 200 mg
daily and aspirin reduced to 81 mg daily as INR-adjusted
warfarin was continued.

Follow up

The patient was now taking seven drugs for his chronic heart
failure. The quartet of agents (ACE inhibitor, glycoside,
diuretic, � blocker) fortified the heart mechanically and miti-
gated excess adrenergic stimulation, thereby reducing trig-
gering mechanisms for atrial fibrillation. They also provided a
framework for interdicting the excess adrenergic stimulation
that accompanies chronic heart failure and which is deleteri-
ous to the progressive LV dilatation and hypertrophy that
accompanies this condition. The aspirin and warfarin were
deployed to minimize the likelihood of recurrent heart
attacks and both ischemic7 and thromboembolic stroke,8

associated with atrial fibrillation. The aspirin was also
deployed to reduce mortality risk.9 Amiodarone was utilized
to maintain sinus rhythm. Post hoc analysis of clinical
trial data provided an additional rational for combined
� blocker/amiodarone usage: significant reductions in sud-
den and non-sudden cardiac deaths.10 The complex drug
regimen was justified in this case as atrial fibrillation did not
recur, a crucial matter, as randomized clinical trial data have
indicated that AF is associated with increased mortality in
heart failure patients (CHF)11 and is an independent predic-
tor of mortality in CHF patients with implanted cardioverter
defibrillators.12 In the future more advanced dual channel
implantable defibrillators may allow additional strategies for
coping with AF in this seriously ill population.13
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Question:
What treatment, if any, should now be applied?

Comment

For this case, current available “best” evidence does not
define a single preferred therapeutic approach. This 60 year
old male presents with hypotensive VT in the setting of

stable atherosclerotic heart disease on the background of
a previous anterolateral wall myocardial infarction and a
left ventricular aneurysm. After ruling out a transient or
reversible cause for his VT and optimizing the therapy
of underlying structural heart disease, an electrophysiologic
study demonstrated the persistence of a substrate for VT
that was suppressed by intravenous procainamide.

Viable alternatives for the treatment of this man’s high
future risk of VT recurrence include (a) standard antiarrhyth-
mic drug therapy individualized by the Holter monitoring

925

72 Ventricular dysrhythmias:
pharmacologic v non-pharmacologic
treatment
L Brent Mitchell

Case scenario 1 At the age of 60 years, Mr D presents a therapeutic choice in the management of a patient who
has had ventricular tachycardia (VT). Two years previously he had experienced an acute antero-
lateral myocardial infarction but did not receive thrombolysis. When post-MI angina continued,
he underwent cardiac catheterization which demonstrated three vessel coronary artery disease
and compromised LV function. Accordingly, he underwent three vessel coronary artery bypass
surgery. Thereafter, Mr D was free of any potential cardiovascular symptoms until now, when he
presents to the Emergency Department after the sudden onset, while performing minor car
maintenance, of presyncope followed by diaphoresis and dyspnea. He is found to have VT at a
rate of 175 beats per minute with a right bundle branch “block” pattern, a left axis deviation
QRS morphology and 2 : 1 retrograde VA block (Figure 72.1). His systolic BP is 85 mmHg. Under
general anesthesia this rhythm is cardioverted with a 50 J QRS synchronous D/C shock to
another VT with a right bundle branch “block” configuration and right axis deviation QRS mor-
phology (Figure 72.2). A second 200 J QRS synchronous D/C shock restores normal sinus
rhythm. His initial postconversion evaluation reveals no transient or reversible causes of VT
(such as acute myocardial infarction, electrolyte disturbance or proarrhythmic drug effect).

On a treadmill exercise test Mr D exercises for 4 minutes, reaching stage II of the standard
Bruce protocol. The end point was dyspnea at a maximum heart rate of 153 beats per minute
(target heart rate � 136 beats per minute). The blood pressure response is flat. There is no evi-
dence of reversible myocardial ischemia or exercise-related arrhythmia. A 24 hour ambulatory
ECG shows sinus rhythm within the physiologic rate range and only rare isolated premature
ventricular beats (two on the 24 hour recording). A cardiac catheterization demonstrates patent
coronary bypass grafts and no new native coronary artery lesions. His left ventricular angiogram
reveals an anteroapical LV aneurysm.

A catheter electrophysiologic study shows normal sinus nodal, atrial, and AV nodal electro-
physiology. The HV interval is prolonged to 60 msec. Programmed ventricular stimulation
induces sustained VT (Figure 72.3) that matches the initial presenting VT and could be pace ter-
minated. The mechanism of the VT is not bundle branch re-entry. Intravenous procainamide is
administered (total dose 1 g). Thereafter, VT is no longer inducible.



approach; or (b) the electrophysiologic study approach; or
(c) empiric amiodarone therapy; or (d) implantation of a
tiered therapy implantable cardioverter defibrillator (ICD); 
or (e) surgical/transcatheter ablative therapy. In addition,
grade B evidence supports the concomitant use of ancillary 
� blocker therapy where possible.1

Mr D’s clinical circumstance is a frequent clinical sce-
nario, and such patients have been the most commonly
recruited subjects of clinical trials evaluating treatment for
life threatening VT. Nevertheless, there is still uncertainty as

to the most appropriate initial form of therapy. Randomized
clinical trials relative to the treatment of this patient popula-
tion include the Calgary study;2 ESVEM: Electrophysiologic
Study versus Electrocardiographic Monitoring Study;3

CASCADE: Cardiac Arrest in Seattle: Conventional versus
Amiodarone Drug Evaluation;4 the Antiarrhythmics versus
Implantable Defibrillator (AVID) trial;5 the Cardiac Arrest
Study Hamburg (CASH);6 and the Canadian Implantable
Defibrillator Study (CIDS).7 It should be noted that each of
these trials compares one therapy to another therapy. To
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Figure 72.2 Ventricular tachycardia with right bundle branch “block” configuration and right axis deviation QRS morphology after
low energy cardioversion
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Figure 72.1 Presenting ventricular tachycardia of right bundle branch “block” pattern with left axis deviation QRS morphology and
2:1 retrograde VA block
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date, ethical considerations have precluded comparisons of
one form of therapy to no therapy.

Both the Calgary study and the ESVEM trial compared the
long-term outcome of patients treated with standard anti-
arrhythmic drug therapy selected by the Holter monitoring
approach to that selected by the electrophysiologic study
approach. In a small population of drug naive patients with
inducible VT, the Calgary study reported superiority of 
therapy selected by the electrophysiologic study approach.
Furthermore, such therapy was associated with low VT recur-
rence and sudden death probabilities in the Calgary trial. In
contrast, in a larger population of drug resistant patients
with either inducible VT or VF, the ESVEM trial reported
equivalence of therapy selected by either of the approaches.
Furthermore, such therapy was associated with a high VT/VF
recurrence rate in the ESVEM trial. Mr D’s clinical situation
was most comparable to the patients in the Calgary trial who
had arrhythmia substrates for which the electrophysiologic
study performs best (inducible VT in the setting of stable 
atherosclerotic heart disease). Furthermore, Mr D did not
have sufficient spontaneous ventricular arrhythmia on his
Holter monitor to provide an index to guide the Holter moni-
toring approach. Accordingly, Mr D had standard antiarrhyth-
mic drug therapy – procainamide in this case – selected by
the electrophysiologic study approach.

Empiric amiodarone therapy was considered. The most
impressive data supporting the use of empiric amiodarone in

a patient such as Mr D emerges not from randomized clinical
trials but rather from descriptions of excellent long-term out-
comes of patients who had failed other therapy and then
received empiric amiodarone. Some would argue that 
CASCADE demonstrated the superiority of empiric amio-
darone over standard antiarrhythmic drug therapy in this set-
ting. However, we must recall that CASCADE included only
patients with out-of-hospital VF cardiac arrests. Furthermore,
in CASCADE, empiric amiodarone appeared superior to
antiarrhythmic therapy selected by either the electrophysio-
logic study approach or the Holter monitoring approach
(rather than the better of these two approaches). Finally,
many of the patients in the standard antiarrhythmic therapy
limb of CASCADE received therapy that was predicted to be
(and presumably was) ineffective. Nevertheless, this report
and the concerns regarding the inefficacy of standard anti-
arrhythmic therapy in the ESVEM trial have allowed
empiric amiodarone to emerge as the “gold standard” phar-
macologic therapy to which ICD therapy is being compared
in ongoing trials. Accordingly, this therapeutic choice would
also have been appropriate.

Electrosurgery/transcatheter ablation therapy was con-
sidered. Ablative therapies have had their greatest success in
patients with atherosclerotic heart disease and previous
myocardial infarction. This is particularly true if another
indication exists for open heart surgery, such as a need for
a coronary revascularization procedure. Nevertheless, this
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Figure 72.3 Ventricular tachycardia of right bundle branch “block” configuration and right axis deviation QRS morphology induced
by program stimulation
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approach exposes the patient to an important surgical mor-
tality and may not be appropriate for patients with a single
episode of VT who do not need coronary revascularization
and have other therapeutic alternatives. Of course, had the
electrophysiologic study demonstrated a VT that required
the participation of the right bundle branch (bundle branch
re-entry), then ablation of the right bundle branch would
have been a preferred form of therapy.

The use of an implantable automatic cardioverter defibril-
lator (ICD) was considered. Once reserved for patients with
VT/VF resistant to other therapy, the long-term results of
ICD therapy have been impressive. Furthermore, the Data
and Safety Monitoring Board of the AVID trial recently rec-
ommended that the study be terminated after slightly more
than 1000 patients had been enrolled as a statistically signifi-
cant advantage had emerged relative to all-cause mortality in
favour of the ICD over antiarrhythmic drug therapy, consist-
ing of empiric amiodarone for the vast majority of patients
with a few having received sotalol, that was predicted to be
effective by either the electrophysiologic study approach or
the Holter monitoring approach. However, preliminary cost-
ing analysis has suggested that the ICD may not be an 
economically competitive strategy, with a cost per year of 
life saved of approximately $130 000. Nevertheless, patients
such as Mr D frequently receive an ICD. Of note, the results
of the Multicenter Automatic Defibrillator Implantation Trial
(MADIT),8 which suggested the superiority of ICD therapy
over “conventional” therapy, are not relevant to patients
such as Mr D. All the patients enrolled in MADIT had
demonstrated drug-resistant VT by virtue of continued VT
induction after the administration of IV procainamide.

Outcome

Mr D had therapy initiated with oral procainamide. On
Procan-SR 1000 mg q 6 hours, his procainamide level
was 26 �mol/l (therapeutic range 17–43 �mol/l) and his

NAPA level was 19�mol/l. A drug assessment electrophysio-
logic study was performed and no VT/VF was inducible. In
follow up, Mr D’s procainamide dosage has been altered to
maintain the procainamide/NAPA levels that were predicted
to be effective, requiring dosages as high as 1250mg q 6 hours
and as low as 750mg q 6 hours. He has now been receiving
this therapy for 6 years without arrhythmia recurrence.
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Case scenario 2 Miss M presents a therapeutic choice in the management of a propensity to ventricular tachycar-
dia (VT) at the age of 17 years. When Miss M was 3 years old her father died suddenly during
sleep at the age of 28 years. The father’s autopsy documented the presence of a right ventricular
cardiomyopathy. When Miss M was 13 years of age her sister died suddenly during sleep at the
age of 18 years. The sister’s autopsy documented the presence of a right ventricular cardiomyo-
pathy. Understandably, Miss M’s mother became alarmed and Miss M was referred for her initial
evaluation. That evaluation included clinical examination, a 2D echocardiographic examination, 
a biventricular radionuclide angiogram, a Holter monitoring examination, and a treadmill exercise
test. All were entirely normal. Over the next three years, annual clinical examinations, Holter
monitoring examinations, and echocardiographic examinations remained normal. However, her
annual evaluation at the age of 17 years included a Holter examination showing frequent ventric-
ular premature beats (14 VPB/hour) that were complex to the level of four beat salvos of consecu-
tive ventricular beats. Accordingly, a search for evidence of right ventricular structural heart
disease and for a propensity to ventricular tachyarrhythmia was undertaken.



Question:
What treatment, if any, should now be applied?

Comment

Although this high-risk state is rare, there is persuasive evi-
dence in the literature that should help guide therapy. The
studies performed in this 17 year old female indicate both
structural right ventricular disease and a propensity to VT
with a QRS morphology consistent with a right ventricular
“origin”. One must conclude that Miss M has developed the
same arrhythmogenic right ventricular dysplasia (ARVD)
that had affected her father and her sister. The natural his-
tory of this disorder as defined by her father and her sister
strongly suggests that Miss M is at high risk of sudden
death. In this setting, Miss M’s viable therapeutic alterna-
tives include individualized antiarrhythmic drug therapy
selected by (a) the Holter monitoring approach or (b) the elec-
trophysiologic study approach; or (c) empiric amiodarone; or
(d) electrosurgery/transcatheter ablation; or (e) placement of
an implantable automatic cardioverter defibrillator (ICD).

Miss M’s clinical circumstance is unusual and has not
been the subject of specific randomized clinical trials. The
closest patient population studied to date is that of the
Multicenter Automatic Defibrillator Implantation Trial
(MADIT),1 which suggested that early use of an ICD was
superior to “conventional” therapy. However, the study pop-
ulation of MADIT (patients with remote myocardial infarc-
tion, compromised left ventricular function, and inducible
sustained VT/VF that could not be suppressed by intra-
venous procainamide) was unrelated to that of Miss M.
Accordingly, a therapeutic decision was made without 
definitive clinical trial data.

Individualized antiarrhythmic drug therapy was consid-
ered. Both approaches to individualized antiarrhythmic
drug therapy have been validated in patient populations
dominated by atherosclerotic heart disease. Furthermore,
such therapy is more prone to failure when the underlying
structural heart disease is cardiomyopathic rather than

atherosclerotic. Nevertheless, the factor that most recom-
mended an alternative approach was that if a spontaneous
episode of VT/VF subsequently occurred, it would be
impossible to distinguish between a failure of drug therapy
to prevent an episode of VT/VF that was inevitable and a
proarrhythmic drug response that precipitated an episode of
VT/VF that was not otherwise going to occur.

Empiric � blocker therapy was considered. Steinbeck et al 2

have published evidence suggesting that empiric � blocking
therapy is as effective as antiarrythmic drug therapy selected
by the electrophysiologic approach for the prevention of
VT/VF. Careful scrutiny of their results shows that empiric 
� blocking therapy is actually more effective than is standard
drug therapy predicted to be ineffective by the electrophysiol-
ogic study approach, but is less effective than is a standard
drug therapy predicted to be effective by the electrophysiol-
ogic study approach. Nevertheless grade B evidence supports
the concomitant use of ancillary � blocking therapy where
possible.3

Empiric amiodarone was considered. Empiric amiodarone
has prophylactic efficacy in patient populations at high risk
of VT/VF who have not yet experienced a spontaneous
VT/VF episode. Such trials include that of Grupo de Estudio
de la Sobrevida en la Insuficiencia Cardiaca en Argentina
(GESICA),4 CHF-STAT,5 the Canadian Amiodarone Myo-
cardial Infarction Arrhythmia Trial (CAMIAT),6 and the
European Myocardial Infarct Amiodarone Trial (EMIAT).7

Furthermore, GESICA and CHF-STAT suggested that empiric
amiodarone is particularly effective when the underlying
structural heart disease is cardiomyopathic rather than athero-
sclerotic. Finally, the proarrhythmic potential of amiodarone
is very low (approximately 1%), rendering the probability of
a future need to distinguish drug failure from proarrhythmia
vanishingly small. Nevertheless, the factor that most recom-
mended an alternative approach was the expected adverse
effect profile of amiodarone in one so young who might
require therapy for more than 50 years.

Electrosurgery/transcatheter ablation therapy was con-
sidered. Ablative therapies have had their greatest success in
patients with atherosclerotic heart disease and previous
myocardial infarction.8 The probability of long-term success
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An echocardiographic examination shows questionable right ventricular enlargement. A biven-
tricular radionuclide angiogram shows normal right and left ventricular size and function at rest
but the right ventricle becomes mildly and diffusely hypokinetic with supine bicycle exercise.
Cardiac catheterization is performed and the right ventricular angiogram demonstrates two dys-
kinetic right ventricular segments. A treadmill exercise test precipitates a ventricular triplet.
Finally, a transvenous catheter electrophysiologic study is performed. Triple ventricular extra stim-
uli applied during right ventricular pacing at a rate of 150bpm initiates a polymorphic VT that
then stabilizes into sustained monomorphic VT at a rate of 230bpm. The monomorphic VT has a
left bundle branch “block” configuration and normal frontal plane QRS axis morphology.



is compromised in patients with a cardiomyopathy, especially
when the natural history of that cardiomyopathy is progres-
sion with new lesion formation. Although a right ventricular
disconnection electrosurgical procedure has been developed
for the treatment of patients with arrhythmogenic right ven-
tricular dysplasia, the long-term consequences of right ven-
tricular failure are frequently devastating. Nevertheless, the
factor that most recommended an alternative approach was
consideration of the surgical risk in a person who has not yet
had a spontaneous episode of VT/VF.

These considerations favored the implantation of an ICD.
ICD therapy provides excellent protection from sudden
death in patients whose structural heart disease is athero-
sclerotic or cardiomyopathic.9 Furthermore, the proarrhyth-
mia potential of an ICD is low, thereby reducing concern as
to a future need to distinguish between therapeutic failure
and therapy-related proarrhythmia. Finally, the availability
of single lead transvenous ICD conformations allows the
therapy to be instituted with a low-risk surgical procedure.

Outcome

Miss M had her ICD implanted when she was 17 years of
age. The procedure was uncomplicated and her conva-
lescence was unremarkable. Three years later, her ICD
reached end of battery life indicators. During these years she
did not have a spontaneous episode of VT/VF and had
received no therapies from her device. A new ICD impulse
generator was implanted when Miss M was 20 years of age.
One year later, 4 years after her initial presentation, Miss M
was playing baseball (at bat) when she suddenly felt marked
presyncope followed by a shock from her ICD. She then felt
well and completed her turn at bat. Subsequent interroga-
tion of her ICD showed that the pre-event rhythm was sinus
tachycardia at 162 beats per minute that gave way to a ven-
tricular tachycardia at 300 beats per minute. These rhythm
assessments were augmented by the availability of ICD

stored intracardiac electrograms. She is presently undergo-
ing genetic counseling relative to her desire to conceive a
child – evidence of a satisfactory quality of life.
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Question
Should this patient have had a DDD type pacemaker
inserted from the start?

Comment

With established symptoms of syncope in the presence of
documented complete heart block there is little doubt about
the need for pacemaker implant for this patient. Rather, one
seeks evidence to support the choice of the optimum pace-
maker mode. The treatment of symptomatic acquired com-
plete heart block by cardiac pacing became established
practice in the 1960s. Following the introduction of perma-
nent cardiac pacing – initially VOO followed by VVI (see
Chapter 42 for description of pacemakers) – published expe-
rience clearly documented that patients with complete
heart block and syncope had an improved survival.1–3

Although one might have felt intuitively that “physio-
logic” pacing was indicated from the start in this patient, a
recent trial that randomized patients to receive either VVI
(R) or physiologic pacing failed to show the benefit expected
from dual chamber pacing, this despite the observations
from several older studies that demonstrated a benefit of
atrial synchrony over VVI pacing4–7 in evaluating cardiac
output, exercise capacity, and feeling of wellbeing.
However, the increase in cardiac output with exercise is
mostly achieved by an increase in heart rate rather than by
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73 Bradyarrhythmias: choice of
pacemaker
John A Boone

Case scenario 1 A 66 year old man had a VVIR pacemaker implanted because of syncope owing to complete
heart block. He was previously well except for one documented and, possibly, a second undoc-
umented episode of atrial fibrillation. An ECG taken prior to pacemaker insertion showed sinus
bradycardia. When he presented with transient complete heart block it was believed he would
do well with VVIR pacing. However, he now presents with a form of “pacemaker syndrome”
characterized by a combination of fatigue and the presence of cannon A waves from intermit-
tent VA conduction (Figure 73.1). Furthermore, episodes of paroxysmal atrial fibrillation
became more frequent and, interestingly, he was less symptomatic when in atrial fibrillation,
presumably due to the absence of cannon waves. He was anticoagulated with warfarin. As he
was in sinus rhythm more often than in atrial fibrillation, and as he was symptomatic with asyn-
chronous pacing, the VVIR pacemaker was removed and his pacing was “upgraded” to DDDR
pacing (Figure 73.2).
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Figure 73.1 VVI pacing with ventricular dissociation (arrows)
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Figure 73.2 Pacing following implantation of DDDR 
pacemaker



AV synchrony.8–10 It was on this basis, namely, to enable
adequate tracking of the patient’s physical activity, that
VVIR pacing was originally chosen in this patient.

However, factors other than exercise capacity may deter-
mine suitability of a particular pacing mode, as exemplified
by this patient, wherein VVI pacing caused a form of pace-
maker syndrome – that is, a clinical state wherein stroke
volume is reduced by virtue of asynchrony between atrial
transport function and ventricular systole. The incidence 
of pacemaker syndrome in VVI pacing is not known but 
estimates vary from 0·1% to 5%.11,12

Other benefits attributed to DDD pacing include preven-
tion of atrial fibrillation, prevention of embolic stroke and
other systemic emboli as well as protection from congestive
heart failure and early mortality. The data suggesting these
benefits are mostly from studies that are retrospective and
non-randomized.13,14 However, when these data are used to
calculate annual event rates, there is a two thirds risk reduc-
tion for atrial fibrillation and a one third reduction for death
in patients who have received DDD pacing. One prospec-
tive randomized trial that compared atrial to ventricular 
pacing found significantly less atrial fibrillation and thrombo-
emboli in the atrial-paced patients compared with those
receiving ventricular pacing, but there was no significant 
difference in congestive heart failure or mortality. Future
prospective randomized trials may or may not confirm these
findings.
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Case scenario 2 A 30 year old woman complains of sudden shortness of breath and exhaustion occurring during
moderate to severe exertion. She is fine at the beginning of exercise, but if she continues she
feels as if she had “hit a brick wall”. She is a member of a womens softball team and the 
example she gives is when she hits what she believes to be a home-run she would run past first
base without difficulty, but beyond that she would suddenly be incapable of running and would
barely make it to second base. On one occasion she lost consciousness during exertion. Her
history otherwise is unremarkable and clinical examination is completely normal. The ECG
shows sinus rhythm with a first degree AV block and a PR interval of 0·38 seconds. An echo-
cardiogram is normal. An exercise stress test is performed according to the Bruce protocol.
Upon completion of Stage III her heart rate reaches 166 beats per minute with a PR interval of
0·34 seconds (Figure 73.3). The P waves are superimposed on the terminal portion of the QRS. 
At this point she experiences sudden exhaustion and the test is terminated.



Question
What advice would you now give her?

Comment

In this rather unusual circumstance, a search for evidence
from clinical trials to guide therapy would be better served
by reliance on clinical judgment and a sound knowledge of
electromechanical physiology. This woman’s symptoms
were the result of an almost fixed first degree AV block, such
that with exercise atrial contraction would frequently occur
against closed AV valves during the period of ventricular
contraction. The consequence of this is that the atria
“empty” in a retrograde fashion during atrial systole (pro-
ducing the equivalent of “cannon waves”) resulting in
severely reduced filling volumes. The result is a reduced
stroke volume and a fall in cardiac output during heart rate
acceleration.

This patient received implantation of a DDD pacemaker
with a good clinical result. The device was programmed to 
a nominal AV delay of 200 msec, thus permitting normal

ventricular filling. A repeat exercise test demonstrated 
ventricular pacing “tracking” sinus rhythm with a more
physiologic PR interval (Figure 73.4).

The original published ACC/AHA Task Force guidelines
for the implantation of cardiac pacemakers in 1991 state
that there is no evidence to support pacemaker implantation
in patients with isolated first degree AV block, and thus
assign this condition to a class III recommendation – that is,
there is general agreement that pacemakers are not neces-
sary. The revised guidelines, however,1 acknowledge the
usefulness of pacemaker implantation for patients with
symptomatic first degree AV block. This wise decision is
largely based on physiologic need substantiated by the com-
parison of atrioventricular versus ventricular pacemaker
activity on cardiac function as well as the relative low preva-
lence of these types of cases in the population. This physi-
cally active patient clearly benefitted from the pacemaker.
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I At onset of exercise aVR V1

V1

V1At 9 min of exercise aVRI 

At 6 min of exercise aVRI

Figure 73.3 Exercise ECG prior to pacemaker implant.
Arrows indicate P waves. Note the almost fixed first degree
block such that, at the peak of exercise, atria and ventricles
depolarize spontaneously

II

aVR
aVR

aVR

V5
V5

V5

At onset of exercise At 6 min of exercise At 9 min of exercise

II II

Figure 73.4 Exercise ECG after DDD pacemaker implant.
Arrows indicate P waves. Note the DDD pacemaker mode
maintains a physiologic AV interval
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Question
Was the initial management of this man appropriate, and
what is the appropriate management now?

Comment

This case presents two major issues calling for evidence 
to support the correct timing of surgical intervention for aor-
tic stenosis: (a) the asymptomatic patient with severe aortic
stenosis; and (b) the symptomatic patient with severe aortic
stenosis but with a reduced transvalvular gradient, presum-
ably due to impaired left ventricular function.

The incidence of sudden death is increased in patients
with severe aortic stenosis. Fortunately, this rarely occurs
without premonitory symptoms, and in the elderly in partic-
ular the risk of sudden death in an asymptomatic patient 

is less than the risk of valve replacement. Thus, following
careful clinical and echocardiographic assessment, asympto-
matic elderly patients with severe aortic stenosis can be
managed conservatively with regular but close outpatient
review at least every 6 months.1 However, any genuine
deterioration in exercise capacity must be declared and fol-
lowed by early surgical assessment.2

Aortic valve replacement should always be considered in
symptomatic patients, as their mortality rates with medical
management are 50% at 3 years and 90% at 10 years.3,4

Survival curves have shown that the interval from onset of
symptoms to death is approximately 2 years in patients with
heart failure, 3 years in patients with syncope, and 5 years
in patients with angina.5,6 Despite the increased incidence
of sudden death, the principal cause of death is progressive
heart failure.

In the absence of a myocardial infarct or atrial fibrillation,
the concomitant development of severe heart failure with 

74 Valvular heart disease: timing of
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Case 1 A 74 year old man is referred to the cardiology clinic with a 3 month history of worsening
breathlessness. Three years earlier he was referred for cardiology review after a systolic murmur
had been detected at a routine medical examination. At that time he was asymptomatic, despite
an active lifestyle and a Doppler echocardiogram that had shown evidence of a calcified aortic
valve with a peak Doppler instantaneous gradient of 70 mmHg (mean gradient 40 mmHg), left
ventricular hypertrophy and dynamic left ventricular systolic function. In the absence of symp-
toms he was advised to avoid sudden or strenuous exercise and of the need for endocarditis
prophylaxis. A 6 month follow-up appointment was arranged for clinical assessment and repeat
Doppler echocardiography. Subsequently he defaulted from all medical follow up. He now pres-
ents with severe exertional dyspnea, orthopnea and paroxysmal nocturnal dyspnea. He has no
risk factors for coronary artery disease and there is no history of exertional chest pain or pre-
syncope. Examination reveals a slow upstroke carotid pulse, blood pressure of 115/75, ele-
vated venous pressure, sustained left ventricular impulse, soft aortic closure sound and an
ejection systolic murmur. Examination of the lungs reveals a right-sided pleural effusion and
bibasal crepitations.

An ECG shows sinus rhythm with voltage criteria of severe left ventricular hypertrophy and a
left ventricular strain pattern (Figure 74.1). Doppler echocardiography demonstrates a hyper-
trophied, dilated left ventricle with severe global impairment of systolic function, and an ejec-
tion fraction estimated at 0·20. There is evidence of moderate mitral regurgitation. The aortic
valve is heavily calcified with restricted opening and a Doppler peak gradient of 40 mmHg
(mean gradient 32 mmHg). The continuity equation measures the aortic valve area at 0·5 cm2.
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a fall in the Doppler peak instantaneous gradient (from 
70 mmHg to 40 mmHg) indicates critical aortic stenosis in
this patient. Although left ventricular function is poor, valve
replacement surgery is the treatment of choice, the alterna-
tive of balloon valvoplasty being only a temporary remedy.7

Poor preoperative left ventricular function should never be a
contraindication to valve replacement surgery, although
those in congestive cardiac failure face an increased periop-
erative risk,8 as do those with coronary artery disease.9

However, the majority of surviving patients will experience
functional improvement and a reduction in their NYHA clas-
sification.9 Mitral insufficiency secondary to dilation of the
left ventricle is common in patients with “end-stage” aortic
stenosis. Following successful valve replacement, the degree
of mitral regurgitation can be expected to improve and
mitral valve surgery is rarely necessary unless the mitral
valve is structurally abnormal or the mitral regurgitation is
severe.

When 2D echocardiography shows a heavily calcified aor-
tic valve with restricted opening and impaired left ventricu-
lar function, peak instantaneous gradients of less than 
50 mmHg should be regarded as indicating significant stenosis
until proved otherwise. Applying the continuity equation 
to measure the aortic valve area is recommended,10,11 and

cardiac catheterization need only be performed when coro-
nary arteriography is necessary12 and in those few patients
in whom doubt remains despite careful echocardiographic
assessment.
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Figure 74.1 Case 1. A 12-lead ECG showing sinus rhythm with voltage criteria of severe left ventricular hypertrophy and a left 
ventricular strain pattern
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Case 2 A 32 year old man with no previous medical history presents with severe exertional breathless-
ness and some orthopnea. Examination reveals a collapsing pulse, a blood pressure in the right
arm of 120/45 mmHg, a volume overloaded and laterally displaced apex, an early diastolic mur-
mur and a third heart sound. Femoral pulses and distal lower limb pulses are barely palpable.

Transthoracic echocardiography demonstrates a dilated left ventricle (LVEDD 7·9 cm, LVESD
5·9 cm) with severe global impairment of systolic function and an ejection fraction estimated at
less than 0·2. The aortic valve is lightly calcified, bicuspid, and there is a broad jet of severe aor-
tic reflux. Doppler interrogation of the descending aorta confirms coarctation with an esti-
mated gradient of 30 mmHg. Magnetic resonance imaging (Figure 74.2) confirms a normal
ascending aorta, coarctation in the upper descending aorta distal to the left subclavian artery,
and some enlargement of the left internal mammary artery.

Question
What are the pharmacological and surgical management
options for this man?

Comment

Here is a therapeutic challenge where one must strengthen
what little external evidence exists with a combination of
clinical judgment, experience, and a sound knowledge of car-
diovascular pathophysiology. There are two issues to address:
the aortic valve disease and the coarctation of the aorta.

A bicuspid aortic valve is commonly associated with
coarctation of the aorta. When the valvular disease is signif-
icant, aortic stenosis is more common than aortic insuffi-
ciency, although a combination may occur. Coarctation
results in a high vascular resistance and, when present, the
combination of coarctation and dominant aortic regurgita-
tion results in both a large volume and pressure load on the
left ventricle.

The insidious onset of severe aortic insufficiency may be
well tolerated for many years. In asymptomatic patients
with isolated aortic insufficiency, vasodilation using nifedip-
ine has been shown to lengthen the period before valve
replacement is necessary.1 In a patient with coarctation 
of the aorta, the elevated fixed afterload is unlikely to
respond to vasodilator treatment and distal perfusion could

be compromised. Treatment with nifedipine is also best
avoided in patients with impaired left ventricular function.

When patients with aortic insufficiency do develop symp-
toms this is usually a reflection of left ventricular dysfunc-
tion and valve replacement is advised.2 When left
ventricular dysfunction is mild and prompt surgery is per-
formed, the benefits are maximal. However, if surgery is
delayed until symptoms or left ventricular dysfunction are
established, the prognostic and symptomatic benefits of sur-
gery can be limited.2 Therefore, evidence of significant left
ventricular dilation (end-systolic dimension �5·5 cm)3,4 or 
a reduction in the resting left ventricular ejection fraction5 is
usually considered sufficient reason to recommend valve
replacement, even in the absence of symptoms.

In this patient, recovery of left ventricular function follow-
ing valve surgery is likely to be limited if the coarctation is
significantly obstructive. Doppler assessment of the severity
of the coarctation is complicated by the valvar and myocar-
dial dysfunction, but a gradient of 30 mmHg suggests signifi-
cant but not critical obstruction. In adults, severe aortic
coarctation is usually accompanied by increased collateral
flow through enlarged branches of subclavian arteries. The
presence of an enlarged internal mammary artery in this
patient also suggests that the coarctation is likely to be hemo-
dynamically significant. The risk of paraplegia during surgical
repair of aortic coarctation is low, but this is enhanced when
clamping of the left subclavian artery is necessary. As the
coarctation does not involve the left subclavian artery in this



If expertise is available, balloon dilation of the coarctation
is an alternative, but in the absence of this expertise initial
surgical repair of the coarctation is probably the initial 
management of choice,6 although no well conducted com-
parative studies are available. Reducing afterload in this
way, together with the introduction of an ACE inhibitor, is
likely to reduce the degree of aortic regurgitation and
improve left ventricular function. Subsequent aortic valve
replacement could then be performed at a reduced risk. If,
after successful coarctation surgery, the left ventricle
remains severely compromised, cardiac transplantation
could be considered.

References

1.Scognamigilo R, Rahimitoola SH, Fasoli G, Nistri S, Dalla Volta
S. Nifedipine in asymptomatic patients with severe aortic regur-
gitation and normal left ventricular function. N Engl J Med
1994;331:689–94.

2.Bonow RO, Rosing DR, Kent KM, Epstein SE. Timing of opera-
tion for aortic regurgitation. Am J Cardiol 1982;50:325–36.

3.Stone PH, Clark RD, Goldschlager N, Selzer A, Cohn K.
Determinants of prognosis of patients with aortic regurgitation
who undergo aortic valve replacement. J Am Coll Cardiol
1984;3:1118–26.

4.Henry WL, Bonow RO, Borer JS et al. Observations on the opti-
mum time for operative intervention for aortic regurgitation: 1.
Evaluation of the results of aortic valve replacement in sympto-
matic patients. Circulation 1980;61:471–83.

5.Bonow RO. Radionuclide angiography in the management 
of asymptomatic aortic regurgitation. Circulation 1991;
84(Suppl I):296–302.

6.Cohen M, Fuster V, Steele PM, Driscoll D, McGoon DC.
Coarctation of the aorta. Long-term follow-up and prediction of
outcome after surgical correction. Circulation 1989; 80:840–5.

Valvular heart disease: timing of surgery

937

patient, the risk of coarctation surgery is determined mainly
by his left ventricular impairment.

Combined surgery attempting to replace the aortic valve
and repair the coarctation could be considered as a single
procedure. In practice, surgery could not be performed eas-
ily through the same incision (left thoracotomy for the upper
descending aorta and median sternotomy for the aortic
valve) and a protracted procedure could have a detrimental
effect on the already compromised left ventricle.

Figure 74.2 Case 2. Sagittal T1-weighted magnetic reso-
nance image of the descending aorta. There is a concentric
narrowing of the upper descending aorta which does not
involve the left subclavian artery.
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see MIRACL trial
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artery bypass grafting (CABG); coronary
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coronary angioplasty (PTCA)

AMI 444–455
indications 339
peripheral vascular disease 881–882
recommendations for stable angina 355

myocarditis 681–698
Chagas’ disease 721–722
clinical presentation 687
Dallas criteria 687
definition 681
drug induced 681, 683
epidemiology/natural history 685–687
giant cell 691–9, 692
hypersensitivity 681, 683
idiopathic dilated cardiomyopathy v 690
immunopathogenesis 681–684
murine models 690–691, 693
peripartum cardiomyopathy 686
prognosis 688
systemic disease associated 681, 683
toxic 683
treatment 690–694, 697–698
viral 681–684

Myocarditis Treatment Trial 684, 685, 691
myocardium

hibernating 329, 330, 490
rupture, � blockers and 479

myocytes, cardiac, familial hypertrophic 
cardiomyopathy pathogenesis 292

myosin
idiopathic dilated cardiomyopathy 684–685
mutations

atrial fibrillation 521
dilated cardiomyopathy 292
hypertrophic cardiomyopathy 291, 296

myosin binding protein-C mutations 703, 709
familial hypertrophic cardiomyopathy 291

myotomy-myectomy, septal (SMM) 711–712

NADPH oxidase, CYBA gene action 295–296
nadroparin, in acute coronary syndromes 414
naloxone 477
NASCET trial 846
NASPE prospective catheter ablation registry 572
National Cholesterol Education Panel (NCEP)

130, 302
National Cholesterol Education Program (NCEP),

Adult Treatment Panel, metabolic 
syndrome 236

National Health and Nutrition Examination
Survey (NHANES) 222
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786, 787, 801

National High Blood Pressure Education Program
147, 149

National Institute of Neurologic Disease and
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Enoxaparin (NICE) 367

National Library of Medicine (NLM) 40–43
National Registry of Myocardial Infarction-2

479–480
National Registry of Myocardial Infarction-3 248
National Tobacco Control Program (NCTP) 110
native North Americans see Aboriginal populations
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� blocker effects 669
LV dysfunction prognosis and 652

neurological studies, in syncope 627–628
neurologic disorders, syncope 624–625
New England Journal of Medicine 44
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LV dysfunction prognosis and 652
mitral valve surgery and 764

NICE (National Investigators Collaborating on
Enoxaparin) 367
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acute coronary syndromes 408
AMI 484
as anti-ischemic drug 335
unstable angina 408

nicotine
addiction 115

assessment 118, 119
replacement therapy 116, 119

adverse effects 117
cost-effectiveness 303
safety 117, 119

nicotinic acid (niacin) 134–135, 135
adverse reactions 134
clinical use 134–135
combined therapy 138
dosage 134
mechanism of action 134
results 134
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acute coronary syndromes 407–408
AMI 331, 482
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effort angina 331, 332
heart failure 663
postinfarction angina 333
pregnancy 860
safety concerns 331
threatened MI 333
unstable angina 331, 332–333

nifurtimox 724, 725
NINDS trial 842
nitrates see also isosorbide dinitrate; 
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ACE inhibitor interaction 482
acute coronary syndromes 407
AMI 478, 481–482
effort angina 332
heart failure 662–663
peripartum cardiomyopathy treatment 687
postinfarction left ventricular dysfunction 489
postinfarction patients 509
unstable angina 332–333

nitroglycerin
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AMI 477, 481–482
heart failure 662–663
unstable angina 332–333

nitroprusside
AMI 481–482
heart failure 662

nitrous oxide, inhaled 477
non-steroidal anti-inflammatory drugs (NSAIDs)
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Dressler’s syndrome 496
mechanism of action 410

myocarditis 691
pericarditis 736

after MI 495
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see acute coronary syndrome (ACS);
myocardial infarction (MI)
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� blocker effects 669
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therapeutic use 666–667
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602–603
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diabetes and obesity 234–235
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cardiovascular disease association 311–313

see also diet 
epidemiological transition 92–93
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obesity 231–243
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Arabs 267
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pharmacotherapy 239
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237
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resynchronization therapy 605
Oregon, tobacco control interventions 110–112
Oregon Tobacco Prevention and Education

Program 111–112
organ transplant patients, lipid lowering therapy

138–139
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mechanism of action 239
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anti-ischemic drugs 329–330
cost-effectiveness analysis 52–53
decision analysis 57, 59

categories 73
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psychosocial variables 182
PTCA and CABG studies 344–345
quality of care studies 73, 78–79
studies see outcome studies 
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hierarchical statistical modeling 80–81
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process-outcome relationships 78–81
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overviews, systematic see systematic overviews
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pathogenesis atherosclerosis 219

oxygen therapy, in AMI 477–478

p22phox protein 295, 296
PAC-A-TACH trial 599, 600
Pacemaker Atrial Tachycardia (PAC-A-TACH)

Trial 599, 600
pacemakers 587–618

bradyarrhythmias 587–618, 629
cardiac 587–618
Chagas’ disease 729
choice, case studies 931–933
conventional indications 588, 594–598
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goals 587
hypertrophic cardiomyopathy 591, 602–603,

712
mode selection trials 597–600
neurally mediated syncope 591, 601, 628–629
new indications 600–611

Pacemaker Selection in the Elderly (PASE) trial
597–598, 599

pacemaker syndrome 596
without a pacemaker 594

pacing
dual chamber 673
heart failure 672–673

Pacing Therapy in Congestive Heart Failure
(PATH-CHF) trials 605, 606

paclitaxel, coronary restenosis prevention 381
PACMAN, cardiac resynchronization therapy

606
PAFAC study 521, 529
PAFIT-3 trial 522
PAFT trial 527
pain relief see analgesics
Palmaz-Schatz stent 376
palpitations, supraventricular tachycardia 567
PAMI trial 445
pancreatitis, postmenopausal hormone therapy

255
panel methods 75
papillary muscle, rupture, postinfarction 494
Papworth HRT and Survival Enquiry (PHASE) 247
PARAGON, mortality 401
PARAGON-A study, acute coronary syndromes

403
Parkinson’s disease, syncope 621
paroxysmal supraventricular tachycardia (PSVT)

527, 568
partial left ventriculectomy 727–728
PASE trial 597–598, 599
passive diffusion, clinical practice changes 81
PATAF 551
patent ductus arteriosus (PDA), pregnancy 853
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patient-centred medicine

evidence-based medicine v 889
limitations 890

patient communication 8
patient compliance 177–178
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ACE inhibitors 581
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pedigree, inheritance of cardiac disease 289
penicillin

acute rheumatic fever 754
infective endocarditis 824
rheumatic fever prophylaxis 754
streptococcal pharyngitis 752–753

PENTALYSE study 466, 468
pentasaccharide 466, 468

acute coronary syndromes 414
pentoxiphylline 879, 880
“penumbra,” ischemic stroke 842
percutaneous coronary intervention (PCI) see

also percutaneous transluminal coronary
angioplasty (PTCA)

adjunctive therapy 360–370
in AMI

cost effectiveness 450–451

facilitated 450
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restenosis after see coronary restenosis 
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occlusion (PLAATO) 564
percutaneous metal mitral commissurotomy 800
percutaneous transluminal angioplasty (PTA)

peripheral arterial disease 882–883
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(PTCA) 882–883 see also coronary angio-
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intervention (PCI)

acute complications 360
acute coronary syndromes 416–418
adjunctive therapy 360–370
adverse effects 348–349
angina after, calcium antagonists 334
appropriateness of use 76–77
CABG v 75, 355

case studies 892–895
current recommendations 355, 389
database studies 353–354
multivessel disease 346, 348–350
single vessel disease 346
theoretic aspects 344–345

chronic complications 361–362
chronic coronary artery disease 339–359
coronary stenting v 344
direct (in AMI) 444–455
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cost-effectiveness 450–451
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recommendations 452
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economic aspects 49–50
high-risk patients 344–345
indications 339
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mechanisms of action 373, 383
medical therapy v 343–344, 355
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phase I restenosis prevention 375
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prevention of restenosis after PTCA 344
primary (in AMI), recommendations 438
restenosis after see coronary restenosis 
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diagnosis 737, 741
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diagnosis 740–742
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diagnosis 735
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primary 735–736
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constrictive 738–740
diagnosis 738–740
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postinfarction 495
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diagnosis 741, 742, 744–745
effusive 746
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stroke prevention 843–844

Perindopril Protection Against Recurrent Stroke
Study (PROGRESS) see PROGRESS trial

peripartum cardiomyopathy (PPCM) 686–687,
856

familial 686
mortality 686
subsequent pregnancies 686
treatment 686–687
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epidemiology 877
hyperlipidemia 125, 879
investigations 878
lipid lowering therapy 140–141
long term outcome 877
management case studies 912–914
preoperative cardiac evaluation 881
surgical treatment see vascular surgery 
suspected coronary disease with 912–914
thrombolysis 883

personality, CHD risk and 183–189
Pharmacological Intervention in Atrial Fibrillation

trial (PIAF) 533
pharyngitis, group A streptococcal (GAS)

751–752, 753
PHASE (Papworth HRT and Survival Enquiry)

247
“phenotypic plasticity,” growth and CHD 

development 282
phosphodiesterase inhibitors 667
phosphorylcholine, coronary stent coating 381
photodynamic therapy, coronary restenosis 

prevention 383
physical activity see exercise
physical examination 14

usefulness 17–21
physicians see also clinical practice

smoking cessation advice 115, 116, 118, 119,
308

Physicians’ Health Study (PHS) 221
homocysteinemia 224

phytochemicals, cardiovascular disease 
relationship 315

PIAF trial 533
pimobendan 668
piretanide 660–661
PLAC study 64
plasmin 427
plasminogen activation factor (PAI-1), in South

Asians 265–266
plasminogen activators 427 see also reteplase

(rPA); tenecteplase (TNK-tPA); tissue-type
plasminogen activator (tPA, alteplase)

recombinant tissue (rt-PA), in ischemic stroke
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432
platelet activating factor 362, 406
platelet-derived growth factor (PDGF) 377
platelets see also antiplatelet therapy

activation 377
adhesion 362, 406, 409
aggregation 362, 406, 409

coronary restenosis 376–378
antiaggregatory strategies 362–368, 409
IIb/IIIa receptor inhibitors see glycoprotein

(GP) IIb/IIIa receptor inhibitors 
thrombus formation 361–362, 405–406, 463

pneumatic compression devices 870
Poland 261
policosanol 138
polymerase chain reaction (PCR)

myocarditis 981
tuberculosis diagnosis 741–742

polyunsaturated fatty acids (PUFAs)
biologic effects 312
cardiovascular disease and 312–313
n-3 312, 317, 319, 507

sudden cardiac death prevention 580
n-6 312, 319
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percutaneous transluminal angioplasty

882–883
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lipid lowering therapy 127–128
prevention 98–99
tobacco control 108–112, 116

population growth 95
Portuguese Salt Trial 316
positron emission tomography (PET), 

hypertrophic cardiomyopathy 706–707
Post-Coronary Artery Bypass Graft (CABG) trial

cost analysis 302
elderly 139
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postinfarction

postmenopausal hormone therapy 244–258
adverse effects 250–252, 255
angioplasty 248
cardiovascular disease and 244–245
cerebrovascular disease and 252–254

clinical trials 252–254
observational studies 252
primary prevention 252–253
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coronary artery bypass grafting 248
long-term use 255
postinfarction patients 511
treatment recommendations 255
unstable angina 249–250
venous thromboembolism 254

clinical trials 254
observational studies 254

post-test probability 26–27
post-test referral bias 27
postural tachycardia syndromes (POTS) 628

syncope 621
potassium

intake, hypertension and cardiovascular 
disease 316

supplementation 149–150
potassium channel, mutation in long QT 

syndrome 290
potassium channel blockers

arrhythmias due to 569
supraventricular tachycardia 568

PPP study 220

PRAISE studies 334, 695
PRAISE I study 663
PRAISE II study 663

idiopathic dilated cardiomyopathy 695
pravastatin 131

acute coronary syndromes 418
as anti-ischemic drug 335
cost-effectiveness 63–64, 141–142, 302–303
decision analysis 61
diabetic patients 140
efficacy 132
pleiotropic effects 132
postinfarction period 511
toxicity 133
women 140

Pravastatin Inflammation CRP Evaluation
(PRINCE) 132, 226

prazosin, in heart failure 663
prednisolone

idiopathic dilated cardiomyopathy 695
pericardial effusion treatment 742–744

pre-eclampsia 856, 857
management 860
mutation associated and spironolactone effect
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pregnancy 856

antepartum management 859–860
antiarrhythmics 859–860
anticoagulants 860, 861
antihypertensive drugs 860
aortic stenosis 853–854
arrhythmia management 859–860
atrial fibrillation 855–856
balloon valvuloplasty 792, 802
blood pressure 853, 856
cardiac surgery 858–859
cardiovascular physiology 853
congenital heart disease 853–855
coronary artery disease 857
cyanotic heart disease 854–855
Eisenmenger syndrome 855, 860, 861
heart disease and 853–867

management 857–861
risk stratification and counseling 857–859

high-risk units 860
hypertensive disorders 854, 856–857

gestational 856, 860
management 860
pre-existing 856
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left-to-right shunts 853
left ventricular outflow tract obstruction

853–854
Marfan syndrome 855
maternal functional status in risk stratification

858
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mitral valve prolapse 855
multidisciplinary approach 860
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nutrition, effect on birthweight and later CHD

284
palliative surgery (for heart disease) 858–859
pulmonary embolism, diagnosis 869
pulmonary hypertension 853
pulmonary stenosis 854
pulmonary vascular obstructive disease 855
rheumatic heart disease 855–856
transposition of great arteries 854, 855
venous thrombosis 865

diagnosis 867
PRESTO trial 379

pretest probability 24, 26–27, 55
prevention, CHD 219–230 see also
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Arabs 268
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combined strategies 98–99
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restenosis 
cost-effectiveness 300–308
emerging approaches 219–230
ethnic variations 273
Europeans 261–262
high risk approach 98
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hypertension 149–150
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paradox 98
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population approach 98–99
primordial 98–99
psychosocial factor modification 206, 212
South Asians 267
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Outcome (PRESTO) 379

PREVENT study 331–332
Primary Prevention Project (PPP) study 220
PRIME-II study 667
PRINCE 226
PR interval, prolonged 594
PRISM, mortality 401
PRISM-PLUS 412–413

acute coronary syndromes 417
mortality 401
TIMI risk scores 404

proarrhythmias, antiarrhythmic drug-induced
540–541, 569

probability
decision analysis 57, 59
post-test 26–27
pretest 24, 26–27, 55

proband 289
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coronary restenosis prevention 362
hyperlipidemia 222

Probucol Quantitative Regression Swedish 
Trial (PQRST) 222

procainamide, in atrial fibrillation 525
paroxysmal 525, 526
persistent 531
post-cardiac surgery 535–536
post-operative 538

process of care 73
procoagulant state, after fibrinolytic therapy

456–457
PROFILE trial 663–664
progestins, CHD and 252, 253
prognosis, MEDLINE search strategies 42
PROGRESS trial 152, 843

hypertension as risk factor 647
MI prevention 223

projected smoking-related losses 107
PROMISE trial 667
propafenone 528
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paroxysmal 522, 569
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post-cardiac surgery 535, 538
prevention 527
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sudden death survivors 581
supraventricular tachycardia 568
ventricular arrhythmias, sustained 578

Propafenone Atrial Fibrillation Trial (PAFT) 527
Propafenone in Atrial Fibrillation Italian Trial

(PAFIT-3) 522
propensity scores, outcome studies 80
propranolol

acute coronary syndromes 407–408
atrial fibrillation 534

post-operative 536
heart failure 669
threatened MI 333

Prospective Pravastatin Pooling (PPP) Project,
pleiotropic effects 132

Prospective Randomized Amlopidine Survival
Evaluation (PRAISE) trial see PRAISE stud-
ies

prostacyclin
aspirin effects 410–411
heart failure 664
peripheral vascular disease 880
synthesis 362
thromboangitis obliterans 884

prostacyclin analogs, coronary restenosis 
prevention 378

prosthetic valves 811–814 see also bioprosthetic
valves; mechanical prosthetic valves

choice 811–812, 814
effective orifice area (EFA) 812, 813
infective endocarditis 817–818
performance index (PI) 812
regurgitation 812, 813
young women 764

protein, glycation 164
protein C deficiency 864, 871
protein S deficiency 864, 871
proteinuria, gestational hypertension with 856
proteoglycans, in coronary restenosis 380
prothrombinase complex, in thrombus formation

463
proto-oncogenes, smooth muscle cell proliferation

380
protozoal infections, causing myocarditis 682
prourokinase (scuPA) 427, 428
PROVED trial 660
PROVE trial 558
P-selectin, in coronary restenosis 377, 379
pseudoaneurysm 493

postinfarction 493
Pseudomonas cepacia, infective endocarditis 823
PSVT trial 527
psychiatric disorders, syncope 624–625
psychological well-being, cardiac rehabilitation

and 174
psychosocial complications, myocardial infarction

499
psychosocial factors 181–218

as CHD risk factors 181
causal association 181–182
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evidence for effect on CHD 181–218
mechanisms of effect on CHD 182, 183
modification to prevent CHD 206, 212
studies 182

bias 213
design 182
size effects 182, 212–213
summaries 213

systematic review method 182
psychosocial interventions, postinfarction 499
PTCA see percutaneous transluminal coronary

angioplasty

“publication bias” 37
Puerto Rican-Americans see Hispanics
pulmonary angiography 867, 869
pulmonary artery pressure, measurement, 

postinfarction 488
pulmonary congestion

mitral regurgitation 758–759, 759–760
mitral stenosis 763

pulmonary edema, in heart failure 660
pulmonary embolism (PE) 865

Chagas’ heart disease 721
diagnosis 867–868

algorithms 869
clinical suspicion 868
pregnancy 869

differential diagnosis 865, 869
estrogen replacement therapy and 254
prophylaxis 865, 869
risk factors 865
syncope 623
treatment 869
women 244, 345

pulmonary hypertension
mitral stenosis 763, 764
pregnancy 853

pulmonary stenosis, pregnancy 854
pulmonary valve, allograft 813–814
pulmonary vascular obstructive disease, 

pregnancy 855
pulmonary vein triggers, AV ablation

562–563
pulseless electrical activity (PEA), cardiac arrest

634
pulses
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peripheral vascular disease 879

pulsus paradoxus 738
PURSUIT trial 412–413

acute coronary syndromes 417
risk scores 403

mortality 401

Q fever 823
quality-adjusted life years (QALYs) 52–53
quality-adjusted survival 57
quality of care

outcome studies 78–81, 79
process studies 73–78

quality of life, in cost-effectiveness analysis
52–53

quinapril, in heart failure 666
quinidine

atrial fibrillation 525
paroxysmal 526, 528
persistent 530, 531, 532
post-cardiac surgery 536

decision analysis 61, 65
pregnancy 859
supraventricular tachycardia 568

RACE 556
race see ethnic groups
RACE study 533–534
RADIANCE trial 660
radiation

coronary restenosis prevention 382
inducing constrictive pericarditis 738

radiofrequency (RF) ablation
cost-effectiveness 54
supraventricular tachycardias 629
ventricular tachycardia 629

radionuclide angiography
exercise, incremental value 30
hypertrophic cardiomyopathy 706–707

radiotherapy, external beam, coronary restenosis
prevention 382

RAFT trial 527
RALES trial 580, 661

heart failure 661–662
idiopathic dilated cardiomyopathy 696
postinfarction patients 517

raloxifene 251
ramipril see also AIRE study

cost effectiveness 305–306
diabetes mellitus 167
heart failure 664, 665, 666
MI prevention 223
postinfarction patients 510

with left ventricular dysfunction 490
stroke prevention 843
sudden cardiac death prevention 580

RAND group 75, 77–78
Randomized Aldactone Evaluation Study (RALES)

see RALES trial
randomized controlled clinical trials (RCTs) 5,

7–8, 34–39, 71–72, 889
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false negative results 36
large scale 37–38
limitations 889–890
minimizing bias 34–37

data-dependent emphasis 35–36
intention to treat analysis 35
moderate 34–37
proper randomization 34–35
see also bias 
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observational studies v 38
random errors and 889
subgroup analysis, inappropriate 36
uncertainty principle 37–38
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for the Treatment of Congestive Heart fail-
ure (REMATCH) 672

Randomized Evaluation of Strategies for Left
Ventricular Dysfunction (RESOLVD) study,
diabetic patients 648

Randomized Intervention Treatment of Angina
(RITA) see RITA trials

ranolazine, as anti-ischemic drug 335
rapamycin, restenosis therapy 361
rapamycin-coated coronary stents 382
rapeseed oil 319
RAPID 2 study 434
RAte Control versus Electrical cardioversion

(RACE) 533–534
RAVEL study 361
reagudization, Chagas’ disease 726
receiver operating characteristic (ROC) curves

28–29
recombinant tissue plasminogen activator (rt-PA),

ischemic stroke 842
recommendations, gradings 2, 90, 328, 396,

518, 576, 642, 734, 750, 838, 888
Reducing Tobacco Use 111–112
Reduction of Endpoints in NIDDM with the

Angiotensin II Antagonist Losartan
(RENAAL) Study 152

referral bias, post-test 27
regression dilution bias 122
rehabilitation

alternative delivery approaches 178–179
cardiac 172, 508
cost-effectiveness 304–305
exercise training 171–175
patient compliance 177–178
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RENAAL Study 152
renin activity, plasma (PRA) 649–650, 652
renin-angiotensin system 222–223

drugs affecting see angiotensin converting
enzyme (ACE) inhibitors; angiotensin 
II receptor antagonists 

heart failure 660, 664–666
ventricular remodeling and 651

reperfusion damage 483–484
reperfusion therapy, postinfarction 490–491

strategies 444–455
reports, integrative 71
resistance-training 171, 173–174
RESOLVD trial 666, 669

diabetic patients 648
RESOLVE trial 379
resources

cardiovascular care 46, 47
“law of diminishing returns” 47

rest see also bedrest
pain, in limb ischemia 880

restenosis see coronary restenosis
RESTORE study 366, 379
resuscitation, cardiopulmonary see 

cardiopulmonary resuscitation
resynchronization therapy, in heart failure 673
reteplase (rPA) 427, 428

adjunctive therapies, trials 435
combination trials 470–471
comparative trials 433, 434, 462, 469–470
efficacy 444
ICH risk 432
regimen selection 438

rethrombosis 463
retrograde non-transseptal technique 800–801
revascularization, myocardial see myocardial
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