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Preface

Evidence-based medicine is defined variably, however fundamen-
tal to its practice, it is the systematic appraisal of available evidence
and the formulation of therapeutic plans, which take into account
this evidence. Evidence-based medicine is flexible and uses “best
practice” evidence as broadly as possible to answer clinically rele-
vant questions.

Evidence-based Hematology focuses on clinical questions within
all domains of hematology. The questions are designed to address
clinical problems seen in day-to-day practice. We have systemati-
cally reviewed the literature available as it applies to each of these
questions and have made recommendations that reflect this evi-
dence. We hope that this text will assist readers in understanding
how to formulate and answer their own clinical questions using
the best available evidence.

Although most texts such as this are inevitably delayed in their
production and, as a result, the evidence presented may be already
out of date, we have made every effort to update the material,
making Evidence-based Hematology a timely addition to the liter-
ature. We hope that readers will use the techniques employed in
this text (formulation of a clinically relevant question, systematic
literature review, and grading of evidence) to update their knowl-
edge in specific content areas using their own personal continuous
learning techniques. Our hope is that you will find this text useful
in your day-to-day clinical practice. Additionally, we hope that it
spurs your interest in evidence-based hematology, thus assisting
you in providing the best possible care to your patients.

Mark A. Crowther
Hamilton, Ontario, April 1, 2008

Companion Website

A companion site for this book is available at the following URL:
www.blackwellpublishing.com/medicine/bmj/hematology

The site includes the following:

« web-only tables (Tables 22.5 and 22.6, Appendix 22.1)

- updates section

+ more about the Wiley—Blackwell evidence-based

products.
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Rating the Quality of Evidence and Making

Recommendations

A Guide to the Spectrum of Clinical Research

Holger J. Schinemann, Martin Stanulla, Jan L. Brozek, Gordon G. Guyatt

Introduction

Clinicians require clinical expertise to integrate a patient’s cir-
cumstances and values with the best-available evidence to initiate
decision making in health care (1). Using “best evidence” implies
that a hierarchy of evidence exists and that clinicians are more
confident about decisions based on evidence that offers greater
protection against bias and random error.

Protection against bias and greater confidence in decisions re-
sult from high-quality research evidence. We can consider quality
of evidence a continuum that reflects the confidence in estimates
of the magnitude of effect of alternative patient management in-
terventions on the outcomes of interest. However, gradations of
this continuum are useful for communication with practicing clin-
icians, providing useful summaries of what is known because spe-
cific clinical questions aid interpretation of clinical research (see
chapter 4).

Aiding interpretation becomes increasingly important consid-
ering that much of clinicians’ practice is guided by recommen-
dations from experts summarized in clinical practice guidelines
and textbooks such as this new book Evidence-based Hematology.
To integrate reccommendations with their own clinical judgment,
clinicians need to understand the basis for the clinical recommen-
dations that experts offer them. A systematic approach to grad-
ing the quality of evidence and the resulting recommendations for
clinicians represent an important step in providing evidence-based
recommendations.

In this chapter, we will describe the key features of the “quality of
evidence” and how we asked the authors of individual chapters to
evaluate the available evidence and formulate their recommenda-
tions using a pragmatic approach that falls short of the full develop-
mentofevidence-based guidelines. Most authors used an approach
based on the work of the Grading of Recommendations Assess-
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ment, Development, and Evaluation Working Group (GRADE)
(2-5). Over 20 international organizations, including the World
Health Organization, the American College of Physicians, the
American College of Chest Physicians, the American Thoracic
Society, the European Respiratory Society, UpToDate®, and the
Cochrane Collaboration, are now using the GRADE system.

Question formulation and recommendations in
this book

We asked chapter authors to ask clinical questions that are particu-
larly relevant to hematology practice using the framework of iden-
tifying the patient population(s), the interventions examined (or
exposure), alternative interventions (comparison), and the out-
comes of interest (see chapter 4). We then asked them to identify
relevant studies related to these questions or sets of questions.

For instance, McRae and Eikelboom asked whether throm-
bolytic therapy compared with anticoagulant therapy has favor-
able effects on death, recurrent venous thrombosis, incidence on
post-thrombotic syndrome, thrombus lysis, and major bleeding
in patients with deep vein thrombosis (see chapter 11).

We also asked the authors to base the answers to their questions
on evaluations of the scientific literature, in particular focusing on
recent, methodologically rigorous systematic reviews of random-
ized controlled trials (RCTs). If authors did not identify a recent
and rigorous systematic review, they were asked to search for RCTs
and summarize the findings of these studies to answer their clinical
questions. Observational studies were included only if RCTs did
not answer the specific question (or did not provide information
on a particular outcome). Thus, the search studies we suggested
focused on relevant systematic reviews or meta-analyses (a pooled
statistical summary of relevant studies) followed by searches for
randomized trials and observational studies if systematic reviews
did not exist or did not include sufficient information to answer
the posed questions. For example, Imrie and Cheung (chapter
42) searched for systematic reviews and randomized trials in the
Cochrane Library (2006, Issue 3) and Medline (1966—August 2006,
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Table 1.1 Grading recommendations.

Grade of recommendation*

Balance of desirable versus
undesirable effects

Methodologic quality of supporting evidence

Strong recommendation
High-quality evidence
1A

Strong recommendation
Moderate-quality evidence
1B

Strong recommendation
Low or very low quality evidence
1C

Weak recommendation
High-quality evidence
2A

Weak recommendation
Moderate-quality evidence
2B

Weak recommendation
Low or very low quality evidence

Desirable effects clearly outweigh
undesirable effects or vice versa

Desirable effects clearly outweigh
undesirable effects or vice versa

Desirable effects clearly outweigh
undesirable effects, or vice versa

Desirable effects closely balanced with
undesirable effects

Desirable effects closely balanced with
undesirable effects

Desirable effects closely balanced with
undesirable effects

Consistent evidence from randomized controlled trials without important limitations or

exceptionally strong evidence from observational studies.

Evidence from randomized controlled trials with important limitations (inconsistent
results, methodologic flaws, indirect or imprecise), or very strong evidence from
observational studies.

Evidence for at least one critical outcome from observational studies, case series, or from

randomized controlled trials with serious flaws or indirect evidence.

Consistent evidence from randomized controlled trials without important limitations or

exceptionally strong evidence from observational studies.

Evidence from randomized controlled trials with important limitations (inconsistent
results, methodologic flaws, indirect or imprecise), or very strong evidence from
observational studies.

Evidence for at least one critical outcome from observational studies, case series, or from

randomized controlled trials with serious flaws or indirect evidence.

2C

*GRADE (Grading of Recommendations Assessment, Development, and Evaluation Working Group) system suggests the use of the wording “we recommend" for strong (Grade
1) recommendations and “we suggest” for weak (Grade 2) recommendations. This grading system is based on the work on the GRADE Working Group. The categories of low
and very low quality that GRADE includes in its four category system are collapsed here into a single category, resulting in three categories of quality of evidence.

week 2) on treatment for lymphoma. They identified an outdated
systematic review and six RCTs to answer the questions whether
patients with limited stage follicular lymphoma should receive sys-
temic therapy in combination with local radiotherapy to improve
disease-free survival. They based their answer, in the format of a
clinical recommendation, on a summary of the evidence from the
six RCTs.

Evaluating the quality of evidence and
making recommendations

Many authors applied the GRADE system for evaluating the qual-
ity of evidence and for presenting their recommendations. This
approach begins with an initial assessment of the quality of evi-
dence, followed by judgments about the direction (for or against)
and strength of recommendations. Since clinicians are most in-
terested in the best course of action, the GRADE system usually
presents the strength of the recommendation first as strong (Grade
1) or weak (Grade 2), followed by the quality of the evidence as
high (A), moderate (B), low (C), and very low (D). Authors of this
book adopted a version of the grading system that combines the
low and very low categories, because for many questions in hema-
tology evidence from RCTs is available. Furthermore, we asked au-
thors to phrase recommendations the way that would express their

strength. For strong (Grade 1) recommendations, many authors
chose the words: “We recommend. .. (for or against a particular
course of action).” For weak (Grade 2) recommendations, they
used the words: “We suggest ... (using or not using)” what they
believed to be an optimal management approach. They then in-
dicated the methodological quality of the supporting evidence la-
beling them as A (high quality), B (moderate quality), or C (low
or very low quality). Thus, recommendations can fall into the fol-
lowing six categories: 1A, 1B, 1C, 2A, 2B, and 2C (Table 1.1).

Strength of the recommendation

In determining the strength of recommendations, the GRADE sys-
tem focuses on the degree of confidence in the balance between
desirable effects of an intervention on the one hand and undesir-
able effects on the other (Table 1.1). Desirable effects or benefits
include favorable health outcomes, decreased burden of treatment,
and decreased resource use (usually measured as costs). Undesir-
able effects, or downsides, include rare major adverse events, com-
mon minor side effects, greater burden of treatment, and more
resource consumption. We define burdens as the demands of ad-
hering to a recommendation that patients or caregivers (e.g., fam-
ily) may dislike, such as taking medication, need for inconvenient
laboratory monitoring, or physician visits. If desirable effects of
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Table 1.2 Determinants of strength of recommendation.

Factors that influence the

strength of a

recommendation

Comment

Balance between desirable
and undesirable effects

Quality of the evidence

Values and preferences

Costs (resource allocation)

A strong recommendation is more likely as the difference between
the desirable and undesirable consequences becomes larger. A weak
recommendation is more likely as the net benefit becomes smaller
and the certainty around that net benefit decreases.

A strong recommendation becomes more likely with higher quality of
evidence.

A strong recommendation is more likely as the variability of or
uncertainty about patient values and preferences decreases. A weak
recommendation is more likely as the variability or uncertainty about
patient values and preferences increases.

A weak recommendation is more likely as the incremental costs of an
intervention (more resources consumed) increase.

an intervention outweigh undesirable effects, we recommend that
clinicians offer the intervention to typical patients. How close is
the balance between desirable and undesirable effects and the un-
certainty associated with that balance will determine the strength
of recommendations.

Table 1.2 describes the factors GRADE relies on to determine
the strength of recommendation.

When chapter authors were confident that the desirable effects
of adherence to a recommendation outweighed the undesirable
effects or vice versa, they offered a strong recommendation. Such
confidence usually requires evidence of high or moderate quality
that provides precise estimates of both benefits and downsides,
and their clear balance in favor of, or against, one of the manage-
ment options. The authors offered a weak recommendation when
low-quality evidence resulted in appreciable uncertainty about the
magnitude of benefits or downsides, or the benefits and downsides
were finely balanced. We will describe the factors influencing the
quality of evidence in subsequent sections of this chapter. Other
reasons for not being confident in the balance between desirable
and undesirable effects include: (1) imprecise estimates of benefits
or harms, (2) uncertainty or variation in how different individu-
als value particular outcomes and thus their preferences regard-
ing management alternatives, (3) small benefits, or (4) situations
when benefits may not be worth the costs (including the costs of
implementing the recommendation). Although the balance be-
tween desirable and undesirable effects, and thus the strength of
a recommendation, is a continuum, the GRADE system classifies
recommendations for or against an intervention into two cate-
gories: strong or weak. Categorizing recommendations as “strong”
or “weak” is inevitably arbitrary. The GRADE Working Group be-
lieves that the simplicity and behavioral implications of this explicit
grading outweigh the disadvantages.

For instance, the choice of adjusted-dose warfarin versus as-
pirin for prevention of stroke in patients with atrial fibrillation

exemplifies a number of the factors that influence the strength of
arecommendation. A systematic review with meta-analysis found
a relative risk reduction (RRR) of 46% in all strokes with war-
farin versus aspirin (6). This large effect supports a strong rec-
ommendation for warfarin. Furthermore, the fairly narrow 95%
confidence interval around this estimate (29% to 57%) suggests
that warfarin provides an RRR of at least 29% that further sup-
ports strong recommendation. At the same time, warfarin is as-
sociated with burdens that include keeping dietary intake of vita-
min K constant, monitoring the intensity of anticoagulation with
blood tests, and living with the increased risk of bleeding. Most
patients, however, are much more stroke averse than they are bleed-
ing averse (7). As a result, most patients with high risk of stroke
would choose warfarin, suggesting the appropriateness of a strong
recommendation.

A patient’s baseline risk of the adverse outcome (also called
control risk or control event rate) that an intervention is expected
to prevent can be animportantissue. Consider another 65-year-old
patient with atrial fibrillation and no other risk factors for stroke.
This individual’s risk for stroke in the next year is approximately
2%. Dose-adjusted warfarin can, relative to aspirin, reduce the risk
to approximately 1%. Some stroke-averse patients may consider
the downsides of taking warfarin well worth it. Others are likely to
consider the benefit not worth the risks and inconvenience. When
fully informed patients are likely to make different choices across
the range of their values and preferences, guideline panels should
offer weak (Grade 2) recommendations.

While the ideal approach for clinicians is to elicit preferences
and values from their patients and to recommend obtaining val-
ues and preference estimates from population-based studies, such
studies are rarely available. When value or preference judgments
are crucial for interpreting recommendations, some chapter au-
thors have made statements about the key values underlying their
recommendations.
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Table 1.3 Implications of strong and weak recommendations.

Implications Strong recommendation

Weak recommendation

For patients
course of action and only a small proportion would not. Formal

decision aids are not likely to be needed to help individuals make

decisions consistent with their values and preferences.

For clinicians
recommendation according to the guideline could be used as a
quality criterion or performance indicator.

For policy makers

Most individuals in this situation would want the recommended

Most individuals should receive the intervention. Adherence to this

The recommendation can be adapted as policy in most situations

The majority of individuals in this situation would want the suggested course of
action, but many would not.

Recognize that different choices will be appropriate for different patients and
that you must help each patient arrive at a management decision consistent
with her or his values and preferences. Decision aids can help individuals
making decisions consistent with their values and preferences.

Policy making will require substantial debates and involvement of many
stakeholders

For instance, McRae and Eikelboom suggested that clinicians
not use thrombolytic therapy routinely in patients with deep ve-
nous thrombosis (DVT) (Grade 2B) because this recommendation
ascribes a high value to the increased risk of bleeding with throm-
bolytic therapy.

As benefits and risks become more finely balanced or more
uncertain, decisions to administer an effective therapy also be-
come more cost sensitive. We have not asked authors to ex-
plicitly include cost in the recommendations, but cost will bear
on the implementation of many recommendations in clinical
practice (8).

Interpreting strong and weak recommendations

Table 1.3 shows suggestions for interpreting strong and weak
recommendations. For decisions in which benefits far outweigh
downsides or downsides far outweigh benefits, almost all patients
will make the same choice, and guideline developers can offer a
strong recommendation.

For instance, consistent results from high-quality randomized
trials suggest that aspirin reduces the relative risk of death af-
ter myocardial infarction by approximately 25%. Depending on
age and factors such as the presence of heart failure, typical pa-
tients with acute myocardial infarction face risks of death in the
first 30 days of between 2% and 40% (9). One can therefore ex-
pect a 0.5% absolute reduction in risk (from 2% to 1.5%) in the
lowest-risk patients and a 10% reduction (from 40% to 30%) in the
highest-risk ones. Aspirin has minimal side effects and is very inex-
pensive. Because, even in the lowest-risk subgroups, the desirable
effects clearly outweigh the undesirable effects, the administration
of aspirin is strongly endorsed and widely used. Using letters and
numbers to express the quality of the evidence and strength of
recommendations (Table 1.1), both low- and high-risk patients
would fall within the category of a strong recommendation based
on high-quality evidence or Grade 1A (“1” because the desirable
effects clearly outweigh the undesirable ones, and “A” because the

evidence comes from high-quality, randomized trials that yielded
consistent results).

Therefore, for typical patients, strong recommendations pro-
vide a mandate for the clinician to explain the intervention along
with a suggestion that the patient will benefit from its use. Further
elaboration will seldom be necessary. However, when clinicians
face weak recommendations, they should consider the benefits,
harms, and burden to the patient more carefully and ensure that
the decision is consistent with the patient’s values and preferences.
These situations arise when appreciable numbers of patients would
make different choices because of variability in values and prefer-
ences.

Consider a 40-year-old man who has suffered anidiopathic DVT
followed by treatment with adjusted-dose warfarin for one year to
prevent recurrent DVT and pulmonary embolism. Continuing on
standard-intensity warfarin beyond this period will reduce his ab-
solute risk for recurrent DVT by more than 7% per year for several
years (10). The burdens of treatment include taking a warfarin pill
daily, keeping dietary intake of vitamin K constant, monitoring the
intensity of anticoagulation with blood tests, and living with the
increased risk of bleeding. Patients who are very averse to a recur-
rent DVT would consider the benefits of avoiding DVT worth the
downsides of taking warfarin. Other patients are likely to consider
the benefit not worth the potential harms and burden.

Individualization of clinical decision making in the context of
weak recommendations remains a challenge. Although clinicians
should always consider patients’ preferences and values, when they
face weak recommendations, they should consider more detailed
conversations with patients than for strong recommendations to
ensure that the ultimate decision is consistent with the patient’s
values. A decision aid that presents patients with both benefits
and downsides of therapy is likely to improve knowledge, decrease
decision-making conflict, and support a decision most consistent
with patients’ values and preferences (11). Clinicians cannot use
decision aids in all patients because of time constraints and the
limited availability of decisions aids. For strong recommendations,
the use of decision aids is inefficient.



Table 1.4 Categories of quality of evidence.

Underlying methodology* Quality rating

RCT and observational studies with very large effects high
Downgraded RCTs or upgraded observational studies moderate
Observational studies with control groups & RCTs and low

with major limitations

*RCT, randomized controlled trial.

Other ways of interpreting strong and weak recommendations
relate to performance or quality indicators. Strong recommenda-
tions are candidate performance indicators. For weak recommen-
dations, performance could be measured by monitoring whether
clinicians have discussed recommended actions with patients or
their surrogates or carefully documented the evaluation of benefits
and downsides in the patient’s chart.

How methodologic quality of the evidence
contributes to strength of recommendation

In the GRADE system, evidence of the highest quality comes
from one or more well-designed and well-executed RCTs, yielding
consistent and directly applicable results. High-quality evidence
can also come from well-done observational studies yielding very
large effects (defined as a relative risk reduction of at least 80%)
(Table 1.4).

RCTs with important methodologic limitations and well-
done observational studies yielding large effects constitute the
moderate-quality category. Well-done observational studies yield-
ing modest effects, and RCTs with very serious limitations, will be
rated as low-quality evidence. Next, we describe the system of
grading the methodologic quality of evidence in more detail.

Factors that decrease the quality of evidence
Table 1.5 shows the limitations may decrease the quality of evi-
dence supporting a recommendation.

1. Limitation of methodology: Our confidence in recommen-
dations decreases if studies suffer from major limitations that are

Table 1.5 Factors that may decrease the quality of evidence.

« Limitations in the design and implementation of available
RCTs,* suggesting high likelihood of bias

« Inconsistency of results (including problems with subgroup
analyses)

« Indirectness of evidence (indirect population, intervention,
control, outcomes)

 Imprecision of results (wide confidence intervals)

« High probability of publication bias

*RCT, randomized controlled trial.
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likely to result in a biased assessment of the treatment effect. These
methodologic limitations include lack of blinding when subjective
outcomes highly susceptible to bias are measured, failure to adhere
to an intention-to-treat principle in the analysis of results, a large
loss to follow-up, or stopping the study early because of observed
benefit.

For instance, a randomized trial suggests that danaparoid
sodium is beneficial in treating heparin-induced thrombocytope-
nia complicated by thrombosis (12). In that trial, however, there
was no blinding, and the key outcome trial was the clinicians’ sub-
jective judgment on when the thromboembolism had resolved.

2. Inconsistent results (unexplained heterogeneity of results):
If studies yield widely differing estimates of the treatment effect
(heterogeneity or variability in results), investigators should look
for explanations for that heterogeneity. For example, interventions
may have larger relative effects in sicker populations or when given
in larger doses. When heterogeneity exists, but investigators fail to
identify a plausible explanation, the quality of evidence decreases.
For example, RCTs of pentoxifylline in patients with intermittent
claudication have shown conflicting results that defy explanation
(13).

3. Indirectness of evidence (i.e., the question addressed in the
recommendation is quite different from the available evidence re-
garding the population, intervention, comparison, or outcome):
Investigators may have undertaken studies in similar, but notiden-
tical, populations to those under consideration for a recommen-
dation. For example, many of the antithrombotic therapies rigor-
ously tested in randomized trials in adults are also administered
to children. The adult trials provide strong evidence for adult rec-
ommendations, but because of indirectness, they represent only
moderate- or low-quality evidence for children.

4. Imprecision: If studies include few patients and few events
and thus have wide confidence intervals, making recommenda-
tions includes judging evidence lower than it otherwise would
be because of resulting uncertainty in the results. For instance, a
well-designed and rigorously conducted RCT addressed the use
of nadroparin, a low-molecular-weight heparin, in patients with
cerebral venous sinus thrombosis (14). Of 30 treated patients, 3
had a poor outcome, as did 6 of 29 patients in the control group.
The investigators’ analysis suggests a 7% risk difference (which, if
true, would correspond to a requirement to treat approximately
14 patients to prevent a single poor outcome), but the confidence
interval also included not only a 26% absolute difference in favor
of treatment but also a 12% difference in favor of placebo.

5. Publication bias: The quality of evidence can be reduced if
investigators fail to report outcomes or selective outcome reporting
(typically, those that show no effect) or if other reasons lead to
withheld results. Unfortunately, it is often required to make guesses
about the likelihood of publication bias.

Factors that increase the quality of evidence

Observational studies can provide moderate or strong evidence
(14). Whereas well-done observational studies usually yield
low-quality evidence, there may be unusual circumstances in
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Table 1.6 Factors that may increase the quality of evidence.

o Large magnitude of effect (direct evidence, RR > 2 or RR < 0.5
with no plausible confounders; very large with RR > 5 or RR <
0.2 and no threats to validity

« All plausible confounding would reduce a demonstrated effect

e Dose-response gradient

RR, relative risk.

which guideline panels classify such evidence as moderate or even
high quality (Table 1.6).

1. On rare occasions when methodologically strong observa-
tional studies yield large or very large and consistent estimates of
the magnitude of a treatment effect, we may be confident about
the results. In those situations, while the observational studies are
likely to have provided an overestimate of the true effect, the weak
study design may not explain all of the apparent benefit. Thus,
despite reservations based on the observational study design, we
are confident that the effect exists. Table 1.6 shows how the mag-
nitude of the effect in these studies may move the assigned quality
of evidence from low to moderate, or even to high quality. For
example, a meta-analysis of 37 observational studies evaluating
the impact of warfarin prophylaxis in cardiac valve replacement
found that the relative risk for thromboembolism with warfarin
was 0.17 (95% CI0.13-0.24). This verylarge effect suggests arating
of high-quality evidence (16).

2. On occasion, all plausible biases from observational studies
may be working to underestimate an apparent treatment effect.
For example, if only sicker patients receive an experimental in-
tervention or exposure, yet they still fare better, it is likely that
the actual intervention or exposure effect is larger than the data
suggest.

3. The presence of a dose-response gradient may also increase
our confidence in the findings of observational studies and thereby
enhance the assigned quality of evidence. For example, our confi-
dence in the result of observational studies that show an increased
risk of bleeding in patients who have supratherapeutic anticoag-
ulation levels is increased by the observation of a dose-response
gradient between higher levels of the international normalized ra-
tio (INR) and the increased risk of bleeding (17).

Interpreting the recommendations

Clinicians, third-party payers, institutional review committees,
and the courts should not construe recommendations in this book
asabsolute. In general, anything other than a Grade 1A recommen-
dation indicates that the chapter authors acknowledge that other
interpretations of the evidence, and other clinical policies, may be
reasonable and appropriate. Even Grade 1A recommendations will
not apply to all patients in all circumstances, and following Grade
1A recommendations will at times not serve the best interests of
patients with atypical values or preferences or whose risks differ

markedly from the usual patient. For instance, consider patients
who find anticoagulant therapy extremely aversive, either because
it interferes with their lifestyle (e.g., prevents participation in con-
tact sports) or because monitoring in needed. Clinicians may rea-
sonably conclude that following some Grade 1A recommendations
for anticoagulation for either group of patients will be a mistake.
The same may be true for patients with particular comorbidities
(e.g., a recent gastrointestinal bleed, repeated falls, or an arteri-
ovenous malformation) or other special circumstances (e.g., very
advanced age) that put them at unusual risk. No clinician, and no-
body charged with evaluating clinician’s actions, should attempt
to apply the recommendations in rote or blanket fashion.

Summary

The strength of any recommendation for practice depends on two
factors: the trade-off between desirable factors and undesirable
factors (risks, burden, and cost) and our confidence in estimates
of those effects. The GRADE framework, with the minor modifi-
cations adopted by the authors of this book, classifies the trade-off
between desirable and undesirable effects in two categories; (1)
in which the trade-off is clear enough that most patients, despite
differences in values, would make the same choice; and (2) in
which the trade-off is less clear, and individual patients’ values
will likely lead to different choices. Three categories of method-
ologicstrength exist: (A) high-quality evidence, usually from RCTs;
(B) randomized trials with important limitations or observational
studies with large effects; and (C) usually from observational stud-
ies. The framework summarized in Table 1.1 therefore generates
recommendations from the very strong (1A: desirable and unde-
sirable effects clear, methods high quality) to the very weak (2C:
desirable and undesirable effects questionable, methods low qual-
ity). Clinicians must use their judgment when applying the rec-
ommendations, considering both local and individual patient cir-
cumstances and patient values, to help patients make individual
decisions. In general, however, clinicians should place progres-
sively greater weight on expert recommendations as they move
from 2C to 1A.
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An Overview of Systematic Reviews

Martin Prins, Arina ten Cate-Hoek, Pieter Leffers

Introduction: Systematic versus
narrative reviews

The introduction of evidence-based medicine has resulted in an
increased application of primary research evidence in healthcare
practice and decision making. Reviews that summarize research
have become mandatory for coping with the increasing amount
of evidence. Narrative reviews historically have been an impor-
tant tool for information transfer in teaching medicine, but their
purpose should not focus on making clinical decisions regard-
ing patient care. Such reviews focus on a certain clinical condi-
tion or group of conditions, usually sharing a common etiology
or group of symptoms, but are not likely to provide unbiased
evaluations of management strategies for patient care. Narrative
reviews may be useful for introducing learners to any medical
subject, as well as for updating clinicians on a (biological) sub-
ject of interest. In general, narrative reviews offer a broad view
on a subject but are guided by personal interests, opinions, and
accents. Therefore, a high degree of bias can be involved. Narrative
reviews have no formal rules other than to give an authoritative
overview.

A systematic review however is meant to systematically pro-
vide the “best available evidence” to answer a focused clinical
question. Scientific methods and rules do apply for systematic
reviews in order to limit bias. As soon as the subject of a review
is focused sufficiently to condense it to a single clinical question,
one should apply the technology available to conduct systematic
reviews.

Thus, depending on the situation, however, either a narrative
review or a systematic review can be the best option. When a more
comprehensive overview is needed, for instance, to understand the
biological basis of a disease, the scope of a systematic review can be
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too narrow and preference can be given to a narrative review. With-
out the knowledge required to write narrative reviews on a subject,
it may be impossible to ask the relevant clinical question that un-
derlies a systematic review. Likewise, without this knowledge, it
may be impossible to place the result of a systematic review in the
context of the usual approach to the condition or disease. The term
meta-analysis is often misunderstood. Although meta-analysis is
sometimes indiscriminately interchanged with systematic review,
this is not appropriate. Meta-analysis applies a statistical method
to data retrieved from multiple studies in order to give a quan-
titative summary estimate of a (comparative) effect of treatment,
for example. Only, if the data retrieved from these studies were
the result of an adequately conducted systematic review, one can
consider the effect-estimate resulting from this meta-analysis as
representing the best available evidence.

So while the focus of this chapter will be on the science of sys-
tematic reviews emphasizing the availability of systematic reviews
for clinical decision making, we should realize that in medical ed-
ucation and in practice both systematic and narrative reviews have
their own appropriate place.

The clinical question

The key element of a systematic review in clinical medicine is the
formulation of an answerable clinical question. Ultimately, the
relevance of the results of a systematic review is determined by
the clinical relevance of the question posed. A clinical question
is often referred to by the abbreviation PICO(T) (see chapters 1,
2, and 4) (1,2), which stands for Patient/Population, Interven-
tion, Comparison, Outcome, and Time. Each element should be
as specific and realistic as possible. Systematic reviews primarily
deal with questions regarding interventions. Research questions
on other areas such as etiology, diagnosis, and prognosis can also
be the focus of a systematic review (see chapter 6). The framework
of PICO(T) still applies but requires modification. A clinically rel-
evant scientific treatment question might thus be the following:
“In patients with a carotid stenosis of 50% to 70%, does aspirin,



in a daily dosage of 30 to 50 mg compared with a dosage of 600
mg or more, reduce the occurrence of any stroke (ischemic, hem-
orrhagic, or undefined) during treatment periods of one year or
longer?”

Structure of a systematic review

Systematic reviews are characterized by a series of steps that should
be conducted with a certain methodological rigor. Following the
definition of a focused clinical question a comprehensive and ex-
haustive search of the literature and other sources should then be
undertaken to identify potentially relevant data for the system-
atic review question. Sometimes multiple searches are required to
retrieve all available relevant articles or study reports. To mini-
mize selection bias, at least two independent reviewers must assess
the scientific quality of the selected studies. All data should be
extracted in the same way, and exclusion criteria have to be doc-
umented. The validity of combining data should be assessed by
looking at possible heterogeneity of outcomes. Homogeneous re-
sults can be combined statistically and presented in the form of
a meta-analysis. Detailed instructions on how to perform a sys-
tematic review are available from a number of sources, in par-
ticular the Cochrane Collaboration (www.cochrane.org) (3,4,5).
The Cochrane Collaboration, an independent, international not-
for-profit organization, is dedicated to making up-to-date, accu-
rate information about the effects of health care readily available
worldwide. It produces and disseminates systematic reviews of
healthcare interventions and promotes the search for evidence in
the form of clinical trials and other studies of interventions. The
major product of the collaboration is the Cochrane Database of
Systematic Reviews, which is published quarterly as part of the
Cochrane Library.

Literature search

To identify relevant publications, first search readily available, ad-
equately indexed, and regularly updated databases of medical lit-
erature, such as Medline, PubMed, and EMBASE. However, small,
negative trials frequently are not published, or they are published
only after many perils. Therefore, there is a risk of publication
bias, especially if only a limited number of relevant publications
can be identified. Publication bias is associated with funnel plot
asymmetry. Funnel plots are scatter plots of relative measures of
treatment effect (relative risk, odds ratio) plotted on a logarithmic
scale on the x-axis and the sample sizes or standard error on the
y-axis. In the absence of bias, the plot should resemble an inverted
funnel (see Figure 2.1) (6).

In particular, if publication bias is surmised, consider additional
sources, such as conference abstracts, experts’ personal databases,
contact with for-profit and not-for-profit sponsors, and databases
of regulatory authorities. A future source will be the databases
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Review: Parenteral anticoagulation for prolonging survival in patients with cancer
(Version 01)

Comparison: 01 Heparin vs. placebo

Outcome: 02 Overall death at 12 months
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Figure 2.1 Inverted funnel plot for randomized controlled trials of parenteral
anticoagulation in cancer patients from (6).

of central medical ethical committees and trial registries, such as
www.clinicaltrials.gov.

In searching the databases of medical literature, include terms
that identify the clinical question of interest as well as some
methodological terms related to the type of clinical question of
interest (see chapter 4). Itis acceptable to search relatively narrowly
to find a “best article” to answer the clinical question because the
best articles are likely to be specifically indexed. For a systematic
review, a broad search strategy is required because all relevant arti-
cles (i.e., bits of evidence) should be identified. The list of obtained
references can then be reduced by manually reviewing titles and
abstracts of articles for which the full text should be obtained,
either because they are obviously relevant or because their irrele-
vance based on the frequently limited information available from
title and abstract cannot be decided. The applied search strategy
should be reported in detail. The process of manual review should
be carried out by two independent researchers and the results of
that process made transparent by reporting as described in the
QUOROM statement (7). Box 2.1 reports an example of an ade-
quate search strategy.

Selection of relevant articles

The selection of studies to be included in the final review should
be made based on prespecified criteria for inclusion and exclusion.
Usually, the inclusion criteria are directly based on the PICO(T),
while the exclusion criteria are based on criteria for minimal
methodology criteria (e.g., randomization, adequate population,
independent assessment, or potential confounding effects). For
each excluded study, report the reason for the exclusion.
Naturally, background knowledge of the field can help to adapt
the exclusion criteria to an acceptable level. If, for example, the clin-
ical question asked is (expected to be) only addressed in relatively

1
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Box 2.1 Example of an adequate search

We searched electronic databases from 1985 until January 2006.
These included MEDLINE, EMBASE, Cochrane Library,
Google Scholar, epidemiological research Web sites, abstracts of
scientific meetings, and bibliographies of relevant studies. The
search terms were compiled from the names of individual
drugs, the therapeutic class, mode of activity, cardiovascular
and cerebrovascular outcome terms, and study design terms.
We also searched on authors’ names. Titles and abstracts of
articles identified by the searches were reviewed by the authors.
Searches were repeated using additional search terms identified
from articles considered relevant to the review. From
McGettigan P, Henry D. Cardiovascular risk and inhibition of
cyclooxygenase: a systematic review of the observational studies
of selective and nonselective inhibitors of cyclooxygenase 2.
JAMA. 2006;296:1633—44.

old studies (or as a secondary question), it can be a realistic
strategy to allow for clinical controlled trials with a concurrent
control group, rather than to limit the acceptance of studies to
those “truly randomized with adequate concealment of alloca-
tion.” The strength of the conclusion and its consequent recom-
mendation should be adapted to the quality of the underlying
evidence.

Assessment of quality

An essential part of the result section of a systematic review is
the systematic reporting of essential quality elements in the iden-
tified eligible studies. The absence of some quality items might
also be used as an exclusion criterion. The choice is usually guided
by prior knowledge of paucity or abundance of data in the field.
For example, for studies on the prevention of deep vein throm-
bosis in orthopedic elective hip surgery, one could be likely to
apply some important methodological criterion (e.g., venogra-
phy assessed unaware of knowledge of treatment allocation) as an
inclusion criterion; whereas for studies on the (secondary) preven-
tion of thrombosis in patients with established heparin-induced
thrombocytopenia one might be tempted to accept any evidence at
hand. However, the latter policy will result in a weaker conclusion.
The overall quality of evidence for the question addressed in the
systematic review cannot surpass the quality of the original stud-
ies. Nevertheless, the broader, systematically reviewed evidence
will better inform decision makers.

For therapeutic studies, important items of quality include, but
are not limited to, randomization, adequate concealment of allo-
cation, blinding (at least for assessment of outcomes), intention-
to-treat analysis, and reports on all patients.

For diagnostic studies, important items of quality include as-
sessment of the new test, independent of knowledge of the result
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of the reference test; performance of the reference test in all par-
ticipants; study performance in an adequate population suspected
of disease.

Occasionally, “quality scores” or “quality scales” are used to
report on quality of methodology individual studies. These scales
usually honor the presence of a quality item or a reporting item
with some points. However, missing points could be due to an
extremely relevant missing methodological issue (e.g., adequate
concealment of allocation prior to randomization) or to one or
more much less relevantissues (e.g., not reporting a power analysis
and the fate of two patients in a trial of more than 10.000 patients
with an outcome frequency of 10%). Hence, it is more important
to focus on individual methodology items of high importance
than to trust (and compare) overall quality scores. In fact, lack of
usefulness of study level quality scores has been shown (4). In any
case, if a scoring system is used, the scores for the individual items
on the scale should be provided and results with and without the
lower-quality studies should be compared.

Usually, two independent researchers assess the quality of indi-
vidual studies. They discuss any discrepancy in their result (with a
third person) to arrive at a consensus conclusion. Extracting data
from individual studies follows a similar process.

Presentation of data and summary statistics

A final point is the presentation of the identified data (evidence)
and if possible calculation of summary statistics using meta-
analysis to assess therapeutic efficacy, harm, or diagnostic accu-
racy. Next to the table with information on the basic design and
methodological quality of the identified studies, a summary pre-
sentation showing the results of the individual studies provides
important information in a systematic review. In the summary
statistics, which pool the results of each individual study (meta-
analysis), each study can be seen as an individual data point or
experiment. These summary statistics should provide both a point
estimate and a 95% confidence interval. Figure 2.2 shows a forest
plot, one of the frequently used graphic methods to show results
of a meta-analysis (8).

Meta-analysis should only be performed when the results from
the identified trials are consistent (7,9). Assessing homogeneity
can be done by inspection of the graphical display of the individual
studies in a forest plot (see Figure 2.2). If a significant heterogene-
ity is found (confidence intervals do not overlap), then the results
of the studies should not be pooled. The play of chance should be
ruled out by the application of a chi-square test or the calculation
of I2. describes the proportion of total variation in study esti-
mates due to heterogeneity rather than sampling error (chance).
12 ranges from 0% to 100%, and a value greater than 50% may be
considered substantial heterogeneity and should be explored (10).
Whenever heterogeneity is found to be existent, an explanation
for the heterogeneity should be provided. All choices made in a
systematic review are based on assumptions and may therefore
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Anticoagulation for thrombosis prophylaxis in cancer patients with central venous catheters

Outcome: 04 Symptomatic DVT
Study Treatment Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% CI (%) 95% Cl

Abdelkefi 2004 138 5/36 — 5.2 0.1910.02, 1.54]
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Heaton 2002 2/45 1/43 I 4.2 1.91[0.18, 20.32]
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Monreal 1996 116 513 e 5.6 0.16 [0.02, 1.22]
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Young 2005 25/408 33/403 o 42.3 0.75[0.45, 1.24]

Total (95% Cl) 1010 849 * 100.0 0.56 [0.34, 0.92]

Total events: 45 (Treatment), 68 (Control)

Test for heterogeneity chi-square = 7.40 df = 6 p = 0.29 I’ =18.9%

Test for overall effect z=2.30 p = 0.02
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Figure 2.2 Forest plot and meta-analysis results of randomized trials comparing
anticoagulant therapy to no therapy for the prevention of deep venous thrombosis
related to central venous lines. The plot includes name of the study (identified by
the first author and the year of publication), the number of events and patients in
the treatment and control group, a graphical representation of the relative risk of

influence the results. Sensitivity analysis, that is, performing sep-
arate pooled analysis after excluding some of the studies (for in-
stance, those of lower methodological quality) can show that dif-
ferences in effect exist between relevant studies.

Conclusion

Systematic reviews are essential for informed healthcare decisions
and are often quoted as the highest-quality evidence. However,
even if a systematic review is conducted according to the highest
applicable standards , the evidence included in a systematic review
can be weak. Hence, the strength of the conclusion of a systematic
review and its use for developing recommendations will have to
be based on this underlying quality and consistency of this evi-
dence (see chapter 1). For this reason, it is crucial to understand
whether a systematic review fulfills basic methodological criteria
and what the quality of the underlying evidence is. Furthermore,
the main conclusion of a systematic review should be based on
the clinical question addressed in the review. Finally, as with all
scientific results, this conclusion should be put into the current
clinical perspective.

10 100 1000

Favors Control

each individual study together with the confidence interval, the relative weight of
each study contributing to the overall effect measure and the numerical results for
each individual study, and the overall estimate of effect. The total number of events
and results of tests for heterogeneity are also given (see text). From (8).

Glossary

Review The general term for all attempts to synthesize

the results and conclusions on a given topic.

The following features of reviews could be distinguished:

Narrative Authoritative overview on a given topic, based

review onresultsand conclusions available in the liter-
ature; this category typically does not include
a method section and differs from the others
in its methodological rigor.

Systematic When a review strives to identify and track

review down all the literature following a protocol

with detailed inclusion and exclusion criteria.
The usual intent of this type of review is to
provide complete and, if possible, quantitative
information.

A statistical method to summarize quantita-
tively evidence from individual studies (most

Meta-analysis

sensible when applied in the context of system-
atic reviews). Sometimes used as a single term
to indicate a quantitative, systematic review
that includes a summary statistic as a whole.
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Interpreting Results in Clinical Research

Overview of measures of effect, measures of precision, and
measures of diagnostic accuracy for clinicians and researchers

Marcello Di Nisio, Harry R. Biiller, Patrick M. M. Bossuyt

Introduction

Judgments about the value of treatment strategies or diagnostic
tests are largely based on clinicians’ and researchers’ critical ap-
praisal of findings from clinical studies integrated with their indi-
vidual clinical expertise (see chapter 5). Several studies have shown
how interpretation of study results can be influenced by their pre-
sentation by researchers (1—4). Thus, the same data may lead to
different conclusions, depending on what measures of effect or
diagnostic accuracy are used (1-4).

The goal of this chapter is to familiarize readers with the most
common indicators of treatment effect and diagnostic accuracy
they encounter when reading a clinical study. The chapter has two
main sections. In the first part, we discuss different ways of pre-
senting and summarizing findings from clinical trials that evaluate
a new intervention versus a control treatment. In the second part,
we present indexes of diagnostic accuracy commonly used to sum-
marize data from studies evaluating the ability of a diagnostic test
to identify subjects with a target condition among those suspected
for that condition.

Measures of effect

Relative risk, odds ratio, hazard ratio, and risk difference
One of the notions of risk is the probability of a (future) event,
which can be estimated by dividing the number of people with
the event by the total number of individuals in the group initially
without the event. Odds are an alternative way to describe the
possibility of suffering an event relative to those not having the
event (Table 3.1).

In clinical trials, one can compare the risk in two groups: a
control group receiving standard treatment and another group

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.

receiving the new intervention. The effect of the new intervention
can be expressed as a relative change in suffering an event given
the treatment, that is, either as relative risk (also called risk ratio)
or odds ratio. These measures of effect can be expressed through
simple mathematical formulas, presenting results in a 2 x 2 table
such as in Tables 3.1 and 3.2 (5).

Table 3.1a shows data from a hypothetical clinical study evaluat-
ing thrombolysis versus heparin for the initial treatment in patients
with hemodynamically unstable pulmonary embolism who are at
high risk for fatal or non-fatal recurrent thrombosis during hos-
pital stay. Thrombolytic treatment is associated with a 10% risk
of such an event versus 20% in the group receiving heparin. The
effect of thrombolytic treatment corresponds to a relative risk of
0.50 for recurrent venous thromboembolism or death during hos-
pital stay. In other words, thrombolysis decreases the chance of
having recurrent thrombosis by 50% relative to heparin.

This reduction is called relative risk reduction, which in math-
ematical terms is expressed by the equation (1-relative risk). The
greater the relative risk reduction, the more efficacious the new
intervention. The odds ratio for thrombolysis and heparin is 0.44,
which indicates a lower chance of having the event with throm-
bolysis. In general, by convention, if the experimental treatment
decreases the risk for an event, the relative risk and odds ratio are
both smaller than 1. If it has an effect that is identical to that of
the control treatment, the relative risk and the odds ratio are both
unity. If it increases the chance of having the event, the relative risk
and odds ratio exceed 1. However, this not consistently applied.

When evaluating a new intervention, clinical trials usually re-
port on both the efficacy and safety of the experimental treat-
ment. Table 3.1b shows the distribution of major bleeding events
in the study group with hemodynamically unstable pulmonary
embolism. The relative risk for major bleeding is 2, which indicates
that thrombolysis increases the risk of major bleeding by 100% as
compared to heparin. From Table 3.1b one can calculate an odds
ratio of 2.25. Because of how they are calculated, odds ratios are
farther away from unity than the corresponding relative risks. If the
experimental treatment (in the present example thrombolysis) is
associated with alower event rate (recurrent pulmonary embolism
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Table 3.1a Recurrent pulmonary embolism or death during hospital stay in
a hypothetical trial in patients with hemodynamically unstable pulmonary
embolism randomised to thrombolysis or heparin.

Pulmonary embolism  Pulmonary embolism

or death present or death absent Total
Thrombolysis 20 180 200
Heparin 80 320 400

50 550 600

Relative risk: (a/(a + b))/(c/(c + d)) = (20/200)/(80/400) = 0.10/0.20 =
0.50

Relative risk reduction: 1 — [(a/(a + b))/(c/(c + d))] = 1 — 0.50 = 0.50
Odds ratio: (a/b)/(c/d) = ad/bc = 0.44

Risk difference: (a/(a + b)) — (c/(c +d)) = 0.10 — 0.20 = —0.10

Number needed to treat: 1/[(a/(a + b)) — (c/(c 4+ d))] = 1/0.05 = 10

Table 3.1b Major bleeding during hospital stay in a hypothetical trial in
patients with hemodynamically unstable pulmonary embolism randomized to
thrombolysis or heparin.

Table 3.2a Recurrent pulmonary embolism or death during hospital stay in a
hypothetical trial in patients with hemodynamically stable pulmonary embolism
randomized to thrombolysis or heparin.

Pulmonary embolism  Pulmonary embolism

or death present or death absent Total
Thrombolysis 5 195 200
Heparin 20 380 400

25 575 600

Relative risk: (a/(a + b))/(c/(c + d)) = (5/200)/(20/400) = 0.025/0.05 =
0.50

Relative risk reduction: 1 — [(a/(a + b))/(c/(c + d))] = 1 — 0.50 = 0.50
Odds ratio: (a/b)/(c/d) = ad/bc = (5 x 380)/(20 x 195) = 0.49

Risk difference: (a/(a + b)) — (c/(c + d)) = 0.025 — 0.05 = —0.025
Number needed to treat: 1/(a/(a + b)) — (c/(c + d)) = 1/0.025 = 40

Table 3.2b Major bleeding during hospital stay in a hypothetical trial in patients
with hemodynamically stable pulmonary embolism randomized to thrombolysis or
heparin.

Major bleeding Major bleeding

Major bleeding Major bleeding

present absent Total present absent Total
Thrombolysis 40 160 200 Thrombolysis 4 196 200
Heparin 40 360 400 Heparin 6 394 400

80 520 600 10 590 600

Relativerisk: (a/(a + b))/(c/(c + d)) = (40/200)/(40/400) = 0.20/0.10 = 2
Odds ratio: (a/b)/(c/d) = ad/bc = (40 x 360)/(40 x 160) = 2.25

Risk difference: (a/(a + b)) — (c/(c +d)) = 0.20 — 0.10 = 0.10

Number needed to harm: 1/[(a/(a + b)) — (c/(c + d))] = 1/0.10 = 10

or death), both the odds ratio and the relative risk will be less than
unity, with the former being smaller. Conversely, if the event rate
(major bleeding) increases in the treatment group, the odds ratio
and relative risk will both be greater than 1, with the odds ratio
exceeding relative risk. Odds and relative risk are similar when the
event rate is low, and if the risk is below 25%, odds and risks are
approximately equal. On the other hand, if events are frequent in
either the control or experimental group, odds ratios can sensibly
differ from relative risk. Odds and relative risk also tend to be more
alike when the treatment effect is small (both close to 1.0) than
when the treatment effect is large.

An important limitation of the relative risk and the odds ratio
is that results are expressed as a proportion of the control group.
Thus, these effect indicators do not immediately determine the
actual number of patients who have benefited. They do not dis-
tinguish large absolute treatment effects from small ones.

Let us consider a hypothetical trial comparing thrombolysis
with heparin in a group at low risk: patients with hemodynam-
ically stable pulmonary embolism (Table 3.2a). In this case, the
risk of recurrent pulmonary embolism or death during hospi-
tal stay decreases from 5% in the heparin group to 2.5% with
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Relative risk: (a/(a + b))/(c/(c + d)) = (4/200)/(6/400) = 0.02/0.015 = 1.33
Odds ratio: (a/b)/(c/d) = ad/bc = (4 x 394)/(6 x 196) = 1.34

Risk difference reduction: 1 — (a/(a + b))/(c/(c +d)) = 0.02 — 0.015 = 0.005
Number needed to harm: 1/(a/(a + b)) — (c/(c + d)) = 1/0.005 = 200

thrombolysis, giving a relative risk of 0.50. This relative risk is
similar to the one calculated for patients with hemodynamically
unstable pulmonary embolism. In this latter group, however, the
risk of an event decreased from 20% in the heparin group to 10%
with thrombolysis (Table 3.1a). Thus, while thrombolysis halves
the risk in both cases, the actual change in number of events is very
different.

Given the limitations of relative risk and odds ratio to relate
differences in absolute terms, another concept, the difference in
risk between two groups, can help clinicians evaluate the benefit
or downsides of a treatment. The risk difference is calculated from
the risk or event rate in the experimental group minus the risk in
the control group. The risk difference is zero if the experimental
intervention is associated with an event rate that is identical to
that of the control. In the presented examples, the risk difference
for thrombolysis versus heparin is 10% (20% minus 10%) in pa-
tients with hemodynamically unstable pulmonary embolism and
2.5% (5% minus 2.5%) in those that have hemodynamically stable
pulmonary embolism, respectively (Figure 3.1).

Although relative risk and odds ratio might be similar or even
identical across different risk groups, risk differences can differ
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Figure 3.1 The relation between baseline risk and risk difference.

importantly. An intervention tested in high-risk patients may give
remarkable results in terms of relative risk, odds reduction, and
relative risk reduction, whereas in lower-risk patients despite sim-
ilar relative risk and odds ratio, the risk difference (and the net
benefit) can be substantially lower.

When it is calculated over a period of time, as in survival anal-
ysis, risk is better reported as a hazard: the instantaneous rate of
the occurring event. The hazard (rate) ratio can then replace the
relative risk and odds ratio. The hazard ratio is the risk of the event
in the intervention group divided by the risk in the control group
over a specific period. A hazard ratio above 1 indicates an increased
risk and below 1 a decreased risk for the event in the intervention
group as compared to the control group.

Measures of precision

When judging measures of effect, clinicians will encounter two
measures related to an estimate’s precision: p values and confi-
dence intervals (6). The p value describes the probability of ob-
serving an effect as large or larger than that observed in a particular
trial when the null hypothesis holds. In most cases, the null hy-
pothesis specifies the absence of a treatment effect. Traditionally,
p values less than 0.05 are considered statistically significant: that
is, the hypothesis of no effect is judged to be ruled out. This value
of 1 in 20 (probability of 0.05) has in fact nothing exclusive. It rep-
resents only a widely agreed upon cut-off value beyond which one
believes the role of chance plays a much smaller role in evaluating
effects and associations.

Returning to the first hypothetical trial on unstable pulmonary
embolism, let us suppose that the relative risk of 0.5 is statistically
significant, with an associated p value of 0.02. In other terms,
if the effect of thrombolysis was identical to that of heparin, we
could observe a relative risk of 0.50 or less in 2 out of 100 identical
trials by the play of chance alone. The fact that an estimate is
statistically significant (p < 0.05) does not exclude the play of
chance, but it makes chance a much less likely explanation of the
observed effect. However, given the cut-off value of 0.05, if a large
number of studies on thrombolysis versus heparin in patients with
hemodynamically unstable pulmonary embolism are carried out,
1 in 20 can be expected to show statistical significance by the
play of chance alone. Thus, statistical significance of an estimate
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is not the only aspect to consider in interpreting the results of a
study.

When deciding which one of two available treatments to use,
one needs to know not only which therapy is more effective but also
how much more effective it is compared to the other treatment. A
finding that is statistically significant may be irrelevant to patients
because the effect is small. This might happen because small dif-
ferences of no clinical interest can be statistically significant with
high event rates and large sample sizes, whereas patient-important
effects might not be statistically significant only because the num-
ber of subjects studied was too small, or too few events occurred.
p values fail to provide clinicians with the information they most
need, that is, the range within which the true treatment effect
might plausibly lie when considering trial data. Such information
can be obtained from calculating confidence intervals, such as 95%
confidence intervals.

Relative risk or odds ratios such as those calculated from Tables
3.1 and 3.2 constitute point estimates of the risk difference be-
tween thrombolysis and heparin. However, if the same study was
repeated with a different group sampled from the same popula-
tion, the calculated relative risks or odds ratios would be similar
but unlikely identical, just because of the chance variation be-
tween samples. However, if one would repeat the study several
times, in the long run, 95% of the calculated confidence inter-
vals would include the true value. We can deduce that there is a
95% chance that the confidence interval calculated for a single
study includes the true value. Confidence intervals are distinct di-
rectly but related to p values in a way that, in general, if p < 0.05,
the 95% confidence interval for the estimate will not include
unity (for relative risk or odds ratio) or zero (for risk difference).
Under these circumstances, a study can be considered statistically
significant.

In general, larger sample sizes but, more important, a larger
number of events gives more precise results, with narrower confi-
dence intervals. Conversely, small studies, in particular those with
few events, will produce wide confidence intervals, making the
conclusions less reliable. To decide whether confidence intervals
are sufficiently narrow to recommend for or against the therapy,
clinicians need to think about the smallest amount of benefit for
their patient that would justify the new therapy. When a study,
such as our hypothetical trial on patients with hemodynamically
unstable pulmonary embolism, shows a lower risk with the new
intervention, consider the upper boundary of the confidence inter-
val, which represents the smallest plausible treatment effect com-
patible with the results.

Suppose that the 95% confidence interval of the relative risk for
the event ranges from 0.20 to 0.95. The upper boundary of the in-
terval indicates a 5% reduction in relative risk. The fact that it is in
the interval implies that it cannot be excluded at a 5% significance
level. If the 5% reduction is greater than the smallest benefit con-
sidered important for a patient, the conclusions of this trial might
be regarded as acceptable. If, on the contrary, 5% is smaller than
the smallest benefit considered important for the patient, un-
certainty remains about whether the use of thrombolysis in this
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group of patients is beneficial, and the trial cannot be considered
definitive.

For studies showing no significant effect of a new intervention,
focus on the lower boundary of the confidence interval represent-
ing the largest plausible treatment effect that cannot be excluded
at the 0.05 significance level with the trial data. If it falls below
the smallest difference considered important for the patient, the
findings of the trial can be regarded as negative. Conversely, if the
lower boundary exceeds the smallest patient-important difference,
then the trial is not conclusive, and more trials with larger sample
sizes are needed.

Confidence intervals can be especially valuable in cases in which
the estimated treatment effect is small. In these circumstances,
confidence intervals indicate where patient-important treatment
benefit remains plausible and may prevent clinicians from mistak-
enly interpreting a lack of evidence of effectiveness as evidence of
no effect.

Number needed to treat and number needed to harm
Some studies present their results as number needed to treat
(NNT) or the number needed to harm (NNH). The NNT repre-
sents the number of patients to whom a clinician has to administer
a particular treatment over a given time period to prevent one ad-
ditional patient from having the event of interest. In mathematical
terms, the NNT represents the inverse of the risk difference, which
means that if risk difference is large the NNT will be low. If the
risk difference is presented as a difference in percentages, the NNT
will be 100 divided by the risk difference.

Returning to the hypothetical trial on patients with hemody-
namically unstable pulmonary embolism, one can calculate the
NNT from the data in Table 3.1A. Since the risk difference is 10%,
the NNT is 10 (100/10), which indicates that 10 patients have to
be given thrombolysis rather than heparin to prevent one death or
pulmonary embolism during hospital stay. In patients with hemo-
dynamically stable pulmonary embolism, the NNT is 40 (100/2.5),
indicating that 40 patients need to receive thrombolysis to avoid
one additional event in one of them.

Like the risk difference, the NNT might help to identify sub-
stantial differences between treatments, when relative risk or odds
ratios are similar. To appreciate the relevance of a treatment or
prophylactic intervention, the NNT has to be considered with the
NNH, which represents the number of patients who would have
to receive the treatment over a given time for one of them to ex-
perience one additional adverse effect.

Many clinicians are not too familiar with NNT and NNH, and
they may find these summary estimates difficult to interpret. It can
be challenging to determine the NNT that is acceptable to justify
the benefits and risks of a specific therapy. Determinants of such
a threshold NNT are related to the NNH, patient preferences, the
severity of the outcome that can be prevented, and the costs of
the intervention (7). An important issue for applying results is to
determine the extent to which the patient who is to receive the
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intervention is comparable to those included in the study from
which NNT was derived.

Measures of diagnostic accuracy

Researchers and clinicians use tests that are usually referred to
as “diagnostic”—including imaging and biochemical technolo-
gies, pathological and psychological investigations, and signs and
symptoms elicited during history taking and physical examination
(8) —for purposes other than diagnosis. These purposes include
identifying physiological abnormalities, helping establish progno-
sis, and monitoring progression of illness. This section focuses
primarily on the use of tests for diagnoses. To use a diagnostic test
in clinical practice, clinicians need to know how well a test helps
to determine whether a patient has a suspected disease. An ideal
diagnostic test would give negative results in all patients without
the disease and would be positive in all patients with the disease.
Unfortunately, this is often not the case, and most diagnostic tests
cannot definitely distinguish between diseased and not diseased
subjects.

To be regarded as clinically useful, a diagnostic test should be
able to change the pretest probability of having or not having the
disease into a posttest probability that is sufficiently different to
help the diagnostic process. Clinicians can deduce pretest clini-
cal probabilities from their own experience with similar clinical
cases, although this approach might lead to biases and error. Bet-
ter estimates can be derived from cohort studies in representative
populations, which apply standard reference tests and possibly re-
port the frequency of diagnosis in subgroups with peculiar clinical
or laboratory features. If the diagnostic test results do not alter
the posttest probabilities to a large extent, further testing might be
necessary for the clinician to reach a final diagnosis.

Measures of diagnostic accuracy such as likelihood ratios, sen-
sitivity, specificity, and predictive values can be calculated through
simple mathematical formulas from a 2 x 2 table reporting study
results (Table 3.3)(9).

Furthermore, clinicians often administer diagnostic tests as a
package. For example, clinicians managing patients with suspected
deep vein thrombosis may choose to go directly to high-resolution
chest CT or, alternatively, ask the patient to first undergo ultra-
sound of the legs and D-dimer testing. Testing may involve an
implied sequence in which an initial sensitive but nonspecific test,
if positive, is followed by a more specific test. Thus, one can of-
ten think of evaluating or recommending not a single test but a
diagnostic strategy.

Those giving advice to clinicians about the use of diagnostic
tests should clearly establish the purpose of the diagnostic test
or strategy under consideration. This process should begin with
determining the standard diagnostic pathway—or pathways—for
the target-patient presentation and identify their associated limi-
tations. Knowing the limitations, the panel can then identify the
particular limitations for which the alternative offers a putative



Table 3.3 Diagnostic accuracy of the D-dimer test in patients with
suspected venous thromboembolism. Data are taken from reference (9).

Venous Venous
thromboembolism thromboembolism
present absent Total
D-dimer positive 77 171 248
D-dimer negative 6 193 199
83 364 447

Sensitivity: a/(a + ¢) = 93

Specificity: d/(b + d) = 53

Negative predictive value: d/(c 4 d) = 97

Positive predictive value: a/(a + b) = 31

Negative likelihood ratio: (1-sensitivity)/specificity = 0.14
Positive likelihood ratio: sensitivity/(1-specificity) = 2
Prevalence: (a + ¢)/(a +b + c +d) = 83/447 = 0.18

remedy (e.g., eliminating a high proportion of false positive or
negative results, enhancing availability, decreasing invasiveness,
decreasing cost). In doing so, guideline panels should develop
sensible clinical questions. Similar to other clinical management
problems, questions related to diagnosis have four components:
patients, diagnostic intervention, comparison, and the outcomes
of interest (5). Box 3.1 shows an example.

Test accuracy is a surrogate for patient

important outcomes

Usually, when clinicians think about diagnostic tests, they focus
on their accuracy. Investigations can elucidate the tests likelihood
ratios, which provide one informative way of moving from pretest
to posttest probability. Depending on a patient’s pretest probability
and the likelihood ratio associated with a test result, each test result
generates a particular posttest probability.

That posttest probability will fall into one of three ranges (Figure
3.2) (8). If the posttest probability is high enough, it falls above
what we call the treatment threshold, and allows the clinician to
make a diagnosis and treat the patient accordingly (Figure 3.2). If
the posttest probability is low enough, the result falls below what
we call the test threshold, and the clinician rejects the diagnosis
and moves on to other possibilities (Figure 3.2). If the posttest
probability falls between the test and treatment threshold, further
testing is indicated (Figure 3.2).

Box 3.1

In patients suspected of coronary artery disease, does multislice
spiral computed tomography of coronary arteries compared
with conventional invasive coronary angiography accurately
diagnose coronary artery disease and affect patient important
outcomes?
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| Probability of diagnosis |

Test Treatment
Threshold Threshold
0% } I 100%

Low probability, High probability,
no further testing no further testing

= no treatment = treatment

N J
Y

Probability between test and treatment thresholds;
= further testing required

Figure 3.2 Test and treatment thresholds.

Clinicians do not, however, order tests simply to modify prob-
abilities. The underlying assumption is that by getting a better
idea of whether a target condition is present or absent, patient
management and ultimately patient outcome will improve. If a
test accurately moves patients from the mid-range of probability
in which further testing is required over either the test or treatment
threshold, we anticipate that uncertainty decreases and clinicians
can recommend effective treatment or confidently withhold toxic
but ineffective treatment. If the test fails to improve accuracy, but
decreases morbidity associated with an invasive test it still may be
of net benefit.

Finally, a test may benefit patients not by resulting in better use
of effective treatment or reducing complications but by decreas-
ing the psychological burden associated with uncertainty. Con-
sider, for instance, genetic testing for Huntington’s chorea, which
either leaves the patient with huge relief that he will not suffer
from the condition, or able to plan for his future knowing that
he will sadly fall victim. If these happy results do not follow from
use of a test—that is, the test fails to improve patient important
outcomes— there would be no reason to use the test, whatever its
accuracy.

From an understanding that the real purpose of a test is to im-
prove patient outcomes flows the realization that the ideal way
to assess a diagnostic strategy is a controlled trial in which pa-
tients are randomized to the experimental or control diagnostic
approaches. For example, a randomized trial explored whether ad-
ditional diagnostic testing can be safely withheld in patients with
suspected pulmonary embolism who have negative erythrocyte ag-
glutination D-dimer test results (10). As it turned out, the group
randomized to receive no further testing if the D-dimer test result
was negative did not have a higher rate of complications.

However, head-to-head comparisons of alternative testing
strategies that measure the impact on patient-important out-
comes are rarely available. In these situations, assessment of test
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measurement properties—that is, ideally, their likelihood ratios—
and their complications provide indirect evidence concerning the
likelihood of patient benefiting.

The greater the accuracy of the test, the greater the probability
that it will increase desirable outcomes and decrease undesirable
ones. Multilevel likelihood ratios provide the optimal approach to
application of diagnostic tests, although the impact of the test will
depend on the distribution of pretest probabilities in the target
population. Unfortunately, an approach capable of dealing with
the complexities of the full distribution of test results is not avail-
able, and the possible distributions of pretest probability in the
patient population are rarely known. A simplified approach that
classifies test results into yielding true positives (patients correctly
classified above the treatment threshold; Figure 3.2), false positives
(patients incorrectly classified above the treatment threshold),
true negatives (patients correctly classified below the treatment
threshold), and false negatives (patients incorrectly classified be-
low the treatment threshold) is appropriate.

Inferring from accuracy data that a diagnostic test or strat-
egy improves patient-important outcome requires the availability
of efficacious treatment that can be administered to patients
above the treatment threshold. Alternatively, evidence of fewer
test-related side effects or evidence that exclusion of a dis-
ease, its confirmation, or its classification for prognostic pur-
poses improves patient well-being may be adequate to infer
benefit.

Likelihood ratios

Likelihood ratios contrast the proportions of patients with and
without the target disorder who have a specific diagnostic test re-
sult. In other terms, the likelihood ratio expresses the probability
that a diagnostic test result can be expected in a patient with the
target disorder, relative to those without the target disorder. In
practice, likelihood ratios can indicate by how much a given diag-
nostic test will raise or lower the pretest probability of the target
disorder.

Table 3.3 shows data from a study evaluating the use of the D-
dimer test in the diagnostic work-up of patients with suspected
venous thromboembolism (9). The examples show that a positive
D-dimer is found in 93% of patients with venous thromboem-
bolism and 47% patients without the disorder, which means that
an abnormal D-dimer result is about two times as likely (93%,
47%) to be seen in someone with venous thromboembolism than
in someone without it. This ratio is called positive likelihood ratio.
Likelihood ratios above 1.0 indicate an increased probability that
the disorder is present, the higher the likelihood ratio the greater
the increase. Likelihood ratios below 1.0 decrease the probabil-
ity of the target disorder, and the smaller the likelihood ratio, the
greater is the decrease in probability.

The negative likelihood ratio can be calculated in a similar fash-
ion. The D-dimer is normal in 7% of patients with venous throm-
boembolism and 53% of those without the disease, resulting in a
negative likelihood ratio of 0.14. Thus, a normal D-dimer value
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is approximately 7 times more likely in patients without venous
thromboembolism.

Likelihood ratios may also vary with changes in disease severity.
Higher likelihood ratios can be observed in later stages of florid
disease, and lower likelihood ratios in early, mild stages.

One of the most interesting properties of likelihood ratios is that
they can be used to calculate the posttest probability of a target dis-
order. Once the pretest probability is known, posttest odds can be
derived by multiplying pretest odds by the likelihood ratio. An
easy way to calculate posttest probability is the use of nomograms
(5). An advantage of likelihood ratios is that they can be easily cal-
culated for different levels of a quantitative test result. This makes
likelihood ratios efficient measures of diagnostic accuracy when
tests have more than two possible results (8). In contrast, sensitiv-
ity and specificity require a cut-off point, which is decided often
arbitrarily, need to be recalculated for any cut-off point, and most
importantly, might discard important information by simply di-
chotomizing a test result as positive or negative. We will provide
a further description of how pretest probability, posttest proba-
bility and likelihood ratios help us making decisions in clinical
practice in chapter 6 (“Using Evidence to Guide the Diagnosis of
Disease”).

Sensitivity, specificity, and predictive values

The sensitivity of a diagnostic test is the proportion of patients
with the target disorder who have a positive test, whereas specificity
is the proportion of patients who do not have the target disorder
and who have a negative test result.

In the example in Table 3.3, the sensitivity of the D-dimer test
in this population is 93%, which indicates that 93% (77/83) of
patients with thrombosis had a positive D-dimer test (true posi-
tives), whereas 7% with a confirmed diagnosis of venous throm-
boembolism had a normal D-dimer result (false negatives). Fifty-
three percent of the 364 patients without the event had nor-
mal D-dimer test result (true negatives), yielding a specificity of
53%. Forty-seven percent of the patients had a positive test re-
sult despite no objective evidence of the target condition (false
positives).

When a test has a very high sensitivity, a negative result effec-
tively rules out the diagnosis. Similarly, when a test has a very
high specificity, a positive result effectively rules in the diagno-
sis. With its high sensitivity, the D-dimer test represents in fact
an excellent noninvasive tool in patients with suspected venous
thromboembolism. A normal D-dimer test in fact excludes the
diagnosis in patients at low-clinical probability avoiding further
costly imaging testing (11). When interpreting the accuracy of a
diagnostic test, the spectrum of disease within a study population
needs to be considered because this could affect the test perfor-
mance. Ifa clinically inappropriate population has been chosen to
evaluate a diagnostic test, the study results will not apply (12). A
test can perform better when it is used to evaluate patients with
more severe disease than with patients whose disease is less ad-
vanced and less obvious. With a relatively more severe form of
the disease, the tests used to diagnose it are likely to be relatively



more sensitive because of the extension and severity of signs or
symptoms.

The main concern for clinicians using a diagnostic test is the
meaning they can attribute to positive or negative results of the
test or, in other words, the probability that a negative result indi-
cates true absence of the disease and a positive result indicates its
true presence. The negative predictive value (NPV) represents the
proportion of patients with negative test results who do not have
the target disorder, whereas the positive predictive value (PPV) is
the proportion of patients with positive test results who have the
target disorder. Predictive values are even more strongly influenced
by changes in prevalence in the population studied than sensitivity
and specificity. Higher prevalence results in a higher proportion of
patients with a positive test result who do in fact have the disease
for which they are being tested. In general, as prevalence falls, PPV
falls along with it, and NPV rises.

In the example above, 97 patients out of 100 with a normal
D-dimer result do not have an objectively confirmed diagnosis of
venous thrombosis, which gives a NPV of 0.97. Thus, a normal
D-dimer test result is quite reliable for excluding the diagnosis.
In contrast, the PPV is 0.31, that is, only 31 patients out of 100
with a positive D-dimer have indeed venous thromboembolism,
whereas 69 patients with a positive D-dimer do not have the dis-
ease. The low PPV might be explained by the fact that several
other disorders cause high D-dimer values, which obviously lim-
its the use of the test to rule in the diagnosis (13). Confidence
intervals can also be similarly calculated for diagnostic accuracy
indexes.

Conclusions

Physicians who strive to practice evidence-based medicine need to
become familiar with estimates such as relative risk, risk difference,
sensitivity and specificity, predictive values, and likelihood ratios.
They will come across these measures in individual studies and in
meta-analyses.

We have provided a condensed guide on how to interpret these
measures of effect and diagnostic accuracy results in clinical re-
search. For an overall quality judgment of a clinical study and its
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conclusions, clinicians and researchers need to integrate these no-
tions with a critical appraisal of the methodological aspects of the
study (8).
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Measures of Effect: Definitions

Relative risk:

risk of the event in one group divided by the risk of the event in the other group. If an experimental intervention has an identical effect to the

control, the relative risk will be 1. If it reduces the chance of having the event, the relative risk will be less than 1; if it increases the chance of

having the event, the relative risk will be bigger than 1.

Relative risk reduction: (1-relative risk)

Risk difference:

risk in the experimental group minus risk in the control group. If the experimental intervention has an identical effect to the control, the risk

difference will be 0. If it reduces the risk, the risk difference will be lower than 0. If it increases the risk, the risk difference will be higher than

0. The risk difference cannot be above 1 or below —1.
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(Continued.)

Measures of Effect: Definitions

0dds ratio:

Hazard ratio:

Number needed to treat:

Number needed to harm:

odds of the event occurring in one group divided by the odds of the event occurring in the other group. If an experimental intervention has
an identical effect to the control, the odds ratio will be 1. If it reduces the chance of having the event, the odds ratio will be less than 1; if it
increases the chance of having the event, the odds ratio will be bigger than 1.

relative risk of an event over a period of time. The hazard ratio above 1 indicates an increased risk and below 1 a decreased risk for the event
in the intervention group as compared to the control group.

number of patients who have to be treated with the experimental treatment rather than the control treatment in order to prevent one patient
from having an adverse outcome over a predefined period of time. The number needed to treat is the inverse of the risk difference reduction.

the number of patients who have to be treated with the experimental treatment rather than the control treatment in order to cause an adverse
event to one patient over a predefined period of time.

Measures of Diagnostic Accuracy: Definitions

Sensitivity:

Specificity:

Negative predictive value:
Positive predictive value:

Likelihood ratio:

proportion of patients with the target disorder who have positive test.

proportion of patients who do not have the target disorder who have negative (normal) test results.
proportion of patients with negative test results who do not have the target disorder.

proportion of patients with positive test results who have the target disorder.

probability that a given diagnostic test result is seen in a patient with the target disorder, relative to the probability of observing that result
in a patient without the target disorder.
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Finding the Evidence in Hematology

K. Ann McKibbon, Cynthia J. Walker-Dilks, R. Brian Haynes

All clinicians, including hematologists, know firsthand the chal-
lenges of implementing evidence-based practice. The areas of
leukemia and lymphoma treatment and venous thromboem-
bolism have been studied in high-quality randomized controlled
trials, but keeping up with the flow of new studies and their nuances
of application can be difficult. Hematologists also treat many con-
ditions that lack a well-developed evidence base for which defin-
ing “current best evidence” is problematic. The commonly cited
barriers to practicing evidence-based medicine include the time
required to find and review literature, duplication of effort by in-
dividual hematologists seeking the same information, and lack of
relevant studies in common areas of hematology practice (1).

The growth in information resources over the past decade has
beenboth ablessingand a curse—a blessing because an astounding
amount of information is online, often freely available, and clin-
icians can search for what they need from just about anywhere.
However, this array of choices can quickly become a curse and re-
calls the first commonly cited barrier: time. How does one quickly
and reliably find the resources really useful to one’s own practice?
Many resources falsely claim to be “evidence based” or “one-stop
shopping.” What of the potentially useful resources you don’t know
about?

We start this chapter with three questions that hematologists of-
ten encounter as they care for patients. We then talk about the kinds
of resources that potentially could be used to provide evidence to
answer them. After this discussion of resources, we then proceed
to use examples to find this evidence. The questions are first, a
diagnosis question on what is the best way to triage assessment of
suspected deep venous thrombosis (DVT). The second and third
are treatment questions: Is erythropoietin or darbepoetin effec-
tive for anemia related to cancer? Can prophylactic transfusions
be stopped in children with sickle cell disease? While reading the
following sections, try to think which ones we will choose to pro-
vide evidence to help answer the three questions.

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.

We proposed a “4S” model for the organization of evidence-
based information services (2) and have recently updated it to a
“55” model (3). The model is hierarchical and begins with original
studies at the foundation, followed by syntheses (that is, systematic
reviews such as Cochrane reviews), synopses (brief descriptions
of original studies and reviews such as appear in evidence-based
abstract journals often accompanied by expert commentaries),
summaries (management options for diseases or conditions ar-
ranged by clinical topics as appear in Clinical Evidence, PIER,
and other evidence-based textbooks), and systems (integrated de-
cision support services; Figure 4.1). Information seekers are en-
couraged to begin their search as high up in the pyramid as pos-
sible because this strategy will generally save time and labor. Why
try and synthesize several individual studies found in MEDLINE
when a chapter on the relevant topic has been done in a dynamic
textbook?

With clinical examples, this chapter will follow the “55” model
to explore some resources that are useful to the practice of hema-
tology.

Systems

A system integrates published evidence from high-quality studies
and reviews with patient-specific information as found in medi-
cal records. Clinicians can call up external evidence while viewing
the electronic medical record to assist in understanding a partic-
ular patient’s situation and in making decisions. Some prototypes
are currently available (4), such as systems that assist in anticoag-
ulation dosing. One computer application of dosing adjustment
reduced hospital length of stay compared with usual care when
warfarin was initiated for hospital inpatients (5). Another pro-
gram regulated heparin dosing after patients with myocardial in-
farction were treated with thrombolytics. Patients who received
computer dosing had a lower rate of cardiovascular events (6).
We are unaware of any systems that cover all areas of hematology,
but progress in electronic medical records overall will expedite
development in this area.
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Summaries

¥

Synopses

: ]

Syntheses

L

Studies

Original journal articles

Summaries

This level of the evidence pyramid summarizes the information
around a clinical topic. These may be disease-specific textbooks,
such as this one, or Evidence-Based Endocrinology (7) or Evidence-
Based Diabetes Care (8), which are print-based textbooks, often
with a CD-ROM version of the book that is searchable. How-
ever, unless they have an accompanying Web site that provides
updates to the content, textbooks can quickly become out of date.
Internet-based textbooks can be useful if they integrate evidence-
based information around specific clinical topics and are regularly
updated. Clinical Evidence (9), from the BMJ Publishing Group,
summarizes evidence on benefits and harms of healthcare inter-
ventions for selected medical conditions, the evidence being drawn
from systematic reviews and original studies. UpToDate (10) is
much more comprehensive in its topic coverage, including areas
of inquiry beyond treatment and prevention, and makes specific
recommendations for patient care according to “quality of evi-
dence,” but the review process is not fully explicit or systematic
yet. The American College of Physicians Physicians’ Information
and Education Resource (PIER) (11) is an integrated summary
service that provides evidence-based guidance and practice rec-
ommendations for clinicians. It is organized into five topic types
(diseases, screening and prevention, complementary and alter-
native medicine, ethical and legal issues, and procedures), with
each topic containing several modules, and its authors are sup-
ported by an explicit evidence-based process. A popular electronic
summary is FIRSTConsult (12), from Elsevier, which delivers up-
dated, evidence-based guidance on patient evaluation, diagnosis,
and management directed at primary care clinicians. Information
is arranged around the components of differential diagnosis, med-
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Example

Computerized decision support

Evidence-based textbooks

Evidence-based journal abstracts

Systematic reviews

Figure 4.1 The "5S" levels of organization of
evidence from healthcare research (3). (Reproduced
with permission of the American College of
Physicians.)

ical topics, patient education, and procedures. Although it draws
on strongly evidence-based sources such as Cochrane Database of
Systematic Reviews and Clinical Evidence to compile its recom-
mendations, levels of evidence or links to supporting evidence
do not accompany each recommendation. A feature of FIRST-
Consult is that it can be connected to electronic medical records
through the iCONSULT clinical decision support system. Two ad-
ditional collections of information resources to keep in mind are
STAT!Ref (13) and MDConsult (14). Both products offer search-
ing across multiple resources from one site that include, but are
by no means restricted to, electronic textbooks and journals. Un-
fortunately, these resources do not provide for explicit evidence
processing or updating.

Synopses

The next best place to search for answers to clinical questions is
in synopses of systematic reviews and individual studies. Synopses
are structured abstracts or brief digests of published studies and re-
views that have been screened for methodological soundness. This
allows the reader to reap the benefits of a labor-intensive screening
process that assesses the rigor of the evidence presented. The stud-
ies and reviews selected are usually those felt by the editors to
warrant attention and to influence practice. Some of these
evidence-based abstract journals that contain studies relevant to
hematology include ACP Journal Club, Evidence-Based Medicine,
Journal Watch, and Bandolier. An important feature is that the
synopses are brief and take just a few minutes to read, and most
are available on the Web. A list of resources (with hotlinks) from
the synopsis level of the pyramid is available at www.ebmny.org/
journal.html.



Syntheses

When no synopsis can be found or more detail is needed than a
structured abstract contains, systematic reviews provide synthe-
ses of the highest-quality evidence available on a specific clinical
question. Systematic reviews detail the sources searched for gather-
ing the evidence (e.g., databases searched, references checked for
relevant studies, and meeting proceedings reviewed), the meth-
ods followed for including and excluding studies (e.g., random-
ized placebo-controlled trials with >6 months of follow-up to
answer a question about treatment of hemophilia), and method-
ological and statistical justification for combining (meta-analysis)
or not combining studies. As numbers of individual studies grow,
so too do systematic reviews. One of the most notable compi-
lations of systematic reviews is the Cochrane Database of Sys-
tematic Reviews (CDSR), part of the Cochrane Library (15). The
Cochrane Collaboration consists of several review groups that con-
centrate on specific healthcare areas. The Cochrane Haematologi-
cal Malignancies Group (www.chmg.de/) prepares and maintains
systematic reviews of healthcare interventions in the area of de-
fined hematological malignancies using predominantly random-
ized controlled trial evidence. As well as developing and updat-
ing Cochrane reviews, the Cochrane Library also hosts databases
that contain abstracts of other systematic reviews (Database of
Abstracts of Reviews of Effects [DARE]), individual clinical tri-
als (Cochrane Central Register of Controlled Trials), technology
assessments (Health Technology Assessment Database), and eco-
nomic evaluations (U.K. NHS Economic Evaluation Database).
The Cochrane Collaboration prepares less than half of the world’s
supply of systematic reviews; Cochrane Reviews and reviews pub-
lished in journals and by major technology assessment agencies can
be accessed through bmjupdates™ (16), a free service, and Ovid’s
Evidence-Based Medicine Reviews (EBMR) (17), which provides
for simultaneous searching across a number of evidence-based re-
sources, including synopses (ACP Journal Club), syntheses (CDSR
and DARE), and original studies (MEDLINE).

Studies

When none of the upper layers of the pyramid yield an answer to
your question, it’s time to look for individual studies. Fortunately,
this is not as daunting as it once was. Most searching interfaces
for bibliographic databases are easy to use, requiring no knowl-
edge of controlled vocabulary, searching protocol, or other knowl-
edge obtained from search manuals or help screens. bmjupdates™
provides access to scientifically sound and relevant studies pub-
lished in over 120 premier clinical journals. MEDLINE, the largest
biomedical database, is accessible through PubMed directly from
the producer, the U.S. National Library of Medicine. MEDLINE
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currently has over 16 million citations, so being able to search
efficiently and find what you’re looking for is important.

The Clinical Queries screen in PubMed

The Web site www.ncbi.nlm.nih.gov/entrez/query/static/clinical.
shtml contains ready-to-use search strategies that filter retrieval
for methodologically sound studies on topics of therapy, diagno-
sis, etiology, prognosis, and clinical prediction (18). There are also
filters for systematic reviews, qualitative studies, and health ser-
vices research topics. Such an interface requires that the searcher
only enters basic content information (e.g., leukemia and stem
cell), and the methodology “hedge” takes care of the methodolog-
ical refining.

Another method for finding or keeping up to date with the
research literature is to let it come to you. Alerting systems
that target articles to individual clinicians according to their
clinical discipline include bmjupdates™ (16) and MEDSCAPE
Best Evidence alerts (19). By filling in an interest profile, adjusted
for how much you want to see, you are sent e-mail alerts about
new evidence that contain links to the citation in PubMed and
full text if available, plus clinical ratings and comments from
other clinicians. Clinicians with interest in a specific clinical
problem can also search a continuously updated cumulative
bibliographic database of methodologically screened studies
and reviews in bmjupdates™. My NCBI (www.ncbi.nlm.nih.gov/
books/bv.fcgi?rid=helppubmed.section. pubmedhelp.My_NCBI)
provides a similar service, sending you new citations from
MEDLINE on clinical areas you value. This service is broader
than bmjupdates™ (16), but you will need to critically appraise
the evidence yourself.

Clinical Questions

We now move to using some of the resources described above to
answer the three clinical questions listed at the start of the chapter.

Question 1. Triage of DVT

You are a general internist who works shifts in the emergency
department. You are starting to question your approach to di-
agnosing symptomatic DVT based on your interactions with the
D-dimer test kit salespeople, the new residents, and recent stud-
ies you have read. You assign one of the residents to read a new
health technology assessment of noninvasive testing strategies for
DVT (20) and to be ready to present her findings at the next unit
journal club. You looked briefly at the 180-page document and
decided that you would like a shorter and more concise sum-
mary of the evidence to support the work the resident will present.
You go to PIER (11) through your own subscription, although
you could have gone through your library’s Web interface, and
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Figure 4.2 PIER results screen. (Reproduced with permission of the American College of Physicians.)

enter the search terms “dvt triage.” Clicking on the “Deep Venous
Thrombosis—Diagnosis” section you get the chapter listing and
links to various tests and approaches, including their tables of ev-
idence for the history and physical elements, laboratory and other
related studies, and differential diagnosis (Figure 4.2).

PIER summarizes the evidence on a topic and provides the ev-
idence behind their recommendations. The small oval in Figure
4.2 indicates the strength of the evidence. “A” evidence is defined
as “the preponderance of data supporting this statement is de-
rived from level 1 studies, which meet all of the evidence criteria
for that study type.” In this case, very strong evidence backs their
clinical recommendations. In addition, by looking at the larger
oval, you can see when the recommendations were reviewed and
updated.

UpToDate (10) is another summary service (electronic text-
book) that provides a service similar to that of PIER. Figure 4.3
shows the topic breakdown in the section on DVT: “Approach to
the Diagnosis and Therapy of Suspected Deep Vein Thrombosis.”
Searching in UpToDate is best done with very simple words. In
this case, we put in only “DVT.” Armed with these two resources,
you are ready to go the journal club to discuss the best approach
to triaging DVT.

Question 2. Erythropoietin or darbepoetin versus
transfusions for anemia in cancer

The debate rages on—is erythropoietin or darbepoetin better than
transfusions to treat mild anemia in patients with cancer? You are
a hematologist who has been asked to present at medical grand
rounds about whether erythropoietin or darbepoetin improves
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quality of life. As usual, you have left things to the last minute so What does ”you
have left things a
bit late” mean?
other researchers in systematic reviews and meta-analyses (syn- You have left
theses level of the 55 pyramid). The librarian in your institution things to thelast
minute?

suggests that you search in Ovid’s EBMR database (17) to identify
systematic reviews from the CDSR and DARE. As an added bonus,
the EBMR database collection integrates the ACP Journal Club ab-
stracts (synopses). We break our question down into searchable

you wonder if you could tap into evidence already compiled by

components (Figure 4.4):

The drugs: erythropoietin or darbepoetin

The condition: cancer

The outcome: quality of life

Eleven items met the searching criteria, and the third one is a
recently updated Cochrane Review on your question (Figure 4.5).

Bohlius and colleagues (21) conclude that erythropoietin and
darbepoetin reduce the risk for blood transfusions (number of
units transfused) and improve hematologic response for patients
with mild anemia. However, the data on quality of life are only
“suggestive” of improvements and come from studies with some
limitations. Several other reviews in the initial retrieval of 11 docu-
ments also look promising for your rounds session so you go back
and retrieve them.

Question 3. Stopping transfusions in children with sickle
cell anemia

The third question is especially important to one of your patients
and his family. The parents would like to stop the routine transfu-
sions for their child with sickle cell anemia because of the potential
adverse effects of multiple transfusions and the child’s aversion to
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INTRODUCTION — There are a number of questions that arise when a patient is
suspected of having deep vein thrombosis (DVT) of the lower extremity. These include:

+« When should DVT be suspected?
s What is the differential diagnosis and what are the possible causes of DVT?
s ‘What is the best way to diagnose or exclude DVT?

e What is the appropriate initial therapy for DVT; when is hospitalization not
required?

e What is the recommended long-term treatment for DVT (eg, agents to use,
monitoring the degree of anticoagulation, length of time treatment is needed)?

s When should one screen for the presence of a hypercoagulable state, not only in

Figure 4.3 UpToDate screen showing the sections of the deep vein thrombosis disease section. The diagnosis section includes the Wells scoring system for triage of DVTs.

receiving them. You feel that this topic might not be as well stud-
ied as some other areas of hematology so you decide to go to
MEDLINE to determine if any high-quality studies exist. Besides,
you remember vaguely that a well-done trial was published in the

New England Journal of Medicine in the past couple of years, and
a MEDLINE search would retrieve this article. You choose to go
to PubMed to do your MEDLINE search, even though you could
have accessed MEDLINE through your institution’s OVID sub-

EBM Reviews Full Text - Cochrane DSR, ACP Journal Club, and DARE
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Figure 4.4 Ovid EBMR database collection of Cochrane, DARE, and ACP Journal Club.
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Figure 4.5 Abstract of a Cochrane Review found in the Ovid EBMR search.

scription. PubMed is designed for clinicians (and scientists) with
considerable input from clinicians. It is particularly useful for clin-
ical searches for two reasons. First, you can enter the terms in which
you are interested using almost any format and the system will map
to synonyms and correct spelling mistakes. Second, PubMed has
clinical filters that enrich retrievals with higher-quality articles that
have a good probability of being relevant to clinical care.

This question, whether you can discontinue transfusions given
prophylactically to children to prevent stroke, has components of

Stroke prevention

Sickle cell anemia

Transfusions

The children who receive the transfusions

You start on the first PubMed search screen and enter the
words “stroke prevention children transfusion sickle cell” and
get 69 citations (Figure 4.6). This is a lot to read through and
you decide that you will try the clinical queries feature to retrieve
only those articles with strong methods and potential for clinical
importance.

You use the same words only this time you put them into
the Clinical Queries filter search box (Figure 4.7) and check that
you would like to retrieve only those articles that deal with ther-
apy (i.e., a randomized controlled trial) and that you would like
a narrow, specific retrieval (a few high-quality articles). This
brings the retrieval down to 15 citations with the New Eng-
land Journal of Medicine article you remembered as the fourth
citation (22).
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Considering the various methods of searching that we have dis-
cussed, you wonder if a Web-based program exists that will pull
all of the searching methods together into one easy-to-use site.
Two United Kingdom researchers have produced a resource called
TRIP (Turning Research into Practice) (23) that searches across
150 evidence-based resources and sorts retrieval into categories
that reflect the bottom four of the “5S” levels. Figure 4.8 shows
the TRIP search screen with the terms “stroke sickle cell preven-
tion children transfusion” entered. Our retrieval includes the New
England Journal of Medicine article (22) (Figure 4.9).

The retrievals in a TRIP search are sorted, providing access to
summaries, synopses, syntheses, and studies as well as practice
guidelines, clinical calculators, clinical questions, images, and pa-
tient education materials. Most retrievals are linked to the full text
of the documents although some may require a subscription to
access full reports.

Conclusion

In this chapter, we have provided you with a framework with which
to organize your approach to information searching. Although
only a smattering of resources has been discussed, these are exam-
ples of different layers of the “5S” pyramid. We have used several of
the resources to show you how they work using hematology ques-
tions. Many other resources exist that could provide good answers.
Discussions with your health sciences librarian will apprise you of
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Figure 4.6 PubMed search in all of MEDLINE: 69 citations.
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new resources that warrant your attention to practice evidence-

based hematology with ease.
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Applying EBM in Clinical Practice

Alessandro Squizzato, Walter Ageno, Davide Imberti

Introduction

Evidence-based medicine (EBM) aims at solving clinical problems
while integrating the best available evidence from clinical research
with the expertise of the clinician and patient’s values and pref-
erences (1). EBM posits a hierarchy of evidence, from the most
valid results of systematic reviews of randomized controlled trials
(RCTs) to unsystematic clinical observations that are most prone
to bias. EBM provides tools to assess the quality of evidence and
to transfer the results of clinical research to daily clinical practice
(1,2). Practicing EBM can be time consuming. To support clini-
ciansin applying EBM, sources of preprocessed evidence have been
developed, such as systematic reviews and evidence-based clinical
practice guidelines. The aim of this chapter is to provide read-
ers with some examples on how different types of evidence can
be applied to patient care. However, readers should understand
that evidence alone is never sufficient to make a clinical decision.
Biological, socioeconomic, and epidemiological factors should al-
ways be taken into account, and patient values and preferences are
critical to making decisions (1).

Applying an evidence-based guideline
in clinical practice

Clinical scenario

You are the hematologist on call, and one of your colleagues, an
oncologist, requests your consultation. A 79-year-old man is on
chemotherapy for a prostatic adenocarcinoma with bone metas-
tases. The day before the patient underwent compression ultra-
sound of the veins of the lower limbs because of a sudden on-
set of pain and edema in the right leg. He was diagnosed with a

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.
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femoral-popliteal deep vein thrombosis (DVT). His platelet count
was above 150,000/mm?, and creatinine clearance was normal.
The patient had no known risk factors for bleeding. Your col-
league prescribed therapeutic dose subcutaneous low-molecular
weight heparin (LMWH), and he would now like to start the pa-
tient on warfarin treatment as soon as possible. Before you go to
see the patient, you decide to evaluate what current evidence-
based international guidelines on antithrombotic treatment
recommend (3).

Clinical question

In cancer patients with recent DVT, does LMWH compared with
warfarin reduce the risk of recurrent DVT, and does it have at least
the same safety profile?

Finding and appraising the evidence

The guidelines issued by the American College of Chest Physi-
cians (ACCP) Conference on Antithrombotic and Thrombolytic
Therapy represent the reference standard for clinical prac-
tice. The last edition was published in Chest in 2004 (Chest
2004; 126 (Suppl): 163S-696S; http://www.chestjournal.org/
content/vol126/3_suppl/). This document fulfils the requirement
of an evidence-based guideline, because it was developed with due
methodological rigor. It is based on systematic reviews, consider-
ing all available treatment options and outcomes for each clinical
question, and the recommendations are explicit, transparent, un-
ambiguous, and directly linked to the supporting evidence (4). In
addition, the values and preferences of the guideline panel mem-
bers that were considered while formulating recommendations
are clearly stated. The recommendations follow a clear and simple
grading system expressing the strength of a recommendation and
the quality of evidence supporting it. A reccommendation is strong
when the guideline developers are certain that benefits do, or do
not, outweigh risks, burdens, and costs of a given intervention. Al-
ternatively, a recommendation is weak when they are not certain
of the balance between the benefits and the risks, burdens, and
costs. In deciding on the quality of supporting evidence, a highest
level is assigned to the studies that are least prone to bias—RCTs



with consistent results and without methodological limitations.
RCTs with inconsistent results, or with important methodological
limitations, constitute moderate-quality evidence, and observa-
tional studies or generalization from one group of patients in-
cluded in randomized trials to a different, but somewhat similar,
group of patients who did not participate in those trials consti-
tute low-quality evidence (5). One criticism of these guidelines
relates to the lack of patient representatives on the guideline panel,
which could introduce a possible source of bias in choosing the
outcomes of interest and judging their relative importance (1).
This is a limitation of most clinical practice guidelines. To eval-
uate fully the quality of a guideline, users may use the AGREE
instrument, a validated tool for appraisal of clinical practice
guidelines (6).

For the above clinical question, the ACCP guidelines recom-
mend the following: “For patients with DVT and cancer, we rec-
ommend LMWH for the first 3 to 6 months of long-term anti-
coagulant therapy (Grade 1A). For these patients we recommend
anticoagulant therapy indefinitely or until the cancer is resolved
(Grade 1C)” (3). Given that the cost of treatment with LMWH
compared with warfarin greatly varies among countries, any final
therapeutic decision should be made with due consideration of
local circumstances.

Resolution of the scenario

Once in the oncology department, you learn that the patient is on
long-term prednisone therapy for rheumatoid arthritis and that
he has a moderate/severe osteoporosis. When you start discussing
the benefits and harms of LMWH with the patient, you mention
that a lower incidence of osteopenia has been reported with the
use of LMWH, when compared with unfractioned heparin. Hav-
ing been informed of the possible adverse outcomes, the patient
values the prevention of complications from DVT higher than the
possible complication of osteopenia. He prefers the subcutaneous
injections based on their favorable benefit/risk profile and begins
taking LMWH.

Applying the results of a systematic review in
clinical practice

Clinical scenario

You are the attending physician on duty when a 76-year-old former
professor of pulmonary medicine is transferred from the Emer-
gency Department. She was admitted because of dyspnea at rest
and bilateral leg edema. She was diagnosed with New York Heart
Association (NYHA) class IV congestive heart failure. The chest
X-ray confirmed acute pulmonary edema. The ECG showed no
significant abnormalities. The patient’s medical history was pos-
itive for chronic heart failure secondary to arterial hypertension.
The body mass index is 31 kg/m?. Creatinine concentration in
serum and creatinine clearance is normal. Because of her age, se-
vere heart failure, and forced bed rest, she is at increased risk of ve-
nous thromboembolism (VTE). You plan to administer adequate
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thromboprophylaxis. The resident on duty suggests the use of
LMWH, but he cannot define the real benefits and risks of throm-
boprophylaxis in this clinical setting. He poses the following clin-
ical question to increase his understanding of the factors that in-
fluence the decision.

Clinical question

In an elderly immobilized patient with NYHA class IV congestive
heart failure, does anticoagulation, compared with no antithrom-
botic treatment, reduce the occurrence of VTE with at least the
same safety profile, and if so, is LMWH more effective or safer
than unfractionated heparin (UFH)?

Finding and appraising the evidence

The fundamentals of methodology for systematic reviews and
meta-analyses are described in the chapter 2 by Prins et al. You
performed a MEDLINE search and found a systematic review eval-
uating the efficacy and safety of UFH or LMWH in the prevention
of VTE in acutely ill medical patients (7). You quickly appraised
the quality of this systematic review. You noticed that the data
were pooled from studies done in quite different populations of
patients and used different methods for assessing outcomes. You
are also aware of three high-quality RCTs that have been published
after this systematic review was completed: two compared LMWH
with a placebo and one compared fondaparinux with a placebo.
All included patients with congestive heart failure (NYHA class I1I
and IV) (8). Authors of the systematic review included seven trials,
with a total of 15,095 patients, comparing UFH or LMWH to con-
trol and nine trials with a total of 4,669 patients comparing UFH
to LMWH. In the trials comparing UFH or LMWH to a placebo,
an estimated pooled relative risk (RR) of DVT or pulmonary em-
bolism (PE) was 0.49 (95% confidence interval [CI]: 0.33-0.73)
and 0.47 (95% CI: 0.33-0.67), respectively. The RR of major bleed-
ing was 1.57 (95% CI: 0.85-2.88) with active treatment compared
with a placebo or no anticoagulation. The authors also reviewed
the nine trials with a total of 4,669 patients comparing the efficacy
and safety of LMWH to UFH in medical patients. They found
a nonsignificant trend toward lower risk of DVT and PE in pa-
tients receiving LMWH compared with UFH—RR: 0.83 (95% CI:
0.56-1.24) and RR: 0.74 (95% CI: 0.29-1.80), respectively. The
risk of major bleeding was marginally lower with LMWH com-
pared with UFH (RR: 0.48, 95% CI: 0.23—1.0). These results con-
firmed the efficacy of thromboprophylaxis in this setting, although
the estimates of the effect were still not precise enough to an-
swer your second question, whether LMWH was more efficacious
than UFH.

Readers can use the Users’ Guides to the Medical Litera-
ture to assess the quality of a systematic review (1). The in-
ternational Cochrane Collaboration (9), the primary purpose
of which is to generate and disseminate high-quality system-
atic reviews of healthcare interventions, provides an impor-
tant source of preprocessed evidence. The Cochrane Library
(http://www.cochrane.org) contains regularly updated collection
of evidence-based medicine resources, including a database of
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systematic reviews, a register of controlled trials, and a database
for economic evaluations. The quality of Cochrane reviews varies,
however; on average, Cochrane reviews provide good-quality sys-
tematic summary of the literature.

Resolution of the scenario

Your patient has several known risk factors for VTE: NYHA class
IV congestive heart failure, immobilization, advanced age, and
obesity. There is no apparent increased risk of bleeding. The avail-
able evidence strongly supports the use of either unfractionated
heparin or low-molecular weight heparin. After reading the sys-
tematic review, you decide to offer low-dose LMWH to this patient
because, in your setting, the cost of LMWH is less important than
the ease of use of LMWH compared with UFH.

Applying the results of a randomized controlled
trial in clinical practice

Clinical scenario

You are the thrombosis expert on call. Your colleague, a neurol-
ogist, asked you to discuss the optimal long-term secondary pro-
phylaxis in a patient with a recent ischemic stroke. A 62-year-old
engineer was admitted to the Stroke Unit after an acute ischemic
stroke, and he was treated with intravenous fibrinolytic therapy.
The pathogenesis of the cerebrovascular event is atherothrom-
botic. He is now on low-dose aspirin. The patient read an article
in a newspaper suggesting that clopidogrel offers additional pro-
tection when added to aspirin in high-risk vascular patients and
asked the neurologist whether combined antiplatelet therapy was
appropriate in his case. Your colleague knows that the results of
a CHARISMA trial have been published (10), and this is the only
study addressing this question. For a better discussion on the mer-
its of combined treatment with aspirin and clopidogrel, you print
a copy of the article and a copy of its synopsis published in the
ACP Journal Club (11).

Clinical question

In patients who have experienced a noncardioembolic stroke, does
the combination of clopidogrel and aspirin, compared with aspirin
alone, reduce the risk of cardiovascular events and does it have at
least the same safety profile?

Finding and appraising the evidence

No guideline or systematic review addressed this issue because
trials directly comparing the effects of combined treatment with
aspirin and clopidogrel appeared only recently. In 2006, the re-
sults of the CHARISMA study were published (10). Three steps
can be followed in appraising an article reporting the results of a
RCT (1). First, you should determine whether the results of the
study are valid; second, you should assess the results; and third,
you should decide whether the results apply to the patient in your
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practice. The assessment of study quality is performed to identify
possible sources of bias, including the choice of the population, in-
tervention, comparison, and outcomes, as well as the execution of
the study (e.g., proper randomization, concealment of allocation,
blinding of patients and investigators, analysis of results accord-
ing to the intention-to-treat principle, and percentage of patients
lost to follow-up). The CHARISMA was a properly randomized
placebo-controlled trial with concealed allocation. Investigators,
patients, and outcome assessors were blinded to the treatment.
Data were analyzed according to the intention-to-treat principle
with the inclusion of all patients as randomized. You conclude
that there is a low risk of bias in the CHARISMA study. This
trial enrolled 15,603 patients followed for a median of 28 months.
The primary efficacy endpoint (a composite of first occurrence of
myocardial infarction, stroke of any cause, or death from cardio-
vascular causes [including bleeding]) was 6.8% with clopidogrel
plus aspirin and 7.3% with aspirin alone (RR: 0.93, 95% CI: 0.83—
1.05). The rate of the primary safety endpoint (severe bleeding
according to the GUSTO definition) was 1.7% in the combined
treatment group and 1.3% in the aspirin alone group (RR: 1.25,
95% CI: 0.97-1.61).

Resolution of the scenario

You discussed the above evidence with your colleague. The addi-
tion of clopidogrel to aspirin seems unlikely to provide any ad-
ditional benefit for this patient compared with aspirin alone and
could increase the risk of bleeding. Moreover, you tell him that
in the international register of ongoing clinical trials available at
http://www.clinicaltrial.gov, two other studies (FASTER and SPS3)
explore the effect of clopidogrel and aspirin combination in pa-
tients with ischemic stroke, and that this could change the assess-
ment in the future. You also remind your colleague that a recent
RCT, the ESPRIT trial, investigated the benefit of adding extended-
release dipyridamole to aspirin in patients within six months of
a transient ischemic attack or minor stroke of presumed arterial
origin and found a considerable benefit of the combined treat-
ment with aspirin and dipyridamole and that this may be another
option (12).

Practice of evidence-based medicine in the
absence of high-quality evidence

Clinical scenario

You are the resident on call when a 51-year-old primary-school
teacher visits the Emergency Department with right hemiparesis
and a headache. She was on anticoagulation with warfarin for an
apparently idiopathic DVT of the right lower limb complicated
with pulmonary embolism that occurred less than two weeks ago.
A physical examination reveals a blood pressure of 220/120 mm
Hg. An urgent cerebral CT shows that there is a left intraparenchy-
mal hemorrhage. The International Normalized Ratio is 7.6. You
decide it is a life-threatening hemorrhage; you choose to treat



her with intravenous vitamin K and prothrombin complex con-
centrates, but you are afraid of recurrent thromboembolism. In
the meantime, the attending physician has already called the in-
terventional radiologist to insert a retrievable inferior vena cava
filter. While you consider that this could be a reasonable choice,
you wonder whether there is evidence supporting this course of
action.

Clinical question

In patients with a major hemorrhage during antithrombotic ther-
apy for pulmonary embolism secondary to DVT, does placement
of an inferior vena cava filter, in comparison to temporary discon-
tinuation of antithrombotic therapy, reduce recurrent PE, and is
at least equally safe?

Finding and appraising the evidence

For rare disorders or complications, RCTs are often not feasible.
Other evidence derived from observational studies such as cohort
studies, case-control studies, or case series may provide some ev-
idence supporting clinical decisions. When such evidence is also
unavailable, unsystematic observations from one’s own clinical
experience, experience of one’s colleagues, or biological rationale
may provide the best possible evidence.

For the question above, no RCT is available to provide the an-
swer. The best evidence is very indirect. For example, a randomized
trial of 400 patients with symptomatic DVT (all of whom received
either UFH or LMWH), showed a lower incidence of PE after 12
days in patients assigned to a placement of an inferior vena cava
filter compared with those without such a filter. However, the inci-
dence of recurrent DVT at one year was higher in the patients with
filters compared with those without filters (13). The solution to
this scenario can be therefore based on pathophysiologic rationale
and clinical experience. Both PE and intracerebral hemorrhage are
potentially lethal diseases. If left untreated, PE-related mortality
is about 30% (14), and more than one-third of patients with in-
tracerebral hemorrhage die within one month after the onset of
symptoms (15). In this situation, a prompt normalization of the
INR is necessary to limit active bleeding and to allow a rapid neu-
rosurgical intervention, if necessary. Given the absence of evidence
on the optimal timing for restarting anticoagulant treatment in a
potentially fatal bleeding, a placement of a vena cava filter seems
to be a reasonable choice for preventing PE during reversal of
warfarin-related coagulopathy.

Resolution of the scenario

The senior physician discusses the potential benefits and down-
sides of an inferior vena cava filter insertion with the patient. He
explains, that the major risks, although infrequent, are related to
the insertion of the filter and that a retrievable filter will be re-
moved as soon as possible. Conversely, a filter will protect from
the recurrence of PE, giving the clinicians the opportunity to treat
the cerebral hemorrhage. The patient consents to the insertion of
a retrievable inferior vena cava filter.
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Choosing the best diagnostic strategy

Clinical scenario

You are the hematologist on call when a 51-year-old neurosurgeon
working at your hospital presents to your Thrombosis Unit with a
suspected DVT. He has pain and mild edema of the right calf that
began 10 days ago. Two days ago, he has started self-injecting a low-
dose LMWH. Before performing any diagnostic test, you assessed
his probability of having a DVT (pretest probability) with a well-
validated clinical prediction rule developed by Wells and colleagues
(16). The Wells score was 3, which meant a high pretest probability
of DVT. Meanwhile, your colleague showed you the result of an
ELISA D-dimer test, performed that morning, that was negative
(<500 ng/mL). This result had reassured him then, but you were
still not convinced. Given the high pretest clinical probability, you
explained that a negative d-dimer result is probably not sufficient
to exclude DVT.

Clinical question
In outpatients with a high clinical suspicion of deep venous throm-
bosis, what is the diagnostic accuracy of D-dimer testing?

Finding and appraising the evidence

Nearly all clinicians intuitively use a Bayesian approach in their
reasoning when making a diagnosis (2). This means that the clini-
cian usually has some notion of the probability of certain disease in
a patient even before performing any diagnostic tests. This initial
probability is called pretest probability. If a patient has no addi-
tional risk or prognostic factors, then pretest probability is simply
the prevalence of this disease in a similar population. Performing
a diagnostic test changes the probability of this disease in this pa-
tient. Probability of a disease increases, if the test is positive and
decreases, if it is negative. The ability of a diagnostic test to change
the probability of a given disease is described by a likelihood ratio,
which is the ratio of likelihood of a given test result (positive or
negative) in patients with a disease and the likelihood of the same
test result in patients without this disease. Every diagnostic test has
an associated likelihood ratio of a positive and of a negative result.
Knowledge of a likelihood ratio associated with a diagnostic test in
the investigation of a given disease helps clinicians to choose which
test might be more suitable for the patient. Knowing (broadly) the
pretest probability of a given disease in a patient, one may deter-
mine the posttest probability using a likelihood ratio nomogram
(see chapter 6 on diagnosis).

The Wells score has been developed to assess pretest proba-
bility of DVT (i.e., the probability before performing additional
diagnostic tests, but the Wells score may be considered a diagnos-
tic tool allowing a clinician to determine the “post-Wells score”
probability of DVT). This score classifies the risk of DVT as low,
intermediate, or high (16). Our patient has a high pretest proba-
bility of DVT, which means more than 30%. A recent systematic
review with meta-analysis confirmed that the D-dimer test has a
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high sensitivity and a high likelihood ratio of a negative result, and
therefore it is useful in excluding a disease (17). For a rapid ELISA
D-dimer, the negative likelihood ratio is 0.09, which roughly means
that a likelihood of a negative test result in patients with DVT is 10
times lower that the likelihood of the negative test result in patients
without DVT. A negative D-dimer result in a patient with a low
risk of DVT allows us then to be quite certain that the patient does
not have DVT. A negative D-dimer result in a patient with a high
pretest probability of DVT means that posttest probability of DVT
is still at least 3%, and additional tests to confirm or exclude the
presence of DVT seem warranted. Even if D-dimer has a high sen-
sitivity in diagnosis of DVT, a false-negative test result can occur
(18).In our patient, two well-recognized reasons of a false-negative
result of a D-dimer test are present: treatment with heparin and
a time lag between the onset of symptoms and performing a
test.

Resolution of the scenario

You explain to your colleague that in outpatients with a high pretest
probability of DVT, a compression ultrasound is warranted. Test-
ing for D-dimer levels is probably of no further benefit in these
patients because even with a negative result posttest probability still
does not allow the exclusion of a fairly high probability of DVT
(i.e., at least 3%) (19). The results of the compression ultrasound
of the leg reveal partial thrombosis of the popliteal vein.

Conclusion

In this chapter, we provided examples on how to apply results of
clinical research in medical practice. In particular, we suggest how
to apply different types of evidence to clinical problems. Knowing
the tools of evidence-based practice is helpful but never sufficient
for providing the highest quality of patient care (1). Clinical de-
cisions must always include consideration of (a) clinical circum-
stances, for example, the presence of concomitant diseases and the
availability of diagnostic and therapeutic options; (b) best research
evidence; (c) patient’s values and preferences; and (d) clinical ex-
pertise that is needed to bring these considerations together and
help the patient to make a decision (20,21).
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Using Evidence to Guide the
Diagnosis of Disease

Lucas M. Bachmann, Holger J. Schiinemann

Diagnosis—its role in clinical care

Clinicians use diagnostic tests routinely to identify, screen for,
stage, and monitor illnesses. The means to achieve these tasks
comprise a multitude of sources, including imaging and biochem-
ical technologies, pathological and psychological investigations,
and signs and symptoms elicited during history taking and clin-
ical examinations (1). The results of tests, however, generally do
not fully discriminate between the presence and absence of the
illness at issue; tests generally are inconclusive in this respect, so
that diagnosis can only be uncertain or probabilistic. Thus, the
essence of diagnosis is the probability with which a clinician takes
that illness to be present (see chapter 3).

If the diagnostic probability for a particular illness is set high
enough, it is said to constitute a (practical) rule-in diagnosis of
that illness; and conversely, if it is set low enough, it is equivalent
to a practical rule-out diagnosis. Ancient Egyptian medical papyri
(1550 BC) already emphasized diagnosis by physical examination
as the cornerstone of the decision to treat or not to treat an ailment
(2).Inclinical practice, tests are commonly combined in diagnostic
sequences, and disease probabilities are usually estimated in a hier-
archical manner first combining information from history and ex-
amination followed by additional information obtained from tech-
nically advanced (and often invasive) tests. The information about
the likelihood of a diagnosis comes from a combination of tests.

For clinicians, however, assimilating information from pub-
lished literature on the value of tests is fraught with difficulties.
This is in part due to variation in the type of diagnostic research
designs (3,4) and in part due to exaggeration of claims about accu-
racy by authors (5). Moreover, clinicians themselves misinterpret
diagnostic evidence (6,7). This is in stark contrast to the frame-
work that clinicians can neither diagnose nor prognosticate cor-
rectly without accurate tests. An inaccurate diagnosis can harm
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patients by exposing them to inadequate therapy, while correct
diagnosis of disease allows timely use of effective therapy, correct
information, or reassurance. Collation of evidence from individ-
ual research studies on tests in systematic reviews can help, but
it presents challenges due to concerns about the poor quality of
many studies (8-10), reporting bias and other related biases (11),
unrealistic assumptions about consistency of accuracy measures
(sensitivity, specificity, and likelihood ratios) across disease spec-
tra (12,13), and methodological challenges in statistically pooling
results (14-17).

Scientific diagnosis

Despite the crucial importance of an appropriate use of diagnostic
and screening tests in clinical decision making, many tests, clinical
findings, and items from medical history have not been subjected
to rigorous evaluation in studies following modern standards of
clinical epidemiology. Widely disseminated, sophisticated, and ex-
pensive tests may prove to have marginal clinical value or economic
benefit once critically evaluated. Well-known examples include
the carcinoembryonic antigen test in the diagnosis of colon cancer
(18), iodine 125-labled fibrinogen scans in the diagnosis of deep
venous thrombi (19), or rapid magnetic resonance imaging in the
management of patients with low back pain (20).

Whereas considerable progress has been made to build a sys-
tematically assembled and critically appraised evidence base for the
evaluation of efficacy and cost-effectiveness of therapeuticand pre-
ventive interventions, the diagnostic process is underresearched,
the relevant literature is scattered and difficult to access, and the
studies found are often of inadequate methodological quality or
uncertain applicability (9).

Studies of diagnostic test evaluation (description)

In studies of diagnostic accuracy, the outcomes from one or more
tests under evaluation are compared with outcomes from the refer-
ence standard, both measured in individuals who are suspected of
having the condition of interest. The term test refers to any method
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Table 6.1 Definitions of measures of diagnostic accuracy.

Target condition
Present Absent
a b
Test result +
- c d
Sensitivity a/(a + c) Proportion of true positives that are correctly identified by the test
Specificity d/(b + d) Proportion of true negatives that are correctly identified by the test

Likelihood ratio (LR)

Describes how may times a person with disease is more likely to receive a particular test result than a person without disease. A likelihood ratio

greater than one indicates that the test result is associated with the presence of disease, a likelihood ratio less than one that it is associated

with the absence of disease.

Likelihood ratio for positive result (LR+) = [a/(a + ¢)]/[b/(b + d)] = sensitivity /(1— specificity)
Likelihood ratio for negative result (LR —) = [c/(a + ¢)I/[d/(b + d)] = (1— sensitivity) / specificity

Predictive value
Positive predictive value (PPV) = a/(a + b)

Positive predictive value: proportion of patients with positive test results who are correctly diagnosed

Negative predictive value: proportion of patients with negative test results who are correctly diagnosed

Negative predictive value (NPV) = d(c + d)

Predictive values depend on disease prevalence, the more common a disease is, the more likely it is that a positive test result is right and a
negative result is wrong. They can also be calculated by using the likelihood ratios to transform the pretest probability of disease:

PPV = Posttest odds for positive test /(1+ Posttest odds for positive test)

NPV = Posttest odds for negative test /(14 Posttest odds for negative test)

Posttest odds for positive test = Pretest odds x LR +
Posttest odds for negative test = Pretest odds x LR —

Pretest odds = Pretest probability of disease (prevalence) / (1 — pretest probability of disease)

Diagnostic odds ratio

Used as an overall (single indicator) measure of the diagnostic accuracy of a diagnostic test. It is calculated as the odds of positivity among

(DOR) diseased persons, divided by the odds of positivity among nondiseased. When a test provides no diagnostic evidence, then the DOR is 1.0.

DOR = [a/c]/[b/d]

= [sensitivity / (1 —specificity)] / [(1 — sensitivity) / specificity]

=R+ve/LR—ve
=ad/bc

for obtaining additional information on a patient’s health status.
It includes information from history and physical examination,
laboratory tests, imaging tests, function tests, and histopathology.
The condition of interest or target condition can refer to a particu-
lar disease or to any other identifiable condition that may prompt
clinical actions, such as further diagnostic testing, or the initiation,
modification, or termination of treatment. In this framework, the
reference, or “gold,” standard is considered to be the best-available
method for establishing the presence or absence of the condition
of interest. The reference standard can be a single method, or
a combination of methods, to establish the presence of the tar-
get condition. It can include laboratory tests, imaging tests, and
pathology but also dedicated clinical follow-up of participants.
The term accuracy refers to the amount of agreement between the
information from the test under evaluation, referred to as the in-
dex test, and the reference standard. Diagnostic accuracy can be
expressed in many ways, including sensitivity and specificity, like-
lihood ratios, diagnostic odds ratio, and the area under a receiver
operator characteristic (ROC) curve (see Table 6.1).

In 2003, the Standards for Reporting of Diagnostic Accuracy
(STARD) developed a checklist and a generic flow diagram for
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studies of diagnostic accuracy (21). The purpose of the STARD
initiative is to improve the quality of reporting of diagnostic stud-
ies. The guiding principle in the development of the checklist was
to selectitems that would help readers to judge the potential for bias
in the study and to appraise the applicability of the findings. It con-
tains 25 items covering salient issues in respect to design, conduct,
and analysis of test accuracy studies. Follow-up work has resulted
in a validated tool, the QUADAS (Quality Assessment of Studies
of Diagnostic Accuracy included in Systematic Reviews) tool (22).

Measures of test properties and interpretation of results

Several related diagnostic accuracy parameters exist (see chap-
ter 3). Perhaps the most well known are sensitivity (the proportion
of patients with an abnormal test result among those who test pos-
itive on the reference standard) and specificity (the proportion of
patients with a normal test result among those who test negative on
the reference standard). The likelihood ratio is defined as the pro-
portion of patients with a particular test result among those who
test positive on the reference standard divided by the proportion
of patients with that particular test result among those who test



negative on the reference standard. The disadvantage of sensitiv-
ity, specificity, and likelihood ratios is that they produce at least
two parameters of test performance. The odds ratio and the closely
related area under the ROC curve compress the information into
a single quantity. The odds ratio is defined as the likelihood ra-
tio for a particular test result divided by the likelihood ratio for a
negative test result. The area under the ROC curve quantifies the
ability of the test to classify correctly individuals with and without
the disease. It is particularly helpful if the test gives results on an
ordinal or interval scale. A perfect test has an area of 1.0; a test that
does not discriminate beyond chance has an area of 0.5.

Beyond single test evaluations

Over the past two decades, several authors increasingly recognized
the importance of a rigorous evaluation process of diagnostic tests
before introducing these tests into clinical practice (3,23,24). Stud-
ies to determine the diagnostic accuracy as described are an early
and important part in this evaluation process (3,23-25); however,
more upstream investigations particularly those including diag-
nostic algorithms are also mandatory. The early evaluations allow
identifying promising tests with the potential to be useful in clin-
ical practice, whereas the more sophisticated assessments provide
empirical justification for clinical use. New diagnostic technolo-
gies should pass all these evaluations before they are implemented
in practice.

Systematic reviews of test evaluation studies
History/current activities

There also is growing acknowledgment of the need for system-
atic reviews of studies evaluating the accuracy of diagnostic and
screening tests. The number of such published reviews has in-
creased in recent years: the Database of Abstracts of Reviews of
Effects (DARE) maintained by the Centre for Reviews and Dis-
semination at the University of York includes 27 diagnostic test
accuracy reviews for 1998, increasing to 49 in 2003. The Cochrane
Collaboration is planning to include reviews of test accuracy stud-
ies. There has also been an increase in methodological work in this
area (1,26-31). However, considerable uncertainty remains about
the best way to formally synthesize test accuracy studies, and sta-
tistical methodology is much more varied than in meta-analysis
of therapeutic interventions.

Meta-analytic methods

A number of different measures of diagnostic test accuracy, as
shown in Table 6.1 and a variety of ways of meta-analyzing them
exist. For example, recent reviews published in the Annals of In-
ternal Medicine have chosen to perform fixed- or random-effects
meta-analysis of positive and negative likelihood ratios (32,33)
or of sensitivity and specificity (27,34,35), to pool patients across
studies to calculate sensitivity and specificity (33), or to derive sum-
mary receiver operating characteristic (SROC) curves (34,35). A
recent survey of reviews of diagnostic accuracy that were included
in the Centre for Reviews and Dissemination’s Database of Ab-
stract of Reviews of Effects (DARE) up to 2002 (36) found that
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Figure 6.1 Summary plot of negative likelihood ratios (squares) and 95%
confidence intervals for strategies used to exclude a diagnosis of pulmonary
embolism. The size of squares relate to the variance of the study. The broken line
represents pooled negative likelihood ratio, and limits of diamond represents 95%
confidence intervals of pooled ratios. From (59).

of 133 reviews in which meta-analysis was performed, 52% com-
puted one or more summary measures of accuracy, 18% conducted
only SROC analyses, and 30% did both. Of the 109 reviews that
computed summary measures of accuracy, 89% used sensitivity
or specificity, 24% used likelihood ratios, and 10% used predictive
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Ezilsz(tzf: Sf;cs'?é_z Z,'Zi (=0'2960(:)0=0£(7)2)00) Figure 6.2 Summary plot and pooled estimate of specificity of
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 98.3% multislice CT compared with coronary angiogram (adapted from
Specificity reference (37)).

values. Figure 6.1 and 6.2 show examples of the use of summary
measures for likelihood ratios related to D-dimer diagnostic test
properties and specificity of multislice CT compared with coronary
angiogram based on a systematic review of 27 diagnostic accuracy
studies, respectively (36, 37). There are also several alternative ways
of computing both SROC curves and summary measures of ac-
curacy, differing in the weighting given to each study or whether
a transformation is used (38). Because the use of systematic re-
views and meta-analysis in diagnosis is becoming more popular,
we describe the most commonly applied meta-analytic methods
and their advantages and disadvantages and refer readers for more
details to other texts (39).

Simple pooling

This approach derives a single summary 2 x 2 table by adding
the numbers of true positives, false positives, true negatives, and
false negatives across all studies. Test sensitivity and specificity can
then be estimated as though all the data came from a single study.
This can be thought of as a form of fixed-effect meta-analysis of
sensitivity and specificity, ignoring any correlation between them
and assuming no between-study heterogeneity (that is, differences
in results between the studies) (1).

Separate random-effects meta-analysis of sensitivity

and specificity

This approach (shown in Figure 6.2) allows for between-study
heterogeneity in sensitivity and specificity but again ignores their
correlation. Logit (log odds) transforms of sensitivity and speci-
ficity are used, as the assumption of a normal distribution between
studies is more reasonable on the logit scale. In addition to sum-
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mary points and confidence intervals for these points, summary
ROC curves can be obtained from this method using the estimated
between-study variances (26).

Separate meta-analysis of positive and negative

likelihood ratios

Likelihood ratios are ratios of probabilities and so positive and
negative likelihood ratios can be separately meta-analyzed using
the same mathematical methods and software as risk ratios, based
on either fixed-effect or random-effects models (see Figure 6.1)
(1). This ignores the correlation between positive and negative
likelihood ratios.

Littenberg-Moses summary ROC curve

The Littenberg-Moses summary ROC curve approach again uses
the logit-transforms of sensitivity and specificity and is based on
simple linear regression of their sum (the log of the diagnostic odds
ratio) on their difference (25). The fitted regression line can then
be used to give a summary ROC curve. This method allows for the
correlation between sensitivity and specificity, but the method has
other shortcomings, making it less statistically rigorous (28-30).

Bivariate random-effects meta-analysis

This approach, which represents an extension of separate random-
effects meta-analyses of logit-transformed sensitivity and speci-
ficity, is statistically more rigorous in that it allows for the negative
correlation between sensitivity and specificity and for the underly-
ing binomial distributions as well as between-study heterogeneity
(26). Its main advantages are that in addition to summary esti-
mates of average sensitivity and specificity across studies, it can be



used to provide a 95% confidence region for this summary point
and prediction regions within which we expect the sensitivity and
specificity of 95% of future studies to lie.

Hierarchical summary ROC curve (HSROC) analysis

In this approach, the relationship between logit-transformed sen-
sitivity and specificity in each study is expressed in terms of key test
characteristics: accuracy (quantified by the log of the diagnostic
odds ratio) and threshold. The method allows for between-study
variation, as well as for a parameter that determines the shape of
the summary ROC curve. The results of this type of analysis are
usually expressed as a summary ROC curve. Harbord et al. have
shown elsewhere that in many circumstances, in particular when
no covariates are added to the model, this method is statistically
identical to bivariate random-effects meta-analysis (40). It follows
that each can be used to derive the same summary estimates of
sensitivity and specificity, 95% confidence and prediction regions,
and summary ROC curves.

Interpretation of results

The barriers to the optimal use and appropriate interpretation
of test evaluation data in clinical practice remain ill understood.
From the point of view of decision-making theory (41), predic-
tion rules that allow the calculation of posttest probabilities should
overcome many of the cognitive biases that are known to affect di-
agnostic problem solving, including, for example, “compression
error” (common conditions are underweighted, rare conditions
are overweighted), the confusion of posttest probability with sen-
sitivity, the “conjunction fallacy” (the erroneous assumption that
a joint event is more probable than the probability of individual
events alone), and “conservatism” (the hesitation to revise prob-
abilities as new information becomes available) (42). Informal
methods of opinion revision still dominate in practice (43). Fur-
thermore, from a problem-solving perspective (44), it is unclear
whether other factors, such as the failure to generate the correct
hypothesis, are more important than the errors in estimating and
revising probabilities emphasized by decision theory. Factors such
as the experience of the health professional ordering tests, their
propensity for risk taking, and the nature and levels of stress ex-
perienced may also be important. The attitudes of patients toward
testing and their views on the value of results will often influence
decisions, as indicated by the survey on the use of the ankle rules.
Finally, many ways how to convey probabilistic information exist
(e.g., natural frequencies, translation into everyday risks), but it
is unclear what measures are used and useful in practice and how
they are best synthesized and presented to primary care physicians.

Grading the quality of evidence and
strength of recommendations for
diagnostic recommendations

Those making recommendations regarding diagnostic test or
strategies, such as a guideline panel, should begin by establishing
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its purpose. We emphasized in the preceding sections that a panel
would have to determine the diagnostic standard for the target
patient and the associated limitations of the standard. It should
then identify the particular limitations for which the new test of-
fers a putative remedy (e.g., eliminating a high proportion of false
positive or negative results, enhancing availability, decreasing in-
vasiveness or cost). This process will lead to the identification of
sensible clinical questions, similar to that for other clinical man-
agement problems, with four components: patients, diagnostic in-
tervention, comparison, and the outcomes of interest (45). Based
on these criteria, a complete process to making recommendations
about diagnostic tests includes the conduct or identification of a
high-quality systematic review for the diagnostic test or strategy
in question.

Test accuracy is a surrogate for

patient-important outcomes

When clinicians think about diagnostic tests, they usually focus
on their accuracy (i.e., how well does the test classify patients cor-
rectly as diseased or nondiseased or, in other words, sensitivity and
specificity). Their underlying assumption is, however, that their
obtaining a better idea of whether a target condition is present or
absent will result in better patient management and outcomes. An-
other common rationale for a new test is avoiding complications
associated with a more invasive alternative or limiting resources
spent on expensive procedures (46). A new noninvasive and less
expensive test that limits possible adverse consequences and in-
creased resource use of more invasive tests would be considered
superior. In this situation, a new test only needs to replicate the
sensitivity and specificity of the reference standard to demonstrate
superiority.

However, if a test fails to improve important outcomes, there
is no reason to apply it, whatever its accuracy. Consider genetic
testing for a rare, not-treatable, and life-shortening hematological
disease that provides either welcome reassurance that a patient
will not suffer from the condition or ability to plan for the future
knowing that he will sadly fall victim. If the test will not lead to an
outcome that is in some form beneficial to the patient, there is no
need to test.

Thus, since the primary purpose of a test is to improve patient-
important outcomes, the highest standard to assess a diagnostic
strategy is a controlled trial in which investigators randomize pa-
tients to experimental or control diagnostic approaches and mea-
sure morbidity, mortality, symptoms, and quality of life (includ-
ing psychological well-being). For example, Kearon and coworkers
randomized 456 patients with negative erythrocyte agglutination
D-dimer test results, categorized into low- and moderate- to high-
risk groups, to different diagnostic management strategies (47).
The authors evaluated patient-important outcomes (symptomatic
venous thromboembolism) during six months of follow-up. They
found that in patients with a low probability of pulmonary em-
bolism who have negative D-dimer results, additional diagnostic
testing can be withheld without increasing the frequency of venous
thromboembolism during follow-up. In situations for which such
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trial evidence exists, the quality of evidence and the balance of
desirable and undesirable effects should be evaluated using the
framework described in chapter 1. However, such trials are rarely
available. The few examples in the hematology literature include
the use of D-dimer and other tests for the diagnosis of deep venous
thrombosis and pulmonary embolism (47-49).

Thus, if randomized controlled trials are not feasible or avail-
able, those making recommendations must focus on studies of test
accuracy and make inferences about the likely impact on patient-
important outcomes. With this approach to any new test or strat-
egy, the key questions are (i) whether there will be a reduction in
false negatives (cases missed) or false positives (cases erroneously
labeled as disease present), (ii) how these previous false negatives
and false positives are similar or different to the usual spectrum,
and (iii) what outcomes both those labeled as cases and those
labeled as not having disease experience.

Using indirect evidence to make inferences about impact

on patient-important outcomes

A recommendation associated with a diagnostic question depends
on the balance between desirable and undesirable consequences
of the diagnostic test or strategy. We described that greater ac-
curacy of a test (superior sensitivity or specificity) improves the
probability that it will increase desirable outcomes and decrease
undesirable ones if there is a strong relation between accuracy data
and patient-important outcomes. In this chapter, we are using the
simplified approach that classifies test results into yielding true
positives (patients correctly classified above the treatment thresh-
old; see chapter 3), false positives (patients incorrectly classified
above the treatment threshold), true negatives (patients correctly
classified below the treatment threshold), and false negatives (pa-
tients incorrectly classified below the treatment threshold). How-
ever, inferring from accuracy data that a diagnostic test or strategy
improves patient-important outcome often requires the availabil-
ity of effective treatment (50). Alternatively, even without an ef-
fective treatment, a test may be beneficial if it reduces test-related
adverse effects; if it leads to exclusion of a disease and reduction in
anxiety; or if confirming a diagnosis improves patient well-being
from the prognostic information it imparts such as in our example
of genetic testing for hematological disease.

Situations in which the consequences of false-positives and false-
negative results are less clear will result in weaker inferences about
the balance between desirable and undesirable consequences. Hav-
ing provided a rationale for the focus on patient-important out-
comes, we will now describe the factors that influence the judg-
ments about the balance of desirable and undesirable effects using
the framework of the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) Working Group (31).

Judgment about the quality of the underlying evidence
for diagnostic questions

GRADE’s four categories of quality of evidence of the system imply
a gradient of confidence in estimates of the effect of a diagnostic
test or strategy on patient-important outcomes (50). Randomized
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controlled trials involving direct comparison of the impact of alter-
native diagnostic strategies on patient-important outcomes, such
as the randomized trial of strategies for the management of sus-
pected venous thromboembolism, in the absence of limitations in
design and conduct, imprecision, inconsistency, indirectness, and
reporting bias, represents high-quality evidence (51-53).

Evidence will likely be lower quality if only studies of diagnostic
accuracy are available. While valid accuracy studies start as high
quality in the GRADE diagnostic framework, such studies are vul-
nerable to limitations as a result of the indirect evidence they may
provide regarding impact on patient-important outcomes and are
usually downgraded (31). Table 6.2 describes how GRADE deals
with the challenges of assessing the quality of evidence regarding
desirable and undesirable consequences of alternative diagnostic
strategies.

Table 6.2 also highlights how judgment about quality differs
when panels must rely on diagnostic accuracy studies to judge the
impact of alternative diagnostic strategies. We will now comment
further on three of the important differences: how GRADE views
study design, limitations in planning and execution, and directness
(31).

Study design

Studies focusing on accuracy allow only indirect evidence about
the important consequences of alternative testing strategies. Panels
making recommendations often face challenging judgments about
the appropriate inferences from this indirect evidence.

Study limitations of diagnostic accuracy studies

GRADE considers the following factors (a) consecutive patients
with an uncertain diagnosis who are representative of the target
population should be included; (b) a comparison between the test
or tests under consideration and an appropriate reference standard
is included; (c) those who conduct or interpret the test must be
unaware of the gold standard, or vice versa (both test and refer-
ence standard interpretations should be blind to one another). In
general, these criteria are in agreement with existing instruments
to evaluate the validity of the studies evaluating diagnostic test
accuracy (54-57).

Directness
Judging directness (i.e., the question being addressed is quite dif-
ferent from the available evidence in regards to the population,
diagnostic test or strategy, or intervention, comparison, or out-
come) is perhaps the greatest challenge for those making recom-
mendations for use or against use of diagnostic tests. If a new test,
that may be much more expensive than what currently exists, re-
duces false positives and false negatives, to what extent will that
reduction lead to improvement in patient-important outcomes?
Alternatively, a new test may be simpler to perform with lower risk
and cost but produce false positives and false negatives.

Consider the example of D-dimer testing instead of ultrasonog-
raphy for the diagnosis of deep venous thrombosis. True-positive
results will lead to the administration of therapies of known



Chapter 6 Using Evidence to Guide the Diagnosis

Table 6.2 Factors that decrease the quality of evidence for studies of diagnostic accuracy and how they differ from evidence for other interventions.*

Factors that may decrease the quality of evidence

Explanations and how the factor may differ from the quality of evidence for other interventions

Indirectness

Serious limitations in design or execution of the study

Important inconsistency in study results

Imprecise evidence

High probability of reporting bias

Additional quality criteria

Panels assessing diagnostic tests often face an absence of direct evidence about impact on patient-important
outcomes. They must therefore make deductions from diagnostic test studies about the likelihood that reduction
in false positives or false negatives will benefit patients in important ways. Therefore, most accuracy studies
suffer from indirectness.

Different quality criteria for accuracy studies

Consecutive patients recruited as a single cohort and not classified by disease state where the selection and
referral process is clearly described (49).

Test performed in all patients

Same patient population for test and well described reference standard

Similar quality criteria
Similar judgments but, for accuracy studies, inconsistency in sensitivity, specificity, or likelihood ratios rather
than relative risk or mean differences

Similar quality criteria

Similar judgments, but for accuracy studies wide confidence intervals, but now around estimates of test
accuracy, or true and false positive and negatives

Similar-quality criteria

Similar judgments

*Valid accuracy studies are cross-sectional or cohort studies in patients with diagnostic uncertainty and direct comparison of test results with an appropriate reference standard.

These studies are considered high quality and can move to moderate, low, or very low, depending on other limitations.

effectiveness (anticoagulants); false-positive results will lead to ad-
verse effects (unnecessary drugs and complications, interventions,
and burden, including the possibility of follow-up visits) without
possible benefit; true-negative results will spare patients the pos-
sible adverse effects of the reference standard test or the burden of
more testing; and false negatives will result in patients not receiving
the benefits of available interventions leading to a greater risk of
thromboembolic complications. Thus, inferences that minimiz-
ing false positives and false negatives will benefit patients—and
increasing them will have a negative impact on patient-important
outcomes—are strong. As for outcomes in treatment studies, the
degree of importance of these consequences for patients varies and
should be addressed when balancing desirable and undesirable
consequences (i.e., pulmonary embolism will be more important
than postthrombotic syndrome).

The impact of inconclusive test results is less clear, but they are
clearly undesirable, in that they are likely to induce anxiety, and
may lead to unnecessary intervention or delay the application of
effective treatment. Because our knowledge of the consequences
of the false positive, false negative, inconclusive results, and com-
plication rates with the alternative diagnostic strategies are secure,
and those outcomes are important, we can make strong inferences
concerning the relative impact of D-dimer testing and ultrasonog-
raphy on patient-important outcomes.

Situations in which the consequences of the false-positive and
false-negative results are less clear will result in weaker inferences

about the balance between desirable and undesirable consequences
(18,58,59).

Arriving at a recommendation for diagnostic
tests and strategies

Similar to making a decision regarding treatment, the balance of
desirable (true positives, true negatives, and reduced cost) and un-
desirable (false positives, false negatives, complications, and higher
cost) consequences of a test and the relation to patient-important
outcomes determine whether a panel recommends for or against
applying a specific test. Other factors influencing the strength of
a recommendation are the uncertainty or variation in values and
preferences associated with the tests and outcomes. Users of rec-
ommendations on diagnostic tests should bear in mind that the
likelihood of the disease (prevalence) in the patient before them
has important consequences for the probability of a true and false
positive in that patient.

Conclusions
This chapter described the use of systematic methods to eval-

uated and summarize the evidence regarding diagnostic tests
and strategies. Encouraging examples of well-done randomized
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comparisons of diagnostic strategies exist in the hematology liter-

ature. In most situations, however, clinicians and other decision
makers must rely on accuracy studies that are prone to limitations.
Systematic reviews and meta-analyses of diagnostic test outcome

measures is playing an increasing role in clinical medicine but

bears methodological challenges as a consequence of complicated

study design issues. Nevertheless, systematic reviews of the avail-
able evidence should form the basis of formal recommendations
for diagnostic tests and strategies. The GRADE Working Group
has developed a framework that those making recommendations

can apply to make judgments about the quality of evidence of

diagnostic research and the balance of desirable and undesirable
effects related to diagnostic tests and strategies (29).
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7 Diagnosis of Deep Vein Thrombosis

Lori-Ann Linkins

Deep vein thrombosis (DVT) has an estimated incidence of 48 per
100,000 person-years in the United States (1). The incidence of
DVT increases with age and the presence of additional risk factors
(e.g., thrombophilia, surgery, malignancy) (2). Patients with DVT
who do notreceive anticoagulant therapy are at high risk for devel-
oping pulmonary embolism (PE), a potentially fatal complication.
Even with adequate treatment, 0.4% of patients with DVT will die
from fatal PE (3) and an estimated 20%-50% will develop post-
thrombotic syndrome, a chronic condition thatis both debilitating
for patients and costly for the healthcare system (4).

This chapter will provide an overview of the methods used to
diagnose DVT and provide the author’s opinion on the quality
of evidence. Grading of the quality of evidence and strengths of
recommendations in this chapter are based on the guidelines pro-
posed by the international Grading of Recommendations Assess-
ment, Development, and Evaluation Working Group (GRADE)
adopting the modification used by the American College of Chest
Physicians that merges the very low and low categories of quality
of evidence (see chapter 1). Clinical studies were identified from a
MEDLINE search using the following terms (MeSH and free text):
venous thrombosis, diagnosis, ultrasonography, venography, mag-
netic resonance, CT venography, D-dimer, clinical model, clinical
trial. High-quality meta-analyses are referenced rather than in-
dividual studies where possible. Diagnosis of recurrent DVT and
DVT during pregnancy will be addressed separately at the end of
the chapter.

Diagnosis of first acute deep vein thrombosis

Why is objective testing needed to diagnose DVT?

The signs and symptoms most commonly associated with DVT
include edema, pain, tenderness, and erythema. Unfortunately,
these features are nonspecific and 3 out of 4 ambulatory patients
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Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.

who are suspected to have DVT will have an alternative explanation
for their symptoms (e.g., muscle cramp, Baker’s cyst, cellulitis, and
others). Failure to diagnose DVT exposes patients to the risk of
fatal PE (1 out of 20 pulmonary emboli are fatal) (4). However,
inappropriate use of anticoagulant therapy exposes patients to the
risk of serious complications, including fatal hemorrhage (1 out
of 11 anticoagulant-related major bleeds are fatal) (5). Because
clinical assessment alone is unreliable, objective testing to confirm
the diagnosis is crucial when DVT is suspected.

Which imaging modalities can be used to diagnose DVT?
Compression ultrasonography

Compression ultrasonography is considered the first-line imaging
test for DVT because it is accurate, safe, and noninvasive (Grade
1A). Using the method described by Lensing et al. (6), the com-
mon femoral vein and popliteal vein are imaged in real time and
compressed with an ultrasound transducer probe. Inability to fully
compress the vein is diagnostic of venous thrombosis. Most cen-
ters currently evaluate compression at 1-cm intervals from the
common femoral vein to the calf trifurcation. Accuracy studies
comparing compression ultrasound with venography, the refer-
ence standard test for DVT, showed compression ultrasound to
have a sensitivity of 97% and a specificity of 94% for symptomatic
proximal DVT (7). Management studies using serial compression
ultrasonography (i.e., a repeat ultrasound is performed one week
after an initial negative ultrasound) have shown that it is safe to
withhold anticoagulant therapy in patients with suspected DVT
who have negative serial ultrasounds (i.e., 1%—2% of these patients
developed venous thromboembolism (VTE) during six months of
follow-up) (7).

Unlike the case with proximal DVT, the utility of compression
ultrasonography for diagnosing isolated calf vein thrombosis is
controversial (Grade 2C). The sensitivity of this method for iso-
lated calf vein thrombosis is significantly lower than for proxi-
mal DVT (50%-75%) and the number of indeterminate exams is
higher (7). Visualization of the calf veins is limited by patient posi-
tion, presence of edema or hematomas, and operator skill. Further-
more, the clinical value of detecting isolated calf vein thrombosis
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is debatable. Studies have suggested that only 13% of DVT are iso-
lated to the calf (8,9) and only 20% of these will extend into the
proximal veins if left untreated (10). The previously mentioned
management studies for diagnosing DVT using serial compres-
sion ultrasonography showed a low incidence of VTE in follow-up
even though all ultrasound examinations were restricted to the
proximal veins.

Some investigators have proposed a single complete compres-
sion ultrasound that includes examination of the calf veins as an
alternative to time-consuming serial ultrasounds in patients with
suspected DVT (Grade 2B). Studies using this method have re-
ported an incidence of VTE of 0.5% after three months follow-up
(11-13). However, there is concern that this method has the po-
tential to diagnose calf DVT that would have safely resolved with-
out treatment, thereby exposing patients to the risk of bleeding
due to anticoagulant therapy without clear benefit. A randomized
controlled trial that compares ultrasonography restricted to the
proximal veins with single complete ultrasonography (withhold-
ing anticoagulant therapy for negative ultrasounds in both groups)
would help address this issue.

Ultrasonography has also been proposed as an alternative to
venography for screening patients for asymptomatic DVT, partic-
ularly following orthopedic surgery (Grade 2B). A meta-analysis
of methodologically high-quality studies comparing screening ul-
trasonography with venography reported sensitivity of 62%, speci-
ficity of 97%, and positive predictive value of 66% of ultrasonog-
raphy for asymptomatic proximal DVT (14). A more recent meta-
analysis reported similar results with respect to pooled sensitivity
and specificity but based on using an alternative summary method
(diagnostic odds ratio) concluded that ultrasound screening was
accurate for asymptomatic DVT in the proximal veins (15). Trans-
lating diagnostic odds ratios into clinical practice, however, is more
problematic than pooled sensitivity/specificity; therefore, the ac-
curacy of ultrasonography for diagnosing asymptomatic DVT is
still questionable. (Impedance plethysmography is another vali-
dated, noninvasive test for DVT, but because it has been replaced
by ultrasonography and is no longer being manufactured, it will
not be reviewed here.)

Contrast venography

Contrast venography is recognized as the reference standard imag-
ing test for deep vein thrombosis (16) (Grade 1A). This method
allows direct visualization of the veins from the calf to the vena
cava after injection of contrast into a superficial vein on the dor-
sum of the foot. An intraluminal filling defect seen in two views is
considered diagnostic for thrombosis. Unfortunately, venography
is invasive, operator-dependent, and expensive. In addition, the
use of contrast exposes patients to the risk of allergic reactions
and contrast-induced nephropathy. Because of these drawbacks,
the role of contrast venography has been restricted to (i) surro-
gate marker for VTE in studies evaluating new anticoagulants; (ii)
confirmatory test in cases where suspicion of DVT is high, but a
compression ultrasound is nondiagnostic; and (iii) diagnosis of
recurrent DVT.
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Contrast venography and magnetic resonance venography
The limitations of compression ultrasound in diagnosing DVT in
certain clinical settings (e.g., obese patients, patients with plaster
casts, patients with isolated pelvic vein thrombosis) have led to
evaluation of other imaging modalities, such as CT venography
and magnetic resonance venography.

Contrast venography has been used in combination with CT
pulmonary angiography in patients with suspected PE. This ap-
proach offers the advantage of imaging for DVT and PE in one
examination as well as potentially identifying nonthrombogenic
pathology (e.g., cancer). However, combining both imaging tests
requires a larger bolus of contrast and is still subject to difficulties
in interpretation (e.g. due to streak artifacts, poor opacification).
One small study with methodological limitations compared the
accuracy of CT venography with conventional venography for di-
agnosing acute DVT (6 patients with suspected PE without DVT
were included) and reported sensitivity of 100% and specificity
of 92% (17). The sensitivity and specificity of CT venography
has been reported between 89% to 100% and 94% to 100%, re-
spectively, when compared with ultrasonography in one review
(18), but the majority of the studies included in these estimates
were case series. Given the cost, exposure to radiation, and limited
availability, it is highly unlikely that CT venography will ever re-
place ultrasonography as the first-line imaging test for first acute
DVT.

Magnetic resonance venography can be performed with injec-
tion of gadolinium or without any contrast (MR direct thrombus
imaging). Gadolinium-enhanced MR venography is performed by
injecting contrast into either a vein in the foot or as a single pe-
ripheral bolus with imaging timed to record filling of the veins
of the lower limb. As with conventional venography, the presence
of an intraluminal filling defect is diagnostic of DVT. MRDTI is
performed without contrast so diagnosis of thrombus is based
on detection of a high signal against a suppressed background. A
recent meta-analysis of studies comparing MR venography with
conventional venography reported a pooled sensitivity of 92% and
specificity of 95% of MR venography for proximal DVT (19). The
authors noted that there was significant heterogeneity between
the studies, which means the pooled estimates should be inter-
preted with caution. Potential explanations for the heterogeneity
included differences in MR technique, operator skill, and study
type (one study used ultrasound as the reference standard and two
studies enrolled asymptomatic patients; Grade 1B). MRDTTI has
only been evaluated in a single accuracy study to date (included in
the meta-analysis described above) (20).

How can clinical pretest probability be used to

diagnose DVT?

The clinical features of DVT alone cannot be used to either con-
firm or exclude the diagnosis of DVT. However, structured clinical
prediction models based on the presence or absence of risk factors,
typical signs and symptoms of DVT, and alternative explanations
for symptoms can be used to stratify patients into categories based
on the probability of DVT (e.g., high, intermediate, or low). Such



categorization is useful in streamlining further investigations for
DVT (Grade 1A).

Several clinical prediction models have been developed with
the Wells model being the most widely validated (21). The Wells
model divides patients into low-, moderate-, or high-probability
categories for DVT with a prevalence of DVT of greater than
10%, 25%, and 60%, respectively. Management studies have shown
that outpatients in the low-probability group who have one other
negative diagnostic test (i.e., ultrasound or D-dimer assay) re-
quire no further investigation and have a low rate of confirmed
VTE at three months (Grade 1A). The most recent version of
the Wells score includes an additional item (previously docu-
mented DVT) and uses only two categories for patients: DVT
likely or DVT unlikely (22). Studies have shown that empirical
assessment of clinical pretest probability is also useful for strat-
ifying patients, but results in fewer patients being classified as
“low” when compared with the Wells model, which reduces clinical
utility (23).

How can D-dimer assays be used to diagnose DVT?
D-dimer is formed when cross-linked fibrin is broken down by
plasmin. D-dimer levels are typically elevated in patients with acute
DVT; therefore, a negative D-dimer assay helps to exclude this di-
agnosis (high negative predictive value). A positive D-dimer assay
may be due to DVT, or it may be due to inflammation, trauma,
pregnancy, malignancy, or surgery (low positive predictive value).
Consequently, a negative D-dimer is helpful in excluding the di-
agnosis of DVT, but a positive D-dimer does not confirm the di-
agnosis of DVT.

There are several different types of D-dimer assay available
for clinical use: enzyme-linked immunosorbent assays (ELISA),
quantitative rapid ELISA, semiquantitative rapid ELISA, qualita-
tive rapid ELISA, quantitative latex, semiquantitative latex, and
whole blood (24). These assays differ markedly with respect to
their diagnostic properties for DVT. The assays with the highest
sensitivity for DVT are the traditional, time-consuming ELISA
and quantitative rapid ELISAs (e.g., VIDAS). However, the high
sensitivity of these assays comes at the price of lower specificity.
Thus, these assays can be used as a stand-alone test to exclude the
diagnosis of DVT (Grade 1A), but they produce a high number
of false-positive results, which reduces their clinical utility (25).
Less-sensitive D-dimer assays (e.g., SimpliRED) have better speci-
ficity but must be combined with another diagnostic test to exclude
the diagnosis of DVT (i.e., clinical pretest probability, ultrasound
examination; Grade 1A).

The combination of clinical pretest probability and D-dimer was
compared with the combination of clinical pretest probability and
ultrasound in one randomized trial (22). The thromboembolic
event rate in the patients who had DVT excluded based on clinical
pretest probability and ultrasound was 1.4% compared with an
event rate of 0.4% in the patients who had DVT excluded based
on clinical pretest probability and D-dimer (p = 0.16). Conse-
quently, while both diagnostic strategies were shown to be safe,
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the use of the D-dimer significantly reduced the number of ultra-
sounds that were required (Table 7.1).

Diagnosis of Recurrent DVT

Which imaging modalities can be used to diagnose
recurrent DVT?

Diagnosing recurrent DVT is more problematic than diagnosing
first acute DVT. To begin with, the signs and symptoms experi-
enced by patients with recurrent DVT are also seen in patients with
postthrombotic syndrome, a condition that affects approximately
20% to 50% of patients with previous DVT (4). Differentiating be-
tween these two conditions is important because postthrombotic
syndrome does not require treatment with anticoagulant therapy,
whereas recurrent DVT that remains untreated places patients at
risk for fatal PE. Unfortunately, to date, there is no reference stan-
dard noninvasive test that has been shown to diagnose recurrent
DVT accurately.

Compression ultrasonography is commonly used as the first-
line diagnostic test for patients with suspected recurrent DVT. In
patients with a recent ultrasound that demonstrated either limited
extent of their previous DVT or complete resolution, the presence
of a new noncompressible segment on ultrasound examination is
accepted as diagnostic for recurrent DVT (Grade 1B). Unfortu-
nately, persistent abnormalities of the deep veins on ultrasound
examination are common following first acute DVT despite ade-
quate treatment. Heijboer and colleagues (26) reported that 50%
of patients with lower-limb DVT will still have abnormal compres-
sion on ultrasound examination one year after diagnosis. Conse-
quently, the presence of incomplete compression on ultrasound
examination of a previously affected limb is rarely diagnostic of
recurrent DVT.

Other ultrasound parameters such as residual vein diameter,
Doppler flow, and thrombus echogenicity have been used to di-
agnose recurrent DVT, but the evidence to support these meth-
ods is very limited. Measurement of residual vein diameter is the
only one of these parameters that has been systematically eval-
uated for diagnosing recurrent DVT (27). In their management
study of patients with suspected recurrent DVT, Prandoni and
colleagues (27) reported that it was safe to withhold anticoagulant
therapy in patients who had less than a 4-mm increase in residual
vein diameter between two compression ultrasound examinations
(Grade 1C). A drawback of this method is that a recent ultrasound,
prior to the episode of suspected recurrence, is required for com-
parison. In addition, there is some evidence to suggest that the
reproducibility of this measurement is only moderate (28). The
evidence for use of Doppler flow or thrombus echogenicity for
diagnosis of recurrent DVT is even more limited with no large ac-
curacy or management trials using these parameters published to
date (28) (Grade 2C). Change in thrombus length on ultrasound
examination using anatomical landmarks as reference points has
been proposed as an ultrasound parameter that could be used to
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Table 7.1 Summary of Diagnostic Tests for First Acute DVT (with ACCP category 1 recommendation): strategies for diagnosis of first acute DVT according to patient

population.

Diagnostic test

Criteria

Confirms DVT

Excludes DVT

Evidence grade

Symptomatic outpatients
Compression US*

Contrast venography
PTP and D-dimer

PTP and Compression US

D-dimer and Compression US

PTP and serial compression US

D-dimer

Contrast venography

CT Venography or Magnetic Resonance
Venography

Symptomatic inpatients

Compression US*

Contrast venography

PTP and compression US

PTP and serial compression US
Contrast venography
Asymptomatic patients

Contrast venography

Contrast venography

Noncompressible proximal veins (no history of DVT
in same leg)

Intraluminal filling defect on 2 views

Low PTP and negative D-dimer (sensitivity >85%
and specificity >70%)

Low PTP and normal US (all proximal veins fully
compressible)

Negative D-dimer (sensitivity > 85% and
specificity > 70%) and normal US

Moderate PTP and normal US at presentation and
on serial testing in 5 to 7 days

Negative D-dimer (sensitivity > 98% and
specificity > 40%)

All deep veins visualized and no intralulminal filling
defects seen

All proximal veins visualized and no intraluminal
filling defects seen

Noncompressible proximal veins (no history of DVT
in same leg)

Intraluminal filling defect on 2 views

Low PTP and normal US (all proximal veins fully
compressible)

Moderate PTP and normal US at presentation and
on serial testing in 5 to 7 days

All deep veins visualized and no intralulminal filling
defects seen

Intraluminal filling defect on 2 views

All deep veins visualized and no intralulminal filling
defects seen

X 1A
X 1A
X 1A
X 1A
X 1A
X 1A
X 1A
X 1A
X 1B
X 1A
X 1A
X 1B
X 1B
X 1A
X 1A
X 1A

*From common femoral vein to calf trifurcation only. US, ultrasound; PTP. pretest probability.

diagnose recurrent DVT, but has not been validated in a clinical
trial (29).

Contrast venography is considered the reference standard diag-
nostic imaging test for recurrent DVT. As with first acute DVT, a
new intraluminal defect seen in two views confirms the diagnosis
of recurrence. However, venography is frequently nondiagnostic
in patients with suspected recurrent DVT due to nonfilling of pre-
viously affected venous segments. Because it is not dependent on
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contrast flow, MR direct thrombus imaging may offer an alterna-
tive imaging test for recurrent DVT, but further studies are needed
before it can be recommended for this indication (20).

How can clinical pretest probability be used to diagnose
recurrent DVT?

As with first acute DVT, clinical features alone cannot be used
to either confirm or exclude the diagnosis of recurrent DVT. As



Table 7.2 Summary of diagnostic tests for recurrent DVT and DVT during pregnancy.
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Diagnostic Test Criteria Confirms DVT Excludes DVT Evidence grade
Suspected recurrent DVT
Compression US* New noncompressible proximal vein with recent X 1B

normal US (or US showing limited extent of

previous DVT) for comparison

Contrast venography Intraluminal filling defect on 2 views X 1A

Compression US Difference in residual vein diameter > 4 mm when X 1C
compared with recent US

Contrast venography All deep veins visualized and no intralulminal X 1A
filling defects seen

Compression US Less than 1-mm increase in residual vein diameter X 1C
when compared with recent US and remains
unchanged on repeat US testing at 2 and 7 days

D-dimer Negative D-dimer (sensitivity > 98% and X 1C
specificity > 40%)

Pregnant patients

Compression US Noncompressible proximal veins (no history of X 1B
DVT in same leg)

Compression US Normal US at presentation and with repeat testing X 1C

in 7 days

*From common femoral vein to calf trifurcation only. US, ultrasound; PTP, pretest probability.

previously mentioned, Wells and colleagues most recent version of
a clinical prediction model for DVT includes allocation of a point
to “previously documented deep-vein thrombosis” (22). In their
study comparing two noninvasive diagnostic strategies for DVT,
36% of patients had a history of previous ipsilateral DVT, but
the results for these patients were not reported separately. Further
validation of this model for patients with suspected recurrent DVT
is required.

Using the data from an ongoing prospective cohort study eval-
uating D-dimer for the diagnosis of recurrent DVT, Bates and col-
leagues (30) developed a clinical prediction model for recurrent
DVT. Patients are categorized aslow (< 10% prevalence), moderate
(10%—60% prevalence), and high (>60% prevalence) probability
of recurrence using the following predictors: recent risk factors
for DVT, greater than two previous episodes of VTE, absence of
therapeutic anticoagulation, previous VTE unprovoked or asso-
ciated with an ongoing risk factor, and no alternative diagnosis
more likely. Prospective validation of this model is pending.

How can D-dimer assays be used to diagnose recurrent
DVT?

The safety of using a negative D-dimer assay to exclude the di-
agnosis of recurrence in patients with suspected recurrent DVT
is less studied than with first acute DVT. Rathbun and colleagues

(31) evaluated the STA-Liatest D-dimer assay in a cohort study of
patients with suspected recurrent DVT using compression ultra-
sound as the reference standard test. Anticoagulant therapy was
withheld from patients who had a negative D-dimer. Patients with
a positive D-dimer underwent a compression ultrasound exami-
nation; recurrence was confirmed if there was a greater than 4-mm
increase in residual vein diameter when a previous ultrasound ex-
amination and the study ultrasound examination were compared.
The incidence of recurrent VTE during three months of follow-up
in patients with a negative D-dimer (45% of patients) was 0.75%.
Ultrasound confirmed recurrence in 33% of patients with a posi-
tive D-dimer, in each case, based on new noncompressibility of a
venous segment. Using this approach, the investigators were able
to safely exclude recurrent VTE in 42% of patients, but investiga-
tions remained inconclusive in 5 patients with a negative D-dimer
and 33 patients with a positive D-dimer. Consequently, it appears
that a negative D-dimer helps to rule out the diagnosis of recurrent
DVT, but a reliable reference standard test for confirming the diag-
nosis of recurrent DVT is still needed (Grade 1C). A cohort study
using the MDA D-dimer to exclude recurrent DVT is under way.

The primary focus of recent research has been whether the result
of a D-dimer assay can be used to predict which patients are at
the highest risk of recurrence and therefore should remain on
anticoagulant therapy indefinitely (Table 7.2).
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Diagnosis of DVT during pregnancy

Which diagnostic tests can be used to diagnose DVT
during pregnancy?

The incidence of VTE is increased by two- to fourfold during
pregnancy (32). However, leg edema with or without calf pain
is common in pregnant women, especially in the third trimester.
Consequently, only 8% of pregnant women presenting with sus-
pected DVT will have this diagnosis confirmed on objective testing
(33). Studies have also shown that pregnant women are far more
likely to have leftleg DVT than rightleg DVT. Explanations for this
finding include compression of the left iliac vein by the right iliac
artery, and a decrease in the velocity of blood flow when a preg-
nant women lies in the supine position. Clearly, the risk to both
mother and fetus if a diagnosis of venous thrombosis is missed or
if anticoagulant therapy is used when it is not needed, emphasizes
the importance of objective testing in this patient population (34).

Serial compression ultrasonography is the first-line diagnostic
test for DVT during pregnancy although it is not well-validated
in this population (Grade 1B). The accuracy of this test for proxi-
mal DVT is likely comparable to its performance in nonpregnant
females. However, isolated iliac vein thrombosis is believed to be
more common in pregnant females and cannot be detected by
compression ultrasound. Magnetic resonance imaging has been
used to diagnose isolated iliac vein thrombosis in a small cohort of
patients but has not been formally evaluated in pregnant patients.
The natural history of calf vein thrombosis is also less certain in
pregnant females so the safety of serial ultrasonography is unclear.

Venography is the reference standard diagnostic test for DVT
during pregnancy. However, concern about exposure of the fetus
to ionizing radiation is a major barrier to its use. Case-control
studies suggest that exposure to radiation in utero may cause a
small increase in the relative risk of childhood cancer. Unilateral
venography exposes the fetus to approximately 0.314 rads com-
pared with less than 0.001 rads exposure during a chest radiograph
(35). Use of abdominal shielding during venography reduces fetal
exposure.

No large studies using D-dimer levels to diagnose DVT during
pregnancy have been published to date. D-dimer levels are known
to increase with gestational age and some complications of preg-
nancy therefore the clinical utility of these assays is likely to be less
than in the nonpregnant population (36). Studies addressing this
issue are ongoing.

The Future

Extensive research has led to the development of a number of
validated diagnostic tests to confirm and exclude first acute DVT.
Current development for these patients is focused on streamlining
the diagnostic approach to reduce the time and expense required to
arrive ata diagnosis. The areas where challenges remain include (i)
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diagnosis of asymptomatic DVT in high-risk patients who cannot
receive thromboprophylaxis, (ii) diagnosis of recurrent ipsilateral
DVT, and (iii) diagnosis of DVT during pregnancy. As imaging
technology continues to evolve, it will be interesting to see how it
contributes to progress in these areas.
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8 The Diagnosis of Acute Pulmonary Embolism

Victor F. Tapson

Background and purpose

Pulmonary embolism (PE) is a common disease associated with
unacceptable morbidity and mortality if untreated. The goal of this
chapter is to review various diagnostic strategies for confirming or
excluding PE and to make evidence-based recommendations.

Data Sources, study selection, and analysis

PubMed was searched through October 2006 (using keywords per-
taining to PE diagnosis) together with a hand search of key journals
after 2004. Articles in the English language were reviewed. Data
were collected that evaluated presence or absence of acute PE based
onadefined gold standard and those that evaluated outcome. Large
systematic reviews were included. All relevant publications could
not be included but appropriate representative studies were ref-
erenced. Abstracts and subanalyses of previously published stud-
ies were excluded. Recommendations were graded based on the
American College of Chest Physicians’ modification of the Grad-
ing of Recommendations, Assessment, Development, and Eval-
uation (GRADE) system (1,2). The recommendations offered in
this chapter center around the following questions involving the
diagnostic approach to suspected acute PE:

1. Which risk factors should steer the clinician in the direction of
possible PE?

2. Should a clinical prediction rule be utilized?

3. How should D-dimer testing be incorporated in the diagnostic
evaluation?

4. When can ventilation-perfusion (VQ) scanning be considered
diagnostic, and when are ancillary tests necessary?

5. How has computed tomographic angiography (CTA) technol-
ogy changed, and how has this affected its usefulness?

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.
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6. When can CTA scanning be considered diagnostic, and when
are ancillary tests necessary?

7. What are appropriate approaches to the diagnosis of suspected
PE in the pregnant patient?

Introduction

Venous thromboembolism (VTE) encompasses the spectrum of
deep venous thrombosis (DVT) and pulmonary embolism (PE).
The diagnosis of PE is often delayed (2) and autopsy studies have
repeatedly documented the high frequency with which PE has gone
unsuspected and thus, undetected (3,4), emphasizing the need for
appropriate prophylactic and diagnostic approaches. Treatment of
acute PE has a substantial impact on reducing mortality.

The diagnostic approach generally depends on whether DVT
or PE first results in symptoms. Symptoms and signs are neither
sensitive nor specific, so when PE is suspected, further testing is re-
quired. The presence of specific risk factors both guide prophylaxis
and raise the index of suspicion for acute PE (Table 8.1). Clinical
probability should be assessed based on knowledge and experi-
ence, and one of several validated clinical prediction scores can be
used. Many recent studies use clinical outcome (symptomatic VTE
in long-term [>3 months] follow-up), as the primary outcome
measure, rather than the sensitivity and specificity of diagnostic
tests.

Clinical manifestations: risk factors, symptoms, and signs
Whereas the symptomatic presentation of DVT and PE may de-
pend on the thromboembolic burden, very large thrombi may
evolve silently and present first as symptomatic or fatal PE. Symp-
toms and signs are neither sensitive nor specific for DVT or PE
(5,6). Dyspnea and chest pain are often sudden in onset. Pleu-
ritic chest pain and hemoptysis are more common with pul-
monary infarction due to smaller, peripheral emboli. Cough, pal-
pitations, anxiety, lightheadedness, and syncope are nonspecific
and may also result from other diseases. Symptoms of DVT
should be evaluated. Tachypnea and tachycardia are common but



Table 8.1 Risk factors for acute venous thromboembolism.

Prolonged immobility or reduced mobility
Previous venous thromboembolism
Surgery

Trauma

Spinal cord injury

Cancer

Prolonged air or ground travel
Advanced age

Obesity

Thrombophilias

Oral contraceptives
Pregnancy/postpartum

Varicose veins

Intravascular access

Acute medical illness
Myocardial infarction
Stroke
Pneumonia
Congestive heart failure
Chronic obstructive lung disease exacerbation
Infection

nonspecific. Other physical findings include fever, wheezing, rales,
a pleural rub, a loud pulmonic component of the second heart
sound, a right-sided gallop, and a right ventricular lift, as well as
signs compatible with acute DVT. Symptoms and signs compati-
ble with VTE should be particularly heeded in the setting of risk
factors.

Dyspnea or chest pain from PE can be mistaken for a flare of
chronic obstructive lung disease, pneumothorax, acute bronchitis
or pneumonia, anxiety with hyperventilation, heart failure, angina
or myocardial infarction, musculoskeletal pain, rib fracture, peri-
carditis, herpes zoster, intrathoracic cancer, and occasionally even
an intra-abdominal process, such as acute cholecystitis. Acute
PE may be masked when there is concomitant cardiopulmonary
disease.

Electrocardiography and chest radiography
Electrocardiographic abnormalities are present in the majority of
patients with acute PE (6). While ST-segment abnormalities, T-
wave changes, and left- or right-axis deviation are common, they
are nonspecific. Only one-third of patients with massive or sub-
massive emboli have manifestations of acute cor pulmonale, such
as the S1 Q3 T3 pattern, right bundle branch block, P-wave pul-
monale, or right-axis deviation. Electrocardiography in suspected
acute PE may be useful in establishing or excluding alternative
diagnoses, such as acute myocardial infarction.

The chest radiograph is often abnormal in acute PE but non-
specific. Common findings include atelectasis, pleural effusion,
pulmonary infiltrates, and mild elevation of a hemidiaphragm (6).
Classic findings of pulmonary infarction, such as Hampton’s hump
or central pulmonary prominence with decreased peripheral
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vascularity (Westermark’s sign), are suggestive but are infrequent.
A chest radiograph is recommended when PE is suspected, and
may offer an alternative diagnosis.

Blood tests

Arterial blood gas analysis

While acute PE is most commonly associated with hypoxemia,
some patients may have a normal arterial oxygen tension (PaO,)
and even rarely a normal alveolar-arterial difference (6). A sud-
den or unexplained decrease in the PaO, or oxygen saturation
should raise concern for acute PE. Hypocapnia and hypoxemia
are included in the original Geneva clinical prediction rule (7).

Cardiac troponins

Cardiac troponin T and troponin I levels have been found to be ele-
vated in acute PE (8). Troponin is specific for cardiac myocyte dam-
age, and the right ventricle appears to be the source of this enzyme,
usually with more massive embolism with myocyte injury due to
right ventricular strain (9). It is most commonly used in prognosti-
cating in established PE and is not sensitive for acute PE. However,
an unexplained, elevated troponin in a patient with symptoms
compatible with acute PE should be investigated further.

D-dimer Assays

Plasma measurements of circulating D-dimer (a specific derivative
of cross-linked fibrin) in patients with suspected acute VTE have
been extensively evaluated and they have variable sensitivity and
specificity (10-12). Cover-slide semiquantitative latex tests rely on
visual interpretation and have proven less useful (13). The con-
ventional D-dimer enzyme-linked immunosorbent assay method
(ELISA) has shown outstanding negative predictive values but is
time consuming (10). Excellent results have been obtained with
both the new rapid ELISA (14) and the turbidimetric D-dimer
tests (15). Rapid erythrocyte agglutination D-dimer assays have
been used effectively when combined with low clinical probability
in outcome studies (12,16).

A positive D-dimer means that DVT or PE is possible, but it is
nonspecific. For example, when the ELISA D-dimer level cutoff is
500 pg/L, the sensitivity for PE may be as high as 96% to 98%,
but the specificity is much lower; limiting the use of D-dimer
in hospitalized patients with infection, cancer, trauma, and other
settings in which a positive assay is common. Although it has been
suggested that a negative result on a quantitative rapid ELISA is
as diagnostically useful as a normal lung scan and may serve as a
“stand-alone” test in suspected acute PE (10), a clinical probability
assessment is advised (see The Canadian and Swiss Clinical Scores)
and a high-clinical probability should not be ignored (17). Patients
with previous VTE who present with suspected acute PE are less
likely to have a negative D-dimer test and thus are more likely to
need imaging (18). D-dimer testing should be considered in the
low or moderate clinical probability setting, as discussed in more
detail in the sections on clinical probability and imaging.
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Suspected Acute PE: A Diagnostic Algorithm

Clinical suspicion® / No PE treatment
(=)
Low > | Non-ELISA D-dimer
Moderate | | ELISA D-dimer
\‘(‘l‘)
VQ scan is optimal when:

1. CTA not available

2. Renal insufficiency

3. Clear CXR, no cardiopulmonary disease

(higher specificity and sensitivity)

Normal or very low Non-high clinical High probability VQ*
probability VQ probability VQ

v

No PE treatment D-dimer Treat for PE

J v

P
=)

' .

No PE treatment If any of the
following tests

Figure 8.1 Suspected acute pulmonary embolism: A
diagnostic algorithm. This algorithm is based on initial
clinical probability assessment and D-dimer testing. At
most institutions, computed tomographic angiography
(CTA) is the initial imaging study.

Brain natriuretic peptide

Brain natriuretic peptide (BNP) assays have been studied as mark-
ers that might predict acute PE (19) and increases with ventricular
stretching from any cause. While use of the pro-BNP assay to-
gether with D-dimer testing has proven to increase the specificity
for acute PE, it is not specific enough clinical use (19). Like tro-
ponin, its best use may be in prognosticating. An algorithm for
the approach to suspected acute PE is provided in Figure 8.1.

Using clinical probability assessment in the
diagnostic approach

When PE is suspected, a careful clinical assessment should be

based on the history, physical exam, assessment of risk factors,
and consideration of additional studies, such as arterial blood
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(+) then treat®

e PAgram
e leg US
o CTA/CTV

gas analysis, D-dimer, and chest radiography. A validated clinical
prediction rule is appropriate to consider (Grade 1A) (5,20,21).
The above assessment, together with imaging or other studies, then
follows. Graded recommendations for the diagnostic approach to
suspected acute PE appear in Table 8.2.

The Canadian and Swiss Clinical Scores

Of the clinical prediction scores for suspected PE studied to date,
two have dominated the evidence-based literature. The Geneva
is based on eight variables (Table 8.3) (7) and was subsequently
modified to include active malignancy, hemoptysis, unilateral leg
pain, tenderness or edema, with deletion of the arterial blood gas
and chest radiograph parameters. The modified score has under-
gone internal and external validation and now awaits outcome
data (22).
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Table 8.2 Summary: recommendations for the diagnostic approach to suspected acute pulmonary embolism.*

In patients with suspected acute PE

1. A careful clinical assessment based on the history, physical exam, assessment of risk factors, and consideration of additional studies such as arterial blood gas analysis,
D-dimer, and chest radiography is appropriate. A validated clinical prediction rule is appropriate to consider (Grade 1A) (5,7,16,20,21).

2. Ina patient with a negative ELISA D-dimer assay, no additional testing or treatment is needed, except when there is high pretest probability (Grade 1A) (10,27-29).

3. In a patient with low clinical probability and a negative, less sensitive D-dimer assay (e.g., red cell agglutination), no additional testing or treatment is needed.

(Grade 1A) (10,12,16,27,31).

4. D-dimer testing is nonspecific and a decision to treat cannot be made based on a positive D-dimer, without imaging studies (Grade 1A) (10,27,31).

5. A normal perfusion lung scan effectively rules out acute PE (Grade 1A) (5,30,33,34).

6. Except when there is a history of prior PE, without prior scans available for review, a high-probability VQ scan should be considered diagnostic of acute PE (Grade 1A)
(If no other parenchymal lung disease is present (e.g., sarcoidosis), a high-probability scan may occasionally not reflect PE, and additional testing may be needed).

7. The diagnosis of PE should be rigorously pursued even when the VQ scan is low or intermediate probability if the clinical probability is high (Grade 1A) (5).

8. After a nondiagnostic VQ scan, pulmonary arteriography can be performed. When negative, PE is excluded and when positive, it is ruled in (Grade 1A) (5,35). Another
option in this setting when clinical probability is low or moderate is to perform serial leg ultrasonography; a negative result precludes the need for therapy (Grade 1C)
(23). While excellent outcome has been demonstrated, this benefit is outweighed by the relative inconvenience.

9. After a nondiagnostic perfusion scan, with low clinical probability or normal D-dimer testing and moderate probability, no additional testing or therapy are indicated

(Grade 10) (5, 30,34).

10. A normal pulmonary arteriogram excludes acute PE and a positive study rules in acute PE (Grade 1A) (5).
11. A negative single-detector spiral CT, together with low to moderate clinical probability, and a negative leg ultrasound, requires no additional testing or treatment

(Grade 1B) (47).

12. In the setting of a negative multidetector CTA result, no additional testing or treatment is required, regardless of pretest probability, or D-dimer results. (Grade 1B)

(20).

13. If asingle or multidetector CTA is positive for acute PE, treatment should be instituted (Grade 1A) (57,44—-46).

14. Negative thoracic MR resonance imaging appears to safely rule out acute PE, although no large randomized trials have been completed (Grade 1C) (56).

15. In the setting of suspected PE in pregnancy, a noninvasive approach is favored, but either CTA or VQ scanning should be considered if thoracic imaging is required
Grade 1B) (62). Large, well-designed outcome studies have not included pregnant patients (20,21), but data can very likely be extrapolated from these trials.

*Supportive data for many of the recommendations are based predominantly on patients presenting in the outpatient setting, although inpatients are also included in some of
them. Based on this, the quality of the evidence could be considered for downgrading in some instances. The primary concem is simply that increased complexity and comorbidity
in inpatients would frequently render D-dimer tests positive and thus not helpful in a high percentage of cases as well as potentially affecting the quality of imaging studies,
limiting the usefulness of the strategies. CTA, computed tomographic angiography; PE, pulmonary embolism; VQ, ventilation-perfusion.

The Canadian (Wells) scoring system was developed based on
very simple and easily obtained parameters (23) and has been
studied extensively (Table 8.2). A prospective observational study
performed in a cohort of 607 patients with suspected PE demon-
strated that the predictive value of the Wells score is derived pri-
marily from its subjective component (24). More recently, the score
has been dichotomized (Table 8.2) (25) and used with multidetec-
tor CTA (20). Both the Canadian and Swiss scoring systems have
proven useful in prospective clinical trials.

Using D-dimer testing with clinical

probability assessment

Clinical probability should be incorporated in the evaluation for
suspected PE (26). Most evidence-based studies have used one
of the clinical prediction rules, rather than a nonscored clinical
judgment to estimate clinical probability. The prediction rules are
useful when probability is low or moderate and the D-dimer is
negative. Although the ELISA has been touted as the most sensi-
tive assay to use and has been validated in both low and moder-
ate probability patients, excellent results have been obtained with

certain non-ELISA assays, such as the erythrocyte agglutination
assay, when coupled together with low clinical probability (16).

In a patient with a negative ELISA D-dimer assay, no additional
testing or treatment is needed, except when there is high pretest
probability (Grade 1A) (10,27-29). In a patient with low clinical
probability and a negative, less-sensitive assay (e.g., red cell agglu-
tination), no additional testing or treatment is needed (Grade 1A)
(10,12,16,27,30,31). D-dimer testing is nonspecific and a decision
to treat cannot be made based on a positive D-dimer, without
imaging studies (Grade 1A) (10,27,31).

Many of the outcome studies have been neither randomized nor
blinded and usually include predominantly outpatients. At least
one recent, large randomized, nonblinded outcome study included
inpatients and served as further evidence that, in patients with alow
clinical probability of PE and a negative erythrocyte agglutination
D-dimer assay, no additional diagnostic testing was needed (12).
Another large, well-designed study incorporated alveolar dead-
space fraction into a diagnostic approach together with the Wells
score and D-dimer testing, which proved as safe as a standard
strategy of starting with VQ scanning (32). Further discussion
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Table 8.3 Clinical prediction scores for suspected acute pulmonary embolism.

Variable Points

A. The Canadian (Wells) Prediction Score

DVT symptoms/signs 3.0

PE as or more likely than an alternative diagnosis* 3.0

Heart rate > 100 beats/min 1.5
Immobilization/surgery previous 4 weeks 1.5
Previous DVT or PE 1.5
Hemoptysis 1.0
Malignancy 1.0

Total score Pretest Probability’
<2.0 Low
2.0t06.0 Moderate
>6.0 High
Dichotomized Wells Score*

<4 PE unlikely

>4 PE likely

B. The Original Geneva (Wicki) Score’
Age 60-79 years
>80
Previous DVT or PE
Recent surgery
Pulse >100/minute
pCO; < 4.8 kPa (<36.2 mm Hg)
4.8-5.19 kPa (36.2-38.9 mm Hg)
p0; < 6.5 kPa (<48.8 mm Hg)
6.5-7.99 kPa (48.8-59.9 mm Hg)
8.0-9.49 kPa (60-71.2 mm Hg)
9.5-10.99 (71.2-82.4 mm Hg)
Chest radiograph
Plate-like atelectasis 1
Elevation of hemidiaphragm 1

i S R S I R S R N

C. The Modified Geneva Score!!
Age > 65 years

Previous DVT or PE

Surgery or fracture in previous month
Active cancer

Unilateral lower limb pain

Hemoptysis

Heart rate 7594 bpm

>95 bpm

Pain on leg palpation/unilateral edema

MU w N W N W —

* Physicians used clinical information, chest radiography, electrocardiography, and
lab results.

The pretest probability of PE was low, moderate, and high in 527, 339, and 64
patients (1.3%, 16.2%, and 37.5% had PE), respectively. Of the 437 patients with
anegative D-dimer result and low clinical probability, only one developed PE during
follow-up; thus, the negative predictive value for the combined strategy of using
the clinical model with D-dimer testing in these patients was 99.5% (16).

*In the Christopher investigators study, PE was classified as unlikely in 2,206 pa-
tients (66.7%). The combination of PE unlikely and a normal D-dimer test result
occurred in 1,057 patients (32.0%), of whom 1028 were not treated with antico-
agulants; subsequent nonfatal VTE occurred in 5 patients; 0.5% (95% confidence
interval 0.2%—1.1%) (20,25).
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of these clinical prediction rules is offered under the subsequent
sections on imaging.

Imaging studies for acute pulmonary embolism

Because of the lack of specificity of D-dimer testing, and the high
clinical probability setting, imaging is frequently necessary. The
choice ofimaging depends on availability and specific patient char-
acteristics.

Ventilation-perfusion scanning

While CTA is being used increasingly, the VQ scan offers useful re-
sults, particularly when normal or high probability. Furthermore,
with renal insufficiency, CTA cannot be performed. In the Prospec-
tive Investigation of Pulmonary Embolism Diagnosis (PIOPED),
when clinical suspicion was considered very high, PE was present
in 96% of patients with high-probability scans, in 66% of patients
with intermediate scans, and in 40% with low-probability scans
(5). Without cardiopulmonary disease, the VQ scan is more likely
to be diagnostic (5). A normal perfusion lung scan effectively rules
out acute PE (Grade 1A) (5,33,34). Except when there is a history
of prior PE, without previous scans to review, a high-probability
VQ scan should be considered diagnostic of acute PE (Grade 1A)
(5,33,34). If other parenchymal lung disease is present (e.g., sar-
coidosis), a high-probability scan may occasionally not reflect PE,
and further testing may be needed.

The diagnosis of PE should be rigorously pursued even when
the VQ scan is low or intermediate probability if the clinical setting
suggests the diagnosis (Grade 1A) (5). After a nondiagnostic lung
scan, several options are possible. Pulmonary arteriography can
be performed. When negative, PE is excluded and when positive,
it is ruled in (Grade 1A) (5,35). Another option, when clinical
probability is low or moderate, is to perform serial leg ultrasonog-
raphy; while inconvenient, a negative result precludes the need for
therapy (Grade 1C) (23). Other, more sensitive leg studies could
be considered after a nondiagnostic VQ scan, such as magnetic
resonance (MR) imaging or venography, but less outcome data

§ Results were based on 986 patients (7). A probability score ranging from 0 to
16 was calculated by adding points assigned to these variables. A cutoff score
of 4 best identified patients with low probability of PE. A total of 486 patients
(49%) had a low clinical probability of PE (score < 4), of which 50 (10.3%) had a
proven PE. The prevalence of PE was 38% in the 437 patients with an intermediate
probability (score of 5-8; n = 437) and 81% in the 63 patients with a high
probability (score > 9). Other scoring systems have evolved from this one to help
identify patients at low-risk of having PE (22).

IThe score consisted of 8 entirely clinically based variables with points assigned.
In the validation set, the prevalence of PE was 8% in the low-probability category
(0 to 3 points), 28% in the intermediate-probability category (4 to 10 points), and
74% in the high-probability category (>11 points). The prediction score has been
internally and externally validated and awaits testing for clinical usefulness in an
outcome study (22).



are available. While it has been suggested that after a nondiag-
nostic VQ scan, negative single-detector CTA does not definitively
rule out acute PE (36), more recent multidetector CTA data, al-
beit not evaluated with the same study design, appears to be more
definitive (20). After anondiagnostic perfusion scan, with low clin-
ical probability or normal D-dimer testing and moderate proba-
bility, no additional testing or therapy are indicated (Grade 1C)
(5,30,34).

Pulmonary arteriography

Pulmonary arteriography has remained the accepted gold-
standard technique for the diagnosis of acute PE, though it is
rarely necessary. It is extremely sensitive, specific, and safe. How-
ever, multidetector CTA, is less invasive, very specific, a negative
study is associated with excellent outcome, and it is more likely to
offer an alternative diagnosis. Complications of pulmonary arteri-
ography are rare (37). A normal pulmonary arteriogram excludes
acute PE and a positive study rules it in (Grade 1A) (5).

Spiral (helical) computed tomographic arteriography
Computed tomographic arteriography has the greatest sensitivity
and specificity for emboli in the main, lobar, or segmental pul-
monary arteries. Early studies suggested that segmental and sub-
segmental PE were often missed (38) although the importance of
subsegmental emboli has been questioned (39). The use of multi-
detector CT has led to decreased section thickness, reduced scan-
ning times, and markedly improved visualization of segmental
and subsegmental vessels (40). Visualization of these smaller pul-
monary arteries is superior with four-detector spiral CTA and thin
collimation (1.25 mm) when compared with single-detector CTA
(41). Sensitivity for PE with four-detector CTA has been reported
to be 96% (42) and 100% (43) with respective specificities of 98%
and 89%. Advantages of CTA over VQ scanning include the rapid-
ity of scanning, the ability to define nonvascular structures, and
the ability to evaluate for DVT. Significant renal insufficiency is a
contraindication.

Perhaps more important than the accuracy of a diagnostic test
compared with a gold-standard, may be determining who is likely
to subsequently suffer from recurrent VTE or fatal PE in the ab-
sence of therapy. Large systematic reviews have included outcome
studies in which patients with negative CTA are not treated (44—
46). While they overlap in terms of studies included, all indicate
thatrecurrent VTE israre when CTA is negative. In the three largest
prospective trials included in the Moores analysis (44), anticoag-
ulation was withheld only when both CTA and ultrasonography
of the legs were negative (47—-49). When the prevalence of DVT
detected by ultrasonography in patients with negative CTA results
could be calculated, it was quite low (0.8%) in one study (49)
but significantly higher in two others (8.4% and 6.3%, respec-
tively) (47,50) and reached 18.8% in a study of 117 hospitalized
patients (51). Most outcome studies utilizing 4- or 16-detector
CTA have used additional testing to rule out PE (48). A negative
single-detector spiral CT, together with low to moderate clinical
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probability, and a negative leg ultrasound, requires no further test-
ing or treatment (Grade 1B) (47).

Clinical probability should be considered. Ifitis low or interme-
diate, meta-analyses suggest that PE can be ruled out with a normal
single-detector CTA (45). Two recent large, prospective clinical
trials used clinical probability, D-dimer testing, and CTA to deter-
mine outcome. Perrier and colleagues (21), demonstrated that in
patients with a low or intermediate probability Geneva score, and
an ELISA D-dimer <500 pg/L, no further studies were needed and
outcome was excellent. With high clinical probability, or when the
ELISA was >500 pg/L, multidetector CTA was performed. When
CTA and leg ultrasound were both negative, outcome was excel-
lent, but even without ultrasound, the three-month risk of VTE in
would have been only 1.5% (95% confidence interval [CI], 0.8 to
3.0). Thus, while multidetector CTA did not appear to require the
addition of leg studies, the authors advised a larger study (21).

The Christopher investigators’ study enrolled 3,306 patients and
is a true management study because all clinical decisions were
based on a decision rule (dichotomized Wells score), D-dimer
testing, and CTA (20). Only two quantitative (ELISA and turbido-
metric) D-dimer assays were permitted. When PE was “unlikely”
and D-dimer testing negative, treatment was withheld. If PE was
“likely” or if the D-dimer was positive, CTA was performed. Com-
puted tomography excluded PE in 1,505 patients, of whom 1,436
patients were not treated with anticoagulants; in these, the three-
month incidence of VTE was 1.3% (95% CI, 0.7%—-2.0%). The
algorithm was completed and allowed a management decision in
97.9% of patients. In patients classified as “PE likely” in whom CTA
still excluded PE, no anticoagulation was administered and the
three-month thromboembolic risk was 12 of 619 patients (1.9%;
95% CI, 1.1%-3.4%), compatible with VTE risk after a negative
pulmonary angiogram. Based on this study, in the setting of nega-
tive multidetector CTA, no further diagnostic studies or treatment
are necessary, regardless of pretest probability or D-dimer results
(Grade 1B) (20). Although the large sample size and the narrow
confidence intervals are quite convincing, it is a single outcome
study, hence the Grade 1B recommendation. When acute PE is
suspected and either single or multidetector CTA are positive, the
specificity is such that treatment should be instituted (Grade 1A)
(20,21,44-46).

Because of the potential importance of the presence of DVT
in clinical outcome, CTA has been studied together with com-
puted tomographic venography (CTV). Several prospective trials
support an increased yield of VTE when CTV is combined with
(51-54). The PIOPED II trial evaluated multidetector CTA alone
and combined with CTV in suspected acute PE (54). Spiral CTA
alone had a sensitivity of 83%, while CTA-CTYV increased the sen-
sitivity to 90%. Specificity was about 95% for both approaches.
The predictive value of either CTA or CTA-CTV was very high
with a concordant clinical assessment, but additional testing was
suggested when clinical probability was inconsistent with imag-
ing results. While the outcome results described for CTA alone
suggest CTV may not be necessary (20), it can be considered in
individualized settings.
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Other diagnostic tests

Magnetic Resonance Imaging

Magnetic resonance imaging has been used in suspected PE, but
at present the excellent sensitivity and specificity for the diagnosis
of DVT is its main advantage (55). Despite the potential to eval-
uate the legs, lungs, and heart with MR imaging, CTA is much
faster and far less claustrophobic. In a large prospective study, 221
consecutive patients with suspected PE underwent thoracic MRI
followed by MR venographyand 17% more cases of VIE were diag-
nosed compared with separate examinations (56). No comparator
or outcome data were available. While negative thoracic MR res-
onance imaging is very accurate in experienced hands and may
safely rule out acute PE (Grade 1C) (56,57), no large randomized
trials or large outcome studies have been completed. Prospective
trials are under way (58). Experienced centers appear to find it the
most useful.

Echocardiography in acute pulmonary embolism
Echocardiography, can be obtained rapidly and may reveal findings
that strongly support hemodynamically significant pulmonary
embolism (59).Imaging or Doppler abnormalities of right ventric-
ular size or function may suggest the diagnosis. Unfortunately, par-
ticularly with underlying cardiopulmonary disease, neither right
ventricular dilation nor hypokinesis can be relied on even as indi-
rect evidence of PE. Transesophageal echocardiography may have
potential advantages over the transthoracic approach. Actual em-
boli may occasionally be imaged. Intravascular ultrasound imag-
ing has been shown to adequately image large emboli and may be
performed at the bedside (60), but no prospective randomized or
outcome studies are available.

Cost-benefit in suspected acute PE

Evidence-based protocols using less diagnostic imaging have
proven cost-effective (61). CT has proven to be a cost-effective
alternative to VQ scanning, particularly when the sensitivity is
high (45). Determining clinical probability and utilizing D-dimer
testing in low or moderate probability patients helps to minimizes
cost (29).

The approach to suspected acute PE in the
pregnant patient

The risk of acute VTE is increased in pregnancy and particularly
in the postpartum period (62). Many of the common diagnostic
tests used for acute PE have not been appropriately validated in
pregnancy, and systematic reviews indicate that strong evidence-
based recommendations cannot be made (63). Although clinical
trials have been conducted (64), additional research is needed. The
issues involving the diagnostic approach to suspected PE during
pregnancy are as follows: The D-dimer concentration increases in
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normal pregnancy and in many pregnancy-related complications,
such as pre-eclampsia, but a normal value is clinically helpful (65).
Ultrasonography of both legs has a relatively low yield, but a pos-
itive study is specific for DVT. Ventilation perfusion imaging is
associated with a higher radiation dose to the fetus but a lower ra-
diation dose to the mother/breast than CTA (66,67). A half-dose
perfusion scan can be performed without a ventilation scan unless
a perfusion defect is present (68). The radiation doses to breast
or fetus are below the thresholds estimated to be associated with
significant risk. The safety of withholding anticoagulation in pa-
tients with a low or indeterminate probability VQ scan has not
been validated in a large controlled study (64).

With CTA, the risk of iodinated contrast to the fetus is not clear.
The patient should be given information explaining the risks of
fetal and maternal radiation and risks to the mother and child
of failing to accurately diagnose PE. The CTA protocol should be
modified to minimize the radiation dose (62). While noninva-
sive/nonimaging modalities are advised when possible, concern
regarding radiation should not deter the clinician from using CTA
or VQ scanning when necessary. In the setting of suspected PE
in pregnancy, either CTA or VQ scanning should be considered
if thoracic imaging is required (Grade 1B). While the large out-
come studies involving CTA have not included pregnant patients
(20,21), extrapolation from these trials regarding outcome would
appear reasonable.

Conclusions

When it is untreated, the mortality from PE is high. Symptoms and
signs are neither sensitive nor specific for the disease, so that when
PE is suspected, further testing is required. Risk factors should
be considered. Clinical probability should be assessed, either with
very careful empiric clinical assessment, or with one of several val-
idated clinical prediction scores; together with D-dimer testing,
imaging can sometimes be avoided. Chest CTA has the advan-
tage of offering alternative or concomitant diagnoses, and negative
multidetector CTA is associated with excellent outcome. A normal
VQ scan is among the most sensitive tests to rule out acute PE, but
is uncommon. Pulmonary angiography is rarely needed. “As in
antiquity, clinical judgment retains a prominent role in medical
practice, but unlike the physicians of that time, we have the tools
to be better at it” (69, p. 141).
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Initial Therapy of Deep Vein Thrombosis and
Pulmonary Embolism

Sam Schulman

Introduction

1. Is anticoagulant treatment necessary in deep vein thrombosis?
2. What is the most effective and safe anticoagulant drug for the
initial treatment of the majority of patients with deep vein throm-
bosis?

3. What is the most effective and safe anticoagulant drug for the
initial treatment of the majority of patients with pulmonary em-
bolism?

4. What is the optimal regimen for heparin?

5. When does this regimen have to be modified and in what way?
6. When and how should secondary prophylaxis with vitamin K
antagonists be initiated?

7. Can patients with VTE be treated at home?

8. What is the role of early mobilization, compression stockings,
and other treatments in venous thromboembolism?

This chapter will discuss the initial anticoagulant treatment of
venous thromboembolism (VTE). Thrombolytic therapy and me-
chanical removal of the thrombus or embolus is discussed in chap-
ter 11, and interruption of vena cava in chapter 12. The typical
population with VTE will be discussed first, and thereafter the dif-
ferent subgroups will be addressed, except for pregnant women
(chapter 13) or children with VTE (chapter 14). The search for
literature was performed in MEDLINE and EMBASE without re-
striction regarding language or year of publication. Only studies
where VTE was objectively confirmed were included.

Grading of the quality of evidence and strengths of recommen-
dations in this chapter are based on the guidelines proposed by the
international Grading of Recommendations Assessment, Devel-
opment, and Evaluation Working Group (GRADE) adopting the
modification used by the American College of Chest Physicians
that merges the very low and low categories of quality of evidence
(see chapter 1).

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.

1. Is anticoagulant treatment necessary in deep
vein thrombosis?

The first question to be posed is actually whether initial treat-
ment with an anticoagulant agent is needed at all for patients with
deep vein thrombosis (DVT). The anticoagulant drug does not
dissolve the thrombus, and it may cause bleeding complications.
Therefore, in theory, secondary prophylaxis against progression
or recurrence with vitamin K antagonists could suffice. In three
studies, patients with DVT were randomized to initial treatment
with heparin or saline intravenously (1-3). Two of the studies
were published in Danish, one of those only as an abstract. In both
studies, the control group did not receive active secondary pro-
phylaxis either. The smallest study only included 23 patients and
the rate of the recurrence was 42%-45% in both groups (2). The
two larger studies showed a clear benefit from active treatment
with a significant reduction of recurrent DVT (Table 9.1). Indirect
evidence from trials with inadequate anticoagulation associated
with progression of the DVT also supports the reccommendation
that symptomatic DVT should be treated with anticoagulation
(Grade 1A).

From this discussion follows the question whether a DVT con-
fined to the calf (distal DVT) also requires anticoagulant therapy.
In a review of the topic, Righini et al. (4) identified five studies
of patients with symptomatic calf vein thrombosis, to whom no
treatment was given and who were examined for proximal pro-
gression with venography or compression ultrasonography. This
occurred in 25 cases of 353 patients (7%).

Onerandomized controlled trial has been published, specifically
addressing the need for anticoagulation for distal DVT (5). In this
study, 196 patients were randomized to receive (a) oral anticoagu-
lation alone (international normalized ratio [INR] target, 2.5), (b)
unfractionated heparin (UFH) 5,000 U twice daily, or (c) 12,500
U once daily or control. Treatment was given for eight weeks and
all patients were treated with elastic stockings. In the comparison
of ultrasonograms from baseline and at eight weeks, progression
of the thrombus was seen in 11%, 11%, 7%, and 78%), respectively.
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Table 9.1 Characteristics and results of studies on active initial treatment versus placebo in patients with deep vein thrombosis.*

Diagnostic Follow Recurrence ARR
Ref Year Design methods Treatment Number up (w) No. (%) (95% CI) NNT
3 1968 RCT, DB Not reported Heparin 70 3 5(7) 15(3, 27) 7
Saline 64 3 14 (22)
2 1988 RCT, DB Venography Heparin 11 13 5(45)
Saline 12 13 5(42)
! 1992 RCT, DB Venography Heparin 60 24 4(6.7) 13(2, 24) 7
Placebo 60 24 12 (20)

*ARR, absolute risk reduction; NNT, number need to treat; RCT, randomized controlled trial; DB, double blind; Cl, confidence interval.

At the end of follow-up at 24 weeks, progression was seen in 2.3%,
2.3%, 0%, and 25%, respectively. There were no cases with pul-
monary embolism (PE), but one patient in the control group had
a clinically important progression to the femoral and iliac veins.
In conclusion, for patients with distal DVT serial ultrasonography
is impractical, and many centers recommend treatment in case of
symptoms since the risk or burden of a limited duration of therapy
is very small (Grade 1B).

2. What is the most effective and safe
anticoagulant drug for the initial treatment of
the majority of patients with deep vein
thrombosis?

Until recently, the only alternatives for the initial anticoagu-
lant treatment were UFH and low-molecular-weight heparin
(LMWH). The half-life of LMWH is longer than that of UFH, 3-6
hours versus 30-60 minutes, and the bioavailability of LMWH is
better—close to 100% after subcutaneous injection—with a lower
interindividual variability than with UFH. These advantages of
LMWH can all be related to the decreased binding to cells and
proteins.

Twenty-three randomized controlled studies were identified,
where treatment with UFH, dose-adjusted according to activated
partial thromboplastin time (APTT), was compared with a fixed
subcutaneous dose of LMWH and with identical secondary pro-
phylaxis. Twenty-two of these studies were included in a critical
review with calculation of odds ratios for recurrence, major hemor-
rhage, and death (Table 9.2) (6). Thirteen of the studies consisted
of patients with DVT without symptoms of PE. In nine studies,
only patients with proximal DVT were enrolled, and among these,
recurrent VTE occurred in 3.6% treated with LMWH versus 6.3%
treated with UFH by the end of follow-up, major bleeding oc-
curred in 1.0% and 2.1%, respectively, by the end of the initial
treatment period, and the mortality at the end of follow-up was
3.3% and 5.3%, respectively. All differences were statistically sig-
nificant. Therefore, LMWH at a fixed dose is more effective and
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safer than adjusted dose UFH in the treatment of proximal DVT
(Grade 1A).

Adjustment of the dose of UFH requires repeated venipunctures
for APTT tests, and treatment with UFH thus appears inferior from
several aspects. However, in a study published after this critical re-
view, UFH, adjusted to body weight and thereafter given at a fixed
dose subcutaneously twice daily without APTT monitoring, com-
pared well with LMWH (7). There was no significant difference
in recurrence, major bleeding, or death between the treatments.
The study was discontinued prematurely because of slow recruit-
ment, and confirmation of the results in another study would be
desirable.

Recently, a pentasaccharide containing the smallest gly-
cosaminoglycan sequence with affinity to antithrombin, has been
synthesized. Advantages with this pentasaccharide, fondaparinux,
are that it is a homogenous substance, not of animal origin and

Table 9.2 Outcomes in meta-analysis of trials comparing fixed dose LMWH
with adjusted dose UFH for the treatment of VTE.*

Odds  95% confidence
Outcome Studies ratio interval
VTE overall
Recurrence
During initial treatment period 15 0.68 0.48-0.97
At 3 months 13 0.68 0.53-0.88
At 6 months 6 0.68 0.48-0.96
At end of follow-up 18 0.68 0.55-0.84
Major hemorrhage 19 0.57 0.39-0.83
Death at end of follow-up 18 0.76 0.62-0.92
Proximal DVT alone
Recurrence at end of follow-up 9 0.57 0.44-0.75
Major hemorrhage 8 0.50 0.29-0.85
Death 8 0.62 0.46-0.84
PE alone
Recurrence at end of follow-up 4 0.88 0.48-1.63

*DVT, deep vein thrombosis; LMWH, low-molecular-weight heparin; UFH, un-
fractionated heparin; VTE, venous thromboembolism.



Table 9.3 Dose recommendations for the initial anticoagulant treatment of
venous thromboembolism.

Deep vein Submassive
Treatment thrombosis pulmonary embolism*
UFH
Intravenously’ According to APTT* According to APTT'
Subcutaneously According to APTT* Not recommended

LMWH (all subcutaneously)

Dalteparin 200 IU/kg once daily As DVT or 120 IU/kg bid
Enoxaparin 1.5 mg/kg once daily As DVT or 1 mg/kg bid
Tinzaparin 175 1U/kg once daily As DVT

Nadroparin 171 1U/kg once daily 85 1U/kg bid

Fondaparinux (subcutaneously)

7.5 mg once daily? 7.5 mg once daily?

*Patients who are hemodynamically stable.

T Continuous infusion.

¥ APTT (activated partial thromboplastin time) range corresponding to anti-Xa levels
0.3-0.7 IU/ml. Starting dose is with intravenous bolus of 80 U/kg, followed by 18
U/kg/h intravenously or with 17,500 U bid subcutaneously.

§ 5 mg for patients with body weight <50 kg; 10 mg for patients with body weight
>100 kg.

without any clinically significant cross-reactivity against platelets.
Fondaparinux, has been compared with IWMH for the initial
treatment of DVT in 2,205 patients (8). Both drugs were given
by subcutaneous injection, fondaparinux at a dose of 7.5 mg (5
mg for patients with a body weight below 50 kg and 10 mg for
those above 100 kg) and enoxaparin at a dose of 1 mg per kg twice
daily. There were no significant differences in recurrence, bleed-
ing, or mortality between the drugs. The results regarding efficacy
are supported by a dose-ranging trial in patients with DVT (9) as
well as by a large study on pulmonary embolism. Fondaparinux
is therefore an alternative to LMWH for the initial treatment of
DVT (Grade 1A).

The recommended doses for initial treatment of DVT are shown
in Table 9.3. These conclusions pertain to the vast majority of
patients with DVT. Exceptions are those with limb-threatening
DVT (phlegmasia coerulea dolens, phlegmasia alba dolens) or young
patients with extensive although not limb-threatening DVT, for
whom thrombolytic therapy or thrombectomy should be primar-
ily considered (chapter 11).

3. What is the most effective and safe
anticoagulant drug for the initial treatment of
the majority of patients with pulmonary
embolism?

The only study in which active treatment was compared with con-
trol for patients with pulmonary embolism is the classical study
by Barritt and Jordan from 1960 (10). Twenty-six percent each of

Chapter 9 Initial Therapy of Deep Vein Thrombosis

the patients in the control group had recurring nonfatal or fatal
PE. Although the methodology of this trial was suboptimal, with
mainly clinical diagnosis of the initial event and lack of blinding,
it is considered unethical to repeat this study. Together with the
evidence from studies on DVT, anticoagulant treatment of symp-
tomatic PE is generally considered a Grade 1A recommendation.
Patients with massive PE and who are hemodynamically unstable
should be considered for thrombolytic therapy (chapter 11).

In the critical review of adjusted dose UFH versus fixed dose
LMWH by van Dongen et al. (6), there were four studies that
provided results on patients with symptomatic PE without symp-
tomatic DVT (Table 9.2). The reduction of recurrent VTE events
treated with LMWH was not statistically significant. The conve-
nience of subcutaneous injections of LMWH without monitoring
and the lower risk of bleeding compared with UFH in a large
number of trials on VIE support treatment of PE with LMWH.
Both LMWH and UFH are Grade 1A recommendations. Fonda-
parinux, given subcutaneously in the same doses as for DVT (see
Question 2), has been compared with UFH in intravenous infusion
in 2,213 patients with symptomatic PE (11). There were no sta-
tistically significant differences in recurrence, major bleeding, or
death. However, since there is only a single study on this indication,
the recommendation is at Grade 1B level. Dose recommendations
are given in Table 9.3.

4. What is the optimal regimen for heparin?

The mode of administration of UFH has been compared in a
large number of trials. In older trials, regular intravenous bolus
injections were used. This generates high-peak concentrations of
heparin and a higher risk of bleeding (than UFH given by other
regimens) and is not recommended. Eight studies were identified
in which a continuous intravenous infusion was compared with
subcutaneous injections twice daily of UFH. One study was not
a randomized trial and another had incomplete follow-up. The
remaining six studies with 783 patients were included in a meta-
analysis by Hommes et al. (12). Progression of the VTE occurred in
10.3% of patients with intravenous infusion and in 7.4% of patients
with subcutaneous injections (odds ratio 0.62, 95% confidence
interval (CI), 0.39-0.98). There was no statistically significant
difference in the risk of bleeding. The blood sample for APTT
should be obtained six hours after the morning injection. Based
on the results of these studies, subcutaneous injection twice daily
of UFH is at least as effective and as safe as continuous intravenous
infusion (Grade 1A), and it allows for easier mobilization of the
patient.

In clinical practice, most patients who are hospitalized and not
eligible for LMWH receive UFH by continuous intravenous infu-
sion. This choice is probably related to concern about bleeding in
this subset of patients and the wish to be able to stop treatment
abruptly in case of bleeding. Raschke et al. (13) demonstrated in a
randomized controlled trial that by using a weight-based nomo-
gram, the time to APTT prolongation of 1.5 times the control or
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the time to reach the therapeutic range (APTT, 1.5-2.3 times the
control) was significantly shorter than with a fixed dose of UFH.
This weight-based dose was an initial bolus of 80 U/kg followed by
infusion of 18 U/kg/h. However, it is not entirely clear that early
recurrence of VTE is associated with a subtherapeutic APTT com-
pared with a therapeutic APTT during the first 24 hours (odds
ratio 1.30, 95% CI 0.64-2.63) or the first 48 hours of treatment
(odds ratio 1.32, 95% CI 0.51-3.44), according to a pooled anal-
ysis of three studies with data from the group treated with UFH
intravenously (14).

Determination of the intravenous maintenance dose of UFH
may be more optimal if age and plasma volume are taken into
account instead of the body weight (15).

LMWH has a longer half-life than UFH, allowing for once daily
injection. Six studies were identified with a comparison of once
versus twice daily-injection of the same LMWH within each study.
The total daily dose was the same with the two regimens in only
three of these studies. A meta-analysis and a Cochrane review with
five of these studies and a total of 1,508 patients with symptomatic
DVT have been published (16,19). There was no statistically sig-
nificant difference in recurrence, major bleeding, or death, and
therefore once daily injection of LMWH can be recommended in
patients with DVT (Grade 1A).

5. When does this regimen have to be modified
and in what way?

In patients with extreme obesity, the dosing of many medica-
tions is problematic. It is unclear whether the dose of UFH or
LMWH should be increased linearly according to the body weight
or capped, since these patients have been excluded from many
trials. No randomized controlled trials were identified. Pharma-
cokinetic studies with measurement of anti-Xa levels in patients or
volunteers with body weight up to 190 kg have provided conflict-
ing results. Two studies with LMWH (dalteparin and tinzaparin)
failed to demonstrate any influence of body weight on anti-Xa
levels (18,19), whereas two other studies showed that the anti-Xa
response was about 1.4 times greater in obese patients receiving
dalteparin or nadroparin (20,21). It is thus unclear how heparin
should be dosed optimally in morbidly obese patients (Grade 2C).

Renal failure has no significant influence on the clearance of
UFH, which at therapeutic doses is cleared via adhesion to en-
dothelial cells and macrophages, with subsequent internalization
and depolymerization. With decreasing molecular weight, the
clearance via renal excretion becomes more important. In a sys-
tematic review of studies with prospective analysis of pharma-
cokinetics of LMWH in nondialyzed patients with renal impair-
ment, Nagge et al. (22) concluded that the antifactor Xa activity
accumulates when the renal function is impaired. However, with
tinzaparin, which has a higher mean molecular weight than the
other LMWHs, there was no accumulation observed at creatinine
clearances down to 20 mL/min (22). With the other LMWHs, a
reduction of the dose should be considered in patients with renal
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impairment, but there is no evidence-based formula for calcu-
lation of the optimal dose. Thus, for patients with renal failure,
treatment with UFH is preferable or, alternatively, with LMWH
and dose adjustments according to anti-Xa levels (Grade 1C).

The requirements for UFH are higher in some patients with
antithrombin deficiency, or high-circulating levels of FVIII or of
proteins that bind heparin, creating a “heparin-resistant state.”
In a randomized trial in patients with VTE, requiring more than
35,000 U per 24 hours of UFH, dose adjustments according to
anti-Xa levels (targeted range, 0.35-0.67 IU/mL) or APTT (tar-
geted range, 60—85 s) were compared (23). Monitoring the anti-Xa
levels allowed for significantly lower daily dose of heparin with-
out any noticeable loss of efficacy, although the study was not
dimensioned to determine noninferiority of the clinical endpoint
(Grade 1B).

6. When and how should secondary prophylaxis
with vitamin K antagonists be initiated?

The question can be reformulated, “Is there a need to give initial
treatment with heparin for 1014 days to halt the coagulation pro-
cess and avoid progression—or will the number of days needed to
allow a vitamin K antagonist (VKA) to become effective suffice?”
Four randomized studies were identified, in which the VKA was
started early (days 1-3) or late (days 4-10) (24-27). The char-
acteristics and results are summarized in Table 9.4. There were
no statistically significant differences regarding recurrence, major
bleeding, or death in any of the studies. If the results are pooled,
with a total of 807 patients, the odds ratio (and 95% CI) for early
versus late start of VKA is for recurrence 0.95 (0.43-2.1), major
bleeding 1.4 (0.65-3.0), and death 1.1 (0.71-1.8). It can there-
fore be concluded that early or essentially concomitant start of
UFH/LMWH and VKA is as effective and safe (Grade 1A) and
allows for shorter treatment with heparin. The latter is impor-
tant since the risk of heparin-induced thrombocytopenia thereby
becomes minimal.

Another question that has been addressed is whether the VKA
should be started with a high “bolus” dose in an attempt to shorten
the time until the therapeutic range is achieved or with a lower,
estimated maintenance dose. Six randomized trials were identi-
fied, all with warfarin as the VKA, but in one of the studies, the
recruited patients were started on warfarin as primary prophylaxis
after open heart surgery (28). Four of the studies compared two
fixed starting doses (29-32), whereas one compared a fixed dose
(5 mg) with an individually calculated dose based on age, weight,
serum albumin, and presence of malignancy (mean 7.7 mg) (33)
(Table 9.5). The studies had an open design, and the follow-up was
usually only until the therapeutic range of INR had been achieved.
The patient population was purely with the diagnosis of VTE in two
of the studies and with mixed diagnoses in the other three. In gen-
eral, the risk of bleeding was low in these populations. The clinical
endpoints recurrence, bleeding, and death were only reported in
three of the trials, and bleeding was reported in one additional



Table 9.4 Characteristics and results of studies on early or late initiation of vitamin K antagonist.
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Diagnostic Treatment Follow Recurrence Bleeding Death

Ref Year Design* methods* start Number up (w) No. (%) No. (%) No. (%)
(24) 1986 RCT Venography Day 1-3 139 13-26 4(2.8) 3(2.2) 30(22)

open lung scan Day 7 127 13-26 2(1.6) 2(1.6) 30(24)
(25) 1990 RCT, DB Venography Day 1 99 12 7(7.1) 7(7.1) 8(8.1)

Day 5 100 12 7(7.0) 6(6.0) 2(2.0

(27) 1992 RCT Ultrasound Day 1-2 63 26 1(2) 1(2) 0

open lung scan’ Day >4 56 26 2(4) 1(2) 3(5)
(26) 1998 RCT Venography Day 1 112 26 0 5(5) 5(5)

open Day 10 m 26 (1) 2(2) 2(2)

*RCT, randomized controlled trials; DB, double blind.

+Forty patients with left ventricle thrombus, diagnosed with two-dimensional echocardiogram were also included.

trial, with few events and no differences. The surrogate efficacy
endpoint varied between studies but was achieved better with the
lower dose in one and better with the higher dose in three. Thus,
starting with a higher dose of warfarin in patients with a low risk
of bleeding may lead to faster achievement of therapeutic INR
without any effect on clinical outcome (Grade 2B).

7. Can patients with VTE be treated at home?

The transition from treatment with UFH in continuous infusion
to more recent subcutaneous injection of LMWH or UFH without
monitoring of coagulation tests has made it feasible to discharge

patients early from the ward or to avoid admission completely.
Most trials addressing this issue have compared two different treat-
ment regimens, for example, UFH in hospital with LMWH at
home. Schraibman et al. (34) performed a Cochrane review and
identified only two published trials that fulfilled the criteria, but
they also had access to preliminary data from a third trial. In this
study, all patients were treated with LMWH, but 102 were hos-
pitalized for 10 days, and 99 were treated entirely at home (35).
In the other two studies, many patients in the experimental arm
received part of their treatment in the hospital. There was no dif-
ference in the clinical outcomes for PE, extension of DVT, death,
or other serious complications. There is, however, a substantial
health economic benefit of treatment in the outpatient setting,

Table 9.5 Characteristics and results of randomized studies on low versus high starting dose of warfarin.*

Starting Surrogate
Ref Year Population Dose (mg) Number endpoint Result Comment
(32) 1984 DVT, PE 15-7.5-7.5 62/20 Time to INR >2 43/4.7d The study had
15 until INR (days on (6.0/5.4 d) two parts
>1.87 67/20 heparin) 3.3/34
(5.0/4.4)
(30) 1997 Mainly 5 24 Proportion with 19 (79%) Vitamin K given
VTE 10 25 INR 2-3 at 84 h 15 (60%) atINR >4.5: 1vs 4
(29) 1999 Mainly 5 31 INR 2-3, but not 21(66%) p < 0.003
VTE 10 21 >3 for 2 d during 5(24%)
day 3-5
(31) 2003 VTE 5 97 Therapeutic INR 83% p < 0.001
10 104 day 5 46%
(33) 2003 VTE, a-fib 5 46 Time to thera- 5.0 p = 0.007
Per regression 44 peutic INR 4.2

formula, mean 7.7

*INR, international normalized ratio; PE, pulmonary embolism; VTE, venous thromboembolism. DVT, deep vein thrombosis.
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Table 9.6 Characteristics and results of studies on DVT with or without early mobilization.*

Diagnostic Mobilization Follow PE Death DVT
Ref Year Design methods start Number up (d) No. (%) No. (%) No. (%)
(39) 1999 RCT Lung scan Day 1 64 8 14(22) 0
open Day 9 62 8 10(16) 0
(38) 2000 RCT Lung scan, Day 1, nonelastic compr 15 9 2(13) 0 4(27)
open Ultrasound Day 1, elastic compr 15 9 1(7) 0 1(7)
Day 9, no compr 15 9 1(7) 0 4(27)
(37) 2001 RCT Lung scan/ Day 1 69 4/90" 10(14) 3(4) 2(3)
open clinical Day 5 60 490" 6(10) 2(3) 1(2)

*DVT, deep venous thrombosis; PE, pulmonary embolism; RCT: randomized controlled trials. {Follow-up with lung scan and clinically, respectively.

estimated in one of the studies to provide 56% reduction of costs.
The majority of patients probably prefer this alternative, and it
enhances physical activity and social functioning.

In the Columbus Investigator’s study, 271 patients (27%) had
PE initially, and they were also randomized to UFH or LMWH,
the latter given predominantly at home (36). Eight patients (5.9%)
in each group had a recurrence. Additional studies on the feasibil-
ity of home treatment for PE were uncontrolled. Taken together,
outpatient treatment is possible in the majority of patients with
DVT and is safe and effective (Grade 1A), but very limited data
exist for pulmonary embolism and this strategy should only be
considered for minimally symptomatic patients with submassive
PE (Grade 1B).

8. What is the role of early mobilization,
compression stockings, and other treatments in
venous thromboembolism?

Immobilization was a major part of the treatment of DVT before
effective anticoagulants became available. The fear of detachment
and embolization of thrombus fragment maintained this routine,
but physical activity is known to increase the release of tissue plas-
minogen activator from the endothelium and thereby improve fib-
rinolysis. Three studies were identified in which patients with DVT
were randomized to bed rest or early mobilization (Table 9.6) (37—
39). The studies were small and not dimensioned to demonstrate
noninferiority regarding any endpoint. There was no statistically
significant increase in new pulmonary perfusion defects, progres-
sion of DVT, or deaths with early mobilization, which therefore
should be encouraged (Grade 1B).

Compression therapy is intuitively beneficial to reduce swelling
and improve venous return, especially via the deep veins. Three
randomized studies were identified, that compared graduated
compression stockings (30—-40 mm Hg) with no intervention
(40,41) or with placebo stockings (42). The two larger studies
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showed a significant risk reduction of the postthrombotic syn-
drome after 2 years. Overall, the odds ratio when comparing com-
pression with no compression was 0.31 (95% CI, 0.20-0.48) for
any form of postthrombotic syndrome, and 0.39 (95% CI, 0.20—
0.76) for the severe form. However, it may be too early to mea-
sure for compression stockings during the initial treatment period
if the leg is very swollen. Improvement after discharge may re-
quire new stockings after a few weeks. In that case, the patient
can be provided with provisional, simple elastic stockings for
the first few weeks. In conclusion, graduated compression stock-
ings are effective for the reduction of postthrombotic syndrome
(Grade 1A).

Finally, a Cochrane review analyzed the effect of nonsteroidal
anti-inflammatory drugs (NSAIDs) compared with UFH in the
initial treatment of VTE (43). Two randomized trials with signif-
icant heterogeneity were identified. Both studies were small with
insufficient power to evaluate clinically relevant endpoints. The
authors concluded that in view of the vast and positive experi-
ence of UFH and LMWH in the treatment of VTE a large trial to
determine the effect of NSAIDs would not be ethically justified
(Grade 2C).
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1 O Long-Term Anticoagulation in
Venous Thromboembolism

Clive Kearon

Long-term treatment of venous thromboembolism (VTE) refers
to treatments that are continued after initial therapy, such as with
heparin or thrombolytic agents, has been completed. Long-term
treatment of VTE is usually with a vitamin K antagonist (VKA) and
less commonly with a low-molecular weight-heparin (LMWH).
Long-term therapy has two goals that overlap in timing: (1) to
complete treatment of the acute episode of VTE (predominantly
the first three months) and (2) to prevent new episodes of VIE
that are not directly related to the acute event (predominately after
the first months).

Is long-term anticoagulanion necessary? The need for long-term
therapy of VTE after an initial 5- to 10-day course of therapeutic-
dose heparin has been established by trials that have shown that
long-term therapy with VKA markedly reduced recurrent VTE in
patients with (1) symptomaticisolated distal deep vein thrombosis
(DVT) compared with controls who did not received long-term
therapy (0/23 versus 8/28 [29%] at 3 months; p < 0.01) (1) and
(2) proximal DVT compared with low-dose (5,000 U twice daily)
subcutaneous heparin (0/17 versus 9/19 [47%] at 3 months; p <
0.001) (2). High rates of recurrent VTE in patients who are only
treated with four or six weeks of VKA compared with those who
are treated for three or six months further supports the need for
long-term therapy (3-5).

Management of vitamin K antagonist therapy

Initiation of VKA

When? Studies that showed that about five days of heparin therapy
(VKA started on first or second day) was as effective as 10 to 14
days of heparin therapy (VKA started after about five days) also
established that VKA could be started the same day as heparin
(6,7).
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Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
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What dose? Two trials in hospitalized patients showed that start-
ing warfarin at a dose of 5 mg, compared with 10 mg, is associated
with less excessive anticoagulation and does not meaningfully de-
lay onset of anticoagulation (8,9). However, a similar study in out-
patients with acute VTE found that starting with 10 mg of warfarin
was superior to starting with 5 mg (10). Observational studies have
shown that lower VKA maintenance doses are required in older
patients, women, and those with impaired nutrition and vitamin
K deficiency (11,12). Taken together, these data suggest that war-
farin can usually be started at a first dose of 10 mg in younger
(e.g., less than 60 years) otherwise healthy outpatients, and at a
first dose of 5 mg in older patients and those who are hospitalized.
The previously noted studies published nomograms to guide the
first days of warfarin dosing (9,10).

Long-term monitoring and adjustment of VKA

Many factors modify the anticoagulant response to VKA therapy
and, therefore, there are marked differences in the dose of VKA
required to achieve an international normalized ratio (INR) of 2.0
to 3.0, both among patients and in the same patient over time (11).
Consequently, VKA dosing needs to be adjusted in response to on-
going INR measurements to maximize the proportion of time that
patients are in the target INR range. Good anticoagulant control
is important as (1) subtherapeutic anticoagulation (particularly
below INR 1.5) increases recurrent VTE; (2) supratherapeutic an-
ticoagulation (particularly over INR 5.0) increases bleeding; and
(3) poor anticoagulant control increases the burden of anticoag-
ulant therapy and discourages patients and healthcare providers
from continuing VKA therapy when it is indicated (11). Princi-
ples and management strategies that facilitate optimal long-term
anticoagulation are summarized in Table 10.1.

Optimal intensity of Vitamin K antagonist therapy

VKA inhibits two enzymes (vitamin K epoxide reductase and vita-
min K reductase) that convert vitamin K epoxide, via vitamin K, to
hydroquinone (vitamin KH,). In turn, deficiency of hydroquinone
results in defective carboxylation, and reduced functional levels,
of coagulation factors II, VII, IX, and X, thereby achieving
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Table 10.1 Principles and recommendations for maintenance vitamin K antagonist therapy.

Interval between INR measurements

» Gradually increase interval from every 2-3 days in the first week to every 2—4 weeks (e.g., after 6 weeks) (11)
» Decrease interval between testing if the patient becomes ill or if a medication is added or stopped (11,110)

e Decrease interval if INR results become unstable

Dosing of warfarin

» Average daily warfarin dose is about 6 mg at age 50 and about 3.5 mg at age 80 (12)

« If warfarin maintenance dose needs to be increased or decreased, steps of 10% are usually suitable. This can be done by calculating the total dose of warfarin given in the
preceding week, and adjusting the next week(s) total dose by 10%; this often translates into a change in the total week’s dose of 2.5 to 5.0 mg of warfarin (11).
* IfINR > 5.0, 1 or 2 doses of warfarin should be withheld in addition to reducing the maintenance warfarin dose. If INR >5.0 and the patient has risk factors of bleeding,

or INR >10.0, 1 to 2.5 mg of oral vitamin K should also be given (11,111,112).

Method of anticoagulant monitoring

» A systematic process for monitoring VKA should be used that includes patient education, and explicit patient and healthcare provider responsibility for each stage of the
process (e.g., patient attends a designated laboratory for INR testing; INR results are communicated to healthcare providers at prespecified time (e.g., same or following
day); INR results are recorded in the patient’s anticoagulation record; VKA dose is selected; VKA dose and timing of next INR measurement are communicated to the

patient) (11).

« Use of a dedicated anticoagulant service can improve delivery of VKA therapy (11).

» Self-testing, or self-dosing, is appropriate in selected well education and motivated patients (11,113).
» Computer programs can facilitate selection of warfarin dose, tracking of INR and VKA dosing, and communication of VKA dosing to patients (e.g., via mail) (11).

Interruption of VKA

» After one month, and particularly after 3 months, of VKA therapy for VTE, short interruptions of VKA (e.g., 5 days) are well tolerated (i.e., associated with a low risk of
recurrence) provided patients have not undergone a procedure that is associated with VTE (11,62).

» Patients who have had a procedure that is associated with VTE (e.g., surgery with general anesthetic) should receive supplemental VTE prophylaxis (e.g., a heparin
preparation) until their INR increases, or is expected to have increased (e.g., ~3 days), to above INR 1.5 (11;114).

INR, international normalized ratio; VKA, vitamin K antagonist; VTE, venous thromboembolism.

anticoagulation. The degree, or intensity, of resultant anticoagula-
tion is measured as a prothrombin time ratio, usually expressed in
a standardized form as the International Normalized Ratio (INR)
(11). Hull and colleagues (14,15) established that acute treatment
of VTE (i.e., first 3 months) with a target INR of 2.5 (range 2.0-3.0)
was similarly effective but caused less bleeding than treatment with
a target INR of 3.5 (range 3.0-4.0) (13). In patients with an an-
tiphospholipid antibody and mostly VTE, two studies have shown
that targeting an INR of 2.5 is as effective as targeting an INR target
of 3.5 (14,15).

The observation in two trials (3,16) that there were no episodes
of recurrent VIE among patients who remained on extended-
duration VKA targeted to an INR of ~2.5 (3,16) (Table 10.3) sug-
gested that lowering the intensity of anticoagulation to a target
INR of ~1.75 after the first three months of conventional inten-
sity therapy might reduce bleeding without loss of efficacy. When
this hypothesis was subsequently tested in a double-blind trial of
patients with unprovoked VTE, the lower intensity of anticoagu-
lation was less effective at preventing recurrent VIE (intention-
to-treat analysis: 1.9% versus 0.7% per patient-year; hazard radio
2.8 [95% confidence interval (CI), 1.1 to 7.0]) and was associated
with the same frequency of major bleeding (1.1% versus 0.9%
per patient-year; hazard ratio 1.2 [95% CI 0.4 to 3.0]) as conven-
tional intensity therapy (Table 10.3) (17). As noted later in this
chapter, after the first three months of conventional intensity VKA
therapy, low-intensity anticoagulation (target INR 1.75) has been
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shown to reduce the risk of recurrent VTE by about two-thirds
and is compatible with less frequent INR testing than is usual with
conventional intensity anticoagulation (Table 10.3) (18).

Based on these studies, a target INR of 2.5 (range 2.0-3.0) is
recommended as the optimal intensity of anticoagulation for both
acute and long-term treatment of VTE.

Duration of Anticoagulant Therapy

Anticoagulant therapy for VTE should be continued until (1) its
benefits (reduction of recurrent VTE) no longer clearly outweigh
its risks (increase in bleeding) or (2) patient preference to stop
treatment even if continuing treatment is expected to be of net
benefit. In patients with an average risk of bleeding while on an-
ticoagulant therapy, therefore, the decision to stop or continue
therapy is dominated by the risk of recurrent VTE if treatment
is stopped. Current evidence suggests that the risk of recurrence
after stopping therapy is largely determined by two factors: (1)
whether the acute episode of VTE has been effectively treated and
(2) the patient’s intrinsic risk of having a new episode of VTE (i.e.,
not arising directly from the episode of thrombosis for which pa-
tients have been receiving treatment). If therapy is stopped before
the acute episode of thrombosis is adequately treated, the risk of
recurrent VTE will be higher than if treatment was stopped after
a longer course of anticoagulation. If patients have a persistently



Table 10.2 Risk factors for recurrent VTE after stopping anticoagulant therapy.

Variable Relative risk
Transient risk factor (4,5,24,26,28,29,31,42,58) <0.5
Persistent risk factor (4,5,24,26,28,29,42) >2
Unprovoked VTE (4,5,16,26,28,31) >2
Protein C, protein S, and antithrombin deficiencies ~15
(24,31,52,58)
Heterozygous for factor V Leiden or the G20210A ~1.5
prothrombin gene (16,18,42,55)
Homozygous for factor V Leiden (42,56-58) 1.5-2
Heterozygous for both factor V Leiden and G20210A 1.5-2
prothrombin gene (56,58,115-117)
Factor VIl level >150 IU/dL (54,58,65) ~1.4
Antiphospholipid antibodies (16,36,42,59) 1.5-4
Mild hyperhomocysteinemia (68,118) 1.5-2.5
D-dimer elevation after stopping therapy (35,52-54) ~2.5
Family history of VTE (28,56,72) ~1
Cancer (23-26) ~3
Metastatic vs. non—metastatic (23) ~3
Chemotherapy (25) ~2
Discontinuation of estrogen (25,58,119-125) ~0.5
Proximal DVT vs. PE (16;28;38) ~1
Distal DVT vs. proximal DVT or PE (28;30) ~0.5
Residual thrombosis (4,16,22,28,34,62,126) 1-2
Vena caval filter (38,63,64,127) 1-1.5
Second vs. first episode of VTE (3,18,38,39) 1.5-2
Age (16,25,38,56) ~1
Male sex (60) ~1.5
Asian (38) ~0.8

high intrinsic risk for thrombosis, even if the acute episode of
thrombosis has effectively been treated, they will have a high risk
of recurrence once anticoagulant therapy is stopped; if this risk is
high enough relative to the patient’s increased risk of bleeding on
anticoagulants, indefinite therapy will be indicated. As patients’
intrinsic risk of recurrent VTE has influenced which patients have
been enrolled in trials that have compared durations of anticoag-
ulant therapy, and needs to be considered in the interpretation of
such studies, risk factors for recurrent VTE in individual patients
will be considered before reviewing the studies that have compared
different durations of VKA in patients with VTE.

Patient-related risk factors for recurrent VTE after
stopping anticoagulant therapy

Cancer. Cancer is associated with about a threefold increased risk
of recurrent VTE both during (19-23) and after (22,24-26) anti-
coagulant therapy, and among patients with cancer, the risk of re-
currence is about threefold higher in those with metastatic disease
(23) (Table 10.2). The risk of recurrent VTE after stopping antico-
agulant therapy is expected to be high (i.e., 10% to 20% in the first
year) in patients with cancer, particularly if there is progressive
or metastatic disease, poor mobility, or ongoing chemotherapy
(25-27). The risk of recurrence is uncertain but likely to be lower

Chapter 10 Long-Term Anticoagulation in VTE

if the cancer has responded to therapy or if the initial VTE was
provoked by an additional reversible risk factor, such as surgery
or chemotherapy (see below). Because cancer is considered to be
such a strong risk factor for recurrent VTE, there is widespread
agreement that most patients with VTE and cancer require long-
term anticoagulant therapy, and these patients have generally been
excluded from the randomized trials that have compared different
durations of anticoagulant therapy.

Reversibility of risk factors for VTE. Patients with VTE provoked by
amajor reversible risk factor, such as surgery, have a low risk of re-
currence (i.e.,about 3% in the firstyear) after three or more months
of anticoagulant therapy, whereas this risk is high (i.e., about 10%
in the first year) in patients with an unprovoked (also termed id-
iopathic) VTE and in those who have a persistent risk factor for
thrombosis (Table 10.2) (4,5,18,26-31). If VTE was provoked by a
minor reversible risk factor, such as leg trauma, estrogen therapy,
or prolonged air travel (e.g., a flight of over eight hours), there is
an intermediate risk of recurrent VTE after stopping anticoagu-
lant therapy (i.e., approximately 5% in the first year) (25,31,32).
Because of this difference in risk of recurrence, many recent trials
selectively enrolled patients with unprovoked VTE and compared
longer durations of therapy (16-18,33-35), or enrolled patients
with VTE that was provoked by a reversible risk factor and com-
pared shorter durations of therapy (36) (Table 10.3).

Isolated calf DVT versus proximal DVT. Patients with DVT that is
confined to the distal veins (often called isolated calf DVT) have
about half the risk of recurrence as patients who have DVT that in-
volves the proximal veins (i.e., popliteal or more proximal veins)
(28,30,37). If ultrasound rather than venography is used to di-
agnose distal DVT, the risk of recurrence after distal DVT may
be even lower as a higher proportion of such patients may have
false-positive findings or may have thrombosis of the muscular
rather than of the deep veins. Many studies that compared dura-
tions of anticoagulation excluded patients with isolated distal DVT
(4,20,34,35).

Second versus first episode of VTE. After a second or subsequent
episode of VTE, the risk of recurrence appears to be about 1.5-
fold higher than after a first episode (18,38,39). Many studies that
compared durations of anticoagulation excluded patients if their
VTE was not a first episode (28,30,33-35).

Pulmonary embolism versus deep vein thrombosis. Patients who
present with pulmonary embolism (PE) appear to have the
same risk of recurrent VTE as those who present with proximal
DVT (25,28,38,40). However, after a PE, about 60% of recurrent
episodes of VTE are also PE, whereas only about 20% of recurrent
episodes of VTE are a PE after an initial DVT (33,34,38,40-42).
This pattern of recurrence, with about a threefold higher risk of
PE after an initial PE than after an initial DVT, appears to persist
long term (38,41,42). About 10% of symptomatic PE are thought
to be rapidly fatal (43-45), and another 5% of patients whose PE
is diagnosed and treated also die from PE (38,41,46-50). Thus,
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after three or more months of treatment for DVT or PE, recurrent
VTE that presents as PE probably has a case-fatality of about 15%.
The risk of dying from acute DVT, because of early subsequent PE
or other complications (e.g., bleeding, precipitation of myocardial
infarction), appears to be 2% or less (24,38,41,47,50,51). Based
on these estimates, the case-fatality associated with late-recurrent
VTE after a preceding PE is expected to be about 10%, whereas
thatafter a preceding DVT case-fatality is expected to be about 5%.
Consistent with the latter estimate, an overview of randomized
trials calculated a 5.1% case-fatality for recurrent VTE in patients
with DVT who had completed three months of treatment (40).
Therefore, although the risk of a recurrence is the same after PE
and proximal DVT, the case-fatality for a recurrence is expected to
be twofold higher after PE than after DVT.

D-dimer level after withdrawal of treatment. A negative D-dimer
test one month after withdrawal of VKA appears to identify pa-
tients with a substantially reduced risk of recurrent VTE (relative
risk [RR] ~0.4) (35,52-54).

Hereditary thrombophilias. A recent meta-analysis estimated that
the risk of recurrent VTE associated with heterozygous factor V
Leiden was 1.4 (95% CI 1.1-1.8) and for prothrombin G20210A
was 1.7 (1.3-2.3), with heterogeneity of these estimates among
studies (55). Among five large prospective studies that included a
total of 2,691 patients with a first episode of VTE (provoked and
unprovoked), and of whom 117 (4.3%) had homozygous factor
V Leiden, homozygous prothrombin gene G20210A, double het-
erozygous states for these two mutations, or deficiency of protein
C, protein S, or antithrombin, the overall odds ratio for recurrent
VTE associated with these major thrombophilias was 1.5 (95% CI,
0.9-2.4) (31,52,56-58).

Antiphospholipid antibodies. Schulman et al. found that an anti-
cardiolipin antibody was associated with recurrent VTE in the first
four years after a first VIE (59) but was no longer predictive of
recurrence at the end of 10 years (42). Kearon found that an an-
ticardiolipin antibody or lupus anticoagulant was associated with
recurrent VTE after an unprovoked VTE (hazard ratio 4.0, 95%
CI 1.2-13) (16) but not after a provoked VTE (hazard ratio 1.3,
95% CI 0.2-11) (36).

Sex. A recent meta-analysis estimated that the risk of recurrent
VTE is higher in males than in females (RR 1.6, 95% CI 1.2-2.0),
with heterogeneity of this association among studies (60).

Residual deep vein thrombosis. An association between the pres-
ence of residual DVT on ultrasound and risk of recurrent VTE has
been reported (22,61). However, a number of other studies has
not found that residual DVT is an independent predictor of recur-
rence (16,34,36,62), and why residual DVT should be associated
with DVT in the contralateral leg is unexplained (61).
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Vena caval filter. In patients who have a vena caval filter inserted
and then receive standard anticoagulant therapy there is a trend to
a higher risk of a new episode of DVT (RR 1.3; 95% CI 0.9-1.8),
a lower risk of PE (RR 0.4; 95% CI 0.2-0.9), and no difference is
the risk of VTE (DVT or PE; RR 1.0; 95% CI 0.7-1.4) after eight
years of follow-up (63,64).

Other markers for recurrence. Factor VIII (54,58,65,66), factor IX
(58), factor XI (58,67), homocysteine (58,68,69), thrombin gener-
ation (70), the activated partial thromboplastin time (71), family
history of VTE (72), age at diagnosis (25,38) have been evaluated,
but the evidence that they are clinically important risk factors for
recurrent VTE is generally weak.

Comparisons of different durations of
anticoagulation therapy for venous
thromboembolism

Trials that have evaluated different durations of anticoagulant ther-
apy in patients with VTE can be divided into three categories ac-
cording to the durations of therapy that were compared: (1) short
versus intermediate durations; (2) different intermediate dura-
tions; and (3) indefinite therapy versus intermediate durations.
Within each of these categories, studies that included heteroge-
neous (i.e., less selected) patients with VTE will be considered
first, followed by studies that enrolled subgroups of (i.e., selected)
patients who were expected to have either a lower (e.g., associ-
ated with reversible risk factors) or a higher (e.g., unprovoked, or
second episodes of, VTE) risk of recurrence.

Short (4 or 6 weeks) versus intermediate (3 or 6 months)
durations of therapy

Five trials have evaluated shortening the duration of oral antico-
agulant therapy from three or six months to four or six weeks in
patients with mostly first episodes of VTE (Table 10.3) (4,5,28,30).
The first three studies (British Thoracic Society, Levine, DURAC
1; Table 10.3), which mainly enrolled unselected patients with
proximal DVT or PE, found that shortening the duration of an-
ticoagulation was associated with about double the frequency of
recurrent VTE during follow-up of one to two years (an absolute
risk increase of ~5%) (4,5,28). Major bleeding was uncommon
during the incremental period of anticoagulation in these three
studies (estimated at seven episodes among 1,009 patients during
259 patient-years ofadditional treatment [2.7% peryear]) (4,5,28).
Therefore, the main finding of these studies was that anticoagulant
therapy should not be shortened to four or six weeks in patients
with VTE.

Subgroup analyses of one of these studies (DURAC 1) suggest
that isolated distal DVT provoked by a major transient risk fac-
tor can safely be treated with only six weeks of therapy (28). A
subsequent study (component of DOTAVK), which compared 6
versus 12 weeks of therapy in patients with isolated calf DVT (un-
provoked or provoked; mostly diagnosed by ultrasound), found
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no suggestion that shortening therapy increased the risk of recur-
rence (RR 0.6; 95% CI, 0.01-3.4), and, in general, observed a low
frequency of recurrent VTE with isolated calf DVT (~2% in the
first year) compared with proximal DVT or PE (~6% in the first
year) (30). These findings suggest that if anticoagulants need to be
stopped after six weeks of therapy in patients with isolated distal
DVT the subsequent risk of recurrence is not expected to be ex-
cessive. The fifth of these studies enrolled only patients with VTE
associated with a major reversible risk factor (SOFAST; Table 10.3);
however, because only 165 patients were enrolled, its findings were
not definitive (36). A meta-analysis of five studies (retrospective
identification of the patient’s subgroup in four studies [4,5,28,73];
selective enrollment of patients in one study [36] that compared
four or six weeks with three or six months of treatment among
725 patients with VTE provoked by a reversible risk factor found
that the shorter durations of therapy were associated with more
than double the risk of recurrent VTE during the next year (odds
ratio 2.9; 95% CI 1.2 to 6.9; absolute increase of ~3.4%) (36).

Different intermediate durations of therapy

(6 or 12 months versus 3 months)

Two studies have compared six versus three months of antico-
agulant therapy in patients with predominantly first episodes of
DVT or PE (unprovoked, or provoked by a reversible risk factor)
(DOTAVK, Campbell; Table 10.3) (30;74). There was no difference
in the risk of recurrence during follow-up in both studies, and one
study (74) reported a lower risk of bleeding in the three-month
group (Campbell; Table 10.3).

Agnelli and colleagues compared stopping anticoagulant ther-
apy at three months with continuing it for another nine months
after a first episode of unprovoked proximal DVT (WODIT-DVT;
Table 10.3) (33). At the end of the first year, recurrent VTE was
less frequent in the group that remained on anticoagulant ther-
apy (3.0% versus 8.3%), but this benefit was lost two years af-
ter these patients stopped anticoagulant therapy (RR 1.0; 95%
CI, 0.6-1.7). The same investigators obtained similar results in a
comparable study of patients with unprovoked PE (WODIT PE;
Table 10.3) (34).

Based on the findings of these five studies (including the two
components of WODIT-PE) (30;33;34;74), anticoagulants are very
effective at preventing recurrence while patients are receiving ther-
apy, but, at the end of extended follow-up after stopping treatment,
asimilar risk of recurrence is expected ifanticoagulants are stopped
at 6 or 12 months compared to at 3 months (RR for the five stud-
ies 0.95; 95% CI 0.72-1.26; Table 10.3) (30,33,34,74), including
among patients with unprovoked proximal DVT or PE.

Indefinite therapy versus intermediate durations of
anticoagulant therapy

Four trials have compared indefinite (i.e., extended therapy with-
out scheduled stopping of treatment and subsequent follow-up)
anticoagulation (target INR of 2.0-2.85 [3], 2.0-3.0 [16,35], 1.5—
2.0 [18]) with stopping therapy in patients with VTE who were
believed to have a high risk of recurrence because thrombosis was
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asecond episode (3), unprovoked (16,18), or was unprovoked and
had a positive D-dimer result one month after stopping therapy
(35) (DURAC2, LAFIT, PREVENT, PROLONG; Table 10.3). The
results indicate that randomization to indefinite treatment with
conventional-intensity VKA (target INR 2.5) reduces recurrent
VTE by about 90% (RR for the three studies 0.10; 95%CI 0.04—
0.22; Table 10.3) (3,16,35), and randomization to low-intensity
therapy (target INR 1.75) reduces VTE by 64% (95% CI for HR,
23%-81%) (18) (Table 10.3; both risk reduction are appreciably
greater among patients who remain on VKA therapy).

Bleeding during long-term anticoagulant
therapy

A meta-analysis of seven studies (4,16,18,33,39,75,76) that com-
pared durations of conventional-intensity anticoagulant therapy
for VTE (not all patients had unprovoked VTE) estimated the rate
of major bleeding to be 1.1% per patient-year (18 episodesin 1,571
years) during the extended phase of anticoagulation compared
with 0.6% per patient-year (nine episodes during 1,497 years)
without anticoagulation (RR of 1.80; 95% CI 0.72-4.51) (77).
Similar low rates on major bleeding were observed during long-
term treatment of unprovoked VTE in the more recent ELATE and
PROLONG studies (Table 10.3) (17,74).

Of factors that have been evaluated as risk factors for major
bleeding during anticoagulant therapy, the following appear to
have the greatest potential to be clinically useful markers of in-
creased risk: older age, particularly after 75 years; previous gas-
trointestinal bleeding, particularly if not associated with a re-
versible cause; previous noncardioembolic stroke; chronic renal or
hepatic disease; concomitant antiplatelet therapy (to be avoided
if possible); other serious acute or chronic illness; poor antico-
agulant control; suboptimal monitoring of anticoagulant therapy
(17,78-85).

Balancing reduction of VTE with increase of
bleeding during long-term therapy

The likelihood of dying from recurrent VTE depends on whether
the recurrence is a PE or a DVT, with PE being much more com-
mon after an initial PE than after an initial DVT. After completing
three or more months of initial anticoagulant therapy, case-fatality
for recurrent VTE is expected to be about 10% after an initial PE
and 5% after an initial DVT (see above). Case-fatality with major
bleeding during long-term anticoagulant therapy for VTE is about
10% (86). Comparison of associated case-fatalities suggests that
the consequence of a major bleed during long-term anticoagula-
tion is similar to that of a recurrent episode of VTE that occurs
after a PE and about twice as severe as the consequences of a re-
current episode of VTE that occurs after a DVT. Therefore, given
a relative risk of recurrent VTE of over 90%, and a relative risk of
bleeding of 2.5, with long-term anticoagulation, if the annual rate



of major bleeding on anticoagulant therapy is 2%, the annual risk
of recurrent VTE needs to exceed 1.2% after a PE and 2.4% after
a DVT just to offset the increase fatal bleeding.

Patient preferences and the burden of
anticoagulation

The perceived burden associated with being on VKA therapy differs
markedly among patients. For example, Locadia and colleagues
identified that being on VKA was associated with a median utility
of 0.92 (where 0 is equivalent to death and 1.0 is equivalent to
perfect health) by 124 patients who had a recent or remote VTE;
however, the associated utility was 0.77 or lower for a quarter of
patients and was 0.98 or higher for another quarter of patients
(i.e., rated more highly that the median utility of 0.96 associated
with not being on VKA). Consistent with these large differences
in patients’ perception of the burden of VKA therapy, irrespective
of whether the risk of recurrence was assumed to be high or low
after stopping therapy, 25% of surveyed patients always opted to
stop therapy, and 23% always opted to stay on therapy. There were
also marked difference in how bad patients’ perceptions were of
having an episode of bleeding or VTE (87).

Alternatives to vitamin K antagonists

Subcutaneous unfractionated heparin. Adjusted-dose subcuta-
neous unfractionated heparin (UFH) is an effective approach for
the long-term treatment of DVT (88), whereas low-dose UFH
(5,000 U twice daily) is inadequate for this purpose (2,89). In
a study of 80 patients with DVT and contraindications to VKA
therapy that compared 10,000 U UFH with 5,000 IU dalteparin,
each administered subcutaneously twice daily for three months,
there was a similar low frequency of recurrent VIE and bleeding
in both groups but less frequent spinal fracture in the LMWH
group (90).

Subcutaneous low-molecular-weight-heparin. Fourteen random-
ized trials have compared VKA (INR of 2.0-3.0) with widely
differing regimens of five LMWH preparations (dalteparin [91—
93], enoxaparin [29,94-98], nadroparin [99, 100], tinzaparin
[101,102], bemiparin [103]). In these studies, the daily LMWH
dose was as low as 4,000 IU (29,94) to as high as 200 IU/kg
(93,100); approximately a 3.5-fold difference. Two meta-analyses
of studies that compared LMWH with vitamin K antagonist, each
given for three months after initial heparin therapy, have been per-
formed (104,105). In the analysis by Iorio and colleagues, which
includes seven studies (29,91,94,95,99-101) and a total of 1,379
patients, there were trends toward less recurrent VTE (odds ra-
tio 0.66; 95% CI, 0.41-1.07) and less major bleeding (odds ratio
0.45;95% CI, 0.18 —1.11) with three months of LMWH compared
with VKA (105). Compared with outcomes in patients who re-
ceived VKA therapy, between study differences of mean daily dose
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of LMWH had little effect on efficacy but did appear to influence
the risk of major bleeding (odds ratio of about 0.2 with ~4,000
IU/day to about 0.7 with 12,000 IU/day, relative to the VKA groups
[p = 0.03]) (105). Three subsequent studies that selectively en-
rolled a total of 1,019 patients with VTE in association with active
cancer found that, compared with VKA therapy, three (96,106)
or six (93) months of therapeutic-dose LMWH was associated
with less recurrent VTE in one study (93) and less bleeding in an-
other (96) (Table 10.4) (RR for the three studies: recurrent VTE
0.56 [95% CI 0.38-0.82]; major bleeding 1.01 [95% CI 0.62—1.64];
mortality 0.92 [95% CI0.78-1.10]; Table 10.4) (96,105,106). Ran-
domized trials have not evaluated approaches to anticoagulant
therapy after the first six months of VKA or LMWH therapy in
patients with VTE and cancer, either to assess duration of therapy
or to compare extended therapy with VKA or LMWH. Observa-
tional studies suggest that the risk of recurrent VTE is unacceptably
high in patients with active cancer who stop anticoagulant therapy
(24-26,38).

New anticoagulants. Ximelagatran, an oral direct thrombin in-
hibitor, has been shown to be as effective for the initial and long-
term treatment of VTE but has been withdrawn because of hepatic
toxicity (39,107). Idraparinux, the synthetic long-acting pentasac-
charide, was recently reported to be as effective and as safe as VKA
for the first three or six months of treatment of DVT but less
effective than VKA in patients with PE (108). After six months
of treatment of VTE with idraparinux or VKA, compared with
placebo, idraparinux reduced recurrence but was associated with
increased bleeding (109).

Recommended duration of anticoagulation in
individual patients

Based largely on the preceding analysis of risk factors for recur-
rent thrombosis and bleeding, and on the findings of studies that
compared different durations and intensities of anticoagulation,
anapproach to selecting duration of anticoagulation for individual
patients with VTE is outlined in Table 10.5. Because the presence of
a reversible risk factor for VTE, lack of a provoking factor, or can-
cer, at the time of thrombosis has the greatest prognostic influence
on the risk of recurrence, this assessment carries most weight.

For patients whose VTE is associated with a major reversible
risk factor, such as recent surgery, stopping anticoagulant therapy
after three months of treatment is expected to be associated with a
subsequent risk of recurrent VTE of about 3% in the first year and
about 10% over five years (4,5,18,24,26,29,30,34,39). For patients
whose VTE is associated with a lesser reversible risk factor, such
as a soft tissue injury to the leg or a prolonged flight, stopping
anticoagulant therapy after three months of treatment is expected
to be associated with a subsequent risk of recurrent VTE of about
5% in the first year and about 15% over 5 years (31). These rates
of VTE are not high enough to justify treatment for longer than
three months.
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Table 10.5 Recommendations for duration of anticoagulant therapy for VTE

Risk factor for VTE Durations of treatment (target INR 2.5, range 2.0-3.0)

Transient risk factor™ 3 months

Unprovoked Indefinite®

If also:

isolated distal DVT; or a first proximal DVT or PE and a moderate or higher risk of bleeding, or

an informed patient’s preference is to stop therapy 3 months

Uncontrolled malignancy Indefinite

If also: (preferably with low-molecular weight-heparin for at least the first 3 months)
avery high risk of bleeding;$ isolated distal DVT: or an additional major reversible provoking consider stopping therapy at 3 months or when cancer becomes inactive

risk factor for VTE. *

*Transient risk factors include major factors, such as surgery with general anesthesia, plaster cast immobilization of a leg, or hospitalization, all within the past month; and
minor factors, such as estrogen therapy, pregnancy, prolonged travel (e.g., longer than 8 hours), less marked leg injury, or the previously noted “major factors" when they occur
1 to 3 months before diagnosis of venous thromboembolism (VTE).

tDecision should be reviewed annually to consider if the patient's risk of bleeding has increased, or if patient preference had changed. Additional factors favoring indefinite
therapy include more than one episode of unprovoked VTE; pulmonary embolism (PE) versus proximal deep vein thrombosis (DVT) at presentation; male sex; antiphospholipid
antibodies; hereditary thrombophilia.

§ Risk factors for bleeding include age 65 years or older, particularly after 75 years; previous noncardioembolic stoke; previous bleeding (e.g., gastrointestinal), particularly if
there was not a reversible cause; active peptic ulcer disease; renal impairment; anemia; thrombocytopenia; liver disease; diabetes mellitus; use of antiplatelet therapy (to be
avoided); poor patient compliance; poor control of anticoagulation; structural lesion (including tumor) expected to be associated with bleeding. One or 2 risk factors suggests
a moderate risk, and 3 or more risk factors suggests a high risk of bleeding.

S}

For patients with unprovoked VTE, stopping anticoagulant Hull R, Delmore T, Genton E, et al. Warfarin sodium versus low-dose
heparin in the long-term treatment of venous thrombosis. N Engl ] Med.
1979;301:855-58.

Schulman S, Grangvist S, Holmstrom M, et al. The duration of oral anti-

therapy after three or more months of treatment is expected to
be associated with a subsequent risk of recurrent VTE of about
10% in the first year and about 30% over five years (26,28,30,33).
This rate is high enough to justify long-term anticoagulation in

w
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Thrombolytic Therapy for Deep Vein

Thrombosis and Pulmonary Embolism

Simon J. McRae, John W. Eikelboom

Introduction

Venous thromboembolism (VTE), consisting of deep vein throm-
bosis (DVT) and pulmonary embolism (PE), is a potentially fatal
condition with an annual incidence in Caucasian populations of
0.1% (1). Standard treatment for VTE is anticoagulation, initially
with low-molecular-weight (LMWH) or unfractionated heparin
(UFH) or fondaparinux for at least 5 days, followed by warfarin,
usually for a minimum of three to six months (2). The justification
for the use of anticoagulant therapy stems from landmark trials
demonstrating its effectiveness for preventing recurrent thrombo-
sis and reducing mortality in patients with symptomatic PE (3),
and for limiting thrombus extension and preventing recurrent
thrombosis in patients with DVT (4,5).

Despite the routine use of anticoagulant therapy however, a
substantial proportion of patients with acute VTE experience ad-
verse outcomes. The rate of fatal PE during anticoagulant ther-
apy is ~0.4% in patients presenting with DVT and ~1.5% in
patients presenting with symptomatic PE (6). A further 3%-
5% of patients presenting with VIE will develop nonfatal ex-
tension or recurrence of thrombosis during anticoagulant treat-
ment (7). Long-term complications of VTE include the postthrom-
botic syndrome (PTS), which occurs in 30% to 50% of patients
presenting with symptomatic DVT and results in chronic pain,
swelling, and skin changes in the affected limb (8), and the less
frequent but potentially fatal complication, chronic thromboem-
bolic pulmonary hypertension, which occurs in up to 1.0% of
patients presenting with symptomatic PE. Additional or alter-
native treatments that reduce the incidence and severity of the
above complications in patients with acute VTE are thus highly
desirable.
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Rationale for the use of thrombolytic therapy in the
initial treatment of VTE

Anticoagulants work by blocking thrombin generation or throm-
bin activity, thereby preventing new thrombus formation. Anti-
coagulants do not directly lyse thrombus but facilitate clearance
of thrombus by the endogenous fibrinolytic system. Incomplete
resolution of thrombus is common in patients with VTE who are
treated with anticoagulation; up to 70% of patients who present
with acute DVT have evidence of residual thrombus on compres-
sion ultrasonography one year after diagnosis (9). As many as 87%
of patients who present with acute PE have evidence of residual
pulmonary thrombus detected by noninvasive imaging at eight
days after diagnosis, and 52% have residual pulmonary thrombus
at 11 months after diagnosis (10).

Unlike anticoagulant therapy, thrombolytic drugs directly acti-
vate the fibrinolytic system and thus have the potential to increase
both the rate and extent of thrombus clearance in patients with
VTE. In patients with DVT, more rapid and complete restoration
of vein patency may improve venous return and limit valvular
damage. As these factors are thought to be central to the develop-
ment of PTS (8), thrombolytic therapy has the potential to reduce
the incidence of PTS. In patients with PE, obstruction to right
ventricular outflow by thrombus can lead to increased pulmonary
vascular resistance, right ventricular dysfunction, reduced cardiac
output, hemodynamic instability and, in severe cases, death (11).
The severity ofhemodynamic compromise is dependent on the size
and location of the embolus as well as the presence of coexisting
cardiopulmonary disease. As most patients with fatal pulmonary
embolism die within the first few hours of the acute event, rapid
lysis of pulmonary thrombus with thrombolytic therapy has the
potential to prevent death by restoring pulmonary blood flow and
reversing right heart dysfunction. More complete clot lysis may
also reduce the risk of recurrent venous thromboembolism and
pulmonary hypertension (11).

This chapter reviews the evidence for the use of thrombolytic
therapy in patients with acute VTE, focusing specifically on the
questions listed in Table 11.1. Grading of the quality of evidence
and strengths of recommendations in this chapter are based on



Table 11.1 Clinical questions.”

Deep vein thrombosis

1. What is the efficacy (degree of thrombus lysis, incidence of the postthrombotic
syndrome, recurrent venous thrombosis, and death) and safety (major bleeding)
of thrombolysis compared with anticoagulant therapy for the initial treatment of
deep vein thrombosis?

2. What is the role of thrombolysis in the initial treatment of extensive iliofemoral
vein thrombosis?

3. What is the most effective and safest route of administration of thrombolytic
therapy for deep vein thrombosis?

Pulmonary embolism

1. What is the efficacy (thrombus resolution, recurrent venous thromboembolism,
and death) and safety (bleeding) of systemic thrombolysis compared with
standard anticoagulant therapy for the initial treatment of pulmonary embolism?

2. What is the efficacy and safety of systemic thrombolysis compared with
standard anticoagulant therapy in patients for the initial treatment of patients
with hemodynamically unstable pulmonary embolism?

3. What is the efficacy and safety of systemic thrombolysis compared with
standard anticoagulant therapy in patients for the initial treatment of patients
with pulmonary embolism and right ventricular dysfunction at presentation?

4. What is the most effective route of administration of thrombolytic therapy for
pulmonary embolism?

the guidelines proposed by the international Grading of Recom-
mendations Assessment, Development, and Evaluation Working
Group (GRADE), adopting the modification used by the Ameri-
can College of Chest Physicians that merges the very low and low
categories of quality of evidence (see chapter 1) (12,13).

Search strategy, study selection criteria, and
statistical methods

Potentially relevant studies were identified by a computerized
search, restricted to the English-language literature, of the MED-
LINE electronic database (source PUBMED, 1966 to November
2006) using relevant text and key words in combination, as fol-
lows: (tissue plasminogen activator OR urokinase OR streptoki-
nase OR thrombolytic OR fibrinolysis) AND (venous thrombosis OR
thromboembolism OR deep vein thrombosis OR pulmonary em-
bolism)AND (randomized controlled trial OR controlled trial OR
random). Reference lists of retrieved eligible articles were hand-
searched to identify additional relevant articles.

Studies were selected for inclusion if they were properly ran-
domized controlled trials that enrolled patients with acute VTE in
which at least one treatment arm received thrombolytic therapy.

Pooled estimates for efficacy and safety outcomes in patients
treated with thrombolysis compared with anticoagulation were
calculated by combining the data from all the eligible studies us-
ing the DerSimonian-Laird random-effects model (14), and Re-
view Manager (RevMan) software, version 4.2.7 for Windows (the
Cochrane Collaboration, Oxford, United Kingdom). A two-sided
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probability value of less than 0.05 was considered statistically sig-
nificant for all analyses.

Thrombolytic therapy for the initial treatment
of deep vein thrombosis

A. Clinical question

What is the efficacy (degree of thrombus lysis, incidence of
the postthrombotic syndrome, recurrent venous thrombosis, and
death) and safety (major bleeding) of thrombolytic therapy com-
pared with anticoagulant therapy for the initial treatment of deep
vein thrombosis?

Trials included

Weidentified 15 randomized trials enrolling 839 patients that com-
pared thrombolytic therapy with anticoagulation for the initial
treatment of DVT. The characteristics of the studies are summa-
rized in Table 11.2. Only one trial involved more than 100 pa-
tients (23). Nine trials evaluated streptokinase (15-22,24), two
trials evaluated urokinase (25,26), and three trials evaluated re-
combinant tissue plasminogen activator (rTPA) (27-29). All three
thrombolytic drugs were evaluated in the remaining study (23).
In most of the trials, thrombolysis was given systemically by in-
travenous infusion (15-17,19-22,25-29); two trials administered
the thrombolysis via a peripheral cannula into aloco-regional vein
(18,23). One randomized trial used catheter-directed thrombol-
ysis (CDT) via a multiholed catheter to infuse the thrombolytic
agent directly onto the clot, advancing the catheter intermittently
as required (24). All the trials used UFH as the anticoagulant in
the comparator arm. Various dosing regimens were used for UFH
(Table 11.2), and several trials used a starting dose of UFH that is
less than the currently recommended minimum starting dose of
30,000 U over a 24-hour period (2).

Most patients enrolled in the trials presented with proximal DVT
(defined as thrombosis involving the popliteal vein and above),
but at least three trials also enrolled patients with isolated calf
vein thrombosis (16,17,22), and one trial restricted inclusion to
patients with calf vein thrombosis (22). Patients with upper ex-
tremity thrombosis were enrolled in at least two trials (21,26). The
randomization sequence was considered to be adequate in the six
trials (16,18,20,22,28) that used sealed envelopes. The method of
randomization was inadequately described in the other studies
(15,17,21,23,24,29).

The data from six trials that reported long-term follow-up
(ranging from 6 months to 14 years of follow-up) were used to
evaluate the effect of thrombolysis compared with UFH on the
development of PTS (22-23,30-32).

We excluded randomized trials comparing thrombolysis with
anticoagulation in which the diagnosis of DVT was not objectively
confirmed (33), trials in which patients were not properly ran-
domized (34-36) and a trial in which outcomes of interest were
not reported (37).
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Table 11.2 Trials comparing thrombolytic therapy with anticoagulation for DVT treatment. *

Trial, year

Eligibility

n

Thrombolytic regime

UFH regime

Outcomes

Time endpoints

Streptokinase
Robertson et al. 1968 (15)

Kakkar et al. 1969 (16)

Robertson et al. 1970 (17)

Tsapogas et al. 1973 (18)

Porter et al. 1975 (19)

Arnesen et al. 1978 (20)

Elliot et al. 1979 (21)

Schulman et al. 1986 (22)

Schweizer et al. 2000 (23)

Elsharawy et al. 2002 (24)

Urokinase
Kiil et al. 1981 (25)

Goldhaber et al. 1996 (26)

Schweizer et al. 2000 (23)

Recombinant TPA

Verhaeghe et al. 1989 (27)

Goldhaber et al. 1990 (28)

Turpie et al. 1990 (29)

Schweizer et al. 2000 (23)

DVT leg <4 days symptoms

DVT leg <4 days symptoms

DVT leg <4 days symptoms

DVT leg <5 days symptoms

DVT <14 days symptoms

Proximal DVT <5 days
symptoms

DVT <8 days symptoms

Calf vein DVT <7 days
symptoms

Proximal DVT<9 days
symptoms

lliofemoral venous
thrombosis

DVT <3 days symptoms

Proximal DVT <14 days
symptoms

Proximal DVT <9 days
symptoms

Proximal DVT <10 days
symptoms

Popliteal or more proximal
DVT <14 days symptoms

Proximal DVT <7 days
symptoms

Proximal DVT <9 days
symptoms

34

50

42

51

36

250

35

20

250

32

83

250

Twice titrated dose then
100,000 U/h for 1 day

500,000 U bolus then
900,000 U 6 hourly for 5
days

Twice titrated dose then
100,000 U/h for 3 days

100-500,000 U bolus then
100,000 U/h up to 3 days

250,000 U bolus then
100,000 U/h for 3 days

250,000 U bolus then
100,000/h for 3—4 days

600,000 U bolus then
100,000 U/h for 3 days

50,000 U bolus then 10,000

U/h for 7 days

3,000,000 U daily over 6 h
for up to 7 days

1,000,000 U in first hour
then 100,000 U until lysis,
no progress’

200,000 U over 24 h

1,000,000 U bolus 8 hrly x 3

5,000,000 U/d up to 7 days
or 100,000 U daily for 7
days*

100 mg/dL then 50 mg D or
50mg D1+2

0.05 mg/kg/h for 24 h to a
dose of 150 mg

0.5 mg/kg over 4 hor 0.5
mg/kg over 8hd 1+ 2

20 mg/d over 4 h for
4-7 days”

7,500 U bolus then
42,500/24 hrs, then sc

10,000 U bolus then
12,500 U 6 hrly adjusted to
TCT

7,500 U bolus then 17,500
U for 10 h, then 25,000 U
12 hrly

7,000 U bolus then 1,500
U/h adjusted to APTT
2.0-2.5

Bolus 150 U/kg then
adjusted to APTT 2.0 to 2.5

15,000 U bolus then
30,000 u /24hrs

10,000 U bolus then
10,000 6 hrly

5,000 U bolus then
adjusted to APTT 2-3x

1,000 U/h adjusted to
APTT 2.0t0 3.0

1,000 U/h adjusted to
APTT 2.0

40,000 U/24 h

5-10,000 U bolus then
adjusted APTT 60-80 sec

1,000 1U/h adjusted to
APTT 2.0t0 3.0

5,000 U bolus then 1,000
U/h up to 72 hrs

100 U/kg bolus then 1,000
U /h adjusted to APTT 1.5
to 2.5

5,000 U bolus then
30,000/d adjusted to APTT
1.5t02.0

1,000 1U/h adjusted to
APTT 2.0t0 3.0

Thrombus lysis, PE, major
bleeding

Thrombus lysis, mortality,
PE, major bleeding

Thrombus lysis

Thrombus lysis

Thrombus lysis, mortality,
PE, major bleeding

Thrombus lysis, mortality,
PE, major bleeding

Thrombus lysis, mortality,
PE, major bleeding, PTS

PE, major bleeding, PTS

Thrombus lysis, mortality,
PE, major bleeding, PTS

Thrombus lysis, PE, major
bleeding

Thrombus lysis, mortality,
PE, bleeding

Thrombus lysis, PE, major
bleeding

Thrombus lysis, mortality,
PE, major bleeding, PTS

Thrombus lysis, bleeding

Thrombus lysis, major
bleeding

Thrombus lysis, major
bleeding, PTS

Thrombus lysis, mortality,
PE, major bleeding, PTS

Day 5-6

Day 5

Day 6-8

Day 3

Day 10

Day 3-6

Day 5, 6 mo

Day 5, 60 mo

Day 4-7, 12 mo

Day 7

Day 6

Day 6-7

Day 4-7, 12 mo

Day 3

36 hours

Day 1-2, 3 years

Day 4-7, 12 mo

* Administered by loco-regional infusion. APTT, activated partial thromboplastin time; DVT, deep vein thrombosis; PE, pulmonary embolism; PTS, postthrombotic syndrome.
T Catheter directed thrombolysis.
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Table 11.3 Comparison of thrombus lysis.

Trial, year

Significant thrombolysis n/N (%)

Thrombolysis

Anticoagulation

Streptokinase

Robertson et al. 1968 (15) 5/8 (63) 1/8(13)
Kakkar et al. 1969 (16) 7/10(70) 2/10(20)
Robertson et al. 1970 (17) 5/9 (56) 1/7(14)
Tsapogas et al. 1973 (18) 10/19(53) 1/15(7)
Porter et al. 1975 (19) 13/24 (54) 8/26 (31)
Arnesen et al. 1978 (20) 11/21(52) 2/21(10)
Elliot et al. 1979 (21) 17/26 (65) 0/25(0)
Schweizer et al. 2000 (23) 27/50 (54) 3/50 (6)
Urokinase

Kiil et al. 1981 (25) 1/11(9) 179 (11)
Goldhaber et al. 1996 (26) 1/8(13) 179 (11)
Schweizer et al. 2000 (23) 46/100 (46) 3/50 (6)
Recombinant TPA*

Goldhaber et al. 1990 (28) 15/53 (28) 0/12(0)
Turpie et al. 1990 (29) 6/29 (32) 2/30(5)
Schweizer et al. 2000 (23) 17/50 (34) 3/50 (6)
Catheter directed thrombolysis

Elsharawy et al. 2002 (24) 11/18(61) 0/17(0)

*TPA, tissue plasminogen activator.

Outcomes

Thrombus lysis

In 13 trials, venography was performed before and after treatment,
thereby enabling a quantitative or semiquantitative assessment of
the degree of thrombus lysis (Table 11.3). For the purpose of this
analysis, lysis was defined as “significant” if >50% of the thrombus
waslysed (18,21,23,26,28,29) or the degree of lysis was described as
good (15,17,20), substantial (16,19), or significant (25). The rate of
significant lysis in patients receiving thrombolytic therapy ranged
from 9% to 70%, and was greater than 50% in 9 of 13 studies,
compared with 0% to 31% significant lysis in patients treated with
UFH.

Pooled data from the 13 trials indicate that systemic or
loco-regional thrombolysis compared with anticoagulation was
associated with a relative risk (RR) of achieving significant ly-
sis of 3.9 (95% confidence interval [CI] 2.3 to 6.6). The effect
of thrombolytic therapy on significant thrombus lysis was sim-
ilar irrespective of whether patients received streptokinase (RR
4.6, 95% CI 2.4-9.2) or rTPA (5.3, 95% CI 2.3-12.2). The RR
was somewhat lower in patients receiving urokinase (RR 2.8, 95%
CI 0.6-13.9), but the confidence intervals were wide (25). In the
only trial in which catheter-directed thrombolysis was used, the
rate of complete lysis at one week in patients receiving throm-
bolysis was 61% vs. 0% in patients receiving anticoagulation
(p < 0.001).
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In summary, the data from individual trials as well as the pooled
data indicate that thrombolytic therapy increases the rate of sig-
nificant thrombus lysis in patients with acute DVT.

Postthrombotic syndrome

For a trial to be included in this analysis, the assessment of the pres-
ence or absence of the PTS had to be based on clinical symptoms
and signs. Six trials examined the effect of thrombolytic therapy
compared with anticoagulation on PTS, with follow-up periods
ranging from 6 months to 14 years (21,22,30-31). Two trials re-
quired the presence of moderate to severe symptoms or physical
signs for patients to be classified as having the PTS, while the re-
maining trials required the presence of any clinical feature of the
syndrome. One trial only enrolled patients with isolated calf vein
DVT (22), and a small number of patients that were not part of
the original randomized trial were included in another trial report
(32). Compression stockings were worn throughout follow-up in
the majority of patients in one study (23), but the use of stock-
ings was limited (22), or not clearly described (21,30-31), in the
remaining trials.

The results of the studies are summarized in Table 11.4. The
incidence of the PTS in thrombolyzed patients ranged from 24%
to 81% and was less than 50% in three trials, whereas the incidence
of PTS in patients receiving anticoagulant therapy ranged from
50% to 91%.

Pooling the data from the trials, the RR of developing the PTS in
patients receiving thrombolytic therapy in comparison to patients
receiving anticoagulation was 0.7 (95% CI 0.5-0.9, p = 0.02). Al-
though this estimate of treatment effect appears to suggest that
thrombolytic therapy reduces the incidence of PTS, the diagnosis
of PTS in most of the studies was made by persons who were not
blinded to treatment allocation, and there was a high rate of loss
to follow-up, limiting the reliability of this conclusion.

Mortality

Six trials reported early mortality (up to 30 days) (16,19,20,21,
24,25). There were only three early deaths in the 283 patients re-
ceiving thrombolysis, and four deaths in the 132 patients treated
with anticoagulation, a difference that was not statistically signif-
icant (RR 0.8, 95% CI 0.2-3.2, p = 0.8).

PE

Nine trials reported the incidence of PE after randomization (15—
16,18-24). PE occurred in 11 of 343 patients treated with throm-
bolytic therapy and in 5 of 190 patients receiving anticoagulation,
a difference that was not statistically significant (RR 0.7, 95% CI
0.2-2.4, p = 0.64).

Recurrent VTE

There were insufficient data concerning the incidence of recur-
rent VTE during follow-up to draw any conclusion about whether
thrombolysis reduces the risk of recurrent thrombosis.
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Incidence of PTS n/N (%)

Table 11.4 Effect on the incidence of the postthrombotic

syndrome.
Trial, year Duration FU Loss to FU* Thrombolysis Anticoagulation
Streptokinase
Common et al. 1976 (30) 7 mo 46% 5/15(33) 6/12 (50)
Johansson et al. 1979 (31) 8to 14y 20% 10/14(71) 4/6 (66)
Elliot et al. 1979 (21) 6 mo 20% 8/21(38) 18,/20 (90)
Arnesen et al. 1982 (32) 6.5y 17% 4/17 (24) 12/18 (66)
Schulman et al. 1986 (22) 60 mo 3% 11/18 (61) 11/17 (65)
Schweizer et al. 2000 (23) 12 mo 10% 23/45 (51) 41745 (91)
Urokinase
Schweizer et al. 2000 (23) 12 mo 10% 69/96 (72) 41/45(91)
Recombinant TPA'
Schweizer et al. 2000 (23) 12 mo 10% 39/48 (81) 41/45(91)

*% of patients from original treatment trial lost to follow-up (FU) at time of assessment of postthrombotic

syndrome (PTS).
$TPA, tissue plasminogen activator.

Major hemorrhage

Major hemorrhage was most commonly defined as any clinically
overt bleed, resulting in transfusion, cessation of treatment, or a
fall in hemoglobin of >2g/dL, or bleeding that was intracerebral,
intra-articular, intraocular, retroperitoneal, or gastrointestinal
in location. In the 13 trials that compared systemic or loco-
regional thrombolysis with anticoagulation (15,16,18-23,25-29)

(Table 11.5), the incidence of major bleeding in patients receiving
thrombolysis was 8% (35 of 463) compared with 5% in patients
treated with anticoagulation (12 of 252), yielding a relative risk
of bleeding of 1.51 (95% CI 0.7-3.1). The incidence of major
bleeding with thrombolytic therapy varied widely among trials
(0%—32%), likely reflecting differences in patient characteristics
and dose intensity of thrombolytic therapy. Only two episodes of

Table 11.5 Bleeding in trials comparing thrombolysis with anticoagulation for deep vein thrombosis.

Major bleeding n/N (%) All bleeding n/N (%)

Trial, year Thrombolysis Anticoagulation Thrombolysis Anticoagulation

Streptokinase

Robertson et al. 1968 (15) 2/8 (25) 1/8(13) 2/8(25) 1/8(13)
Kakkar et al. 1969 (16) 0/10(20) 2/10(20) 3/10(30) 2/10(20)
Tsapogas et al. 1973 (18) 0/19(0) 0/14(0) 4719 (21) 0/14)
Porter et al. 1975 (19) 4724 (17) 1/26 (4) 4/24(17) 1/26 (4)
Arnesen et al. 1978 (20) 2/21(10) 2/21(10) 3/21(14) 3/21(14)
Elliot et al. 1979 (21) 2/26 (8) 0/25(0) 3/26(12) 0/25(0)
Schulman et al. 1986 (22) 3/17(18) 1/19(5.3) 5/17 (29) 2/19(11)
Schweizer et al. 2000 (23) 5/50 (10) 0/50 (0) 5/50 (10) 0/50 (0)
Elsharawy et al. 2002 (24) 0/18(0) 0/17(0) 0/18(0) 0/17(0)
Urokinase

Kiil et al. 1981 (25) 0/11(0) 3/9(33) 3/11(27) 4/9(44)
Goldhaber et al. 1996 (26) 0/8(0) 179 (11) 0/8(0) 1/9 (11)
Schweizer et al. 2000 (23) 5/100 (5) 0/50 (0) 5/100 (5) 0/50 (0)
Recombinant TPA*

Verhaeghe et al. 1989 (17) 8/25(32) 0/7(0) 8/25(32) 0/7(0)
Goldhaber et al. 1990 (26) 1/53(2) 0/12(0) 13/53() 0/12(0)
Turpie et al. 1990 (24) 1741 (2) 1742 (2) 3/41(7) 1742 (2)
Schweizer et al. 2000 (27) 2/50 (4) 0/50 (0) 2/50 (4) 0/50 (0)

*TPA, tissue plasminogen activator.

92



intracerebral hemorrhage were reported, both in patients receiv-
ing thrombolytic therapy. In the single small trial using CDT, no
bleeding complications were reported (24).

All hemorrhage

When all episodes of hemorrhage were considered, the inci-
dence of bleeding was significantly increased in patients receiving
thrombolysis (61/463, 13%) compared with anticoagulation
(14/252,6%;RR 1.8,95% CI1.0-3.2, p = 0.04) (15-16,18-23,25—
29).

B. Clinical question
What is the role of thrombolysis in the initial treatment of extensive
iliofemoral vein thrombosis?

Phlegmasia caerulea dolens, usually resulting from extensive il-
iofemoral thrombosis, is a severe form of DVT that has a high risk
of progressing to irreversible venous gangrene (38). Although there
are no randomized trials that have compared thrombolytic ther-
apy with anticoagulation in patients with iliofemoral thrombosis,
it is plausible to assume that the benefit-to-risk ratio of throm-
bolytic therapy will be highest in these patients. In a small series
of eight patients presenting with iliofemoral vein thrombosis who
were treated with either streptokinase (250,000 U bolus followed
by 100,000 U for 48 hours) or rTPA (0.5 to 0.7 mg/kg for 4 hours),
no patient went onto develop venous gangrene, and there were no
episodes of major hemorrhage (39). These data suggest that it is
reasonable to consider thrombolytic therapy in patients presenting
with iliofemoral vein thrombosis.

C. Clinical question
What is the most effective and safe route of administration of
thrombolytic therapy for deep vein thrombosis?

Eligible trials

Two randomized trials directly compared systemic with loco-
regional administration of thrombolytic therapy (23,40). No trials
were identified that directly compared CDT with other routes of
administration of thrombolytic therapy.

Outcomes

Method of administration

Schweider and colleagues randomized 137 patients with proximal
leg DVT to receive 20 mg of r'TPA over four hours, daily for four to
seven days, administered via either a dorsal pedal (loco-regional)
or cubital (systemic) vein (40). No difference was observed in the
proportion of patients with >50% thrombus lysis (loco-regional
21/69 [30%] vs. systemic 22/68 [32%]; RR 0.94, 95% CI
0.6-1.5). Major hemorrhage was significantly more common
in patients receiving loco-regional thrombolysis (15/69, 22%)
compared with systemic thrombolysis (6/68, 9%; RR 2.4, 95%
CI 1.0-6.0). In a subsequent trial, 250 patients were randomized
to receive either loco-regional (via a dorsal pedal vein) rTPA or
urokinase, systemic urokinase or streptokinase, or UFH (23). The
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proportion of patients with >50% thrombus lysis was significantly
reduced in those receiving loco-regional (36/100) compared with
systemic (54/100) thrombolysis (RR 0.67, 95% CI 0.5-0.9). A
nonsignificant trend toward a lower incidence of bleeding was
seen in patients treated with loco-regional therapy (3/100 vs.
9/100; RR 0.33,95% CI 0.1-1.2).

CDT has not been directly compared with other methods of
thrombolytic administration. Previous reviews that pooled data
from nonrandomized studies reported rates of significant or com-
plete initial thrombus resolution with CDT of up to 80% (41,42).
However, there are no data on the impact of CDT on the long-
term incidence of PTS, and in one review, the pooled incidence of
major bleeding in patients treated with CDT was 13% (41), which
is comparable to rates seen with systemic thrombolytic adminis-
tration.

In summary, there is currently no evidence that loco-regional
thrombolysis or CDT offer any advantages over systemic admin-
istration of thrombolytic therapy for DVT.

D. Authors’ Conclusions

Thrombolytic therapy compared with anticoagulation results in
more rapid and complete lysis of thrombus in patients presenting
with symptomatic DVT. Thrombolytic therapy may also reduce
the risk of PTS, but the quality of the trials on which this con-
clusion is based is limited. There is no evidence that thrombolytic
therapy for DVT reduces the risk of recurrent VTE or death. Fur-
thermore, any potential benefits of thrombolytic therapy for DVT
should be balanced against an increased risk of bleeding complica-
tions, including major bleeding. Most of the trials on which these
conclusionsare based included highly selected young patients (me-
dian age 40 years) who were at low risk of bleeding (23). The risk
of bleeding with thrombolytic therapy is likely to be significantly
higher in unselected patients.

In summary, the currently available randomized data compar-
ing thrombolytic therapy with anticoagulation for the initial treat-
ment of DVT are limited and provide no convincing evidence for
a benefit of thrombolytic therapy. If thrombolytic therapy is to
be used in preference to anticoagulation for the initial treatment
of DVT, it should probably be reserved for young patients with
extensive iliofemoral vein thrombosis or patients with Phlegmasia
caerulea dolens.

E. Recommendations

1. In patients with DVT, we suggest against the routine use of
thrombolytic therapy. (Grade 2B).

Underlying values and preferences. This reccommendation ascribes
a high value to the increased risk of bleeding with thrombolytic
therapy.

2. In patients at risk of limb gangrene secondary to venous occlu-
sion, we suggest thrombolysis (Grade 2C).

3. In patients with DVT who are treated with thrombolytic
therapy, we recommend the systemic route of administration
(Grade 1B).
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Table 11.6 Trials comparing thrombolytic therapy with anticoagulation for treatment of pulmonary embolism (PE).

Trial year Eligibility n Thrombolytic regime Follow up

Urokinase

UPET trial 1973 (43) Acute PE, symptoms <5days 160 2,000 U/lb bolus, then 2000 U/lb 14 days
for12h

Marini 1988 (44) Acute PE, symptoms <7 days 30 800,000 U/12 h for 3 days or 7 days
3,300,000/12 h

Streptokinase

Tibbutt 1974 (45) Acute life-threatening PE* 30 600,000 U bolus then 100,000 /h 3 days
for72 h

Ly 1978 (46) Acute major PE, symptoms <5 days 25 250,000 U loading dose then 10 days
100,000 U/h for 72 h

Dotter 1979 (47) Acute PE 31 Infusion for 18-72 h

Jerjes-Sanchez 1995 (48) Acute massive PE, symptoms 8 1,500,000 U/1 h In hospital

< 14 days

RTPA

Levine 1990 (49) Acute PE, symptoms <14 days 58 0.6 mg/kg bolus over 2 min 10 days

PIOPED 1990 (50) Acute PE, symptoms <7 days 13 40-80 mg at 1 mg/min 7 days

Dalla-Volta 1992 (51) Acute PE, symptoms <10 days 36 100 mg (10 mg bolus then 50 mg 7-30 days
in 1h, then 40 mgin 2 h)

Goldhaber 1993 (52) Acute PE, symptoms <14 days 101 100 mg over 2 hours Inhospital or 14 days

Konstantinides 2002 (53) Acute PE, symptoms <4 days 256 100 mg (10 mg bolus then 90 mg Inhospital or 30 days

over 2 h)

*Thrombolytic and anticoagulant therapy were administered by direct infusion into the main pulmonary artery.

Thrombolytic therapy for the initial treatment
of pulmonary embolism

A. Clinical question

What is the efficacy (thrombus resolution, recurrent VTE, and
death) and safety (bleeding) of thrombolytic therapy compared
with anticoagulant therapy for the initial treatment of pulmonary
embolism?

Eligible trials
We identified 11 randomized trials that compared thrombolytic
therapy with anticoagulant therapy for the initial treatment of PE
and reported relevant clinical or radiographic endpoints (43-53).
Data on hemodynamic and radiographic outcomes were also ob-
tained from an earlier report of one of the above trials (54). The
characteristics of the studies are summarized in Table 11.6. Two
trials evaluated urokinase (45—48), four trials evaluated streptoki-
nase (43,44), and five trials evaluated rTPA (49-53). Thrombolytic
therapy was administered by systemic intravenous infusion in all
but one trial in which it was administered by direct infusion into
the main pulmonary artery (45). All trials used UFH as the anti-
coagulant in the comparator arm.

All trials enrolled patients with acute PE. Patients with major PE
(defined here as PE with hemodynamic instability) were eligible for
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inclusion in only five trials (43,45—48). Only five trials provided
information on the proper concealment of treatment allocation
(43,45,46,48,53), and both patients and investigators were blinded
to treatment in only three trials (49,50,52). No trials reported the
number of patients lost to follow-up.

We excluded trials in which patients were not properly random-
ized (55) or that reported data that had been previously published
or were subsequently published in more detail (56-60).

Outcomes

Thrombus resolution

Three eligible trials that assessed the degree of thrombus resolution
by performing pulmonary angiography pre- and posttreatment
were identified. In one trial, which used the Miller index to assess
the angiographic response (55), 17 of the 20 patients receiving
r'TPA had a decrease in the degree of vascular obstruction com-
pared with 4 of 16 patients receiving heparin (51). Pooled analysis
of two studies (45,46) suggested a statistically significant improve-
ment in the degree of pulmonary artery occlusion posttreatment
in patients receiving streptokinase in comparison to those treated
with heparin (61).

Recurrent pulmonary embolism and death
Data on the composite outcome of recurrent pulmonary em-
bolism or death were available from all 11 trials and are shown in



Table 11.7 Recurrent PE or death.”

Recurrent PE or death n/N (%)

Trial year Thrombolytic regime UFH regime
Urokinase

UPET trial 1973 (43) 10/82(12) 14/78 (18)
Marini 1988 (44) 0/20(0) 0/10(0)
Streptokinase

Tibbutt 1974 (45) 0/13(0) 1/17 (6)
Ly 1978 (46) 1/14(7) 2/11(18)
Dotter 1979 (47) 1/15(7) 3/16(19)
Jerjes-Sanchez 1995 (48) 0/4(0) 4/4(100)
rTPA

Levine 1990 (49) 1/33(3) 0/25(0)
PIOPED 1990 (50) 179 (11) 0/4(0)
Dalla-Volta 1992 (51) 3/20(15) 1/16 (6)
Goldhaber 1993 (52) 0/46 (0) 4/55 (7)
Konstantinides 2002 (53) 8/118 (7) 7/138 (5)

*PE, pulmonary embolism; rTPA, recombinant tissue plasminogen activator; UFH,
unfractionated heparin.

Table 11.7. Seven of the 11 trials suggested a reduction in recur-
rent pulmonary embolism or death with thrombolysis compared
with unfractionated heparin (43-47,51,53). The pooled estimate
of data from all trials revealed a nonstatistically significant reduc-
tion in recurrent pulmonary embolism or death for thrombolysis
compared with heparin (6.7% vs. 9.6%; RR 0.76, 95% CI 0.46—
1.25). In a previous meta-analysis, similar estimates of treatment
effect were obtained for the individuals outcomes of pulmonary
embolism (2.7% vs. 4.3%; odds ratio (OR) 0.67,95% CI10.33—1.37)
and death (4.3% vs. 5.9%; OR 0.70, 95% CI 0.37-1.30) (62).

Bleeding

Seven of the 11 trials reported an increase in risk of major bleeding
in patients receiving thrombolysis in comparison to those treated
with heparin. A pooled analysis of the 11 trials (Table 11.8) revealed
a nonstatistically significant increase in major bleeding (9.1% vs.
6.1%; OR 1.42, 95% CI 0.81-2.46) and a statistically significant
increase in nonmajor bleeding (22.7 vs. 10.0%; OR 2.63, 95% CI
1.53-4.54) (62). The incidence of intracranial bleeding was low in
all patients.

Table 11.8 Major bleeding in patients with PE.*

Thrombolysis  UFH

Outcome n/N (%) n/N (%) OR (95% CI)
Major bleeding 34/374(9.1) 23/374(6.1) 1.4(0.8-2.4)
Nonmajor bleeding 53/233(22.7) 22/221(10.0) 2.6 (1.5-4.5)
Intracranial bleeding 2/374(0.5) 1/374(0.3) 1.0 (0.4-3.0)

*PE, pulmonary embolism; OR, odds ratio; UFH, unfractionated heparin.
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B. Clinical question

What is the efficacy and safety of systemic thrombolysis compared
with standard anticoagulant therapy in patients for the initial treat-
ment of patients with hemodynamically unstable pulmonary em-
bolism?

Eligible trials

Patients with PE who are hemodynamically unstable at presen-
tation have a three-month mortality of 30%-50% and are there-
fore as a group most likely to benefit from thrombolytic therapy
(63,64). Only one randomized trial was identified that restricted
inclusion to patients who were hemodynamically unstable at pre-
sentation (48).

Outcomes

The one eligible trial was terminated prematurely after only eight
patients has been randomized because the four patients allocated
to heparin all died as a result of pulmonary embolism, whereas the
four who received thrombolysis survived (48).

A subgroup analysis of the randomized trials comparing throm-
bolytic therapy with heparin for PE restricted to trials that also
included hemodynamically unstable patients (five trials, 254 pa-
tients) demonstrated a significant reduction in recurrent pul-
monary embolism or death (9.4% vs. 19.0%; OR 0.45; 95% CI
0.22-0.92) with a similar albeit nonsignificant reduction in death
(OR 0.47, 95% CI 0.20-1.10) (62).

C. Clinical question

What is the efficacy and safety of systemic thrombolysis compared
with standard anticoagulant therapy in patients for the initial treat-
ment of patients with pulmonary embolism and right ventricular
dysfunction at presentation?

Eligible trials

Registry data suggests that patients with PE and echocardiographic
evidence of right ventricular dysfunction have a significantly in-
creased risk of death in comparison to those patients who do not
have this finding (63,64). As a result, it has been proposed that
hemodynamically stable patients with acute pulmonary embolism
and moderate or severe right ventricular dysfunction should be
treated with thrombolytic therapy. The one study that directly
addressed this question randomized 256 hemodynamically stable
patients with acute pulmonary embolism and echocardiographic
evidence of right ventricular dysfunction to receive either recom-
binant tissue plasminogen activator (rTPA) or heparin (52).

Outcomes

No difference in recurrent pulmonary embolism or death was ob-
served (6.8% vs. 5.1%; OR 1.36; 95% CI 0.48-3.87) (62) although
there was a significant reduction in the need for escalation of ther-
apy among those treated with thrombolytic therapy (10.2% vs.
24.6%; p = 0.004).
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D. Clinical question
What is the most effective route of administration of thrombolytic
therapy for pulmonary embolism?

Eligible trials

Only a single trial was identified that directly comparing intrapul-
monary and systemic intravenous administration of thrombolytic
therapy (65).

Outcome

No difference was seen in the decrease in angiographically de-
termined severity of embolism between those patients receiving
intrapulmonary thrombolysis in comparison to those receiving
intravenous systemic administration, either after an initial dose of
50 mg of r'TPA of 50 given over two hours (12% vs. 15%) or follow-
ing a further 50 mg of rTPA given over five hours (38% vs. 38%).
The incidence of major bleeding was not reported by treatment

group.

E. Authors’ Conclusions

There is evidence that thrombolytic therapy compared with anti-
coagulation results in more rapid and complete thrombus lysis in
patients with PE. However, there is no clear evidence that more
rapid and complete thrombus resolution translates into a survival
advantage, except perhaps in the subgroup of patients with PE
who are hemodynamically unstable at presentation. Thrombolytic
therapy increases the risk of bleeding, and in patients with acute
coronary syndromes causes fatal intracranial bleeding. Therefore,
thrombolysis should not be given to unselected patients with PE
but be reserved for patients who are hemodynamically unstable
at presentation or who become hemodynamically unstable during
anticoagulant treatment.

F. Recommendations

1. Inunselected patients with PE, we recommend against the rou-
tine use of thrombolytic therapy (Grade 1B).

2. In patients with PE that are hemodynamically unstable, we
recommend that thrombolytic therapy be used as long as there are
no clear contraindications (Grade 1B).

3. In patients with PE and echocardiographic evidence of right
ventricular dysfunction, we suggest that thrombolytic not be used
(Grade 2A).

Underlying values and preferences.

This recommendation ascribes a high value to the increased risk
of bleeding with thrombolytic therapy.

4. In patients with PE treated with thrombolytic therapy, we rec-
ommend systemic administration (Grade 1B).

5. Future Directions

There is no evidence to support the routine use of thrombolysis in
unselected patient with DVT or PE. Thrombolysis appears to have
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arole in patients with massive iliofemoral thrombosis and leg gan-
grene and in patients with PE who are hemodynamically unstable.
Additional randomized comparisons are required to confirm the
latter conclusions, and to clarify the risk-benefit ratio of throm-
bolysis in young patients with extensive iliofemoral DVT without
limb ischemia at presentation and in patients with nonmajor PE
who have RV dysfunction at presentation (66,67).
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1 2 Inferior Vena Cava Interruption

Michael B. Streiff, Christine L. Hann

This chapter will present an evidence-based overview of current
“best practice” for the use of inferior vena cava interruption. Where
possible, recommendations are based on published evidence; how-
ever, it is recognized that evidence is lacking in many areas within
which vena caval interruption is widely practiced. Grading of the
quality of evidence and strengths of recommendations in this chap-
ter are based on the guidelines proposed by the international Grad-
ing of Recommendations Assessment, Development, and Evalua-
tion Working Group (GRADE), adopting the modification used
by the American College of Chest Physicians that merges the very
low and low categories of quality of evidence (see chapter 1).

35% received VKA over the entire eight-year follow-up. Survival
was equivalent at all time points between the groups (2). While
this trial does not test the efficacy of filters in the population
most likely to receive one (e.g., patients with acute venous throm-
boembolism [VTE] and a contraindication to anticoagulation),
it does demonstrate that vena cava filters reduce the incidence
of PE in DVT patients who received at least three months of
anticoagulation.

Conclusion. Vena cava filters are effective in prevention of PE in
patients with acute VTE receiving anticoagulation (Grade 2A).

Do vena cava filters prevent pulmonary
embolism?

The best evidence to support the efficacy of vena cava filters in
the prevention of pulmonary embolism comes the PREPIC study,
which randomized 400 patients with acute deep venous throm-
bosis (DVT) felt to be at high risk for pulmonary embolism (PE)
to anticoagulation or anticoagulation and a vena cava filter. Af-
ter 12 days of therapy, the incidence of PE (asymptomatic and
symptomatic) was reduced by 78% in patients receiving filters
compared with anticoagulation alone (2 PE 1.1% versus 9 PE
4.8%, odds ratio (OR) 0.22 [95% confidence interval (CI) 0.05—
0.9] p = 0.03). At two years, the incidence of symptomatic PE
tended to be lower in filter patients (6 PE 3.4% versus 12 PE 6.3%
OR 0.5[95% CI 0.19-1.33], p = 0.16); a difference that became
significant after eight years of follow-up (9 PE 6.2% versus 24 PE
15.1% hazard ratio (HR) 0.37 [95% CI 0.17-0.79] p = 0.008).
Ninety-one percent of patients were discharged on vitamin K an-
tagonists (VKA) and 94% were anticoagulated for three months
(1). Thirty-eight percent were anticoagulated for two years, and
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What are the complications associated with
vena cava filters?

The most clinically significant complications associated with the
use of a vena cava filter are DVT, vena cava thrombosis, migration,
vena cava penetration, and death. No fatal placement complica-
tions were reported in the PREPIC study (2). In observational
cohort studies, periprocedural mortality was low, occurring in
only 0.13% of patients (range, 0% to 0.34%, depending on filter
model) (3). Deep venous thrombosis occurs more frequently 1.5-
fold more commonly in filter recipients (57 DVT 35.7% versus
41 DVT 27.5%, HR 1.52 [95% CI 1.02-2.27], p = 0.042). Vena
cava thrombosis occurred in 26 filter patients (13%) after eight
years of follow-up. Thirty-five percent received anticoagulation
throughout follow-up (2). In a prospective study of 142 patients
receiving Vena Tech filters, Crochet et al., employing routine du-
plexand angiographic follow-up, documented vena cava occlusion
radiographically in 33% of patients at nine years (4). These data
may not be applicable to all filter models. In observational cohort
studies, symptomatic migration and vena cava penetration were
uncommon events, occurring in only 0.3% of patients (3). No
episodes were reported in the PREPIC study. Although vena cava
filters are associated with an increased risk of DVT, postthrom-
botic syndrome (PTS) was not more frequent in filter recipients in
the PREPIC study (filter, 109, 70.3% versus no filter, 107, 69.7%
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HR 0.87 [95% CI 0.66—1.13], p = 0.3), perhaps because of a sig-
nificant prevalence of previous VTE (36%) and PTS (24%) among
participants at enrollment (2).

Conclusion. Vena cava filters are associated with a 1.5-fold increase
in DVT. Thirteen percent of patients develop vena cava thrombosis
after eight years of follow-up (Grade 2A). Procedural mortality,
symptomatic episodes of filter migration, or vena cava penetration
are uncommon (Grade 2C).

Are clinical outcomes associated retrievable
(optional) vena cava filters equivalent to those
achieved with permanent vena cava filters?

Although permanent vena cava filters reduce the incidence of PE,
permanent filters are associated with an increased incidence of un-
wanted adverse effects and their long-term safety remains unclear.
In addition, many patients who receive a vena cava filter have tran-
sient contraindications to anticoagulation. Consequently, several
retrievable filters have been tested and marketed in North Amer-
ica and Europe in recent years, including the Gunther Tulip filter
(Cook, Inc., Bloomington, IN), the Nitinol OptEase filter (Cordis
Endovascular, Miami Lakes, FL), the Recovery filter (Bard Pe-
ripheral Vascular, Tempe, AZ), and the ALN filter (ALN Implants
Chirurgicaux, Ghisonaccia, France). No randomized clinical trials
comparing different filter models exist. To estimate the compara-
tive performance of different optional filters and permanent filters,
the clinical outcomes derived from observational cohort studies of
retrievable studies are displayed in Table 12.1. Of the four retriev-
able filters listed, the Recovery filter is no longer available because
of episodes of filter migration. It has been replaced by the G2 Re-
covery filter that is not currently approved for retrieval by the U.S.
Food and Drug Administration. A total of 1,754 patients have been
enrolled in observational studies of optional filters (5-29). The
mean retrieval percentage is less than 50%. Pulmonary embolism
isinfrequent (0.9%) among patients whose filters were successfully
retrieved although the mean follow-up was short (10.8 months).
Pulmonary embolism (1.7%), DVT (5.5%), and inferior vena cava
(IVC) thrombosis (2.2%) occurred infrequently in patients whose
optional filters remained in situ. These results are comparable to
results among permanent filter recipients. In 110 published stud-
ies of 10,279 permanent filter recipients, 3.1% suffered a PE, 9.5%
suffered a DVT, and 4.1% developed IVC thrombosis during a
mean follow-up duration of 15.1 months (3). Focusing on the
trauma patient population, permanent filters were placed in 2,119
patients, while retrievable filters were used in 792 patients. Symp-
tomatic PE occurred in 0.71% of permanent filter recipients and
0.5% of retrievable filter patients (13,14,16,17,21,30-57).

Conclusion. The benefits and adverse effects of retrievable vena
cava filters appear to quantitatively similar to permanent vena
cava filters. Choice of a permanent or retrievable vena cava filter
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should be based on the predicted duration of filtration required
(Grade 2C).

Is the presence of a vena cava filter an
indication for indefinite anticoagulation?

Indefinite anticoagulation is commonly recommended for patients
with a vena cava filter. This recommendation is based on the re-
sults of the PREPIC study and population-based observational
studies that have noted an increased risk of venous thrombosis
in vena cava filter recipients (2,58). No randomized clinical tri-
als have been conducted directly examining this question. While
anticoagulation with VKA is very effective in prevention of recur-
rent thromboembolism, it is associated with an incidence of major
bleeding as high as 7%—-8% per patient year of therapy (59). The
morbidity and mortality of these bleeding events is substantial.
The case fatality rate of major bleeding in patients receiving VKA
for more than three months has been estimated to be 9.1%, and
the incidence of anticoagulation associated intracranial bleeding
is 0.65 per 100 patient-years (60). Concern regarding the adverse
effects of a strict policy advocating indefinite anticoagulation for
all patients with vena cava filters is supported by the results of
the PREPIC study. Although only 35% of participants received
anticoagulation throughout the eight-year follow-up period, ma-
jor bleeding occurred in 57 subjects (14.3%) and was fatal in 17
(4.3%). In contrast, fatal thromboembolism only occurred in six
patients (1.5%) (2). Clearly, a policy of routine anticoagulation
among filter recipients undoubtedly would have resulted in a sub-
stantial increase in hemorrhagic morbidity and mortality among
filter recipients. Therefore, clinicians caring for patients with per-
manent vena cava filters should carefully consider the risk of bleed-
ing and thromboembolism in their filter patients when deciding
on the duration of anticoagulation therapy.

Conclusion. There are insufficient data to support a recommen-
dation that all filter patients should be treated with indefinite an-
ticoagulation. Until further information is available, decisions on
the duration of anticoagulation for patients with filter should be
made on a case-by-case basis and incorporate an assessment of a
patient’s risk of thromboembolism and bleeding (Grade 2A).

Are vena caval filters effective for prevention of
VTE in high-risk trauma patients?

VTE is a common complication of major trauma. In the absence
of prophylaxis, 58% of trauma patients develop a DVT during
the first few weeks of hospitalization. Eighteen percent of patients
had a proximal DVT, and seven patients (1%) suffered a symp-
tomatic PE, which was fatal in three patients (0.4%) (61). Routine
contrast spiral CT scan surveillance has demonstrated that 24%
(22/90) of trauma patients have evidence of PE (62). Although
low-molecular-weight-heparin (LMWH) has been demonstrated
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Table 12.2 Outcome in cancer patients with VTE treated with vena cava filters or anticoagulation (AC).

Study Patients (range, Mean follow

IVC

PE (%) thrombosis Major bleeding (%)

Patient population number  per study) up (months) VTE (%) DVT (%) fatal PE (%) (%) fatal bleeding (%)
Cancer pts. with filters 18 1,287 9.5 102 (7.9%) 51 (4%) 27 (2.1%) 24 (1.9%) NR

(10-308) NR
Cancer pts. with AC 4 1,216 4.6 129 (10.6%) 53 (6.9%) 32 (4.1%) NR 59 (4.9%)

(95-676) 14 (1.8%) 1(0.13%)

DVT, deep venous thrombosis; IVC, inferior vena cava; NR, not reported; PE, pulmonary embolism; VTE, venous thromboembolism.

to be effective in prevention of VTE in trauma patients, a sub-
stantial percentage of trauma patients have contraindications to
pharmacologic prophylaxis on admission (63). While such con-
traindications may resolve with treatment or time, pulmonary
embolism can occur early in the hospital course of trauma pa-
tients (6% within 24 hours); therefore, VIE prophylaxis should
be initiated promptly on admission (64). Consequently, vena caval
filters have been proposed as an alternative VTE prophylaxis strat-
egy. Twenty-five single-center cohort studies encompassing 2,245
trauma patients with a mean weighted injury severity score (ISI) of
25.6 have examined the use of permanent vena caval filters in the
prevention of VTE after trauma (30-45,48-55). Vena caval filters
were placed in an average of 2.5% of the total trauma population
(range, 0.4%-8.3%), an average of 6.3 days (3—11.4 days) after ad-
mission. PE occurred in 15 patients (0.71%) (range, 0.5-2.8%),
three of which were fatal (0.14%) (range, 0%—1.6%). In compar-
ison, 93 historical controls (2.1%, range, 1%—-23%)) suffered PE,
which was fatal in 43 patients (0.9%, range, 0.3%-10%). Symp-
tomatic DVT occurred in 150 filter recipients (12.3%) (range,
2.4%—-46.7%), while 24 suffered IVC thrombosis (2.5%) (range,
0.9%-22%).

The period during which pharmacologic VTE prophylaxis
is contraindicated is transient; consequently, retrievable filters
have become an increasingly popular option for mechanical
VTE prophylaxis in trauma patients. Six single-center studies
and one multicenter cohort study of retrievable filters, includ-
ing 769 patients (range, 32-310 patients), have been published
(13,14,16,17,21,56,57). Retrievable IVC filters were placed in 1.9%
of patients (range, 1.3%—3.3%) with a weighted ISI 0 26.5, a mean
of 5.3 days after admission (range, 3—6 days). Filters were retrieved
in 27.9% of patients, an average of 40.5 days after placement (10.2—
94 days). Only one study documented follow-up after discharge in
51% of patients for a mean follow-up duration of 5.7 months (56).
PE occurred in four patients (0.5%, range, 0%-3.2%), three of
which occurred postfilter retrieval. None was fatal. DVT occurred
in 19 patients (2.4%, range, 0%—19%), and IVC thrombosis was
noted in seven (0.9%, range, 0%—1.3%). While these results sug-
gest that retrievable filters are effective in PE prevention in trauma
patients, one historically controlled study found no difference in
the incidence of PE between periods of low and high prophylactic
filter use (57).
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Conclusion. The efficacy of retrievable and permanent IVC filters
in PE prevention in trauma patients remains unclear. Randomized
controlled trials are needed to establish the efficacy of IVC filters
in the prevention of PE in trauma patients (Grade 2C).

Are vena cava filters effective for prevention of
VTE in cancer patients? Are filters more effective
than anticoagulation in cancer patients?

Cancer patients are four- to seven-fold more likely to develop VTE
than patients without cancer (65,66). Anticoagulation is associated
with a two- to three-fold higher risk of recurrent thromboem-
bolism and two- to six-fold higher incidence of major bleeding in
cancer patients compared with patients without cancer (67-69).
Consequently, vena cava filters have been employed as an alter-
native treatment. Randomized controlled trials of cancer patients
with venous thromboembolism treated with anticoagulation or
vena cava filters have not been conducted. Therefore, only indi-
rect comparisons can be made. Table 12.2 contains the results of
studies using vena cava filters or anticoagulation in the treatment
of VTE in cancer patients (70-86). Over 60% of patients in both
treatment groups had extensive disease. In two vena cava filter
studies providing data, anticoagulation was administered to 60%
of patients in conjunction with caval filtration (85,86). The event
rates noted in cancer patients treated with vena cava filters com-
pare favorably to patients treated with anticoagulation and with
data from all permanent IVC filter study participants who had
a cumulative incidence of symptomatic PE, DVT, and IVCT of
3.1%, 9.5%, and 4.1%, respectively, over a mean follow-up of 15.1
months (3,67-69,87).

Conclusion. Vena cava filters appear to prevent PE in cancer pa-
tients with VTE with a low incidence of thrombotic complications.
Available data are insufficient to accurately compare the outcome
of cancer patients with VTE treated with vena cava filters versus
anticoagulation. Additional prospective studies are warranted to
assess the risks and benefits of vena cava filters in the cancer pop-
ulation. Until these data are available, filters should only be used
in cancer patients who have contraindications to anticoagulation
(Grade 2C).



Should patients with a free-floating thrombus
be treated with a vena cava filter?

Several retrospective studies and one prospective study have iden-
tified proximal free-floating venous thrombus (FFT) as a risk fac-
tor for pulmonary embolism (88-93). Consequently, several au-
thors have suggested that vena cava filters should placed in patients
with FFT (88,91,92). In contrast, Pacouret et al. found no differ-
ence in the rate of subsequent PE between patients with (2/61,
3.3%) and without FFT (1/27, 3.7%) (94). A prospective case se-
ries of 22 patients with FFT suggested that these patients can be
safely managed as outpatients with LMWH without recurrent VTE
(95). The conflicting results of the aforementioned studies reflect
the differences in diagnostic techniques (monoplanar versus bi-
planar venography, ventilation/perfusion scans versus pulmonary
angiography) as well as relatively small subject populations. Al-
though vena cava filters have been demonstrated to reduce the
incidence of pulmonary embolism, their use has not been asso-
ciated with a mortality benefit (2). Furthermore, they have not
been formally evaluated in patients with known FFT. Therefore, it
remains unknown whether their use will reduce the incidence of
PE in this population. Routine use in this setting awaits additional
information.

Conclusion. Insufficient data exist to support the routine use of
vena cava filters for the treatment of patients with proximal FFT
(Grade 2C).

Are vena caval filters effective for prevention of
VTE in high-risk bariatric surgery patients?

The increasing prevalence in morbid obesity has driven a 7.7-fold
increase in bariatric surgery procedures between 1998 and 2003
(96). PE is considered the leading cause of perioperative death in
bariatric surgical patients with an estimated incidence of 1% in the
immediate postoperative period (30 days) (97). In the Nationwide
Inpatient Sample, 3.4 bariatric surgery patients per 1,000 suffered
an episode of venous thromboembolism (98). Furthermore, nearly
one-third of bariatric surgery patients who develop PE die (97).
Observational studies have identified a body mass index greater
than 50 or 55 kg/m*kg/M, a previous history of VTE, throm-
bophilia, venous stasis, and pulmonary hypertension as risk fac-
tors for VTE in the bariatric surgery population. The occurrence of
postoperative VTE despite pharmacologic prophylaxis has stim-
ulated the use of vena cava filters for PE prevention. Five cohort
studies have examined the use of vena cava filters in the preven-
tion of PE in 185 high-risk bariatric surgery patients (99—-104).
Pulmonary embolism occurred in one patient with a filter in place
(0.5%) and in one patient after filter retrieval (0.5%). Seven pa-
tients (3.9%) developed a DVT, and two (1.1%) developed an IVC
thrombosis. In one historically controlled study, PE occurred in
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four high-risk patients (13%) not receiving filters, while no PE de-
veloped in 33 high-risk patients during a subsequent period when
all high-risk patients received IVC filters. All patients were treated
with elastic stockings and sequential compression devices as well
as 50 U/kg subcutaneous unfractionated heparin every 12 hours
(99). However, several studies have shown that aggressive phar-
macologic prophylaxis can also effectively prevent perioperative
VTE in high-risk bariatric surgery patients (105,106). Since pub-
lished studies of surgical VTE prophylaxis have enrolled subjects
with an average body weight of 70-80 kg and body mass index
of 25, weight-adjusted VTE pharmacologic prophylaxis regimens
will need to be developed to optimize outcomes in bariatric surgery
patients. Once optimal pharmacologic bariatric surgery VTE pro-
phylaxis regimensare identified, rational investigation of the utility
of vena cava filters in the prevention of PE in this population can
be conducted.

Conclusion. The efficacy of vena cava filters in PE prevention in
bariatric surgery patients remains unclear. Randomized controlled
trials are needed to establish the efficacy of IVC filters in the pre-
vention of PE in this patient population (Grade 2C).

Can patients with vena caval filters undergo
magnetic resonance imaging?

Patients with vena caval filters are likely to require magnetic res-
onance (MR) imaging at some point during their medical care.
No reports of filter migration as a result of MR imaging have been
published thus far. Ferromagnetic alloys such as stainless steel,
however, can produce “black-hole” artifacts on MR imaging (107).
Several filters are composed of stainless steel, including the orig-
inal stainless steel Greenfield filter, percutaneous Greenfield filter
and the Bird’s Nest filter; of these, the Bird’s Nest Filter produced
the greatest MR imaging artifact. Nonetheless, several small series
have demonstrated that stainless steel filter components are stable
in field strengths up to 1.5 T (108,109).

The majority of currently available vena cava filters are com-
posed of low ferromagnetic alloys, which are stable at 1.5 T and
do not produce significant MR image artifact (110). These include
permanent filters such as the Simon Nitinol filter, Nitinol TrapEase,
VenaTech filter, VenaTech LP filter, the Bard G2 filter, and the tita-
nium Greenfield filter and retrievable filters such as the OptEase
and Gunther Tulip (110-113). MR imaging as early as one week af-
ter placement was not associated with any consequences in a small
series of patients with the Simon Nitinol filter (112). According to
manufacturer’s guidelines the Gunther Tulip, OptEase, and Tra-
pEase filters, MR imaging can be performed safely immediately
after placement. Although it is likely that other low ferromagnetic
devices will behave similarly, data with other filter models would
be useful for clinical decision making.

Conclusion. MR-imaging in patients with retrievable and perma-
nent IVC filters appears to be safe. Small observational studies
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have not demonstrated filter migration during MR imaging. Larger
studies are warranted to determine the safety of this practice
(Grade 2C).

Are prophylactic vena cava filters indicated in
patients undergoing pulmonary
thromboembolectomy for chronic
thromboembolic pulmonary hypertension?

A small subset (3.8%) of PE patients develop chronic thromboem-
bolic pulmonary hypertension (CTEPH) due to the persistence of
emboli despite treatment or multiple subclinical episodes of PE
(114). Pulmonary endarterectomy has been demonstrated to be an
effective treatment option for CTEPH patients (115,116). Despite
the lack of randomized clinical trial data supporting this prac-
tice, vena caval filters are commonly placed preoperatively (117).
Data on the utility of filters in this capacity are limited; however,
given the severity and restricted treatment options for patients with
CTEPH, indefinite anticoagulation and filters should be strongly
considered in all patients undergoing pulmonary endarterectomy.

Conclusion. The efficacy of vena cava filters in PE prevention in
pulmonary thromboembolectomy patients is unclear. Random-
ized controlled trials would be helpful to establish the efficacy
of filters in this patient population. However, given the sever-
ity of illness in these patients and their limited treatment op-
tions, randomized controlled trials are unlikely to be performed
(Grade 2C).

Are vena cava filters indicated for VTE
prophylaxis in high-risk orthopedic patients?

In the absence of prophylaxis, patients undergoing orthopedic
surgery such as total knee arthroplasty or total hip arthroplasty
have a 10%-20% risk of developing proximal DVT and a 0.2%-—
5% of developing a fatal PE (118). The risk of thromboembolism
persists for up to three months after surgery, thus patients may ben-
efit from extended prophylaxis after discharge (119). While several
observational case series attest to the efficacy of IVC filters in the
prevention of PE in orthopedic patients (120-123), none of these
studies incorporated random or masked treatment assignment or
masked outcome assessment and follow-up was of limited inten-
sityand duration. Furthermore, many advances in orthopedic VTE
prophylaxis (LMWH, pentasaccharides, etc.) and anticoagulation
monitoring (international normalized ratio) have occurred since
the publication of these studies. Therefore, with the availability of
modern methods of VIE prophylaxis, it is doubtful whether IVC
filter placement represents a useful option for most orthopedic pa-
tients. Until well-designed studies demonstrate the utility of vena
caval filters for this purpose, this indication for filter placement
should be considered primarily of historical significance. As with
any major surgical procedure, IVC filters, in particular, retrievable
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filters, remain a useful option for patients who develop VTE in the
immediate perioperative period when full dose anticoagulation
would be contraindicated (124).

Conclusion. The efficacy of vena cava filters in PE prevention in
high-risk orthopedic surgery patients is unclear. Randomized con-
trolled trials are needed to establish the efficacy of filters in this
patient population (Grade 2C).

Should vena cava filters be used preferentially
to treat VTE during pregnancy?

It is estimated that pregnant women have a fivefold increased risk
of VTE compared with nonpregnant women of similar age. VTE
has been reported to complicate 0.05%—-3% of all pregnancies,
and PE is considered a leading cause of maternal mortality in the
United States (125). Several factors contribute to the increased
VTE risk in this population, including pregnancy-related changes
in coagulation factors (reductions in protein S activity, increases
in factor VIII, fibrinogen, and von Willebrand factor activity),
reduced activity, IVC compression, surgical mode of delivery, and
age over 35 (126—-128). Anticoagulation with heparin or LMWH is
therecommended treatment for VTE in pregnancy. Major bleeding
complications occur at a similar frequency among pregnant and
nonpregnant women (129). Several observational case series have
examined the use of vena caval filters during pregnancy for VTE
(130-135). Randomized comparative studies are lacking.

Substantial evidence indicates that when appropriately moni-
tored, anticoagulation is effective for the vast majority of pregnant
patients (136). Therefore, the use of filters should be reserved for
patients in whom anticoagulation is contraindicated. Ifa vena cava
filter is necessary, an optional filter should be strongly considered,
given the young age of potential recipients and the known long-
term complications of IVC filters.

Conclusion. The efficacy of vena cava filters in PE prevention dur-
ing pregnancy is unclear. Randomized controlled trials are needed
to establish the efficacy of IVC filters in this patient population.
(Grade 2C)

Should vena caval filters be used for PE
prevention during thrombolysis of proximal
deep venous thrombosis?

The principal complications of DVT are recurrent VTE and
postthrombotic syndrome (PTS). Studies suggest that the use
of systemic and catheter-directed thrombolysis may reduce the
incidence of PTS (137-141). However, systemic thrombolysis of
proximal DVT (particularly, iliofemoral or IVC thrombi) has re-
sulted in several cases of fatal and nonfatal PE (142,143). There-
fore, prophylactic placement of vena caval filters has been proposed
as a strategy to prevent PE in patients undergoing thrombolysis.



Using a variety of temporary filters during systemic thromboly-
sis, however, a European multicenter registry noted four cases of
fatal PE (2.1%) and three nonfatal PE (1.6%) despite filter protec-
tion (144). Conversely, only one fatal pulmonary embolus (0.3%)
occurred during a multicenter registry of catheter-directed throm-
bolysis without routine filter use (141). In a retrospective single-
institution study of 69 patients who received catheter-directed
thrombolysis, 14 of whom received a vena caval filters, no PE
was noted (145). Although far from conclusive, these data sug-
gest that catheter-directed thrombolysis of most iliofemoral DVT
is associated with a small risk of PE. In patients deemed at
high risk for embolization (e.g., poorly adherent IVC or iliac
thrombi) or mortality from PE (patients with concomitant PE
or limited cardiopulmonary reserve), retrievable filters should be
considered.

Conclusion. The data suggests that the risk of PE associated with
catheter-directed thrombolysis of iliofemoral DVT is small. Use
of a retrievable vena cava filter during thrombolysis may be con-
sidered in patients at high risk for embolization and should be
based on the predicted competing risks of PE and adverse events
associated with filter placement. Additional studies are warranted
to assess the utility of retrievable filters in this patient population
(Grade 2C).

What are appropriate indications for vena cava
filter placement?

Vena cava filters reduce the incidence of PE in patients with DVT
receiving anticoagulation at a cost of a higher incidence of DVT
and vena cava thrombosis and an absence in mortality benefit.
Although rare, fatal complications of insertion do occur in ap-
proximately one to two patients per thousand. Data supporting
the utility of vena cava filters for other proposed indications are
of low quality. Therefore, filters should be used primarily for pa-
tients with an acute episode of VTE who have contraindications
to anticoagulation. Vena cava filters have also been proposed to
be appropriate for patients with recurrent VTE despite adequate
anticoagulation. Physicians caring for patients in this clinical sit-
uation should carefully weigh the risks and benefits of filters for
these patients; several conditions associated with this presentation
(Trousseau’s syndrome, heparin-induced thrombocytopenia, an-
tiphospholipid syndrome) are characterized by systematic activa-
tion of coagulation that cannotbe managed by regional approaches
to thromboembolism, and complications of filter placement tend
to be greater in these patients. Additional data are required to
justify filter use for other indications (3).

Conclusion. Vena cava filters are useful for treatment of acute VIE
in patients with a contraindication to anticoagulation (Grade 2A).
Vena cava filters are useful for patients with recurrent thromboem-
bolism despite adequate anticoagulation (Grade 2C).
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in Pregnancy

Wee-Shian Chan

Management of Venous Thromboembolism

Questions

A. Diagnosis of venous thromboembolism (VTE) in pregnancy
i. How do | diagnosis deep venous thrombosis (DVT) in pregnancy? Is there a role for D-dimer testing for DVT diagnosis in

pregnancy?

ii. How do | diagnosis pulmonary embolism (PE) in pregnancy? Do | use ventilation-perfusion scan or spiral computed

tomography?
B. How do [ treat VTE in pregnancy?

i. Do | use unfractionated heparin (UH) or low-molecular-weight heparin (LMWH)?
ii. How do | “weight-dose” my patient on LMWH?

iii. How long should | treat for?

iv. How do | manage anticoagulant in the peripartum period?
C. How do | manage thromboprophylaxis in pregnant patients?

i. With prosthetic heart valves?
ii. With one previous episode of DVT?

iii. With previous adverse pregnancy outcome and thrombophilia?

Introduction

The risk of venous thromboembolism, or VTE (both DVT and PE)
is increased tenfold during pregnancy (1-4), compared with age-
matched non-pregnant women (3). The absolute risk of DVT or
PE in pregnancy is nevertheless low, at 0.5 to 1 in 1,000 pregnancies
(1-4). This risk, however, is increased in the postpartum period
(1-4) and is dependent on the mode of delivery. Studies from four
large population-based studies revealed that the risk of VTE is
0.9-7.5 per 10,000 patients for vaginal deliveries, compared with
7.8-59 per 10,000 patients for cesarean sections (1-4).

The increased risk of VTE during pregnancy might be a result
of changes in the hemostatic and fibrinolytic systems (5,6), with
increased levels of coagulation factors, such as fibrinogen and fac-
tor VIII (5) and decreased levels of coagulation inhibitors, such as
protein S detected (6). In addition to changes in the coagulation
system, physiological alterations during pregnancy cause venous
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stasis that could predispose to venous thrombosis (7-9). There
is increased lower extremity venous diameter and decreased flow,
likely because of hormonal influences on vascular tone and the
compressive effects on the veins by the enlarging uterus (7,8). This
latter physiological change, which is exaggerated for the left lower
extremity venous system, could explain the resultant preponder-
ance of left leg DVT observed during pregnancy (10).

The importance of VTE diagnosis and management during
pregnancy cannot be overemphasized. In developed countries,
VTE is still a major cause of maternal morbidity and mortal-
ity (11,12). Despite this, clinical studies of VITE management
in pregnancy are few (13), and studies of VTE diagnosis are
lacking.

In this chapter, data from studies in nonpregnant patients will
be extrapolated to pregnant patients. Adopting results from those
studies may be adequate for most clinical scenarios during preg-
nancy; however, as highlighted below, many questions remain
unresolved. Grading of the quality of evidence and strengths of
recommendations in this chapter are based on the guidelines pro-
posed by the international Grading of Recommendations Assess-
ment, Development, and Evaluation Working Group (GRADE),
adopting the modification used by the American College of Chest
Physicians that merges the very low and low categories of quality
of evidence (see chapter 1).



A. Diagnosis of venous thromboembolism
in pregnancy

i. Is there a role for D-dimer testing for DVT diagnosis

in pregnancy?

Systematic search of the literature using PubMed and MeSH head-
ings “DVT,” Pregnancy, and “diagnosis” yielded four relevant
studies in which the diagnosis of DVT was prospectively eval-
uated with objective testing (14—17). Two of these studies used
impedance plethysmography (IPG) (14,15), and reported that
pregnant women with suspected DVT can be managed safety fol-
lowing negative findings with IPG. This test is however, no longer
used. The third study (16) was reported as an abstract and eval-
uated the use of D-dimer assay and compression leg ultrasound
(CUS) in the diagnosis of DVT in pregnant women. This study re-
ported that with negative D-dimer on initial presentation, a single
CUS alone could be used to safely exclude DVT. The number of
patients in this study is small ~50 patients, and the results need
further validation. In a recently published study (also published as
an abstract) (17), Chan et al. reported that D-dimer (whole-blood
agglutination assay) was sensitive in excluding DVT in pregnant
women (100%, 95% CI 77%-100%), and its specificity was 81 /135
(60%, 95% CI 52 to 68%). In addition, the assay was specific
enough to be used for at least two trimesters of pregnancy. There-
fore, based on limited evidence from the literature with respect to
DVT diagnosis in pregnant patients, our recommendations for di-
agnosis would be drawn from studies derived from non-pregnant
patients.

Compression leg ultrasound (CUS) is studied extensively as the
key diagnostic test for patients with symptomatic proximal DVTs
(18), although it has never been evaluated prospectively in preg-
nant women. A pooled analysis of studies (18) investigating the
test characteristics of CUS in the general population revealed that
it is highly sensitive and specific for symptomatic proximal DVTs
are 97% and 94%, respectively, when compared with the contrast
venography (the gold standard). For DVTs isolated to the calf,
this test is, however, less sensitive (18). Calf vein thromboses are
significant because they make up about 20% of DVT in symp-
tomatic patients, and 20% of them propagate proximally into the
popliteal veins and have the potential to embolize (19). Although
CUS is limited in its ability to diagnose calf DVT, the need for
leg venography is safely obviated by performing serial testing with
CUS over seven days (19), or with the use of other diagnostics
tools like D-dimer testing or clinician’s pretest probability (PTP).
The use of clinician’s PTP either based on “gestalt” or structured
prediction rules and D-dimer testing in combination with CUS to
aid in the diagnosis of DVT has been investigated prospectively in
many studies (20-22). D-dimer testing, together with clinician’s
PTP (based on structured prediction rule) and CUS, can effec-
tively exclude the presence of DVT on initial patient presentation,
or identify patients who require further serial testing and other
more invasive investigations (20-22). The use of both clinicians’
PTP and D-dimer can therefore enhance the diagnostic sensitivity
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of a single CUS for DVT diagnosis in the general population. The
use of Wells prediction rule (23) for assessing clinician’s PTP has
not been formally evaluated in pregnant women. Some of the pre-
senting signs used to develop the prediction rule (e.g., leg edema)
may be too poorly specific for use in pregnant women. Therefore,
the generalizability of this prediction rule to pregnant women is
uncertain.

D-dimer levels are known to increase with progressive trimesters
of pregnancy, preterm labor, and hypertensive disorders during
pregnancy (24-26). Studies investigating the utility of previously
validated D-dimer assays for VTE diagnosis in nonpregnant pa-
tients (rapid ELISA-based, latex agglutination, and whole-blood
agglutination assay) have reported mixed results for pregnant
women (27-29). Expectedly, the more sensitive assays, at the cur-
rent “cutoffs” (ELISA, latex agglutination) had poorer specificity
in asymptomatic pregnant women; this was, however, not the case
for the less sensitive whole-blood agglutination assay (27-29). Al-
though this latter assay demonstrates promise for VIE diagnosis
in pregnant women, the number of pregnant women managed
prospectively using this assay to date is low (17); wide application
of this assay for pregnant women should still be done with cau-
tion, as missing the diagnosis of DVT in pregnant carries serious
consequences.

Currently, we recommend serial CUS in pregnant women with
suspected DVT, at least over seven days (days 3 and 7) to en-
sure that significant disease does not go undiagnosed (Grade
1B) (Figure 13.1). However, in the case where DVT is highly

Suspected DVT
Cus
Positive Negative
DVT diagnosed Serial Leg Ultrasound
and Treatment (on Days 3 and 7)
initiated
Positive Negative

Clinical follow-up

Figure 13.1 Diagnostic algorithm for the diagnosis of deep venous thrombosis
(DVT) in pregnant patient.
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suspicious (e.g., asymmetrically swollen and discolored leg), clin-
icians should consider further testing with magnetic resonance
imaging, venography, or computed tomography (Grade 1C). D-
dimer testing alone should not be used to dictate management
(Grade 2B).

ii. How do | diagnosis pulmonary embolism (PE) in
pregnancy? Do | use ventilation-perfusion scan or spiral
computed tomography?

Systematic search of the literature using PubMed and MeSH head-
ings “PE,” “pregnancy,” and “diagnosis” yielded one relevant study
in which the diagnosis of PE was evaluated with objective testing
(30).

In theretrospective study (30), Chan etal., reported on 120 preg-
nantwomen who had ventilation-perfusion (VQ) scanning during
pregnancy. The prevalence of normal, nondiagnostic, and high-
probability scans were strikingly different in 120 of these pregnant
women compared with the nonpregnant population; pregnant
women with suspected PE were more likely to have normal scans
(74%) and less likely to have high-probability scans (2%) com-
pared with 33% and 10%, respectively, in nonpregnant patients
(31,32). This finding likely results from the fact that pregnant
women are younger and tend to have less comorbid conditions
that the general population. The subsequent follow-up conducted
on 104 of these women with normal (n = 80) and nondiagnos-
tic scans (n = 24) who did not receive anticoagulation, revealed
that no VTE events were reported, and hence the likelihood of
PE in these group of patients is low. Although these results from
this retrospective review is reassuring with respect to the use of
VQ scan in pregnant women, data surrounding the role of ancil-
lary tests like CUS, clinician’s prior impression, or D-dimer testing
cannot be derived from this study. Therefore, data from studies in
nonpregnant patients would be used to aid our recommendation
(33-35).

The major concern surrounding the use of VQ scanning in preg-
nancy is, perhaps, fetal radiation. From epidemiological studies,
the risk of radiation to the developing fetus is greatest when the
fetal radiation dose exceeds 50—100 milliGray (mGy) (36); above
thislevel, the risk of childhood malignancies may be increased. The
risk of malformations or pregnancy losses with radiation doses of
<50 mGy is likely low, although evidence is lacking (36). Regard-
less, the fetal radiation dose associated with VQ scanning is low
(Table 13.1) (37), and does not exceed one-tenth of the threshold
for childhood malignancies. From the study by Chan et al. (30),
follow-up conducted on all live births revealed no increased risk
of childhood malignancies or malformations in women exposed
to VQ scanning while pregnant, and the rate of fetal losses did not
differ significantly from those expected for the population (30).

Increasingly, spiral CT scan is becoming the primary diagnostic
modality for PE (38,39). Spiral CT scanning is sensitive and specific
for PE in the segmental arteries, but less sensitive for PE in the
subsegmental arteries (39); in addition, many studies using spiral
CT scan as the primary imaging modality have reported that this
test can be safely used to diagnose and exclude PE as part of a
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Table 13.1 Estimated fetal radiation exposure associated with diagnostic
procedures for DVT and PE in pregnant women.

Fetal radiation dose
Test (milliGrays)

Perfusion lung scan with ®°MTcMAA

3mdi 0.18
1-2 mCi 0.06-0.12
Ventilation lung scan
9mTcDTPA 0.07-0.35
9mTeSC 0.01-0.05
Contrast venography
Pulmonary angiography via femoral route 4.05
Pulmonary angiography via brachial route <0.50
Spiral computed tomography™*
First trimester 0.003-0.02
Second trimester 0.008-0.077
Third trimester 0.051-0.131
Chest X-ray <0.01

* From Winer-Muram HT, Boone JM, Brown HL, Jennings SG, Mabie WC, Lom-
bardo GT. Pulmonary embolism in pregnant patients: fetal radiation dose with
helical CT. Radiology. 2002;224(2):487-92.

management strategy (38,40). The additional advantage of the
spiral CT scan over VQ scan is that other nonthrombotic causes
can be diagnosed in a single test.

However, like VQ scanning, spiral CT scan has never been
prospectively evaluated in pregnant women, and there is currently
little data to support its use in pregnant women as the first-line test.
Although the calculated radiation risk to the fetusislow (41) (Table
13.1) and below the threshold recommended for pregnancy (36,
37), there are three major concerns with adopting spiral CT as the
diagnostic test of choice in pregnancy or as the central diagnostic
test in our current study: (a) the iodinated contrast agent, admin-
istered as part of the study can result in neonatal hypothyroidism,
the degree to which this is clinically significant has not been eval-
uated (42), (b) unlike VQ scanning (30), we do not yet have any
short- or long-term data on fetal or pregnancy outcomes in preg-
nant women exposed to CT scanning, (c) the calculated minimum
radiation dose to each breast of an average 60-kg woman is 20 mGy
(43). This dose is equivalent to the dose received from seven mam-
mograms, and is at least twice greater than the dose received from
VQ scanning (<10 mGy). Increasingly, there is data linking an
increased risk of breast cancer to diagnostic imaging procedures
(44). Although the individual risk of breast cancer attributed to a
single test cannot yet be defined from current studies, one must
certainly be concerned with unnecessary breast radiation expo-
sure especially when a clear alternative is still available. The use
of spiral CT scan should be limited to specific situations in which
information cannot be obtained from VQ scanning alone.

Our approach or PE diagnosis in pregnant women is shown in
Figure 13.2 (Grade 1C). When PE is suspected, initial testing with
CUS should be considered. Although the likelihood of asymp-
tomatic DVT is likely low—if DVT is diagnosed, VQ scanning can



Suspected PE
Bilateral CUS
DVT DVT not
Diagnosed diagnosed
|
itggtment V@ Scan
Normal Non-Diagnostic High Probability

Non-low
Pretest

Low Pretest

Serial Leg

Ultrasound Spiral CT Scan

Clinical Follow-up PE diagnosed

Figure 13.2 Diagnostic algorithm for the diagnosis of pulmonary embolism (PE)
in pregnant patient.

be negated. If CUS is negative, a VQ scan or perfusion-only scan
should be performed.

Based on the results of the VQ scan, no further testing is needed
(if normal) or anticoagulation should be initiated (if high). In
the situation when a scan is nondiagnostic, clinicians may elect
to either proceed with spiral CT scan or with serial CUS testing
alone (Grade 1C), based on clinical suspicion and presence of risk
factors.

B. How do | treat VTE in pregnancy?

An initial search of the literature using PubMed and MeSH head-
ings “pregnancy” and “unfractionated heparin” or “LMWH,” ap-
plying the following limits: English, Clinical Trial, Meta-Analysis,
Randomized Controlled Trial, Review, Case Reports, Female, Hu-
mans, yielded more than 600 articles; no clinical trials of LMWH
or UH use for the treatment of venous thromboembolism in preg-
nancy were found. On closer scrutiny of the abstracts, there were
three systematic reviews of the literature (45-47) involving LMWH
use in pregnancy and one involving UH use in pregnancy (48). In
addition, there was a large retrospective analysis, involving sev-
eral hundred pregnant women exposed to LMWH (49). Several
studies investigated the pharmacokinetics of LMWH in pregnant
women (50-59), and other studies (mostly case reports and se-
ries) reported on the adverse effects of LMWH or UH in pregnant
women (60-63).
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i. Do | use UH or LMWH?

For many reasons, LMWH has supplanted UH as the anticoagulant
of choice during pregnancy. LMWH, like UH, does not cross the
placenta and hence is unlikely to cause teratogenicity in the devel-
oping fetus (64—66). Several large reviews of LMWH use in preg-
nant women have been published confirming the safety of LMWH
exposure to the developing fetus (45-47,49). These reviews, how-
ever, do not confer superiority of one LMWH preparation over
another. The advantage of LMWH over UH is clear: LMWHs are
associated with a low risk of heparin-induced thrombocytopenia,
0% in over 2,000 pregnancies (47), low risk of osteoporosis—
0.04% (95% confidence interval [CI] 0%-0.2%) (47), and low
risk of bleeding—1.98% (95%CI 1.5%-2.5%) (47). However, like
UH, LMWH use can result in erythematous cutaneous plaques at
injection sites (1.8% 95% CI 1.3%-2.4%) (47). When these lesions
appear, underlying heparin-induced thrombocytopenia (HIT)
should be ruled out before a cautious switch to another prepa-
ration of LMWH (62) or danaparoid is made (67); even so, cross-
reactivity to danaparoid and other LMWH have also been reported
(68).

Although the efficacy of LMWH for pregnant women with acute
VTEhasnotbeen evaluated ina clinical trial, based on clinical stud-
ies in nonpregnant patients, LMWH can be used to treat pregnant
women with acute VTE (Grade 1B).

ii. How do | “weight-dose” my patient on LMWH, and do
I need to monitor anti-Xa levels?

The LMWH dose administered is based on patient’s weight (per
manufacturer’s recommendation). As the pregnancy progresses,
it remains unclear if dose adjustment is needed based on changes
in patient’s weight, volume of distribution or renal excretion rate
(68).

Several prospective cohort studies which followed anti-Xa levels
three to four hours postinjection (therapeutic LMWH for acute
VTE) have yielded mixed results (target peak 0.5-1.0 U/mL); Rodie
etal. (58) reported (enoxaparin 1 mg/kg sc bid) that 3/33 women
required dose reduction based on peak anti-Xa > 1.0 U/mL, Bar-
bour et al. (57) (dalteparin 100 IU/kg bid) reported that 85% of
pregnancies (11/13) required upward dose adjustment, and did
Jacobsen et al. (56) (dalteparin 100 IU/kg bid who reported that
69% (9/13) of women required dose escalation. It is difficult to
conclude from these small studies if dose-adjustment is needed
or if anti-Xa monitoring is required at all (69). However, phar-
macokinetic studies, on women on low-dose LMWH (51,53,54)
do suggest that twice a day dosing may be superior to once daily
dosing in pregnancy.

Therefore, we recommend that if LMWH is used to manage
acute VTE in pregnancy, it should be administered as a once or
twice daily dose based on weight (Grade 1C). With respect to
ongoing dose-adjustment, one of three options can be adopted
(Grade 1C): (a) no change be made once therapeutic dosing is
initiated based on patient’s weight, (b) perform monthly anti-Xa
levels three to four hours postinjection, and adjust LMWH doses
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appropriately to target anti-Xa level 0.5-1.0 U/mL, or (c) adjust
the LMWH doses as patient’s weight increases.

iii. How do | manage anticoagulant around labor

and delivery?

For patients receiving “therapeutic” doses of LMWH, induction
of labor at term usually occurs to avoid the issues surrounding the
use of neuraxial anagelsia (70). The last dose of LMWH is admin-
istered at least 24 hours prior to the planned induction (70) (Grade
1C). If spontaneous labor occurs within 12 hours after LMWH ad-
ministration, or if emergent cesarean section is required within 12
hours after LMWH administration, neuraxial procedures should
be avoided and alternate analgesia and anesthesia (i.e., general)
be considered (70). It is often our practice to have these women
be counseled by our anesthesia colleagues prior to term. In cases
where excessive intrapatum bleeding results from the recent use
of LMWH, protamine sulphate could be considered for partial
reversibility of anticoagulant effects (71).

In certain high-risk situations whereby the risk of thromboem-
bolic complications are high, such as acute VTE (less than four
weeks), “bridging” anticoagulation with intravenous unfraction-
ated heparin could be considered in the days prior to induction,
and discontinued four to six hours after the onset of active labor
to minimize “time-off” anticoagulation (Grade 1C). Alternately,
a temporary filter could be considered (72) (Grade 2B).

For women in whom ongoing anticoagulant therapy is required
in the postpartum period (i.e., those who develop active VTE in
the antepartum), resumption of LMWH administration should
only be considered six to eight hours after the removal of the
catheter for neuraxial anagelsia (70) and if the risk of postpartum
hemorrhage (in consultation with the obstetrical team) is mini-
mal. In practice, LMWH is resumed 12 to 24 hours after delivery
(Grade 1C).

The use of vitamin K antagonists (VKA), like coumadin, in the
postpartum period is not contraindicated for breast-feeding (73).

iv. How long should | treat for?

The length of treatment with therapeutic LMWH during preg-
nancy for active VTE is unknown. Once VTE is diagnosed during
pregnancy, therapeutic dosing with either adjusted-dose LMWH
or UH should be initiated (74), followed by adjusted-dose UH or
LMWH for at least three months or the duration of the pregnancy
and for six weeks postpartum (74) (Grade 1C). From studies in
nonpregnant patients with underlying malignancy (75) or with
contraindications to anticoagulation (76), reducing intensity of
anticoagulation after a period of therapeutic anticoagulation is
safe (75,76). Although there are no clinical studies designed to ad-
dress this specific issue in pregnancy, reducing the treatment doses
after three months to prophylactic dosing, instead of maintaining
therapeutic dosing till term, may be a reasonable option, particu-
larly if the risk of bleeding (e.g., presence of placenta previa) is a
concern (Grade 2C).
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C. Thromboprophylaxis

i. How do | manage pregnant women with prosthetic
heart valves?

A systematic search was made of PubMed for the past 10 years with
respect to the management of prosthetic heart valves in pregnancy
using MeSH headings “Prosthetic heart valves” and “pregnancy”
from 1997 to March 2007. Our search yielded 10 relevant arti-
cles (77-86): case-reports, case-series, and cohorts of pregnant
women with prosthetic heart valves managed during pregnancy.
Although LMWH is more commonly used to manage these pa-
tients in the past decade instead of UH, there are now reported
cases of valve thromboses in the pregnant women managed with
LMWH; a recent review of the literature summarized this experi-
ence (87). There are still no published clinical trials on the efficacy
of LMWH versus oral anticoagulants for the management of these
patients during pregnancy.

The management of pregnant women remains problematic be-
cause of the need for therapeutic anticoagulation throughout preg-
nancy to prevent valve thrombosis and the lack of clinical trials to
guide management for these women. The choices of anticoagulant
therapy—UH, VKA, or LMWH—are all associated with risks to
either the mother or the developing fetus.

In a pooled analysis of cohort and case-series studies (88), the
use of warfarin (or VKA) is associated with fetal embryopathy
(6.4%) and spontaneous losses (24.8%). Avoiding the use of war-
farin between 6 and 12 weeks gestation age could negate the risk of
warfarin embryopathy entirely (88); however, its use beyond the
first trimester could still result in mild neurological impairment, as
detected in school-age children exposed to in utero VKA (89). The
use of both UH or LMWH during pregnancy is associated with
minimal fetal risks (46,47,48); the major concern with the use of
these two agents for prosthetic heart valve thromboprophylaxis
during pregnancy is, however, their efficacy (87,88).

The use of UH for valve thromboprophylaxis is associated with
valve thrombosis, even in adjusted doses (88). Although LMWH
offers more predictable bioavailability and easier weight-based
dosing, there are now increasing cases of valve thrombosis, as-
sociated with its use (87). Oran et al. (89) reported in a review that
in 81 pregnancies managed with LMWH, the proportion of valve
thrombosis was 8.84% (95% CI 2.52-14.76), the frequency of over-
all thromboembolic complications was 12.35% (95% CI 5.19%—
19.51%). Among women who had factor Xa monitoring, only one
patient had a thromboembolic event; among those women who
had complications, 10 were on a fixed dose of LMWH, while one
was on a low dose. The concern with LMWH use heightened fur-
ther after a small randomized control trial was discontinued pre-
maturely because two of the seven women treated with LMWH
(versus warfarin therapy) developed valve thrombosis resulting in
maternal deaths (74). This study also resulted in labeling changes
and warnings against the use of LMWH for this cohort of patients.

Whether LMWH was efficacious in providing effective throm-
boprophylaxis to patients with prosthetic heart valves was



examined by an expert panel recently (90). The panel reviewed
studies on the use of LMWH for “bridging” anticoagulation in over
1,000 nonpregnant patients and reported that LMWH was effec-
tive for preventing valve thrombosis, at least during the short-term
period of use. Pregnant women may be at higher risk of thrombosis
because of “prothrombotic” tendencies and physiological changes
altering the “bioavailability” of LMWH from changes in plasma
volume and renal excretion (90). Currently, none of these theories
can be adequately proved.

Based on the evidence from nonpregnant patients and the
known risks associated with warfarin therapy during pregnancy,
one of two approaches (74) could be considered in the manage-
ment of thromboprophylaxis during pregnancy:

a. Adjusted-dose twice a day dosing with LMWH throughout

pregnancy to keep a four-hour postinjection anti-Xa heparin

level at 1.0-1.2 U/mL (Grade 1C).

b. LMWH (doesadjusted) until 13 weeks gestational age, switch

to warfarin until mid-third trimester, then resume LMWH till

delivery (Grade 1C).

The addition of low-dose aspirin (75-162 mg/d) ((Grade 2C)
should be considered if other high-risk features are present, for
example, multiple prosthetic valves, atrial fibrillation, or history
of previous thromboses.

For women who are on VKA, and who are considering preg-
nancy, a switch can be made to therapeutic dosing of LMWH
and VKA discontinued prior to pregnancy. Alternatively, the pa-
tient can remain on VKA until pregnancy is achieved (detected on
blood test), and a switch to LMWH can then be made (Grade 2C).

ii. My patient had a previous DVT and now wishes to get
pregnant. Does she need thromboprophylaxis?

Women with a previous history of VTE are at an increased risk
of recurrence during pregnancy. The risk of recurrent events have
been reported to be between 0% and 13% (74). From a recent
large retrospective cohort study of pregnant women (91), the risk
of recurrent VTE was reported to be 6.2% (95% CI 1.6%-10.9%)
in women who did not receive thromboprophylaxis during preg-
nancy compared with no women who did; the risk of VTE was
also higher in this cohort of patients—5.2%, in the postpartum
period. In an earlier prospective cohort study, Brill-Edwards et al.
(92) reported that managing these women with no antepartum
thromboprophlaxis therapy, but postpartum thromboprophylaxis
for four to six weeks after, resulted in an overall recurrence rate of
2.4% (95% CI 0.2%-6.9%). Most of the recurrences occurred in
women with thrombophilia or who had a previous unprovoked
VTE (5.5%, 95 CI 1.2%-16%) compared with no women (95% CI
0%-8%) who did not have thrombophilia and had a previously
provoked VTE.

With a lack of randomized controlled trials, these studies sug-
gest that although the risk of VTE is increased in women with
a previous history of VTE, antepartum thromboprophylaxis may
not always be needed. For patients with a single event from tran-
sient risk factors (i.e., injury) and who does not have associ-
ated thrombophilia—antepartum thromboprophylaxis may not
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be necessary (Grade 2A). However, for all other patients—in the
presence of thrombophilia, history of “unprovoked” or “estrogen-
related” VTE events, antepartum thromboprophylaxis could be
considered (Grade 1C).

The choice of thromboprophylactic therapy in the antepartum
period would be low-dose LMWH or UH. For all women with a
single unprovoked episode of VTE, postpartum thromboprophy-
laxis should be considered for four to six weeks after delivery.

iii. My patient was tested for inherited thrombophilia
after one unsuccessful pregnancy. She does not have a
previous venous thromboembolic event. Her obstetrician
wants her to be on LMWH now that she is pregnant
again. What do | do?

A search of PubMed for articles published in the past five years
(March 2002—-March 2007) using PubMed and MeSH headings
“pregnancy” and “thrombophilia” yielded more than 700 articles.
The abstracts of the articles were screened. There were at least
36 case-control studies investigating thrombophilias and adverse
pregnancy outcomes. There were seven systematic reviews (93-99)
in this area and three cohort studies (100-102) and one random-
ized trial (40 mg/d versus 80 mg/d of enoxaparin) (103) investi-
gating the possible role of treatment in the secondary prevention
of adverse pregnancy outcomes in patients with thrombophilia.

The findings from the seven systematic reviews (published be-
tween 2002 and 2006) of mostly case-control or cohort studies
of the literature are consistent: the presence of thrombophilia is
associated with adverse pregnancy events: early pregnancy losses
(odds ratio [OR] 1.40-6.25), late pregnancy losses (ORs 1.31—
20.09), pre-eclampsia (OR 1.37-3.49), intrauterine growth restric-
tion (OR 1.24-2.92), and placental abruption (OR 1.42-7.71). The
magnitude of association with various types of thrombophilic dis-
orders however differs. The strength of association appears to be
greatest with factor V Leiden (FVL) (97); it is associated with early
recurrent fetal loss (2.01, 95% CI 1.13-3.58), late recurrent fetal
loss, and stillbirths (3.26, 95% CI 1.82-5.83) and with the presence
of prothrombin G20210A mutation (early recurrent 2.32 [95% CI
1.12—4.79] and stillbirths [2.30, 95% CI 1.09—4.87]). The evidence
supporting the association of Protein S, Protein C, AT III defi-
ciencies, and MTHFR 677 T genotype is weak (93-99). It is not
known whether this association is nonexistent or that the number
of patients with this defect is too small to provide any meaningful
analysis. The presence of combined disorders (e.g., heterozygous
FVL and MTHFR 677 CT) can enhance the risk of adverse out-
comes such as stillbirth and pregnancy losses (105,106).

Several large, randomized-control studies are currently under
way evaluating the effectiveness of thromboprophylaxis in prevent-
ing adverse pregnancy events in the presence of thrombophilia.
The use of LMWH evaluated in the three small cohort studies of
thrombophilic women with previous adverse pregnancy outcomes
(100,101,102) was promising. In the Danish observational cohort
study (100), the use of thromboprophylaxis in women with Protein
G, S, or AT III deficiencies resulted in a reduced rate of fetal loss
compared with deficient women who did not. From these studies,
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thromboprophylaxis may be beneficial for secondary prevention
of adverse pregnancy outcomes. The magnitude of this prevention,
however, is still unclear.

Women with inherited thrombophilia are also at increased risk
of thrombosis in pregnancy (105-109); however, the absolute risks
in most cases are small The estimated risk of VTE during preg-
nancy in patients with various thrombophilias (106): 1:500 for
heterozygous FVL, 1:200 for heterozygous prothrombin G20210A
mutation, 4.6:100 for double heterozygosity, 1:113 for protein C,
1:2.8 for Type I AT def, and 1:42 for Type II AT deficiency. The
risk of VTE in homozygous FVL is reported to be 9%-16% (109).
Double heterozygosity in FVL and prothrombin G20210A muta-
tion is associated with an increased risk of VTE of 4% (95% CI
1.4-16.9).

The risk of VTE in pregnant women with homozygous MTHFR
C677T is unknown, but hyperhomocysteinemia may be associ-
ated with VTE in the nonpregnant population (111). Homocys-
teine levels, however, are significantly lower in pregnancy because
of physiological changes and with folate supplementation (112).
Therefore, the need for thromboprophylactic measures with an-
ticoagulant beyond folate supplementation may be unnecessary
(112).

The decision to offer thromboprophylaxis based on the previous
review would be

i. For women with previous pregnancy losses, who have inher-

ited thrombophilia (FVL, prothrombin G20210A mutation, and

Protein S, C, AT deficiencies), the use of low-dose LMWH may

be appropriate throughout pregnancy for both the secondary

prevention of pregnancy loss and VTE (Grade 2B).

ii. For women with MTHEFR 677 TT, we suggest 5 mg of folate

acid prior to conception or as soon as pregnancy is diagnosed

(Grade 1C).
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Introduction

Venous thromboembolism (VTE) is being diagnosed with in-
creasing frequency in children. Unlike in adults, the major-
ity of VTE in children is secondary. Central venous catheters
(CVCs) are the most common cause of VTE in children (1).
CVCs account for 90% of systemic VTE in neonates and renal
vein thrombosis accounts for most of the non-CVC-related sys-
temic VTE in the neonatal population (2). In older children,
CVCs account for 60% of VTE, while malignancy and congen-
ital heart diseases are the two most prominent disease cate-
gories associated with thrombosis (3). Approximately 0.7/100,000
children develop VTE (4). Given a conservative estimate that
1% of children with leukemia develop VTE, leukemia in chil-
dren would therefore increase the risk of developing thrombo-
sis by 1,400-fold. Most other underlying medical illnesses that
predispose children to thrombosis are protein-losing conditions,
such as nephrotic syndrome and inflammatory bowel disease
(3,5-7). Accurately defining these risk factors will enable tar-
geting of specific pediatric populations for thromboprophylaxis.

If one could prevent CVC-related thrombosis, most VTE in
children would be prevented. In this chapter, we will review the
evidence regarding whether to recommend thromboprophylaxis
routinely in children with CVC and cancer. As neonatal renal vein
thrombosis is the commonest VTE in neonates not caused by
CVCs, we will also review the evidence for treatment of neona-
tal renal vein thrombosis.

This chapter will provide an “evidence-based” approach to
“best management” of pediatric patients with venous thromboem-
bolism. We acknowledge that evidence in many areas is sparse and
may be extrapolated from contemporary management in adults.
Grading of the quality of evidence and strengths of recommenda-
tions in this chapter are based on the guidelines proposed by the
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international Grading of Recommendations Assessment, Devel-
opment, and Evaluation Working Group (GRADE), adopting the
modification used by the American College of Chest Physicians
that merges the very low and low categories of quality of evidence
(see chapter 1).

Thromboprophylaxis in children with cancer

Background

Similar to adults, children with cancer are at a substantial risk of
developing VTE. In the Canadian Pediatric Thrombophilia Reg-
istry, 20% of the patients with VTE had cancer (3). This figure is in
contrast to only 2.3 cases of malignancy per 1,000 children and an
estimated incidence of thrombosis of 0.7/100,000 in the general
pediatric population. The reported prevalence of VTE in pediatric
oncology ranges from less than 1% to as high as 44% (8). The re-
ported prevalence depends on the study design (prospective versus
retrospective), type of thrombosis being identified (symptomatic
versus asymptomatic), and the type of cancer being studied.

Childhood acute lymphoblastic leukemia (ALL) is probably the
most studied pediatric cancer with respect to VTE. In a random-
ized controlled trial, Mitchell et al. reported a prevalence of 5%
symptomatic VTE and 31.7% asymptomatic VTE (9). This study
illustrates that the prevalence depends on whether the reported
VTE is symptomatic. The risk factors for VTE identified to date
in this group of patients are the use of asparaginase and the type
of corticosteroid given (10). The prevalence of VTE in pediatric
ALL probably also depends on the type of chemotherapy proto-
col used. Three German studies showed that, despite studies done
at similar times and on similar ethnic populations, there is a 10-
fold difference on the incidence of VTE associated with different
chemotherapeutic protocols (11-13).

Prevalence of thrombosis also varies dependent on the type of
cancer. Brain tumors seem to carry little risk of thrombosis with a
reported prevalence ranging from 0.6% to 3.2% in two large ret-
rospective reviews (14,15). In contrast, pediatric sarcoma confers
as much risk as leukemia, as demonstrated by a recent report that



reported a prevalence of VTE of 14.3% (16). Although different
types of cancer confer different risks of VTE, certain children with
cancer have significantly higher risks of developing VTE and so
can be a target population for thromboprophylaxis.

Two studies have reported potential treatments to address issues
of primary thromboprophylaxis in children. The PARKAA trial
studied use of antithrombin concentrate in pediatric ALL patients
treated with L-asparaginase. In that study, there was a trend sug-
gesting that the use of antithrombin may decrease the incidence of
thrombosis (17). Unfortunately, the study was insufficiently pow-
ered to show efficacy. Ruud et al. studied the use of warfarin in
the prevention of CVL-related thrombosis in children with cancer
(18). Their study was terminated without full recruitment due to
lack of efficacy. One limitation of the Ruud et al. study was that
very few patients achieved the targeted international normalized
ratio. Other case series have also addressed this issue. Elhasid et al.
showed low-molecular-weight heparin (LMWH; mean dose 0.84
mg/kg once daily) to be safe, when compared with a historical con-
trol, in preventing thrombosis in ALL patients (19). Nowak-Gottl
et al. gave LMWH (dose 1 mg/kg, once a day) as primary throm-
boprophylaxis to children and adolescents with Ewing’s sarcoma
(n = 36) and osteogenic sarcoma (n = 39). None of their patients
developed any thromboembolic complications during the postop-
erative period (20). None of these series were adequate to address
the efficacy problem because of sample size and study design.

Recommendation

In children with cancer, routine antithrombotic prophylaxis is not
recommended because of the lack of evidence of efficacy and the
potential for increased risk of bleeding (Grade 2C). This recom-
mendation will be stronger in the types of cancer that have a low
prevalence of VTE (e.g., brain tumor) because the numbers needed
to treat will be significantly higher compared to cancer that has a
higher prevalence (e.g., ALL).

Thromboprophylaxis in children with CVCs

Background

CVCs are the most important cause of thrombosis in children, as
demonstrated by the national registries and some large case series
(3,5,6,7,21,22). Prevalence of VTE in children with CVCs varies
from 2% to 66.7%, depending on the type of study, specific patient
population, and the diagnostic method used in each study (23-33).
If patients with CVCs who are at high risk of thrombosis can be
identified, thromboprophylaxis has great potential to safely reduce
the risk of thrombotic complications in these children. There is
only one randomized control trial to address thromboprophylaxis
in the general pediatric population. The PROTEKT trial compared
use of LMWH (Reviparin) to standard of practice in the prevention
of CVC-related thrombosis (34). The study was concluded early
because of lack of recruitment, which reduced the trial’s power.
The reported incidence of thrombosis is 14.1% in the LMWH
group and 12.5% in the standard of practice group, a difference
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that was not statistically significant. Although no other studies have
addressed primary prophylaxis, there are some studies on the use of
secondary prophylaxis in specific disease groups. Studies related
to cancer were described previously. In children with short-gut
syndrome receiving long-term total parenteral nutrition, Newall
etal. have demonstrated that warfarin increased the useful life span
of CVCs (30).

Recommendations

1. Children with a CVC should not be given thromboprophylaxis
(preferably with a LMWH for convenience) routinely (Grade 2C).
2. In children that require long-term CVCs as a means to sustain
life (e.g., long-term total parenteral nutrition) and have developed
CVC-related thrombosis, thromboprophylaxis is indicated (Grade
2C).

Treatment of neonatal renal vein thrombosis

Background

In one of the largest international neonatal thrombosis registries,
the incidence of RVT was estimated to be 0.5/1,000 admissions
to the neonatal intensive care unit (2), with only 21 cases being
identified over 3.5 years. A registry from Germany estimated the
incidence of symptomatic neonatal RVT to be 2.2/100,000 live
births (35). Because the incidence of neonatal RVT is so low, per-
formance of properly controlled studies either as single institution
or even multi-institutional experience for therapy guidance will
be difficult. No randomized control trial has been done to address
the efficacy of antithrombotic therapy in neonatal RVT. There is
a possibility that by the time RVT has been detected in a neonate,
irreparable damage may have been done, and thus, antithrombotic
therapy may not be beneficial.

To address the efficacy of antithrombotic therapy in neonatal
RVT, a literature review was undertaken. Medical literature from
1992 to 2006 was identified through PubMed searches. Reports
of less than two cases were excluded. As a result, 13 case series
with 271 patients have been identified (2,36-47). Ten of the 13
case series had therapeutic information. Treatment modalities in-
cluded supportive care (39.7%), unfractionated heparin (21.6%),
LMWH (20.7%), and thrombolytic therapy (11.2%). Regardless of
the treatment given, 70.6% of the affected kidneys were atrophic.
Atrophic kidneys were identified in 75.3% of patients treated with
UFH/LMWH and 72.5% of patients receiving supportive care.
Four of the 173 neonates (2.3%) with unilateral RVT, in contrast
to 4/73 neonates (5.5%) with bilateral RVT, developed chronic
renal insufficiency. Therefore, although the benefit of anticoagu-
lation as a treatment for unilateral RVT is unclear, bilateral renal
vein thrombosis may require more aggressive therapy.

Recommendations

1. Neonates with unilateral renal vein thrombosis can be treated
with LMWH or close monitoring of the size of the thrombi (Grade
2C).
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2. In patients treated conservatively, if the size of the thrombus
increases, the patient should be given anticoagulation therapy
(Grade 2C).

3. Inneonates with bilateral renal vein thrombosis or IVC involve-
ment, the patient should be treated with anticoagulation therapy
(Grade 2C).

4. Thrombolytic therapy can be considered in neonates with bi-
lateral renal vein thrombosis (Grade 2C).

Future

Clinical management in pediatric thrombosis is largely based on
low levels of evidence. More clinical studies are needed and only
multinational investigations will provide enough statistical power
to address most of the problems in pediatric thrombosis.
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Bridging Anticoagulation in Patients Who

Require Temporary Interruption of Warfarin

for Surgery

James D. Douketis, Scott Kaatz

Introduction

The perioperative management of patients who require tempo-
rary interruption of warfarin because of surgery is a frequently
encountered clinical scenario. There are 4 million people in North
America and Europe with a mechanical heart valve, chronic atrial
fibrillation, or venous thromboembolism who are receiving long-
term warfarin to prevent arterial and venous thromboembolism,
of whom approximately 400,000 are assessed each year for tempo-
rary interruption of warfarin and bridging anticoagulation (1).

Bridging anticoagulation refers to the administration of a
short-acting heparin, typically therapeutic-dose (or full-dose)
unfractionated heparin (UFH) or low-molecular-weight heparin
(LWMH), for the 8-10 days before and after surgery, during which
time warfarin therapy is interrupted and its anticoagulant effect
is subtherapeutic (2). This management approach minimizes the
time in the perioperative period that patients are not receiving
therapeutic-dose anticoagulation and is intended to minimize the
risk of potentially devastating thromboembolic events, such as a
stroke, thrombosed mechanical heart valve, or recurrent venous
thromboembolism (VTE) (2-6). Although the risk for throm-
boembolism during warfarin interruption is relatively low, the
consequences can be devastating with a 15% mortality rate of a
thrombosed mechanical heart valve, a 70% rate of major neuro-
logical deficit or death with an embolic stroke and an up to 25%
case-fatality rate of recurrent VTE (7-9).

This chapter will address four common clinical questions:
Which patients need bridging? Which procedures have a bleeding
risk that is too high to use postprocedure bridging? How effective
is bridging? How do we bridge? As randomized trials of bridging
therapy are lacking, our proposed clinical formulations for bridg-
ing therapy in this chapter are based on data from observational
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studies, formulations from experts in this field and from our man-
agement of patients in large, multidisciplinary bridging anticoag-
ulation clinics, and clinical practice guidelines. The data from ob-
servational studies were derived by searching the English-language
MEDLINE database from 1990 to the present, using the follow-
ing key words: bridging anticoagulation, low-molecular-weight hep-
arin, surgery, anticoagulation, warfarin interruption. The database
search was supplemented by a review of international conference
abstract and by conferring with experts.

Which patients need bridging?

There are no randomized trials to help determine which patients
need bridging and the risk of thromboembolic complications
when warfarin is withheld for a procedure are estimated from
observational cohort studies which makes it difficult to produce
succinct guidelines. We have included the American College of
Cardiology/American Heart Association/European Society of Car-
diology (ACC/AHA/ESC) and American College of Chest Physi-
cians (ACCP) grades of reccommendation to our suggestion where
appropriate (10,11). There is no consensus on a universal grad-
ing system for guidelines, though one is in development (12). The
ACC/AHA/ESC and ACCP have different classifications for their
recommendations: the ACC/AHA/ESC strongest to weakest are
Class 1, Class IIa, Class IIb, and Class III, with levels of evidence
grades as A, B, and C; the ACCP classification, from strongest to
weakest are 1A, 1C+, 1B, 1C, 2A, 2C+, 2B, and 2C.

Patients with a mechanical prosthetic heart valve. Bridging antico-
agulant therapy should be considered in patients with a mechan-
ical prosthetic heart valve who are at high or moderate risk for
stroke or valve thrombosis. A suggested risk classification scheme
is presented in (Table 15.1).

In patients with a mechanical heart valve, the risk of a throm-
boembolic event is determined by the type and position of the pros-
thetic valve and the presence of additional risk factors for stroke
and intracardiac thrombosis. In patients who are probably at high
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Table 15.1 Suggested risk stratification in patients with a

mechanical heart valve. Thromboembolism

Suggested anticoagulant

risk category Patient characteristics management
High risk —Recent (within 3 months) stroke or —Bridging anticoagulation
transient ischemic attack is recommended

Moderate risk

Low risk

—~Any mechanical mitral valve
—Caged-ball or tilting-disc aortic valve

—Bileaflet aortic valve and 1 or more —Bridging anticoagulation
major stroke risk factor” should be considered
—Bileaflet aortic valve and no major —Bridging anticoagulation

stroke risk factors™ is optional

*Stroke risk factors include congestive heart failure or low ejection fraction; hypertension; age >75 years;
diabetes; a history of stroke or transient ischemic attack; and atrial fibrillation.

risk for thromboembolism, such as those with a recent (within
three months) stroke or transient ischemic attack, a mitral valve
prosthesis, or an older-generation prosthesis (e.g., caged-ball, tilt-
ing disc), bridging anticoagulation is, in general, recommended by
consensus groups (10,11) and experts (13-23). In patients at mod-
erate risk for thromboembolism, such as those with a newer aortic
valve prosthesis (e.g., bileaflet) and one or more stroke risk fac-
tors, bridging anticoagulant should be considered, although there
are inconsistent clinical management guidelines from consensus
groups (10,11). Finally, in patients who are probably at low risk for
thromboembolism, such as those with a bileaflet aortic valve and
no stroke risk factors, bridging anticoagulant therapy may not be
required.

Patients with chronic atrial fibrillation. Bridging anticoagulation
should be considered in selected patients with chronic atrial
fibrillation who are at high or moderate risk for stroke. A sug-
gested risk classification scheme is presented in Table 15.2.
High-risk patients include those with a recent (within three
months) stroke or transient ischemic attack, and patients with
rheumatic valvular heart disease (24,25). Recently, a scoring system

(CHADS,) was developed to assess risk for stroke in patients with
nonvalvular atrial fibrillation. The score is calculated based on the
presence or absence of one or more of the following major risk fac-
tors: a prior stroke or transient ischemic attack; congestive heart
failure, hypertension, diabetes mellitus, and age >75 years, and a
history of stroke or atrial fibrillation. (26). Bridging anticoagula-
tion can be recommended in patients with a recent (within three
months) stroke or transient ischemic attack or multiple (three or
more risk factors), and it is optional in patients with one or two
major stroke risk factors. In patients with atrial fibrillation and no
stroke risk factors, bridging anticoagulation is not recommended
because of the low risk for stroke (1%—2% per year), and these
patients do not require warfarin treatment.

Venous thromboembolism. Bridging anticoagulant therapy should
be considered in selected patients with venous thromboembolism,
including those with deep vein thrombosis and pulmonary em-
bolism, who are at high or moderate risk of disease recurrence. A
suggested risk classification scheme is presented in Table 15.3.
High-risk patients in whom bridging anticoagulation is recom-
mended are those who have had a recent (within one month)

Table 15.2 Suggested risk stratification in patients with

chronic atrial fibrillation. Thromboembolism

Suggested anticoagulant

risk category Patient characteristics management
High risk —Recent (within 3 months) stroke or —Bridging anticoagulation
transient ischemic attack is recommended

Moderate risk

Low risk

—Rheumatic valvular heart disease
—3 or more major stroke risk factors*

—1 or 2 major stroke risk factors™ —Bridging anticoagulation
is optional
—No major stroke risk factors™ —Bridging anticoagulation

is not recommended

*Stroke risk factors include: congestive heart failure or low ejection fraction; hypertension; age >75 years;
diabetes; and a history of stroke or transient ischemic attack.
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Thromboembolism

risk category Patient characteristics

Suggested anticoagulant
management

Table 15.3 Suggested risk stratification in patients with
venous thromboembolism. *

—pPrior VTE within last 3 months

—Selected thrombophilia (deficiency of
protein C, protein S or antithrombin,
antiphospholipid antibodies, multiple
thrombophilic abnormalities)

High risk

Moderate risk —VTE within past 3—6 months
—Active cancer (treated with post 6 months
or palliative)

—Recurrent VTE

Low risk —Prior VTE over 12 months ago

—Bridging anticoagulation
is recommended

—Bridging anticoagulation
is optional

—Bridging anticoagulation

is not recommended

episode of venous thromboembolism or have selected prothrom-
botic blood abnormalities, which consist of a deficiency of protein
C, protein S, or antithrombin, antiphospholipid antibodies, ho-
mozygous factor V Leiden, or with multiple prothrombotic blood
abnormalities (27-29). We do not consider isolated prothrombin
gene mutation 20210a or heterozygous factor V Leiden as signif-
icant risk factors for a bridging decision. Moderate risk patients
include those with prior venous thromboembolism during the
last one to six months, in whom bridging anticoagulation should
be considered. In patients with remote venous thromboembolism,
occurring more than six months before the planned surgery, bridg-
ing anticoagulation is not recommended.

Which procedures is the bleeding risk too high
to use postprocedure bridging?

Several bridging cohort studies have classified patients as high
or low risk for postprocedure bleeding and have used differ-
ent postprocedure protocols based on this stratification (30-33).
However, this classification has been arbitrary and we were un-
able to find a validated model to classify surgical procedures
as high or low risk for bleeding. If there is adequate post-
operative hemostasis after surgery, the decision to resume an-
ticoagulants will depend on the bleeding risk associated with
the surgery. A suggested risk classification scheme for assess-
ing risk for postoperative/postprocedural bleeding is presented in
Table 15.4.

Patients at very high risk for postoperative bleeding include pa-
tients who have had excessive postoperative bleeding or have un-
dergone a procedure associated with a very high risk for bleeding
(e.g., intracranial neoplasm, coronary artery bypass surgery). It is
always helpful to discuss such high-risk patients with the attend-
ing surgeon or proceduralist to better understand patient-specific
issues relating to bleeding risk and to discuss the initiation of post-
operative anticoagulation.
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How effective is bridging?

There are no randomized trials to assess the efficacy of bridging
therapy. However, cohort studies provide estimates of the expected
thromboembolic and bleeding complication rates. The pooled in-
cidence of arterial thromboembolism was approximately 1% and
the pooled incidence of major bleeding was approximately 3%
(13,18). These estimates should be help clinicians to weigh the
risks and benefits of bridging therapy.

How do we bridge?

There are no standardized management guidelines regarding the
use of bridging anticoagulation, mainly because of a lack of
randomized controlled trials assessing different bridging anti-
coagulation management strategies. Most experts recommend
that patients at high risk for thromboembolism should receive
therapeutic-dose anticoagulation before and after surgery (13—
22). The ACC/AHA/ESC and the ACCP recommend that patients
at high risk for thromboembolism should receive therapeutic-
dose anticoagulation during before and after surgery, while
in patients at low-to-moderate risk, treatment recommenda-
tions vary. However, the distinction between “high-risk” and
“low-to-moderate” risk for thromboembolism in these guide-
lines is not clear. In physicians surveys of bridging anticoagu-
lation, over 90% of physicians administer bridging anticoagula-
tion in patients at high risk for thromboembolism, whereas 20%—
80% of physicians administer bridging to patients at lower risk
(34-37).

Unfractionated Heparin

The traditional bridging anticoagulation method involves hospi-
talizing patients four to five days before surgery, stopping warfarin,
and administering intravenous UFH while the anticoagulant effect
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Table 15.4 Suggested risk stratification for bleeding associated with surgery or invasive procedure.”

Bleeding risk category Surgery or invasive procedure

Postoperative resumption of anticoagulants

Warfarin

Therapeutic-dose LMWH

Very high risk —Intracranial surgery
—Spinal surgery
—Coronary artery bypass surgery

—Heart valve replacement

High risk —Major vascular surgery
—Permanent pacemaker insertion
—Internal defibrillator placement
——Prostatectomy

—Bladder tumor resection
—Lung resection surgery
—Hip/knee joint replacement surgery
—Intestinal anastomosis surgery
—Bowel polypectomy

—Kidney or prostate biopsy
—Cervical cone biopsy

Moderate risk —-Other intra-abdominal surgery
—Other intrathoracic surgery
—Other orthopedic surgery

—Bronchoscopy with anticipated biopsy

Low risk —Laparoscopic cholecystectomy
—Laparoscopic hernia repair
—Dental surgery
—Cutaneous surgery
—Ophthalmologic surgery
—Colonscopy with or without biopsy

Very low risk —Single tooth extraction or teeth cleaning
—Selected skin biopsy

—Selected cataract extraction

Evening of first or second day after surgery

Evening of the day of surgery or the first day
after surgery

Evening of the day of surgery

Evening of the day of surgery

Warfarin interruption not needed

No postoperative LMWH*

48-72 hours after surgery

24-48 hours after surgery

12-24 hours after surgery (i.e., day
after surgery)

Bridging anticoagulation not needed

*Reproduced with permission from (46): Mannucci C, Douketis JD. The management of patients who require temporary reversal of vitamin K antagonists for surgery: a practical
guide for clinicians. Intern Emerg Med. 2006;1:96—104. LMWH, low-molecular-weight heparin.

of warfarin recedes (2). UFH is stopped three to four hours before
surgery and after surgery, UFH and warfarin are resumed, with
UFH given for four or five days until therapeutic anticoagulation
with warfarin is re-established. The administration of UFH re-
quires laboratory monitoring with once- or twice-daily activated
partial thromboplastin time (aPTT) testing (38). Bridging antico-
agulation with UFH is not widely used, mainly because of limits on
the cost and availability of hospital beds and the increasing num-
ber of surgical and other procedures that are being done without
hospitalization.

Low-molecular-weight heparin

Bridging anticoagulation with LMWH is more convenient for pe-
rioperative patient management because it can be administered as
a fixed, weight-adjusted subcutaneous injection, without the need
for laboratory monitoring (38). LMWH as bridging anticoagula-

tion obviates the need for hospitalization and can simplify patient
care. Furthermore, the use of LMWH has the potential to reduce
health care costs (39). These pragmatic issues make LMWH the
preferred heparin for bridging.

Warfarin therapy interruption

Patients should be assessed at least five days before surgery to allow
time for the anticoagulant effect of warfarin to be eliminated, after
treatment is interrupted, and to instruct patients about LMWH
self-injection if bridging anticoagulation is used (40). In patients
who are receiving warfarin with an international normalized ratio
(INR) range of 2.0-3.0, stopping treatment five days before surgery
will, in most patients, ensure normal hemostasis at the time of
surgery (40,41). However, the pharmacokinetic properties of war-
farin differ between patients, especially the elderly who may require
alonger time for the INR to normalize after VKA is stopped (41).
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Monitoring the INR before surgery

Whenever feasible, INR testing should be done the day before
surgery to ensure the INR <1.5, as patients with an INR > 1.5
are at increased risk of postoperative bleeding (42). With an INR
>1.5, giving 1 mg oral vitamin K will hasten the normalization of
the INR in time for surgery (43,44). This small dose of vitamin K is
unlikely to confer resistance to re-anticoagulation when warfarin
is resumed after surgery (45). In patients who receive vitamin
K, it is also reasonable to measure the INR on the morning of
surgery to confirm that the INR is normal. If the INR is >1.5
on the day of surgery, additional vitamin K will not act rapidly
enough and surgery will need to be rescheduled. Sometimes, fresh
frozen plasma or prothrombin complex concentrate will be given
to correct the INR so surgery is not delayed; however, we were
unable to find any evidence to support this practice (46).

LMWH dosing before surgery

If once-daily LMWH is used as bridging anticoagulant therapy
(e.g., tinzaparin, 175 IU/kg or dalteparin 200 IU/kg once daily),
the dose should be administered in the mornings, and with the
last preoperative dose administered on the morning of the day
before surgery, and at least 24 hours before surgery. If twice-daily
LMWH is used (e.g., dalteparin 100 IU/kg or enoxaparin, 1 mg/kg
twice daily), the evening dose on the day before surgery should
be omitted (47,48). With either regimen, the last dose of LMWH
will be administered at least 24 hours before surgery to eliminate
the likelihood of a residual anticoagulant effect at the time of the
procedure.

The anticoagulant effect of LMWH is measured by the antifactor
Xa level because the APTT does not reliably measure the antico-
agulant effect of LMWH. Antifactor Xa level testing should not
be routinely done in patients who are receiving LMWH because
this testing is not available in many hospital or clinic laboratories,
and the results may not be available for several hours, which is
impractical in patients who are scheduled for surgery on the same
day. Furthermore, since LMWHs have a predictable pharmacoki-
netic profile and elimination half-lives of three to four hours, there
should not be a clinically important residual anticoagulant effect
24 hours after the preceding dose (38).

Resumption of bridging anticoagulation post procedure
The decision to resume bridging anticoagulation after surgery is
based on whether there is adequate postoperative hemostasis and
the bleeding risk associated with the surgery. If there is ongoing
bleeding after surgery, the resumption of bridging anticoagulation
should be deferred until the bleeding has subsided. In general, most
postoperative bleeding will resolve within 24 hours after surgery.

If there is adequate postoperative hemostasis after surgery, the
decision to resume anticoagulants will depend on the bleeding
risk associated with the surgery. A suggested formulation for the
resumption of bridging therapy with LMWH after surgery or an
invasive procedure is presented in Table 15.4.
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In patients undergoing surgery associated with a high risk of
bleeding, such as prostatectomy or neurosurgery, the resumption
of bridging anticoagulation should be deferred for at least 48—72
hours after surgery and, preferably, after consultation with the
surgeon. In patients undergoing surgery that is associated with a
moderate risk of bleeding, such as intra-abdominal or intratho-
racic surgery, the resumption of bridging anticoagulation should
be delayed until 24-48 hours after surgery, while in the case of a
procedure with a low risk of bleeding, bridging anticoagulation
can be resumed 12-24 hours after surgery.

In patients who develop major postoperative bleeding, all anti-
coagulants should be withheld until the bleeding source has been
identified and treated. The need to prevent further bleeding super-
sedes the resumption of anticoagulants. If the cause of the bleeding
is readily reversible, as with the repair of a blood vessel inadver-
tently severed during surgery, anticoagulants probably can be re-
sumed within 24 hours after consultation with the surgeon.

Resumption of warfarin therapy

As with the resumption of bridging anticoagulation, the resump-
tion of warfarin should be predicated on the patient’s risk for
postoperative bleeding. With most types of surgery or procedures
that are associated with a low or moderate risk for bleeding, war-
farin can be restarted on the evening of surgery since a clinically
significant anticoagulant effect not occur for at least 48 hours after
the initial dose of warfarin, and a full anticoagulant effect will not
occur for four to five days (40,41). In patients who are undergo-
ing a surgical or other procedure associated with a high or very
high risk for postoperative bleeding, the initial dose of warfarin
can be resumed on the evening of the first or second postoperative
day. Overall, the graduated approach to resuming warfarin should
parallel the resumption of bridging anticoagulation and should be
individualized based on a postoperative assessment of the patient’s
risk for bleeding.

The starting dose of warfarin can be the patient’s usual dose, ac-
cording to their preprocedure dose regimen with adjustments for
perioperative medications and dietary changes that can change
the effects of warfarin. Consequently, the resumption of war-
farin on the evening after surgery should not adversely affect
postoperative hemostasis. If a patient has received high-dose vita-
min Kbefore surgery (i.e., 5-10 mg), this may result in resistance to
re-anticoagulation when warfarin therapy is resumed. Because it
is difficult to predict the warfarin dose requirements of such pa-
tients, it is reasonable to double their usual dose of warfarin for
two consecutive days after surgery. If low-dose (1-2 mg) vitamin
K has been given before surgery, it is reasonable to double the first
dose of warfarin and to resume the usual dose on the following
day.

Bridging anticoagulation should be stopped when a patient’s
INR level is within the therapeutic range. Preferably, INR testing
should be done on day 3 and day 5 after surgery. The timing of
postoperative INR testing may vary by one day earlier or later,
depending on the day of the week that the surgery was done and
patient availability for blood testing. In most patients, with a target



INR of 2.0-3.0, bridging anticoagulation will be required for three
to four days after surgery, and in patients with a target INR of
2.5-3.5, approximately five days of bridging anticoagulation will
be required.

Summary

The management of patients who require temporary interruption
of warfarin requires an individual assessment of the patient’s risk
for thromboembolism during interruption of this treatment and
their risk for bleeding associated with surgery. These considera-
tions will determine whether patients receive bridging anticoagu-
lation. In patients in whom bridging anticoagulation is considered
appropriate, the risk for bleeding associated with the surgery or
invasive procedure will determine when bridging anticoagulation
is resumed after surgery. In recent years, much progress has been
made in understanding the therapeutic benefits and risks of bridg-
ing anticoagulation through cohort studies and patient registries.
However, several questions remain that, ultimately, are best ad-
dressed by randomized controlled trials. Most important, perhaps,
is the need to address whether bridging anticoagulation is needed
in patients who require temporary interruption of warfarin, espe-
cially in patients at low-to-moderate risk for thromboembolism
in whom there is clinical equipoise about best practice and who
constitute the vast majority of patients assessed. Additional unan-
swered questions relate to the timing of bridging anticoagulation
before and after surgery and identifying types of surgery and pro-
cedures in which the risk for bleeding precludes postprocedure
bridging anticoagulation.
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Evidence-based Approach to the

Diagnosis and Management of Thrombotic
Thrombocytopenic Purpura

Brian Boulmay, Craig S. Kitchens

Thrombotic thrombocytopenic purpura (TTP) is a relatively rare
disorder with an incidence of 3.7 per million (1). The classic clini-
cal pentad, which included thrombocytopenia, hemolytic anemia,
renal dysfunction, neurologic changes, and fever, was promul-
gated in 1966; TTP remains a clinical diagnosis (2). When this
syndrome was initially described, outcomes were universally poor
with greater than 90% mortality (2). Often the initial diagnosis
of TTP was delayed because of confusion with other disorders
such as disseminated intravascular coagulopathy (DIC). Other
syndromes such as HELLP (hemolysis, elevated liver enzymes,
and low platelets), eclampsia, and hemolytic uremic syndrome
share similar clinical features implying an overlap in pathogenic
mechanisms. Despite its labor intensity, the introduction of either
plasma infusion (3) or plasma exchange (4) led to dramatic and
effective improvements in outcomes. Thus, establishment of a firm
diagnosis in a timely manner is imperative.

The hemolysis in TTP is related to red cell shearing from platelet
thrombi formed in the microvasculature. Von Willebrand factor
(VWE) is a glycoprotein produced by platelets and the endothe-
lium; itisintegral to platelet aggregation. VWF is initially produced
as a large multimeric protein, the so-called ultra-large VWF mul-
timer (ULVWF), which are the most reactive form of VWF in the
activation of platelets. Normally ULVWF is cleaved by a pro-
tease specific for VWF termed ADAMTS13 (a disintegrin and
metalloprotease with thrombospondin-1-like domains). In a ma-
jority of both congenital and idiopathic TTP syndromes, lack
of ADAMTSI3 results in accumulation of ULVWE, platelet
thrombi formation, and obstruction of microcirculatory ves-
sels. Idiopathic TTP likely results from autoantibodies directed
against ADAMTS13 in most cases. However, congenital absence
of ADAMTS13 accounts for a small but definite subgroup of TTP,
particularly TTP recurring over decades.

This chapter provides an evidence-based overview of current
“best practice” with regards to specific questions relevant to the
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management of patients with thrombotic thrombocytopenic pur-
pura. Grading of the quality of evidence and strengths of recom-
mendations in this chapter are based on the guidelines proposed by
the international Grading of Recommendations Assessment, De-
velopment, and Evaluation Working Group (GRADE), adopting
the modification used by the American College of Chest Physicians
that merges the very low and low categories of quality of evidence
(see chapter 1).

What are the Diagnostic Criteria for TTP?

A variety of signs, symptoms, and laboratory findings has been
suggested as diagnostic criteria for TTP. These criteria are not
universally agreed upon as diagnostic weight has yet to be fully
established for any of these findings. The pentad of schistocytic
hemolytic anemia, thrombocytopenia, renal abnormalities, fever,
and mental alterations is descriptive yet rather nonspecific. Astute
clinical judgment remains the key in prompt diagnosis of TTP.

Schistocytes result from pliable red blood cells (RBCs) being
forced over and around microvascular endothelial surfaces rough-
ened by the obstructive mass of ULVWF and its adherent platelets,
often at considerable shear force. Whereas seemingly typical TTP
has rarely been reported without any observable schistocytes on
the peripheral blood smear (5), these cells are so frequently associ-
ated with TTP that their presence has assumed a near sine quo non
status. However, other endothelial perturbations may be associ-
ated with observable schistocytes. Circulating blood from patients
having undergone bone marrow transplantation may have up to
1% schistocytes in their peripheral blood (6) as can patients in
whom various arterial stents have been inserted (7). Patients with
pre-eclampsia may have up to 0.25% schistocytes, while those with
mechanical heart valves may harbor 0.18%. Blood from perfectly
normal subjects may display up to 0.05% schistocytes (8). Lesesve
etal., determined that among patients considered possibly to have
TTP, less than 1% schistocytes yielded a 98% negative predictive
value for TTP while Burns et al. (8) described a mean schistocyte
count of 8.4% (range 1%-18.4%) in patients with TTP.
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Recently, a group of experts assembled to reach consensus re-
garding diagnostic criteria in TTP. They ranked a total of 27 puta-
tive clinical criteria and agreed that five criteria were optimal for the
diagnosis and these included: (1) greater than 4% schistocytes on
the peripheral blood smear; (2) de novo, prolonged, or progressive
thrombocytopenia with platelet counts less than 50,000/mm?® or
at least a 50% reduction from previous platelet counts; (3) sudden
and persistent increase in serum lactate dehydrogenase (LDH); (4)
decrease in hemoglobin concentration or an increase in transfu-
sion requirement; and (5) a decrease in serum haptoglobin lev-
els. This group found that these readily available laboratory find-
ings produced greater than 80% sensitivity and specificity for the
diagnosis of transplant-associated microangiopathy (TAM) (9).
Although these criteria were developed to be applied when one
considers TAM-TTP, they represent the best-validated diagnostic
criteria to date. Therefore, while these criteria have yet to be ap-
plied to acute idiopathic TTP, they should be considered useful
when approaching a syndrome that appears to be acute TTP.

Immune-mediated idiopathic TTP is a result of inhibitory anti-
bodies to ADAMTS13. Consequently, this has led some to propose
that the ADAMTS13 activity assay be used as an aid in the diag-
nosis of the disorder (10). Assays for ADAMTS13 are neither rou-
tinely nor immediately available. In addition, ADAMTS13 activity
can be reduced in a variety of conditions that are confused with
TTP, such as systemic lupus erythematosus, immune thrombo-
cytopenic purpura, and DIC (11). Both the sensitivity and speci-
ficity of this assay for idiopathic TTP is variously reported from
33% to 100% (12-16). Patients with idiopathic TTP often have
ADAMTSI13 activities of less than 5% of normal controls; other
secondary forms of TTP, such as those associated with drugs, can
have up to 100% ADAMTS13 activity (13). However, even in cases
in which ADAMTS13 is normal but presentation is consistent
with TTP, patients respond to conventional treatments such as
plasma exchange. In the remission period, levels of ADAMTS13
less than 5% are indicative of the congenital absence-type
ADAMTS13 deficiency, which may have prognostic or therapeutic
implications.

Conclusion. Laboratory findings, including schistocytes, anemia,
platelet counts of less that 50,000/mm?, and renal failure in the ab-
sence of another alterative diagnosis, are strongly indicative of TTP
(Grade 2C). Elevated LDH, decreased haptoglobin, and negative
direct antiglobulin test will lend further weight to the diagnosis. A
normal ADAMTS13 activity cannot be used to rule out a diagnosis
of TTP. TTP remains a clinical diagnosis (Grade 1C).

Is therapeutic plasma exchange superior to
plasma infusion for the treatment of TTP?

Plasma infusion benefits patients with idiopathic TTP secondary
to replacement of the deficient VWF-cleaving protease ADAMTS-
13. Therapeutic plasma exchange (TPE) allows both replacement
of VWEF-cleaving protease and removal of a presumed antibody to
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ADAMTS13. TPE involves the removal of the patient’s plasma and
replacing it with donor plasma, typically in the form of fresh frozen
plasma (FFP). TPE should not be confused with simple plasma-
pheresis in which plasma is removed and replaced with, typically,
albumin and saline. The efficacy of TPE has been established by
12 large uncontrolled case series with response rates of 60%-80%
(17).

The Canadian Apheresis Study Group performed a randomized
prospective trial, which enrolled 102 patients with the diagnosis of
TTP to two treatment arms: (1) plasma infusion with 30 mL/kg of
FFP on day 1 followed by 15 mL/kg per day, or (2) daily TPE using
1.0-1.5 times plasma volume exchange. Patients were treated daily
with plasma infusion or TPE until the platelet count increased
to 150,000/microliter with no neurologic dysfunction; patients
then had five additional treatments administered over two weeks.
Those who failed plasma infusion after nine days were allowed to
crossover into the TPE arm. The patients in the TPE arm had an
initial response rate of 47% as compared to 25% in the plasma
infusion arm. Overall survival was statistically superior in the TPE
arm: 78% versus 63%. In addition, the superiority of TPE persisted
at six months with 78% of those remitted patients remaining in
remission (18).

Although TPE has been shown to be superior to simple trans-
fusion, it is unclear what the optimal exchange volume should be.
The Canadian Apheresis Study Group used 1.5x exchange for D1-
3 followed by 1x exchange (18). Observational data suggest the
use of twice daily 1 x plasma exchange may be employed if patients
do not have an adequate response to initial exchange streategies
(19).

A retrospective review evaluated thirty-seven patients treated
with either high-dose plasma infusion (25-30 mL/kg per day) or
TPE with single-volume plasma was performed (20). Sixteen of 19
patients treated with high-dose plasma infusion achieved remis-
sion with an average dose of 27.5 mL/kg/day. However, 8 of these
19 patients required a change of therapy due to fluid overload,
unresponsiveness to initial therapy, or while plasma was being ta-
pered. In the TPE group, 88% achieved a remission. These data
suggest that high-dose plasma infusion is an appropriate initial
therapy if TPE is unavailable.

Conclusion. TPE should be initiated as soon as the diagnosis of
TTP has been established (Grade 1B). Initial 1.0-1.5 x TPE can be
employed (Grade 2B) with a change to twice-daily single-volume
exchanges if ineffective (Grade 2C). High-dose plasma infusion
can be considered appropriate initial therapy if TPE is unavailable
(Grade 2C).

Is cryoprecipitate-poor plasma preferred over
FFP for treatment of TTP?

It is believed that large VWF multimers are central to the patho-
physiology of TTP, and it has been postulated that cryoprecipitate-
poor plasma (CPP) would be a superior exchange fluid because it



has been rendered deficient in the donors’ large VWF multimers.
CPP has been reported as being efficacious as salvage therapy after
failure with FFP in a few case series (21,22). The utility of CPP
as upfront therapy was first evaluated in a nonrandomized retro-
spective series of 37 patients treated with FFP (19) or CPP (18)
as exchange fluid (23). The groups were well matched for age,
sex, race, and hematologic parameters. Patients in the CPP arm
did receive more exchange therapies and were exposed to more
blood product. However, a statistically significant survival advan-
tage was noted in the CPP group: 72% versus 47% in the FFP
group.

A retrospective Canadian series treated 40 newly diagnosed TTP
patients with therapeutic plasma exchange, using CPP plasma as
the exchange fluid (24). A 75% response rate was reported after
seven exchanges and 95% were alive at one month. Although this
study did not have an FFP arm, the study authors concluded that
there was a significant difference compared with historical controls
in which FFP was the primary exchange fluid (p < 0.05) in terms
of response rates.

The North American TTP Group performed the only random-
ized prospective trial comparing FFP (13 patients) with CPP (14
patients) as initial therapy for idiopathic TTP (25). Patients treated
in both arms had clinical parameters, including neurologic dys-
function, creatinine, platelet count, and hemoglobin measured at
days +6 and +13 after initiation of therapy. There were no statis-
tically significant differences in any of these measurements at both
time points. Further, there was no difference in survival between
the two treatment arms, with three deaths in each treatment arm.

Conclusion. Cryoprecipitate-poor TPE can be considered in pa-
tients refractory to initial therapy with FFP (Grade 2C). TPE using
CPP is equivalent to FFP as initial therapy based on the only ran-
domized data (Grade 2B).

Do antiplatelet agents have a role in the
treatment of TTP?

Unbridled platelet adhesion onto VWF multimers is the putative
underlying cause of the development of microvascular thrombosis
in TTP. Although the mechanism of action of aspirin through
the inhibition of thromboxane-dependent pathways would not
be expected to specifically interfere with TTP pathophysiology,
some have proposed blocking additional platelet aggregation with
the use of aspirin and dipyridamole. Early studies suggested that
antiplatelet therapy helped achieve disease remission (26); many
protocols that use TPE as the backbone of therapy for TTP also
include platelet inhibitors such as aspirin or dipyridamole (24,27).

An TItalian prospective trial has directly addressed the efficacy
of adding antiplatelet agents to TPE. Seventy-two patients with
idiopathic TTP were randomized to receive TPE plus methyl-
prednisolone with or without the use of aspirin/dipyridamole (10
mg/kg/day and 3 mg/kg/day, respectively). One volume TPE was
employed daily for at least 7 of 10 days; if complete remission
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was achieved, two additional exchanges were done. At day 15, pa-
tient outcomes were assessed: 75% achieved a remission in the
TPE/steroid arm and 91% in the TPE/steroid/antiplatelet arm;
this difference was not statistically significant. There were a higher
number of deaths in the arm treated with TPE and steroids alone;
however, this difference also was not statistically significant (28).

An obvious potential complication of using antiplatelet therapy
inthrombocytopenic patients ishemorrhage. One small retrospec-
tive series reported 35% of patients had serious bleeding compli-
cations when treated with antiplatelet agents as part of standard
therapy (at relatively high doses of aspirin 900 mg-2,700 mg/day)
(29). This observation was not borne out in the Italian Cooperative
Group study, which used lower doses of antiplatelet agents. In the
Italian study, 3 of 35 patients treated with aspirin/dipyridamole
developed mucocutaneous bleeding and one developed a gas-
trointestinal hemorrhage, none of which were lethal or required a
change in therapy (28).

Multiple clinical trials that have evaluated the use of plasma
infusion/exchange strategies have variously employed antiplatelet
therapies. All patients treated in the aforementioned Canadian
Apheresis Study Group trial received aspirin (325 mg/day) and
dipyridamole (400 mg/day) for a minimum of two weeks after
entry into the study (24). A retrospective review evaluating plasma
exchange/plasma infusion published reported 91% survival rates
without the use of antiplatelet agents (27). Consensus guidelines
published by the British Committee for Standards in Haematology
have suggested the use of aspirin for patients when the platelet
count rises above 50,000/mm? (30).

Conclusion. While use of aspirin and dipyridamole has not been
definitively shown to be of clinical benefit in TTP management,
they can be considered a reasonable part of therapy once the
platelet count has improved to the point that life-threatening
bleeding is of less concern (Grade 2C).

Do glucocorticosteroids have a role in the
treatment of TTP?

Most cases of idiopathic TTP are thought to arise due to autoan-
tibodies of the IgG subtype directed at ADAMTS13 (12). The ad-
dition of immunosuppressive agents such as glucocorticosteroids
may result in a more durable remission if antibody production can
be reduced. One case series has reported treating 54 patients with
TTP but lacking neurologic abnormalities with only 200 mg/day
of prednisone; 51% of these cases had a durable remission with
neither TPE nor plasma infusion (27). The Canadian Apheresis
Study Group, which evaluated TPE versus plasma infusion, did
not employ steroid therapy as part of the treatment regimen (18).
Outcomes data showed a 78% response rate in the TPE arm, which
were similar to other exchange studies employing steroid treat-
ment. No study has compared a steroid-containing arm to TPE
alone.
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Expert opinion and consensus statements suggest that steroid
therapy can be added when response to initial therapy is poor
(Grade2C) (19). Alternatively, a short course of pulse-dose steroids
(1 gram methylprednisolone daily for three days) could be consid-
ered as part of upfront treatment with TPE to achieve immuno-
suppression while minimizing long-term steroid exposure (Grade
2C) (30). Such therapy would also seem rationale when TPE is not
readily available (Grade 2C).

In early remission should TPE be
tapered or stopped?

No one laboratory or clinical endpoint is sufficient to direct clini-
cians in deciding when to stop therapy with plasma exchange. In-
stead, remission is typically defined as a resolution of the throm-
bocytopenia, a stable hemoglobin, resolved neurologic deficits,
normal renal function, and normal (or normalizing) serum LDH.
Once these initial parameters have been met, the decision to stop
therapy can be entertained, but the decision in the final analysis is
a gestaltbased on the entire clinical and laboratory picture. Clearly,
if a patient experiences disease exacerbation after the discontinu-
ation of TPE, therapy will need to be resumed.

Consensus data and expert recommendations support that daily
TPE should be continued two to three days after remission as a
“consolidation” strategy, analogous to continuing chemotherapy
after maximal response in malignant disorders (30). Itis also a fre-
quent practice to continue TPE but decrease treatments to every
other day for a certain length of time before stopping completely.
These strategies are not founded on any randomized trials but
instead stem from our understanding of the underlying patho-
physiology of TTP. The purely empiric decision to continue TPE
despite achievement of remission needs to be weighed against the
significant complication rate associated with an indwelling central
venous catheter, exchange itself, and continued exposure to blood
product. A review of 206 patients treated with TPE showed that
26% of patients developed blood-borne infections, hypotension,
and deep vein thrombosis; most significantly, a 2% incidence of
death was directly related to treatment (31).

Conclusion. Plasma exchange should be continued for two to three
days postremission (Grade 2C). Tapering strategies for TPE are
purely empiric.

Are there differing categories of TTP and does
the differentiation guide therapy?

Idiopathic TTP is the most common presentation of the disease.
However, several clinical scenarios, such as allogeneic stem cell
transplant, systemic lupus erythematosus (SLE), and drug expo-
sures, clearly lead to development of TTP or a TTP-like syndrome.
Drugs most frequently associated with this disorder include mit-
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omycin C (32), quinine (33), and ticlodipine (34). Whereas the
clinical manifestations of many of these cases are consistent with
microangiopathic hemolytic anemia, it is uncertain whether treat-
ment with TPE is of benefit.

Patients who have undergone stem cell transplant (SCT) often
develop what has been termed a “TTP-like” syndrome; that is,
the presence of a microangiopathic anemia and thrombocytope-
nia without another obvious etiology (35). In addition, transplant
patients often can have the “hallmark” signs of TTP such as fever,
neurologic compromise, renal failure but not the actual disorder.
The incidence of TTP associated with transplant has been vari-
ously reported from as low as 2% to as high as 76% (36). Unlike
the majority of idiopathic TTP cases, patients with transplant-
related TTP have a relatively normal level of ADAMTSI13 (36).
Instead, the underlying pathophysiologic mechanism is thought
to be related to endothelial disruption from the preparative regi-
men. The implications for treatment is that conventional therapies
applicable to idiopathic TTP that target ADAMTS13 deficiency do
not have a basis in the transplant setting. One retrospective case
series reviewed clinical outcomes in 17 patients who were given
a “confident diagnosis” of TTP after allogeneic SCT. All of the
patients received TPE, ranging from 2 to 30 exchanges; of these,
18% had a meaningful clinical response such as normalization
of LDH and resolution of seizures. The patients diagnosed were
more likely to have acute graft-versus-host disease (47% vs. 13%,
p < 0.01), matched unrelated donor transplant (71% vs. 39%,
p = 0.02), and systemic infection. Most significantly, however, is
that only 1 of 17 patients was alive at 42 month follow-up. Clearly,
patients who develop this TTP-like syndrome posttransplant do
poorly compared with controls, and TPE may not be of benefit.
Instead, more aggressive therapies directed to the underlying eti-
ology of the microangiopathic process may be more appropriate
(35).

The association of TTP with SLE has been reported extensively,
with 56 case reports extant in the medical literature (37). The
concurrent development of these two clinical entities could be
explained by underlying and overlapping autoimmune processes.
However, most case reports have either predated the recognition
of, or not included data, on ADAMTS13 activity. Distinguishing
TTP from SLE clinically can often prove difficult—in many ways
analogous to the confusing picture seen with allogeneic transplan-
tation. One extensive review of 40 case reports of SLE associated
with TTP demonstrated that three distinct categories existed: TTP
presenting after the diagnosis of SLE (73%), TTP presenting at the
time the SLE diagnosis was given (12%), and a TTP diagnosis pre-
ceding SLE (15%) (38). While an active lupus “flair” may present
with the classic pentad seen in active TTP, this series demonstrated
that 43% of those with a known history of SLE do not have clin-
ically active lupus at the time of the TTP diagnosis. The primary
treatment strategy in the cases reviewed consisted of TPE (68%),
plasma infusion (12%), steroids (10%), and no therapy (7%). De-
spite the use of TPE in a majority of cases, overall mortality was
relatively high (34%); the mortality rate with TPE specifically was
32%. Based on these data, TTP in the setting of SLE carries with



it a substantial mortality rate despite the use of standard therapies
for idiopathic TTP.

Drug-associated TTP is an entity that has been described exten-
sively in the literature: quinine, ticlopidine, and mitomycin-C are
most commonly reported. The exact mechanism underlying the
association is unclear. Although most idiopathic TTP cases have
evidence for an ADAMTSI13 inhibitor (13), many cases associ-
ated with drugs do not (14,39). In the case of ticlopidine-induced
TTP, plasma from patients has been found to cause disruption of
normal microvascular endothelium (40). With quinine exposure,
IgG and IgM have been found that interact with both the glyco-
protein Ib/IX or IIb/IIla and likely play a role in the pathophys-
iology of the disease (41). Most literature describing mitomycin
C-associated TTP report occurrence one to two months after the
last dose of chemotherapy. Data suggest that there is a cumulative
dose effect, with 60 mg most often reported as a threshold dose
beyond which TTP becomes more common (42). The pathogenic
mechanism is unclear, however. Data indicate that mitomycin-C
increases platelet aggregation via inhibition of prostacyclin pro-
duction (43), and there is clearly endovascular disruption similar
to that seen in idiopathic TTP (44).

The mainstay of therapy in all cases of drug-associated TTP is
withdrawal of the drug; most often standard therapies such as TPE
are performed as an adjunctive therapy. One case series of 14 pa-
tients with quinine-associated TTP treated with plasma exchange
showed a 21% mortality rate, in those that survived, there were no
relapses (33). A retrospective case review in ticlopidine-associated
TTP showed the overall mortality of those who did not receive
TPE was 57.9%, while those receiving TPE had a mortality rate
of 18.3% (p < 0.001) (34). Several types of therapies have been
employed for the treatment of mitomycin-C—associated TTP, in-
cluding TPE, plasma infusion, glucocorticosteroids, dialysis, and
others. Despite these interventions, it carries a very poor progno-
sis with overall survival rates variously reported at 0%—25%. Most
patients die by three months from the time of diagnosis no matter
what treatments are used (42).

Conclusion. Several clinical situations (allogeneic transplanta-
tion, SLE) and drug exposures are associated with the development
of TTP or a TTP-like syndrome. Despite less favorable outcomes
as are seen in idiopathic TTP, clinicians can consider employing
standard therapies such as TPE/plasma infusion or glucocorticos-
teroids in management of these patients (Grade 2C).

What is the role of rituximab in the
treatment of TTP?

The underlyingautoimmune nature of idiopathic TTP has resulted
in the use of several adjunctive immunosuppressive strategies, such
as glucocorticosteroids (described previously), chemotherapeutic
agents, and splenectomy (see Table 16.1). Patients with idiopathic
TTP and high titers of autoantibodies to ADAMTS13 appear to
have a poor outcome (39); consequently, these cases may benefit
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Table 16.1 Immunosuppressive strategies in TTP.

Treatment strategy Level of evidence

Vincristine (17,46) Grade 2C
Cyclosporine (47) Grade 2C
Azathiprine/Prednisone (48) Grade 2C
Cyclophosphamide (49) Grade 2C
Splenectomy (50-52) Grade 2C

from aggressive immunosuppression in addition to TPE. Ritux-
imab is a chimeric anti-CD20 antibody with immunosuppressive
properties currently used in the treatment of clonal B-cell lym-
phoproliferative disorders. Several off-label uses for this drug have
been reported in autoimmune disorders. The only randomized
clinical trial describing its use in such diseases has been in treat-
ment of rheumatoid arthritis with positive outcomes (45).

Published literature regarding the use of rituximab in TTP is in
the form of case reports and small case series describing between
one and five patients. Most were treated with four weekly ritux-
imab doses at 375 mg/m?*. When summed together, all of the cases
report a clinically significant response to rituximab, with relapses
in only 4 of 29 patients; the median duration of response reported
varies between 2 and 23 months. However, confounding these data
is that there were no controls in any of the case series, and most
of the patients received several other immunosuppressive agents
in addition to rituximab (i.e., corticosteroids, vincristine). Lab-
oratory correlates obtained in certain case series report marked
increases in the ADAMTS13 activity and decrease in ADAMTS13
inhibitor after administration of rituximab (53).

Conclusion. Rituximab at a dose of 375 mg/m? weekly for four
weeks can be considered for use in cases of refractory or recurrent
episodes of TTP (Grade 2C).
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1 7 Diagnosis and Management of Disseminated
Intravascular Coagulation

Julia A. M. Anderson

Disseminated intravascular coagulation (DIC) is a clinicopatho-
logic syndrome characterized by the systemic activation of coag-
ulation. The mainstay of the syndrome involves the dysregulation
and excessive generation of thrombin and a reactive fibrinolytic
response. This leads to the widespread deposition of fibrin in the
circulation contributing to microvascular thrombosis and multi-
organ failure, a recognized phenomenon from histological studies
and animal experiments (1-3). Further activation of the coagu-
lation system depletes platelets and coagulation factors and may
precipitate bleeding manifestations. Clinical manifestations are di-
verse, forming a spectrum from asymptomatic lab abnormalities
to hemorrhagic and thrombotic complications, with evidence for
nonovert and overt clinical phases (4).

Until recently, DIC was poorly defined; its varied clinical pre-
sentation, heterogeneous causation (see Table 17.1; Figure 17.1)
and lack of systematic randomized controlled trials have led to
many recommendations based on expert opinion and consensus-
driven guidelines with no secure evidence base. Increasing knowl-
edge of important pathogenetic mechanisms has resulted in novel
therapeutic approaches to patients with DIC. In an effort to fa-
cilitate basic and clinical research into DIC, the 2001 Scientific
Subcommittee on DIC of the International Society on Thrombo-
sis and Haemostasis (ISTH) proposed a practical working defi-
nition (5) and a diagnostic scoring system for “overt” DIC that
now form a reference point for randomized controlled trials
and a more evidence-based approach to the management of this
syndrome.

Asearch of MEDLINE and PubMed for English language articles
relating to humans published from 1966 to 2006 using the terms
“disseminated intravascular coagulation” and related keywords,
and a search of the American Society for Hematology and the
ISTH meeting abstracts and ISTH abstracts for the years 1996 to
2005 yielded 11,682 publications, the majority of which are case
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reports, studies of pathophysiology, and reviews. There are three
phase Il randomized controlled trials evaluating the role of natural
anticoagulants in the management of DIC.

This chapter highlights and grades the currently available evi-
dence relevant to the diagnosis and management of DIC and poses
the following questions:

1. How does the clinician make a diagnosis of DIC, and why is
this a relevant clinical finding?

2. What is the role of specialized assays in the diagnosis of
DIC?

3. Whatscoring systems are in use, and what are their limitations?
4. Why is an international working definition and scoring system
important?

5. Whatare the primary management principles in the treatment
of a patient in DIC?

6. Is there evidence to support the use of anticoagulants and fib-
rinolytic inhibitors?

7. Istherearole for the supplementation of natural anticoagulant
pathways in the management of patients with DIC?

Grading of the quality of evidence and strengths of recommen-
dations in this chapter are based on the guidelines proposed by the
international Grading of Recommendations Assessment, Devel-
opment, and Evaluation Working Group (GRADE), adopting the
modification used by the American College of Chest Physicians
that merges the very low and low categories of quality of evidence
(see chapter 1).

How is the diagnosis of DIC made?

The presence of DIC increases the risk of mortality beyond that
associated with the primary disease (4,6). No single test exists with
sufficient diagnostic accuracy to confirm the diagnosis of DIC.
Most importantly, the diagnosis of DIC rests on the correlation of
clinical features, taking into account the relevant causative factor
andlaboratory findings. Monitoring the trend in serial tests is often
more important than the absolute results.



Table 17.1 Clinical conditions associated with overt disseminated
intravascular coagulation.

Diagnosis Causes

Sepsis, severe infection Gram negative and gram positive bacterial
infections

Viral infections

Fungal infections

Parasitic infections
Trauma Shock, hypoxia, brain injury, burns, heat stroke

Malignancy Solid tumors, including mucin-producing
adenocarcinoma
Hematological malignancies, especially acute

promyelocytic leukemia

Obstetric emergencies Amniotic fluid embolism, abruptio placentae,

retained dead fetus, eclampsia

Vascular abnormalities Large vessel aneurysms,*
giant hemangioma, including Kasabach-Merrit

syndrome

Toxic Drugs (recreational)
Venoms—snake and spider bites

Immunological Drugs (therapeutic)—heparin-induced
thrombocytopenia

ABO incompatible transfusion

Advanced liver disease LeVeen shunt

*See Figure 17.1.

Screening for the presence of overt DIC can be made by a com-
bination of simple, reliable, readily available laboratory tests, and
forms the basis of two currently used scoring systems (5,6):

1. Complete blood count and examination of the

blood film

A decreasing trend in the platelet count represents a sensitive, but
nonspecific marker of DIC. Examination of the blood film may
reveal red cell fragments but may also highlight the cause, for
example, toxic granulation and Do6hle bodies within neutrophils
and blasts in acute leukemia (see Figure 17.2).

2. Global assays of hemostasis

The prothrombin time (PT), activated partial thromboplastin time
(APTT), and thrombin clotting time (TCT) may show prolon-
gation, a reflection of ongoing coagulation factor consumption,
and impaired synthesis. These tests do not assess activation of
coagulation. Measurement of coagulation factor activity, such as
factor VII and factor V assays, and natural anticoagulants, such
as antithrombin and protein C activities add to the laboratory
picture.

Chapter 17 Disseminated Intravascular Coagulation

(b)

Figure 17.1 (a) Ecchymosis in a patient with chronic disseminated intravascular
coagulation caused by (b) a massive thoracoabdominal aneurysm.

3. Fibrinogen

Measurement of fibrinogen can be misleading as it acts as an
acute phase reactant, and with increased turnover may remain
within a normal range before falling due to consumption. Hy-
pofibrinogenemia is detected in limited cases, including acute
head injury, prostatic adenocarcinoma with hyperfibrinolysis, and
obstetric emergencies (7). Low levels of fibrinogen otherwise re-
flect the late consumptive stage of DIC. The measurement of
fibrinogen has recently been removed from the Japanese Asso-
ciation for Acute Medicine DIC scoring system (8), and it is pos-
tulated that the removal of fibrinogen levels from the calcula-
tion of ISTH DIC score will not affect the accuracy of its scoring
system (9).
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Figure 17.2 Importance of blood film examination in a patient with
disseminated breast cancer: the blood film shows circulating tumor cells,
thrombocytopenia and dramatic red cell fragmentation. Howell Jolly bodies are
also evident, secondary to previous splenectomy.

4. Tests for fibrin(ogen) degradation products (FDPs)
A test for the presence of fibrin degradation products is considered
a sine qua non for the diagnosis of DIC and should be elevated in
almost all patients with DIC (10).

FDPs may be detected by:
i. A serum FDP assay that uses polyclonal antibodies to detect
fibrin(ogen) degradation products D and E.
ii. A monoclonal antibody to detect the covalently linked D re-
gions of FDPs (D-dimer) (11).
iii. Bytheaddition of protamine sulfate or ethanol to cause precip-
itation in plasma of fibrin monomers and other fibrin-containing
complexes.

What is the role of specialized assays in the
diagnosis of DIC?

Nonovert DIC represents a more subtle form of hemostatic dys-
function, and its detection may provide better outcomes for the
patient by facilitating earlier intervention (12). Specialized labo-
ratory tests have been used in clinical trials and research settings
to assess for the presence of nonovert DIC, and include:
» markers of soluble fibrin monomer: markers of soluble fibrin are
highly sensitive but not specific. Quantification of soluble fibrin is
also difficult with variation between available assays (13)
» markers of thrombin generation: prothrombin fragment 142
or thrombin-antithrombin complexes
» markers of endothelial activity (thrombomodulin)
 neutrophil (elastase) disturbance
 o,-antiplasmin levels (often reduced in patients with hyperfib-
rinolysis, as in prostate disease or liver disease).

The analysis of a biphasic waveform displayed by an automated
laboratory machine during the APTT assay is a relatively specific
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and sensitive marker for DIC at its early stage (14) but can only
be performed on the MDA coagulation analyzer and is available
in only a limited number of labs. Detection of a similar abnormal
clotting pattern on other equipment may help diagnose nonovert
DIC in the future (9).

What scoring systems are in use, and what are
their limitations?

In 1983, the Japanese Research Committee on DIC sponsored by
the Japanese Ministry of Health and Welfare (JMHW) proposed
criteria for the diagnosis of DIC, and a scoring system was devel-
oped (6) but not widely adopted because of practical limitations
(15,16).In 2001, a scoring system was reviewed by the Subcommit-
teeon DIC ofthe ISTH (5) based on a retrospective analysis of stud-
ies in patients with DIC. The five-step diagnostic algorithm uses
the aforementioned routinely used laboratory tests (platelet count,
PT, decreased fibrinogen, plasma levels of fibrin[ogen] degrada-
tion products) and creates a scoring system (0—8 points). The overt
scoring system has been prospectively validated in a cohort of in-
tensive care patients confirming high sensitivity and specificity
(9); a nonovert scoring system has been demonstrated to be work-
able and has prognostic relevance and uses additional coagulation
assays of antithrombin and protein C (12).

Presently, the ISTH score fails to account for dynamic changes
over a period of time. New clinical scores are being refined and
validated (8,17) with the aim of improving the predictive power.
Proposed modifications to the ISTH score include the removal of
fibrinogen levels from the algorithm, and replacement of the PT
by the international normalized ratio (INR), to further standard-
ize the system. The optimal choice for a fibrin-related marker and
the ideal cutoff value also need to be established. In most centers,
measurement of D-dimers is used, but the measurement of soluble
fibrin holds promise (18). A recent study has demonstrated that
optimal cutoff points can be defined for the use of D-dimer results
in the DIC score (19).

Why is an international working definition and
scoring system important?

The ISTH Scoring system is not only a helpful bedside tool, but
also an independent predictor of mortality when applied to large
databases of patients with severe sepsis (7). The score may form
the basis of patient selection for new therapies aimed at modulat-
ing the interface of coagulation and inflammatory cascades, such
as recombinant human activated protein C (rhaPC). It also allows
for more standardized patient stratification in clinical trials of
critically ill patients treated with interventions aimed at the coag-
ulation system (20). Intensivists may be able to combine the overt
DIC score with other scores, such as the APACHE I score to better
predict mortality in critically ill patients although a prospective
study is required in this area (21).



What are the primary management principles in
the treatment of a patient with DIC?

An individual approach is necessary with prompt recognition and
removal of the precipitating cause. This may dramatically alleviate
the coagulopathy as, for example, in obstetric cases with uterine
evacuation for abruptio placentae. In other situations, for example,
septicemia, the administration of antibiotics and other treatment
measures may not alleviate the coagulopathy and DIC proceeds
(4,22).

Supportive management includes the maintenance of adequate
oxygenation, fluid, and electrolyte balance and the prevention of
acidosis and hypothermia. Replacement folate to prevent cytope-
nias and vitamin K to prevent acquired coagulation deficiencies
are important simple measures.

The efficacy of treatment with plasma, fibrinogen, cryoprecip-
itate, or platelets holds no evidence basis but is widely accepted
as supportive and aimed at replacing depleted coagulation factors
(23). Plasma and blood product therapies should not be admin-
istered on the basis of lab results alone. Administration of plasma
and blood products may be appropriate in a patient with active
bleeding, with a high bleeding risk, or if undergoing invasive pro-
cedures. Large volumes of plasma products may be necessary to
correct a given defect.

In nonbleeding patients, prophylactic platelet transfusions
should be considered to maintain a platelet count greater than
10-20 x 10°/L. Higher target levels may be required in patients
undergoing procedures, at risk for life-threatening bleeding (head
injury or intracranial bleeding), or with significant blood loss.
The threshold for platelet transfusion is based on randomized
controlled trials in patients with thrombocytopenia following
chemotherapy.

Cryoprecipitate administration should be considered in a symp-
tomatic patient to maintain the plasma fibrinogen over 1.0g/L, and
the administration of 10-15 mL/kg fresh frozen plasma is recom-
mended to correct factor deficiencies in DIC-associated bleeding,
with repeat PT and APTT tests to guide further therapy.

The use of coagulation factor concentrates, such as prothrombin
complex concentrates, are not usually appropriate as they contain
only single or a small combination of factors; minute traces of
activated coagulation factors may precipitate thromboembolism
or worsen the coagulopathy.

Is there evidence to support the use of
anticoagulants and the use of fibrinolytic
inhibitors in the management of DIC?

Anticoagulant therapy

Unfractionated  heparin, = low-molecular-weight  heparin
(LMWH), direct thrombin inhibitors, and other novel agents
have been shown to be efficacious in experimental models of
sepsis (24-26), but clinical studies are to date inconclusive (27).

Chapter 17 Disseminated Intravascular Coagulation

The successful use of heparin and LMWH have been anecdo-
tally reported in specific settings, such as chronic DIC associated
with solid tumors (28), and in overt cases of thromboembolism or
situations involving extensive fibrin deposition, such as purpura
fulminans and acral necrosis. Case reports highlight the success-
ful use of LMWH in managing chronic DIC in aortic aneurysms,
but in a small clinical series of 15 patients with abdominal aortic
aneurysm and markers of nonovert DIC, the preoperative admin-
istration of LMWH failed to improve intra-operative parameters
such as operating time, blood loss, and transfusion demands, de-
spite improvements preoperatively in platelet number and fibrino-
gen concentration (29).

The role of heparin in the treatment of the coagulopathy com-
plicating acute promyelocytic leukaemia (APML) remains con-
troversial (30). Before the introduction of all-trans retinoic acid
therapy, although widely accepted as a standard of practice, no
prospective, randomized controlled studies demonstrated the ef-
ficacy of heparin in this setting. Retrospective studies and small
poorly controlled clinical trials attempted to address the issue, but
results require cautious interpretation, and overall fail to demon-
strate significant efficacy of early therapy with heparin in the re-
duction of early death in patients with APML (31-33). Because of
advances in leukemia care, there is a need to re-evaluate prophylac-
tic anticoagulant therapy, such as LMWH or fondaparinux, to re-
duce early hemorrhagic death from DIC in APML. Well-designed
randomized controlled trials are required (34).

Novel anticoagulants may hold promise in the management of
DIC, including recombinant nematode anticoagulant protein c2,
a potent, specific inhibitor of the tissue factor/factor VIIa pathway
(35). The favorable effects of recombinant hirudin on endotoxin-
induced DIC have been demonstrated in animal studies (36) and
also shown in human volunteers to blunt thrombin generation and
the expression of tissue factor on monocytes (37). To date, there
have been no controlled clinical trials of this drug in patients with
DIC; the potential for bleeding (38) and lack of an antidote may
prove limiting factors.

Conclusion. Heparin may play a role in selected cases of DIC in-
volving thromboembolism, or fibrin deposition (Grade 2C). Its
role in the management of DIC in APML remains controversial
(Grade 2C).

Fibrinolytic inhibitors: (epsilon-aminocaproic acid [EACA]
or tranexamic acid)
These agents act by blocking secondary fibrinogenolysis and in the
setting of DIC may have adverse consequences such as the preven-
tion of tissue perfusion. Consideration may be warranted in sit-
uations of intense fibrinogenolysis, such as the Kasabach—Merrit
syndrome and other vascular malformations with anecdotal re-
ports of the successful use of tranexamic acid in combination with
danaparoid sodium in chronic DIC associated with abdominal
aortic aneurysm (39).

Tranexamic acid has been used in the coagulopathies affecting
metastatic prostate cancer and APML (40), although in a large
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retrospective study of 268 patients treated for APML with either
heparin, antifibrinolytic agents (tranexamic acid, EACA, or apro-
tonin), and supportive therapy alone, no significant differences
were demonstrated between the three groups (31).

Conclusion. Fibrinolytic inhibitors may have a limited role in
the management of DIC associated with intense fibrinogenolysis
(Grade 2C).

Is there a role for the supplementation of
natural anticoagulant pathways?

Phase III clinical trials have been performed with three natural
anticoagulants, antithrombin (AT) (41), activated protein C (aPC)
(42), and tissue factor pathway inhibitor (TFPI) (43) in the setting
of patients with severe sepsis (38).

TFPI

In 2001, a large (1,754 patients) phase III randomized, double-
blind, placebo-controlled, multicenter trial of recombinant TFPI
(rTFPI), the OPTIMIST trial, demonstrated rTFPI to be ineffective
in patients with severe sepsis (43). There was a notable drug inter-
action with heparin and rTFPI with a trend to harm in the rTFPI
arm when heparin was co-administered (rTFPI 34% vs. placebo
29.8%, p = 0.12). Disparate results in mortality rates were ob-
served during the course of the trial and remain unexplained (44).

Antithrombin (AT)

The use of AT concentrates in patients with DIC has been stud-
ied extensively, mostly in patients with septicemia. As AT levels
notably decrease in the presence of systemic infection, there is a
clear rationale for its replacement in septic patients (45). All trials
show a degree of beneficial effect in terms of improvement of lab
parameters, shortening of the duration of DIC, or an improve-
ment in organ function (38). A series of small trials has demon-
strated a modest reduction in mortality in AT-treated patients, but
no trial has demonstrated a statistically significant effect (46—48).
In the KyberSept trial, a large multicenter phase III randomized
placebo-controlled trial of patients with severe sepsis, there was
no significant reduction in 28-day patient mortality in those with
sepsis treated with AT concentrate (41) (38.9% AT group vs. 38.7%
placebo group, p = 0.94). Questions relate to whether an optimal
patient cohort was studied as the 90-day survival time analysis
reached statistical significance with a mortality rate of 44.9% in
the AT group and 52.5% in placebo group and whether the pre-
specified target blood level of AT in the treated arm of >200% was
achieved (44).

Recombinant activated protein C and protein C
replacement therapies

Activated protein C concentrate has been demonstrated to
have anti-inflammatory and anti-apoptotic properties in animal
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models of gram negative septicemia (49). Clinically, the beneficial
effect of rhaPC has been demonstrated in two randomized con-
trolled trials. Following a dose-ranging study (50), a large phase
III multicenter randomized controlled trial in patients with severe
sepsis demonstrated a dramatic statistically significant reduction
in absolute risk of death of 6.1% and a relative risk reduction of
19.4% (prematurely stopped at second interim analysis because of
a significant reduction in mortality in the aPC treated patients)
(42). All-cause mortality at 28 days was 25% in the aPC group
versus 31% in the control group, a 19.4% relative risk reduction.
The administration of aPC was demonstrated to cause an amelio-
ration of coagulation abnormalities, and aPC-treated patients had
less organ failure (51).

Recombinant human aPC is now licensed for the treatment of
patients with severe sepsis and two or more organ failures. It is
administered as a 96-hour infusion, and caution is necessary in
patients with thrombocytopenia (<30 x 10°/L) to avoid risk of
intracranial hemorrhage.

The successful use of (unactivated) protein C replacement has
been reported in meningococcal septicemia (52) and purpura ful-
minans (53). In situations in which protein C is not available,
the strategy to replace protein C by plasma exchange has proven
successful in a small case series (54).

Conclusion. Current evidence shows no role for the use of rTFPI
(Grade 2B) or AT (Grade 2B) in the management of DIC associated
with sepsis. There is a strong recommendation for the use of rhaPC
in the management of DIC associated with severe sepsis (Grade
1A). Protein C may be replaced by factor concentrate or by plasma
exchange and may hold a role in the setting of DIC in sepsis if
rhaPC is unavailable (Grade 2C).

Summary points

e DIC is a syndrome characterized by enhanced thrombin gener-
ation leading to the intravascular deposition of fibrin within the
microvasculature leading to organ dysfunction.

o The presence of DIC increases the risk of mortality beyond that
associated with the primary disease state.

 Increased knowledge of the pathogenesis of DIC has enabled
novel therapeutic strategies to be considered in clinical trials.

o The development of an internationally accepted working def-
inition and scoring systems of overt and non-overt DIC may
allow improved patient selection for future randomized clinical
trials.
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Diagnosis and Management of Hereditary
Bleeding Disorders

Including Congenital/Acquired Platelet Function Disorders

Nigel S. Key, Alice D. Ma

Introduction

The focus of this chapter is inherited disorders of hemostasis,
including those entities that affect primary hemostasis (includ-
ing von Willebrand disease (VWD) and inherited intrinsic platelet
defects) and those that affect secondary hemostasis (specifically,
hemophilia A and B). Since the introduction and widespread avail-
ability of clotting factor concentrates to treat hemophilia (and later
vWD) beginning in the 1960s, there has been a vast improvement
in the ability to prevent death and disability from hemorrhage
and improve quality of life in these patients (1). Despite these
advances, it has been pointed out that the quality of evidence sup-
porting current recommendations on the optimal dose and dura-
tion of clotting factor replacement in various bleeding episodes is
not supported by rigorous evidence from appropriately designed
clinical trials (2). For example, early prospective randomized con-
trolled trials (RCTs) demonstrated that when initiated within two
hours, a single FVIII dose of 14 U/kg was superior to 7 U/kg, but
no less effective than 28 U/kg (both doses were >95% effective
at 48 hours) for all severities of hemarthrosis within this category
(3). Yet, in the absence of supportive evidence, single doses of
30 U/kg are frequently recommended for the treatment of acute
hemarthrosis in many recent texts (4). In other situations, such
as following surgery, plasma FVIII activity levels are frequently
used as a laboratory surrogate for hemostasis, and more recent
comparisons of clotting factor concentrates have tended to focus
on their pharmacokinetic rather than clinical bioequivalence (5),
even though the precise hemostatic target level of FVIII or FIX
in the postoperative setting remains uncertain (6). In fact, dur-
ing the past 25 years, there have been very few RCTs addressing
the minimal hemostatic level of FVIII or FIX in various bleeding
scenarios.
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The situation is even more complicated in hemophilic patients
who have developed high titer FVIII inhibitors (>5 Bethesda
units/mL), in whom bleeding events require treatment with one
of the FVIII/IX bypassing agents, FEIBA (FEIBA—VH®, Baxter,
Glendale, CA) or recombinant factor VIla (rFVIIa; Novoseven®,
Novo Nordisk, Inc, Bagsvaerd, Denmark). Not only are the mech-
anisms of action of both agents still debated, but there are no
validated surrogate laboratory endpoints for hemostasis, and the
dose response relationships remain incompletely defined (7). Fur-
thermore, the economic impact of treating bleeding episodes in
patients with FVIII inhibitors is considerable. Although the cost
per patient has been shown to be similar to noninhibitor patientsin
some studies (8), others have demonstrated that individuals with
an inhibitor may consume three times as many financial resources
as those without inhibitors (9,10). All studies agree that a few re-
fractory outlier patients can drive the average cost of treatment in
this subgroup. Thus, in the developing world, where the resources
available for the purchase of expensive clotting factor concentrates
are limited, the answer to these short-term treatment questions be-
comes especially pertinent.

Against this background, several high-quality clinical studies
have recently begun to address some of these important issues. In
this chapter, we will address one diagnostic and two therapeutic
questions in hereditary bleeding disorders for which high-quality
studies do exist, as follows: (A) What is the role of the platelet
function analyzer (PFA-100®) in the evaluation of disorders of
primary hemostasis? (B) Is primary prophylaxis with factor VIII
(FVIII) beneficial in preventing hemophilic arthropathy in chil-
dren with hemophilia A? (C) What is the optimal agent to treat
bleeding events in patients with congenital hemophilia A compli-
cated by a high titer FVIII inhibitor?

We searched under “Platelet function analyzer” and “PFA-100”
in MEDLINE for question A. We omitted articles dealing with ac-
quired defects, including drug-induced thrombocytopathies. All
other manuscripts were included. For question B, we included
manuscripts found while searching under the combination of
“hemophilia and prophylaxis” and “hemophilia and arthropa-
thy prevention.” For question C, we searched under “hemophilia
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Total number of
subjects reported  CADP CT

Table 18.1 PFA-100® closure times in congenital

platelet disorders.”
CEPICT  References

Disorders with normal platelet counts

Glanzmann thrombaesthenia 23 p
Aspirin-like defect 6 N
P2Y1; deficiency 4 NorP
Dense granule deficiency 30 Nor P
Hermansky—Pudlak syndrome 44 N or P
Primary secretion defects 30 N
Platelet procoagulant defect 1 N

Disorders with normal or low platelet counts

Bernard Soulier syndrome 8 p
Platelet-type von Willebrand syndrome 3 p
Grey platelet syndrome 3 p
Wiskott—Aldrich syndrome 5 Nor P
Hereditary Macrothrombocytopenia 5 N
associated with nonmuscle myosin heavy

chain lla syndromes

Macrothrombocytopenia of undefined 1M N or P
cause

Undefined autosomal dominant 1 N

thrombocytopenia

P (13,22-24,29,54)
P (29)

NorP (20,22)

N or P (13,22,23,29, 55)
NorP (13,23,24,56)
NorP (21,23,55)

N (22)

P (13,23)

P (29)

P (22,23)

NorP (23)

N or P (22,57)

NorP (23)

N (22)

* Adapted with permission from Hayward, et al. (20, p. 313). CADP CT, collagen/ADP closure time; CEPI CT, collagen/

epinephrine closure time; P, closure time prolonged; N, closure time normal.

A and inhibitors” and “Congenital hemophilia and inhibitors”
and “Factor VIII inhibitors,” excluding studies of acquired
inhibitors.

Grading of the quality of evidence and strengths of recommen-
dations in this chapter are based on the guidelines proposed by the
international Grading of Recommendations Assessment, Devel-
opment, and Evaluation Working Group (GRADE), adopting the
modification used by the American College of Chest Physicians
that merges the very low and low categories of quality of evidence
(see chapter 1).

A. What is the role of the PFA-100 in the
diagnostic evaluation of disorders of primary
hemostasis?

The Platelet Function Analyzer (PFA-100) was designed to re-
place the bleeding time as a clinically useful measure of primary
hemostasis (11). Citrated whole blood is aspirated through an
aperture in a cartridge where it contacts a membrane impreg-
nated with a mixture of either collagen and epinephrine (CEPI) or
collagen and ADP (CADP). Contact with these agonists leads to
platelet adhesion, aggregation, and activation, eventually resulting
in occlusion of the aperture and cessation of blood flow. The time
needed for this to occur is referred to as the closure time (CT)
(11). If the flow is prolonged beyond 300 seconds, nonclosure is
said to occur. The assay depends on von Willebrand factor (VWEF)
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binding to platelet receptors (glycoprotein Ib/IX/V and IIb/IIIa)
under high shear.

Several factors impact the results of the PFA-100 CT (12). It
is recommended that each laboratory establish its own normal
ranges, and coefficients of variation for CTs in normal samples
have been reported to be between 6% and 13% (13,14). The test
may be performed on blood anticoagulated with either 3.8% or
3.2% citrate. The higher concentration of citrate leads to longer
CT values (15). Preanalytical variables, which maylead to spurious
results, include running the assay more than four hours after sam-
ple collection (13) and transporting samples through a pneumatic
tube (16). CT values are prolonged in the presence of anemia and
thrombocytopenia (11), and neonates have shorter CTs, presum-
ably due to higher hematocrits and higher levels of von Willebrand
factor (VWF) (17). PFA-100 CTs are not affected by deficiencies
of fibrinogen or factors VIIL, IX, or XI (18,19).

A review on the use of the PFA-100 in the evaluation of platelet
disorders and platelet function was recently summarized by the
Platelet Physiology Subcommittee of the Scientific and Standard-
ization Committee of the International Society of Thrombosis and
Haemostasis. They concluded that “although the PFA-100® CT
is abnormal in some forms of platelet disorders, the test does not
have sufficient sensitivity or specificity to be used as a screening tool
for platelet disorders. A role for the PFA- 100® CTin therapeutic
monitoring of platelet function remains to be established” (20).
Table 18.1 is revised from this publication and lists the PFA-100
closure times in congenital and acquired platelet disorders.



Table 18.2 PFA-100® closure times in von Willebrand disease subtypes. *

vWD subtype CADP CT CEPI CT References

1 NorP NorP (21,24,29,34,58-65)

2A P P (24,29,34,58,59,61,62,64)
2B P P (24,29,34,58,59,61,62,64)
2N N N (29,58)

M P P (58,59,61)

3 P P (24,29,34,58-65)

*CADP CT, collagen/ADP closure time; CEPI CT, collagen/epinephrine closure
time; P, closure time prolonged; N, closure time normal.

Congenital platelet disorders prolong the PFA-100 closure times
in a manner proportional to their severity. Glanzmann throm-
baesthenia, Bernard Soulier Syndrome, and pseudo von Wille-
brand disease all reliably prolong both the CEPI and CADP closure
times, usually to nonclosure. Milder platelet abnormalities more
commonly encountered in clinical practice, including storage pool
disease and the macrothrombocytopenias, produce more hetero-
geneous results, with some only prolonging the CT in the CEPI
cartridge.

Studies examining PFA-100 CTs in platelet disorders have gen-
erally studied small numbers of patients and have varied in clinical
design and patient selection (Table 18.1). This has led to reports
of sensitivities for the PFA-100 in platelet disorders, ranging from
24% to 80% (13,21-24). Undoubtedly, the heterogeneity of platelet
disorders also contributes to this variable sensitivity.

There have been more studies evaluating the use of the PFA-
100 in identifying patients with von Willebrand disease (VWD)
(Table 18.2). This subject was reviewed by Favoloro in 2006 (18).
Multiple reports document reliably prolonged CTs for both CEPI
and CADP in severe VWD (Types 2A, 2B, 2M, and 3), with sen-
sitivities for these disorders near 100% (19,25-27). By contrast,
reports of sensitivities of CTs for detection of type 1 vWD are
lower and more variable, ranging from 50% (21) to 100% (28—
31). In general, the CT for CEPI is more likely to be prolonged,
and the CT for CADP is more likely to be normal, similar to the pat-
tern seen with aspirin ingestion. The variability in the sensitivity
may lie with the different reference ranges for VWF measurements
used in different laboratories and even the “slippery” criteria for
defining patients with type 1 vVWD (32). As a final consideration,
the PFA-100 has been reported to have poor reproducibility, with
variability between measurements as high as 20% (12,18).

Conclusions. The PFA-100 is a useful tool in the diagnosis of dis-
orders of primary hemostasis. Closure times that are not pro-
longed will adequately exclude severe subtypes of vVWD (2A, 2B,
and 3) and severe platelet disorders (Bernard—Soulier syndrome,
Glanzmann’s thrombaesthenia, and platelet-type vVWD) (Evidence
Grade 1C). For milder disorders such as platelet storage pool dis-
ease, platelet secretion defects, and type 1 vWD, the PFA-100 CT
lacks sufficient sensitivity but may be useful to follow the response
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to therapy (Evidence Grade 1C) (25,33,34). Like the APTT, the
PFA-100is only a screening tool. It is abnormal in a number of con-
ditions and cannot identify specific defects in primary hemosta-
sis. More specific testing such as measurements of VWF antigen
and activity levels, platelet aggregation testing, and platelet flow
cytometry are needed to make specific diagnoses.

B. Is primary prophylaxis with factor VIII (FVIII)
of benefit in preventing hemophilic arthropathy
in children with hemophilia A?

Recurrent joint hemorrhage in hemophilia predisposes to
chronic synovitis and ultimately, end-stage destructive hemophilic
arthropathy after an interval of years to decades. For at least 30
years, it has been proposed that periodic prophylactic adminis-
tration of FVIII or FIX concentrate is superior to “on demand”
therapy in preventing the later development of crippling arthropa-
thy. The original rationale (and goal) of prophylactic therapy was
to maintain circulating clotting factor levels above 1%-2% at all
times in patients with baseline levels of FVIII or FIX below this level
(i.e., severe hemophilia A or B, respectively). Prophylaxis may be
administered before any—or at most after a minimal number—of
hemarthroses in young boys with hemophilia, in which case it is
usually referred to as “primary.” “Secondary” prophylaxis, how-
ever, refers to the situation in which preventive therapy is initiated
at some later time in life in an effort to prevent recurrent hemor-
rhage and thereby slow the progression of arthropathy.

Pioneering studies from Sweden demonstrated that long-term
outcomes in patients receiving primary prophylaxis were superior
to historical controls receiving on-demand therapy (35). At about
the same time, the international Orthopaedic Outcome Study
Group reported that after several years of follow-up, secondary
prophylaxis decreased the rate of deterioration of hemophilic pa-
tients’ joints even when they were already damaged by previous
hemathroses (36). Despite favorable and consistent orthopedic re-
sults from these observational studies, prophylaxis was slow to be
widely adopted in the 1980s and early 1990s, primarily because
of concerns surrounding cost and blood-borne viral infections. In
addition, many unresolved questions remained to be addressed,
including the dose and frequency of administration of FVIII (or
FIX), and how to monitor joint disease progression, for example,
using clinical versus radiologic measures. Another critical issue
was when to begin and when—if ever—to discontinue prophy-
laxis. In this regard, retrospective cohort studies from the Nether-
lands reported that the median age at first bleed in boys with severe
hemophilia was 2.2 years (range 0.2-5.8). When prophylaxis was
started shortly after the first bleed, arthropathy was minimal af-
ter two decades of follow-up; however, the risk of joint damage
in adulthood increased in proportion to the delay in initiation of
prophylaxis after the first hemarthrosis (37).

Despite the body of literature attesting to the value of pro-
phylaxis in hemophilia, a Cochrane Collaboration review in 2005
concluded that there was “insufficient evidence from randomized
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controlled trials to determine whether prophylactic clotting fac-
tor concentrates decrease bleeding and bleeding-related complica-
tionsin hemophilia A or B, compared to placebo, on-demand treat-
ment, or prophylaxis based on pharmacokinetic data from individ-
uals” (38, p.2). This review identified four published small RCTs—
the majority from the 1970s—involving 37 subjects, with inconclu-
sive evidence of benefit, defined by the frequency of joint bleeds or
circulating clotting factor levels. No RCTs that included long-term
outcomes (clinical joint function, orthopedic joint score, radio-
logic joint score, or quality of life measurements) were identified.
The review did however acknowledge 26 observational studies that
included > 1,600 patients with hemophilia on prophylaxis and al-
most 1,200 individuals treated on demand that were highly sug-
gestive of a longer-term benefit of prophylaxis (38). Notably, the
inherent difficulty that systematic reviews of RCTs have in ad-
dressing long-term outcomes in individuals with chronic lifelong
diseases has been acknowledged elsewhere, leading some authors
to emphasize that these reviews should also consider data from
observational studies when addressing long-term outcomes (39).

Shortly after the publication of this controversial (40,41) review,
the results of a North American RCT (the “Joint Outcome Study”),
addressing the long-term outcomes of primary prophylactic ther-
apy in severe hemophilia A, were reported (42). This open-label
study, begun in 1996, randomized 65 boys with hemophilia A,
aged <30 months, to prophylaxis (25 IU/kg of intravenous re-
combinant FVIII given every other day) or “enhanced episodic
infusion,” in which joint bleeds were treated with at least three
doses of FVIII, totaling at least 80 IU/kg over three days, with
extension of treatment duration to a maximum of four weeks, if
needed. These children were eligible for randomization if they had
experienced <2 bleeds into each of the six index joints (two knees,
two elbows, two ankles). The primary outcome was preservation
of joint structure by magnetic resonance imaging (MRI) in these
six joints at six years of age, which was documented in 93% of chil-
dren on prophylaxis and 55% in the episodic therapy cohort (p =
0.002). Interestingly, MRI findings correlated poorly with clini-
cal evidence of hemarthroses, suggesting that frequent subclinical
bleeding in patients on episodic therapy is as—or even more—
important than clinically apparent hemarthrosis in determining
the likelihood of chronic arthropathy. Therefore, this study pro-
vides additional evidence that short-term outcomes in RCTs, such
as frequency of joint bleeding in hemophilia, may be a poor sur-
rogate for the clinically important long-term outcome of greatest
relevance (39).

Another 10-year RCT (the Evaluation Study on Prophylaxis:
A Randomized Italian Trial, or ESPRIT) similar in design to the
Joint Outcome Study, is currently nearing completion, and the
results are awaited (43). In Canada, a nonrandomized study eval-
uating lower-intensity prophylactic regimens has been completed
(44). In this five-year study, an inception cohort of 25 boys with se-
vere hemophilia was treated initially with once weekly prophylaxis,
with plans to escalate the dose for breakthrough bleeding. Chil-
dren on this tailored regimen fared better than historical controls,
with fewer bleeds per year, and a lower likelihood of developing
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“target joints” (chronic synovitis). This protocol may be an at-
tractive alternative in circumstances in which financial resources
or reluctance to self-administer frequent prophylactic concentrate
may preclude the use of the more standard regimens.

Conclusion. Primary prophylaxis at a FVIII dose of 25 IU/kg every
other day is superior to on-demand therapy in the prevention of
hemophilic arthropathy for boys with severe hemophilia A, when
begun at or shortly after the onset of hemarthroses. It is however
unclear whether (if at all) continuous prophylaxis can be discon-
tinued without risking the development of arthropathy (Grade 1A
recommendation).

C. Treatment of hemarthrosis in hemophilia
patients with high titer FVIIl inhibitors

Clinical trials assessing the efficacy of hemostatic therapies in
hemophilia complicated by high-titer inhibitors have generally
focused on joint and muscle bleeds of mild to moderate sever-
ity, primarily because they represent the most common site of
bleeding in hemophilia. Improvement in pain and restoration of
range of motion in the affected joint at a predetermined time fol-
lowing the therapeutic intervention has been used as a convenient
surrogate endpoint for hemostasis in these clinical trials.

Early RCTs of nonactivated prothrombin complex concentrates
(PCCs; includes agents such as Proplex (T)®, Konyne (80)®,
Bebulin®, Proﬁlnine®, and Prothromblex®) established their
therapeutic efficacy for the treatment of hemarthrosis in inhibitor
patients (45-47). These agents were generally licensed for the treat-
ment of hemophilia B uncomplicated by a FIX inhibitor but were
prescribed “off-label” to treat acute bleeding episodes in FVIII- or
FIX-deficient patients with inhibitors (Table 18.3). Importantly,
one study demonstrated a 25% response (defined as improvement
in joint mobility or pain) with the albumin placebo at six hours,
compared with a 50%—-60% response rate with PCCs (45). Shortly
thereafter, activated PCCs (FEIBA (VH)® and Autoplex®) were
introduced into clinical practice. In one prospective randomized
study, FEIBA was shown to produce a statistically significant im-
provement in efficacy compared with Prothromblex, a nonacti-
vated PCC (46), although in a second head-to-head comparison,
Autoplex was not superior to Proplex (47) (Table 18.3). A limi-
tation of these pioneering studies was the absence of information
on the elapsed time between the onset of bleeding symptoms and
administration of the first dose of clotting factor concentrate, and
home therapy did not become widely adopted as the standard of
care, as it did in hemophilia patients without inhibitors. Similarly,
no prospective studies of PCCs/APCCs were performed in surgery,
and in the absence of data on efficacy and safety, only surgery that
could not be avoided was generally recommended for patients with
inhibitors.

Recombinant factor VIIa (rFVIIa) was licensed by the U.S.
Food and Drug Administration for the treatment of bleeding
in hemophilia patients with inhibitors in 1999. Prelicensure



Table 18.3 Randomized control trials (RCTs) of FVIII/FIX bypassing agents
(prothrombin complex concentrates [PCC], activated PCCs, and rFVlla) in the
treatment of mild to moderate bleeds in hemophilia complicated by an
inhibitor.

Study year Study Doses Total patients Response rate’

(reference) arms (n) (n) (%)
1980 (45) Konyne® 1 157 47
Proplex® 1 53
Placebo 1 25
1981 (46)  FEBA®? Tor2 150 648
Prothromblex® 1 or 2 52
1983 (47)  Autoplex®* 1 82 52
Proplex® 1 56
2007 (53) FEIBA-VH®* 1 48 76
rFVila 2 65

*From (1) Key NS, Negrier C. Clotting factor concentrates; past, present and future.
Lancet. 2007;370(9585):439-48. Copyright Elsevier (2007).

T Generally assessed by subjective judgment at 6 hours post infusion.
*Activated PCC.

§p < 0.05.

randomized prospective dosing studies had demonstrated that
when treated at a median of 8-10 hours following the onset of
symptoms of bleeding (predominantly hemarthrosis), 35mcg/kg
and 70mcg/kg of rFVIIa, administered by bolus every 2.5 &+ 0.5
hours produced an equivalent efficacy of approximately 70% (48).
Subsequently, several nonrandomized studies of rFVIla demon-
strated efficacy rates of about 90% for joint and muscle bleeds
treated in the home setting with two or three doses of 90—
120mcg/kg given every two to three hours (49,50). In these stud-
ies, the drug was administered less than 3 hours after the onset
of bleeding, and in aggregate, the available literature suggests that
early administration of rFVIIa is an important determinant in op-
timizing the clinical response.

A systematic literature review published in 2003 concluded that
a paucity of high-quality studies precluded evidence-based rec-
ommendations on the management of bleeding in inhibitor pa-
tients (51). A subsequent Cochrane Collaboration review focused
on the relative merits of rFVIla versus plasma-derived concen-
trates (APCCs) in the treatment of acute bleeding episodes and
concluded that the absence of any RCTs comparing the two strate-
gies precluded the recommendation of one strategy over the other
(52). However, since that time, the results of a multicenter RCT
comparing rFVIIa (90-120mcg/kg body weight x 2 doses, admin-
istered 2 hours apart) to FEIBA (75-100 U/kg body weight, single
dose) have been published (53). This prospective, open-label, so-
called FEIBA Novoseven Comparative (FENOC) crossover study
was designed to test clinical equivalence of these two agents in
the treatment of large joint hemarthroses in inhibitor patients.
Patients were instructed to initiate treatment within four hours
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of symptom onset and to crossover to the alternative option to
treat the next qualifying hemarthrosis. The primary outcome was
evaluation of the hemostatic effect at six hours after onset of treat-
ment, at which time 81.3% of FEIBA-treated events were rated as
“effective” or “‘partially effective,” compared with 78.1% of rFVIIa-
treated events. However, the confidence intervals were such that
the criteria for declaring the two products equivalent at this time
point were not met ( p = 0.059), although the two treatments were
judged to be equivalent by the prespecified criteria at multiple later
time points. Of interest, this trial demonstrated that almost one-
third of patients rated the efficacy of the two agents differently,
with some reporting a greater response to rFVIIa and others to
FEIBA (53). This finding likely reflects the different mechanisms
of action of these bypassing agents and the inability of any labo-
ratory parameter to predict the response to either agent in a given
patient.

Conclusion. In the treatment of acute hemarthrosis requiring by-
passing therapy, rFVIIa and FEIBA are equivalent in their hemo-
static effect. However, the strength of this recommendation is
downgraded because a significant proportion of patients appear
to respond discordantly to one or the other agent, and the FENOC
study had insufficient power to gauge the relative thrombotic risks
of the two therapies. In addition, the quality of the evidence is ham-
pered by the failure to reach the primary predefined endpoint of
equivalence (albeit a “near miss”) in the FENOC study. Therefore,
this is rated as a Grade 2B recommendation.
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1 Diagnosis and Management of Acquired

Bleeding Disorders

Vitamin K Antagonists

Miguel A. Escobar

A review of the literature was done to identify all published trials
using MEDLINE and PubMed databases from 1996 to Decem-
ber 2006 using the following terms: coumarin, anticoagulation,
vitamin K, phytonadione, plasma, fresh frozen plasma (FFP), co-
agulation concentrate, prothrombin complex concentrate (PCC),
recombinant factor VIIa, Novoseven. The results were limited
to “human” and “English” language. Abstracts and conference
proceedings were not generally included. Grading of the qual-
ity of evidence and strengths of recommendations in this chap-
ter are based on the guidelines proposed by the international
Grading of Recommendations Assessment, Development, and
Evaluation Working Group (GRADE), adopting the modification
used by the American College of Chest Physicians (ACCP) that
merges the very low and low categories of quality of evidence (see
chapter 1).

What is the risk of bleeding with the use of
vitamin K antagonists?

Vitamin K antagonists (VKAs) are the mainstay of treatment for
the primary and secondary prevention of venous thromboem-
bolism, prevention of systemic embolism in patients with atrial
fibrillation and prosthetic heart valves, prevention of stroke, re-
current myocardial infarction, or death in patients with acute my-
ocardial infarction (1). VKAs exert their effect by interfering with
the gamma-carboxylation of glutamate residues on the N-terminal
domains of vitamin K—dependent proteins (2). They are metab-
olized in the liver through the cytochrome P450 system in par-
ticular involving the CYP2C9 isoenzyme. Acenocoumarol, war-
farin, and phenprocoumon are the different VKAs with half-lives
that vary between 10 hours, 40 hours, and 5 days, respectively.
The clinical effectiveness of VKAs is dependent on maintaining a
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therapeuticlevel of anticoagulation based on the international nor-
malized ratio (INR) of the prothrombin time (3). For most clinical
indications, a target INR between 2.0 and 3.0 is recommended (1).

It is estimated that about 1% of the population in the United
States and the United Kingdom receive long-term anticoagulation
with VKAs (4,5). However, despite adequate monitoring, bleed-
ing is the most common complication that can be seen in up to
7% per year of patients taking long-term anticoagulation (4). Ge-
netic and environmental factors can alter the effect of VKAs. For
example, mutations in the gene coding for the cytochrome P450
2C9 isoenzyme can account for the increased sensitivity of some
individuals to VKAs. Intensity of anticoagulation, length of ther-
apy, patient characteristics, and concomitant use of drugs that can
interfere with hemostasis can also increase the risk of bleeding in
some individuals (6). However, warfarin has a narrow therapeutic
window that is associated with an unpredictable anticoagulation
response, making it difficult to maintain the therapeutic target (7).
Although there is no clear consensus with regards to contraindi-
cations to oral anticoagulation, clinicians can make their selection
criteria using the exclusion criteria used in trials that evaluated the
efficacy and tolerability of anticoagulation in patients with nonva-
Ivular atrial fibrillation (see Table 19.1) (8). All contraindications
to anticoagulation are relative, and the decision to start antico-
agulation is usually individualized by assessing the risk-benefit of
thromboembolism versus bleeding.

Intensity of anticoagulant effect

Inrandomized clinical trials, cohort studies, and case control stud-
ies the evidence supports a strong relationship between the inten-
sity of anticoagulation and the risk of bleeding in patients treated
for deep vein thrombosis, atrial fibrillation, ischemic stroke, or
tissue and mechanical heart valves. In these studies, maintaining
an INR between 2.0 and 3.0 decreases the frequency of bleeding
by about half when compared with a target INR > 3.0 (9-12).
Intensity of anticoagulation is also an independent risk factor for
intracranial bleeding, especially when INR is above the 4.0 to 5.0
range (Grade 1C) (13,14).



Table 19.1 Exclusion criteria used in trials evaluating the efficacy and
tolerability of anticoagulation (8).

Active bleeding

Active peptic ulcer disease

Known coagulation defects

Thrombocytopenia (<50,000) or platelet dysfunction
Recent hemorrhagic stroke

Noncompliant or unreliable patient

Patient is psychologically or socially unsuitable
Dementia or severe cognitive impairment

History of falls (>3 within the previous year or recurrent, injurious falls)
Excessive alcohol intake

Uncontrolled hypertension (>180/100 mm Hg)
Daily use of nonsteroidal anti-inflammatory agents
Planned invasive procedure or major surgery

Length of therapy

Higher frequencies of bleeding episodes early in the course of start-
inganticoagulation hasbeen reported in four retrospective and one
prospective study evaluating almost 5,000 patients (15-19). In one
of these studies, the risk of bleeding decreased from 3.0% during
the first month of outpatient treatment to 0.3% per month after
the first year of therapy (17). Similar results were reported by the
Ttalian Study on Complications of Oral Anticoagulant Treatment
(ISCOAT) investigators who found that one-third of hemorrhagic
events occurred during the first three months of treatment (18).
The reason for the development of these early events in the afore-
mentioned trials is somewhat unclear, but there are several pos-
sible explanations: (1) anticoagulation can predispose to bleeding
from occult lesion; (2) fluctuation in laboratory values leading to
supra-therapeutic levels that provoke hemorrhage; and (3) dose
adjustments may be less well controlled at the beginning of treat-
ment (17,18).

Patient Characteristics

It is debatable whether the risk of bleeding is higher in older in-
dividuals although prospective studies support age as an inde-
pendent risk factor for major bleeding. In the ISCOAT (cohort
of 2,745 individuals), bleeding was reported more frequently in
those older than 70 years (10.5 per 100 patient-years of follow-
up) when compared with patients younger than 70 years (6.0 per
100 patient-years of follow-up) (relative risk = 1.75) (18). In the
SPAF-II trial (Stroke Prevention in Atrial Fibrillation Study), the
impact of age was also evaluated in patients receiving long-term
anticoagulation. The incidence of major hemorrhage was 1.7%
per year in individuals younger than 75 years versus 4.2% per
year in those aged greater than 75 years (20). Furthermore, among
older patients (>75 years), the risk of intracranial hemorrhage was
particularly increased when the INR was above therapeutic lev-
els (14,21). Other comorbid conditions have also been associated
with hemorrhage during warfarin therapy, including renal insuf-
ficiency, hypertension, cerebrovascular disease, ischemic stroke,
serious heart disease, and malignancy (6).
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Concomitant medications

The concomitant use of anticoagulants with medications like as-
pirin, acetaminophen, and nonsteroidal anti-inflammatory drugs
(NSAIDs) may increase the likelihood of bleeding.

In three randomized trials that included more than 19,000 pa-
tients, warfarin (target INR between 1.5 and 2.5) plus low-dose
aspirin (75 to 81 mg/day) was compared with aspirin alone (75—
162 mg/day). In all trials, major bleeding was more common
in the combination arm (22-24). Although medications like ac-
etaminophen may potentially influence the metabolism of VKAs,
two studies failed to show such an adverse effect (25,26).

Whether NSAIDs can increase the risk of bleeding in patients
receiving VKAs is still unanswered given the lack of randomized
trials. Only observational studies with a weak association have
been published (27-30).

Can we calculate the actual risk of bleeding
with the use of vitamin K antagonists?

In clinical practice, it is difficult to predict the risk of bleeding
when an individual is placed in VKAs. Patient- and treatment-
related risk factors have been developed and validated in two pre-
diction models in outpatients treated with warfarin. Beyth et al.
classified patients according to the risk of major bleeding based
in four independent risk factors: age >65 years, history of gas-
trointestinal bleeding, history of stroke, and one or more of four
specific comorbidities (recent MI, hematocrit <30%, serum cre-
atinine >1.5mg/dL, or diabetes mellitus) (31). The risk of major
bleeding at 48 months was 53% in the high-risk patients, 12% in
the intermediate-risk patients, and 3% in the low-risk patients,
with an overall rate of 5% per year (see Table 19.2). In both the
derivation and validation cohorts, patients were considered appro-
priate candidates for outpatient anticoagulation, and there was no
comment about patients who were not ineligible for enrollment.
Kuijer et al. validated a bleeding risk prediction score system
based on age, gender, and the presence of malignancy in patients
treated for venous thromboembolism (32). The frequency of major
bleeding at three months was 7% in the high-risk group, 4% in
the intermediate-risk group, and 1% in the low-risk group. These

Table 19.2 Cumulative incidence of major bleeding (31).

Time since start of Low risk*  Intermediate risk*  High risk*
outpatient treatment n =80 n =166 n=18
1 month 0 2 0
6 months 3 8 16
12 months 3 8 30
48 months 3 12 53

*Low risk, no risk factors; intermediate risk, one or two risk factors; high risk, three
or four risk factors.

153



Hemostasis and Thrombosis

“prediction” scores can assist physicians considering individuals
for anticoagulation who have a diversity of risk factors.

The duration of therapy is a crucial determinant in the risk of
bleeding; the risk of bleeding increases with duration of antico-
agulants in each group (31). It is possible that for the high-risk
individuals implementing measures like maintaining a lower tar-
get INR and closer laboratory monitoring can decrease the risk of
bleeding complications (32).

What is the recommended management for
bleeding due to vitamin K antagonists?

The frequent use of long-term VKAs for the management of a
wide variety of thrombotic disorders has resulted in an increase in
hemorrhagic complications as previously described in this chap-
ter. Despite current improvements in the management of antico-
agulation therapy, more than a third of the patients are unable
to maintain a target INR range, putting them at risk for bleed-
ing (33). Numerous guidelines on the management of patients
with VKA-induced coagulopathy have been published; however,
recommendations are based on very low levels of evidence (34).
Currently, FFP, vitamin K, PCCs, and recombinant factor VIIa
(rFVIIa) are available in most countries for the reversal of VKAs.
There is a consensus that patients presenting with major bleeding
secondary to excessive anticoagulation require rapid reversal of the
coagulopathy. However, the management of patients with a high
INR who are asymptomatic or who have minor bleeding is less
defined. Dentali et al. (34) recently published a detailed review of
the literature and proposed evidence-based treatment algorithms.

Management of the nonbleeding patient

Patients with supra-therapeutic INRs without evidence of bleeding
is common. Theoretically, the decision to treat the coagulopathy
can be based on balancing the risk that the patient will develop
a bleeding complication by reducing the duration of INR pro-
longation versus enhancing the risk for thrombosis associated in-
adequate anticoagulation (34). However, in clinical practice the
management of these patients varies widely among physicians as
described in two different surveys performed in the United States
and Canada, respectively (4,35).

Overall, the frequent treatment options available for this sce-
nario are the following: (1) withhold the VKA until the INR slowly
decreases to a therapeutic level or (2) withhold the VKA and ad-
minister vitamin K1. The administration of coagulation concen-
trates or FFP in this setting is not indicated based on a lack of
evidence-based data.

Withholding anticoagulation is the most common practice; two
retrospective studies support a conservative management of no in-
tervention in patients with INRs greater than 6.0 (36,37). However,
this strategy can be associated with a 9% overall risk of bleeding
during the first 14 days while waiting for the INR to decrease to
the target range as described in a prospective study of 114 patients
(38). Limitations in this study include that most patients were
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elderly with a mean age of 71 years and 13% had INRs greater
than 10 at entry of study; both of which are risk factors for
bleeding.

Is there a role for subcutaneous vitamin K?

This route of administration is broadly used in the treatment
of VKA-induced coagulopathy (4,35). Of three randomized con-
trolled trials and one retrospective review involving 150 patients,
the subcutaneous administration of vitamin K for rapid reversal
of VKAs was suboptimal when compared with IV and oral routes
(39—41). These studies support the unpredictable response of the
subcutaneous administration of vitamin K for a rapid reversal of
overanticoagulation with VKAs; for this reason, it is not recom-
mended in this setting.

What is the recommended dose of oral
Vitamin K?

Five randomized clinical trials compared oral vitamin K with
placebo, subcutaneous, or intravenous administration of vitamin
K (see Table 19.3) (42—46). Two double-blind, placebo-controlled
RCTs confirmed that 1 and 2.5 mg of oral vitamin K, respec-
tively, lowers the INR more promptly than does the withhold-
ing of warfarin alone (43,44). The only RCT comparing low-dose
oral and subcutaneous vitamin K showed that the oral route was
more effective in lowering the INR on the day following treatment
(p = 0.015) (45). Lubetsky et al. randomly allocated 47 patients
with INR values between 6.0 and 10.0 to receive 0.5 mg of intra-
venous (IV) or 2 mg of oral vitamin K (46). At six hours, 11 of
the 24 patients that received IV vitamin K and 0 of 23 allocated to
oral therapy had INR values between 2.0 and 4.0 (p < 0.001). At
24 hours, the INR values were similar between the two groups.

Whereas the effectiveness of vitamin K in reversing the coagu-
lopathy of warfarin is well recognized, there is no clear consensus
on the optimal dose for the treatment of the nonbleeding patient
with a supra-therapeutic INR.

Management of the bleeding patient

The management of patients that present with hemorrhagic events
due to anticoagulation with VKAs should be more individualized,
depending on the severity of the symptoms. For minor bleeding
episodes (i.e., wound bleeding, epistaxis) the use of local mea-
sures with or without decreasing or discontinuing the VKA may
be sufficient. For major or life-threatening bleeding, the cessation
of the VKA, administration of IV vitamin K, and replacement of
deficient factors is essential (see Table 19.4).

Four RCT have compared different doses of IV vitamin K with
oral and subcutaneous administration for the reversal of VKA
coagulopathy in patients not requiring urgent reversal of antico-
agulation (40,41,46,47). These studies concluded that IV adminis-
tration of vitamin K caused a more rapid fall in the INR, and a dose



Table 19.3 Randomized clinical trials with the use of vitamin K*.
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Reference No. of patients INR studied Treatment Outcome Results
Pengo (42) 23 >5 A: Withhold warfarin x 1 day INR <5 at 24 and 48 hours A:7/12 (24h)
B:2 mg vit K PO 11/12 (48 h)
B:11/11 (24 h)
10/11 (48 h)
Crowther (43) 99 4.5-10.0 A: placebo Mean INR values A: 20%
B: 1 mg vit K PO B: 56%
Patel (44) 30 6.0-10.0 A: placebo INR < 4 Vit K superior to placebo
B: 2.5 mg vit K PO
Crowther (45) 51 4.5-10.0 A: 1 mgvitK PO INR between 1.8 and 3.2 A: 60%
B: 1 mgvitK SC B: 24%
Lubetsky (46) 63 A B:6-10C D: >10 A:2.5mgvitK PO INR at 24 and 48 hours IV vit K caused a faster drop in
B: 0.5 mg vit K iv the INR. At 24 h, there was no
C:5mgvitK PO difference
D: 1 mgvitKiv

*PO, oral administration; 1V, intravenous administration; h, hour; vit, vitamin.

of 0.5 mg was more adequate in returning the INR to therapeutic
range.

Allergic reactions, including anaphylaxis in patients receiving
intravenously administered vitamin K, have been reported in the
literature (48). Inaretrospective study of 6,572 doses administered,
the incidence of true anaphylaxis was 3 per 10,000 doses (49). The
main factor responsible for the reaction seems to be the solubilizing
vehicle, polyethoxylated castor oil. To diminish the risk of allergic
reactions, vitamin K should be administered at an infusion rate of
1 mg/h or less using an infusion pump and mixed in a minimal
volume of 50 mL of IV fluid (34,49).

FFP and PCCs are both plasma-derived products used for the
urgent reversal of VKA coagulopathy. FFP can be administered at

Table 19.4 Recommended guidelines for the treatment of VKA coagulopathy.®

INR Symptoms Other treatment Grade
>1.3 Life-threatening bleeding Withhold VKA 1C
PCC or plasma
5-10 mg IV vitK
>1.3 Serious bleeding Withhold VKA 1C
PCC or plasma
1-10 mg IV vit K
4.5-10 No bleeding Withhold VKA 2C
1 'mg oral vit K
>10 No bleeding Withhold VKA 2C

2.5-5 mg oral vit K or
0.5-1.0 mg IV vit K

*VKA, vitamin K antagonist; IV, intravenous administration; vit, vitamin.

a dose of 15-20 mL/kg of body weight. This amount of volume
if infused quickly can be associated with fluid overload, especially
in elderly patients. In addition, thawing of FFP can delay treat-
ment, and there is a small risk of a transfusion-transmitted disease
given that lacks pathogen inactivation. Despite these observations,
FFP remains the most common factor replacement product used
in North America for the urgent reversal of coumarin overdose
(34). For serious bleeding, the ACCP guidelines recommend FFP
or PCC (Grade 1C) and the British Committee for Standards in
Haematology recommends PCC in preference to FFP (Grade B
level III) (1,50).

PCCs contain coagulation factors II, VIL, IX, and X, and their
concentration is about 25 times higher than in plasma, hence re-
quiring much less volume for infusion. In addition, they all un-
dergo atleast one step of viral inactivation. Given the heterogeneity
of commercially available PCCs in their factor concentration and
thelack of randomized trials, there is controversy regarding the op-
timal dose to reverse the coagulopathy of VKAs. Typical doses vary
between 25 and 50 IU/kg of body weight or fixed doses (i.e., 500
IU). There are atleast nine reports in the literature (~225 patients)
on the use of PCCs for the reversal of warfarin overdose, most of
which are in prospective cohorts, but no randomized clinical trials
have been performed (34,51).

Makris etal. (52) and Cartmill et al. (53) published two prospec-
tive studies comparing the utility of PCCs compared with FFP in
53 patients using doses of 25-50 IU/kg. Patients receiving PCCs
had a more rapid and complete reversal of the coagulopathy. More
recently, Lankiewics and colleagues described a retrospective study
in 58 patients using a PCC (25-50 IU/kg) to urgently reverse the
effect of warfarin (median INR = 29). In addition, all patients
received oral or parenteral vitamin K, and 50% also received FFP.
Immediately after PCC administration 76% had INRs <1.5 and
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96.5% had INRs <2.0. This effect persisted for over 24 hours. In
this study, four patients experienced thrombotic events, although
according to the authors none was attributable to the administra-
tion of the PCC (51).

More recently recombinant factor VIIa (rFVIIa) has been used
as an alternative to FFP and PCC for the reversal of VKA coagu-
lopathy. Its mechanism of action is based on activation of factor X
on the surfaces of activated platelets with an immediate effect and
ashort half-life of approximately 2.5 hours. No RCT has been pub-
lished in this setting, but in four case series (31 patients), rFVIIa
was used to revert the coagulopathy of VKA with doses between 10
and 90 micrograms per kilogram of body weight. Most of the pa-
tients had intracerebral hemorrhage (54-57). In all cases, the INRs
fully normalized and no thromboembolic complications were re-
ported. Some of the patients also received FPP and vitamin K. For
serious and life-threatening bleeding, the ACCP recommends the
use of rFVIIa as an alternative to PCCs (Grade 1C). This recom-
mendation is based in limited data.

Conclusions

Coagulopathy due to VKAs is a common problem encountered
both in outpatient clinics, mostly with asymptomatic elevation of
INRs, and in hospitalized patients when hemorrhagic complica-
tions occur. Treatment is based on guidelines that lack adequately
powered, controlled trials. Recommendations given in this chap-
ter and in other publications are based on studies that use the
elevated INR as a surrogate marker for the risk of bleeding. Large
randomized trials to establish the risk-benefit on the use of FFP,
PCCs, and recombinant FVIIa are greatly needed.
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Diagnosis and Management of

Heparin-Induced Thrombocytopenia

Theodore E. Warkentin, Andreas Greinacher

Introduction

Heparin-induced thrombocytopenia (HIT) is an acquired, tran-
sient, prothrombotic disorder that paradoxically is triggered by the
anticoagulant, heparin (1). HIT is caused by platelet-activating an-
tibodies of IgG class (HIT antibodies) that recognize complexes
of (cationic) platelet factor 4 (PF4) and (anionic) heparin (2—4).
Detectability of platelet-activating heparin-dependent antibodies
is a sine qua non for diagnosis; hence, HIT is a “clinicopatho-
logic” syndrome in which one or more clinical events (most often,
thrombocytopenia with or without thrombosis) occur together
with HIT antibodies (5).

HIT is strongly associated with thrombosis (odds ratio, 20 to 40)
(6-8),both venous and arterial, with hypercoagulability (increased
in vivo thrombin generation) (9) secondary to platelet activation,
formation of procoagulant, platelet-derived microparticles, and,
possibly, activation of endothelium and monocytes (Figure 20.1)
(10).

than an absolute platelet count threshold (8). This clinical pic-
ture can be summarized by the 4T’s clinical scoring system (13):
Thrombocytopenia plus Thrombosis plus Timing (of thrombo-
cytopenia or thrombosis in relation to heparin use) in the absence
of o Ther explanation(s) (Table 20.1).

Table 20.2 lists the clinical sequelae of HIT (14-17). As many as
50% to 75% of symptomatic thrombi that begin during or shortly
after a course of heparin are associated with HIT (18,19). Often,
thrombosis is the first manifestation of HIT, with the platelet count
fall becoming apparent within the next few days (17,20).

Recommendation. The potential diagnosis of HIT is suggested by
any of the following: onset of thrombocytopenia that begins 5 to
10 days after initiating a course of heparin and/or onset of throm-
bosis or other characteristic sequelae (e.g., adrenal hemorrhage,
necrotizing or erythematous skin lesions, post-bolus anaphylac-
toid reaction), that begin 5 to 14 days after initiating a course of
heparin, or within 1 day if there has been recent heparin exposure,
especially within the past month).

What are the clinical features that suggest a
diagnosis of HIT?

HIT should be suspected in a patient who develops an other-
wise unexplained fall in the platelet count (thrombocytopenia)
or thrombosis that begins 5 to 14 days after starting heparin (typi-
cal onset), or within 24 hours (rapid onset) after initiating heparin
in a patient with a recent exposure to heparin (especially within
the past month) (11). Sometimes, HIT begins several days after all
heparin has been stopped (delayed onset) (12).
Thrombocytopenia is best defined by a proportional (rela-
tive) platelet count fall (using as “baseline” the highest platelet
count preceding the HIT-associated platelet count fall), rather

Evidence-based Hematology. Edited by Mark A. Crowther, Jeff Ginsberg,
Holger J. Schinemann, Ralph M. Meyer, and Richard Lottenberg.
© 2008 Blackwell Publishing, ISBN: 978-1-405-15747-6.

158

What laboratory tests are clinically useful for
detecting HIT antibodies?

Two types of laboratory assay are available to detect HIT antibod-
ies: platelet activation assays and PF4-dependent immunoassays
(21). Platelet activation assays that utilize “washed” platelets, such
as the platelet serotonin-release assay (SRA) and heparin-induced
platelet activation (HIPA) assay, have the highest combination of
sensitivity and specificity (22). This reflects their detection of anti-
bodies based on their key biologic feature (strong platelet agonists).
Two PF4-dependent enzyme(-linked) immuno(sorbent) assays—
EIAs (or ELISAs)—are commercially available. Both detect the
major immunoglobulin classes (IgG, IgA, IgM) (21), even though
only IgG antibodies are potentially platelet-activating through
the platelet FcylIla receptors (2,22). The EIAs are very sensitive
for HIT antibodies but have lower diagnostic specificity, since
they detect both platelet-activating and non-platelet-activating
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Figure 20.1 Pathogenesis of HIT: a central role for thrombin generation. The
figure illustrates two explanations for thrombosis in HIT. (1) Activation of platelets
(PIt) by anti-PF4/heparin 1gG antibodies (HIT antibodies), leading to formation of
procoagulant, platelet-derived microparticles and neutralization of heparin by PF4
released from activated platelets, leads to marked increase in thrombin
("hypercoagulability state™), characterized by an increased risk of venous and
arterial thrombosis, as well as increased risk for coumarin-induced venous limb
gangrene. (2) However, it is also possible that unique pathogenetic mechanisms
operative in HIT explain unusual thromboses, such as arterial “white clots.” For
example, HIT antibodies have been shown to activate endothelium and monocytes
(leading to cell surface tissue factor expression), although this stimulation may be
largely “indirect” through poorly-defined mechanisms involving platelet activation
and, possibly, formation of platelet-derived microparticles. Further, aggregates of
platelets and polymorphonuclear (PMN) leukocytes have been described in HIT. To
what extent these cooperative interactions between platelets, platelet-derived
microparticles, PMN leukocytes, monocytes, and endothelium lead to arterial (or
venous) thrombotic events in HIT, either in large or small vessels, remains unclear.
(From Warkentin TE. An overview of the heparin-induced thrombocytopenia
syndrome. Semin Thromb Hemost. 2004;30:273-83 (10), with permission.)

antibodies (21,22) (Figure 20.2). Routine use of EIAs for “con-
firming” HIT will result in about half of patients being inappro-
priately labeled as having HIT, if it is assumed that HIT requires
the presence of platelet-activating antibodies detected by a platelet
activation assay (23). The likelihood of HIT increases with the
magnitude of the positive test result (i.e., positive EIA >1.0 opti-
cal density (OD) units is more likely to indicate HIT than a weak
positive result (23,24). HIT antibodies are transient (11) and thus

Chapter 20 Heparin-Induced Thrombocytopenia

acute serum should be tested. In practice, EIAs represent a stan-
dardized approach to screen for HIT antibodies and when used
in conjunction with clinical scoring, are satisfactory for resolv-
ing a putative diagnosis of HIT in about 80%-90% of cases; the
remainder require a platelet activation assay for resolution (23).

Recommendation. Tests for HIT antibodies should only be or-
dered when HIT is clinically suspected. The PF4-dependent EIAs
are highly sensitive for screening. However, if the EIA yields a
“weak” positive result (<1.0 units) or the clinical profile suggests
a plausible alternative diagnosis, referral for a washed platelet ac-
tivation assay (SRA, HIPA) is appropriate.

What alternative anticoagulants are efficacious
for treatment of thrombosis complicating HIT?

Three non-heparin anticoagulants—danaparoid, lepirudin, and
argatroban—have been shown to be efficacious for treatment of
HIT (25-35). Two other agents—bivalirudin and fondaparinux—
are rational therapies for HIT (36), although controlled studies are
lacking.

The strong association between HIT and thrombosis, and the
tendency for thrombotic events to occur early in the course
of HIT, means that many—perhaps most—patients will have
symptomatic thrombosis at the time that HIT is recognized
(7,8,14,17,18,20). Three alternative non-heparin anticoagulants—
danaparoid, lepirudin, argatroban (in order of market entry)—are
approved for treatment of HIT (although approvals vary among
countries) (Table 20.3). Only one agent (danaparoid) was evalu-
ated in a randomized controlled trial (against dextran-70) (25).
The other two agents, lepirudin, and argatroban, which are di-
rect thrombin inhibitors (DTIs), were assessed in prospective co-
hort studies with historical controls (28—35). Tables 20.4a to 20.4c
list studies supporting their efficacy for treatment or prevention
of thrombosis complicating HIT. Consensus conference guide-
lines regarding therapy of HIT also have been published (36,37)
Table 20.5 summarizes the key treatment principles for managing
HIT (17). Current trends and expert opinion support using DTI
dosing that is substantially less than that indicated in the manu-
facturers’ package inserts (see also Table 20.3).

Recommendation. For patients with strongly suspected (or con-
firmed) acute HIT complicated by thrombosis, treatment with an
alternative non-heparin anticoagulant in therapeutic doses, such
as danaparoid, lepirudin, or argatroban, is recommended. [This
recommendation is based on a literature review using the OVID
database searched between 1966 and 2006 using the text words
“heparin induced thrombocytopenia” (text words were used since
HIT does not have a MESH heading) and identifying controlled
(either randomized prospective, historical retrospective, or ret-
rospective contemporaneous) studies of HIT (with or without
thrombosis) reporting twenty-five or more subjects. This search
revealed 11 studies (25-35).]
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Table 20.1 Estimating the pretest probability of HIT: The “4 T's" scoring system.

Date: 20___-m____-d____

Points (0, 1, or 2 for each of 4 categories: maximum possible score = 8)

2 1 0

Thrombocytopenia

Timing* of platelet count fall,
thrombosis, or other sequelae (first
day of heparin course = day 0)

Thrombosis (incl. adrenal
infarction) or other sequelae (e.g.,
skin lesions, ASR)

TOTAL SCORE =

30-50% platelet count fall (or
>50% directly resulting from
surgery); or nadir 10-19

>50% platelet fall to nadir >20 <30% platelet fall; or nadir <10

Consistent with day 5-10 fall, but not
clear (e.g., missing platelet counts);
or, <1 day (heparin exposure within
past 31-100 days); or, platelet fall
after day 10

Platelet count fall <4 days without
recent heparin exposure

Day 5-10 onset™; or <1 day (with
recent heparin exposure within past
5-30 days)

Progressive or recurrent thrombosis; None
or erythematous skin lesions; or

suspected thrombosis (not proven)

Proven new thrombosis; or skin
necrosis (at injection site); or post-i.v.
heparin bolus ASR

No explanation for platelet count fall Possible other cause is evident Definite other cause is present

is evident

Pretest probability score: 6-8 = HIGH; 4-5 = INTERMEDIATE; 0-3 = LOW

Changes to score based upon new information, e.g., further fall in platelets, new thrombosis, other cause for thrombocytopenia proven, etc.

Describe change

*First day of immunizing heparin exposure considered day 0; the day the platelet count begins to fall is considered the day of onset of thrombocytopenia (it generally takes 1
to 3 more days until an arbitrary threshold that defines thrombocytopenia is passed. Usually, heparin administered at or near surgery is the most immunizing situation).

The scoring system shown has undergone minor modifications from previously publications.

ASR, acute systemic reaction; i.v., intravenous.

Table 20.2 Clinical sequelae of HIT.

Sequela(e)

Comment

Venous thromboembolism

Arterial thrombosis

Thrombotic stroke

Qvert DIC

Coumarin necrosis

Adrenal hemorrhage

Skin lesions at heparin

injection site(s)

Acute systemic reaction

Deep-vein thrombosis (~50%) and pulmonary embolism (~25%) are the two most common sequelae of HIT, especially in postoperative
patients

Order of frequency is: limb artery thrombosis (10-15%) > thrombotic stroke (5-10%) > myocardial infarction (3-5%) > other (<5%);
platelet-rich “white clots” are characteristic

Besides cerebral artery thrombosis, venous infarction can be caused by thrombosis of dural sinuses and/or cerebral veins

About 10-20% of HIT patients have overt (decompensated) disseminated intravascular coagulation (DIC), as shown by reduced fibrinogen
levels, increased prothrombin time/international normalized ratio, positive protamine sulfate paracoagulation assay, microangiopathic
hemolysis, or circulating normoblasts (nucleated red cells)

Two syndromes: venous limb gangrene (acral necrosis in limb with deep-vein thrombosis) > “classic” skin necrosis (subdermal and dermal
necrosis, usually in a non-acral location, such as breast, abdomen, thigh, and calf); characterized by microvascular thrombosis

Associated with thrombosis of adrenal veins; unilateral adrenal hemorrhage presents as abdominal or flank pain; when adrenal
hemorrhage is bilateral, there is high risk of adrenal crisis

Necrotizing skin lesions at heparin injection sites are specific for HIT; erythematous plaques at heparin injection sites can also indicate HIT;
some patients with dramatic skin lesions do not evince thrombocytopenia

One or more signs or symptoms that begin 5-30 min. after i.v. heparin injection (or s.c. LMWH injection): cardiac (tachycardia, chest pain,
hypertension, cardiac arrest), respiratory (dyspnea, tachypnea, chest pain, respiratory arrest), inflammatory (fever, chills, rigors, flushing),
neurologic (pounding headache, transient global amnesia syndrome), gastrointestinal (diarrhea); these features are not that of anaphylaxis
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Table 20.3 Comparison of three alternative anticoagulants used to treat HIT.

Chapter 20 Heparin-Induced Thrombocytopenia

Danaparoid

Lepirudin

Argatroban

Drug type (molecular
mass)

Anticoagulant action

Immunologic features

Half-life

Dosing regimen

Drug accumulation

Laboratory monitoring

Heterogeneous, polydispersed mix of
anticoagulant GAGs: heparan sulfate (84%),
dermatan sulfate (12%), chondroitin sulfate
(4%) (6,000 Da [mean])

Indirect (antithrombin-dependent) inhibition
of factor Xa and thrombin
(anti-Xa:anti-thrombin ratio, ~22)

In vitro XR for HIT Abs in 15-40% of
patients (usually not clinically significant); in
high therapeutic concentrations, inhibits
PF4-containing immune complexes

25 h (anti-Xa action) (assumes normal renal
function)

Bolus: 2250 U (1500 U for b.w. <60 kg;
3000 U for b.w. 75-90 kg; 3750 U for b.w.
>90 kg); followed by 400 U/h x 4 h, then
300 U/h x 4 h, then 150-200 U/h thereafter

Renal dysfunction (minor danaparoid
accumulation)

Anti-factor Xa levels (target therapeutic
range: 0.5 to 0.8 anti-Xa U/mL)

65—amino acid polypeptide made using
recombinant biotechnology (6,980 Da);
derivative of hirudin (leech anticoagulant)

High affinity (Ki = 0.0001 nmol/L) binding
to two sites on thrombin, the
fibrinogen-binding site and the active site
pocket (bivalent DTI)

Neither promotes nor inhibits HIT Ab
binding to PF4/polyanion complexes;
lepirudin is immunogenic (allergic/
anaphylactic reactions are reported)

80 min (assumes normal renal function)

Bolus (optional): 0.2-0.4 mg/kg; infusion,
start at 0.05-0.10 mg/kg/h (adjusted
according to APTT)*,**; marked dose
reduction if renal dysfunction**

Renal dysfunction (major lepirudin
accumulation)

APTT (estimate of drug level*****)

Small-molecule arginine derivative (527
Da) invented in a Japanese laboratory

Moderate affinity (Ki = 40 nmol/L)
binding to active site of thrombin
(univalent DTI)

Neither promotes nor inhibits HIT Ab
binding to PF4/polyanion complexes;
argatroban is not immunogenic

40-50 min (assumes normal
hepatobiliary function)

No bolus; 1to 2 mcg/kg/min (adjusted
according to APTT)***; marked dose
reduction if hepatobiliary
dysfunction****

Hepatobiliary dysfunction (major
argatroban accumulation)

APTT (estimate of drug level*****)

* Note that this dosing regimen differs considerably from that contained in the manufacturer’s package insert.
** The initial lepirudin infusion rate should be no higher than 0.10 mg/kg/h (serum creatinine <90 umol/L), with lower infusion rates for patients with higher serum creatinine
levels (90 to 140 umol/L, start at 0.05 mg/kg/h; 140 to 400, start at 0.01 mg/kg/h; >400, start at 0.005 mg/kg/h). APTT monitoring be performed at 4-h intervals until it is
apparent that steady state within the therapeutic range (1.5 to 2.5-times patient baseline [or mean laboratory] APTT) has been achieved.

*** Although manufacturer’s package insert recommends that dosing start at 2 mcg/kg/min, many clinicians start at lower doses, e.g. 1 mcg/kg/min, especially in patients
who are critically ill or who have cardiac failure.
**** For patients with moderate or greater liver dysfunction, the starting dose is 0.5 mcg/kg/min.
**%%% The APTT is not reliable for anticoagulant monitoring in patients with preexisting congenital or acquired coagulopathies, overt DIC, prolonged APTT due to “lupus
anticoagulant,” or effects of warfarin
Ab, antibody; APTT, activated partial thromboplastin time; b.w., body weight; Da, Daltons; DIC, disseminated intravascular coagulation; GAGs, glycosaminoglycans; PF4, platelet
factor 4; U, units; XR, cross-reactivity.
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Figure 20.2 Iceberg model of HIT: implications for differing diagnostic
specificities of tests for HIT. Clinical HIT (with or without thrombosis) is represented
by the portion of the iceberg above the waterline. Three different types of assays
for HIT antibodies are shown: washed platelet activation assays, PF4/heparin EIAs
that detects only IgG class antibodies (EIA-IgG), and a commercially available
PF4/polyanion EIA that detects anti-PF4/heparin antibodies of all three major

immunoglobulin classes (EIA-IgG/IgA/IgM). The model indicates that the three
assays have different specificity for clinical HIT (in the rank order, washed platelet
activation assay > EIA-IgG > EIA-lgG/IgA/IigM), but that all three assays have
similar high diagnostic sensitivity for HIT. EIA, enzyme-immunoassay; HIPA,
heparin-induced platelet activation; SRA, serotonin release assay.
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Table 20.5 Six treatment principles of HIT

Two Do’s Stop heparin
Start alternative, non-heparin anticoagulant, usually
in therapeutic doses

Two Don'ts Avoid or postpone coumarin pending substantial

platelet count recovery (give intravenous vitamin K if
coumarin already given when HIT is recognized
Avoid platelet transfusions

Test for HIT antibodies
Investigate for lower-limb DVT (duplex
ultrasonography)

Two Diagnostics

Why is warfarin (coumarin) anticoagulation
contraindicated during acute HIT?

Acute HIT is a major risk factor for warfarin (coumarin) necro-
sis, which manifests either as venous limb gangrene or “classic”
skin necrosis (9,38—40). The pathogenesis is microthrombosis
due to depletion of the vitamin K-dependent natural anticoagu-
lant, protein C, in the setting of increased thrombin generation
from HIT (i.e., disturbed procoagulant-anticoagulant balance)
9).

Venous limb gangrene is characterized by (a) an underlying
hypercoagulability disorder such as HIT; (b) acral (distal extrem-
ity) necrosis in a limb affected by DVT; and (c) a suprathera-
peutic international normalized ratio (INR) that is usually >3.5
(surrogate marker for severe depletion in protein C). Classic skin
necrosis is characterized by necrosis of skin and subcutaneous
tissues at central (non-acral) sites (e.g., breast, abdomen, thigh,
calf).

Besides its failure to inhibit thrombin, and its risk for produc-
ing severe protein C depletion, coumarins also prolong the acti-
vated partial thromboplastin time (APTT), thus predisposing to
underdosing of DTT therapy (as DTIs are usually monitored by
the APTT) (40). The risk of coumarin necrosis in HIT has been
estimated at 5% to 10%, which is much greater than the risk in non-
HIT populations (~0.01%). For these reasons, vitamin K therapy
is reccommended if a diagnosis of HIT is made when warfarin has
already been started (36,40) (Figure 20.3).

Recommendation. For patients with strongly suspected (or con-
firmed) HIT, warfarin (coumarin) therapy is contraindicated,
at least until after the platelet count has substantially recov-
ered (preferably, >150 x 10°/L), and only then during overlap-
ping alternative anticoagulation (e.g., danaparoid, lepirudin, ar-
gatroban), with a minimum five-day overlap, beginning warfarin
in low, maintenance doses (maximum, 5 mg), and stopping the
alternative anticoagulant when the platelet count has reached a sta-
ble plateau and with at least the last two days the INR within the
target therapeutic range. For patients already receiving coumarin
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at the time of diagnosis of HIT, vitamin K (e.g., 10 mg IV) is
recommended.

What is the natural history of isolated HIT?

“Isolated HIT,” which denotes absence of clinically evident throm-
bosis at the time of HIT diagnosis, is associated with a high subse-
quent risk of symptomatic thrombosis (35%—-50%; sudden throm-
boticdeath,4%-5%) irrespective of whether the heparin is stopped
promptly or not (15,24,30,41,42) (Table 20.6). The high risk of
thrombosis in part reflects the high frequency (~50%) of HIT-
associated subclinical lower-limb DVT (42). Treatment of isolated
HIT prevents some thrombotic events (Table 20.4c).

Recommendation. For patients with strongly suspected (or con-
firmed) isolated HIT, treatment with an alternative non-heparin
anticoagulant, such as danaparoid, lepirudin, or argatroban, is rec-
ommended, until the platelet count recovers to a stable plateau.
Systematic investigation of the lower limbs for subclinical throm-
bosis by duplex ultrasonography should be performed.

Can HIT be prevented?

Therisk of HIT can be reduced in some clinical situations by choos-
inglow-molecular-weight heparin (LMWH) or fondaparinux over
unfractionated heparin (UFH). There are four risk factors for
HIT: (a) duration of heparin therapy beyond four days; (b) type
of heparin (UFH > LMWH >? fondaparinux); (c) type of pa-
tient (surgery > medical > obstetric/pediatric); and (d) patient
sex (female > male) (7,8,43-47). In the setting of postsurgery
thromboprophylaxis, UFH is more likely than LMWH both to
cause formation of anti-PF4/heparin antibodies and to cause HIT
(7,8,19,22,44,45). One meta-analysis (45) estimated the risk of HIT
to be 10-fold greater with UFH compared with LMWH. Although
the risk of forming antibodies is also greater in medical patients
receiving UFH compared with LMWH, a difference in risk of HIT
between the two heparin types has not been proven, perhaps be-
cause the lower risk among medical patients makes such studies
more difficult.

The synthetic pentasaccharide anticoagulant, fondaparinux,
which is modeled after the heparin-binding region of antithrom-
bin, interacts with PF4 in such a way as to cause some approxi-
mation of PF4 tetramers to one another (4); however, unlike the
situation with heparin, anti-PF4/heparin antibodies do not re-
act well against PF4/fondaparinux complexes in vitro or in vivo
(48). Although formation of anti-PF4/heparin antibodies has been
reported with fondaparinux postorthopedic surgery thrombopro-
phylaxis (48), the risk of HIT with this agent appears to be negli-
gible.

Despite the increased risk of HIT among women, it is note-
worthy that HIT is rare during pregnancy (46), and has not been
reported with LMWH therapy during pregnancy (49).



Table 20.6 Natural history of isolated HIT.
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Test for HIT Thrombosis

Study antibodies frequency (%) Comment

Retrospective cohort (15) SRA 32/62 (52%) Sudden death in 3/62 (4.8%) patients

Retrospective cohort (41) PAT 43/113 (38%) Trend to higher rate of thrombosis when heparin was stopped “early” (<48 hr)
after recognition of HIT

Retrospective cohort (42) PAT 8/16 (50%) Asymptomatic thrombi of lower limbs detected by routine duplex ultrasound

Prospective cohort (30) HIPA 6.1% per patient day Thrombotic event-rate (per day) during mean 1.7-day period awaiting HIT Ab
test results prior to trial entry

Retrospective cohort (34) PAT 32/139 (23%) Thrombotic death reported in 6/139 (4.3%) patients

Retrospective cohort (24) EIA-IgG/A/M 5/14 (36%) Lower thrombosis rate (3/34 = 9%; p = 0.07) observed in “isolated HIT"

(>1.00 OD units)

patients with weak positive EIA (<1.00 units)

EIA-IgG/A/M, enzyme-immunoassay that detects anti-PF4/polyanion antibodies of IgG, IgA, and IgM classes; HIPA, heparin-induced platelet activation test; OD, optical density;
PAT, platelet aggregation test (using platelet-rich plasma); SRA, serotonin-release assay (using washed platelets).

Recommendation. For postoperative orthopedic patients, use of
LMWH or fondaparinux is recommended over UFH. Preferential
use of LMWH or fondaparinux instead of UFH in other postop-
erative patients should be considered as a possible HIT reduction
strategy.

Should routine platelet count monitoring for HIT
be performed in some circumstances?

Routine platelet count monitoring is appropriate in situations at
relatively high risk for HIT, since identification of isolated HIT and
early recognition of HIT-associated thrombosis may improve clin-
ical outcomes. The rationale for platelet count monitoring every
two to three days includes the following considerations: (a) HIT
is relatively common in some clinical settings (1%—5% for one to
two weeks of postsurgical UFH thromboprophylaxis) (7,8,19,47);
(b) HIT has a narrow temporal onset (day 5-10) (11,14), allow-
ing for a focused period of monitoring; (c) there is a relatively
specific definition of thrombocytopenia apropos for surgical pa-
tients (>50% platelet count fall from the postoperative peak) (8);
(d) platelet count declines in HIT occur over a median of two to
three days (14); and (e) treatment of isolated HIT—which by defi-
nition can only be detected by platelet count monitoring—reduces
therisk of subsequent thrombosis (32—-35; Table 20.4c). (f) As most
postoperative patients develop a reactive thrombocytosis charac-
terized by rising platelet counts between postoperative days 4 to
14 that reach levels 50 to 100% above the presurgery baseline, in
the case of postoperative HIT-induced thrombosis, the diagnos-
tically relevant platelet count decrease might only be apparent if
the preceding postoperative platelet count values are available. Ac-
cordingly, it is suggested (36) that in high-risk situations for HIT
at least every-other-day platelet count monitoring be performed
from day 4 to day 14, or until heparin is stopped (whichever occurs
first).

At the other extreme, HIT has not been reported with LMHW
during pregnancy (49). In this and other low-risk situations, rou-
tine platelet count monitoring may not be warranted. For pa-
tients at intermediate risks of HIT (e.g., UFH for medical patients;
LMWH for surgical patients), platelet count monitoring every two
or three days between days 4 to 14 (while receiving heparin) is sug-
gested.

Recommendation. For patients considered at high risk for HIT
(e.g., postoperative prophylactic-dose UFH), at least every-other-
day platelet count monitoring from day 4 until day 14 (or until
UFH is stopped, whichever occurs first), is suggested. For patients
considered at intermediate risk for HIT (e.g., therapeutic-dose
UFH; postoperative patients receiving LMWH prophylaxis; med-
ical patients receiving UFH prophylaxis), platelet count monitor-
ing every two or three days from day 4 until day 14 (or until
UFH is stopped, whichever occurs first), is suggested. For pa-
tients considered at low risk for HIT (e.g., medical/obstetric pa-
tients receiving LMWH), routine platelet count monitoring is not
recommended.

Is deliberate reexposure to heparin ever
warranted in a patient with previous HIT?

Intraoperative Figure 20.3 anticoagulation with UFH for cardiac
or vascular surgery is appropriate in a patient with previous HIT
(11,36,50), provided that heparin-dependent platelet-activating
antibodies are no longer detectable at the time of planned surgery.
Heparin is safe in this situation because: (a) HIT-IgG antibodies
are remarkably transient (median time to nondetectability, 50 to
80 days, depending on the assay performed) (11); (b) tests for HIT
antibodies are sensitive (high confidence that clinically relevant
antibodies have been excluded) (21,22); (c) there is no anamnestic
(immune memory) response to heparin reexposure (antibodies
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Figure 20.3 A 67-year-old male developed acute right lower limb ischemia with absent pulses 8 days after emergency cardiac surgery. The platelet count had fallen only
minimally (from 330 to 309 x 10%/L) and the limb ischemia was attributed to either cardiac embolism (secondary to postoperative atrial fibrillation) or local right femoral
artery injury (secondary to recent use of an intra-aortic balloon pump). After limb-salvaging thrombectomy (with intraoperative use of UFH), the patient received postoperative
therapeutic-dose UFH monitored by the APTT. Progressive decline in the platelet count by 78% to 74 x 10%/L prompted the diagnosis of HIT, at which time the UFH was
switched to danaparoid, and vitamin K was given to reverse warfarin anticoagulation. Interestingly, a cool and painful left foot improved rapidly following treatment with

vitamin K and danaparoid. Reproduced, with permission (17).

bid, twice-daily; iv ther,, intravenous therapeutic-dose; sc, subcutaneous; U, units; UFH, unfractionated heparin.

are not regenerated for at least five days after surgery, if at all)
(11,50); and (d) there are significant risks with alternative non-
heparin anticoagulants (lack of antidotes, minimal experience dur-
ing surgery utilizing cardiopulmonary bypass). However, in most
other situations in which anticoagulation is required for a patient
with previous HIT (e.g., postoperative antithrombotic prophy-
laxis), use of nonheparin anticoagulants (e.g., warfarin) or agents
with negligible risk of HIT (e.g., danaparoid, fondaparinux) are
recommended over heparin use.

Recommendation UFH is the drug-of-choice for management
of cardiac and vascular surgery among patients with previ-
ous HIT whose antibodies are no longer detectable. Postop-
erative anticoagulation is usually performed with non-heparin
anticoagulants.
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Management of Antiphospholipid

Antibody Syndrome

Wendy Lim, Mark A. Crowther

Introduction

Antiphospholipid antibodies (aPL) were first described in 1906
by Wassermann and colleagues among patients with positive sero-
logic tests for syphilis (1). These autoantibodies were subsequently
found to target phospholipid-binding proteins, with a subgroup
of aPL causing prolongation of phospholipid-dependent coagu-
lation assays including the activated partial thromboplastin time
(APTT). Despite this laboratory finding, patients with aPL more
commonly develop thrombotic rather than bleeding complica-
tions, and the presence of aPL in patients with arterial or venous
thromboembolism or recurrent pregnancy morbidity comprises
the antiphospholipid antibody syndrome (APS).

The aPL measured in the laboratory for the diagnosis of
APS include (1) lupus anticoagulants (LA); (2) anticardiolipin
(aCL) antibodies; and (3) anti-[3,-glycoprotein I (anti-3,-GPI)
antibodies.

The mainstay of treatment of patients with APS is antithrom-
botic therapy given the high risk of recurrent thromboembolism
that characterizes this condition. Immunosuppressive therapy and
plasmapheresis are rarely used in the treatment of patients with
APS and are generally reserved for patients with the catastrophic
variant of APS. The antithrombotic management of patients with
APSischallenging because of alack of standardized laboratory tests
to confirm the diagnosis, limited data on its natural history, and a
paucity of randomized treatment trials. In this chapter, we review
the laboratory testing and diagnostic criteria for APS and summa-
rize the level of evidence supporting the optimal antithrombotic
management of patients with APS. Grading of the quality of evi-
dence and strengths of recommendations in this chapter are based
on the guidelines proposed by the international Grading of Recom-
mendations Assessment, Development, and Evaluation Working
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Group (GRADE), adopting the modification used by the Ameri-
can College of Chest Physicians that merges the very low and low
categories of quality of evidence (see chapter 1).

The clinical questions

1. How are aPL measured in the laboratory?

2. How is APS diagnosed?

3. What is the value of LA, aCL, and anti-3,-GPI assays in the
evaluation of patients with suspected APS?

4. What is the optimal management of patients with aPL without
thrombosis?

5. What is the optimal management of patients with aPL and
venous thromboembolism?

6. What is the optimal management of patients with aPL and
arterial thromboembolism?

7. What is the optimal management of patients with aPL and
recurrent thrombosis?

8. Whatis the optimal management of women with aPL and preg-
nancy morbidity?

How are aPL measured in the laboratory?

The laboratory testing for aPL is complicated because of un-
certainty regarding their antigenic target. However, there is in-
creasing evidence that many aPL, including LA and aCL bind
[3,-glycoprotein I, a phospholipid-binding plasma protein (2-5).
Other antigenic targets have been identified (6-8) but are not cur-
rently included in the laboratory diagnostic criteria for APS. Con-
sensus guidelines describing the optimal laboratory techniques for
measuring aCL and LA have been published (9,10), and recom-
mended procedures for measuring anti-3,-GPI antibodies have
been proposed (11).

Lupus anticoagulants
Lupus anticoagulants, also known as nonspecific inhibitors,
are antibodies that block phospholipid surfaces important for



coagulation. They reduce the coagulant potential of plasma and
prolong the clotting time in APTT-based coagulation tests (12).
Failure of the prolonged clotting time to correct after a 1:1 mix with
normal platelet-free plasma and correction of the clotting time af-
ter addition of excess phospholipids confirms the presence of a
LA (13). Consensus guidelines recommend screening for LA with
two or more phospholipid-dependent coagulation tests, including
the APTT, dilute Russell Viper Venom Time, kaolin clotting time,
dilute prothrombin time, Textarin Time, or Taipan Time (13). The
detection of LA in patients receiving anticoagulant therapy can be
problematic because the clotting times are prolonged; however,
this is usually overcome by mixing patient and normal plasma
prior to LA measurement (14).

Anticardiolipin antibodies

Anticardiolipin antibodies bind cardiolipin, a bovine protein.
They are detected using an enzyme-linked immunosorbent assay
(ELISA) and consist of IgG, IgM, and IgA isotypes. The IgG isotype
is thought to have the strongest association with thrombosis (15).
The ELISA tests for aCL are not well standardized, and aCL test-
ing has shown poor concordance among laboratories (12). ACL
are reported as a titer specific to the isotype (GPL, MPL, or APL
units), but because the accuracy and reliability of assays are lim-
ited, consensus guidelines recommend semiquantitative reporting
of results as low, medium, or high titer (16).

Anti-3,-glycoprotein | antibodies

Anti-3,-glycoprotein I antibodies are one of the aPL subtypes (17).
Binding of 3,-glycoprotein I by anti-3,-GPI antibodies results in
dimerization of 3,-glycoprotein I and increases the binding affin-
ity of (3,-glycoprotein I for cell-surface phospholipids, resulting
in endothelial, monocyte, platelet, and complement activation,
which is a postulated mechanism for aPL-associated thrombo-
sis (18-20). Like aCL, the immunoglobulin isotypes may be IgG,
IgM, or IgA and are detected using an ELISA. Laboratory testing
for these antibodies is currently poorly standardized (21).

How is APS diagnosed?

Preliminary criteria for definite APS were first proposed in 1999
(known as the Sapporo criteria) (22) and updated in 2005 (17). APS
is present in patients with at least one clinical and one laboratory
criterion. Clinical criteria include objectively confirmed arterial,
venous, or small vessel thrombosis, or pregnancy morbidity con-
sisting of recurrent fetal loss before the 10th week of gestation, one
of more unexplained fetal deaths at or beyond the 10th week of ges-
tation, or premature birth due to placental insufficiency, eclampsia,
or pre-eclampsia. Laboratory criteria include the presence of LA,
medium or high-titer IgG, or IgM aCL (>40 GPL or MPL or >99th
percentile), or IgG or IgM anti-3,-GPI at titers >99th percentile;
all aPL must be present on two or more occasions at least 12 weeks
apart (17). The consensus recommendations suggest classifying
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patients with APS as to whether these antibodies occur alone or in
combination (17).

Although these consensus-derived diagnostic criteria require
repeated measurement to establish a diagnosis of APS, there is
no evidence that transient aPL are less important than persistent
antibodies. Thus, although useful for research purposes, these cri-
teria have limited utility when making treatment decisions about
individual patients.

What is the value of LA, aCL, and anti-3,-GPI
assays in the evaluation of patients with
suspected APS?

Cross-sectional studies measuring aPL among healthy blood
donors report a prevalence of 10% (23,24), and aPL are present in
30% to 50% of patients with systemic lupus erythematosis (SLE)
(25,26). Among patients with thrombosis the prevalence of aPL
ranges from 4% to 21% (27,28).

Although there is an association between aPL and thrombosis,
it is unknown whether these antibodies directly cause thrombosis.
Increasing aCL titers are associated with increasing risks of throm-
bosis, suggesting a causal association, although it is notable that
low titer aCL is likely of little clinical relevance. The association
between aPL and thrombosis is stronger with LA than with aCL;
the mean odds ratio (OR) for thrombosis is 1.6 for aCL and 11.0
for LA (29). However, it is notable that meta-analyses assessing
this association have been limited by the quality of the included
studies since there are no large prospective studies of unselected
patients whose aPL status was determined prior to objective doc-
umentation of thrombotic complications.

Thrombosis is presumed to cause many of the pregnancy com-
plications associated with APS. In women without SLE, a retro-
spective review of more than 13,000 patients found a prevalence
of aPL of 20% among women with recurrent fetal loss, compared
with 5% in healthy women (30). The association between aPL and
fetalloss is strongest for loss occurring after 10 weeks (31), and data
for eclampsia, pre-eclampsia, and intrauterine growth restriction
remains controversial. Further, the toxicity of treatments evaluated
in these studies may contribute to pregnancy complications and
may confound the association between aPL and adverse pregnancy
outcomes (32).

What is the optimal management of patients
with aPL?

The optimal antithrombotic management in patients with APS
requires assessments of the risk of thrombosis, the effectiveness
of antithrombotic therapies for preventing thrombosis, and the
risk of bleeding. In the following section, we outline the bleed-
ing risk and the risk of thrombosis in patients with aPL based
on their clinical presentation and describe the studies support-
ing the optimal antithrombotic management. The antithrombotic
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recommendations are based on the following grading system:
Grade 1, strong recommendation, Grade 2, less certain recom-
mendation; this is followed by an assessment of the quality of the
data, where consistent results from randomized clinical trials re-
ceivea Grade A, inconsistent results from randomized trials receive
a Grade B, and observational studies receive a Grade C.

Bleeding risk

Estimates of bleeding risk are derived from studies evaluating the
efficacy of warfarin in patients with APS. Major bleeding occursata
frequency of 2%—3% per year, which is comparable to the bleeding
rates observed in anticoagulated patients without APS (33,34).
Patients with aPL directed against prothrombin can manifest an
acquired hemophilia and may present with a bleeding diathesis —
the term lupus anticoagulant was actually coined based on the
presentation of two patients with this form of acquired hemophilia
(35).

What is the optimal management of patients
with aPL without thrombosis?

Risk of thrombosis in patients with aPL without prior
thromboembolism

In a prospective cohort of 551 patients with SLE of whom 49% had
either LA oraCL, the incidence of thrombosis was 2 per 100 person-
years (36). The OR of thrombosis was 3.20 (95% confidence in-
terval [CI] 1.43-7.14) for LA and 6.80 (95% CI 1.53-30.20) for
high-titer aCL when compared with patients who did not have an
aPL. However, patients with SLE have a high prevalence of throm-
bosis even in the absence of aPL (25), and there are only limited
data describing the risk of thrombosis in patients with an isolated
aPL who do not have SLE. Among 552 randomly selected blood
donors, no thrombotic events were observed after 12 months of
follow-up among patients found to have aCL (24). Consequently,
the risk of thrombosis among patients with incidentally detected
aPL is uncertain but is likely to be low.

The risk of thrombosis among women with aPL and fetal loss
only may be increased compared with those without fetal loss,
based on the results of a retrospective study comparing aspirin
to no prophylaxis in 65 nonpregnant women with aPL and a
history of pregnancy loss (37). During a mean of 8.1 years, 20
of 34 (59%) nontreated patients experienced venous or arterial
thrombosis (7.4/100 patient-years) compared with a baseline risk
ofthrombosis of 1 per 10,000 per year in unselected premenopausal
women (38).

Antithrombotic recommendations

The management of patients who are incidentally found to have
aPL and have no prior thrombosis has not been adequately stud-
ied, except in patients with SLE. Prospective studies in patients
with aPL and no prior thrombosis evaluating aspirin compared
with placebo and aspirin compared with warfarin plus aspirin are
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ongoing. Until the results of these trials are completed, treatment
recommendations are based on consensus opinion, which suggest
no treatment or low-dose aspirin (81 mg/d) for asymptomatic,
nonpregnant patients (39) (Grade 2C).

What is the optimal management of patients
with aPL and venous thromboembolism?

Risk of thrombosis in patients with aPL and venous
thromboembolism

Deep vein thrombosis of the lower extremities and pulmonary
embolism are the most common initial manifestation among pa-
tients with APS, occurring in 32% of patients who meet consensus
criteria for the diagnosis (40).

The risk of recurrent venous thromboembolism among patients
with aPL is based on retrospective studies of untreated patients or
studies of patients followed prospectively after their anticoagu-
lants have been discontinued (41). Three prospective studies sug-
gest there is an increased risk of recurrence, ranging from 10% to
67% per year (42—44). In the largest prospective study, 412 patients
with a first episode of venous thromboembolism who completed
six months of anticoagulation were tested for aCL and followed
prospectively after anticoagulants were discontinued. Over four
years, 20 of 68 (29%) patients with elevated aCL had recurrent
thrombosis, compared with 47 of 334 (14%) patients without aCL
(relative risk [RR] 2.1, 95% CI 1.3-3.3) (42). Most patients in-
cluded in these studies did not conform to the current consensus
definition for APS since aPL testing was performed only once, and
testing was often performed after recurrence. In patients who re-
ceived no antithrombotic treatment, retrospective studies report
recurrence rates of 0.19 events (45) to 0.29 events per year of
follow-up (46); recurrence is reported to occur in 52% to 69% of
patients during five to six years of follow-up regardless of the type
of antithrombotic therapy (45,46). The incidence of thrombosis
is highest during the first six months following discontinuation
of warfarin therapy, with an event rate of 1.30 events per year of
follow-up (46). Recurrent thrombosis tends to occur in the same
vascular distribution as the original event; patients with venous
thrombosis generally recur with venous events, and patients with
arterial thrombosis have recurrent arterial events (45,47).

Antithrombotic recommendations

Initial treatment. Treatment of venous thromboembolism in pa-
tients with APS consists of initial therapy with heparin (unfrac-
tionated or low-molecular-weight heparin) for at least four to five
days, followed by warfarin therapy (48).

Long-term treatment. Retrospective case series suggested that
high-intensity warfarin (INR greater than 3.0) was more effec-
tive than either aspirin or warfarin administered with a target
INR less than 3.0 (45,46). However, two randomized trials have
shown that high-intensity warfarin is not superior to moderate
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Table 21.1 Optimal antithrombotic therapy in patients with antiphospholipid antibodies.*

Clinical Scenario Recommendation Grade
Transient aPL—no prior thrombosis, with or without SLE No treatment Grade 2C
Persistent aPL—no prior thrombosis, with or without SLE No treatment or low-dose aspirin Grade 2C

Persistent aPL and venous thrombosis—first presentation or recurrent
disease off therapeutic dose warfarin

Persistent aPL and cerebral arterial thrombosis—first presentation or
recurrent disease off therapeutic antithrombotic therapy

Persistent aPL and noncerebral arterial thrombosis—first presentation
or recurrent disease off therapeutic antithrombotic therapy

Persistent aPL and recurrent thrombosis on therapeutic dose warfarin

Prevention of pregnancy morbidity
Persistent aPL and no prior thrombosis or recurrent fetal loss

Persistent aPL and no prior thrombosis, but presence of late fetal loss

Long-term warfarin, target INR 2.0 to 3.0

Long-term warfarin, target INR 1.4 to 2.8 or aspirin

Long-term warfarin, target INR 2.0 to 3.0

Long-term therapeutic dose low-molecular-weight
heparin, higher dose warfarin or warfarin target INR
2.0 t0 3.0 and aspirin

No treatment, or low-dose aspirin, or prophylactic
heparin or low-molecular-weight heparin

Grade 1A (intensity); Grade 1C
(duration)

Grade 1A

Grade 2C

Grade 2C

Grade 2B (no treatment);
Grade 2C (aspirin, heparin,
low-molecular-weight heparin)

Low-dose aspirin (81 mg/d), plus heparin, or Grade 2B
low-molecular-weight heparin added viable

intrauterine pregnancy is documented

Most already on long-term warfarin (see above); Grade 1C

Persistent aPL and prior thrombosis

replace warfarin with heparin during pregnancy

*aPL, antiphospholipid antibody; INR, international normalized ratio; SLE, systematic lupus erythematosis.

intensity warfarin (international normalized ratio [INR] 2.0-3.0)
in preventing recurrent thrombosis (33,34). In the first trial,
among 114 APS patients randomized (74% with previous venous
thrombosis) and followed for a mean of 2.7 years, the incidence
of recurrent thrombosis was 10.7% among patients who received
high-intensity warfarin and 3.4% among those who received
moderate-intensity warfarin (hazard ratio [HR] 3.1, 95% CI 0.6—
15.0) (33). Major bleeding rates were comparable, occurring in
5.4% of patients treated with high-intensity and 6.9% of patients
receiving moderate-intensity warfarin (HR 1.0, 95% CI 0.2—-4.8).

In the second trial of 109 APS patients followed for a median
of 3.6 years, the incidence of recurrent thrombosis was 11.1%
among patients who received high-intensity warfarin and 5.5%
among those who received moderate-intensity warfarin (HR 1.97,
95% CI 0.49-7.89). Bleeding rates were not significantly different
(27.8% versus 14.6%; HR 2.18, 95% CI 0.92-5.15) (34).

Both of these studies were designed to demonstrate that high-
intensity warfarin was superior to warfarin administered to achieve
an INR of 2.0 to 3.0 for prevention of recurrent thrombosis. Nei-
ther study was powered to demonstrate equivalence of the two
interventions. When the results of the two studies were combined
in a meta-analysis, a significant excess of minor bleeding was evi-
dent in patients allocated to high-intensity warfarin (OR 2.3, 95%
CI1.16-4.58, p =0.02) (34). The pooled data did not demonstrate

a significant difference in recurrent thrombosis (OR 2.49, 95% CI
0.93-6.67), total bleeding (OR 1.73, 95% CI 0.93-3.31) or major
bleeding (OR 0.73, 95% CI 0.23-2.31).

Duration of treatment. The optimal duration of anticoagulation
to prevent recurrent venous thrombosis in patients with aPL is
unknown. The risk of recurrence appears to be highest in the
six-month period immediately following discontinuation of anti-
coagulants. In one prospective study, patients with a single positive
test for aCL, who were randomly assigned to stop warfarin after
six months, experienced 23 recurrent events among 105 patients,
compared with 3 recurrences in 106 patients receiving indef