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Dedication

They asked if the sneezles
Came after the wheezles,
Or if the first sneezle came first.!

This text is dedicated to helping the many millions of people who suffer from asthma.

"From “Sneezles,” by A.A. Milne, in Now We are Six. New York, E.P. Dutton and Co., 1927.
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Series Editor’s Introduction

Usually a chronic asthmatic has some favorite substance to inhale or to smoke...ordinary
tobacco cigarettes are sometimes helpful.
—William Osler, The Principles and Practice of Medicine,
9th edition, 1922

The science of diagnosing and treating asthma has advanced dramatically. Bronchial
Asthma: A Guide for Practical Understanding and Treatment, 5th Edition is an important
resource for primary care physicians who want a concise yet comprehensive overview of the
diagnosis and treatment of asthma. Asthma is common, with a prevalence of more than 11%,
and as such, it is a condition that primary care physicians encounter daily. Because most
asthma care is provided by family physicians, internists, and pediatricians, it is important for
those of us in primary care to be experts in the care of asthma. In Bronchial Asthma: A Guide
for Practical Understanding and Treatment, 5th Edition, Drs. Gershwin and Albertson pro-
vide the information we need to have a high level of expertise in the care of pediatric and
adult patients with asthma.

Bronchial Asthma: A Guide for Practical Understanding and Treatment, 5th Edition
reviews diagnostic approaches including the use of radioallergosorbent assay testing and
pulmonary function testing. It also covers environmental and occupational influences on
asthma—important but often underemphasized topics in many texts—that are covered in
detail here. Finally, the book discusses in detail both acute and ongoing management of
asthma. Internists, family doctors, and pediatricians can be confident that by understanding
the material in Bronchial Asthma: A Guide for Practical Understanding and Treatment, 5th
Edition, and by having this book as a reference on their shelf, they will have the knowledge
to provide high-quality care to their patients with asthma.

Neil S. Skolnik, MD

Abington Memorial Hospital
Abington, PA

and

Temple University School of Medicine
Philadelphia, PA
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Preface

The prevalence and socioeconomic impact of bronchial asthma continue to escalate. Thirty
years ago, when the first edition of Bronchial Asthma: A Guide for Practical Understanding
was published, nearly every patient with chronic asthma was seen by a specialist. Now the
number of asthma sufferers simply makes the latter practice an anachronism, and the vast
majority of patients is cared for by primary care physicians in internal medicine, pediatrics,
and family practice. In fact, asthma remains the most common chronic childhood illness,
and is among the most common chronic adult diseases. Despite improved medications,
increased awareness, and a better understanding of the pathophysiology of this disease, mor-
tality and morbidity continue to rise. Both national and international consensus positions
that offer guidance as to treatment approaches have been published.

The importance of the primary care physician and provider in the appropriate diagnosis
and management of this disease cannot be overestimated. The management options in asthma
are changing rapidly with the advent of new drugs and approaches. The recent introduction
of dry powder inhalers, as well as combinatorial therapies with steroids/long-acting [3-ago-
nists, have gone a long way toward improving patient compliance and response. The intro-
duction of Xolair® and the likelihood that other biological modifiers will appear open up
exciting vistas for patients with asthma.

Bronchial Asthma: A Guide for Practical Understanding and Treatment, Fifth Edition
will discuss these newer treatments, but its emphasis remains on, and directed at, primary
care providers, who must be able to face the challenge of diagnosis and the management of
asthma in a variety of patient subpopulations. We will continue to emphasize the definition,
medications, and the use of asthma treatment plans. However, we will also provide defini-
tive focus on the special needs patient, including the pediatric patient, the pregnant patient,
and the patient undergoing surgery, as well as the common issues of exercise and asthma,
pulmonary aspergillosis, occupation, recreational drug use, and psychological/social issues.
The care of patients with asthma needs to be individualized and we need to reduce the toxic-
ity of the drugs we use. There is increasing concern about the role of systemic and oral
corticosteroids in inducing osteoporosis and, especially, avascular necrosis.

The goal of Bronchial Asthma: A Guide for Practical Understanding and Treatment,
Fifth Edition is to provide a basic framework upon which a successful treatment option can
be built. We will likewise emphasize the need for patient education because this is an essen-
tial element to good asthma care. Finally, the editors and authors are particularly grateful to
Nikki Phipps who has contributed enormously not only to the fifth edition, but also to the
first through fourth editions.

M. Eric Gershwin, MD
Timothy E. Albertson, MD, MPH, PhD
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I DEFINITIONS AND HOST RESPONSES
TO BRONCHOSPASM




1 The Origins and Characteristics
of Asthma

Russell J. Hopp, po, and Robert G. Townley, mp

CONTENTS

INTRODUCTION

WHEEZING: WHAT IT IS AND WHAT IT ISN’T
CURRENT ASTHMA PREVALENCE

WHAT IS THE RiSK OF DEVELOPING ASTHMA?
CHARACTERISTICS OF CURRENT ASTHMA
CONCLUSIONS

REFERENCES

KEY POINTS

» Asthma has become a common medical problem in the United States, especially among
blacks.

* Wheezing is a frequently encountered pediatric problem. When wheezing is recurrent,
asthma is an important consideration.

* Risk factors for pediatric asthma are strongly associated with genetics (parental) and
being atopic.

¢ Adult-onset asthma is more common in females, but other risk factors, as seen in chil-
dren, are not as strongly associative.

* Asthma many relapse after years of quiescence.

» Asthma is characterized by bronchoconstriction, bronchial hyperresponsiveness, -
adrenergic blockade, and inflammation.

* Pulmonary eosinophilia is a common feature of asthma.

* Increased exhaled nitric oxide is a marker of inflammation.

» Specific T-cell cytokines are unique to asthma, including interleukin (IL)-4, IL-5,
and IL-13.

e [L-13 may play an important role in asthma pathogenesis.

INTRODUCTION

It is widely accepted that asthma has greatly increased in the United States during
the past 20 yr. Acute asthma is among the leading causes of hospitalization in pediatric

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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4 Hopp and Townley

hospitals throughout the country. If we accept the premise that asthma has a strong
familial basis, a fact long recognized, it is difficult to explain the rapid rise of asthma
on any substantial shift in genetic tendencies.

In this introductory chapter, the epidemiology of asthma in children and adults dur-
ing the past two decades is reviewed, factors currently known to influence the develop-
ment of asthma across various age ranges are explored, what is intrinsic to the
phenomenon of the active person with asthma is defined, as are what changes when
asthma remits.

The authors recognize the incompleteness of the knowledge of what “makes an
asthmatic an asthmatic,” and the indistinction, especially in children, of wheezing and
being an “asthmatic.” However, the magnitude of this illness in our society and its
impact on the medical dollar compels continued and aggressive research into the cause
and treatment of this disease. The authors hope to provide an overview of the asthmatic
constitution.

WHEEZING: WHAT IT IS AND WHAT IT ISN’'T

The presence of wheezing is not synonymous with a diagnosis of asthma. Wheezing
is, however, used in epidemiological studies as a “marker” of a pulmonary symptom
that is well recognized by an individual, parents, and health care providers. In fact,
wheezing is used as a surrogate for asthma in the International Study of Asthma and
Allergies in Childhood (ISAAC), and was also used in the May 2004 Global Initiative
for Asthma (GINA) survey of the current prevalence of asthma in the world. An
overview of the prevalence of wheezing and the risk factors for wheezing in children
and adults provides insight for the asthma discussion.

Infants and Young Children

In infants and young children, the usual precipitating event for the first wheezing
episode is a viral respiratory illness. Even without laboratory confirmation, the initial
event is usually labeled as “bronchiolitis” and treated accordingly. The dilemma presents
itself when the young child returns with subsequent episode(s) of wheezing.

Martinez et al.’s 1995 study (/) provides epidemiological evidence into the patterns
of recurrently wheezing infants. A group of 826 infants, enrolled in a health mainte-
nance organization, were prospectively followed for 6 yr. During this time, 49% of the
enrolled subjects had a wheezing episode. The authors retrospectively divided the
wheezing children into three groups: transient early wheezers, late-onset wheezers, or
persistent wheezers.

Using odds-ratio analysis, the characteristic of these three groups of wheezers was
defined and compared with the 425 children who had not wheezed by age 6. Transient
early wheezers had wheezing within the first 3 yr, but not at 6 yr of age. In these chil-
dren, maternal smoking was significantly associated with wheezing. These children
also had lower length-adjusted pulmonary function, suggesting a negative effect of the
passive smoke exposure. The children who developed wheezing after age 3 yr (late-onset
wheezers) were more likely to have mothers with asthma, to be male, and to have had
rhinitis in the first year of life. (Although not stated, these would be common character-
istics of young patients with asthma.) Children who wheezed throughout the 6 yr of the
study (persistent wheezers) had a significant incidence of maternal asthma, wheezing
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often or very often, wheezing without colds, eczema, Hispanic background, and mater-
nal smoking. Of these children, 25% had been labeled asthmatic by age 6 yr.

Multiple studies have identified intrauterine and (extrauterine) smoke exposure and
small airway caliber as additional causes for wheezing in young infants and possibly
younger children. An emerging body of literature has also recognized the role of respi-
ratory syncytial virus (RSV) as a factor contributing to recurrent wheezing, possibly
into adolescence. These facts question the epidemiological use of recurrent wheezing
as a “true” surrogate for asthma.

A review of wheezing-related cofactors obtained from an English-literature Medline
search (wheezing/wheeze and childhood/children) for 2002-2004 yielded various sta-
tistically associated risk factors (excluding RSV, tobacco smoke exposure, and low
infantile lung function), and a representative sample is summarized in Table 1. Because
the authors accept that some of the wheezing children are truly asthmatic (or develop-
ing asthma), the risk factors have applicability to this review.

Adults

The authors also reviewed the current literature for the association of wheezing in
adults and the risk factors statistically associated with this respiratory symptom (see
Table 2). As a reference, the National Health and Nutrition Examination III Survey
(NHANES) (1988-1994) revealed that 16.4% of adult Americans reported wheezing in
the previous year (2).

CURRENT ASTHMA PREVALENCE

In May 2004, GINA released a comprehensive survey of the current prevalence of
asthma in the majority of regions of the world (3). The United States was included in
the North American region. Using various methodologies (3), the estimate of patients
with asthma in the United States and Canada is 35.5 million, with a mean prevalence of
11.2% (United States 10.9%).

The asthma prevalence in adults, divided by race/ethnicity was assessed by the
Centers for Disease Control and Prevention (CDC), using the Behavioral Risk Factor
Surveillance System (BRFSS) (4). This standardized survey randomly calls US civil-
ians over 18 yr old. Lifetime asthma is defined as a “yes” to the question: Have you
ever been told by a doctor, nurse, or other health professional that you have asthma?
Current asthma is defined as a “yes” response to the first question, and an affirmative
response to: Do you still have asthma?

The BRFSS response rate for 2002 reported a lifetime prevalence of 11.9%. The
prevalence of current asthma in 2002 was 7.6% (50 states, Washington, DC, Guam,
Puerto Rico, and the US Virgin Islands). In the 50 states and Washington, DC, the current
asthma rate was 7.5%. Asthma prevalence rates were higher among black, non-Hispanic,
multiracial, non-Hispanic, Native American/Alaska Native, and non-Hispanic. Overall,
the 2002 survey revealed higher adult lifetime prevalence rates than the 2000 and 2001
surveys. In the same 2002 survey, the rates for current asthma in adult males was 5.5%,
whereas the adult female rate was nearly doubled at 9.4%.

In pediatric patients, the CDC uses data from the National Health Interview Survey
(5). In 1997, the National Health Interview Survey changed the asthma current preva-
lence questions to: “Has a doctor or other health care professional ever told you that
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8 Hopp and Townley

Table 2
Risk Factors for Wheezing in Adults
Factor
(significantly Odds-ratio, Age of  Likely related

Characteristics statistically if reported Country studied  to an asthma

of adult associated) of study subjects phenotype®

Wheeze in Below poverty 1.35 United States Older than Yes
previous Lower education  1.18 (National 20 yr Yes
12 mo Current smoker 3.48 Health and Yes

Ever smoker 1.38 Nutrition Yes

Ever hay fever 2.11 Examination Yes

Body mass index 1.30 Survey ?
(BMI) >30 1.45 [NHANES]

Use oven/stove (crude OR) 1I0) ?

Report of Wheezing 2.5 Iceland, 20-48 yr No
gastroeso- Belgium,
phageal Sweden
reflux

Report of Wheezing 2.12 Germany Adults ?
passive European
smoke Community
exposure in Respiratory
workplace Health Survey

(ECRHS)

Wheeze in past Men England Older than No
year without Older age groups 11yr ?
an asthma  Lower social class Yes
diagnosis

Wheeze Female Canada 20-44 yr Yes

(ECRHS)

Wheeze in BMI >30 1.85men  ECRHS 2044 yr

adults 2.03 women

“In the authors’ opinion.

your child has asthma?” and “During the past 12 mo has your child had an episode of
asthma or an asthma attack?” This has been termed asthma attack prevalence. The rates
(per 1000) in the United States before and since the change in the questions are presented
in Fig. 1.

WHAT IS THE RISK OF DEVELOPING ASTHMA?

Pediatric-Age Subjects

In the United States, the dramatic increase in asthma in children occurred between
1980 and 1995. A change in asthma definition criteria for current asthma in 1997 (Fig.
1) suggests a stable rate in white and Hispanic children, with persisting higher rates in
black children. Following are the known risk factors for developing asthma in the pediatric
age group.
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Fig. 1. Asthma prevalence for children 1980-2002.

AGE- AND GENDER-ASSOCIATED RISKS

Children are more likely to develop asthma before the age of 10 yr, compared with
ages 11-21 yr. This is especially true for male children, whereas females are predomi-
nate in the adolescent years, with, essentially, equivalent prevalence by gender by the
onset of adulthood.

RACE

A self-reported asthma prevalence survey by CDC in the United States since 1980
has shown a consistently higher rate (reports per 1000 population) for current asthma
among individuals identifying themselves as black (white, black, or other) (Fig. 1). A
review of National Health sources in the United Kingdom suggests a greater use of
physician encounters in black groups compared with whites (6). Possible explanations
for differences in ethnic groups, especially in the United States, include genetic and
socioeconomic distinctions. A limited number of genome-wide searches have shown
some differences in linkage to specific gene loci in ethnically distinct populations.
Other studies have suggested that ethnic differences are associated with household
income and urban residence. A review of the NHANES (1993-1996) data for race and
income differences in asthma showed a complexity of socioeconomic interactions (7).

ATOPY

Having a positive allergy skin test(s) is a hallmark of most children with asthma.
Current evidence suggests a strong likelihood for separate gene sets controlling asthma
and atopy but with some common, yet unrecognized, link. In general, being atopic and
or having a clinical diagnosis of allergic rhinitis confers an increased risk for develop-
ing asthma. In addition, an increased total serum immunoglobulin (Ig) E level may also
predict the development of asthma.

Numerous studies have shown that elevated specific IgE to an individual allergen,
largely indoor or perennial, has significant statistical association with asthma and, in
theory, the risk (resulting from exposure) of developing asthma. These have included
house dust mite, cockroach, mouse dander, and Alternaria.
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FAMILY HISTORY AND GENETICS

Children with asthma have a strong familial association with atopic family histories
and, in many situations, asthma. Maternal asthma has special consideration as a risk
factor (8). Because of the intense interest in finding the genetic cause of asthma, stud-
ies identifying statistical associations for asthma, phenotypic markers for asthma, bio-
chemical or clinical presence of atopy, and specific genetic loci are regularly reported
in the literature. Many of the associations have strong linkage to an atopy parameter
and, therefore, a secondary association with asthma, or at least to the atopic asthma
phenotype. By inference, the existence of a loci association with active asthma may, in
the future, identify children (or adults) with a genetic susceptibility profile for develop-
ing asthma. A recent review has identified association studies for asthma and atopic
disease (9).

ENVIRONMENTAL TOBACCO SMOKE EXPOSURE

Independent of the concern for lower lung volumes that are associated with environ-
mental tobacco smoke, most studies support a modest increased risk for asthma in chil-
dren exposed to intrauterine and/or postuterine tobacco smoke exposure (70).

RESPIRATORY INFECTIONS

It is universally accepted that viral illnesses are the paramount cause of an acute
exacerbation of asthma. In many children, the first wheezing event is associated with a
viral infection, often RSV. When new wheezing events subsequently develop, a diagno-
sis of asthma is entertained. The critical question to establishing risks for “developing
asthma” is the role of the original infection. RSV takes center stage in the question of
assigning risk. RSV carries numerous “asthmagenic” properties, including the induction
of acute wheezing and the association of postbronchiolitic wheezing. Several studies
have redirected the connection between RSV and asthma, with strong epidemiological
support for a separate post-RSV wheezing syndrome that has a potential to last into
adolescence (11,12).

SocioecoNoMIC FACTORS

Although asthma rates worldwide follow an increasing trend in higher income coun-
tries, a substantial body of literature, particularly in the United States, shows there is
an increase in asthma in individuals of lower financial means. This fact is likely a sur-
rogate for several interacting circumstances, including substandard housing, cumula-
tive allergen load in older homes, urban crowding, education level, occupation,
ethnicity, and specific air pollutants, including ozone and petroleum byproducts.
Lower personal and family income also has a greater disparity of tobacco smoking,
and obesity, which adds additional confounders to the story of asthma prevalence and
financial status.

ALLERGIC DISEASE

Having another allergic disease confers additional risk for developing asthma. A child
with allergic rhinitis with positive skin tests is of particular concern. Atopic dermatitis
(AD), often seen in younger children, has traditionally been considered as the initial
presentation of the atopic march. A recent study of the risk for asthma in children with
AD suggests a concomitant pattern rather than a subsequent onset for asthma (/3).
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OBESITY

The increase of asthma rates among children since 1980 has largely paralleled the
increase in overweight and obese children. Numerous studies have now shown
increased asthma rates in children with higher body mass index (/4). Associative
factors of obesity and asthma prevalence likely include physical activity levels and
dietary factors, especially fat intake, deficiencies of fruits and vegetables, and
sodium intake. The decrease in breast-feeding, especially in the United States and
other developed countries, may also have a role in the increasing prevalence of
asthma.

HYGIENE HYPOTHESIS FACTORS

In Westernized countries, asthma prevalence has increased during the last 20 yr. This
suggests change(s) in environmental factors. Critical to this theory is the concept of
changing societal tolerance for common infectious agents, immunization practices, and
a shift in America family childcare practices.

Central to the concept of the hygiene hypothesis is the lymphocyte type 1 helper
(Th1) and type 2 (Th2) CD4+ T-cells. Thl cells are responsible for thwarting serious
infectious agents, whereas Th2 cells are seemingly involved with atopic responses. If
children are more vigorously using their Th1 T-cells, less stimulation of Th2 cells
occurs.

If the “hygiene hypothesis” has merit, it probably has more validity in highly
developed nations, but it may also play a role in rural vs urban differences in devel-
oping nations.

Although not always specific for asthma risk, the hygiene hypothesis factors that
may have relevance for asthma regarding enhancing or protecting against asthma (or atopy)
are presented in Table 3.

BRONCHIAL HYPERRESPONSIVENESS

Bronchial (airway) hyperresponsiveness (BHR), as determined by a direct airway
challenge using methacholine or histamine, is a characteristic of all patients with
asthma (see Asthma section). By inference, the preexistence of BHR may be a risk
for developing asthma. Children have increased BHR, as compared with adults, pos-
sibly being permissive for an enhanced onset of asthma in childhood. The authors
have reported the presence of BHR before the onset of asthma in a population study
of asthma in families (/5). Approximately 25% of the patients with allergic rhinitis
exhibit BHR. This may add to their asthma risk.

NEONATAL FACTORS

A recent study from the United Kingdom included 173,319 births, among which
2230 infants were diagnosed with respiratory distress syndrome or transient tachyp-
nea of the newborn. Those infants who experienced respiratory morbidity at term
were at increased risk of being hospitalized for asthma (hazard ratio [HR] = 1.7, p
< 0.001). For those born vaginally, the HR was 1.5, whereas for those born by
cesarean section, the HR was 2.2. Delivery by cesarean section, without neonatal
respiratory problems, was weakly associated with the risk of asthma in childhood
(HR =1.1) (16).
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Table 3

Hygiene Hypothesis Factors

Factor

Increases asthma risk
(in theory or actual)

Birth order: first
Birth order: second or more

Day care early in life
Day care late
Immunizations
Antibiotic use

T

More relevant for allergy

More relevant for allergy

1

9

Possibly T
Frequent ear infections T

Higher endotoxin exposure \2
Cesarean section birth T
Environmental Environmental
Tobacoo Inﬂwences
smoke u

l |

Period of enhanced bronchial responsiveness

At risk for asthma ——— »

’ Never will be

Newborn asthmatic

asthmatic
s t
Atopy/asthma Infections
genes e.g. RSV

Fig. 2. The development of asthma in the pediatric years.

In summary, asthma risk in pediatrics is multifactorial. A depiction of many of the
factors is presented in Fig. 2.

Adults
OVERVIEW
There are numerous ways an adult can “develop” asthma.
1. Children with asthma can maintain their disease into their adult years.
2. Asthma can develop as a new diagnosis in a young adult.

3. An adult can reactive his or her quiescent pediatric asthma (relapse asthma).
4. Asthma can start in older adults.
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5. Adult-onset asthma may be hidden with other respiratory illnesses, often associated
with chronic smoking, and the symptoms of wheezing, shortness of breath, and chest
tightness are attributed to “chronic bronchitis” or “emphysema.”

6. Adults can develop occupational asthma.

Relapse asthma is covered in a subsequent section. The authors treat adult asthma as
a disease process that starts after age 21 yr. There is general support to the concept that
asthma that occurs for the first time in a young adult has somewhat different character-
istics in comparison to that that occurs in the senior years. When delineated in pub-
lished reports, the authors separate these subtypes of adult-onset asthma.

The 2002 BFRSS (/7) reported that for the United States and the District of
Columbia, the rate of adult (>18 yr) current asthma was 7.5%, with male prevalence of
5.5% and female of 9.4%. Specific age-range prevalence was 8.3% for 18-24 yr, 7.4%
for 25-34 yr, 7.1% for 35-44 yr, 7.7% for 45-54 yr, 7.8% for 55-64 yr and 7.1% for
65 yr and older.

The authors review the factors that often contribute to the development of asthma in
adults.

GENDER

The 2002 Adult Self-Reported Lifetime Asthma Prevalence Rate (Percent) by sex,
obtained using BRFSS showed in the 50 states, Washington, DC, and three US territo-
ries, a rate of 5.5% for current asthma and 9.9% lifetime asthma in adult males 18 yr or
older. For adult females, current asthma was 9.4% and lifetime asthma was 13.6% (17).
An analysis of the NHANES III data also reported a significant association of current
asthma in adults older than 20 yr and female sex (2).

GENETICS

The adult asthma phenotype is not as well established as its pediatric counterpart.
Therefore, virtually all genetic associative studies use an atopic, asthma (largely pedi-
atric) phenotype. The limited published studies in adults demonstrate some atopic asso-
ciations. Detailed studies in nonatopic, older-onset adult asthmatic are virtually
unknown. Because adult-onset, nonatopic asthma is a distinct phenotype, its genetic
background must be examined separately.

An analysis of adults with asthma 20-48 yr old from the European Community
Respiratory Health Survey (ECRHS) showed that extrinsic asthma (asthma plus an
allergic disease) in a parent was a higher risk factor for extrinsic asthma in the off-
spring compared to intrinsic asthma (asthma without an allergic disease) in the off-
spring. Intrinsic asthma in the parent was a risk for intrinsic asthma in a child but less
than for a person with extrinsic asthma having an extrinsic offspring (/8).

A recent review of 18,156 subjects from O to 44 yr from the ECRHS determined
asthma HR for ages 0-10 yr, 10-20 yr, and 20—44 yr for asthma onset. The adults who
were 20—44 yr had an equivalent or greater HR for asthma onset when parental history
for asthma or allergies was the control variable (/9).

BRONCHIAL HYPERRESPONSIVENESS

Increased BHR in childhood may allow for asthma onset in pediatrics. Likewise, it has
been reported that young adults with new asthma had enhanced histamine hyperrespon-
siveness as children (20). Although it may be difficult to suggest that a 50-yr-old with
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new asthma had persisting BHR from childhood that only expresses itself after four or
more decades, it is not inconceivable to consider a lifetime subclinical asthma “potential,”
with some lingering degree of BHR that is eventually redirected by environmental factors
back to a BHR level that is associated with being asthmatic.

ATOPY AND ALLERGIC DISEASES

Having a preexisting allergic disease, either allergic rhinitis or AD, carries an
increased risk for the development of asthma during a person’s lifetime. Having posi-
tive allergy skin test or an elevated total IgE has similar predilection. This is especially
evident in young adults. The onset of asthma in older adults often appears to be largely
independent of a clinical allergic background, although an association with IgE levels
is not totally excluded (21).

ToOBACCO SMOKE

Studies of the effects of passive smoke exposure and adult-onset asthma are limited.
Exposure likely enhances the development of asthma. Given the clinical overlap of
obstructive lung disease in adults, active smoking plays an important role in the devel-
opment (or worsening) of adult-onset asthma and progression to chronic obstructive
pulmonary disease (22).

INFECTION

A viral infection is often the preliminary cause of wheezing in children, with subse-
quent recurrent wheezing and eventually an asthma diagnosis. A similar experience in
adults is sketchy.

The ECRHS study (/9) showed that early respiratory infections were a strong risk
factor for the onset of asthma before age 20 yr but not significant for ages 2044 yr. Some
evidence exists for the development and severity of asthma with Mycoplasma and
Chlamydia pneumoniae infection.

OBESITY

Paralleling the pediatric experience (23), the average weight of American adults has
increased since 1960. Likewise, studies are emerging that suggest an association of
increased BMI in both asthma and asthma symptoms in adults.

OTHER

Additional epidemiological studies have linked risk for asthma onset in adults to
indoor dampness, prolonged furry pet exposure, Alternaria exposure, chronic rhinitis,
and a low education level.

The onset of asthma in the early adult years likely has strong pediatric risk-factor
overlap. Those patients with asthma in older age groups have less defined risk factors
and are understudied as a group, although they will undoubtedly comprise a greater
percentage of the total asthma population in the United States because of the changes
in age demographics. A pictorial summary of risk factors in adults is shown in Fig. 3.

Relapse Asthma

In discussing the long-term course of any patient with asthma, the most reasonable
statement that can be made is that once a patient is diagnosed with asthma, he or she
will forever either be an asthmatic or an former asthmatic, and never a nonasthmatic. In
actuality, a third alternative exists: a former asthmatic can relapse and become a current
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Tobacco exposure
Atopy Genetics \

a \ v/ | Pre-existing BHR ?
/
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Starts as young adult nfection
BHR /
Pre-clinical asthma » Starts as older adult

\

Environmental
Influences

Genetics ?
Atopy ?

Fig. 3. The development of asthma in adult years.

Table 4

Risks for Relapsed Asthma
Characteristics of the patient Factors associated
with relapse asthma with relapsed asthma
Asthma before age 12 yr Male
Remission before age 18 yr More frequent asthma attacks
No symptoms for 5 yr Lower spirometric values
Relapse between ages 20 and 42 yr Allergy triggers

Allergic

Mite, dog, grass, and tree allergy
Maternal atopic dermatitis
Allergic rhinitis

asthmatic. There have been a few studies looking specifically at this entity. It can hap-
pen in several ways: childhood relapsing, childhood asthma relapsing as an adult, and
adult relapsing. In the scope of this discussion, a review of the known risk factors asso-
ciated with becoming a “relapsed” asthmatic are most pertinent.

Two recent studies are relevant to the risk of having relapse asthma (24,25) and are
summarized in Table 4.

The authors also suggest that airway hyperresponsiveness (AHR) does not quickly
diminish after he remission of asthma symptoms (see “Former Asthmatics”) and BHR
persistence may be an additional factor in the reoccurrence of asthma. The have also
reviewed the older literature on this topic (26). Previous studies emphasized the pres-
ence of increased serum eosinophils counts, higher IgE levels, atopy, and increased
AHR in those individuals whose asthma relapsed.

CHARACTERISTICS OF CURRENT ASTHMA

Overview
HiSTORICAL PERSPECTIVE

William Osler described asthma in his textbook, The Principles and Practice of
Medicine 1892, as follows: “Bronchial asthma is a neurotic condition characterized by
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Table 5
Asthma Pathogenesis

* Bronchoconstriction

* Bronchial hyperresponsiveness
* B-adrenergic blockade

* Inflammation

hyperemia and tumescence of the mucosa of the smaller bronchial tubes in a peculiar
exudative mucin.” In the 1940s, Osler’s “neurosis” became “bronchospasm or reversible
airway obstruction.” Reversible airway obstruction has remained the hallmark of asthma
in the sense that it either improves spontaneously over time or the pulmonary function
improves with the use of a bronchodilator over a period of minutes to hours. However,
in the 1960s, asthma became “hyperreactive airway disease,” and the methacholine
bronchial challenge test became standardized in 1975.

SYMPTOMS OF CURRENT ASTHMA

The characteristic symptoms of asthma are cough, a sensation of tightness in the chest,
a sensation of dyspnea or shortness of breath either at rest or exertion, and wheezing,
which may be audible across the room or only with careful auscultation. Of these, the
most characteristic or the most specific is the sensation of tightness. Wheezing, cough,
and dyspnea can be the result of several other maladies, such as chronic bronchitis or
acute bronchitis. The cough is typically a chest cough as opposed to a throat cough and
often productive of only a scant amount of sticky sputum even after severe coughing,
which at times, can result in cough syncope or even breaking a rib. The sputum is charac-
terized by tight spirals of mucous that emanate from the small bronchioles or sometimes
large mucous plugs, which is characteristic of bronchopulmonary aspergillosis. In either
case, the sputum is often loaded with eosinophils. The constellation of these clinical and
pathological findings is associated with bronchial obstruction and bronchoconstriction.

Asthma Pathogenesis
Please see Table 5 for asthma pathogenesis.

BRONCHOCONSTRICTION AND AUTONOMIC DYSREGULATION IN ASTHMA

Patients with asthma will bronchoconstrict to a variety of pharmacological agents.
There is evidence that bronchoconstriction in asthma is an autonomic dysfunction, with
a decreased response to B-adrenergic bronchodilators and, to a much lesser extent,
increased o-adrenergic agonist activity. This is exemplified at the human bronchus or
trachea when suspended in a muscle tissue bath relaxes with epinephrine but will contract
with epinephrine in the presence of propranolol. This autonomic dysfunction is further
characterized by studies that show a decreased fall in diastolic pressure to intravenous
isoproterenol (27). Subsequently, Kaliner et al. reported a decreased pulse pressure and
decreased cyclic adenosine monophosphate (cAMP) response to intravenous isoproterenol
in patients with asthma (28).

BHR IN Vivo AND IN VITRO

BHR to histamine and methacholine is sine-qua-non of asthma. However, BHR does
not prove asthma, because numerous subjects without asthma may respond to
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methacholine (albeit usually to higher concentrations than most patients with asthma).
Nonatopic patients without asthma rarely show any significant response to bronchial
challenge with methacholine or histamine, but up to 30% of subjects with allergic rhinitis
may respond, and it is these subjects who are at greater risk for subsequent development
of asthma. BHR is a phenotypic marker for asthma as described in studies in twins in
1984 that demonstrated that monozygotic twins have a significantly higher correlation
coefficient of their BHR to methacholine (as well as their serum IgE levels) as compared
to dizygotic twins (29). The specificity and sensitivity to methacholine in normal subjects
and subjects with asthma was described in 1984 with a best sensitivity and specificity at
200 breath units of methacholine in adults (30) and 100 breath units in children (3/). The
genetics of AHR was further studied in families with asthma, which demonstrated a
bimodal distribution of BHR. This bimodal distribution suggested a possibility of asthma
resulting from a single gene. Subsequently, the authors’ group reported a segregation
analysis to methacholine response in families with and without asthma, which showed
that it was not the result of a single gene (32). It is still not entirely clear why normal sub-
jects do not react to methacholine and histamine.

Airways from normal individuals who are nonatopic in a muscle bath contract to
methacholine and histamine with essentially the same sensitivity and degree of contrac-
tion that patients with asthma do. However, in vitro the patients with asthma show a
decreased relaxation response to B-agonists compared to the normal subjects. In vitro,
the airways of subjects with asthma show a decreased cAMP response to -agonist.

When B-adrenergic blocking agents became available in the 1960s for therapeutic
use, agents such as propranolol, which block both B-1 and B-2 receptors resulted in
increased morbidity and mortality in subjects with asthma. Subsequently, the authors
demonstrated that certain genetic strains of mice and guinea pigs showed increased
sensitivity to histamine, methacholine, and serotonin after blockade of the B-adrenergic
receptors. These effects were more pronounced with the potent -blocking agent pro-
pranolol. In mice and guinea pigs sensitized to an allergen and then challenged, there
was a high mortality in guinea pigs in the presence of a B-adrenergic blocking agents
(33). In these studies, it was clear that the increased bronchial response to allergen was
greater than the increased bronchial response to methacholine, serotonin, and hista-
mine, because [-receptors on mast cells inhibit mediator release. However, this was not
true in the strains of mice and guinea pigs that do not show increased intrinsic sensitivity
to allergens or to histamine, methacholine, and serotonin. It still remains to be deter-
mined what the genetic differences are in these strains of mice and guinea pigs that
develop BHR after B-adrenergic blockade. However, the authors now know that the
strains of mice that can be sensitized by B-adrenergic blockade are the ones that can
also be sensitized by pertussis-toxin. In fact, it was the study of pertussis-toxin and the
subsequent demonstration that B-adrenergic blocking agents mimicked many of the
effect of pertussis-toxin that led to the B-adrenergic blockade theory of asthma as pub-
lished by Szentivanyi (34).

B-BLOCKADE THEORY OF ASTHMA

It is now known that B-adrenergic blocking agents, especially those that block [3-2
adrenergic receptors, are contraindicated in patients with asthma and in patients under-
going allergy skin testing or immunotherapy. The major tenets of the B-adrenergic
blockade theory of asthma are included in Table 6.
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Table 6
B-Blockade Theory of Asthma

* Bronchial obstruction (smooth muscle spasm, edema, mucous hypersecretion, etc.)
* The pharmacological abnormality

¢ The immunological abnormality

* Primary involvement of bronchial tissue

* Close association with respiratory infection

* Eosinophilia is a common occurrence

* Increased tolerance to epinephrine

* Effectiveness of agents that are capable of restoring adrenergic action

Although the B-adrenergic blockade theory was published nearly four decades ago,
it is still yet to be proven or disproved. Persons with asthma have an abnormal reactiv-
ity to otherwise nontoxic concentrations of endogenously released or exogenously
administered pharmacological mediators (e.g., histamine or leukotrienes). Recent stud-
ies involving certain cytokines have, however, thrown new light on this theory.

Pharmacological Abnormality

Even before the development of B-adrenergic blocking agents and the observation of
their contraindication in asthma, Bordetella pertussis organisms injected into certain
strains of mice and rats modified the normal response of the animals to numerous stim-
uli. This included hypersensitivity to endogenous released or exogenously administered
histamine, serotonin, bradykinin, and, at least in some strains, acetylcholine. This also
included hypersensitivity to less specific stimuli, such as cold air, changes in atmos-
pheric pressure, and respiratory irritants. B. pertussis injections reduced sensitivity to
catecholamines, enhanced antibody formation (particularly reaginic antibody), and
induced marked eosinophilia. These changes are analogous to the situation in bronchial
asthma. These findings in the pertussis-sensitized mouse also are associated with a
reduced functioning of the B-adrenergic component of the autonomic nervous system.
Regardless of whether the bronchi or the symptoms of asthma are triggered by an
immunological response to an allergen or an infectious agent, the neurotransmitters
released (and the accompanying diminished B-adrenergic response) results in an adren-
ergic imbalance. This deprives the bronchial tissue from its normal counter regulatory
adjustment. In addition to animal studies, it is now well demonstrated that B-adrenergic
blockade enhances BHR to inhaled allergens or methacholine in patients with seasonal
allergic rhinitis (but without a previous history of bronchial asthma (35).

Immunological Abnormality

B. pertussis not only causes a pharmacological hypersensitivity but also alters immune
response both quantitatively and qualitatively, including production of reaginic antibody.
Pertussis-toxin (histamine-sensitizing factor) is identical to the immunological adjuvant
that produces increased levels of reaginic antibody. Furthermore, pertussis-toxin, like
whooping cough, results in increased formation of lymphocytes.

Primary Involvement of Bronchial Tissue

The primary involvement of the bronchial tissue is exemplified by the fact that in
patients with asthma, a low dose of histamine induces wheezing but not hives. In contrast
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to individuals with chronic urticaria, it has been reported that histamine will produce
hives but not wheezing. In subjects with allergic rhinitis, a nasal allergen challenge
with a specific allergen will reduce the airway lumen and result in nasal congestion and
obstruction. This only rarely has an effect on the lower respiratory tract. In subjects
with asthma, nasal allergen challenge rarely produces lower airway symptoms; however,
the same amount of allergen introduced into the lower airways will result in obstructive
pulmonary dysfunction.

The Close Association of Respiratory Infection and BHR

It has been known for many years that a common rhinovirus infection in normal peo-
ple may result in increased airway reactivity to methacholine for up to 4-6 wk, long
after the symptoms of the respiratory infection have cleared. Some virus infections in a
patient with asthma not only results in increased BHR to methacholine but also is fre-
quently the cause of severe exacerbation.

Eosinophilia

The eosinophilia that occurs in asthma is consistent with the observation that epi-
nephrine and isoproterenol produce eosinopenia, and this catecholamine effect is
blocked by propranolol. It has been demonstrated that the eosinopenic effect of epi-
nephrine on circulating eosinophils is significantly reduced in patients with asthma as
compared to normal subjects (36). These same investigators also observed that pertus-
sis vaccine and propranolol markedly impaired the eosinopenic effect of epinephrine in
rats (36). This further supports the observation that -adrenergic mechanisms are
impaired in patients with asthma. These observations were known long before the
known effect of various cytokines (e.g., interleukin [IL]-5) and chemokines (e.g.,
eotaxin) on producing eosinophilia.

Increased Tolerance to Epinephrine

The increased tolerance to epinephrine is an important tenet exemplified by epineph-
rine-fast asthma and status asthmaticus, where epinephrine is either ineffective or much
less effective than in the patient who is having only a mild asthma episode. This
decreased response to epinephrine is consistent with a B-adrenergic blockade mecha-
nism. The restoration of epinephrine responsiveness by corticosteroids (CSs), which
increase the density and number of B-adrenergic receptors, is also consistent with this
concept (37). It is well recognized that CSs increase B-receptors in airway mucosa and
airway smooth muscle, as well as on the lymphocytes of patients with asthma.

Restoration of Adrenergic Activity

Another tenet of the B-blockade theory is the therapeutic effectiveness of agents that
are capable of restoring the effect of B-adrenergic activity. The principle components of
this are (1) bypassing the biochemical site of the B-adrenergic receptor adenylates
cyclase site of action by the use of theophylline and, more recently, more potent phos-
phodiesterase inhibitors, and (2) by sensitizing the B-receptor and lowering the receptor
threshold to catecholamine action by the use of CSs. The current use of the combina-
tion of B-agonists and inhaled steroids showing greater efficacy than just doubling the
amount of corticosteroids is reminiscent of prior observation in animals.

The authors have demonstrated that in strains of mice and rats that normally are
quite resistant to histamine after B-adrenergic blockade or bilateral adrenalectomy there
is increased histamine sensitivity and histamine-induced lethality (38). When the
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authors administered increasing concentrations of epinephrine or isoproterenol, they
could provide only a modest degree of protection. Similarly, when they gave increasing
concentrations of CSs, they demonstrated only a modest degree of protection against
histamine lethality. However, when they combine even low doses of catecholamine and
CSs, the rodents demonstrated complete resistance to death. This indicates that gluco-
corticoids are capable of sensitizing adrenergic target cells to the action of cate-
cholamines.

Susceptibility to Other Precipitating Factors

The final tenet of the B-blockade theory is a susceptibility of the airways to various
unrelated precipitating factors. Asthma may be triggered by numerous stimuli, such as
infection, mast cell mediators, muscarinic neurotransmitters, changes in the tempera-
ture of inhaled air, or nonantigenic dust or fumes and other irritants. The theory appears
to necessitate that the primary defect in asthma be connected through a final common
pathway. This is consistent with the observation that -adrenergic agonists (albuterol)
in the patient with asthma, when challenged with several bronchoconstrictors, will
result in protection to against the bronchoconstriction. These agents include
leukotrienes, histamine, methacholine, serotonin, or nonspecific agents, such as exer-
cise or cold air challenge or osmotic challenges, such as hypertonic saline or sterile
water. This supports the concept of a common mechanism.

INFLAMMATION
In the 1980s, inflammation became an obvious component of asthma.

Eosinophils

Eosinophils and the major basic protein of eosinophils can damage and denude air-
way mucosa. This can result in a decreased bronchodilating effect as demonstrated in
guinea pigs airway smooth muscle. Furthermore, eosinophils and major basic protein
can damage the muscarinic-2 receptors in the pulmonary ganglia, which result in less
feedback inhibition in the muscarinic-2 receptors and increased methacholine response
on the muscarinic-3 receptors of the airways. When airways are denuded, exposure of
the sensory nerves in the airway mucosa and resultant release of neuropeptides occur,
such as Substance P and neurokinin A, and constriction of airway smooth muscle and
edema along with vasodilatation. In the 1990s, the story of inflammation was further
advanced by the understanding of the role mast cells, eosinophils, and lymphocytes in
the airway mucosa.

Mast Cells

The mast cells’ release of mediators, particularly leukotrienes, along with histamine
and prostaglandins, induces bronchoconstriction in people with asthma. Mast cells,
eosinophils, and lymphocytes produce several cytokines, which are currently undergo-
ing intense investigation in asthma. The role of the mast cell may be important in terms
of induction of AHR because of its interaction with airway smooth muscle. It is now
recognized that the airways of people with asthma are infiltrated with mast cells. On
the other hand, the role of the eosinophil is still not entirely clear. Although the
eosinophil is (almost) universally present in asthma, it is not entirely clear whether its
presence is only guilty by association rather then causally a factor. For example, in
patients with eosinophilic bronchitis, the airways have a marked increase in eosinophils
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but not mast cells or AHR. Mast cells and basophils can produce lipid mediators, such
as platelet-activating factor and leukotrienes, along with chemokines and cytokines that
may cause AHR. Furthermore, activated mast cells can produce stem cell factor,
chemokines, and cytokines that recruit more mast cells (39). That CSs can reduce the
number of mast cells in both the upper and the lower airways is consistent with the new
guidelines for treatment of asthma.

Pharmacotherapy of Inflammation

Inhaled steroid are now first-line treatment for all levels of persistent asthma, and the
combination with a bronchodilator therapy is recommended in patients who are not
adequately controlled on low- to moderate-dose inhaled steroids. An additional advan-
tage of a single inhaler delivering both drugs is the adherence with a glucocorticoid
component is greater owing to a better secondary adherence rate with an inhaled bron-
chodilator because patients experience immediate relief in contrast to inhaled CSs.
Furthermore, inhaled glucocorticoids used in combination have a sparing affect; there-
fore, fewer glucocorticoids are needed in combination. The fear regarding long-acting
-agonists masking underlying inflammation is no longer an issue when they are used
in combination with a [3-agonist. It is now demonstrated that the combination of inhaled
fluticasone and salmeterol gives markedly greater improvement in forced expiratory
volume in 1 s than either agent alone and also results in much greater asthma control
than when either agent alone is administered.

Agents such as roflumilast are specific phosphodiesterase 4 inhibitors, which bypass
the B-receptor and increase cAMP by preventing the metabolism of cAMP. These phos-
phodiesterase 4 inhibitors are anti-inflammatory drugs because they increase cAMP
and block the proliferation of lymphocytes and smooth muscle cells and inhibit proin-
flammatory mediator release, such as tumor necrosis factor (TNF)-o, and augment the
release of anti-inflammatory mediators, such as IL-10 and TNF receptor. Roflumilast
has been demonstrated to block the allergen challenge, particularly the late reaction,
although it modestly inhibits the early reaction; these effects on the late reaction are
reminiscent of the effect of CSs, which also inhibit the late reaction. In phase 3 double-
blind placebo-controlled trials, roflumilast showed significantly greater improvement
in the forced expiratory volume in 1 s in patients with mild to moderate asthma and
showed similar effects to montelukast in decreasing asthma symptoms and decreasing
the need for rescue medication. Similarly, in a 12-wk comparative trial with
beclomethasone, roflumilast showed a similar improvement in pulmonary function, as
well as a similar improvement in asthma symptoms scores and similar decrease in the
need for rescue medication. Furthermore, it showed lower incidence of adverse events
and excellent tolerability during long-term treatment.

Nitric Oxide: An Inflammatory Marker

Exhaled nitric oxide (NO) is now recognized as a noninvasive marker of airway inflam-
mation. Exhaled NO is easily measured and can be performed either online of offline
even in young children. Previously, the authors had to rely on bronchial biopsies or
bronchial lavage to demonstrate airway inflammation, but now they can simply measure
the level of NO in the exhaled air. This is totally noninvasive because all the subject has
to do is to exhale normally into an NO analyzer or into a bag that can subsequently be
taken to an NO analyzer and measured. It is now recognized that anti-inflammatory agents,
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such as inhaled CSs or leukotriene antagonist or phosphodiesterase inhibitors, can lower
the level of NO in the exhaled air. In a study by Covar (40), the normal control children
had levels of exhaled NO of approx 10-15 ppb, whereas in the patient with asthma it was
approx 60 ppb in the placebo-treated group and approx 25 ppb in patients with asthma
after budesonide treatment. In a separate study of 251 adults with suspected asthma
where 160 were diagnosed with asthma based on their response to B-adrenergic ago-
nists or methacholine challenge, the exhaled NO was 25 ppb in asthma vs 11 ppb in
patients without asthma (4/). From these studies, one can conclude that exhaled NO can
be used as a diagnostic tool for screening patients with suspected asthma. To diagnose
asthma, a comparison between exhaled NO measurements and conventional tests must be
conducted; the following findings have been observed. Exhaled NO and sputum
eosinophils were compared against serial peak expiratory flow, spirometry, and airway
responses to B-agonists and oral glucocorticoids in diagnosing asthma. In this study, 47
patients who were suspected of having asthma were enrolled, 36% of whom had asthma
as demonstrated by B-agonist bronchodilating responses or methacholine challenge (42).
Exhaled NO of greater than 20 ppb showed a specificity of 79% and a sensitivity of 88%,
and sputum eosinophils of more than 3% showed specificity of 88% and sensitivity of
86%. It was concluded that exhaled NO and sputum eosinophils are superior to con-
ventional measures of making the diagnosis of asthma. Exhaled NO is most advanta-
geous because the test is quick and easy and does not require a bronchial challenge with
hypertonic saline to induce sputum. The clinical application of measurement of NNO and
the use of the Aerocrine exhaled NO monitoring system and its recent approval by the
Food and Drug Administration has been described (43).

Exhaled NO is a marker of airway inflammation in asthma. However, in certain
other inflammatory airway diseases, such as cystic fibrosis, NO is either normal or
diminished. In chronic obstructive lung disease, particularly in smokers, NO may be
normal or diminished.

The elevated levels of exhaled NO are associated with allergic inflammation and
increased levels of the enzyme-inducible NO synthase in the airway mucosa of patients
with asthma. CSs by decreasing inflammation also decreases the level of the inducible
NO synthase in the airway epithelium cells.

Cytokines and T-Cells

It is now well recognized that the Th1-Th2 paradigm is an important characteristic
of asthma. There is believed to be an imbalance in asthma, with a predominance of Th2
cytokines, including ILs-4, -5, and -13, in patients with asthma, with perhaps a relative
deficiency of Thl cytokines, such as interferon-y or ILs-12 and -18.

The effect of anti-IL-5 has been studied in numerous preclinical and clinical trials and
is effective in decreasing the number of eosinophils in the blood and sputum. It also
decreased eosinophils in the airway mucosa, although it is recognized that a substantial
number of eosinophils are still present in the mucosa. Nevertheless, although appearing
promising in animal studies, in clinical studies an antibody to IL-5 failed to improve
BHR or to protect against allergen challenge or significantly decrease asthma symptoms.

IL-4 was believed to be important in asthma pathogenesis because of its role as a
Th2 promoter and in the production of IgE. In preclinical studies, as well as phase 11
studies, soluble IL-4 receptor was promising. The IL-4 receptor binds avidly to IL-4
and markedly decreases the level of IL-4 in serum and in bronchial lavage. It did not,
however, show clinically significant improvement in patients with asthma.
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Table 7
Role of Interleukin-13 in Asthma Pathogenesis

e Interleukin (IL)-13 is increased in the airways of patients with asthma and-
could be a factor in causing airway hyperresponsiveness (AHR) in asthma.

¢ IL-13 markedly increased methacholine sensitivity in mice.

e IL-13 resulted in a marked decrease in the response to -agonist relaxation.

* Still to be determined is whether the increased AHR and decreased
response to B-adrenergic agonist after IL-13 are causally related.

IL-13, however, has not yet tested yet, in humans. However, in several animal models,
particularly in the mouse model, it produces numerous effects relevant to asthma. IL-13
switches on IgE. IL-13 is both necessary and sufficient to cause AHR in an animal model
(44,45). In fact, it produced a degree of AHR similar to that induced by allergen chal-
lenge in allergen-sensitized mice. IL-13 increases airway goblet cells and mucous and is
more potent than IL-4. IL-13 also increases the blood eosinophils. Therefore, it raises
the question, “Is IL-13 the cause of AHR and asthma?” (see Table 7).

IL-13 has several significant properties, including that IL-13 is increased in the air-
ways of patients with asthma and could be a factor in causing AHR in asthma (46). The
authors, as well as a number of other investigators, have demonstrated that IL.-13
markedly increases sensitivity to methacholine in allergen-naive mice. IL-13 resulted
in a marked decrease in the response to [3-agonist relaxation (46). Still to be determined
is whether the increased AHR and decrease response to B-adrenergic agonist, after IL-
13, are causally related.

IL-13 is an immunoregulatory cytokine secreted by activated Th2 cells. It is also
produced by eosinophils and mast cells. IL-13 is a mediator in the pathogenesis of
allergic inflammation. It is important in the development of AHR and mucous produc-
tion. It inhibits the production of proinflammatory mediators, such as IL-1 and TNF-o
by monocytes and macrophages. It has a direct effect on eosinophil survival, activation,
and recruitment, and it also has important functions in endothelial cells, smooth muscle
cells, fibroblast, and epithelial cells.

IL-13 has many diverse functions on various cell types that are relevant to the patho-
genesis of asthma (see Table 8).

IL-13 is one of the most attractive, common, novel, potential targets for therapeutic
intervention in the treatment of asthma. There are now at least five different biotech or
pharmaceutical companies involved in development of IL-3 blockers. The authors’ lab-
oratory has looked at the so-called decoy receptor IL-13 R-a-2 (46), which is present
on the surface of cells containing the IL-13 R-a-1 receptor. This decoy receptor has a
high affinity for IL-13. In this sense, it “mops-up” IL-13 in the circulation and com-
petes for the IL-13 R-a-1 receptor that is involved in the signal transduction pathway
of IL-13. It has been demonstrated that IL-13 R-a-2 protects against bronchoconstric-
tion in sensitized mice and restores the response to (3-adrenergic agonist (44—46). The
authors have tested the hypothesis that the response to albuterol is diminished in sensi-
tized mice and this effect is mediated by IL-13. When sensitized mice are treated with
the decoy receptor IL-13 R-0i-2 to inhibit the effect of IL-13, the response to albuterol
is restored (46). In allergen-sensitized and challenged mice, the response to albuterol is
diminished, and this effect is mediated by IL-13. Indeed, it is our conclusion that the
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Table 8

Functions of Interleukin-13 on Inflammatory Cells in Asthma

* Respiratory epithelium
Increased chemokine expression, mucous hypersecretion, and goblet cell
metaplasia.
¢ Airway smooth muscle
Increase of smooth muscle proliferation and increased sensitivity to
bronchoconstrictor agents.
* B-lymphocyte
Induces immunoglobulin (Ig) E production.
s Macrophage, increases low-affinity IgE expression.
- Mast cells, modulates of the high-affinity IgE receptor and IgE priming.
Upregulates the IgE receptor.
> Eosinophils
Recruitment and activation.
Increased numbers of eosinophils.
> Vascular endothelium
Expression of vascular cell adhesion molecules.
Increased chemokine expression.
- Fibroblasts
Increased collagen and fibrosis remodeling of the airways?

mechanism whereby IL-13 is both sufficient and necessary for inducing BHR results
from inhibition of the B-adrenergic response.

IL-13 induces BHR to methacholine, and the IL-13 blocker (IL-13 R-¢t-2) signifi-
cantly inhibits the bronchoconstriction in response to methacholine challenge.
Furthermore, in vitro studies involving mouse trachea, IL-13 also inhibits the relax-
ation response to [3-agonist, and this response is restored by the IL-13 R-o.-2. The abil-
ity of IL-13 R-ai-2 to restore the effect of B-agonists, such as albuterol, provides insight
into the potential clinical treatment of asthma. IL-13 produced in the airway by several
cells, such as T-cells, eosinophils, and mast cells, may mediate AHR through its com-
bined actions on epithelial and smooth muscle cells. Specifically, IL-13 has several
effects on airway epithelium, such as induction of calcium activation chloride channels
genes and increased goblet cell mucous content and impaired mucociliary clearance, all
of which are contributory to airway obstruction. IL-13 impairs NO production by airway
epithelial cells, which presumably would lead to heightened smooth muscle tone as NO
is a bronchodilator. Furthermore, IL-13 can induce production of anaphylatoxin and
complement factor C-3, which is important in the induction of BHR. Finally, and perhaps
most important, IL-13 can directly impair -adrenergic receptor mediated relaxation of
airway smooth muscle.

Asthma Pathogenesis Conclusion: Mice, Men and Cytokines

In conclusion, having extensively reviewed the tenets of the 3-adrenergic blockade the-
ory and in light of the recent developments and understanding of the role of the Th2
cytokine IL-13 (46), the authors can say that the effects of IL-13 are consistent with the [3-
adrenergic blockade theory of asthma. In this regard, the pharmacological abnormality,
that is, the increased BHR and the decreased response to [B-agonist, which are two essen-
tial components of the B-blockade theory, are adequately demonstrated by the effects of



Origins and Characteristics of Asthma 25

IL-13. Furthermore, the increased IgE and the increased number of eosinophils, as well as
the mucous hypersecretion and edema and goblet cell metaplasia that occurs in asthma (as
well as in the pertussis-sensitized mouse model) are striking features of the effect of IL-13.

Pediatric Asthma Issues

As discussed in the earlier parts of this chapter (see pages 4-5), pediatric asthma,
especially during infancy, is difficult to diagnose because the demonstration of wheez-
ing does not necessarily mean persistent asthma. Nevertheless, the mechanisms outlined
of the B-adrenergic blockade theory and the potential role of IL-13 should equally apply
to all ages of people with asthma. The future potential to measure exhaled NO even in
small children may provide insight into separating those young children who have
wheezing without asthma from those that are more likely to develop persistent asthma.
This would have significant advantage over other parameters, such as bronchial biopsy
for demonstration of inflammatory cells in asthma and bronchial lavage. Furthermore,
the levels of exhaled NO is a much more sensitive indicator of the effect of therapeutic
modalities. In small children, where it is not possible (or practical) to measure pul-
monary function by conventional methods, it is easy to measure NO.

Although AHR is the sine-qua-non of asthma, it is difficult to measure in small chil-
dren. Although this can be done in research programs, bronchial challenges in infancy
are markedly limited in this age group. The longitudinal evaluation of lung function in
wheezing infants shows that the persistent wheezer shows a gradual and significant loss
of lung function from the age of birth through age 16, which is in contrast to the tran-
sient early wheezers who regain most of the pulmonary function during the same time
period. NO and sputum eosinophils are the most sensitive and significant parameters
for asthma and a therapeutic response to anti-inflammatory agents. Collecting sputum
eosinophils or indeed collecting sputum at all in small children is difficult. When meas-
urable, serial peak expiatory flows, spirometry, and airway responses are the standard
techniques for identifying pediatric asthma.

Adult Asthma Issues

Adult asthma is characterized by bronchoconstriction, eosinophilia, BHR, and inflam-
mation. Although adult-onset asthma is frequently nonallergic as compared to asthma in
childhood and early adult years, it still has the primary characteristics of asthma. Thus,
there is the same level of AHR and the same decreased response to [-agonists in light of
the occurrence of severe epinephrine fast and status asthmaticus occurring in both aller-
gic and nonallergic asthma. ILs-4 and -13 are necessary for producing an increased IgE,
but there is evidence that IL.-13 can produce production of features of asthma that are
independent of IgE production, such as the generation of anaphylatoxin C3A and its
effect on various cells involved in asthma, including its effect on decreasing response to
B-agonist and increasing eosinophilia. Furthermore, because it induces release of trans-
forming growth factor-f from epithelial cells that enhances fibroblast secretion, IL-13
consistent with its effect on airway remodeling.

Former Asthmatics

It has been observed that approximately one-third of children with asthma will cease to
have symptoms typically around the time of puberty (especially in boys), another one-third
will remain the same, and the rest will have perhaps even worsening of their asthma.
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However, it remains to be determined which children cease to have asthma symptoms. Our
group pursued this observation in studying 43 students at Creighton University who had
definite history of asthma, who had asthma for an average of 7 yr, and have been free of
any asthma symptoms or medication use for an average of 8.5 yr (47). In these studies, the
authors observed that 85% of these children who had been asthma-free anywhere from 1
to 22 yr still had measurable BHR to methacholine. The authors interpreted their findings
as that although asthma may go into remission, the genetic and physiological abnormali-
ties, particularly BHR may persist, although clinically quiescent. Indeed, it is now recog-
nized that individuals who have had asthma and are in remission can, a number of years
later, have a recurrence of asthma (see “Relapse Asthma” section). This particularly may
occur in response to a respiratory infection or a combination of events, such as a respira-
tory infection and exposure to environmental allergens or to occupational sensitizers.

CONCLUSIONS

Asthma is a common but complex disease, with increasing prevalence in the United
States and throughout the developed, and eventually, the developing nations. Pediatric
asthma has strong familial and allergic backgrounds, whereas adult-onset asthma has
less specific associations. Exaggerated BHR is central to the disease in all ages.
Asthma’s scope and effect require continued investigation into its causes. The authors
have attempted to describe the origins and characteristics of asthma and can say that
their understanding of asthma has come a long way from Osler’s original description of
asthma as a neurosis to modern day molecular biology and the effect of various
cytokines on its receptors in relation to the clinical signs and symptoms of asthma.
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KEY POINTS

* Most patients with asthma have allergic asthma, and, therefore, allergies may exacer-
bate their symptoms.

* The optimum treatment of allergic asthma requires identifying the offending allergens
so they can be eliminated, avoided, or treated.

* The essential elements of this diagnosis require a careful allergy history, physical exam-
ination, and diagnostic allergy tests, such as skin tests, radioallergosorbent (RAST)
tests, and/or challenge tests.

* The major categories of allergens affecting bronchial asthma consist of pollens, envi-
ronmentals, food, and animals.

INTRODUCTION

The incidence and severity of allergy, asthma, and allergic asthma has been increasing
(1), and this makes diagnosing allergic asthma even more important. It is not sufficient to make
the diagnosis of bronchial asthma without determining whether the patient is atopic, and if
so, to what allergens. These allergens can be classified into the following broad categories:

¢ Pollens.

¢ Environmental.
e Animals.

* Foods.

When specific allergens have been identified as eliciting symptoms, they can fre-
quently be eliminated, avoided, or decreased. Antimite avoidance measures, such as the
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use of mattress encasings (2), HEPA filters (3), and frequent dusting and vacuuming,
may significantly improve the symptoms of the patient with asthmas who is mite sensi-
tive. Allergen-specific therapy, such as allergy immunotherapy, may be undertaken as
part of the patient’s overall therapeutic regimen. This may prevent the seasonal exacer-
bations of asthma that plague many patients who have allergic asthma.

Allergic asthma manifests itself in the form of food allergy in many infants and
young children. Although it may be somewhat difficult to diagnose the offending
food, the removal of the offending food from the child’s diet may be critical to the
child’s health.

Another important group of allergens that significantly affects children, as well as
adults, is animals. Exposure to pets or animal parts can either cause acute exacerbations
are be an underlying cause of chronic symptoms. This exposure can occur at both work
(some occupations have large exposures to animal allergens) and home, even if there
are no pets in the home. Studies have shown that because of the large number of dogs
and cats, more than 1 million (4), present in the United States (5), almost everyone has
animal allergens in his or her home, regardless of whether they have pets (6,7). The
animal hair and dander are transferred from pet owners to non-pet owners. These aller-
gens are then brought into the nonsuspecting person’s home from their clothes, so the
diagnosis and subsequent cleaning and avoidance of offending animal allergens should
be part of all optimum treatment plans for patients with allergic asthma (8).

The importance of identification and avoidance of culpable allergens is often critical
in preventing allergic asthma symptoms, exacerbations, and hyperactive airways.

ALLERGENS

The self-reported prevalence of bronchial asthma by individuals at least 18 yr old in
the United States is 11% (9), reported by the Behavioral Risk Factor Surveillance
System in 2001. The mean prevalence for asthma had been estimated at 7.2%, with a
range of 5.3-9.5% (10). The survey also found that 78% of these patients with asthma
had symptoms within the last 30 d. The role of allergy in the pathology, epidemiology,
prevention, and treatment of bronchial asthma has gained in significance in the last
decade. It is understood now that most people who develop asthma are believed to be
extrinsic or have an underlying allergic diathesis (/7).

Allergic asthma triggers can be divided into four categories—pollens, environmental,
food, and animal—which consist of the allergens cited in Table 1.

Pollens

The symptoms of pollen-induced allergic asthma tend to exacerbate seasonally, usually
in the spring (grass and trees) and fall (weeds) when the pollen counts are the highest (12).
This effect varies greatly depending not only on pollen counts but also on microcli-
mate, geography, and individual sensitivities (/3). These patients have the following
signs and symptoms associated with pollen-induced asthma:

* Genetic predisposition.
* Family members usually have allergic asthma and other allergic diseases.
* Allergic asthma that most often begins in childhood.
» Usually accompanied by allergic rhinitis.
o May have had atopic dermatitis in childhood.
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Table 1
Allergic Asthma Triggers
Pollens Environmental Food Animals
Grass Dust mite Milk Dogs
Weeds Cockroach Eggs Cats
Trees Miscellaneous insects Wheat Birds
Mold Peanut Horses
Corn Rabbits
Pork Mice and rats
Shellfish Hamsters and gerbils
Fish Guinea pigs

* Asthma is frequently also exacerbated by other allergens, mite, mold, etc.
* Positive skin and radioallergosorbent (RAST) tests to pollen.
o Positive inhalation allergen test (not frequently performed).
» Seasonal exacerbations.
* Allergy immunotherapy may improve symptoms.
» Exercise-induced asthma worse during exposure to pollen.
o Running outside during increased pollen counts (e.g., during football practice).
* Increased bronchial reactivity to irritants.
* Methacholine.
* Smoke.
o Noxious aerosols.

Environmental Allergens

Patients who are allergic to the indoor environmental allergens (Tables 2—4) will have
a yearlong or perennial symptoms but not seasonal exacerbations (/4). However, many
patients are allergic to both pollen and indoor environmentals. House dust mites
increase during periods of high humidity (/5). They thrive at sea level and do not survive
in high altitudes (/6). Mites are primarily found in bedding, carpets, rugs, and furniture
(14). They are not usually airborne unless the air currents are disturbed by such events
as opening or closing doors (/7,18). House dust mites are one of the most common
allergens and may cause significant morbidity. The mites most likely to cause allergic
asthma and rhinitis are Dermatophagoides pteronyssinus (19) and Dermatophagoides
farinae (20). Patients who are allergic to these allergens frequently have symptoms
associated with exposure to vacuuming and dusting.

Cockroaches are commonly found in the inner cities (2/). The German cock-
roach, Blattella germanica, is the most common roach found in the United States
(22). Cockroaches increase in the warm, humid periods. They are believed to be one
of the reasons for the high incidence and high morbidity of asthma in the urban
areas.

Mold thrives in damp (23) and dark locations, contaminated food, and humid cli-
mates (see Table 3). The effect of mold is controversial. Mold is known to cause aller-
gic reactions. Alternaria has caused severe bouts of allergic asthma (24). It is debatable
regardless of whether mold releases a toxin that causes allergic or other medical com-
plications (25,26).
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Table 2

Common Pollen Allergens

Grass pollen

Common name

Genus and species

Johnson grass
Berumda grass
Orchard grass
Meadow fescue
Perennial rye
Kentucky bluegrass
Redtop grass
Sweet vernal
Timothy grass

Sorghum halepense
Cynodon dactylon
Cactylis glomerata
Festuca elatior

Lolium perenne

Poa pratensis

Agrostis alba
Anthoxanthum odoratum
Phleum pratense

Weed pollen

Common name

Genus and species

Short ragweed
Giant ragweed
Mugwort
English plantain
Lambs quarters
Russinan thistle
False ragweed

Tree pollen

Ambrosia artemisiifolia
Ambrosisa trifida
Artemsia vulgaris
Plantago lanceolata
Chenopodium album
Salsola kali

Franseria acanthicarpa

Common name Genus
Elm Ulmus
White oak Quercus
Beech Fagus
Birch Betula
Chestnut Castanea
Cypress Cupressus
Cedar Juniperus
Pine Pinus
Pine Fraxinus
Olive Olea
Maple Acer
Walnut Juglans
Hickory Carya
Cottonwood Populus
Willow Salix
Mesquite Prosopis
Privet Ligustrum
Common molds
Penicillium Fusarium
Cladosporium Claviceps
Cladosporium Rhizopus
Alternaria Epicoccum
Aspergillus Helminthosporium

Modified from ref. 27.



Diagnosing Allergic Asthma 35

Table 3
High Indoor Mold Concentrations
Mold Characteristic
Total mold Temperature in child’s bedroom (5°F above the rest of
the home)

Forced air heating
Reported water, dampness, or leaks in any room in past
12 mo

Observed evidence of moisture or leaks in child’s bedroom

Reported cat living in home within past 6 mo
Alternaria Reported water, dampness, or leaks in any room in past 12 mo
Aspergillus Season (winter)

Forced air heating

Observed evidence of cockroaches in child’s bedroom

Reported cat living in home within past 6 mo
Cladosporium  Observed evidence of moisture or leaks in child’s bedroom
Penicillium Season (winter vs other)

Observed musty smell in child’s bedroom

Modified from ref. 27a.

Table 4
Environmental Allergens
Allergen Location
Cockroaches Inner city
Mold Dark, damp, humid locations
Miscellaneous insects Ubiquitous
House dust mites Lower elevations, bedding, and mattress
Animal Allergy

Allergies to pets and other animals are common and often denied by patients and
family members (28). Cats cause severe bouts of asthma and allergy symptoms (29).
The allergens from pets can come from their hair, skin, fur, saliva, urine, or feces (4),
so people can be exposed in a diverse manner. The most common pets causing allergy
are dogs, cats, birds, mice, rabbits, gerbils, guinea pigs, and ferrets.

In the United States, it has been estimated that there are 105 million dogs and cats
(30). Studies have shown that almost everyone has cat hair and dander in his or her
home (317). This occurs even if a cat has never been in the home. The large number of
these animals causes the almost ubiquitous nature of this allergen that is probably trans-
ferred from one person’s clothes to another and they are into their home or office (32,33).

Allergy to pets is frequently denied, making the diagnosis more difficult (3). Many
pet owners claim that they would rather give up their allergic spouse rather than parting
with their pet. Pets can not only cause an acute exacerbation but also add to the total
cumulative allergy load. This exposure has been compared with a glass of water. If some
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pollen is put into a glass followed by mite allergen, mold allergen, and then when you
add pet allergens, the glass begins to overflow (as do patients’ symptoms).

Food Allergy

Food allergy is common and has a more important role in infancy and early child-
hood (34). Sicherer and Furlong studies have shown that approximately 4% of the US
population and 6% of children under the age of 3 yr have food-induced hypersensitiv-
ity (35). Allergic reactions to foods occur immediately or several hours later, making it
difficult to determine the cause and effect of the child’s wheezing (36). This makes it is
more complicated to ascertain if specific food is a factor in allergic asthma in this age
group. The most common foods that cause allergy in childhood are as follows (37):

Milk Egg albumin
Casein Yolk
B-lactaglobin Pork
o-lactaglobin Corn

Whey Peanuts
Albumin Fish

Eggs Wheat

Food allergy should be suspected in adults who have persistent asthma or who have
intermittent exacerbations with no apparent trigger. They may also have the following
signs and symptoms (38):

* History of atopic dermatitis in childhood.

* Family history of food allergy.

* History of colic or feeding difficulties.

* Persistent or refractory asthma.

* No known triggers to explain exacerbations.

* History of positive skin or RAST test to a food.

Food allergy can cause severe bouts of bronchial asthma (39). In one study, 50% of
adults with difficult-to-treat asthma had food allergy (40). Allergic reactions are sometimes,
but not commonly, caused by inhalation of the vapor of the food being cooked (4/). The
inhalation of peanut dust on an airplane causing anaphylaxis is an example of this (42).

Children have a higher incidence of food allergy than adults. The overall incidence
is increasing, but it is difficult to detect the exact number of people who are plagued
with this problem (35). Table 5 lists the estimated incidence of food allergy (34) to
common foods in both children and adults.

Food allergy in childhood has been well established to cause symptoms of allergic
rhinitis (43), atopic dermatitis (44), asthma (45), urticaria (46), and pruritus (47). This
type of allergy also causes the following gastrointestinal symptoms (48):

* Bloating.

* Nausea and vomiting.
* Gas and flatulence.

* Abdominal pain.

* Colic and cramps.

* Diarrhea.

* Bloody diarrhea.

* Heartburn.
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Table 5
Prevalence of Food Allergies in the United States
Food Young children, % Adults, %
Milk 2.5 0.3
Egg 1.3 0.2
Peanuts 0.8 0.6
Tree nuts 0.2 0.5
Fish 0.1 04
Shellfish 0.1 2.0
Overall 6 3.7
Food-induced wheezing 7
Atopic dermatitis 35
Table 6
Commonly Used Allergy Tests
Test Problems Types of test Conclusion
Skin test Inaccurate results Prick test Not definitive, a guide
May be dangerous Intradermal Not routinely performed
RAST Not accurate Cap-RAST Good as a guide, especially
if a severe reaction was
suspected
DBFCT Difficult to perform  Food challenge Most accurate
May be dangerous,
expensive
Single-blind food Difficult to perform  Food challenge Not as accurate as DBFCT
challenge test and interpret
Basic diet and Time consuming Diet manipulation Requires families
challenge and difficult to cooperate
Elimination diet Diet manipulation Diet manipulation  Easier for families
and challenge to follow

RAST, radioallergosorbent test; DBFCT, double-blind food challenge test.

The diagnosis of food allergy is made by a careful history, physical examination, and
diagnostic tests (49). Food allergy skin tests and RAST tests, unlike other allergy tests,
such as pollen or hymenoptera, are used as more of a guide than as a definitive test
(50). Food allergy testing has a higher rate of false-positive and false-negative test
results (36). Table 6 lists the commonly used tests for food allergy (51,52).

There are many false-positive and false-negative food allergy tests (53). Many patients
(and physicians) have difficult understanding that a “positive skin” test to a food does
not equate to a food allergy. Food allergy skin testing can be dangerous and difficult to
interpret (54). It is usually not advisable to perform this type of testing on patients who
have a history of an anaphylactic reaction to the suspected food (55). Food allergy skin
tests should always begin with a prick test (1/100) and only proceed by dilution (1/1000)
intradermal testing by experienced allergists who is prepared to treat anaphylactic reac-
tions (56). Food allergy testing is usually done both as a screening procedure during
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routine skin testing and for specific food allergies that were elicited during the allergy
history. RAST tests can also be used instead of skin testing, but they are not as accurate
as a properly applied and interpreted skin test (57). However, if a severe food allergy is
suspected, a RAST test is safer than a skin test.

Once a food is suspected by history and skin or RAST test, a diagnostic challenge
should occur, except for when severe food allergy reactions have occurred or are sus-
pected by previous testing. The gold standard in this type of testing is the double-blind
food challenge test (DBFCT) (58). In the DBFCT, both the suspected food allergen and
a placebo are usually lyophilized and disguised in either capsules, “shakes,” or other
vehicles, so that it is impossible to tell them apart (59). This eliminates bias so that it is
the most objective way of food challenge testing. The DBFCT has some drawbacks in
that it is expensive and time consuming, no Food and Drug Administration-approved
product for testing is available, and it also has the possibility of causing anaphylactic
reactions in extremely sensitive patients (52). People who are experienced and prepared
to treat anaphylaxis should, therefore, only conduct this test. Like any test, the DBFCT
is not 100% foolproof and can have some false-positive and false-negative results, but
it is the most accurate test of food allergy. Antihistamines must be discontinued at least
48 h before the challenge. The suspected food should be removed from the child’s diet
for at least 1 wk before the food challenge test is undertaken. The initial challenge usually
begins with 125-500 mg of the suspected food and then doubled every 20—60 min,
until 10 g of food have been eaten (60). If the food allergy tests are negative, the food
is given to the patient in the office, in an open challenge.

Children frequently outgrow their food allergy, so that in the nonanaphylactic forms
of food allergy, elimination diet and challenge testing may be performed every 6 mo.

In the single-blind placebo controlled food challenge test (SBFCT), it is not possible
to blind the investigator; only the patient can be blinded. The results, therefore, have
some investigator bias, and the test is not as objective as the DBFCT.

Like the SBFCT, elimination diets are not as objective as the DBFCT, but they are
much easier and cheaper to undertake (49). Elimination diets consist of two types, a so-
called basic diet and a regular diet that systematically eliminates and then challenges
patients with the eliminated food. Basic diets consist of foods that are believed to have a
low risk of causing food allergy, such as lamb, rice, potato, carrot, sweet potato, and pear.
After 1 wk of eating such a diet, a new food is introduced every 3 d. If the new food
causes a suspected allergic reaction, that food is removed from the diet and then subse-
quently reintroduced (unless a dangerous reaction may occur) or challenged into the diet.
In this manner, elimination diets and challenge may detect the food allergen. Elemental
basic diets are mainly used in infants and toddlers.

SKIN TESTS

Allergy skin tests are probably the most important diagnostic test in identifying allergic
asthma but RAST is equally reliable (see Tables 7 and 8). Skin tests are accurate and repro-
ducible (61). A positive, histamine, and negative saline test must always be used to com-
pare the test allergens. If the histamine test does not elicit a classic positive test, then the
testing is not valid. This usually occurs when patients have not stopped taking antihista-
mines within the prior allotted time period. Patients should return in 48—72 h for repeat
skin tests and be instructed to stop taking all antihistamines. An abnormal positive saline
test is found when a patient has dermatographism, as a result of the device or technique, or
when the saline test material was contaminated by either a histamine or an allergen (62).
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Table 7
Allergy Skin Testing
Pros Cons
Easy to perform Skin must be intact and no dermatographism
Rapid results Experience needed in interpretation
High sensitivity Somewhat dependent on methodology and technician
Reproducible
Inexpensive Medication must be withheld (antihistamines, systemic steroids,
and tricyclics)
Many allergens available Remote possibility of systemic reaction
Accurate for pollens and Results not as exact for foods
environmentals

Note. Infants as well as adults can be tested. Some patients are reluctant to undergo testing owing to
fear of needles.

The two types of skin tests performed today are the prick-puncture test and the intra-
dermal or intracutaneous test. The skin-prick test is the most accurate way to perform
this type of testing (63). In this method, a small drop of allergen is placed on the skin
and a needle is used to inject the material in the skin by lifting or “pricking” the skin.
The allergens should be placed at least 2 cm apart so the individual tests do not run into
each other and accurate results can be measured. The puncture has to be done carefully
so that the skin is sufficiently punctured but that bleeding does not occur. Insufficient
puncture can result in a false-negative test, and bleeding can lead to false-positive tests.
The results consist of the swelling or “wheal” and the erythema or “flare.” A positive test
is considered if the wheal is 3 mm larger than a saline control (64). If a patient has a
negative reaction to both the histamine and the saline, he or she probably has not stopped
taking antihistamines. This type of patient may have to return in 48 h for repeat skin
testing. In general, antihistamines should be withheld for 48 h and hydroxyzine for 72 h.

These prick tests are either measured or graded on a scale from O to 4. Intradermal
tests are usually injected with a 25- or 26-gage needles and disposable 1-mL syringe.
The allergens are more dilute than the solutions used for the prick tests (1:1000 or
1:5000). When using this methodology approx 0.02 mL of the allergen is injected in
the epidermis so that a small bleb forms similar to a purified protein derivative test for
tuberculosis (65). These tests are less sensitive but more specific than the prick test, and
more false-positive tests result from this type of testing (66). Intradermal testing causes
more systemic reactions than the prick test, so the prick test should be used initially
(67). Therefore, only patients with a negative prick test should undergo an intradermal
test. Intradermal tests are usually reserved for hymenoptera, pollen, mite, and, occa-
sionally, mold. Food intradermal tests are avoided because of the difficulty in interpret-
ing the results and the increased chance of a systemic reaction.

PREVENTING ERRORS WITH ALLERGY SKIN TESTING
General (68)

Instruct patient not to use any antihistamines or tricyclics for 48—72 before testing.

. Use caution in testing an extremely allergic patient, especially during his or her suscep-
tible “‘season” with too many allergens in one setting.

3. Have epinephrine readily available to treat a systemic reaction.

N =
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Table 8
Laboratory Measurement of Allergic Disease (69)

Allergen specific RAST testing

Screen for allergy Multiallergen screen (adult
and pediatric forms)

Other non-RAST test

General screen

Marker for mast Tryptase, useful in anaphylaxis
cell degranulation

Sputum screen Eosinophils

Complete blood count Percentage of eosinophils

Perform tests on normal skin.

Do not allow bleeding to occur.

Do not place tests closer than 2 cm for proper reading of results.
Do not skin test a patient during an asthma exacerbation.
Record results in approx 15 min after the tests are applied.

e

Prick-Puncture

Penetrate the skin sufficiently to prevent false-negative results.

Perform prick test before intradermal testing to prevent systemic reactions.
Do not contaminate the needles with other allergens.

Avoid spreading the allergen solution during testing.

Use to test foods that are not suspected of causing severe allergic reactions.

M e

Intradermal Testing

1. Starting dose with a previous negative prick test should be 1000 times weaker than the
concentrated dilution used for prick-puncture (or roughly 10 AU for standardized allergy
extracts).

2. In general, should not be used to test foods.

3. If no bleb occurs, then a subcutaneous injection has occurred, which may lead to false-
negative test.

4. Inject 0.01-0.03 mL, otherwise irritant reaction may occur.

5. One intradermal syringe per allergen per patient should be used to prevent infectious
contamination.

RAST TESTING

The Phadebas RAST test was the first important and accurate in vitro test developed
for the laboratory detection of allergen-specific IgE antibody (70). This type of RAST
test used an allergen that was coupled to a cellulose paper disk (radioallergosorbent).
Human sera would then be added, so that if there was specific IgE in the sera against
the coupled allergen, they would bind together. The addition of human radiolabeled
antihuman IgE antibody would then bind with the bound IgE, which are detected and
quantified via calibration curves. New tests, such as the Pharmacia CAP RAST, have
increased the accuracy in both specificity and sensitivity of RAST testing (71).
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Table 9
Pros and Cons of RAST Testing
Pro Con
In vitro test Expensive
No patient risk Results not immediately available
Screening test available Fewer allergens available than for skin tests
Not affected by medication, so patients Skin tests more accurate than RAST tests

do not have to stop them

RAST, radioallergosorbent.

Table 10
Allergy History
Seasonal affects Pollen
Worsening of symptoms at home Environmental
Increased symptoms with exposure to pets Animals
Children with frequent symptoms Food

The Multiallergen IgE E screen is a qualitative RAST test that consists of 15 indoor
and outdoor allergens (57,72). The specific allergens vary from company to company
and are not listed. In general, they consist of allergens from grass, weeds, trees, molds,
mites, dog, and cats (66). They are meant to be a general screening test when a patient’s
history conforms to any type of aeroallergen. This is designed to detect common aller-
gens that affect adults. A pediatric multiallergen is also available that consists of com-
mon food allergens.

Despite the improvement in this in vitro allergy testing, which is now closer to the
diagnostic importance of allergy skin testing, RAST testing still suffers from what is
shown in Table 9 (30).

CONCLUSION

All patients who are diagnosed with bronchial asthma should be diagnosed for
allergy. This should consist of a detailed history (see Table 10).

It is critical to make this detailed diagnosis so that the proper therapeutic interven-
tions can be instituted, such as allergen avoidance, allergy environmental control,
allergy immunotherapy, and omalizumab (Xolair®) (73). Referral to an allergist can
assist in this diagnosis.
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* Lung volume measurements are static studies and are less useful in assessing airway

obstruction but can demonstrate the presence of pulmonary overinflation.

* The carbon monoxide-diffusing capacity can help distinguish between asthma and

emphysema in patients who smoke.

* Arterial blood gas studies can assess the consequences of bronchospasm and provide a

guide for hospitalizing patients with asthma exacerbation.

» Nonspecific bronchoprovocation challenge testing with methacholine or other agents

may help diagnose asthma when the clinical picture is unclear.

* Bronchoprovocation challenge testing using specific agents can help diagnose asthma

caused by workplace substances.

 Standardization of technique and rigid quality control are an absolute necessity in any

pulmonary laboratory.

INTRODUCTION

The pulmonary function laboratory plays an important role in the diagnosis and

management of patients with bronchospastic disorders. In this chapter, the following
pulmonary function tests that should be readily available to physicians treating patients
with confirmed or suspected asthma are discussed.

* Spirometry and flow-volume tracings.
* Lung volume measurements.

* Pulmonary diffusing capacity.

* Arterial blood gas measurements.

* Bronchoprovocation challenge testing.
» Exercise studies.

Although these tests are best performed in a laboratory setting, physicians will also

find that an office spirometer can be useful and convenient for patient evaluation.

THE “COMPARTMENTS” OF THE LUNG

The lung is subdivided into four volumes and four capacities. By definition, a volume

is a compartment that cannot be further subdivided, whereas a capacity is composed of
two or more volumes. Convenient reference points are maximal inspiration and maximal
expiration. In addition, there is a resting point to which the lung and thoracic cage return
after a normal breath, when respiratory muscles are relaxed (see Fig. 1).

1.

2.

The Volumes of the Lung
The four volumes are illustrated in Fig. 1 and are defined as follows:

Tidal volume (V) is the amount of air or of a gas that is inhaled with a normal inspi-
ratory effort.

Inspiratory reserve volume (IRV). The additional amount of gas that can be inhaled
after this normal inspiratory effort is called the IRV. This is an infrequently used
measurement.

. Expiratory reserve volume (ERV). After completing a normal expiratory effort that

returns the lung and thorax to the resting position, an additional amount of gas can be
exhaled with a voluntary effort; this is called the ERV. Thus, the ERV is the amount of
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Fig. 1. Lung volumes and capacities in relation to points of maximal inspiration and expiration and
the resting level. Vital capacity (VC) is an expiratory maneuver. IRV, inspiratory reserve volume; Vo,
tidal volume; ERYV, expiratory reserve volume; RV, residual volume; IC, inspiratory capacity; FRC,
functional residual capacity; TLC, total lung capacity.

gas that can be exhaled when the expiratory effort begins at the resting position and
ends at maximal expiration.

4. Residual volume (RV). At the point of maximal expiration, there is still a quantity of
gas in the lung that cannot be expelled. This remaining volume is the RV.

The Capacities of the Lung
The four capacities are also shown in Fig. 1.

—

The total lung capacity (TLC) consists of all four volumes.
2. The inspiratory capacity (IC) is the maximum amount of gas that can be inhaled from
the resting position. Thus, the IC is the sum of the V and the IRV.
3. Functional residual capacity (FRC). After a normal exhalation, the amount of gas
remaining in the lung is the FRC, which consists of the ERV plus the RV.
4. The fourth capacity is the vital capacity (VC). This capacity is by definition measured
as an expiratory maneuver and is the amount of gas that can be expelled from the lung
when exhalation starts at the maximal inspiratory level and proceeds to the maximal
expiratory level. If the VC is measured as an inspiratory maneuver going from maxi-
mal expiration to maximal inspiration, it is then called an inspiratory vital capacity
(IVC). Usually the VC is measured as a forced exhalation, in which the subject is
asked to inspire to the maximal inspiratory position and then empty the lungs as rap-
idly and completely as possible. This is termed the forced vital capacity (FVC).
Because the VC measures the change in lung position from maximal inspiration to
maximal expiration, it should be considered a measure of the subject’s ability to
change the size of the thoracic cavity. This is influenced by all the muscles of respira-
tion and their innervation, by the elasticity of the thoracic cage and lung, and by the
patency of the airways.

The FRC maintains a relatively constant level of oxygen and carbon dioxide in arte-
rial blood. The FRC functions as a physiological equivalent of a chemical buffer. It
enables the individual to maintain a relatively constant level of oxygen and carbon
dioxide in arterial blood. Each breath removes carbon dioxide from the FRC and adds
oxygen. If the FRC were 0, so that each breath completely filled and then emptied the
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lungs, the arterial oxygen and carbon dioxide partial pressures would fluctuate widely
with each breath. During expiration, the entire pulmonary circulation would become a
shunt resulting from the lack of gas and gas exchange in the lung; oxygen and carbon
dioxide levels would remain at mixed venous (pulmonary arterial) levels. A patient
with an FRC of 0 would be expected to become cyanotic at end-expiration. Inspiration
would restore exchange of oxygen and carbon dioxide, and intraalveolar gases would
again have essentially the same partial gas pressures as in the atmosphere. Gases in the
blood rapidly equilibrate with gases in the alveoli, so marked changes would be reflected
in the blood with restoration of normal arterial oxygen and carbon dioxide partial pres-
sures and cyanosis would disappear.

The FRC physically helps keeps alveoli and airways patent. This helps prevent pul-
monary arterial-to-venous shunting arising from atelectatic and thus airless portions of
lung and makes the work of breathing easier, because it takes a greater effort to open
and expand collapsed alveoli than to simply expand those alveoli that are already open.

In a chemical reaction, too much buffer can be bad, and this also is true for the FRC.
If the FRC is too large, perhaps because of severe airway obstruction, it cannot ade-
quately be “freshened” by each breath, leading to a decrease in arterial oxygenation
and a rise in carbon dioxide tension.

DYNAMIC LUNG MEASUREMENTS: SPIROMETRY
AND FLOW-VOLUME TRACINGS

* Airflow obstruction or limitation, which is usually present in patients with asthma, is
best assessed by dynamic measurements, such as flow rates and the timed VC.

Spirometry is a simple procedure for obtaining flow rates and timed VC. The
spirogram is a plot of volume vs time. Another technique commonly used in hospital
laboratories is the flow-volume tracing. As the name indicates, this is a plot of airflow
vs the expired (or inspired) lung volume.

The forced expiratory spirogram is shown in Fig. 2. In this figure, the subject is
breathing normally and the V. is recorded. The subject is asked to slowly blow all of
the air out of the lungs until maximal exhalation is attained and then take a deep inspi-
ration. This allows for measurement of the ERV, IRV, and IC, as well as the IVC. The
subject is then instructed to blow all the air out of the lungs as rapidly and completely
as possible. This gives a tracing of the FVC. The FVC can be subdivided into the forced
expiratory volume (FEV) in 1 s, 2 s, 3 s, etc. These are volumes exhaled during each
time period and are usually expressed as liters. The ratio FEV /FVC is a unitless num-
ber often used as an index of airflow obstruction and may be presented as a decimal
fraction or as a percentage. Predicted normal (reference) values are available for the
FEV /FVC ratio, as well as for most of the other measurements. When performed
according to American Thoracic Society guidelines, these measurements are typically
routinely reproducible and reliable. Less than maximal effort by the test subject leads
to erroneous but easily identified results.

Another way of assessing airflow obstruction with the spirogram is to measure spe-
cific flow rates. Different FVC curve portions may be used. The most rapid flow rates
occur early in expiration. The peak expiratory flow rate (PEFR) is an instantaneous
rate that occurs near the beginning of a forced expiration. Average expiratory flows for
specific portions of the FVC may also be measured. On the spirogram, one can meas-
ure the forced expiratory flow from 200 to 1200 mL below maximal inspiration
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Fig. 2. Lung volumes and capacities measured by spirometry. IVC, inspiratory vital capacity; FVC,
forced vital capacity; FEV |, FEV,, FEV,, forced expiratory volumes in the first, second, and third
seconds, respectively.
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Fig. 3. Measurement of the forced expiratory flow from 200 to 1200 mL (FEF, ;,()- The expiratory
flow rate is usually maximal after exhalation of the first 200 mL and before exhalation of the first
1200 mL of a forced expiration from a maximal inspiration.

(FEF,0_1200) (see Fig. 3). Flow during the initial 200 mL of the FVC is slower than
during the next liter of flow because the subject is overcoming chest wall inertia during
the initial part of exhalation. The FEF,, ,,,,and PEFR are useful measurements in
patients with asthma who are trained to perform the forced expiratory maneuver prop-
erly. These measurements, however, are effort-dependent, and an untrained or unwill-
ing subject may show marked variability in values on repeated efforts. Conversely, the
measurements may increase with training independent of any improvement in the dis-
ease process.

The FEF from 25 to 75% of the total FVC (FEF,5_-5,,) is sometimes used. It is less
effort-dependent than FEF,,, ,,.,, and thus is more reproducible. It is shown in Fig. 4.
The volume of air expelled from point A in Fig. 5 (when 25% of the FVC has been
expired) to point B (when 75% of the FVC has been expired) is measured, as is the
time it takes to blow out the air from A to B. This gives a volume per unit time, which
is a flow rate. One should be aware that comparison of separate FEF,s -5, measure-
ments can only be made if the FVC on both tracings are approximately equal. This is
because if one tracing has a smaller and thus incomplete FVC, the midpoint of flow is
moved up to a point on the curve where flow is normally more rapid, resulting in a
falsely higher FEF,s -5, . This is shown in Fig. 5, where the solid-line tracing has a
larger FVC than does the dashed-line tracing, but the initial flow rates are similar. The
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Fig. 4. Measurement of the forced expiratory flow from 25 to 75% (FEF,5_;s,,) of the forced vital
capacity (FVC). A and B represent the points where 25 and 75% of the FVC has been expelled. The
line connecting these points forms the hypotenuse of a right triangle, of which one arm is volume and
the other is time. Thus, the volume per unit time, or flow, during the middle 50% of the FVC can be
measured.

TIME

Fig. 5. Demonstration of an artificial increase in the forced expiratory flow from 25 to 75%
(FEF,5_-54,) resulting from early termination of the forced vital capacity maneuver. A and B on the
solid line tracing are the same as in Fig. 4. Line 1 connecting A and B is used to measure the FEF,s -5, .
The broken-line tracing is superimposed on and is identical to the solid-line tracing, except that the
expiratory effort was prematurely terminated. Thus, A” and B” are on a steeper portion of the tracing
and Line 2, which connects A” and B’, demonstrates a more rapid FEF)s 754, than does Line 1. Actually,
no change in flow rate has occurred. Thus, the FEF,; -5, cannot be used to assess bronchodilator
response or patient improvement (or deterioration) unless the measured FVCs of the two studies being
compared are within 5% of each other or unless the total expiratory times are similar.

major difference between the two tracings is that the dashed tracing represents an effort
that was prematurely terminated. Thus, it has a steeper midportion because the slower
terminal phase of a complete expiration has been eliminated. This results in a FEF,5 -5,
that is more rapid than is the value noted when exhalation has been maximal and com-
plete. Yet when the two FVC curves are superimposed, the flow rates on both tracings
are similar.

An example of what increasing degrees of airflow obstruction do to the appearance
of the spirogram is shown in Fig. 6. Note that as the FRC increases (not measured by
spirometry), the FEV, declines, and the expiratory time lengthens as the obstruction
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FRC

Fig. 6. Three spirometric tracings showing a normal curve (A), mild to moderate obstruction (B), and
severe airflow obstruction (C). Although the functional residual capacity (FRC) cannot be measured
by spirometry, this diagram includes this value to demonstrate the changes in this lung compartment
as obstruction increases. Note that the forced expiratory volume in 1 s (FEV,) decreases and the FRC
increases with increasing degrees of airflow obstruction. The time it takes to complete the maneuver
also increases. With severe obstruction (curve C), the FVC has decreased as well.

Vmax 75

Vmax 50

Y EXPIRATION
INL/S .
TLC/ 75["/0 5(;"/0 2I5°/n \RV

vC vC VC

INSPIRATION

Fig. 7. Flow-vs-volume tracing. Expiration begins at the point of total lung capacity (TLC) and ends
at residual volume (RV). Flow is measured at 75, 50, and 25% of the vital capacity (VC). V_, »s =
flow when 25% of the VC has been exhaled.

worsens. When severe obstruction is present, the FVC is often decreased. An increasing
FRC will result in a decrease in the IRV, and thus the IRV can serve as a surrogate for
the FRC.

Flow-volume tracings also allow the measurement of flow rates. Because most spiro-
meters now have built-in electronics, the physician has the option of using either type of
tracing or both simultaneously. An example of a flow-volume plot is shown in Fig. 7.

* The flow-vs-volume tracing relates flow rates to lung volumes.

* At high lung volumes, the cross-sectional area of the airways is increased, which
reduces resistance and allows for higher flow rates.

» At lower lung volumes, the flow rates are more dependent on the frictional resistance in
the smaller airways. When disease is present, other factors also influence the flow rates.

Using the flow-volume tracing, one can determine the flow rate at different lung vol-
umes. At the point where 25% of the VC has been exhaled, or 75% is still in the lungs,
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the flow rate is termed the V,__ -s; when 50% of the vital capacity has been exhaled it

m
isthe Vs etc. However, the V. values are of limited value (see below on this page).

The inspiratory portion of tlr;léxcurve is helpful in distinguishing a large airway
obstruction that occurs above the level of the thoracic inlet from obstruction that occurs
below this level. Large airway obstruction above the thoracic inlet results in a “plateau”
of the flow rate on the inspiratory portion of the curve, whereas the expiratory portion
is affected when the flow-limiting portion is within the thoracic cavity. At times, upper

airway obstruction can be clinically confused with asthma (see page 57).

* The most useful measured flow rate taken from the spirogram is the FEV .
* The FEV, is typically reduced in patients with active asthma.

The FEV, is highly reproducible, and reference values derived from large normal
population studies are available for patients of different ages and many ethnic and racial
backgrounds. The usefulness of this measurement may be limited, however, when there
is a poor start to exhalation. The FEV | may be artifactually altered because of uncer-
tainty identifying the true start of exhalation. Back extrapolation may be required to
determine the onset of exhalation. Nevertheless, this drawback is minor compared to
the problems encountered with the other spirometric and flow-volume measurements.

The FVC is dependent on a complete exhalation, which may not occur, especially in
patients with airflow obstruction. Essentially all subjects can produce a maximal effort
for at least 1 s, so this is not a problem in the FEV | measurement. The difficulties in
using the FEF,,, |,,, and FEF,s -5, have already been discussed. The V __ . is
believed to be sensitive when used to detect early airflow obstruction but suffers from
having poor specificity; that is, it identifies too many normal subjects as being abnor-
mal. Also, V. s, V. .50 €tC. are dependent on the actual volume of air in the lung
rather than on the easily determined exhaled percentage of the VC. True lung volume is
usually not known and may vary in its relation to that particular percentage of the FVC.
Thus, the V.75, etc. has a great deal of both intersubject and intrasubject variability.

Many pulmonologists find that the flow-volume loop is most useful in:

* Identifying upper airway obstruction where the inspiratory portion of the loop is flattened.

* Identifying poor patient performance, especially in the early phase of expiration. A
poor start with a slow rise to the point of maximal flow, and an inadequate effort to
produce the maximal flow can be recognized by the technician, who can then instruct
the patient on how to produce a better tracing on the next effort. Many computer
programs now have algorithms to assist the technician in identifying poor patient
performance.

* The spirometric tracing (volume vs time) is best for evaluating the end of an FVC
maneuver. A plateau should be achieved or at least set as a goal that the technician
should try to get the patient to accomplish.

There are two classes of spirometers:

* Volume displacement. This type uses volume displacement of a bell or bellows to
record the values. This may be in the form of a rolling seal or an inverted pail that rises
and falls with inspiration and expiration.

* Integrated pneumotachometer. In this device, slight differences in pressure as exhaled
air passes through a screen are measured and are electronically converted into volumes
and flows.
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The volume displacement type of spirometer has the advantage of maintaining its
calibration from day to day without any adjustments. The disadvantages are that the
equipment tends to be bulky and have moving parts that are apt to break down.

The integrated pneumotachometer has the advantage of being lightweight and with-
out moving parts. The main disadvantage is the requirement for frequent calibration.
There may be electrical drift. Also, moisture and/or particles may contaminate the
screen. This can alter the pressure differences across the screen and result in falsely
high values.

STATIC LUNG VOLUME MEASUREMENTS

Lung volume measurements can be useful in evaluating patients with asthma. At
times, a bronchodilator response may not be evident by spirometry, but it may be
demonstrated by a decrease in the RV and FRC. However, lung volume measurements
are infrequently used clinically to evaluate a bronchodilator response. Because spiro-
metry cannot measure TLC, FRC, or RV, lung volume measurements are necessary if
the clinician wants to know these values. Lung volume measurements are static and,
thus, will not demonstrate changes in flow rates. They do demonstrate the increases in
lung volumes, especially in the RV, the FRC, and even the TLC, that may be the result
of the airway obstruction. Repeat measurements performed after the use of an inhaled
bronchodilator may show a decrease toward normal in these volumes.

There are two general types of lung volume measurements:

* Thoracic gas volume, which is performed in a body plethysmograph or by radiological
techniques.

* Gas dilution lung volumes, which are determined by measuring the space of distribu-
tion of a tracer gas that does not cross the alveolar—capillary barrier, such as helium,
neon, or methane.

Both of these two general methods are equally accurate in normal subjects. However,
in the presence of airway obstruction, the gas dilution techniques may underestimate
true lung volume resulting from the inhomogeneous distribution of the tracer gas in the
lungs.

The radiological method of measuring thoracic gas volume can be measured in a
physician’s office using posterior—anterior and lateral chest radiographs (CXRs) (/).
The method approximates thoracic lung volumes by estimating the volume of gas in
the lobes of the lungs as a series of cylindrical ellipses and subtracting the volumes of
ellipsoids that approximate the volumes of the heart and hemidiaphragms. The method
requires manual measurements and estimates on physical radiographs. With the advent
of filmless radiographic technology, automated measurements may be available in the
near future. Because the radiographic technique measures the TLC, a VC measured (by
spirometry) at the same time is necessary to determine the RV.

The body plethysmograph method is available in many hospitals in larger communi-
ties. Although the equipment is expensive, it has the value of providing measurements
of airway’s resistance (Raw). The reciprocal of Raw is airway conductance (Gaw). Raw
and Gaw can be used to assess a response to therapy.

Gas-dilution lung volume measurements are available at most hospitals that have a
pulmonary function laboratory. Usually, such a measurement is performed using a
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single-breath technique with a tracer gas (helium, neon, or methane) as the determi-
nation of the alveolar volume during a single-breath carbon monoxide diffusing
capacity measurement (see “Diffusing Capacity”). There is also a commonly used
rebreathing technique in which an indicator gas and its volume of distribution are
measured. Washout of nitrogen from the lungs during 100% oxygen breathing is
another gas-dilution technique. In this method, lung nitrogen is the indicator gas and
it is collected and measured as it is displaced from the lung by 100% oxygen. Because
79% of the gas in the lung during normal breathing of room air is nitrogen, the vol-
ume of the lung can be determined using the amount of washed-out nitrogen plus
corrections for the residual nitrogen in the lung and the quantity washed out of the
blood.

Gas-dilution TLC measurements are less useful in measuring true lung capacity in
patients with asthma than in patients without asthma because the tracer gas is not dis-
tributed throughout the lung homogeneously as a result of the airway obstruction pres-
ent. This results in an underestimation of true TLC. Plethysmography is thus a better
method of measurement, but with this technique, precaution must be taken to avoid
overestimating true TLC. In patients with airway obstruction, pressures in the distal air-
ways may not fully equilibrate with pressure at the mouth when the usual methodology
is employed. This can lead to recording falsely large lung volumes. This can be pre-
vented by having the subject perform the panting maneuver used in plethysmography at
slow rates, e.g., less than 1/s (<1 Hz). Excessive gas volumes in the gastrointestinal
tract may also contribute occasionally to a TLC overestimate.

* Raw and Gaw are sensitive, but not always specific, measures of airway obstruction.

The use of the body plethysmograph has the advantage of measuring Raw and Gaw
and specific conductance (SGaw), which is Gaw divided by the thoracic gas volume at
the point where Gaw is measured. These values are sensitive to changes in the larger
airways and may demonstrate a bronchodilator effect not seen on routine spirometry.
Thus, they may be helpful measurements in patients who are suspected of having asthma
but with nondiagnostic routine spirometry. Although they are more sensitive measure-
ments of airway obstruction and reversibility than the FEV |, Raw, Gaw, and SGaw are,
unfortunately, less specific.

DIFFUSING CAPACITY

* Single-breath carbon monoxide-diffusing capacity can help distinguish between asthma
and other types of obstructive airway disease.

» The diffusing capacity may be erroneously decreased in patients who smoke because
smoking elevates blood carbon monoxide tension.

The single-breath carbon monoxide diffusing capacity theoretically measures the
ability of the lungs to transfer carbon monoxide from the alveoli to the hemoglobin in
the circulating red blood cells. The results are reported as milliliters of carbon monox-
ide transferred per minute per mmHg pressure. The amount of carbon monoxide in the
inspired gas is approx 0.3%. Its space of distribution and, thus, its alveolar partial pres-
sure are determined by the addition of 10% helium (or neon or methane) to the gas
mixture on the assumption that the carbon monoxide is distributed throughout the lungs
in the same manner as is helium. After a 10-s breath-holding period at TLC, the exhaled
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gases are analyzed. Because essentially no helium crosses the alveolar capillary barrier,
the ratio of Heexpired to HeinSpired is used to measure the alveolar volume, which, in peo-
ple without obstructive airway disease equals the TLC. This ratio is the theoretical dilu-
tion of carbon monoxide before this gas crosses into the blood. The volume of carbon
monoxide that crosses into the blood can, therefore, also be determined. Blood carbon
monoxide tension is assumed to be 0, because the circulation is a “sink” for small
amounts of carbon monoxide. Some care must be taken, however, because blood car-
bon monoxide tension can be elevated in patients who smoke. Details of the technique
are available in pulmonary laboratory manuals.

ARTERIAL BLOOD GASES

Arterial blood gases are often useful in assessing the condition of a patient with asthma,
especially during an acute episode. The technology for these measurements should be
available in any hospital with an emergency room or where acutely ill patients are treated.
Modern equipment should be able to provide accurate results within a few minutes
from the time the arterial blood is collected.

QUALITY CONTROL

* Calibrated equipment, trained personnel, and adherence to published standard methods
of pulmonary function testing are required to reliably diagnose and follow patients
with asthma.

The value of any study is highly dependent on good quality control. Patient effort is
a critical factor in most of these studies, and poor patient performance results in values
that are difficult to interpret. Technicians in hospital-based pulmonary function labora-
tories must be trained to not only perform the various studies but also troubleshoot
problems, identify poor patient performance and correct it, and accurately calibrate the
equipment. Office spirometry also requires a well-trained technician and an accurate,
periodically certified, calibration syringe for calibrating the spirometer if one is to be
certain the values obtained are meaningful.

Recognized standards have been developed for obtaining spirometric measurements
and diffusing capacity, and for calibrating the spirometer. Lung volume measurements
require accurate calibration of the plethysmograph. In the gas-dilution technique, the
helium meter must be linear. The diffusing capacity measurements require attention to
technique and calibration of the meters. Arterial blood gas measuring instruments
require frequent calibration checks for accuracy using blood or other solutions with
known gas tensions.

Standardization of spirometry and diffusing capacity measurements have been devel-
oped by the American Thoracic Society and the European Respiratory Society, and
have been accepted by others for use in both adult and pediatric studies (2—5). The
references provided at the end of this chapter include currently used quality-control
methods (6-8).

It is a good idea for each laboratory to have one or two permanent employees check
their own values weekly so they can serve as the standard when questionable values are
noted and thus can alert the laboratory that repairs may be indicated. These “standard-
men” become indispensable should the laboratory decide to replace old equipment,
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Fig. 8. A comparison of expiratory flow volume tracings in a normal subject (curve A), a subject with
mild airflow obstruction (curve B), and in a subject with severe airflow obstruction (curve C). Note
the decrease in the vital capacity in curve C, with the residual volume point (RVc) being shifted to
the left. This indicates an increase in the RV. Also note in curve C that the points of V. »sand V. s
are shifted to the left and, thus, correspond to a different lung volume level than in curves A and B.

because they will be the determining factors in deciding if the new devices are compa-
rable to the old equipment in providing accurate values.

PULMONARY FUNCTION MEASUREMENTS IN ASTHMA

Spirometry and Flow-Volume Studies

* The hallmark of airway obstruction is a decrease in the expiratory flow rates (see
Figs. 6 and 8).

* The most useful single measure to follow is the FEV because of its high degree of
reproducibility.

* The degree of reduction of the FEV,/FVC ratio is the standard method of categorizing
the severity of airway obstruction.

* Maximal expiratory flow rates are frequently used to detect changes in asthma activity
because they are easier to measure than FEV |; however, the maximal expiratory flow
rates are less reliable and can be manipulated relatively easily by patients.

In a subject with bronchospasm, a decrease in the rate of expiratory air flow is usu-
ally noted. In very mild disease, the study may be normal. The spirometric values that
are most helpful are the FVC, FEV |, and the ratio FEV /FVC. Using flow-volume trac-
ings, the maximal expiratory flow rates, V-5, Vs, etc., are decreased. Usually in
patients with asthma, some reversibility in these measurements of flow is noted after

administration of a bronchodilator.

» The lack of a bronchodilator response may result from the patient taking medicine
before the study and thus coming to the laboratory in a maximally bronchodilated
condition.

The lack of response may also result from the refractoriness to the drug, or that the
bronchospasm may be occurring in smaller airways and that lung volume measurements
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may be a more appropriate test. At times the measurement of Raw, Gaw, or SGaw may
be more sensitive indices of bronchospasm.

* In some instances, a subject with asthma may have a decreased VC (Figs. 6 and 8).
e The degree of airway obstruction, as indicated by the FEV /FVC ratio, may artificially
appear to be less severe in patients with a reduced VC.

Because the VC is a measure of one’s ability to vary the size of the thoracic cavity, air
trapping from obstructive mechanisms may limit thoracic excursions and cause a fall in
VC. Airways that are physically blocked by inspissated mucous plugs or narrowed by
bronchospasm may not conduct inspired air into the alveoli, resulting in a fall in VC.

* A decrease in the inspiratory flow rate suggests that the obstruction is in the central air-
ways. Such a finding should make the clinician think of a diagnosis that may mimic
asthma, such as paradoxical motion of the vocal cords or other diagnoses that can com-
promise the upper airways.

Lung Volume Measurements
Lung volume measurements in a patient with asthma may show an increase in the:

* RV.

* FRC.

* TLC.

* Patient with asymptomatic asthma may still have an increased RV.

* Increases in these measurements are indirect indicators of airway obstruction.

When lung volumes are measured by plethysmography, Raw, Gaw, and SGaw can
also be determined; a change in these three values is a very sensitive measure of bron-
chodilator response. However, one should remember that changes in the FEV, are more
specific and typically easier to measure.

Diffusing Capacity
* The single-breath carbon monoxide-diffusing capacity is sometimes increased in

patients with asthma in contrast to patients with emphysema that have a reduced diffus-
ing capacity.

The single-breath carbon monoxide-diffusing capacity is usually normal but some-
times increased in patients with asthma. Several explanations have been proposed for this
supernormal value, the most plausible being an increased pulmonary capillary blood
volume. This results from the more negative intrathoracic pressures generated during the
10-s breath-holding period that is part of the test performance. The more blood in the
lung, the more hemoglobin is available to take up the inhaled carbon monoxide. Patients
with advanced emphysema have a decrease in the single-breath diffusing capacity, so this
is helpful in establishing a diagnosis in certain individuals. Anemia and an elevation in
the carboxyhemoglobin can lower the measured value of the diffusing capacity. There are
formulas that can correct the diffusing capacity for such abnormalities.

Arterial Blood Gas Measurements

* The arterial blood gas is not useful for diagnosing asthma.
* Arterial blood gases are a useful adjunct for identifying and following patients with
respiratory failure resulting from asthma.



58 Kanner and Liou

Table 1
Arterial Blood Gas Values in Patients With Asthma

Degree of severity Oxygenation PCO, Acid-base state

Mild Relatively normal Decreased Compensated
respiratory
alkalosis

Moderate Relatively normal to Decreased Compensated

mildly decreased respiratory

alkalosis

Severe Marked decrease Normal to elevated Respiratory acidosis

* Arterial blood gas measurement is not a substitute for direct examination of a patient
with potential respiratory failure.

Arterial blood gas values in subjects with asthma are shown in Table 1. In cases of
mild asthma, the patient usually is able to maintain normal arterial blood oxygen ten-
sions, although the alveolar—arterial gradient may be mildly increased. Hyperventilation
is evident as the carbon dioxide tensions are decreased. The carbon dioxide tension is
inversely proportional to alveolar ventilation. As airflow limitation worsens, the
alveolar—arterial oxygen gradient widens and the oxygen tension falls. In severe disease,
the patient can no longer maintain adequate alveolar ventilation and carbon dioxide levels
start to rise. Thus, when the patient has a normal or elevated carbon dioxide level during
an acute asthmatic episode, this is a sign of severe disease, because it is evidence that the
body’s need to eliminate carbon dioxide is not being met owing to a decrease in alveolar
ventilation. It indicates that the patient should be considered for hospitalization and may
be in need of ventilatory assistance.

INTERPRETATION OF RESULTS

The results obtained from the studies considered in this chapter must be compared with
reference values to determine if an abnormality is present and, if so, the degree of that
abnormality. Normal or reference values are available in the literature and are periodically
superseded by more current studies. Ideally, every laboratory should develop its own nor-
mal standards, but this is not realistic. Recently published reference values only include
subjects who are healthy lifetime nonsmokers (9,70). This is not the case in older series.
Until recently, the better performed studies were done using Caucasians of European
ancestry; thus, the data for other populations were either scant or less than optimal.
Variations among different racial groups may exist and, thus, “normal” is less well-defined
for these non-Caucasian populations. Recently, reference values for spirometry were pub-
lished using the third National Health and Nutrition Examination Survey data that included
7429 asymptomatic lifelong nonsmokers of Caucasian, African-American, and Mexican-
American ancestry (/0). These reference values should prove helpful to many laboratories.

Normality is usually defined by convention as including 95% of a known healthy
population. Thus, by definition, 1 in 20 people without any disease will have values
outside this normal range. Widening the range of normal will include too many subjects
with disease to make the standards useful. These problems make the term “reference
values” preferable to saying “normal values.” A detailed discussion and recommendations
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about selection of reference values and interpretative strategies have been made by the
American Thoracic Society (11).

There are few, if any, ideal studies of arterial blood gases in normal subjects. These
results will be affected by altitude, the patient’s age, and the position assumed by the
subject when the sample was obtained. Reference values are available but will need
revision as better studies are conducted. The reference list includes a manual with an
approach for interpreting the results obtained by spirometry, lung volume measure-
ments, diffusing capacity, and arterial blood gases (6).

TESTS OF BRONCHODILATOR RESPONSE

When the presence of airflow limitation has been demonstrated, it is important to
determine whether it is reversible. A therapeutic dose of a bronchodilator aerosol is
given by inhalation after baseline spirometry is performed, and the measurement is
repeated at an appropriate time (depending on the bronchodilator used, 5-20 min) after
drug administration. Bronchodilator medications should be discontinued before testing
for an appropriate time period to avoid their effects on the test results.

Choice of Bronchodilator

It is desirable to use a relatively short-acting [3,-specific bronchodilator, such as
albuterol, that will act rapidly and lead to a near-peak response within 5-20 min. This
will decrease the time between drug administration and the performance of the test. Some
of the longer acting bronchodilators take more than 1 h to create a maximal response.

CRITERIA FOR DETERMINING A SIGNIFICANT
BRONCHODILATOR RESPONSE

Table 2 provides an approach to evaluating a patient’s response to an inhaled bron-
chodilator using spirometric values. The criteria presented are based on published studies
of the responses of normal subjects to an inhaled bronchodilator and on the maximal
differences noted after inhalation of a placebo. A patient should demonstrate improve-
ment in the FEV, (or other measurement) that is more than 2 SDs beyond the mean
improvement noted in normal subjects. The FEV is, in most situations, the best meas-
urement to use when considering the response to a bronchodilator. The FVC can be
used only if the expiratory time during the postbronchodilator study is approximately
equal to or is less than the prebronchodilator FVC expiratory time. Otherwise, any
improvement could result from a longer period of expiration. The FEF,s -5, also can
be used, but the range of the response in normal persons means that at least a 45%
improvement must be seen before the bronchodilator response is considered signifi-
cant. Also, as has been pointed out previously in this chapter on page 49 and Fig. 5,
before the FEF,5 -5, can be used to assess the response to a bronchodilator, the value
for the FVC postbronchodilator must approximate the prebronchodilator value.
Otherwise, the improvement noted could be the result of a shift in position of the middle
50% of the FVC to a steeper portion of the curve (Fig. 5).

Measurement of changes in Gaw before and after the inhalation of aerosolized
isoetharine in 75 normal persons demonstrated a mean percentage increase (mean + SD)
of 24.3 + 14.8. According to these data, normal persons may increase Gaw by as much as
53.9%, and, thus, changes exceeding this value are needed before the response is
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Table 2

Spirometric Response After Bronchodilator

Ratio of postbronchodilator/prebronchodilator (post/pre)

Category FVCe FEV, FEF,s 550"
Markedly improved >1.25 >1.25 >2.00
Improved 1.15-1.24 1.12-1.24 1.45-1.99
Not clearly improved 1.05-1.14 1.05-1.11 1.10-1.44
Not improved <1.05 <1.05 <1.10

From ref. 6 with permission.

“Expiratory time post/pre must be less than 1.10; if not, then FVC cannot be used, because increased
FVC might result solely from the increased expiratory time and not to increased flow.

[’FEF25775% if expiratory time post/pre less than 0.90 and the FVC post/pre is not between 0.96 and
1.04, then the FEF,5 -5, cannot be used, because reducing the expiratory time or the FVC can increase
the FEF,s -5, in the absence of any change in flow itself.

considered significant (/2). Determining the therapeutic effect of a bronchodilator is more
complex. Patients with low initial values may have a 15 or 20% improvement that may
only be 50 or 75 mL. Such a change can result from the normal variability that can occur
in repetitive studies. On the other hand, if the subject has large FVC and FEV |, a 300-mL
improvement may be less than a 10 or 15% change. Thus, the interpretation of prebron-
chodilator and postbronchodilator spirometry must always consider clinical information.

A study of the various spirometric tests and body plethysmographic measurements
to evaluate the bronchodilator response of five different drug regimens concluded that
the mean percentage improvement after administration of bronchodilators was greatest
for the Gaw and the FEF,5 750, The FEV,, however, statistically best differentiated
among the five regimens because there is less inherent variability in measuring the
FEV, than the FEF, g .5, or Gaw. This means that although the FEV | is a less sensitive
test than the FEF,5 5, or Gaw, it is more specific (13).

At times, a bronchodilator response may not be evident by spirometry but may be
demonstrated by a decrease in the static lung volumes, such as the RV, FRC, and TLC,
as shown in Fig. 9. This pattern of bronchodilator response is most apt to occur in
severe disease (/4). When lung volume measurements are not available, watch the
change in the slow VC (not FVC), because a concomitant change in a slow VC will be
seen in most, if not all, of such cases.

The lack of bronchodilator response may result from the patient taking medication
before the test, refractoriness to the drug used, or airflow obstruction owing to mecha-
nisms other than bronchospasm, such as mucous plugs.

BRONCHOPROVOCATION CHALLENGE TESTING

* Bronchoprovocation challenge testing is nearly always positive in individuals with asth-
ma; however, it is not specific and should not be the sole criterion for diagnosing asthma.

» The higher the dose of challenge agent inducing a positive response, the less specific
the test.

Bronchial reactivity or responsiveness to various stimuli is a normal phenomenon in all
individuals. When the degree of responsiveness exceeds that noted in normal subjects, it is
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Fig. 9. A 53-yr-old female with chronic asthma. Note that after two inhalations of a short-acting
bronchodilator, there is a marked reduction in functional residual capacity (FRC) as measured by
body plethysmography and a concomitant increase in vital capacity (VC), with only minimal
improvement in the forced expiratory volume in 1 s (FEV ). She thus demonstrates a marked response
to the bronchodilator despite the lack of a significant effect on the FEV,.

termed bronchial hyperresponsiveness (BHR). BHR is noted in almost all people who
have active asthma. However, this is not a specific test because increased bronchial respon-
siveness is noted in people with atopy, with congestive heart failure, in smokers, and in
people with reduced lung function resulting from narrowed airways owing to any cause.
BHR also may be seen for up to 8 wk after a viral upper respiratory infection and is more
common in subjects with respiratory symptoms. In people with asthma, the degree of
hyperresponsiveness is usually more marked than it is in other situations. A completely
normal bronchoprovocation challenge test, with rare exceptions, excludes a diagnosis of
active asthma. A positive test, especially if the patient responds to low doses of the
challenge agent (a concentration of methacholine of <8 mg/mL), in the proper clinical
setting, is helpful in diagnosing asthma in situations where the clinical picture is suggestive
but not conclusive for making a diagnosis.

The agent used for bronchoprovocation challenge testing varies. For nonspecific chal-
lenges, the most commonly used agent in the United States is methacholine. In the United
Kingdom and some other countries, histamine is preferred. Acetylcholine and other agents
are sometimes used. The results obtained with histamine and methacholine are quite sim-
ilar, and both are easy to use (/5). The test itself has only recently been standardized (76),
but many laboratories use their own methodology. However, this has not proved to be a
great obstacle when comparing results from one laboratory to another. There are differ-
ences in the drug used, the way it is delivered, the timing of pulmonary function testing
after drug delivery, the choice of pulmonary function test used, the manner of measuring
the response, and the cutoff point for “normal” and “abnormal.” For simplicity, use of the
American Thoracic Society guidelines is recommended (/6).
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Specific challenge testing is used to determine if a person has occupational asthma
or asthma caused by specific antigens. There are no standardized methods for conduct-
ing these studies, and often it can be difficult to find the antigens in a form that is con-
venient and safe to use for these evaluations. The test is usually limited to situations
where it is important to definitely know the cause of the patient’s asthma, because this
may mean a change in occupation, as well as workman’s compensation considerations.
It should be carried out in a negative pressure room vented to the outside to prevent
sensitizing persons inside the building and to prevent exposure to those individuals
who may already be sensitive to the agent. See Chapters 14 and 19 for a discussion of
occupational asthma, disability, and legal issues for patients with asthma.

LABORATORY EVALUATION OF THE THERAPEUTIC REGIMEN
Pulmonary function testing is useful in:

* Determining the degree of the patient’s impairment.
» The acute response to a bronchodilator.
* Opverall evaluation of the effects of therapy.

Pharmacological agents, such as glucocorticoids, can make a patient feel much bet-
ter by actions other than improving the asthmatic problem. Thus, without objective
measurements (or, in selected patients, a careful physical examination of the chest), the
physician may incorrectly believe that significant relief of bronchospasm has occurred,
when this is not the situation. A lack of objective improvement in pulmonary function
is an indication that the therapeutic regimen may need modification. With proper ther-
apy, most people with asthma will demonstrate normal or close-to-normal pulmonary
function. There are numerous individuals, however, who, despite optimum therapy,
have to accept some degree of respiratory impairment. A decrease in expiratory flow
rates that cannot be reversed suggests that airway remodeling has occurred as a result
of chronic inflammation. If the objective tests indicate that the decrease is chronic and
severe enough, the patient may be entitled to disability benefits (/7,18).

LABORATORY INDICATIONS FOR HOSPITALIZATION DURING
AN ACUTE EPISODE OF BRONCHOSPASM

Pulmonary function testing can be an aid in determining when a patient in acute
bronchospasm needs hospitalization. These are:

* Severe hypoxemia.
¢ Carbon dioxide retention.
* A marked decrease in FEV, to 1 L or less.

All the above are signs of a severe exacerbation and may be ominous signs. Unless
the clinician can be certain these are chronic and not acute changes, these findings indi-
cate that hospitalization is the safest treatment for the patient.

PROGRESSION OF DISEASE

Pulmonary function studies also can monitor the progression of obstructive lung dis-
ease. Although progressive airway obstruction is considered to be a sign of chronic
obstructive pulmonary disease, including emphysema, there are patients with asthma
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who demonstrate this problem. In a few long-term studies of patients with chronic
bronchitis and emphysema, a small number of subjects with asthma were included, and
some of these had marked declines in lung function. These may represent a biased sam-
ple but at the same time serve as a warning to physicians that this phenomenon can
occur. Periodic pulmonary function testing can identify these individuals, and possibly
this accelerated decline can be reversed with more aggressive therapy.

10.

11.

12.

13.

14.
15.

16.

17.
18.
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It is better to keep your mouth shut and appear
stupid than to open it and remove all doubt.
—Mark Twain

KEY POINTS

* Asthma in adults is composed of a complex group of reversible airway disorders in
contrast to childhood asthma that is largely allergic in nature.

* Adult-onset asthma may be recently acquired in adulthood or represent various stages
of long-standing disease. Atopic adults may carry the genotype of childhood asthma
symptomatically into adulthood only to have the phenotype finally expressed because
of a powerful trigger, e.g., specific aeroallergen(s) or infection.

» Approximately 31 million Americans suffer from asthma. The majority of patients
(71%) are adults, whereas fewer than 29% (8.9 million) are children less than 18 yr of
age. More women than men are affected with severe adult-onset asthma. Estrogen
replacement therapy, respiratory infection with Chlamydia or Mycoplasma, certain
occupations, tobacco smoking, gastroesophageal reflux, obesity, and sleep disorders
are important risk factors and comorbid conditions.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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* Asthma and active cigarette smoking interact to cause more severe symptoms, accelerated
decline in lung function, and impaired short-term therapeutic response to corti-
costeroids (CSs).

e Simple spirometry, e.g., forced expiratory volume in 1 s (FEV ) and forced vital capacity
(FVC), detect expiratory flow limitations and lung volumes. Demonstration of
reversible obstructive airways disease with spirometry after using albuterol or ipra-
tropium in an adult older than 18 yr old does not alone diagnose adult-onset asthma.
Methacholine challenge testing to exclude abnormal airway hyperresponsiveness is
safe in adult-onset asthma patients with FEV, greater than 70% predicted.

* High doses of inhaled CSs should be avoided in adult-onset asthma, particularly in the
elderly or those with late-onset asthma. The addition of long-acting 32-agonists or
antileukotriene drugs is preferable to using high doses of inhaled CSs. All patients
using 2-agonists should be monitored for adverse effects, including paradoxical
bronchoconstriction.

* Given their demonstrated benefit in conditions such as heart failure, coronary artery
disease, and hypertension, cardioselective B1-blockers should not be withheld from
adults with mild—moderate reversible airway disease.

* Patient adherence with prescribed asthma therapy is poor, and it is clearly the over-
whelming explanation for poor control of asthma in adults, leading to exacerbations
and hospitalizations. Compared with younger hospitalized adults, older hospitalized
adults had clear deficiencies, including lower use of peak flow meters and worse asthma
self-management knowledge.

* Factors independently associated with hospitalization included being female, nonwhite, less
educated, and less physically healthy and more frequent asthma symptoms. Chronological
age was not an independent risk for hospitalization. Appropriate care for older adults with
asthma should address asthma symptoms as in children and younger adults.

INTRODUCTION

Asthma in adults is composed of a complex group of reversible airway disorders
that, in contrast to childhood asthma, is largely allergic in nature. The National Institute
of Health National Asthma Education and Prevention Program (NIH-NAEPP)
Guidelines (http://www.nhlbi.nih.gov/guidelines/asthma/asthgdIn.htm), which rely
heavily on identifying asthma phenotypes presenting with episodic dyspnea, wheezing
or cough with partially reversible airways obstruction, and increased airway hyper-
responsiveness (AHR), may not adequately address this issue.

Adult-onset asthma is underdiagnosed and undertreated in the United States, partic-
ularly in those 265 yr old, despite an ongoing campaign by the NIH-NAEPP to increase
asthma awareness, diagnosis, and treatment. Atopic, adult-onset asthma (AOA) repre-
sents the most prevalent asthma phenotype in clinical practice. These patients typically
respond well to anti-inflammatory drugs and bronchodilators as recommended by the
NIH-NAEPP; however, many other phenotypes do not. For example, in the authors’
practice, they have often encountered women with particularly debilitating AOA that is
incompletely controlled with systemic corticosteroids (CSs). The NIH-NAEPP guide-
lines for managing typical asthma do not address the means to achieve complete control
of disease in these patients, nor do they adequately address the pathophysiology of their
disease. Cigarette smoking, exposure to second-hand tobacco smoke, and air pollution
may contribute to asthma and confound the distinction between asthma and chronic
obstructive pulmonary disease (COPD) in adults. There is significant overlap between
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these two reversible obstructive airway disorders. In addition, some nonatopic patients
with asthma have concomitant gastroesophageal reflux disease (GERD), obesity, or
atypical respiratory infections, presenting further diagnostic and therapeutic challenges
not fully addressed by the NIH-NAEPP. These comorbidities may contribute to poor
control of asthma symptoms, frequent acute exacerbations, and a decidedly poor quality
of life.

DEFINITIONS

AOA implies the development of asthma in adulthood and is defined as asthma in an
adult (18 yr or older) at the time of diagnosis. Late-onset asthma (LOA) is defined as
asthma in a person who is 65 yr of age or older at the time of diagnosis (/). However, the
time of onset in a patient’s life is one of many risk factors associated with AOA. In real-
ity, onset of asthma more often reflects when asthma symptoms are first recognized in
the medical record. Clinicians diagnose asthma by its phenotype or clinical appearance.
Not all asthma is allergic or “extrinsic” nor is it nonallergic or “intrinsic” in nature.
Whether the patient objectively has asthma as defined becomes a clinical and diagnostic
laboratory challenge and even then there may be lingering doubts regarding the precise
diagnosis. Asthma should be viewed more as a general set of symptoms or syndrome
representing distinct diseases that express a common appearing phenotype.

Much of what we currently understand about asthma comes from the scientific
study of selected animal models and patients with asthma beginning in early child-
hood. But there is also a large group of patients that inexplicably develop the symp-
toms of asthma for the first time in adulthood, even after age 65. Hence, AOA may be
recently acquired in adulthood or represent various stages of long-standing disease.
Atopic adults may carry the genotype of childhood asthma symptomatically into
adulthood, only to have the phenotype finally expressed because of a powerful trig-
ger, e.g., specific aeroallergen(s) or infection. The majority of patients with AOA
may have had mild childhood asthma that was never appropriately diagnosed or was
clinically silent.

Alternatively, long-standing AOA beginning in young adulthood may lead to chronic
persistent airway obstruction and be easily mistaken for COPD caused by cigarette
smoking. The majority of cases of AOA, even if first recognized in adulthood, represent
chronic persistent asthma that began early in childhood. The majority of mild child-
hood asthma cases enter clinical remission but persistence of severe disease from child-
hood into adulthood is responsible for the majority of asthma in adults. In this latter
group of patients, chronic asthma is linked to persistence of atopy, although in later
years some older adults lose their positive skin tests to specific allergens (2). However,
it is important to recognize that many adults who are diagnosed with AOA do not have
atopic disease. They still present with the same asthma phenotype as their atopic coun-
terparts but probably through different mechanisms of disease.

The age of onset of asthma extends over a range of ages in both genders. Nearly
50% of all patients with asthma experience onset before age 10 yr, but 25% of all
patients with asthma experience onset after age 40 yr (3). The NIH-NAEPP divides
patients with asthma arbitrarily into age groups: the very young (<5 yr), everyone older
(adults and children 5 yr and older), and the elderly, typically over age 65. Using age to
discriminate asthma, however convenient, conceals the clinical and genetic diversity of
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asthma in adults. Although allergic asthma remains a chronic eosinophilic bronchitis
associated with bronchial smooth muscle mast cell infiltration, clinicians today must
face variable presentations in adults with asthma who exhibit highly variable response
to treatments, including antileukotriene drugs, bronchodilators, anti-immunoglobulin
(Ig) E, and even inhaled CSs.

Physiological changes with aging cause airways to narrow through various mecha-
nisms and alter pulmonary function tests (PFTs). Incomplete reversibility becomes more
often the rule than the exception in AOA. Intermittent bronchoconstriction, loss of elas-
tic recoil, and mucous plugging in adult airways can lead to physiological changes in
lung function and symptoms of dyspnea, wheezing, cough, and poor exercise capacity.
However, there are other modulating factors, including specific genetic polymorphisms
and environmental determinants, that may underlie phenotype severity, observed vari-
able response to therapy, and prognosis. Psychosocial changes from reaching adulthood
and elder age (=65 yr) can delay or prevent recognition of asthma by the physician and
patient. Comorbid illnesses complicate the clinical picture of asthma in adults, e.g.,
tobacco smoking, second-hand or environmental tobacco smoke (ETS), air pollution,
obesity, and GERD. Common air pollutants can cause a decline in lung function,
increased bronchial hyperresponsiveness, and acute exacerbations; however, with the
exception of ETS, they have not been shown conclusively to cause asthma in adults (4).

EPIDEMIOLOGY

Approximately 31 million Americans suffer from asthma (CDC, 2002; http://www.cdc.
gov/nchs/fastats/asthmahtm), 71% of whom are adults. The majority of asthma-related
deaths also occurs in adults with an incidence if 1.9 per more than 100,000, compared
with 0.3 deaths per 100,000 in children (CDC, 2002). High-risk groups for death today
include women age 55 yr and older, blacks, and Puerto Rican-Americans. A longitudinal,
population-based cohort study of children with asthma in New Zealand found that 15%
of children experienced remission of their disease during adolescence but another 12%
had remission followed by a subsequent relapse as adults (5).

The prevalence of asthma in the elderly ranges from 3 to 17% (see Tables 1, 2) (6).
The incidence of asthma in the elderly has been reported to be 3% in individuals over
age 60 yr and less than 1% in those over 70 yr of age (7). However, these studies may
underestimate the true prevalence and incidence of asthma. The DIDASCO Study used
screening spirometry to detect COPD and doubled the number of patients with COPD
in their patient population (8). Similar results may be realized in the patient populations
with undiagnosed asthma in primary care settings. The number of patients identified
with significant airway obstruction was doubled. Significant overlap between asthma
and COPD can exist (see Fig. 1). The degree of overlap among asthma, chronic bron-
chitis, and emphysema can vary considerably with the community, region, country, and
the prevalence of cigarette smoking and air pollution. For example, in Melbourne and
Victoria, Australia, 50% of adults with asthma had chronic bronchitis and 73% of adults
with chronic bronchitis had asthma in a 2002 survey (9).

The number of deaths from asthma in the United States declined in 2002 from
between 5000 and 6000 annually to 4261 or 1.5 per 100,000 (CDC, 2002). Public
awareness of asthma has increased; however, it is unclear if this awareness alone or in
part is responsible for the mortality reduction. Physician and patient adherence to best
practice guidelines remain decidedly poor (/0).
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n=6

Chronic
Bronchitis
Emphysema
n=25

n=324

Fig. 1. Number of patients reporting asthma, chronic bronchitis, and/or emphysema. Adapted with
permission from ref. 9.

RISK FACTORS AND SPECIFIC SYNDROMES
Atopy

Chronic asthma in adults and children is most often related to underlying atopy
(see Fig. 2 and Table 3). Atopic children generally remain atopic to varying degrees
when they enter adulthood. AOA may persist clinically with exacerbations despite
changes in skin test reactivity (2,/1). Little known about the prevalence of atopy in
elderly patients with asthma. Bochenska-Marciniak and colleagues investigated the
prevalence of atopy using skin-prick tests in 274 patients with AOA age 60 yr and
older (12). They found the prevalence of atopy ranged between 40% in those with
late-onset asthma (defined in the study as asthma developed before age 40) and 57%
in all others groups that experienced asthma at an earlier age. Eight percent of patients
with early-onset asthma (defined by the investigators as asthma developed before age
30) and 4% of patients with LOA had negative skin-prick tests. Dust mite, feathers,
grass, and tree pollen were the most common allergens that caused a positive skin-prick
tests in the study.

Gender

Gender is linked inseparably to reproductive hormones. More women experience AOA
than men. Postmenopausal women who take estrogen hormone replacement for 10 yr or
more are more likely to develop asthma than women who never used estrogen. Women
with asthma are more likely to have a severe attack immediately before or during their
menstrual period, perhaps related to levels of estradiol. The Formoterol and Corticosteroid
Establishing Therapy (FACET) study found that women are at higher risk and experience
more severe asthma exacerbations than men (/3).
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Siroux and colleagues found a relationship between eosinophils, IgE, and atopy with
asthma according to gender and age of onset and hormone-related events. Using data
from the Epidemiological Study on the Genetics and Environment of Asthma, Bronchial
Hyperresponsiveness and Atopy, adults and children with asthma were recruited in
chest clinics (n = 313) and first-degree relatives of patients with asthma (n = 214) were
compared with controls without asthma (n = 334) and first-degree relatives without
asthma (n = 595). Among women with asthma, eosinophilia was significantly associ-
ated with perimenstrual asthma independently from age, smoking, and asthma severity
(eosinophils/mm?, 330 vs 194; p = 0.01). In women without asthma, IgE level was sig-
nificantly decreased (by 50%) and atopy decreased with menopause, and IgE increased
with oral contraceptive use, independently from age and smoking. Comparing both
genders, the increase of eosinophil counts with asthma was significantly greater in
women with childhood-onset asthma than in women with AOA or in men in general.
No interaction between gender and asthma was observed for eosinophils in children
and for IgE level and atopy in children and adults (/4).

Estrogen Replacement

It is important to mention that published clinical studies that link the use of a partic-
ular drug(s) with asthma do not explain conclusively whether the drug caused asthma
in the patients or population studied or whether the drug therapy exacerbated the air-
way inflammation in clinically silent asthma to cause the phenotype to be overtly rec-
ognized. There is an impulse to assign guilt by association, but convincing evidence is
lacking in most circumstances.

Estrogen or hormone replacement therapy (HRT) increases the risk of AOA in
women but not COPD. Previous randomized, clinical studies have suggested that
HRT may modulate the development of asthma and COPD. The longitudinal Nurses
Health Study initiated in 1976 was a prospective cohort study of more than 121,000
female registered nurses age 30-55 yr who became menopausal (/5). Barr and col-
leagues evaluated whether postmenopausal hormone use was associated with an
increased rate of newly diagnosed AOA and, separately, newly diagnosed COPD (15).
A link was found between HRT use and the development of new asthma. From 1984
to 1996, Barr et al. found 756 women acquiring new diagnoses of asthma, 409 had
new diagnoses of COPD, and 345 had both. During 546,259 person-years of follow-
up, current use of estrogen alone was associated with an increased rate of asthma
(multivariate rate ratio, 2.29; 95% confidence interval [CI], 1.59-3.29) compared
with those who never used hormones. Current users of estrogen plus progestin had a
similarly increased rate of newly diagnosed asthma. Rate ratios increased with cer-
tainty of diagnosis of asthma. In contrast, rates of newly diagnosed COPD were the
same among hormone users and nonusers (multivariate rate ratio, 1.05; 95% CI,
0.80-1.37). HRT users had an 80% higher risk of asthma than did those women who
never used HRT. The effect was similar among women who took conjugated estrogen
only and among those who received the combination of estrogen plus progestin.
Asthma risk increased in magnitude with higher does of estrogen and with longer
duration of estrogen use. There was no association between HRT use and the new
diagnosis of COPD. It is not clear what the underlying mechanisms for this finding.
HRT may worsen inflammation or bronchospasm by increasing systemic activation
of mast cells releasing histamines, leukotrienes, and interleukins (ILs). Cyclical
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release of proinflammatory mediators may be responsible for causing airway inflamma-
tion and chronic asthma in adult women.

Concern regarding HRT and asthma should not discourage clinicians from prescrib-
ing estrogen replacement therapy, if indicated, to reduce the risk of osteoporosis and
heart disease in postmenopausal women. The incidence of asthma in the elderly has
been reported to be 3% in individuals over age 60 yr and less than 1% in age over 70 yr.
Increasing the risk of developing asthma by 80% is obviously significant to women
who develop asthma on HRT. However, it should also be recognized that asthma sever-
ity has been linked perimenstrually to the reproductive hormones and to the use of oral
contraceptives, the state of pregnancy, and the onset of menopause regardless of
whether HRT is used (14).

Drug-Induced Conditions

Certain drugs can trigger asthma symptoms in adults, particularly aspirin, nonsteroidal
anti-inflammatory drugs (NSAIDs), nonselective B-blockers, and angiotensin-converting
enzyme inhibitors. The mechanisms involved in drug-induced AOA often result from the
direct nontherapeutic effects. The most practical approach is to avoid or cautiously use
such drugs in AOA if possible. Adenosine, B-blockers, antibiotics (e.g., penicillins and
cephalosporins), cholinergic drugs, NSAIDs (including aspirin, indomethacin and cyclo-
oxygenase [COX]-1 and COX-2 inhibitors), pentzocaine, and tartrazine dye are among
the more commonly recognized causes of drug-induced asthma in AOA.

Aspirin-Induced Asthma

Aspirin-induced asthma is a distinct form of AOA that is potentially life threatening.
It is often part of the triad of asthma, nasal polyposis, and aspirin sensitivity in adults
known as Samter’s syndrome or Samter’s asthma. The published prevalence before
2004 was 4-10%. However, aspirin-induced asthma is more prevalent than previously
recognized. Jenkins et al. reviewed the literature retrospectively and determined that
diagnosis was highest when determined by oral aspirin provocation testing. The new
prevalence of aspirin-induced asthma in adults is 21% and 16% in children (/6). Cross-
sensitivity to doses of over-the-counter NSAIDs was present in most patients with
aspirin-induced asthma: ibuprofen, 98%; naproxen, 100%; and diclofenac, 93%.
Interestingly, cross-sensitivity to acetaminophen was 7%.

Two theories exist to explain aspirin-induced asthma. Inhibition of COX-1 shunts
arachidonic acid metabolism away from production of prostanoids and toward cysteinyl
leukotrienes (cys-LT) production, leading to bronchoconstriction and bronchospasm.
Alternatively, aspirin may cause a structural change in COX-2 that once again leads to
a dramatic increase in the production of cys-LT. Indeed, these patients typically have
elevated levels of cys-LT in urine, sputum, and blood even before exposure to aspirin
and NSAIDs. Recently, a genetic polymorphism of the LTC4S gene has been identified
consisting of an A to C transversion of 444 nucleotides upstream of the first codon.
This is associated with a relative risk of aspirin-induced asthma of 3.89. Carriers of the
C444 allele instead of the A444 allele show a dramatic increase in urine LTE4 after
aspirin administration, and these patients respond better to leukotriene receptor antago-
nists and 5-lipoxygenase inhibitors (/7).

When there is a clinical necessity to use aspirin or an NSAID and there is uncertainty
about safety, oral provocation testing should be performed under strict physician
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monitoring in the clinic or hospital. CSs typically do not control aspirin-induced asthma
well. Antileukotriene drugs have helped patients considerably in controlling bron-
chospasm in this group of patients presumably by preventing the production of
leukotrienes or blocking receptors for leukotrienes. Patients with aspirin-induced
asthma can still develop anaphylaxis or an anaphylactoid reaction with aspirin, despite
being on controller therapy.

Tobacco Smoking

Tobacco smoking has been linked to both asthma and COPD. Although the two
obstructive airway disorders are different, the clinical similarities between the defini-
tion of asthma and the definition COPD (GOLD, 2003 http://www.goldcopd.com) are
apparent, e.g., airway obstruction reversibility (albeit incomplete and occasionally
absent), after bronchodilator treatment, and presence of airway inflammation. The early
diagnosis and proper treatment of different reversible obstructive airway disorders is
therefore a challenge in adults.

Smokers with asthma experience an excessive and rapid decline in PFTs compared
with nonsmokers (/8). In most developed countries, approx 25% of adults with
asthma are active cigarette smokers. Asthma and active cigarette smoking interact to
cause more severe symptoms, accelerated decline in lung function, and impaired
short-term therapeutic response to CSs. Cigarette smoking may modify inflammation
that is associated with asthma, although there is limited published data on airway
pathology in smokers with asthma. The mechanisms of CS resistance in smokers
with asthma are unexplained but could be a result of alterations in airway inflamma-
tory cell phenotypes (e.g., increased neutrophils or reduced eosinophils), changes in
the glucocorticoid receptor-a to -f ratio, e.g., overexpression of glucocorticoid recep-
tor 3, and increased activation of proinflammatory transcription factors, e.g., nuclear
factor-xB or reduced histone deacetylase activity. Every effort should be made to
encourage patients with asthma to stop smoking even in light of the low, sustained
abstinence rates (/9).

Pregnancy

Asthma is estimated to affect approx 3.7-8.4% of pregnant women in the United
States. One out of every 500 expectant mothers experiences serious consequences from
uncontrolled asthma during pregnancy, including preeclampsia and maternal and/or
perinatal death. Approximately one-third of pregnant women experience worsening of
their asthma during gestation, one-third remain the same, and one-third improve. The
explanation of these clinical observations remains unclear. Uncontrolled asthma is a
much greater risk to the mother and unborn baby than any known risk from asthma
medications. However, it is important to evaluate the risk—benefit of any medication
before prescribing it to the pregnant woman based on the safety of the medication in
prior studies. Smoking by the mother, particularly smoking during pregnancy, is linked
with development of asthma in the child in later life. The most common errors by health
care providers and pregnant women are: (1) to underestimate the severity of asthma
during pregnancy, (2) to not implement appropriate environmental control measures,
(3) to undertreat chronic persistent asthma, and (4) to delay treatment of acute severe
exacerbations, including the use of oral CSs, which can be life-saving to both mother
and fetus (20).
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Gastroesophageal Reflux Disease

GERD is an asthma trigger that is clinically silent in 50% of patients who have
asthma who also have GERD. GERD is not an epidemiological risk factor of AOA
but may explain why patients are diagnosed as adults. In addition, patients with AOA
have a higher prevalence of hiatal hernias (2/), and asthma medications, such as
B2-agonists and theophylline, can aggravate GERD by reducing lower esophageal
sphincter pressure.

A 1- to 3-mo empiric trial with a proton pump inhibitor in a poorly controlled patient
with AOA is recommended to ascertain if GERD hinders asthma control (22). There is
no other way to quickly determine which patients with AOA would benefit from proton
pump inhibitors. The authors only recommend esophageal pH testing after the empiric
trial with proton pump inhibitors fails and the clinical symptoms of GERD persist.

Control of GERD can independently improve asthma outcomes, but medical treat-
ment for GERD does not consistently improve asthma control. The Cochrane Library
analyzed clinical trials conducted in children and adults and found seven of nine studies
associating antireflux therapy with at least one significantly improved asthma outcome
(23). In patients with asthma who also have GERD, there was no overall improvement in
asthma after treatment for GERD. Subgroups of patients may gain benefit, but it appears
difficult to predict responders. Adults over age 19 yr with AOA and GERD may be at
higher risk factor for hospitalization for poorly controlled asthma (24).

Infection

Asthma is a prevalent disease with marked effects on quality of life and economic
societal burden. However, the cause of asthma and its pathophysiology are not com-
pletely defined. Recently, the possibility that chronic infection may play a role has been
suggested. Martin and colleagues sought to define the association between Mycoplasma
and Chlamydia species and chronic asthma. They performed a comparison study of
patients with asthma and normal control subjects (25). Fifty-five patients with chronic
stable asthma were compared with 11 normal control subjects by using polymerase
chain reaction (PCR), culture, and serology for Mycoplasma species, Chlamydia species,
and viruses from the nasopharynx, lungs, and blood. Bronchoalveolar lavage cell count
and differential, as well as tissue morphometry, were also evaluated. Computer-generated
scoring for the degree of chronic sinusitis in patients with asthma was additionally eval-
uated. Thirty-one of 55 patients with asthma had positive PCR results for Mycoplasma
(n = 25) or Chlamydia species (n = 6), which were mainly found on lung biopsy speci-
mens or in lavage fluid. Only 1 of 11 normal control subjects had positive PCR results
for Mycoplasma species. The distinguishing phenotype between patients with asthma
with positive and negative PCR results was the significantly greater number of tissue
mast cells in the group with positive results. A significant number of patients with
chronic stable asthma demonstrate the presence of Mycoplasma species, Chlamydia
species, or both in their airways, with the distinguishing feature of increased mast cell
number. These findings need further delineation but may help us to understand the patho-
physiology of asthma and new treatment options (25).

Obesity

Current estimates are that 25% of Americans are obese and half of the country is over-
weight. The obesity epidemic has shadowed the asthma epidemic since the 1970s. In the
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Nurses’ Health Study, after controlling for diet and physical exercise, body mass index
(BMI) greater than 30 (BMI = weight/ht?) was directly correlated to an increased incidence
of asthma in these adult nurses. Obesity may be viewed as an inflammatory state with
increased levels of cytokines IL-6 and IL-8. In women who are obese, obesity increases
estrogen levels that can cause inflammatory events through mast cell activation. There is
currently great interest to determine whether obesity and asthma are linked to the same
candidate genes, which would explain the parallel appearance of both epidemics (26).

Several studies have identified obesity as a risk factor for asthma in both children
and adults. An increased prevalence of asthma in subjects with GERD and obstruc-
tive sleep apnea syndrome has also been reported. In a 5- to 10-yr follow-up study
of the European Community Respiratory Health Survey in Iceland, Norway,
Denmark, Sweden, and Estonia, a postal questionnaire was sent to previous respon-
dents. A total of 16,191 participants responded to the questionnaire. Reported onset
of asthma, wheeze, and nocturnal symptoms, as well as nocturnal GERD and habit-
ual snoring, increased in prevalence along with the increase in BMI. After adjusting
for nocturnal GERD, habitual snoring, and other confounders, obesity (BMI >30)
remained significantly related to the onset of asthma, wheeze, and nighttime symp-
toms. This study adds evidence to an independent relationship among obesity,
nocturnal GERD, and habitual snoring and the onset of asthma and respiratory symptoms
in adults (27).

Sleep Disorders and Chronobiology

The relationship among asthma, GERD, obesity, and sleep disorders is complex and
is the subject of excellent recent reviews (28). However, it is important to know all of
the above diseases and disorders disturb sleep. All are important in the chronobiology
of asthma, as expounded by Kraft and colleagues (29). This relatively new area, termed
chronobiology, describes how time-related events shape our daily biological responses
and apply to any aspect of medicine regarding altering pathophysiology and treatment
response. For example, normally occurring circadian (daily cycles, approx 24 h) events,
such as nadirs in epinephrine and cortisol levels that occur in the body around 10 pM to
4 aM and elevated histamine and other mediator levels that occur between midnight and
4 AM, play a major role in the worsening of asthma during the night. In fact, this noc-
turnal exacerbation occurs in the majority of patients with asthma. Because all biologi-
cal functions, including those of cells, organs, and the entire body, have circadian
rhythms, understanding the pathophysiology and treatment of disease must be viewed
with these changes in mind. Biological rhythms are ingrained, and although changing
the wake—sleep cycle can change them over time, these alterations occur over days.
However, sleep itself can adversely affect the pathophysiology of asthma and other dis-
eases. During the afternoon, patients who sleep the night before generally achieve their
best lung function. Hence, many patients with asthma are more healthy and functional,
bringing clinicians to suspect anything but asthma.

Normal circadian rhythm changes in lung function, e.g., forced expiratory volume in
1 s (FEV)) decline in an exaggerated manner in AOA who experience nocturnal awak-
ening. An abnormal decrease in FEV | and increase in airway inflammation can be
detected during the sleep cycle. Monitoring for nocturnal symptoms is an important
key to asthma control (30). Nocturnal death from asthma is high, with 53% of asthma-
related deaths occurring between 6 PM and 4 AM (31).
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Occupation

Occupational asthma is an important cause of AOA, particularly in men. Isocyanates
remain the most important single cause of occupational asthma worldwide. Other
industrial chemicals, biological enzymes, animal secretions, and dusts at work (e.g.,
toluene diisocyanate, metals salts, laundry detergents, flour dust causing Baker’s
Asthma, and cockroach allergens in buildings) are all reported to cause occupational
asthma but are often overlooked in the management of AOA. The key is a clinical his-
tory focused to reveal the link between occupational exposures and clinical exacerba-
tions (32) Absence from work during weekends or medical leave nearly always brings
about clinical remission, only to have the symptoms of asthma recur with return to
work and to the offending workplace environment. However, 20-30% of patients have
persistent symptoms that do not resolve, despite prolonged absence from the work
environment. In addition, one must not forget men or women who work at home who
may develop AOA as a consequence of a domestic or household trigger (33). School
teachers, professors, and health care professionals may have unusual forms of occupa-
tional asthma caused by contact with students, patients, and poor building conditions,
e.g., molds and cockroaches in the inner cities.

GENETIC AND IMMUNOLOGICAL INSIGHTS

Genetic Insights

Several asthma susceptibility genes have been identified, and the topic has been
expertly reviewed. A functional polymorphism in the regulated on activation, normal
T-cell expressed and secreted (RANTES) gene promotor is associated with the devel-
opment of late-onset asthma (34). RANTES is an important CC chemokine involved in
asthma inflammation that is a potent chemoattractant for T-cell lymphocytes,
eosinophils, basophils, monocytes that become macrophages, and mast cells. Both
atopic asthma and nonatopic asthma are associated with increased levels of RANTES
in bronchoalveolar lavage fluid, and RANTES contributes to the influx of activated
eosinophils into the asthmatic airways. Furthermore, all of the aforementioned cells, as
well as epithelial cells, fibroblasts, and endothelial cells, can generate and secrete
RANTES. Hizawa and colleagues noted the —403A and —28G alleles of the RANTES
promoter region exhibit significantly enhanced promoter activity in reporter constructs
in vitro. They investigated the genetic influence of these alleles on the development of
asthma using case—control analysis in 298 Japanese patients with asthma and 311 con-
trol subjects. Given the evidence for heterogeneity of asthma according to age at onset,
they divided patients with asthma into three subgroups: 117 patients with LOA (defined
by investigators as onset at >40 yr of age), 83 patients with middle-onset asthma (onset
at 2040 yr of age), and 98 patients with early-onset asthma (onset at <20 yr of age).
The —28G allele was significantly associated with LOA (odds ratio = 2.033; 95% (I,
1.379-2.998; corrected p < 0.0025) but was not associated with the other two asthma
subgroups. The —403A allele was not associated with any of the asthma subgroups.
Further evidence of the importance of the —28G allele was a significant increase in the
production of RANTES in vitro in individuals who carried this allele. Their findings
suggest that among Japanese, the —28G allele of the RANTES promoter region confers
susceptibility to LOA (42). However, what actually triggers the immunological events
leading to AOA in this population is unknown.
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Fig. 2. Development of syndromes of adult-onset asthma.

Genotype-specific responses are clinically relevant. Polymorphism at the 16th amino
acid residue of the B2 receptor is associated with adverse effects of f2-agonist use in
patients with asthma. Patients with the Arg/Arg genotype improved when [2-agonist
therapy was withdrawn and replaced with the anticholinergic ipratropium bromide.
Patients with the Gly/Gly genotype had better control of their asthma with regular
albuterol use. It is estimated that one-sixth of the population with asthma in the United
states have the Arg/Arg genotype, and the prevalence is present in approx 20% of
Americans of African descent and 15% of whites. In the B-Adrenergic Response by
Genotype (BARGE) Study, Israel and colleagues (35) suggest that patients with
Arg/Arg genotype may benefit from discontinuing the use of albuterol as a rescue
inhaler, using ipratropium bromide in its place for regular and rescue use.

Recent studies by McGraw and colleagues in transgenic mice support the hypothesis
that the decline in lung function after regular or as-needed use of albuterol may trigger
cellular mechanisms different from those normally associated with smooth-muscle
bronchodilation. Paradoxically, frequent triggering of the B2 receptors may cause bron-
choconstriction instead of bronchodilation. Altering the expression of bronchial smooth
muscle B2 receptors in transgenic mice affects the function of other airway receptors,
such as muscarinic receptors, that are also important in controlling airway contractility.
These effects may be mediated through a phospholipase C-§ pathway (36).

Immunological Insights

Lung parenchyma in asthma remains largely normal unlike in COPD, where the lung
parenchyma is slowly destroyed by oxidative stress and proteolytic processes. Small air-
ways inflammation are prominently involved in both asthma and COPD, but the cellular
populations and clinical response to drug therapy differ markedly. Eosinophils, mast
cells, CD4+ T-lymphocytes, and macrophages characterize the cellular inflammation in
asthma (see Fig. 3). In contrast, cellular inflammation in COPD consists of neutrophils,
macrophages, CD8+ T-lymphocytes, and, during clinical exacerbations, eosinophils.
This topic of airway inflammation has been reviewed exhaustively (37,38).

Cellular populations and their mediators appear changed with disease progression in
AOA. The bronchial eosinophilic inflammation is orchestrated by mast cells and CD4+
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Fig. 3. Role of cytokines in airway inflammation in asthma. Reproduced with permission from ref. 39.

T-lymphocytes in childhood asthma and asthma that extends into adulthood. However,
eosinophils and neutrophils become increasingly more important with AOA and in
severe cases of persistent asthma in adults. The relationship was explored by Wenzel
and colleagues to determine whether phenotypic differences exist between early-onset
severe asthma as compared with late-onset disease and whether the presence or absence
of eosinophilia influences the phenotypes. Differentiating severe asthma by age at onset
and presence or absence of eosinophils identifies phenotypes of asthma, which could
benefit subsequent genetic and therapeutic studies. Eighty participants were divided
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into those with asthma onset before age 12 yr (n = 50) vs after age 12 yr (n = 30) and
by the presence or absence of lung eosinophils. Subjects with early-onset severe asthma
had significantly more allergen sensitivity (skin test positivity, 98 vs 76%, p < 0.007)
and more allergic symptoms than subjects with LOA. In contrast, subjects with LOA
had lower lung function than subjects with early-onset asthma, despite a shorter illness
duration. Both groups had a high degree of general asthma symptoms, but those with
persistent eosinophils from either age at onset group had significantly worse symptoms.
Similarly, the presence of eosinophils in either age at onset group was associated with
the lowest lung function. Although LOA was associated with the highest numbers of
lung eosinophils, only early-onset severe asthma was associated with a lymphocytic/mast
cell inflammatory process. Finally, subjects with LOA without eosinophils had no subep-
ithelial basement membrane thickening, suggesting a different pathological process (38).

For many years it has been supposed that the production of an excess of nitric oxide
(NO) by inducible NO synthase (iNOS) plays a major role in inflammatory diseases,
including asthma. However, recent studies indicate that a deficiency of beneficial, bron-
chodilating constitutive NOS-derived NO is important in allergen-induced AHR.
Although several mechanisms are proposed to explain the reduction of constitutive
NOS activity, reduced substrate availability, caused by a combination of increased
arginase activity and decreased cellular uptake of L-arginine, plays a key role (40).
Recent evidence also indicates that iNOS-induced pathophysiological effects involve
substrate deficiency. At low concentrations of L-arginine iNOS produces both NO and
superoxide anions, which results in the increased synthesis of the highly reactive, detri-
mental oxidant peroxynitrite. Based on these observations, a relative deficiency of NO
caused by increased arginase activity and altered L-arginine homeostasis may be a
major factor in the pathogenesis of allergic asthma. Morris and colleagues found that
patients with asthma (median age 14, range 2-52 yr) exhibited a significant reduction
in plasma arginine levels during acute exacerbations compared with normal control
subjects without asthma (4/). High arginase activity in patients with asthma may con-
tribute to low circulating arginine levels, thereby limiting arginine bioavailability and
creating a NO deficiency that induces hyperreactive airways. Addressing the alterations
in arginine metabolism may result in new strategies for treatment of asthma.

DIAGNOSIS

Until genetic screening becomes available, clinicians must rely on clinical curiosity,
a carefully acquired clinical history (e.g., family history, cigarette smoking, or expo-
sure to ETS, or urban air pollution), and deliberate use of PFTs, including spirometry
before and after bronchodilator challenge with albuterol or albuterol and ipratropium
bromide, methacholine bronchoprovocation tests (i.e., PC,), and carbon monoxide-
diffusing capacity (see Table 4).

A longitudinal, population-based cohort study of 613 children followed from age
3 yr to age 26 yr and found that clinicians should not rely on finding wheezing to help
diagnose asthma. Only 27% of the subjects at age 26 yr never reported wheezing, 21%
reported wheezing only once, and 10% had intermittent wheezing. Interestingly, 15%
had remission of their asthma during adolescence, but another 12% experienced remis-
sion followed by a subsequent relapse (5).

Aging definitely affects pulmonary physiology and the results of pulmonary func-
tion testing (Table 4). The normal decline in FEV | is approx 25-35 mL/yr. From age
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Table 3
Risk Factors for Adult-Onset Asthma
Risk factors Specific syndromes
Atopy Samter’s asthma
Gender Exercise-induced asthma
Drugs, estrogens, aspirin, and nonsteroidal
anti-inflammatory drugs Refractory asthma
Tobacco smoking Occupational asthma

Environmental tobacco smoke

Air pollution

Obesity

Pregnancy

Respiratory infections, particularly Chlamydia spp.
Gastroesophageal reflux disease

Table 4
Clinical Differences Between Adult-Onset Asthma and Chronic Obstructive Pulmonary Disease

Adult-onset asthma Chronic obstructive pulmonary disease

* Prevalence in women is greater than in men ¢ Prevalence men = women
* Airflow limitation reversible after albuterol ¢ Airflow limitation not fully reversible after

albuterol
* Airway hyperresponsiveness (PC,) » Airway hyperresponsiveness variable
very marked to methacholine and
adenosine monophosphate
¢ DLco normal ¢ DLco normal with chronic bronchitis; low
in emphysema
* FEV, improvement 212% * FEV, improvement > 12%
B2-agonists greater than anticholinergics * (2 agonists = anticholinergics
* Improvement with steroids but » Steroids reduce exacerbations but do not
variability in response exists improve lung function
* Improvement with LTRA * No improvement with LTRA unless asthma
overlaps

LTRA, leukotriene receptor antagonist; DLco, carbon monoxide-diffusing capacity.

25-39 yr, the decline is approx 20 mL/yr; age older than 45 yr, 35 mL/yr. Hence, loss
of spirometric function increases with age. This becomes important when trying to sep-
arate asthma from COPD using the global obstructive lung disease (GOLD) guidelines
updated October 2003 at http://www.goldcopd.com (see Table 5).

Gas exchange, i.e., PaO, and PaCO,, is near normal in elderly patients with
asthma. One cannot rely solely on the presence of reduced expiratory flow rates on
pulmonary function tests to identify AOA. PFTs detect expiratory flow limitations
and lung volumes, nothing more. Demonstration of reversible obstructive airways
disease with spirometry after using albuterol or ipratropium in an adult over 18 yr old
does not alone AOA.

One of the hallmarks of asthma is reversibility in spirometric measurements on
receiving a bronchodilator, such as inhaled albuterol (Table 2). A significant bron-
chodilator response is commonly seen in children with asthma after administration of
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Table 5
Normal Physiological Changes in the Lungs Associated With Aging

* Increased air trapping leading to hyperinflation

* Decreased lung elastic recoil

* Decreased chest wall compliance — TFRC, TRV

* Increased restriction from kyphosis, e.g., secondary to osteoporosis and vertebral
compression fractures

* Loss of height = JFEV |, {FEV %, {VC, TFRC, TRV. No change in TLC.

* Decreased respiratory muscle strength

* Impaired respiratory reflexes

» Impaired perception of respiratory workload reduces mental cognition or awareness

FRC, functional residual capacity; RV, residual volume; VC, vital capacity; TLC, total lung capacity.

albuterol, with FEV, improving by at least 12% and 200 mL. The same criteria have
been applied to adults, but many older patients have evidence of reduced expiratory
flow rates and chest wall restriction if they develop changes in posture, e.g., osteo-
porosis and obesity. Lung volumes may also improve but often are not measured after
bronchodilator challenge. Total lung capacity and residual volume may decrease and
inspiratory capacity may increase significantly after bronchodilator administration in
patients with asthma and in patients with COPD. This “volume shifting” may occur in
the absence of any significant improvement in expiratory flow rates. Examination of
flow-volume loops before and after bronchodilator treatment may readily disclose this
phenomenon (42).

Bronchoprovocation challenge tests detect the presence of nonspecific hyper-
responsive airways in patients with normal spirometry and normal chest X-ray in AOA,
even in the elderly (see Fig. 4). AHR is defined as the degree to which expiratory flow
rates decline after response to a nonspecific trigger, e.g., methacholine, histamine, cold
air, exercise, or adenosine-5"-monophosphate. Although these bronchoconstrictive trig-
gers can cause expiratory flow rates to decline in everyone, adults with asthma require
much less methacholine (<8 mg/mL) than normal controls. The methacholine PC, is
the dose of methacholine causing a 20% decrease in a patient’s baseline FEV | meas-
ured after inhaling normal saline. A negative test, i.e., FEV |, remains greater than
80% of baseline excludes asthma in adults with 95% certainty. A positive test con-
firms the presence of bronchial hyperresponsiveness but is not specific for asthma (see
Fig. 5). Methacholine bronchial challenge is used primarily to rule out AHR in the
clinical setting of normal PFTs. However, it can be used to detect AHR in AOA, par-
ticularly in the elderly. When a normal methacholine challenge is found, a diagnosis
of AOA can be excluded, and the clinician should then pursue other diagnoses, includ-
ing congestive heart failure, GERD, chronic pulmonary aspiration, vocal cord dys-
function, and lung cancer.

Enright has recommended an excellent algorithm employing clinical history and the
aforementioned PFTs to ascertain the diagnosis of asthma or COPD in the older adult
and the elderly patient suffering from asthma-like symptoms (Fig. 4) (43). In his
scheme, a methacholine PC,, less than 4 mg/mL is considered diagnostic of AHR in
the older population in contrast to a PC, of less than 8 mg/mL in younger adults and
adolescents.
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< Asthma-like symptoms >

No

Do spirometry

FEV,/FVC lowFEV,/FVC
normal (obsruction)

Methacholine Post-bronchodilator
challenge test spirometry

PC-20 >4 PC-20 >4 FEV, FEV,
(neg) (BHR) now normal still low

Asthma not present FEV, improved
>15% predicted?

Diagnosis
of asthma

DLCO test

Normal Low
Non-specific COPD

Fig. 4. Suggested algorithm to evaluate elderly patients with asthma symptoms. (Adapted with
permission from ref. 42.)

METHACHOLINE CHALLENGE

% BASELINE FEV1 vs DOSE

| PC20 FEV1

20 +—

Pre-BD Post-BD

Fig. 5. A positive methacholine challenge. PC,, = 2 mg/mL.

GENETIC PROFILING

Given the heterogeneity of AOA, genetic profiling will help separate and group patients
and their phenotype, e.g., clearly separate asthma from COPD. But it is uncertain whether
it will improve care and long-term outcomes and, in some patients, tell clinicians which
gene profile is more important than the other, e.g., the profile for asthma or the profile for
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COPD. The problem becomes apparent in the patient with both asthma and COPD.
Genetic profiling of asthma may eventually predict which patients will benefit from cer-
tain specific anti-inflammatory drugs, bronchodilators, and anti-IgE antibody therapy and
which will not benefit, but it will not obviate the need in individual patients with asthma
to do a “clinical trial of one” as the great Eugene Robin used to harangue.

In addition to aiding clinical diagnosis, genetic profiling may be best employed as a
tool to keep patients away from certain treatments and adverse reactions. However, the
authors suspect that patients’ responses to pharmacotherapy will remain highly vari-
able, despite knowledge of genetic profiles. Ideally, a genetic test or group of tests to
predict response to therapy would be cost-effective by reducing the need to treat empir-
ically. Genetic profiling could help patients and their physicians make better choices
regarding how to treat asthma and simplify the clinical trials that each new patient must
undergo with a drug. In the interim, reliance on the asthma phenotype and its response
to therapy will remain the most practical approach.

TREATMENT AND MANAGEMENT

Treatment

The NIH-NAEPP guidelines basically recommend treatment by identifying a spe-
cific asthma phenotype, i.e., mild, moderate, or severe persistent, and rely on response
to stepwise therapy and patient education to achieve control. Comorbid conditions
should be suspected and treated when AOA becomes difficult to control in adults, e.g.,
GERD and rhinosinusitis. Given recent concerns about drug safety, it is vital to avoid a
nonchalant approach to treatment and to carefully monitor clinical trial(s) with each
drug therapy in each patient to determine safety and effectiveness.

Inhaled CSs remain the single most effective therapy for adult patients with asthma.
However, for those who are unable or unwilling to take inhaled CSs, the use of leukotriene
modifiers/receptor agonists is reasonable, with the caveat that clinical asthma control is
achieved. Long-acting 32-agonists may be added to inhaled CSs for those who remain
symptomatic despite low-dose inhaled CSs therapy and is preferred by the NIH-NAEPP.
However, the long-term effects of these agents on acute exacerbations are unclear.

Sin and colleagues systematically reviewed and quantitatively synthesized the long-
term effects of inhaled CSs, long-acting 2-agonists, leukotriene pathway modifiers/
receptor antagonists, and anti-IgE therapies on clinical outcomes and particular clini-
cally relevant exacerbations in adult patients with chronic asthma (44). MEDLINE,
EMBASE, and Cochrane databases were searched to identify relevant randomized con-
trolled trials and systematic reviews published from January 1, 1980 to April 30, 2004.
They identified additional studies by searching bibliographies of retrieved articles and
contacting experts in the field. Included trials were double-blind, had follow-up periods
of at least 3 mo, and contained data on exacerbations and/or FEV . The effects of inter-
ventions were compared with placebo, short-acting 32-agonists, or each other.

Not surprisingly, inhaled CSs were most effective, reducing exacerbations by nearly
55% compared with placebo or short-acting 32-agonists. Compared with placebo, the use
of long-acting 32-agonists was associated with 25% fewer exacerbations; when added to
inhaled CSs, there was a 26% reduction above that achieved by steroid monotherapy.
Combination therapy was associated with fewer exacerbations than was increasing the
dose of inhaled CSs. Compared with placebo, leukotriene modifiers/receptor antagonists



Adult-Onset Asthma 133

reduced exacerbations by 41% but were less effective than inhaled CSs. Use of mono-
clonal anti-IgE antibodies with concomitant inhaled CS therapy was associated with
45% fewer exacerbations. Anti-IgE therapy may be considered as adjunctive therapy
for young adults with asthma who have clear evidence of allergies and elevated serum
IgE levels.

Older patients may benefit from a trial of antileukotriene drugs, as Enright and others
recommend (43,44). The dose of inhaled CSs can often be reduced to lower levels
without compromising the response of patients to bronchodilators if needed.
Antileukotriene drugs can be used as alternatives to long-acting 32-agonists in adult-
onset asthma who have exercise-induced bronchospasm (45). Regular use of 2-agonist
can cause tolerance and a reduction in the magnitude of bronchodilator rescue.

A double-blind, placebo-controlled study was performed at 16 centers in the United
States. Patients with asthma (n = 122, ages 15-58 yr) whose symptoms were uncon-
trolled on low-dose inhaled fluticasone and who had a history of exercise-induced wors-
ening of asthma were randomized to receive montelukast (10 mg once daily), salmeterol
(50 pg twice daily), or placebo for 4 wk. The magnitude and rate of rescue bronchodila-
tion were significantly greater with montelukast compared with salmeterol (p < 0.001).
Five minutes after rescue 2-agonist, 92% of patients taking montelukast and 68% of
those taking placebo had recovered to preexercise levels, whereas only 50% of those
taking salmeterol recovered to preexercise levels. Storms and colleagues concluded that
in patients whose asthma symptoms remain uncontrolled using inhaled CSs, addition
of montelukast permits a greater and more rapid rescue bronchodilation with a short-
acting f2-agonist than addition of salmeterol and provides consistent and clinically
meaningful protection against exercise-induced bronchoconstriction.

Sims and colleagues evaluated whether montelukast or formoterol provides additive
effects to patients with asthma who are not controlled by inhaled CSs by studying
patients who were homozygous for the Gly/Gly-16 genotype and considered to be genet-
ically susceptible to B2-receptor downregulation (46). Fifteen CS-treated patients with
mild to moderate persistent asthma received montelukast 10 mg once daily or formoterol
9 ug twice daily for 2 wk, separated by a 2-wk placebo run-in and washout, in a double-
blind, double-dummy, randomized, cross-over design. Bronchoprotection against adeno-
sine monophosphate challenge (primary end point), spirometry, and blood eosinophils
were measured at trough after placebo and first and last doses. Neither treatment signif-
icantly improved FEV , forced expiratory flow in 25-75 s, or peak expiratory flow rate
after 2 wk. In genetically susceptible patients with the homozygous Gly/Gly-16 geno-
type, montelukast, but not formoterol, conferred sustained antiinflammatory properties
in addition to inhaled CSs, which were dissociated from changes in lung function after
2 wk. Assessing lung function alone may deprive potentially beneficial anti-inflamma-
tory effects of montelukast when used as add-on therapy (47).

Allergen injection immunotherapy is the only treatment currently in use with the
potential for modifying the course of allergic disease. To better target mucosal aller-
gies, new approaches of administering allergen via the sublingual or intranasal route
are being developed. The use of modified allergens, allergen peptides, DNA immu-
nization, and novel adjuvants represent alternatives to conventional immunotherapy
with potential for improved efficacy with fewer side effects. For atopic asthma,
novel treatment strategies aim at locally targeting inflamed airways. Nebulized
monoclonal blocking antibodies and soluble IL receptors against T-helper cell type 2
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cytokines have been designed. An alternative approach has been the administration
of T-helper cell type 1 cytokines. Although immunomodulatory strategies provide a
promising outlook for the treatment of allergic patients, more studies are needed in
the future to address issues of efficacy, safety, and long-term effects of altered
immune responses.

Barnes reviewed new drug therapies in asthma, including novel CSs, cytokine and
chemokine inhibitors, mediator antagonists, bronchodilators (i.e., anticholinergics),
and P2-agonists inhibitors of phosphodiesterase-4, p38 mitogen-activated protein
kinase and nuclear factor kB (48). However, their future benefit to patients with AOA
may be better served with study populations that are defined by genotype and pheno-

type.

Management

Is it far more important to know the patient than the disease as Sir William Osler
once asserted? Becoming familiar with patients with AOA is important for therapeutic
and safety reasons, if anything, to try and help change behavior and lifestyle.
Understanding patients’ personal characteristics is generally believed to be essential for
better asthma management (49).

Abdulwadud and colleagues assessed the relationships between patients’ related
variables in asthma and identified key associations relevant to asthma management
(50). A total of 169 subjects participated in the study; 57% had one or more previous
hospital admissions, 94% had either moderate or severe asthma, and 51% reported noc-
turnal symptoms in the last 6 wk. Patients who spoke only English, had been admitted
to an intensive care unit, had a peak flow meter, and had an asthma action plan had sig-
nificantly better asthma knowledge than those who did not. The effect of asthma was
greatest in patients who had a peak flow meter, used oral steroids, had exercise limita-
tion, and developed asthma between the ages of 31-45 yr. Female patients had better
self-management skills than males. Patients with asthma-related distress were more
likely to use oral steroids or theophylline and have a history of previous hospital admis-
sions. Patient self-confidence was negatively correlated with age.

Treatment and management of asthma according to the NIH-NAEPP guidelines relies
on clinical evaluation of symptoms and simple measures of lung function. A single
spirometry measurement alone, even if normal, fails to predict any future asthma and
correlates poorly with airway inflammation. It is the pattern or trend of expiratory flow
rates combined with the clinical features of a patient with AOA, e.g., presence or absence
of nocturnal awakening that is most important in evaluating control as defined by the
NIH-NAEPP (http://www.nhlbi.nih.gov/guidelines/asthma/asthgdIn.htm). Nocturnal
awakening and/or an increased requirement for a short-acting 32-agonist are harbingers
of an acute exacerbation coming. The patient with AOA who sleeps well is a controlled
patient with AOA. Other investigators, notably the NIH in their Asthma Clinical
Research Network (ACRN) Centers, have employed sputum eosinophils and exhaled
NO in addition to traditional symptoms and spirometry in their management strategies.

Use of sputum eosinophil counts alone can be effective alternative strategy in reduc-
ing asthma exacerbations. Green and colleagues recruited 74 patients with moderate to
severe asthma from hospital clinics and randomly allocated them to management either
by standard British Thoracic Society (BTS) asthma guidelines (BTS group) or by nor-
malization of the induced sputum eosinophil count and reduction of symptoms (sputum
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management group) (49). They assessed patients nine times during 12 mo. The results
were used to manage those in the sputum management group but were not disclosed in
the BTS group. The primary outcomes were the number of severe exacerbations and
control of eosinophilic inflammation, measured by induced sputum eosinophil count.
The sputum eosinophil count was 63% (95% CI 24-100) lower for those 12 mo in the
sputum management group than in the BTS management group (p = 0.002).
Remarkably, patients in the sputum management group had significantly fewer severe
asthma exacerbations than did patients in the BTS management group (35 vs 109; p =
0.01), and significantly fewer patients were admitted to hospital with asthma (one vs
six, p = 0.047). The average daily dose of inhaled or oral CSs did not differ between the
two groups studied. Treatment strategy directed at normalization of the induced sputum
eosinophil count reduces asthma exacerbations and admissions without the need for
additional anti-inflammatory treatment and should be evaluated for more widespread
use in primary and subspecialty clinics (57).

SAFETY ISSUES
The Patient

Patient safety is paramount during the treatment of AOA. Patient adherence with pre-
scribed asthma therapy in the United States is poor and, in the authors’ opinion, it is
clearly the overwhelming explanation for poor control of asthma in AOA. In a study eval-
uating the adherence of 48,571 adult patients with asthma, less than 30% took inhaled
CSs twice daily, less than 30% took inhaled long-acting $2-agonists twice daily, and less
than 50% took a leukotriene receptor antagonist once a day at 6 and 9 mo. There was a
statistically significant difference between groups with p < 0.004 for leukotriene receptor
antagonist vs inhaled CS and long-acting 32-agonists based on medication refills (52).

Inhalation of CSs permits effective delivery of the drug in high concentration to tar-
get sites within the lung while minimizing systemic exposure. Consequently, the safety
profile of inhaled CSs is markedly better than that of oral CS therapy. Although it was
first believed that direct delivery might eliminate systemic adverse effects, this has not
been confirmed by clinical trials and experience. Inhaled CSs are absorbed from the
lungs into the systemic circulation and can acutely decrease growth velocity in chil-
dren, an effect that fortunately appears to be temporary and likely has no effect on final
adult height. In sufficient dosages, they also produce bone mineral loss leading to osteo-
porosis and may increase the risk of cataracts, glaucoma, skin atrophy, and vascular
changes that increase the risk of ecchymoses. High doses of inhaled CSs should be
avoided in adult-onset asthma for these reasons, particularly in the elderly or those with
late-onset asthma. Addition of long-acting 2-agonists, e.g., salmeterol or formoterol,
or antileukotriene drugs, e.g., montelukast or zafirlukast or theophylline, is preferable
(NIH-NAEPP, 2002). All patients using [2-agonists should be monitored for adverse
effects, including paradoxical bronchoconstriction.

B2-Agonists
Tolerance to B2-agonist treatment after regular use in AOA has been reported in a
meta-analysis of 22 studies in patients who take either a f2-agonist or placebo regu-
larly for at least 1 wk (53). Patients who took a [32-agonist regularly for at least 1 wk
were less responsive to the effects of subsequent doses of 32-agonists than were patients
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who took placebo. Regular users developed tolerance to the effects of the f2-agonist on
both bronchodilation and inflammation. Regular users demonstrated more airway
inflammation than those who took placebo. It is unclear whether taking 2-agonist as
needed is worse than not taking any 2-agonist at all. It is unclear whether a similar
phenomenon occurs with long-acting B2-agonists because previous NIH Asthma
Clinical Research Network (ACRN) studies had suggested that the return of airway
inflammation was the result of, in large part, the withdrawal of inhaled CSs (54).
Recent concerns regarding the clinical significance of B2-receptor polymorphisms
and lung function have been raised with the BARGE study (35). The implications of the
BARGE Study led by Israel and colleagues in the NIH ACRN is that even as-needed use
of albuterol may not be safe in patients with Arg/Arg genotype. Previous retrospective
studies suggested that regular albuterol use produces adverse effects in Arg/Arg
patients. In their prospective BARGE Study, Israel et al. suggest carefully evaluating
the bronchodilator response of patients with asthma to 32-agonists before prescribing
long-term therapy and rescue treatments (35). Anticholinergics may be safer in the
long-term for use, at least in asthma. Only albuterol was studied in the BARGE study.
Whether the effects are observed with other short-acting 32-agonist or long-acting 32-
agonist is not known nor are the consequences of having Arg/Arg genotype with more
severe asthma or the interaction and effect of combing 32-agonists with inhaled CSs.

Inhaled Corticosteroids

There is also evidence that marked and variable response to inhaled CSs should be
expected in AOA and particularly in LOA. Szefler and colleagues in the NIH ACRN
compared the relative beneficial and systemic effects in a dose—response relationship
for two inhaled CSs, beclomethasone, and fluticasone (55). A 24-wk, parallel, open-
label, multicenter trial examined the benefit-risk ratio of two inhaled CSs in persistent
asthma. Benefit was assessed by improvements in FEV, and PC,; risk of side effects
was assessed by overnight plasma cortisol suppression. Thirty subjects were random-
ized to either beclomethasone (BDP) 168, 672, and 1344 ug/d (n = 15) or fluticasone
(FP) 88, 352, and 704 pg/d (n = 15), both administered by means of a metered-dose
inhaler (MDI) with chlorofluorocarbon propellant via a spacer, in three consecutive
6-wk intervals. This was followed by 3 wk of FP dry-powder inhaler (DPI) 2000 pg/d.
The results were surprising. Maximum FEV, response occurred with the low dose for
FP-MDI and the medium dose for BDP-MDI and was not further increased by treat-
ment with FP-DPI. Near-maximum methacholine PC,, improvement occurred with the
low dose for FP-MDI and the medium dose for BDP-MDI. Both BDP-MDI and FP-
MDI caused dose-dependent cortisol suppression. Responsiveness to inhaled CS treat-
ment varied markedly among subjects. Good (>15%) FEV, response, in contrast to
poor (<5%) response, was associated with high exhaled NO, high bronchodilator
reversibility (25.2 vs 8.8%), and a low FEV /forced volume capacity ratio (0.63 vs
0.73) before treatment. Excellent (>3 doubling dilutions) improvement in PClo, in
contrast to poor (<1 doubling dilution) improvement, was associated with high sputum
eosinophil levels (3.4 vs 0.1%) and older age at onset of asthma (age, 20-29 yr vs <10
yr). Near-maximal FEV, and PC, effects occurred with low-medium dose for both
inhaled CSs in the subjects studied. High-dose inhaled CS therapy did not significantly
increase the efficacy measures that were evaluated, but it did increase the systemic
effect measure, overnight cortisol secretion. Significant intersubject variability in
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response occurred with both inhaled CSs. It is possible that higher doses of inhaled CSs
are necessary to manage patients with more severe asthma or to achieve goals of therapy
not evaluated in this study, such as prevention of asthma exacerbations.

Inactivation of histone deacetylase (HDAC) 2 may be responsible for CS resistance in
both asthma and COPD (56). Unlike patients with asthma, those with COPD are poorly
responsive to CSs, providing little clinical benefit except during acute COPD exacerba-
tions. In both diseases, multiple inflammatory genes are activated, which results from
acetylation of core histones around which DNA is wound. This acetylation opens up the
chromatin structure, allowing gene transcription and synthesis of inflammatory proteins
to proceed. CSs recruit HDAC?2 to the actively transcribing gene, which reverses this
process and switches off inflammatory gene transcription. Cigarette smoking and oxida-
tive stress, leading to a pronounced reduction in responsiveness to CSs, may impair
HDAC?2 function. High doses of inhaled CSs, as defined by the NIH-NAEPP, combined
with one or two other long-term controllers or systemic corticosteroids (20 mg every
other day) are the only viable alternative in very severe AOA or patients with refractory
asthma, but evidence-based studies of their efficacy are lacking.

B1-Blockers

Numerous randomized clinical trials of 1-blockers have shown significant reduc-
tion of total mortality in patients with myocardial infarction and chronic heart failure.
The life-saving therapy of myocardial infarction or chronic heart failure with B1-blockers,
however, is often withheld from patients with asthma and COPD because of the fear of
triggering acute bronchospasm. Recent meta-analyses in the Cochrane Library show
that cardioselective B1-blockers in normally prescribed dose ranges are well tolerated
by these patients without causing acute exacerbations. However, both cardioselective
and noncardioselective B1-blockers can cause bronchospasm at higher dosages, and
clinical suspicion should be raised the setting of glaucoma where a B1-blockers is pre-
scribed to treat the ocular condition.

B1-blockers were previously contraindicated in congestive heart failure because of
their intrinsic negative inotropic effects, but they have now been shown to be beneficial,
partly as a result of their ability to enhance sensitivity to sympathetic stimulation.
Similarly, new evidence has shown that cardioselective B1-blockers, such as atenolol,
metoprolol, and betaxolol, are safer in patients with asthma and COPD and may actually
be beneficial by enhancing sensitivity to endogenous or exogenous B-adrenergic stimu-
lation manifest as an increased FEV, bronchodilator response after albuterol treatment.

Relative contraindications for B1-blockers include acute COPD exacerbations and
severe to very severe stages of COPD (GOLD stage III and stage IV), as well as severe
persistent asthma. 1-blockers therapy should be given with low initial doses, prefer-
ably using cardioselective drugs. Given their demonstrated benefit in conditions, such
as heart failure, coronary artery disease, and hypertension, cardioselective B1-blockers
should not be withheld from adults with mild—moderate reversible airway disease (57).

Gaps in Asthma Care

Despite this available knowledge and collective clinical experience, gaps in asthma
care in adults continue to exist. Impaired perception of dyspnea in older patients
increases the risk of hospitalization and near-fatal and fatal asthma (43,58). There are
many opportunities to improve both the pharmacological and the nonpharmacological
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care of older adults with asthma. Overuse of and potentially toxic combinations of
inhaled and oral sympathomimetics should be avoided. Older patients with asthma may
also benefit from increased specialty referral, peak flow meter (PFM) use, allergy test-
ing, and asthma teaching. Wolfenden and colleagues performed a prospective cohort
study to arrive at these conclusions. They assessed the adequacy of asthma care reported
by a group of older adults who were subsequently hospitalized for their asthma in 15
managed care organizations in the United States. Surveys of patient demographics,
asthma symptoms, health status, comorbid conditions, asthma treatment, asthma knowl-
edge, and asthma self-management at baseline and 1 yr later were conducted. Of 254
older adults, 38 (15%) reported being hospitalized for asthma at 1-yr follow-up. Of
these, 22.9% owned a PFM. Of those with allergies, only about half (56%) had been
told how to avoid allergens and had been referred for formal allergy testing. Adrenergic
drug use was high in some patients. Nearly all (94.6%) used B2-agonist MDIs; 60%
reported theophylline; 17.1% reported B2-agonist MDI overuse (>8 puffs/d); 10.5%
reported B-agonist MDI overuse and theophylline; and 13.2% reported both B-agonist
MDI overuse and oral B2-agonist use. Only 18.4% of respondents rated their overall
asthma attack knowledge as excellent. Compared with nonhospitalized older adults, the
hospitalized group reported care that was more consistent with guidelines but also
higher rates of potentially toxic combinations of adrenergic drugs. Compared with
younger hospitalized adults, older hospitalized adults had clear deficiencies, including
lower use of PFMs (55.3 vs 22.9%) and worse asthma self-management knowledge.

Diette and colleagues tried to determine whether patterns of care were less favorable
for older than younger adults with asthma and to assess whether patient characteristics,
such as symptom severity and comorbid illnesses, explain the higher rate of hospitaliza-
tion (24). A prospective cohort study of 6590 adults with asthma in 15 managed care
organizations in the United States was studied. Among 6590 adults with asthma, 554
(8%) were 65 yr or older and 1942 (29%) were aged 18-34 yr. Older patients were more
likely than younger patients to be men, white, non-Hispanic, and less educated. At base-
line, older patients reported a greater frequency of asthma-related symptoms, such as
daily cough (36 vs 22%, p < 0.001) and wheezing (27 vs 22%, p < 0.002). They were also
more likely to report comorbid conditions, such as sinusitis (50 vs 38%), heartburn
(35 vs 23%), chronic bronchitis (43 vs 16%), emphysema (19 vs 1%), congestive heart
failure (8 vs 1%), and history of smoking (54 vs 34%) (all p < 0.001). Care was better for
the older patients compared with the younger, including more frequent use of inhaled
CSs, greater self-management knowledge, and fewer reported barriers to care.

In the follow-up year, older patients were approximately twice as likely to be hospi-
talized (14%) than were younger patients (7%) (p < 0.001). In multivariate analysis,
however, older age was not predictive of future hospitalization (odds ratio, 1.05; 95%
CI, 0.68-1.61) after adjustment for sex, ethnicity, education, baseline asthma symp-
toms, health status, comorbid illnesses, and tobacco use. Factors independently associated
with hospitalization included being female, nonwhite, less educated, and less physically
healthy and more frequent asthma symptoms. Chronological age was not an independ-
ent risk for hospitalization. Appropriate care for older adults with asthma should address
asthma symptoms as in children and younger adults.

CONCLUSIONS

The authors’ goal was to highlight the heterogeneity of AOA and review the difficul-
ties identifying and managing the various types of asthma presenting in adults. In the
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near future, genetic profiling of all types of asthma may obviate the need to emphasize
the onset of disease. More importantly, genetic profiling will aid diagnosis in difficult
cases and may help identify which therapies and interventions will be most effective in
prevention and treatment. More effective and safer therapeutic interventions to control
symptoms and disease mechanisms underlying AOA are greatly needed. Further clini-
cal investigations are imperative to achieve the goals of chronic disease management in
AOA to better long-term health care outcomes. Early diagnoses and medical interven-
tions form only part of the greater solution. Better living conditions and psychosocial
resources are desperately needed in the United States and require urban mandates and
social readiness to begin reform.
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KEY POINTS

Peak expiratory flow meters aid in assessing and following the progress of acute asthma
patients in conjunction with history, examination, and pulse oximetry.

Mild asthma attacks should be treated with albuterol by nebulizer or metered-dose
inhlaer with holding chamber.

Moderate to severe asthma attacks should be treated with larger doses of albuterol,
ipratropium bromide, and corticosteroids (CSs), usually by the oral route.

The CS dose does not need to be supra-high range.

Very severe asthma attacks should be treated with continuous high-dose albuterol, iprat-
ropium bromide, and CSs, usually by the intravenous route, plus intravenous magnesium.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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* Other options for difficult situations include heliox, ketamine, and noninvasive positive
pressure ventilation.

* Determination of disposition is more feasible after the first phase of treatment than at
the time of initial presentation.

* Discharge from the emergency department should involve appropriate discharge med-
ications, teaching of action plan, and follow-up arrangements.

INTRODUCTION

Patients of all ages present to the emergency department (ED) with respiratory dis-
tress and wheezing. Initial evaluation entails assessing the severity of the respiratory
distress and developing a working diagnosis of the cause.

Asthma may present as a new problem, and the first diagnosis will need to be estab-
lished in the ED. However, in the majority of cases, the patient will be aware of the
underlying diagnosis of asthma and will communicate it in the field or at triage. This
simplifies the initial categorization of the problem and treatment approach, and the
emergency practitioner can focus on identifying a triggering cause or complicating
condition. However, occasionally asthma is used as a catch-all term, so the clinician
should consider the possibility of another type of disease process, and sometimes
other disease entities present with features of asthma exacerbation and will need to be
distinguished.

Asthma is a common condition that accounts for approx 2 million ED visits each
year in the United States. Because it involves paroxysmal spasmodic narrowing of
the bronchial airways and inflammation of the bronchi, it is not surprising that
patients experience sudden symptoms requiring prompt medical attention. Although
improved medication regimens and step-up treatment plans have been successful in
decreasing ED visits, in certain centers, acute asthma may still comprise 10% of all
ED visits.

ASSESSING THE SEVERITY OF RESPIRATORY DISTRESS

Rapid initial assessment is required for the expert provision of emergency services.
The universal concept of ABC—airway, breathing, and circulation—must be applied to
the patient with severely symptomatic asthma. In respiratory failure, ventilatory sup-
port needs to precede detailed history and physical examination.

The presenting appearance of the patient provides key information (see Table 1).
Mental status changes or indications of extreme fatigue, such as diaphoresis and recum-
bent position, are ominous signs. Limited ability to speak, assuming the tripod position,
and using accessory muscles are worrisome signs. Vital signs showing low blood pres-
sure, pulse rate, or respiratory rate are indications for immediate resuscitative interven-
tion. Vital signs showing high blood pressure, pulse rate, or respiratory rate are usually
indications for aggressive emergency treatment.

Pulse oximetry provides a guide regarding adequacy of oxygenation. Values below
91-92% for room air are cause for concern. Typically, however, the patient with a more
serious condition is administered supplemental oxygen as an urgent treatment, and it is
the pulse oximetry on oxygen that is assessed and followed in the ED.

Auscultation of the chest gives information regarding the presence, type, and nature
of the breath sounds, plus the quality and symmetry of aeration. Bronchospasm is
evaluated by degree of wheezing and airflow. Prolongation of the expiratory phase
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Table 1

Primary Assessment

Signs of a severe asthma attack in an adult

Appearance of exhaustion

Decrease in consciousness

Diaphoresis

Hunched sitting position with arms supporting torso (tripod)
Limited ability to speak

Use of accessory muscles

Cyanosis

Respiratory rate more than 30/min

Signs of a severe asthma attack in an infant

Use of accessory muscles

Supraclavicular and intercostal retractions
Nasal flaring

Paradoxical breathing

Cyanosis

Respiratory rate more than 60/min

reflects severity of acute asthma. In mild bronchospasm, the inspiration—expiration
ratio may be 1:1; in severe bronchospasm, the ratio may be 1:3.

However, studies have indicated that the practitioner cannot fully accurately assess
degree of airway obstruction and distress through clinical examination alone. Therefore,
use of indices derived from a forced exhalation by the patient into a measurement appa-
ratus has become a standard technique in EDs. Most commonly, a peak expiratory flow
meter is used and yields the index of peak expiratory flow rate (PEFR); less commonly,
a spirometer is employed and yields the index of forced expiratory volume in 1 s
(FEV,). The advantages of this approach include objectivity and a numerical result to
follow, ideally with a comparison to historical baseline being possible. PEFR less than
50% is regarded as representing a moderately severe attack, and PEFR less than 35% of
predicted is regarded as representing a severe attack. Unfortunately, a parameter such
as PEFR is not obtainable in all patients. Testing cannot be performed by the patients
with more severe symptoms, and often testing is not performed reliably by a subset of
patients because of ability or effort. Also, children younger than 4-5 yr of age cannot
be expected to perform this type of maneuver.

An arterial blood gas (ABG) is a consideration for patients in whom there is incon-
gruity between clinical impression and other clinical information. The other main use of
the ABG is to follow patients who are close to needing ventilatory support. If an ABG is
collected as a routine test, it usually shows a respiratory alkalosis. Normal or increased
CO, implies severe disease, although the converse is not necessarily true. Hypercarbia is
unlikely, unless marked airflow obstruction exists. Metabolic acidosis should be recognized
as a marker of very severe disease.

Certain historical information is helpful in gauging the seriousness of the attack and
has implication for prognosis and response to therapy. Usually the information is gained
bit by bit, as allowed by the patient’s condition and treatment course. Of relevance are
the types and doses of medications the patient has been using, the current constellation
of symptoms, and any exposures. Comorbid conditions, such as heart disease, propensity
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Table 2
Categorization of Severity of Asthma Episode: Quick Clinical

Information and Tests to Use

History Physical examination Clinical parameters
Breathlessness Vital signs Pulse oximetry
Duration of symptoms  Skin Peak expiratory flow
rate
Prior intubation for Lung examination
asthma
Medications Level of alertness

for barotrauma or atelectasis, and substance abuse, may be important. If the patient has
previously been intubated for asthma exacerbation, there is an almost 20-fold increase in
likelihood this will be required again (/). Although older case—control studies using
retrospectively collected data suggest that excess use of short-acting B-agonists was a
risk factor, more recent information suggests that patterns of use may be a marker for
more severe asthma rather than causal or severe attacks (2). Most patients have worsening
of asthma symptoms for a 2- to 7-d period; however, a subset of approx 10% have onset
of the attack in less than 6 h but tend to respond rapidly to treatment.

In summary, numerous pieces of information can be gathered and assimilated quickly in
the ED for use in preliminarily categorizing the severity of the presenting asthma attack.
Mild, moderate, and severe categories can be assigned based on the degree of normality or
abnormality of the responses and measurements (see Table 2). Although this information
correlates only loosely with ultimate outcome and disposition for the severe episode, it pro-
vides the basis for decision making for initial level of monitoring and treatment intensity.

DIAGNOSIS

In the ED, typically the clinician uses a prior diagnosis of asthma or makes the pre-
sumptive diagnosis. The ED physician should be able to rely on the prior diagnosis in
the following circumstances: patient has a history of bronchospasm from childhood
that has been responsive to asthma medications; patient has a positive prior metha-
choline challenge test. In most other circumstances, the diagnosis would be presumptive,
based on evidence for asthma and lack of evidence for other disease processes. In
patients with a significant smoking history, an emphysematous disease, such as chronic
obstructive pulmonary disease (COPD), may be likely.

TRIGGERING AND/OR COMPLICATING FACTORS

Many patients with asthma are able to recognize their own triggers (see Table 3).
These may have been identified through experience or specific testing. Triggers may
include exposure to allergens, such as from grasses, trees, weeds, dust, mite, cock-
roach, fungi, and animals. They may also include exposure to irritants, such as smoke,
chemical products, or occupational hazards. Asthma exacerbation may be induced by
exercise or exposure to cold. It may be induced by use of aspirin or B-blocking drugs.

Patients with underlying asthma may have an exacerbation when there is a compli-
cating problem, such as infection, pneumothorax, or arrhythmia. In many settings, the
most common precipitant of asthma exacerbation is infection with a respiratory viral
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Table 3
Potential Events Antecedent to Asthma Attack

Asthma triggers and exacerbating factors

Infection
Exposures
Allergens
Aspirin
Cold temperature
Exercise
Irritants
Alteration in medications
Out of medications
Change in medications
Steroid dose reduction
Other pulmonary or cardiac conditions

pathogen, Mycoplasma pneumoniae or Chlamydia pneumoniae. Bronchospasm frequently
increases with active sinusitis.

The clinician must consider that the basis for the acute exacerbation may be medication
noncompliance, medication change, or steroid dose reduction.

DIFFERENTIAL DIAGNOSIS

Other medical conditions can be confused with asthma. Misdiagnoses may be present
in 1% of general asthma admissions and 10% of intensive care unit admissions.

Upper airway obstruction may masquerade as lower airway obstruction. Especially
in pediatric patients, common conditions to be considered include rhinitis and sinusitis
and less common conditions to be considered include epiglottitis and retropharyngeal
abscess. Foreign body may be present in the upper airway or one of the larger lower
airways. Angioedema may occur and cause upper airway obstruction.

In the pediatric population, croup and certain congenital and acquired anatomical prob-
lems may contribute to large airway obstruction. Obstruction in the small and large lower
airways are features of acute infections, such as bronchiolitis and Chlamydia trachomatis,
and chronic underlying diseases, such as cystic fibrosis, bronchopulmonary dysplasia,
and o-1 antiprotease deficiency. The differential diagnosis of wheezing in pediatric
patients should also include aspiration, as a result of gastroesophageal reflux or swallow-
ing disorders, and primary cardiac conditions resulting in congestive heart failure (CHF).

In the adult population, the differential diagnosis includes COPD, bronchiectasis,
endobronchial lesions, pneumonia, pulmonary emboli, and cardiogenic and noncardio-
genic pulmonary edema. Examples of other conditions associated with wheezing
include anaphylaxis and carcinoid syndrome.

Glottic dysfunction may be a form of a conversion reaction and is characterized by
the paradoxical adduction of the vocal cords. Although clinical features may include
hypoxemia and hypercapnia-like asthma, the blood gas pattern is that of central alveo-
lar hypoventilation, and there may be stridolous or halting breathing over the neck.
Although direct vocal cord visualization for dysfunctional movement and/or ventilation
scanning to confirm a normal distribution can be done in the ED, frequently the patient
is treated presumptively for asthma and laryngeal assessment is deferred.
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Table 4
Predicted Peak Expiratory Flow Rate for Adults and Children

Table of predicted peak expiratory flow for age and height: adult (L/min)

Women (height) Men (height)
Age (yr) 55” 60“ 6 n 70” 7 n 6 n 6 n 70” 7 n 80"
20 390 423 460 496 529 554 602 649 693 740
30 380 413 448 483 516 532 577 622 664 710
40 370 402 436 470 502 509 552 596 636 680
50 360 391 424 457 488 486 527 569 607 649
60 350 380 412 445 474 463 502 542 578 618
70 340 369 400 432 461 440 477 515 550 587

Table of predicted peak expiratory flow for height: children

Height 39" 43" 47" 51" 55" 59" 63" 67" 71" 75"
L/min 110 160 210 260 320 370 420 475 530 570

Adapted from refs. 2a and 2b.

TESTING IN THE ED

Patients with mild to moderate acute asthma exacerbation need little in the way of
specialized testing. Vital signs and pulse oximetry are conventional standard pieces of
information. If the exacerbation is more than mild or mild but not responsive to initial
intervention, then measurement of PEFR is indicated, with sequential checks over time if
the initial value is significantly below expected baseline (see Table 4). An alternative
would be the performance of pulmonary function tests (PFTs) or spirometry, but this
equipment is generally not available in EDs and the extra information gathered is typi-
cally not germane for emergency care.

When complicating conditions are being considered, additional information through
diagnostic testing is warranted. A complete blood count and differential may be helpful
to look for eosinophilia. Elevation of the white blood cell count may suggest infection
but also may simply be a nonspecific marker of stress or may reflect catecholamine or
steroid treatment. Measurement of electrolytes, blood urea nitrogen, and creatinine
may be helpful to assess for hydration status and may be important preparatory infor-
mation for certain treatment interventions, such as diuretics, or for certain types of
diagnostic testing, for example those using radiocontrast media. If applicable, theo-
phylline level should be done.

Chest radiograph (CXR) is an option for the first presentation of bronchospasm but
would not be expected to show more than hyperinflation. A CXR is indicated when
other conditions are suspected, such as pneumothorax/pneumomediastinum, CHF,
pneumonia, bullous disease, and fibrotic or interstitial disease. A CXR is usually done
if the patient is being admitted to the hospital.

Electrocardiogram (EKG) in asthma may show sinus tachycardia and right heart
strain. EKG is important when there is a question of dysrhythmia or cardiac ischemia.
In older patients with suspected or known cardiovascular disease, and EKG should be a
routine test when there is a presentation of shortness of breath, with or without chest
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pain. Similarly, if high-quality, rapid turn-around time cardiac enzyme testing is avail-
able, this also should be done on the patient at risk for cardiac ischemia presenting with
shortness of breath. If B-type natruretic peptide testing is available, this result may help
diagnose an exacerbation of CHF when a patient may have an exacerbation of CHF,
asthma, or both. Evaluation for pulmonary embolus may revolve around chest com-
puted tomography (CT) scanning. This type of radiological evaluation also helps char-
acterize many other lung conditions. Sinusitis is frequently a clinical diagnosis in the
ED, but with the availability of CT scanning, the sinuses can be more accurately
assessed and treatment based on more objective criteria.

The question of the need for cultures in patients with wheezing often is raised in the
ED. Sputum cultures are generally not needed for bronchitis. The variable quality of the
submitted specimens and the obligatory slow turn-around time do not make them cost-
effective for decision making in the ED. When antibiotic therapy is indicated for bron-
chitis, the choice of drug is typically empiric. Sputum cultures generally also are not
needed for community-acquired pneumonia that will be treated on an outpatient basis.
For patients who will be treated in the hospital, however, the admitting physician’s pref-
erence probably will be for sputum cultures to be obtained, as well as blood cultures.

In the pediatric population, viral testing is a consideration. Bronchiolitis, a viral infec-
tion of the bronchioles, is usually seen in children younger than 2 yr old. Respiratory
syncytial virus (RSV) is the most common etiology, occurring November to March,
although other etiologies include parainfluenza and Mycoplasma. Antigen tests of nasal
washings may detect RSV and be helpful in the management of high-risk patients.

TREATMENT OF THE MILD ASTHMA ATTACK

If a patient presents with the features of a mild exacerbation of asthma, the first-line
medication is albuterol (Ventolin®, Proventil®, metered-dose inhaler [MDI] with or
Salbutamol®). A mild attack is confirmed when the patient experiences a prompt and
near-complete response with resolution of wheezing, cough, and/or shortness of breath.

Delivery of the albuterol may be by nebulizer or holding chamber. Studies of adults
and older children with acute asthma have shown that both modalities are effective in
providing particles of the optimal 1- to 5-u size to the lower airways (3). This translates
to no significant difference in terms of rate of hospital admission, length of time spent
in the ED, or PEFR. The comparable efficacy of the MDI with holding chamber vs the
nebulizer has also been demonstrated for the more severely affected patients with FEV,
less than 30% of predicted. There is no significant difference in heart rates between the
two methods, although less medication accumulates in the oropharynx if the holding
chamber is used rather than the nebulizer.

Nebulizer dosage for adults is 2.5 mg albuterol (0.5 mL of 0.5% solution) in 2-3 mL
of saline given one to three times during a 1- to 2-h interval. Pediatric dosage is 0.15
mg/kg albuterol solution given in a similar manner. Premixed nebules can be used
instead. Mode of delivery is typically via a medication reservoir attached to a pipe-like
mouthpiece, but for infants and young children, a facemask device can be employed.
Oxygen or compressed air at 69 L/min, from wall outlet or tank, is connected by tub-
ing to drive the nebulization.

Alternatively, an MDI may be used in conjunction with a spacer device or holding
chamber to deliver the albuterol. The standard for the MDI is 90 ug albuterol per
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actuation. The dose is six to eight puffs into the spacer for inhalation by the patient.
Dosing frequency can be every 30—-60 min.

A patient who has a mild exacerbation and responds well to the initial therapy gener-
ally does not require additional time in the ED. There is no advantage to giving larger
quantities of albuterol once pulmonary mechanics approach the lower limit of normal.

TREATMENT OF THE MODERATE-TO-SEVERE ASTHMA ATTACK

These patients have more pronounced respiratory distress. Supplemental oxygen is
typically provided, with the decision making based on clinical experience and patho-
physiology rather than randomized controlled trials or systematic review. Prompt treat-
ment with albuterol, 2.5-5.0 mg, three times in 1 h, is customary.

Ipratropium bromide (Atrovent®) is usually also given with the first and subsequent
treatments, 0.25-0.50 mg nebulized. If the MDI with spacer approach is being used,
four to eight puffs of ipratropium are intermixed with the albuterol. Ipratropium has a
relatively slow onset of action, with its peak in 60-90 min. Although the benefits of
ipratropium are still a matter of debate, studies have been interpreted to indicate that
this medication provides additive benefit to short-acting B-agonists by marginally
increasing PEFR and by reducing hospitalization rates in adult and pediatric popula-
tions with severe asthma (4,5). The addition of a single dose of inhaled anticholinergic
agent to albuterol improves lung function but does not influence admission rate.

An alternative to the inhaled bronchodilator medications is to use the subcutaneous
route. Historically, epinephrine has been given to reverse bronchospasm, at the dose of
0.01 mg/kg of 1:1000, not to exceed 0.3—0.5 mg. Epinephrine can be repeated every
5-20 min for a total of approximately three doses. Epinephrine is an effective treatment,
but it can cause side effects such as tachycardia, hypertension, and tremulousness. In
patients with cardiac disease, deaths have been attributed to the use of epinephrine. In
pregnant patients, it may contribute to uterine vessel spasm. Terbutaline is one of the
newer moderately short-acting -2 agonist bronchodilators, and compared to epinephrine,
it generates fewer side effects. It may be given in the dose of 0.25 mg subcutaneously
for adults and repeated in 15-30 min. If it is possible to use inhaled medications, how-
ever, it is the preferable route because it is more direct. Oral preparations of albuterol
and terbutaline are available but have little clinical applicability in the ED.

Albuterol is a racemic mixture of (R)- and (S)- isomers. The (R)-albuterol has the
bronchodilating properties, whereas the (S)-form has preferential pulmonary retention,
a longer half-life, and possible proinflammatory effects (6). The pure (R)-form, leval-
buterol (Xopenex®), induces bronchodilation on a 4:1 ratio compared with albuterol
and induces systemic side effects on a 2:1 ratio compared with albuterol (7). The ulti-
mate balance of cost, beneficial bronchodilatory effect, and adverse side effects for lev-
albuterol vs albuterol has yet to be defined, but in a patient susceptible to side effects
and anticipated to require a large dose, levalbuterol may be the preferable alternative.

CSs are part of the treatment plan for patients with moderate exacerbation of asthma.
They are used to counter airway inflammation and hasten resolution of the asthma
exacerbation. Because they act through ligand-dependent activation of receptors, gene
regulation, and new protein synthesis, clinical benefits are likely to occur gradually,
over 6-12 h. Treatment algorithms typically suggest giving systemic steroids to patients
who do not respond rapidly to B-agonist use alone. The decision can usually be made in
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30-60 min, once a dose of 5 to 10 mg of nebulized albuterol or an equivalent has been
given. In the emergency setting, the practitioner may wish to factor in the timing and
dose of treatment with -agonists in the ambulance and/or the intensity of rescue treat-
ment the patient has employed before the visit. A meta-analysis to define the benefit of
treating patients with acute asthma with systemic steroids within an hour of presenting
to the ED has concluded that it reduces the need for hospital admission for adult patients
(number needed to treat of eight) and for pediatric patients (NNT of three) (8). A sys-
tematic review found that systemic CSs (oral or intramuscular) given at the start of an
acute asthma exacerbation also reduced the number of relapses requiring additional
care and reduced the subsequent use of 2-agonists (9).

Adult patients who appear stable and likely to improve on therapy are given an oral
dose. This route is regarded as equally effective when compared to the iv route (/0).

A meta-analysis has indicated that low, medium, or high dosing of methylpred-
nisolone in the first 24 h (€80 mg, >80 mg, and <360 mg, and > 360 mg, respectively),
showed a similar therapeutic advantage (/7). In the United States, the standard
approach is 60 mg of prednisone for the adult patient. In other parts of the world, it is
30 to 40 mg of prednisolone. For pediatric patients in the ED, choices include
prednisone or prednisolone 2 mg/kg by mouth or intravenous methylprednisolone 2
mg/kg if more easily accomplished than the oral route. Although reference manuals
often recommend repeat dosing every 6 h, high and frequent doses do not confer a
therapeutic advantage.

At discharge, a typical dose of oral CSs for adult patients is 0.5-1 mg/kg/d for 5-10 d
and for pediatric patients is 1 mg/kg twice a day for 4 d. A randomized controlled trial
has compared tapering of prednisolone over a week against abrupt cessation and found
that once asthma control was achieved, prednisolone could be stopped without tapering
(12). Several trials have investigated the replacement of oral CSs with inhaled CSs
(ICSs) at the time of discharge. Although there is some evidence that high-dose ICS
therapy alone may be as effective as oral CS therapy prescribed for patients with mild
asthma, this is not firmly proven, and the approach has not been tested in patients with
severe asthma (/3).

In the past giving ICSs during an acute asthma exacerbation was contraindicated.
The reasoning was that components of the inhaled preparation might be irritative and
cause increased cough or bronchospasm. This is not believed to be of clinical impor-
tance at this time, and in fact, the direct delivery to the airways is regarded as a poten-
tial advantage. Several randomized controlled trials have been conducted to explore a
potential role for ICSs in acute asthma, especially in the pediatric population because
this route simplifies delivery and spares systemic steroids. A meta-analysis has com-
bined review of (1) studies that investigated systemic steroids with and without ICSs
and of (2) studies that investigated ICSs vs placebo, and the meta-analysis found that
patients treated with ICSs were less likely to be admitted to the hospital and tolerated
the treatment well but showed only small improvements in PEFRs such that they were
unlikely to be clinically significant (/4). Overall, the immediate effect of ICSs in acute
asthma is marginal, and there is insufficient evidence that ICSs alone are as effective as
systemic steroids.

For patients who do not respond to or are not able to take standard emergency treatment
medications, intravenous aminophylline, at 5-6 mg/kg bolus and then 0.6-0.9 mg/kg/h
is a consideration. As an older and well-studied approach, it is not clearly an added
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benefit to albuterol plus ipratropium plus steroids, and it is difficult to use because of
the narrow therapeutic window before toxic side effects such as nausea/vomiting,
seizure. Therefore, it is considered a second-line alternative.

For patients who are suboptimally responding to standard emergency treatment med-
ications, the addition of a leukotriene-modifying agent, such as montelukast (Singulair),
should be considered. These oral agents are generally prescribed for the treatment of
mild asthma in patients who are reluctant to take ICS or as add-on therapy for patients
who remain symptomatic on ICS. Because studies have shown that urinary leukotrienes
are elevated in acute asthma, it has been theorized that early initiation of a leukotriene-
modifying agent may quiet the process of inflammation and provide an extra edge to
allow recovery sooner. A study with iv montelukast has shown a prompt incremental
improvement, suggesting at least a component of immediate reversal of bronchospasm
(15). However, guiding information is not currently available regarding a role for an oral
dose of a leukotriene-modifying agent in the ED treatment of moderately severe asthma.

TREATMENT OF THE VERY SEVERE ASTHMA ATTACK

Patients who are having a very severe asthma attack are in obvious respiratory dis-
tress and require the full resources of the ED. These patients should be placed on mon-
itors for continuous recording of the rhythm strip and pulse oximetry and for frequent
recording of the blood pressure. If end-tidal air stream CO, monitoring is available, it
could be used in this situation. This technology allows breathing through a sampling
probe and measurement of the dCO,/dt. Because the result correlates with PEFR, it
may provide a rapid, noninvasive, effort-independent measure of bronchospasm (76).

Supplemental oxygen should be provided, typically at the highest percentage avail-
able, waiving concern regarding CO, narcosis if there is existing significant hypoxia.
Intravenous access should be established, preferably at two sites. Intravenous fluids
will be needed in most pediatric patients and should be considered for adult patients.

If the patient can cooperate, albuterol by nebulizer should be initiated immediately.
A dose of 15-20 mg may be given as a continuous treatment over 1 h. Per randomized
controlled trials, in adults with more severe airflow obstruction, continuous nebulizer
treatment improves outcome more than intermittent treatment. One study, looking at a
subgroup of patients with more severe asthma, has shown increased PEFR at 120 min
and lower hospitalization rates (/7).

Subcutaneous terbutaline or epinephrine, if not contraindicated, would be alterna-
tives if the inhaled route were unavailable or failing. In general, though, this approach
will not change the course of the patient who is not responding to inhaled high-dose
albuterol. Intravenous B-agonists have been tried in difficult situations. Randomized
controlled trials have produced conflicting evidence regarding whether the intravenous
route or the inhaled route is more efficacious; there is agreement that the intravenous
route is associated with more adverse effects, for example, tachycardia and
hypokalemia (/8,79). The conclusion of a meta-analysis was that evidence is lacking to
support the use of intravenous f2-agonists in ED patients with severe acute asthma,
except possibly for those patients for whom inhaled therapy is not feasible (20).

In addition to intense B-agonist treatment, ipratropium should be given, for example,
0.5 mg by nebulization initially and then repeated at 0.25 mg. In a study of patients
who received 2880 g of albuterol and 504 g of ipratropium or placebo by MDI plus
spacer for 3 h, the subgroup of those with more severe obstruction (FEV | <30% predicted)
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and long duration of symptoms before ED presentation (>24 h) had a particularly favor-
able response to the addition of ipratropium bromide in terms of improvement in FEV,
and decrease in admission rate (21).

CSs should be given early in the severe attack, even with the realization that there
will be a lag time before effect. This ensures the benefit at the earliest possible time.
The intravenous route is the one of choice because the patient is generally too compro-
mised to reliably take and absorb oral medications. A typical medication and dose
would be methylprednisolone (Solu-Medrol®) 80-125 mg intravenously.

Broad-spectrum antibiotics are often given early, after cultures, for definite or sus-
pected infection.

The most extreme stages of severe acute asthma are respiratory failure, cardiopul-
monary arrest, and death. Emergency medicine is in search of special approaches for
the patient with severe bronchospasm and near-fatal asthma. Magnesium and ketamine
are two supplemental medication treatments that have been investigated for effective-
ness. Respiratory care options, such as use of heliox and noninvasive positive pressure
support, have also been examined.

Magnesium Sulfate

Per meta-analysis review, single-dose intravenous magnesium is regarded as likely to be
beneficial in patients with acute severe asthma, that is, those with a presenting FEV, of
less than 25-30% of predicted (22). A typical adult dose is 2 g over 20 min, although
higher doses and faster rates have been safely employed. The pediatric dose is
25-100 mg/kg over 1 h, up to 2 g. The typical scenario is administration within 60 min
of arrival after a poor response to initial bronchodilators. The benefit that can be antici-
pated several hours later is an improvement of 10% in predicted FEV or 50 L/min in
PEFR, and a decrease in admission rate. No significant adverse effects are associated
with intravenous treatment in this dose range. Magnesium’s mechanism of action may
have to do with calcium antagonism and bronchial smooth muscle relaxation, reducing
the neutrophilic burst associated with the inflammatory response in asthma, and/or poten-
tiation of 2-agonist effects.

Studies have explored the adjunctive use of magnesium sulfate by the nebulized
route. One randomized controlled trial compared 2.5 mg of albuterol plus 3 mL of
saline against 2.5 mg of albuterol plus 3 mL of isotonic magnesium sulfate through a
nebulizer; peak flows at 10 min and 20 min after treatment showed more improvement
compared with baseline in the albuterol-magnesium group (23). In another study, a
randomized double-blind placebo-controlled trial, an enhanced bronchodilator response
with isotonic magnesium as an adjuvant to nebulized albuterol for patients with
presenting FEV, of less than 50% predicted was demonstrated at 90 min (24). In a
prospective, randomized, double-blinded study of the management of children with
mild to moderate asthma, the addition of magnesium to albuterol provided short-term
benefits (25). The accumulating evidence lends credence to a bronchodilatory effect of
magnesium but does not yet define the relative role compared to other standard inter-
ventions, such as treatment with an anticholinergic agent or CSs.

Ketamine

Ketamine (Ketalar®) is a dissociative anesthetic agent that acts on the cortex and lim-
bic system. Structurally derived from phencyclidine and introduced into clinical practice
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in the 1970s, it is used as an induction agent before the administration of general anes-
thesia. It also had a role in sedation for short but painful procedures. Scientific research
has demonstrated a bona fide bronchodilatory effect as a direct smooth muscle relax-
ant, and it may also act by increasing circulating catecholamines and/or inhibiting vagal
outflow.

Clinical case reports have indicated a value as a bronchodilator in severe asthma.
However, ketamine has several precautionary aspects: it is not safe in pregnancy and it is
contraindicated in several medical conditions, such as elevated intracranial pressure,
hypertension, thyrotoxicosis, angina, and CHF. Furthermore, it increases bronchial
secretions and it has the propensity to cause dysphoria. A beneficial effect of ketamine in
severe asthma remains to be definitively proven. In a small randomized placebo-controlled
trial, at subanesthetic doses sufficiently low to avoid dysphoria (0.1 mg/kg bolus and 0.5
mg/kg/h infusion for several hours), no benefit was demonstrated compared to standard
therapy in terms of increased bronchodilatory effect or decreased hospital admission
rate (26). Nonetheless, case reports continue to suggest that there is some benefit from
ketamine at higher doses in patients requiring mechanical ventilation, with alleviation
of bronchospasm and improved oxygenation. For induction, the adult dose is 1.0-2.0
mg/kg intravenously, and the pediatric dose can be the same.

Heliox

Heliox is the mixture of helium and oxygen. Because of its low density and its ability to
reduce turbulent airflow, it has been tried as a therapeutic option for various upper and
lower airway conditions. Evidence-based guidelines for use are sparse. Although adminis-
tering heliox is relatively cumbersome and costly, there are no significant side effects asso-
ciated with it, so heliox is regarded as a reasonable alternative for trial in the following
conditions: mechanical upper airway obstruction; postoperative stridor; severe exacerbations
of COPD, particularly in conjunction with noninvasive ventilation (see “Noninvasive
Positive Pressure Ventilation); and in asthma complicated by impending respiratory failure
and refractory to standard therapy. Early use of this intervention may help reduce the work
of the respiratory muscles and forestall fatigue. The highest ratio of helium to oxygen that
will maintain oxygen saturation higher than 90% should be used, for example, 80:20 or
70:30, because beneficial effects are theoretically proportional to the percentage of helium
in the inhaled gas. Any clinical benefit is likely to be apparent early and, in the case of
asthma treatment, may later be overshadowed by the accumulation of therapeutic benefits
from standard therapy. However, recent meta-analysis of randomized controlled trials of
heliox for treating patients who have acute asthma and are not intubated did not encourage
its use. In fact, the reviewers concluded that existing evidence does not provide support for
the administration of helium—oxygen mixtures to patients in the ED with moderate to
severe asthma (27). More research is needed, and it would be especially helpful to know if
heliox can aid in averting tracheal intubation and mechanical ventilation.

If the clinician decides to use heliox, the practical set up is as follows. A commercial
mixture of helium and oxygen is used, available in a portable cylinder, often as 79%
helium and 21% oxygen. Administration is best via a non-rebreathing face mask to
minimize mixing of heliox with room air. For patients in whom there is a concern
regarding hypoxia, supplemental oxygen can be provided via nasal cannulas, although
this tends to increase the density of the gas mixture and possibly negates any clinical
benefit. It should be noted that peak flow readings vary depending on the viscosity of
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the gas being delivered, and the relatively lower density of heliox would be expected to
result in a higher peak flow compared to air unless standardization is done.

Noninvasive Positive Pressure Ventilation

Noninvasive positive pressure ventilation (NPPV), also known as noninvasive pres-
sure support ventilation (NIPSV), represents the delivery of mechanically assisted
breaths via a device that is external to the body, such as a tightly fitting nasal or facial
mask, rather than an internal artificial airway. It is also referred to as bilevel pressure
ventilation (BiPAP), based on the name of the ventilator commonly used, produced by
Respironics, Murrysville, PA. Studies have shown that the technique is efficacious in
acute respiratory failure related to exacerbations of COPD, acute cardiogenic pul-
monary edema, and hypoxemic respiratory failure. In patients with symptomatic
asthma, continuous positive airway pressure (CPAP) delivered by mask decreases air-
way resistance and the work of breathing but does not improve gas exchange. In COPD
with acute respiratory failure, adding intermittent positive pressure ventilation to mask
CPAP, for example, inspiratory pressure of 15 cm H,O and expiratory pressure of 4 cm
H,0, provides the component of correction in gas exchange abnormalities. Improvements
in pH and pCO, within 1.5-2 h are predictive of the eventual success of NPPV, and if
they do not occur, intubation should be considered. Barotrauma is uncommon, modest
air leaks are common but not prohibitive, and adverse hemodynamic effects are unusual.
Nosocomial pneumonia and sinusitis are decreased compared with patients who are
intubated.

The role of NPPV in asthma is not defined; the number of studies addressing its use in
patients with asthma with severe respiratory distress is limited. One case series reported
an encouraging experience when NPPV was used in 17 patients with asthma with hyper-
capnic acute respiratory failure; all survived, and 15 did not require intubation (28). In
view of such reports and the success with NPPV in conditions such as respiratory failure
resulting from COPD or owing to cardiogenic pulmonary edema, emergency physicians
and respiratory therapists have been inclined to convey the technique to patients with
asthma in severe respiratory distress. When applied with prudence, it obviates intubation
in some patients. Of note, one study has shown a relative benefit for patients with FEV,
less than 60% of predicted treated with bilevel NPPV: after 3 h, the treated patients had a
50% or more improvement of FEV, from baseline and reduced hospitalization rates com-
pared with controls (29). Nonetheless, the use of NPPV in patients with severe asthma is
currently regarded as experimental therapy and awaits additional study.

MANAGEMENT OF RESPIRATORY FAILURE IN SEVERE ASTHMA

Intubation and mechanical ventilation can be a life-saving management approach for
patients with severe bronchospasm, although it has associated risks. The risks include
hypotension, barotrauma, infection, and myopathy.

If the patient is in extremis, intubation is performed immediately according to the
dictum of ABCs—airway, breathing, and circulation. If the patient’s status is border-
line, often a trial of aggressive interventions is conducted, however, at the same time
preparing for the possibility of intubation. Patients with slowing or weakening respira-
tory pattern and persistent bronchospasm require intubation. Patients who have mental
status changes and inability to cooperate with therapy, whether on the basis of hypoxia
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and/or carbon dioxide build-up, should be intubated. Patients who are severely
symptomatic and working hard to breathe for an extended period must be intubated to
relieve fatigue.

Rapid-sequence intubation is the standard approach for these patients. It must be con-
ducted expeditiously because of the patient’s lack of reserve. If ketamine is not used,
then etomidate or another sedating agent would be used, plus succinylcholine or other
neuromuscular blocking agents. An oral endotracheal tube is placed, trying to maximize
diameter to minimize airflow obstruction and enhance secretion removal. Generally,
nasal awake intubations are not attempted because the patient is unable to cooperate.
Once the patient is intubated, longer acting sedative agents should be used, and possibly
paralytic agents, although prolonged use of neuromuscular blocking agents and CSs is
associated with myopathy (30).

The practitioner must be aware of certain strategies to deal with potential conse-
quences of mechanical ventilation. There may be a drop in blood pressure. Intravenous
fluids should be administered and the patient evaluated for tension pneumothorax. If
pneumothorax is present, the chest must be vented with a needle and later with placement
of a chest tube. The possibility of auto-PEE needs to be considered; it may be empiri-
cally treated by removing the patient from the ventilator for a period. For the risk of
barotrauma, evidence is accumulating that the policy of permissive hypercapnia should
be pursued. Cohort studies and case reports suggest fewer deaths occur when respira-
tory acidosis is managed with tolerance and intravenous bicarbonate if pH is less than
7.2 than by aggressive ventilation employing high pressures to keep carbon dioxide
levels in the normal range.

Although not suitable for ED care, general anesthesia, as with isoetharine, is effec-
tive for patients with high pressures. The emergency practitioner should be aware of
this option and consider arranging transfer of the patient to the operative setting where
the rooms are properly vented.

Some of the special strategies for treating severe asthma before intubation, can be
considered for initiation or continuation in the postintubation period. These include
infusion of magnesium, infusion of ketamine, and use of heliox.

ADVERSE RESPONSES TO MEDICATION TREATMENTS

Albuterol is the mainstay of therapy for patients with acute asthma exacerbation.
Commonly reported mild adverse effects associated with frequent dosing include tachy-
cardia, tremor, and headache. If continuous high-dose albuterol is administered by neb-
ulizer, tremor occurs in approx 20% of patients (37) A known effect of albuterol is shift
of potassium into cells with the result of hypokalemia by laboratory measurement.
Although preexisting hypokalemia should be corrected, aggressive replenishment of
potassium during albuterol therapy is not recommended. Albuterol in high doses may
cause arrhythmias. It is difficult to sort out this propensity because the patients may
have hypoxia and concomitant acid—base abnormalities. There are rare reports of lactic
acidosis with albuterol administration.

The most common adverse events associated with inhaled ipratropium included
tremor, agitation, vomiting, increase in pulse, dry mouth, palpitations, chest pain, back
pain, nervousness, headache, nausea, and dizziness. However, many of the reported
side effects are minor and occur during administration of ipratropium for more than
12 wk rather than in the setting of the acute treatment of asthma.
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Table 5
Adverse Effects of Systemic Corticosteroids
Organ system Adverse effect
Dermatological Skin thinning/purpura, alopecia, acne, hirsutism, striae
Eye Posterior capsular cataract, elevated intraocular pressure
Cardiovascular Hypertension, dyslipoproteinemia, premature atherosclerotic disease
Gastrointestinal Gastritis, peptic ulcer disease, pancreatitis, steatohepatitis, visceral
perforation
Renal Hypokalemia, fluid volume shifts
Genitourinary, Amenorrhea, infertility, intrauterine growth retardation
reproductive
Bone Osteoporosis, avascular necrosis
Muscle Myopathy
Neuropsychiatric Euphoria/dysphoria/psychosis, insomnia, akathisia, pseudo tumor cerebri
Endocrine Diabetes mellitus, hypothalamic—pituitary—adrenal insufficiency

Infectious disease =~ Heightened risk of infection

Systemic CSs have a large number of known adverse effects (see Table 5). An impor-
tant issue is how much systemic effect inhaled steroids cause, particularly for the grow-
ing pediatric patient. Studies of the newer agents, such as fluticasone, indicate that
there is rapid breakdown and currently no known significant systemic effects.

ADVERSE ASTHMA RESPONSES TO NONASTHMA MEDICATIONS

The practitioner must be aware that certain medications are contraindicated or rela-
tively contraindicated in patients with acute or latent bronchospasm. B-blockers are in
this category. Although the newer agents are more B-selective and less likely to provoke
bronchospasm than older medications, such as propranolol, for high-risk patients,
B-blockers should be avoided.

Patients with aspirin allergy or with the syndrome of asthma, nasal polyposis, and
aspirin sensitivity should not be given aspirin. There is an approx 20% cross-reactivity
with nonsteroidal anti-inflammatory drugs (NSAIDs). For patients presenting with
acute coronary syndrome, the main alternative would be clopidogrel (Plavix®), which
has supplanted ticlopidine (Ticlid®) after reports of a better safety profile.

DISPOSITION OF THE PATIENT WITH ASTHMA

Managing acute episodes of asthma in the ED involves relieving troublesome symp-
toms as rapidly and cost effectively as possible. Care paths or practice guidelines can
aid in this endeavor, as long as the algorithms are simple and logical.

The emergency practitioner will be making the decision regarding disposition of the
patient to home, into the hospital, or into an intermediary care unit (often termed obser-
vation units for patients who are unlikely to require more than 24 h of treatment). At
the time of presentation, it can be projected that more than 75% of patients presenting
with severe exacerbation will require admission and less than 30% of patients
presenting with nonsevere exacerbation will require admission. Certainly, patients with
persisting severe asthma exacerbations will need to be admitted and those with easily
correctable mild to moderate exacerbations will be sent home. Those in the intermediate
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group typically need to be treated and reassessed to make the determination regarding
admission.

Some features of the patient’s case may heighten the caution required in the disposi-
tion decision. Frequent ED visits, frequent hospitalizations, frequent intensive care unit
admissions, and prior intubation should weight the decision more toward admission.
Duration of symptoms for more than 2 d is associated with a higher admission rate,
perhaps because potentially reversible bronchospasm has been complicated by
bronchial edema, tenacious secretions, mucous plugging, and atelectasis.

For the patients who are being discharged, a period of observation off of bronchodi-
lating agents should be done as an indication that there would not be early significant
relapse. Also, testing the patient’s ability to ambulate without development of signifi-
cant dyspnea or hypoxia should be done in borderline cases.

Provisions must be made for the patient to have medications, typically inhaled bron-
chodilators and a burst of oral steroids. Discussion regarding avoidance of triggers
should be undertaken. The patient should be provided with a peak expiratory flow
meter and instructed regarding its best use. The patient’s asthma should be categorized
per the National Institutes for Health guidelines and long-term therapy directed accord-
ingly. Outpatient follow-up needs to be arranged and highly encouraged.

A systematic review has indicated that education of adults about asthma to facilitate
self-management reduces risk of hospital admission, unscheduled visits to the doctor,
and days missed at work; best results were seen in patients who had written care plans
(32). Although there is acknowledged importance to teaching proper inhaler technique,
holding chamber use, recognition of asthma triggers, and rationale for medications, the
minority of ED departments have formal asthma education programs (33).

PREDICTING RESPONSE TO THERAPY

Early identification of patients with acute asthma who should be hospitalized and at
what level of care would be helpful for the management of ED resources. It is not
unusual for patients to be treated for 4-24 h before a disposition decision is made.
Additionally, because a substantial number of patients who are discharged from an ED
suffer relapse and require a repeat visit within 2—14 d, variously reported as 10-40%, it
would also be helpful to prospectively identify this group.

Many studies have investigated methodology for predicting outcome. There is gen-
eral agreement that for the majority of patients presenting with acute asthma, there is
not a single universal parameter in the initial history, physical examination, or bedside
testing that accurately categorizes the patient as a good responder or poor responder to
conventional therapy. Also, multivariate formulas based on initial information have not
proven to be accurate predictors for all-comers.

The data gathered at a time of reevaluation, for example, in 1 h, is more helpful. A
key feature for adults revolves around the PEFR measured after initial treatment with
inhaled albuterol and systemic CSs. Although it is difficult to make generalizations,
PEFR of less than 40% of predicted seems correlated with need for hospitalization or
need for subsequent treatment after discharge, particularly if combined with either the
determination of use of accessory muscles or the PEFR variation of less than 60 L (34).
However, the caveat is that although many patients can be accurately judged as likely
suitable for discharge or likely requiring admission, there are also many patients who fall
between the defining parameters for an index. Also, PEFR as a percentage of predicted is
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a somewhat difficult parameter for the emergency practitioner to apply, because some
patients with asthma have significant fixed airflow obstruction even during asymptomatic
periods. The baseline personal best PEFR for the patient may be the more relevant com-
parison, but often this is not available in the acute setting. In the pediatric population,
especially in those younger patients who are not able to perform peak expiratory flow
meter testing, clinical assessment is important. A score based on the three clinical find-
ings of wheezing, prolonged expiration, and work of breathing—assessed at presentation,
after 1 h of treatment, and at the time of disposition—seems helpful in discriminating
among those patients in need and not in need of hospital admission (35).

PREDICTING FATAL OR NEAR-FATAL EPISODES

Death from acute asthma episodes is reported in less than 0.1% of patients with asthma.
Approximately half die out of the hospital and half in the hospital. Although the impres-
sion is that death occurs suddenly, regarding the in-hospital cases, the majority of
patients have had symptoms for more than 12 h.

Near fatality has been viewed as the occurrence of respiratory arrest and/or coma
necessitating emergency tracheal intubation and mechanical ventilation, and the
condition is distinguished from those patients who are electively intubated because of
fatigue. Despite research efforts, clinically infallible predictors of patients who are at
risk for fatal or near-fatal episodes of asthma have not been identified because the
associations are not sensitive or specific. Risk factors occur too frequently in the
general asthma population and too infrequently in subpopulations who are at risk for a
fatal or near-fatal episode to allow precise application. Patient characteristics include
lack of understanding or misinterpretation of the seriousness of the symptoms, poor
medical compliance, and coincident psychiatric illness and/or drug abuse. Statistically,
such patients are likely to have repeated hospitalizations, multiple ED visits, and
history of respiratory failure. Conversely, retrospective surveys indicate that 15-30%
of asthma deaths occur in patients with only mild asthma. Histopathological findings
suggest that the type of acute asthma that leads to death may be a unique entity.
However, until more information is available to explain why some patients with asthma
die of a potentially reversible disease, outpatient chronic asthma management must
teach proficiency in the use of bronchodilator rescue therapy and emphasize universal
availability. Acute ED management needs to focus on rapid and proficient evaluation
and intervention.

CONCLUSION

The full spectrum of acute asthma is addressed in the ED, from mild to life-threatening
exacerbations, straightforward to complicated presentations, and good responses to
poor responses to treatment. For all asthma cases, the goal is to practice evidence-based
medicine. For the patients who are unstable, the special expertise required in the ED
relates to timing and application of infrequently used techniques.
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KEY POINTS

The in-hospital mortality rate for all patients with asthma is less than 1%, but for patients
with near-fatal asthma who require intubation, the mortality rate may be as high as 5%.
Near-fatal asthma refers to a life-threatening asthma attack that requires ventilatory
support; status asthmaticus refers to an asthma attack that does not readily respond to
aggressive standard treatment.

B-agonists remain the main pharmacotherapy in status asthmaticus and near-fatal
asthma (NFA).

African-Americans, women, and the elderly are at increased risk of fatal asthma.
Controlled modes of ventilation that allow for a prolonged expiratory time are favored
in patients with NFA.

From: Current Clinical Practice: Bronchial Asthma:
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* General anesthesia by either intravenous infusion or gas inhalation are therapeutic
options for the patients with the most severe asthma.
* Coordination of discharge and follow-up care can safely reduce length of hospital stay.

INTRODUCTION

Status asthmaticus (SA) and near-fatal asthma (NFA) are common medical emergen-
cies faced by critical care physicians. SA is defined as an acute, severe asthma exacerba-
tion that does not respond readily to initial intensive therapy, whereas NFA refers loosely
to a SA attack that progresses to respiratory failure. Timely evaluation and treatment
in the clinic, emergency room, or, ultimately, the intensive care unit (ICU) can prevent
the morbidity and mortality associated with respiratory failure. Intensivists must be
skilled in managing patients with asthma with respiratory failure and knowledgeable
about the few but potentially serious complications associated with mechanical venti-
lation. Bronchodilator and anti-inflammatory medications remain the standard therapies
for managing patients with SA and NFA in the ICU. Patients with NFA who are on
mechanical ventilation require modes that allow for prolonged expiration and reverse the
dynamic hyperinflation associated with the attack. Several adjuncts to mechanical venti-
lation, including heliox, general anesthesia, and extracorporeal carbon dioxide removal,
can be used as life-saving measures in extreme cases.

TRIAGE OF PATIENTS TO THE ICU

Most patients with asthma requiring hospital admission do not need ICU-level care.
The majority of hospitalized patients with asthma improve while in the emergency
department and warrant observation on a ward for a few days to ensure continued
improvement. In an analysis of nearly 30,000 hospital admissions for acute asthma,
10.1% required admission to the ICU and 2.1% required intubation and mechanical
ventilation (/). Patients who have been intubated averaged 4.5 extra days in the hospi-
tal and more than $11,000 in additional costs as compared with asthma admissions to
non-ICU beds. Absolute criteria for triaging patients with acute, severe asthma are
lacking; existing guidelines recommend that patients with peak expiratory flow rate
(PEFR) less than 200 L/min, a pulsus paradoxus more than 15 mmHg, use of accessory
muscles of respiration or a less than 10% improvement in PEFR be monitored in an
ICU (2), but data supporting these recommendations are scant. Clearly, worrisome
patients—with a worsening respiratory or metabolic acidosis—should be transferred to
an intensive care setting.

EPIDEMIOLOGY OF FATAL ASTHMA

Death from asthma is relatively uncommon in this country (5000—6000 cases per year
in the United States in the 1990s), but approx 100,000 asthma deaths per year occur
worldwide (3). It has been suggested that from 1 to 7% of people with severe asthma
will die each year of their disease, and perhaps 17% of those who survive NFA attacks
will eventually succumb to asthma (4).

Mortality rates for patients with NFA who require mechanical ventilation vary from
0 to 22% in reported series during the last three decades (5,6), but the rate is probably less
than 5% in most settings. In general, morbidity and mortality of hospitalized patients with
SA have decreased significantly, and much of the credit results from timely assessment



Severe Asthma 165

Table 1
Risk Factors for Fatal Asthma
History of near-fatal asthma Female gender
African-American ethnicity Psychiatric illness
Elderly Blunted perception of dyspnea
Poverty B-agonist use (long-/short-acting)

Short duration of attack
(“Brittle asthma”) (66)

and treatment by out-of-hospital providers and better ICU care (7). Hospital care for
asthma is not without problems, of course; patients have died because of inadequate
initial observation and treatment (8) and therapeutic measures may cause debilitating
complications.

RISK FACTORS FOR FATAL ASTHMA

The single largest risk factor for fatal asthma is a history of NFA (see Table 1). One
study found a 16-fold increased risk of asthma death for patients with a history of NFA.
Other factors correlate with fatal asthma. Psychiatric illness, for example, is consistently
associated with an increased risk of fatal asthma (9). Similarly, persistent smoking car-
ries a twofold increased risk of death in patients with asthma. Another often reported
risk factor for fatal asthma is frequent short-acting [3,-agonist use (10). In a case—
control study, the use of short-acting 3,-agonists conferred a two- to threefold increased
risk per bronchodilator canister per month (/0).

Patients with SA and NFA may have blunted perceptions of dyspnea. In one study,
11 patients with severe asthma had blunted ventilatory responses and lower Borg dysp-
nea scores compared to patients with mild asthma when exposed to hypoxic conditions,
suggesting that these patients were unable to recognize their deterioration and impend-
ing respiratory failure (/7).

Demographics

The majority of adult patients seen in asthma referral clinics are women (/2), and
this is in contrast to the pediatric population where boys are more prevalent.
Furthermore, the age-adjusted mortality rates are significantly higher for women (2.5
vs 1.9/100,000 population), as they are for blacks (3.6 vs 1.2/100,000), Hispanics, and
the elderly (/3). Why women comprise 60—80% of adult patients with severe asthma is
unclear. Genetic predisposition, hormonal effects, and increased prevalences of vocal
cord dysfunction and gastroesophageal reflux disease may be contributors in women.

Genetics

Gene polymorphisms are factors in the pathophysiology of severe asthma and possi-
bly fatal asthma. Several studies have outlined the effect of the Gly-16 polymorphism of
the [3,-adrenoreceptor. Patients who are homozygous for Gly-16 undergo desensitization
and downregulation of this B-receptor response; this genotype is more prevalent in the
acute, severe asthma population (/4,15). In addition, certain polymorphisms for inter-
leukin-4 and its receptor correlate loosely with SA (/6). Other factors that may play a
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role in predisposition to SA are transforming growth factor-f3 (/7) and 5-lipoxygenase
activating protein (/8).

Psychosocial and Socioeconomic Factors

Poverty and poor access to medical care correlate with increased risk for fatal asthma.
For example, 21% of all asthma deaths among young people in the late 1980s occurred in
the inner cities of Chicago and New York (/9). Several hypotheses have been proposed to
explain the correlation between socioeconomic status and fatal asthma. Certainly, one of
the most important is that poor patients have inadequate medical care. Risk factors for
death from asthma include lack of appropriate anti-inflammatory controller medication,
limited self-management skills, increased exposures to air pollution and indoor allergens
(house, dust, dust mite, and cockroach), dietary factors, and drug abuse.

Stress

The effect of psychosocial stress on asthma has been demonstrated in several stud-
ies. One recent study demonstrated a strong correlation between worsening airway
inflammation after antigen challenge during a week of intensive examinations among a
university cohort (20). In the European Network for Understanding the Mechanisms of
Severe Asthma (ENFUMOSA) study (21/), men with severe asthma reported that stress
was a common trigger for exacerbations. Psychiatric illness has also consistently been
associated with an increased risk of fatal asthma (9).

PATHOPHYSIOLOGY OF NEAR-FATAL AND FATAL ASTHMA

Acute, severe asthma leads to hypoxemia via lung hyperinflation and regional venti-
lation/perfusion (V/Q) alterations. Studies of patients presenting to the emergency
department with severe asthma attacks using multiple inert gas elimination techniques
have shown a bimodal blood flow pattern with a significant portion of the cardiac out-
put perfusing poorly ventilated lungs. Again, a host of inflammatory mediators have
been implicated in potentiating this abnormality. Platelet-activating factor, for example,
is an important culprit. Inhaled platelet-activating factor induces V/Q mismatching and
decreases arterial oxygenation in patients with stable asthma (22) by eliciting a capil-
lary leak phenomenon (23). Other local and systemic mediators most likely act at the
alveolar—capillary interface in SA to generate the profound V/Q abnormalities. Further
research in this area is ongoing.

Carbon dioxide retention does not usually develop in SA until the forced expiratory
volume in 1 s (FEV)) is less than 30% of predicted, and one large meta-analysis of
patients with severe asthma found that only 13% had partial pressure of oxygen
(PaCO,) values more than 45 mmHg (3). Increased physiological dead space associated
with the V/Q abnormalities and alveolar hypoventilation secondary to respiratory
fatigue both lead to hypercarbia and a heightened respiratory drive.

Asthma is a spectrum of disease, and research efforts have attempted to delineate
specific biomarkers that might differentiate NFA from milder forms of asthma. Marked
airway thickening and a brisk infiltration of neutrophils into the airways are consistent
findings in NFA. In cases of fatal asthma, bronchial thickening is 25-300% greater than
normal airways, whereas in patients with NFA this is less dramatic (24). More recently,
Lamblin and colleagues found significantly increased numbers of neutrophils and levels of
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the neutrophil chemoattractant, interleukin-8, in bronchoalveolar lavage fluid in patients
with asthma who require mechanical ventilation compared to patients with milder asthma
(25). In addition, increased matrix metalloproteinases, presumably triggered by neutrophil-
mediated epithelial cell injury, were found in the bronchoalveolar lavage fluid in patients
with severe asthma (3). In contrast, Wenzel and colleagues found that the presence of both
eosinophils and neutrophils in transbronchial biopsy specimens, rather than neutrophils
alone, correlated with the number of NFA events in severe asthma (i.e., patients requiring
at least 10 mg of prednisone daily more than 75% of the year) (26). Currently, the associ-
ation between specific inflammatory cell types and NFA is not clearly defined.

Two other pathological features of interest in NFA and fatal asthma are mucous cell
hyperplasia and smooth muscle hypertrophy. The contributions of mucous cell metapla-
sia and mucous secretion are debated. Clearly, in many cases of fatal asthma and SA,
mucous plugging with airway cast formation is a critical factor (27). Airway samples in
fatal asthma often reveal a marked infiltration of the mucous glands by mast cells and
neutrophils (28) (see Fig. 3). Smooth muscle hyperplasia is prominent in the larger gen-
eration airways, and this has been documented in cases of fatal asthma (29). Excess
growth of these myocytes leads to a web-like binder around the airways that is hyper-
contractile to stimuli. Several inflammatory mediators have been implicated as potential
triggers of the smooth muscle hypertrophy, including histamine and T-helper 2 cytokines.

CLINICAL EVALUATION ON ADMISSION TO THE ICU

SA is a medical emergency, and patients with SA who are not intubated and are
admitted to the ICU require urgent assessment and timely institution of therapy. Patients
with signs of respiratory failure (a decreased level of consciousness, shallow respira-
tions, central cyanosis or other signs of profound fatigue) should be endotracheally
intubated urgently. Most patients, however, who are examined and reassessed by the
intensivist during the first hours in the ICU do not require mechanical ventilation.

Much of the relevant physical examination of a patient with SA can be obtained from
the vital signs and by observation (see Table 4). The most worrisome patients will often be
sitting upright, tachypneic, wheezing and have sternocleidomastoid contraction with respi-
ration. Brenner and colleagues showed a strong correlation between patient position and
accessory muscle use and a reduction in PEFR and PaO, (30). In general, however, physi-
cal findings in SA gage the work of breathing rather than the degree of airway obstruction.

The vital signs of a patient with SA will consistently include respiratory rates more
than 30 breaths/min and heart rates more than 120 beats/min (3/). Blood pressure can
fluctuate depending on the degree of hemodynamic embarrassment owing to high
intrathoracic pressures. The most worrisome patients are hypotensive because of dehy-
dration and marked lung hyperinflation with impaired cardiac filling. Safe endotracheal
intubation in these patients is often a challenge. Perhaps more useful than blood pres-
sure is the pulsus paradoxus. Mountain and Sahn found that patients with SA who are
hypercapnic had an increased mean pulsus paradoxus (23 mmHg) compared to patients
with acute asthma who were normocapnic (14 mmHg) (32). It should be remembered
that as respiratory failure progresses, a drop in pulsus paradoxus to near-normal read-
ings may be seen. The remainder of the physical examination should look for possible
mechanical complications of SA. Pneumomediastinum and pneumothorax may be iden-
tified by observing a deviated trachea, palpating subcutaneous emphysema, or auscul-
tating asymmetric breath sounds or a Hamman’s mediastinal crunch.
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Assessment of Airway Obstruction

The intensivist should order a PEFR or spirometry in the patient with SA who is not
intubated, if it was not done recently in the emergency room. Patients who are severely
compromised will be unable to perform the test properly, so it should be deferred.
Patients with SA typically have PEFR readings less than 25% predicted (33) and FEV,
less than 20% predicted (34). In one study of 86 patients presenting with acute, severe
asthma, an FEV reading of less than 1 L (<25% predicted) or a PEFR less than 200
L/min (<30% predicted) identified all patients with hypercarbia (PaCO, >42 mmHg) or
severe hypoxemia (PaO, <60 mmHg) (35). Reductions in PEFR to less than 33% of
normal is considered life-threatening. One advantage to performing spirometry with a
full-flow volume loop is that is can diagnose asthma mimics, such as vocal cord
dysfunction or a tracheal tumor, that may be admitted to the ICU in extremis.

Arterial Blood Gas Measurement

In patients with SA who are in the ICU, arterial blood gases (ABGs) provide impor-
tant information in terms of respiratory reserve, metabolic disturbances, and degree of
hypoxemia. Respiratory alkalosis is the most common abnormality found during asthma
exacerbations (36), but as PEFR and FEV, drop to less than 30% of predicted, hyper-
carbia and respiratory acidosis develop (35). Furthermore, concomitant lactic acidosis
occurs in up to 28% of patients with SA with elevated PaCO, levels (36). The lactate
production presumably stems from overload of the thoracic cage muscles and tissue
hypoxia. ABGs should be obtained early in the ICU course of patients with SA.

Chest Radiography

As with ABGs, chest radiographs (CXRs) are not routinely performed in all patients
with SA patients in the emergency room. Abnormal CXR findings other than hyperin-
flation or subsegmental atelectasis in all asthma exacerbations is less than 5% (37).
Complications from barotrauma in patients with SA, however, are sufficiently prevalent
to justify routine CXRs in this population. A review of 54 admission CXRs on hospital-
ized patients with asthma found that 20 (34%) were believed to have major abnormali-
ties that warranted attention (38). Most of these major abnormalities were focal
infiltrates, and only one patient had a pneumothorax. In the ICU population with asthma,
routine CXRs are clinically useful.

Other

Few other studies need be obtained in evaluating patients with SA in the ICU.
Electrocardiograms in middle-aged patients or those with suspected ischemic heart dis-
ease are standard. Screening laboratory chemistries may reveal hypokalemia related to
aggressive [3,-agonist use or abnormalities in sodium and glucose, suggesting concomi-
tant illness. A complete blood count could reveal signs of an acute infectious process,
but this will be infrequent. In general, specific laboratory tests and studies should be
ordered only if other diagnoses or contributing factors are being considered.

INITIAL ICU MANAGEMENT

As with most patients in the ICU, treatment of patients with SA continues in parallel
with their ongoing assessment and diagnostic evaluation. Timely intervention is necessary
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if intubation and mechanical ventilation are to be avoided. The cornerstones of SA treat-
ment are oxygen, bronchodilators, corticosteroids, and, if necessary, ventilatory support.

Oxygen

Modest hypoxemia is common in severe asthma exacerbations, but a PaO, less than
55 mmHg is rare (2). Supplemental oxygen should be administered to improve the
hypoxia caused by V/Q mismatch, airway plugging, and atelectasis; oxygen therapy
may ameliorate some of the symptoms of air hunger. In the majority of patients with
SA, fraction of oxygen (FiO,) levels of 30-50% will correct the hypoxemia; failure to
do so should prompt investigation for pulmonary parenchymal or vascular disease. One
hundred percent oxygen may increase PaCO, levels by 5-6 mmHg and, infrequently,
may suppress the respiratory drive in patients with SA (39). Physicians should refrain
from routinely administering unnecessarily high oxygen concentrations without close
patient monitoring.

Bronchodilators

The cornerstone of acute asthma management, bronchodilators, have several modes
of delivery, mechanisms action, and potential complications. Delivery of the short-acting
B-agonist albuterol by intermittent inhalation is the most common therapy for acute
asthma. Although delivery of short-acting B-agonists by dry powder, nebulization, or
meter dose inhalation is effective in severe acute asthma (40), each modality offers dis-
tinct advantages. Delivery by nebulization provides adequate drug delivery in a range
of clinical settings: the infant by mask delivery, the adolescent with tachypnea, or even
the intubated patient with respiratory failure. Nebulized delivery may decrease some of
the adverse effects (e.g., tachycardia) as compared with oral or systemic delivery.
Delivery by metered-dose inhaler with the use of a spacer has also been effectively
employed in acute settings but is often more cumbersome, particularly in the patient
who is anxious or uncomfortable. In the patient who is calm and cooperative, deliv-
ery of B-agonist by metered-dose inhaler may provide more rapid and efficacious
delivery to the airways. In the patient who is acutely ill with SA or NFA, aerosol
delivery remains the mode of choice.

Delivery by continuous nebulization may offer distinct advantages to intermittent
dosing. Even with similar per-hour dosing (e.g., 0.5-1.0 mg/h vs 2.5 mg every 2—4 h)
continuous nebulization, in some studies, shows a more rapid clinical improvement with
a decreased medical personnel workload than intermittent administration (28,40—42).
The addition of heliox as a carrier gas may also improve drug delivery in SA (43).

Future roles for levalbuterol (levo isomer of albuterol)—a rapid-onset, more-selective
form of albuterol or formoterol, a rapid-onset, long half-life inhaled powder, may be
found, but at this time neither has been adequately tested in the acute severe asthma set-
ting to recommend their routine use. Alternatively, systemic delivery (e.g., subcuta-
neous terbutaline) may offer a more reliable dosing in the patient who is profoundly ill
or pregnant. Systemic [-receptor antagonism using subcutaneous epinephrine can be
effective and may forestall respiratory failure in selected cases, but there is potential for
significant adverse cardiovascular effects. Epinephrine, with its significant o adrener-
gic stimulation, may initially reduce edema by decreasing blood flow but can also pro-
mote delayed airway edema and should be used with extreme caution in patients with
coincident cardiac disease.
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The most common side effects of B-agonists are tachycardia and jitteriness. Serious
cardiac dysrhythmias are uncommon when using selective 3-agonists. Salpeter reports an
attributable heart rate increase of just more than 9 bpm (45). The decreases in serum
potassium levels—on average 0.36 mmol/L—do not usually warrant intervention (45).

Although anticholinergics were once a mainstay of asthma therapy, they currently
play only a small role. The addition of an inhaled anticholinergic (ipratropium, 0.5
mg/q 6 h) may speed recovery in pediatric cases of severe acute asthma, but the bene-
fits for adults are less certain (44).

Methylxanthines

The methylxanthines, theophylline and aminophylline, are less specific bronchodila-
tors, and some evidence that show they improved diaphragmatic contractility may be of
use in the failing patient (43). Nonetheless, given the higher risk of adverse cardiac
events, narrow therapeutic dosing windows, and lack of proven additional efficacy,
these are not commonly used.

Other Therapies

Magnesium by intravenous infusion (as high as 2 g for 20—60 min) has proved to be
safe as adjunctive therapy in acute asthma. In the case of severe acute asthma, there is
little convincing evidence of better outcomes, but some believe it provides benefit over
standard therapy (46). In the ICU patient with SA or NFA who is being closely moni-
tored, supplemental magnesium has little downside.

Inhaled heparin and inhaled furosemide have been proposed as immune-modulating
adjunctive therapies in the treatment of asthma (47). The few clinical trials using heparin
(inhaled or intravenous) show a decrease in hyperresponsiveness when used as a pre-
treatment. No discernible respiratory benefit has been shown in the patient with acute
asthma. Inhaled furosemide has shown mixed results. As with heparin, pretreatment
decreases hyperresponsiveness and some case series’ data show that in refractory cases
of acute asthma, inhaled furosemide was associated with a clinical improvement (47).

Noninvasive Ventilation

Noninvasive mask ventilation (NIV) or continuous positive airway pressure ventilation
may be attempted in select patients with severe asthma attacks in the ICU. NIV decreases
morbidity and mortality in chronic obstructive pulmonary disease, but data are limited in
asthma. NIV decreases the need for mechanical ventilation in some patients with asthma
with acute respiratory acidosis (48); however, it should not be used in patients who are in
respiratory distress, patients with altered level of consciousness, or patients with
hemodynamic instability and impending cardiorespiratory arrest. Patients who deteriorate
while on NIV should be promptly intubated and placed on mechanical ventilation.

INTUBATION

The decision to endotracheally intubate and mechanically ventilate a patient with SA
may be made urgently but, preferably, is made electively in patients who are failing to
respond to treatment and are fatiguing (see Table 2).

Intubation and initiation of mechanical ventilation of patients with NFA is challeng-
ing and must be performed by skilled intensivists or anesthesiologists. Hypotension
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Table 2

Indications for Intubation
Absolute Relative
Cardiorespiratory arrest Hypercarbia
Decreased level of consciousness Worsening acidosis
Inability to care for patient Clinical signs of fatigue

appropriately Failure to improve with therapy

Hypopneas

(20-40% of cases) (49), arrhythmias, barotrauma, laryngospasm, worsening bron-
chospasm, aspiration, and seizures will be encountered in the periintubation period in
patients with NFA (31). Excessive bag ventilation should be avoided because of the
risk of pneumothorax. While patients are awake, nasotracheal intubations may be pre-
ferred in these tenuous patients; orotracheal artificial airways are preferred for pro-
longed management. Orotracheal tubes of at least 8.0 mm diameter significantly
decrease inspiratory airway resistance and allow for suctioning of secretions and bron-
choscopy. The proper use of sedatives and neuromuscular-blocking agents (NMBA) are
important in aiding intubation and initiating mechanical ventilation in these patients. A
full understanding of their onset, duration of actions, and side effects is required and is
discussed in “Adjuncts to Standard Mechanical Ventilation.”

Physiology and Mechanical Ventilation

Patients with NFA who require intubation and ventilation have high airway resist-
ance and significant distal airway mucous plugging that lead to obstruction of airflow
during expiration. Severe airflow obstruction that has developed over days causes sig-
nificant dynamic hyperinflation and increased intrathoracic pressures at the end of
expiration (intrinsic positive end expiratory pressure [PEEP;]). The inspiratory capacity
of the patient with NFA is reduced as the residual volume of the lung steadily increases
and the patient breathes near the limits of their total lung capacity (see Fig. 1). At these
lung volumes, there is a mechanical disadvantage of the respiratory muscles as the
diaphragm flattens, the thoracic muscle fibers stretch, and dead space increases.
Overall, the patient with severe asthma has high ventilatory demands and is at a signif-
icant mechanical disadvantage to breathe. Fatigue in these patients is inevitable, but
surprisingly, many patients with this physiology improve and do not require intubation.

Patients with NFA may worsen in the hours immediately after intubation. Hypotension
often results from a combination of sedative and NMBAs in the setting of high intratho-
racic pressures. Intravascular volume supplementation before and immediately after
intubation can prevent this expected complication. Furthermore, ventilation may be com-
promised further if sedation is inadequate in the patient who is awakening from anesthesia
or if the initial ventilator settings provide excessive minute ventilation. In either situation,
dynamic hyperinflation and gas exchange worsen and barotrauma may result.

PNEUMOTHORAX

The occurrence of life-threatening pneumothorax with asthma is rare. High intratho-
racic pressure and hyperinflation are believed to lead to parenchymal or distal airway
injury. In the case of pneumomediastinum, “trapped” air tracks along the bronchial tree
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Fig. 1. Effect of dynamic hyperinflation on lung volumes—normal and SA. FRC, functional residual
capacity; TV, tidal volume; IRV, inspiratory reserve volume.

Table 3

Suggested Initial Ventilator Settings

Modes Synchronized, Intermittent Mandatory Ventilation
(SIMV) and Pressure-Control Ventilation (PCV)

Rate 8—12 breaths/min
Tidal volume 6-8 mL/kg ideal body weight
Minute ventilation 8-10 L/min
Inspiratory to expiratory ratio (I:E) 1:3-1:4
Plateau pressure Less than 35 cm H,O
Positive-end expiratory pressure (PEEP)  Less than 5 cm H,O
FiO, 100%

to the confluence of the pulmonary and mediastinal reflections where small rents or
tears allow communication to the mediastinum. Pneumothoraces may arise through
rents in the parenchyma caused by subsegmental overdistension distal to mucous plugs
or severe airway inflammation.

In the patient who is mechanically ventilated, pneumothoraces warrant tube thora-
costomy for decompression and prevention of tension pneumothorax. When mediasti-
nal air is present, cardiac tamponade, albeit rare, should be considered and would
warrant intervention.

SETTING THE VENTILATOR

The intensivist must pay close attention to the ventilator parameters in patients with
SA who are newly intubated (see Table 3). Junior or in-training physicians err frequently
in setting the initial ventilator variables in patients with severe asthma. Errors occur
because physicians attempt to correct the hypercarbia and acidemia too quickly and fail
to recognize the extent of the dynamic hyperinflation. The key goal at this time is to
maximize the time for expiration and target a low minute ventilation strategy.
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Table 4
Physical Findings in Severe Asthma
Finding What it is What it means Reference
Pulsus paradoxus Respiratory induced systolic ~ Wide intrathoracic 67
blood pressure variation pressure variation
(abnormal more than causing variable
15 mmHg) ventricular filling
Hamman’s crunch Crackles heard with cardiac Pneumomediastinum 68
cycle
Paradoxical Abdominal retraction during  Respiratory failure, 69
respirations inspiratory effort respiratory diaphragm
exhaustion
Respiratory alternans ~ Abdominal efforts alternate Respiratory failure, 69
with rib-cage efforts inspiratory muscle
fatigue

A low minute ventilation strategy (8—10 L/min) aims to permit time for expiration,
decrease air trapping, and reduce PEEP;. The ICU physician should accept a moderate
degree of hypercapnia with this strategy, and PaCO, levels less than 100 mmHg are usually
well tolerated in the first day (32,50). One exception to this is in patients who have suf-
fered a cardiorespiratory arrest at the time of presentation. In these patients, PaCO, levels
should be normalized, if possible, to prevent cerebral vasodilatation and cerebral edema.

Controlled modes of ventilation are favored over support modes when initiating
mechanical ventilation. Patients have an impressive drive to breathe because of the ele-
vated PaCO, levels and acidemia and may require deep sedation initially to breathe
synchronously with the controlled modes. Two common modes of ventilation used in
this setting are synchronized intermittent mandatory ventilation (SIMV) and pressure-
controlled ventilation. Pressure-controlled ventilation is favored by some intensivists in
this setting because peak airway pressures do not vary as they do in volume-control
modes but minute ventilation is less tightly controlled.

A relatively low minute ventilation of 8—10 L/min can be achieved by targeting tidal
volumes of 7-10 mL/kg of body weight and a respiratory rate of 10-14 breaths/min.
The inspiratory to expiratory ratio in the respiratory cycle should be between 1:2 and
1:4. In SIMYV, inspiratory flow rates of 100 L/min allow for a prolonged expiratory
phase. Plateau pressures should remain less than 35 cm H,O to prevent barotrauma,
and the set PEEP should be 0-5 cm H,O initially. The inspiratory FiO, should be
decreased from a level of 1.0 over the first several hours. If patients with NFA continue
to require a FiO, more than 0.55, the intensivist should search for a concomitant
process, such as pneumonia or pulmonary embolism.

On these initial ventilator settings—with aggressive bronchodilator and steroid ther-
apy—airway resistance and lung compliance will improve during the first 24 h and
hypercapnia will correct easily. The average duration of intubation in most studies of
NFA is 3 d (48,51); some patients, however, prove refractory to standard medical ther-
apy and ventilator support. Three adjuncts to standard mechanical ventilation that have
been explored in severe asthma include general anesthesia, inhaled helium—oxygen
mixtures, and extracorporeal CO, removal.
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Table 5
Example Drug Dosing in Severe Asthma
Class Agent Typical adult dosing
[B-agonists Albuterol 2.5 mg q 2-4 h by nebulizer
x.x mg/h by continuous nebulization
Levabuterol 0.63mg—1.25 mg q 2—4 h by nebulizer
Terbutaline 0.25 mg subcutaneously up to two doses separated
by 15-30 min
Anticholinergics Ipratropium 0.5 mg by nebulizer q 4 h
Andrenergics Epinephrine 0.2-0.5 mg subcutaneously (0.2-0.5 mL of 1:1000)
up to three doses separated by 20 min subcutaneously
Corticosteroids ~ Prednisone 1-2 mg/kg/d po

methylprednisolone 2 mg/kg q 4-6 h intravenously

ADJUNCTS TO STANDARD MECHANICAL VENTILATION

General Anesthesia

The inhaled general anesthetics (halothane, sevoflurane, and isoflurane) and
inravenous anesthetics (ketamine and propofol) have been used in SA cases with con-
tinued clinical decline, despite mechanical ventilation and aggressive bronchodilator
therapy. The rationale for general anesthesia is to further promote bronchodilation,
decrease metabolic demand, and eliminate ventilator patient dyssynchrony.

Anesthetic gases are modestly potent, rapidly acting bronchodilators and pulmonary
vasodilators (52). A beneficial effect with decreased airway pressures and improved gas
exchange should be evident within several hours. If no effect is seen in this time period, it
is unlikely to work. Finding a ventilator that can handle anesthetic gases (e.g., the Siemens
Servo 900) is problematic, and, overall, this rescue modality has become less popular with
the use of other bronchodilating intravenous sedatives, such as propofol and ketamine.

Propofol is a unique anesthetic agent with an effectively short biological half-life.
As with gas anesthesia, propofol affords bronchodilation in addition to the beneficial
anesthetic properties. Potential adverse effects include hypotension on initial adminis-
tration and metabolic acidosis (propofol infusion syndrome) with prolonged use (53).

Ketamine, a dissociative anesthetic, has been successfully used for severe asthma in
both children and adults. Ketamine can cause bronchorrhea and bronchodilation—both
of which may be beneficial in NFA. The potential serious adverse effects of hyperten-
sion and tachycardia must be considered before dosing and during use. Ketamine’s
notorious dysphoria and hallucinations are usually managed with coincident benzodi-
azepine administration.

NMBAs are often used during tracheal intubation and allow for complete control
during mechanical ventilation. However, NMBAs do not promote bronchodilation,
nor do they treat the airway inflammation associated with asthma. The use of NMBAs
in patients with asthma should be minimized or avoided altogether when possible.
Other more efficacious modes of therapy often obviate the need for NMBAs. When
used in combination with corticosteroids, NMBAs are associated with relatively high
risk of drug-induced prolonged weakness (54,55). The risk of prolonged weakness is
correlated with dose and duration of NMBA and corticosteroids (56). All NMBAs are
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implicated (57). Patients with NMBA myopathies may take months to recover normal
muscle function (58).

Helium-Oxygen

A helium:oxygen gas (heliox) mixture of 70:30 or 80:20 decreases resistance to air-
flow in obstructed large airways because helium is not as dense as nitrogen and may
provide better drug delivery. It is an excellent option in upper airway obstruction and
can be useful in SA. When used in the emergency department in SA, heliox may
improve PEFR faster than standard therapy, decrease the pulsus paradoxus, and help
prevent the need for intubation in some patients (59). In some instances, heliox can
improve ventilation in patients with NFA who are intubated (60). Oxygen requirements
need to be less than 30% FiO, for this modality to be tried. Unfortunately, most venti-
lators are not calibrated for heliox gas. Still, it remains an option for patients with NFA
who continue to worsen on the ventilator.

Extracorporeal Techniques

Perhaps the last intervention that can prove life-saving in patients with NFA with
worsening gas exchange and acidemia is extracorporeal CO, removal. This technique
mirrors that of the more common extracorporeal membrane oxygenation in that patients
are placed on bypass to provide gas exchange (6/). Numerous reports document the
success of this life-saving technique in patients with severe asthma on mechanical ven-
tilation and should be considered, if available and appropriate.

Sedation

The used of sedatives in patients with asthma has a long history of use. William
Osler describes his use in the 1892, The Principles and Practice of Medicine:

In a child with very severe attacks, resisting all the usual remedies, the treatment by
chloroform gave immediate and permanent relief.... The sedatives antispasmodics...
belladonna, henbane, stramonium and lobelia, may be given in solution or used in the
form of cigarettes.

Most patients with acute asthma will benefit from anxiolysis and those with NFA
require sedation. Reducing the anxiety of air-hunger and illness may allow for better
delivery of medical care, decrease ventilation requirements, and even obviate the need of
mechanical ventilation. Short-acting benzodiazepines (e.g., midazolam or lorazepam)
allow for careful titration to effect with subsequent continuous or scheduled bolus
delivery. Although standardized administrations are not established, it is reasonable to
adopt a daily interruption strategy as tested by Kress (62). Dosing is initiated incremen-
tally and interrupted daily. The length of stay and length of time on ventilator are
decreased using this method.

LIBERATION FROM THE VENTILATOR, TRACHEOTOMY

The majority of intubated patients with NFA will be liberated from mechanical venti-
lation with a mean time to extubation of 3.5 d. Once the patient’s airway resistance
decreases, airway obstruction improves, and hypercarbia resolves, the patient can be
switched to a spontaneous support mode of ventilation. Patients who are unlikely to toler-
ate extubation can be identified by performing a spontaneous breathing trial of 30—60 min
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on a continuous positive airway pressure of 5 cm H,O or a T-piece with supplemental
oxygen (63). Patients require close observation immediately postextubation for wors-
ening bronchospasm and can usually be transferred out of the ICU after 24 h.

Tracheotomy will be required in few patients with NFA. Patients with NFA who have
concomitant conditions, such as brain injury from an out-of-hospital arrest or lung injury
from ventilator-associated pneumonia, may require prolonged ventilator support and are
more apt to have a tracheotomy performed. The optimal time to perform tracheotomy in
patients with NFA is not well defined, but the timing should not differ significantly from
that of other patients with acute on chronic lung injury. The mortality rates for NFA
patients requiring mechanical ventilation longer than 3 wk appears worse than that of
chronic obstructive pulmonary disease and adult respiratory distress syndrome.

TRANSITION OUT OF THE ICU AND DISCHARGE

Within 12-24 h of reversal of respiratory failure or liberation from mechanical ven-
tilation, most NFA of SA cases may be cared for outside of an ICU setting. Medications
previously administered parenterally may be changed to oral dosing. Acute cortico-
steroid therapy is typically administered for 5-7 d. Further dosing is adjusted based on
the prior-to-admission asthma status and level of therapy. Educating the patient about
and implementing a stepped up asthma management plan similar to those recommended
by the national guidelines should be initiated before discharge, and reinforcement of an
updated asthma action plan provides for safe and successful discharge (as outlined in
Chapter 5). Hospital discharge requires stabilization of asthma symptoms, demonstrated
tolerance of current asthma therapy, and confirmation of outpatient postdischarge plan.
With these elements assured, it is not necessary for full resolution of asthma symptoms
before discharge (64). Lim and others have found that with careful patient education
and reliable discharge plans patients may have a shorter length of stay without an
increased readmission rate (64,65).

SUMMARY

Once recognized, severe asthma and NFA are clearly life-endangering diagnoses.
Early diagnosis of high-risk individuals, through recognition of the physical signs of
progressive respiratory decline and institution of aggressive therapy, may forestall res-
piratory failure and the need for mechanical support. Once respiratory failure occurs,
successful patient management includes the careful use of mechanical ventilation,
which may require long expiratory times and permissive hypercapnia. Pharmacotherapy,
in addition to B-agonists and corticosteroids, with sedatives or even general anesthetics
offers further techniques to improve impaired respiratory physiology. After clinical
improvement is established, patients will need to maintain a higher level of asthma care
to help decrease recurrences of SA and NFA.
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KEY POINTS

Up to almost 60% of patients with asthma use some sort of complementary and alter-
native medicine therapy.

There is insufficient evidence to make recommendations for the incorporation of
acupuncture into the treatment or management of asthma.

There are insufficient data to determine whether homeopathy is a valid adjunctive therapy
in the management of asthma.

Breathing exercises may improve symptom scores and quality-of-life measures, but
evidence for their effectiveness in improving lung function is still inconclusive.
Muscle relaxation shows some promise in improving lung function, but the available
evidence on relaxation techniques is limited.

There is insufficient evidence to support the use of chiropractic spinal manipulation
and other manual therapies in the treatment of asthma.

The authors suggest a healthy well-balanced diet with high intake of fruits and vegetables
rich in antioxidant vitamins, flavonoids, and minerals; there is not enough evidence to
recommend supplementation with antioxidant vitamins or selenium for patients with
asthma.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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* The authors also suggest supplementation with magnesium in the subset of patients
with asthma with low intracellular levels of this mineral.

* Supplementation with certain n-3 fatty acids and the n-6 fatty acid y-linolenic acid
reduces markers of inflammation in patients with asthma, but there is little evidence of
a beneficial effect on lung function or asthma control.

* There is as yet no conclusive evidence of effectiveness in the treatment of asthma for
any botanical.

* Do ask your patients whether and what botanicals they use, and do fell your patients
about the potential risk of allergies, toxicities, and herb—drug interactions associated
with many herbal compounds.

INTRODUCTION

Complementary and alternative medicine (CAM) can be defined as a group of
diverse medical and health care systems, practices, and products that are not presently
considered to be part of allopathic medicine. The National Center for Complementary
and Alternative Medicine (NCCAM) has proposed grouping CAM therapies into five
categories (see Table 1).

According to surveys conducted in the United States and other Western countries, the
prevalence of CAM use in the general population ranges between 10 and almost 50%,
with some of the variability attributable to different definitions of what constitutes CAM
therapies. Generally, the proportion of patients with asthma reporting CAM use is even
higher (27-59%). The reasons for the widespread CAM use among patients with asthma
and other chronic diseases are incompletely understood but include the perceived inef-
fectiveness of pharmaceutical regimens and fear of the side effects frequently associated
with them. Nonetheless, patients generally use CAM approaches as complementary,
rather than as alternative, therapies. Because of the high prevalence of CAM usage
among patients with asthma, physicians treating these patients should be knowledgeable
about the various CAM therapies available and the evidence regarding their efficacy and
safety. This chapter contains an overview of the CAM approaches most commonly used
by patients with asthma, which differ among countries and populations, but generally
include acupuncture, homeopathy, manual therapies, relaxation and breathing exercises,
and nutritional and botanical supplements. Note that all of the available randomized,
controlled trials (RCTs) have evaluated CAM treatments as adjunctive therapies.

ACUPUNCTURE

Acupuncture is one of several treatment approaches that are part of traditional
Chinese medicine (TCM), an alternative medical system with a tradition going back
several millennia. In TCM, acupuncture is used to correct disturbances in the flow of
Qi. Q4i, a crucial concept in TCM, is often translated as life force or energy but is a con-
cept that also encompasses material attributes. Qi is channeled through 12 primary and
8 “extraordinary” meridians, which contain approx 360 acupuncture points. Chinese
acupuncturists make use of numerous diagnostic techniques to determine the nature of
the disturbance and choose the appropriate acupuncture points. The traditional method
of acupuncture consists of rapidly inserting a long thin needle through the skin, then
manipulating it manually and withdrawing it slowly. Other mechanisms of manipula-
tion include heat, pressure, friction, suction, and electric stimulation.



Complementary/Alternative Therapies

183

Table 1

Types of Complementary and Alternative Medicine (CAM) Therapies

Type of CAM

Description

Examples

Alternative medical
systems

Mind-body
interventions

Biologically based
therapies

Manipulative and
body-based
methods

Energy therapies
Biofield

Bioelectromagnetic

Philosophies of medicine that integrate theory
and practice; many of them evolved earlier
than allopathic medicine and are based on
different concepts of health, disease,
diagnosis, and therapy

Various techniques designed to enhance the
mind’s capacity to affect bodily function and
symptoms

(Note that some techniques have become
mainstream, e.g., patient support groups and
cognitive-behavioral therapy.)

Involve substances found in nature, such as
botanicals, foods, and vitamins

Methods based on manipulation and/or
movement of one or more body parts

Approaches intended to affect energy fields that
purportedly surround and penetrate the human
body. Some forms of energy therapy
manipulate biofields by applying pressure
and/or manipulating the body by placing the
hands in, or through, these fields

Therapies involving the unconventional use of
electromagnetic fields

Traditional Chinese
medicine
Ayurveda
Homeopathy
Naturopathy
Meditation
Prayer
Mental healing
Therapies using
creative outlets
(art, music, and
dance)
Certain dietary
interventions
Most dietary
supplements
Chiropractic
manipulation
Massage®

qi gong
Reiki
Therapeutic touch

Pulsed fields

Magnetic fields

Alternating or direct
current fields

“Further example listed by NCCAM is osteopathic manipulation. In the United States, however, osteo-
pathic medicine is not practiced by CAM practitioners but by doctors of osteopathic medicine (DOs), i.e.,
physicians who receive the same 4-yr medical school training as medical doctors, except that special
emphasis is placed on the osteopathic philosophies and practices.

(Modified From the National Center for Complementary and Alternative Medicine [NCCAM] Web Site,

http://nccam.nih.gov)

The design of clinical trials of acupuncture is challenging. The classical TCM

approach is to tailor the choice of acupuncture points to each patient. In contrast, it is
common western practice to use a formula approach, in which the same acupuncture
points are stimulated in all patients. Although this approach may lend itself more readily
to clinical trials, it will always be open to the criticism that failure to individualize ther-
apy must inevitably result in lack of response. In addition, it is necessary to consider and
control for a large number of parameters, including the number and location of the
points used for the true and sham acupuncture treatments, type and duration of needle
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insertion and manipulation, and achievement of dachi (de qui), a tingling or irradiating
sensation after needling that is believed to indicate effectiveness. Furthermore, blinding
can only be partial in any RCT of acupuncture because the acupuncturist knows whether
he or she is giving real or sham acupuncture.

There are several investigations of the effects of acupuncture on immune parameters
in patients with asthma, using either a formula approach and sham treatment of the
same points as a control or acupuncture according to the principles of TCM with the
control group treated at points not specific for asthma. The observed effects included
alterations in the percentages of leukocytes and leukocyte subsets and increases in lym-
phocyte proliferation and the production of several cytokines. Some of these changes
were also noted in patients who received sham acupuncture. A reduction in peripheral
blood and sputum eosinophil concentrations and a decrease in interleukin (IL)-6 and
IL-10 suggest that acupuncture could have anti-inflammatory and anti-allergic effects.
However, the neutrophil respiratory burst also significantly increased. In addition,
acupuncture can stimulate the secretion of certain cytokines that are already overpro-
duced by patients with asthma and are implicated in the pathology of the disease (e.g.,
IL-4 and IL-8). This suggests that acupuncture could have proinflammatory or proaller-
gic effects, and detrimental effects have indeed been described in some studies.

A Cochrane systematic review on the use of acupuncture in chronic asthma identi-
fied 11 RCTs (involving a total of 324 patients) that met the inclusion criteria (/).
There were no statistically significant or clinically relevant differences in lung function
parameters between real and “sham” acupuncture, but subjective symptoms were sig-
nificantly improved in two of the trials. In some of the studies, the control groups
received acupuncture at true acupuncture points believed not to affect asthma. This
may, however, have resulted in therapeutic benefit and may have masked at least some
of the effect of needling at asthma-specific acupuncture points. The conclusion of the
Cochrane review was that the existing data do not allow recommendations for the incor-
poration of acupuncture into the treatment or management of asthma (/). Further
research is needed and should address the problems encountered in previous RCTs and
explore the usefulness of acupuncture in patients with less well-controlled disease than
were included in the existing trials.

With appropriate precautions and in the hands of qualified practitioners, acupunc-
ture is rarely associated with major adverse events, although cases of pneumothorax
causally related to acupuncture have been reported and other serious adverse events
possibly or likely caused by acupuncture have also been described. Nonserious
adverse events after acupuncture include needling pain, hematoma, bleeding, orthostatic
problems, forgotten needles, local skin irritation, and, occasionally, exacerbation of
symptoms.

HOMEOPATHY

Homeopathy is a Western CAM system that was developed approx 200 yr ago by the
German physician Samuel Hahnemann (1755-1843). It is based on two basic concepts:
the “simile principle” and the dilution principle. These principles summarize the theory
that a substance that produces specific symptoms of an illness or disease in a healthy
person can, when given in minute quantities, induce a self-healing response in a patient
suffering from this illness. Remedies containing small quantities of a particular substance
are obtained by repeatedly diluting the original solution, called the mother tincture. The
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extent of dilution varies, but the final extract frequently contains few, if any, of the orig-
inal molecules. According to homeopathic thinking, such highly diluted extracts not
only retain some form of biological activity but also become more potent. In addition to
physical examination and laboratory work, case taking involves an extensive interview
with the purpose of obtaining an account by the patient of the totality of his or her
physical, mental, and emotional symptoms. The choice of the homeopathic remedy is
based on the totality of symptoms and is, by definition, individualized.

In addition to classical homeopathy, three other types of homeopathy, namely clinical
and complex homeopathy and isopathy, have been developed. Clinical homeopathy uses
the same remedy in patients presenting with similar signs and symptoms. In complex
homeopathy, the patient is treated with a fixed combination of several homeopathic
remedies developed for a specific condition. Isopathy or homeopathic immunotherapy
uses dilutions of allergens.

A recently updated Cochrane review of homeopathy for chronic asthma included six
placebo-controlled double-blind clinical trials of varying quality, assessing the effect of
various types of homeopathy in addition to usual care in a total of 556 patients (2). The
results from some of the smaller trials suggest a significant difference in favor of home-
opathy between the active treatment and placebo groups in lung function measurements,
such as peak expiratory flow rate (PEFR) and forced vital capacity (FVC), and also in
medication use. In contrast, more adequately powered and better reported studies did not
find significant differences between the two groups in lung function measurements,
medication use, symptom scores, and quality-of-life scores. In particular, the only trial
using classical individualized homeopathy (provided by three nonmedically trained clas-
sical homeopaths with at least 10 yr of experience) did not find a significant effect of
homeopathy on the quality of life as the primary outcome measure or on lung function
as one of the secondary outcome measures. The quality-of-life scales used in this study
may not have been sensitive enough to detect changes, and the percentage of predicted
PEFR at baseline essentially left no room for improvement. In addition, children from
the active treatment and the placebo groups could attend up to six consultations with a
homeopath, who not only prescribed the homeopathic remedy, but also could provide
other advice, such as dietary recommendations. It may have been attributable to the
effects of these intensive consultations that an improvement of PEFR by 15% or more
and a decrease in inhaler use were seen in similar numbers of children in both groups.

In conclusion, there are as yet not enough data available to reliably assess whether
homeopathy constitutes a valid adjunctive therapy in the management of asthma, and
further rigorously controlled trials are needed (2). Future studies should address the
effect of the “package of care,” i.e., the extensive consultations that form part of classical
homeopathy.

BREATHING EXERCISES AND RELAXATION TECHNIQUES

Emotional stress can precipitate or exacerbate acute and chronic asthma, and several
physical or mental relaxation therapies have been studied in patients with asthma, includ-
ing progressive relaxation, biofeedback training, autogenic training, hypnotherapy,
and transcendental meditation. According to a systematic review, the overall method-
ological quality of the 15 identified RCTs was poor, and only 9 trials appropriately
compared treatment and control groups (3). Only two of five RCTs on progressive
muscle relaxation alone or in conjunction with mental relaxation showed a statistically
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significant effect on lung function. This was, however, considered to be clinically rele-
vant in only one study (an 18% increase in forced expiratory volume in 1 s [FEV,]). A
large (252 children) study comparing hypnosis and relaxation and breathing exercises
found a statistically significant but clinically irrelevant increase of 4.3% in FEV, only
in the hypnosis group. In two trials on biofeedback-induced facial relaxation, no signif-
icant or meaningful effect on lung function was observed, but asthma severity was sig-
nificantly decreased in one of the studies. The conclusion was that evidence for the
effectiveness of relaxation techniques in the management of asthma was still largely
lacking, but muscle relaxation had shown some promise in improving lung function. A
more extensive review of biofeedback techniques in asthma, either directly targeting
respiratory resistance or using the indirect technique of facial muscle relaxation, also
concluded that there was little evidence for the usefulness of biofeedback in the treat-
ment of asthma (4). In a study not yet included in either of the reviews (also suffering
from lack of methodological details), patients with asthma receiving heart rate variability
biofeedback were able to reduce their medication use to a significantly greater extent
than patients in the placebo biofeedback or the waiting-list control groups (5). Airway
resistance also decreased significantly.

A recent double-blind RCT compared Sahaja yoga sessions and a control interven-
tion consisting of relaxation and cognitive behavior therapy-like exercises in 59 patients
with moderate to severe asthma (6). At the end of the treatment period, the yoga groups
had a significantly greater improvement in airway hyperresponsiveness to methacholine
than the control group. Both interventions were associated with considerable improve-
ments in asthma-related quality-of-life scores, and the difference between the groups
was only marginally significant.

Yoga includes breathing exercises as a component of physical, as well as mental,
relaxation techniques, and trials assessing mainly the breathing techniques of yoga are
part of a Cochrane review of breathing exercises or breathing retraining in asthma (7).
The various interventions are based on widely differing concepts regarding the patho-
physiology of asthma and the precise role of breathing retraining in the treatment of
asthma. The Buteyko technique, developed in Russia by Konstantin Buteyko, is based
on the premise that asthma is mainly caused by hypocapnia resulting from hyperventi-
lation and that control of the disease can be improved and medication use reduced by
techniques that decrease minute ventilation and increase carbon dioxide levels. The
deep diaphragmatic breathing technique is similarly aimed at correcting hyperventila-
tion and hypocapnia, thereby providing symptom relief and allowing the reduction of
medication. It has been suggested that this may be particularly beneficial in patients
with asthma with dysfunctional breathing, who may constitute up to one-third of adults
with asthma.

The Cochrane review on breathing exercises in asthma included seven RCTs involv-
ing a total of 292 subjects (7). Aside from a significant improvement in PEFR in one of
the studies using yoga training, breathing retraining was not associated with significant
changes in this or other measures of lung function (FEV, or FVC). Two studies (one
yoga, one Buteyko) reported a significant reduction in bronchodilator use, and there
was a significant decrease in inhaled steroid use in another study of Buteyko. Quality
of life improved in two studies, one assessing an adaptation of Buteyko and the other
using diaphragmatic breathing exercises in patients with dysfunctional breathing as
determined by Nijmegen scores. Another RCT undergoing assessment for inclusion in
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the Cochrane review compared Buteyko breathing, the use of a Pink City Lung exerciser
to mimic yoga breathing exercises (pranayama), and a placebo device of this exerciser
in a total of 90 patients with asthma. Lung function measures and bronchial reactivity
were not significantly affected by any of the treatments. Symptom scores and bron-
chodilator use were reduced only in the Buteyko group.

The authors of the Cochrane review concluded that the evidence was as yet insuffi-
cient to make recommendations concerning the use of breathing exercises for asthma
(7). Because of the decreases in medication use and the improvements observed in
symptom scores and quality-of-life measures, further studies seem warranted, particularly
because up to one-third of patients with asthma report the use of breathing exercises.
The safety of these techniques remains to be evaluated.

CHIROPRACTIC SPINAL MANIPULATION/MANUAL THERAPY

Chiropractics is based on the theory that spinal joint dysfunction, or vertebral sub-
luxation, directly or indirectly affects the nervous system, thereby possibly disturbing
the function of organs and tissues and compromising overall health. An important ther-
apeutic procedure is therefore the manipulation of this vertebral subluxation.

The only three RCTs of manual therapy in asthma that are at least of moderate
methodological quality compared chiropractic spinal manipulation with simulated treat-
ment in a total of 158 patients (127 children) (8). None of the studies demonstrated an
effect on objective measures of lung function. Substantial improvements in quality-of-
life and symptom scores, as well as reduction in the use of B-agonists, were reported
after both active and simulated treatment without significant differences between the
two groups. Thus, there is insufficient evidence to support the use of manual therapies
in the treatment or management of asthma.

DIETARY SUPPLEMENTS

Vitamins and Minerals Involved in Antioxidant Defense
OBSERVATIONAL STUDIES

There have been considerable changes in dietary patterns in recent decades, and the
incidence of asthma has markedly increased during the same period. This has led to
speculations that alterations in the intake of certain dietary constituents may contribute
to the growing incidence of asthma.

In particular, the intake of fresh fruits and vegetables has decreased, and the results
of a majority of epidemiological studies suggest that low intake of these foods is asso-
ciated with wheezing and decreased lung function (9,/0). Numerous observational
studies have focused on the contribution of antioxidants to this protective effect of fruit
and vegetable consumption, including vitamin C, vitamin E, carotenoids, and also sele-
nium (Se) as an essential cofactor of the antioxidant enzyme glutathione peroxidase
(GSH-Px).

In most cross-sectional studies of the general population, greater vitamin C intake
has been associated with improved lung function (measured as FEV ) and decreased
risk of bronchial hyperreactivity and wheezing (/0-12). Results concerning the associ-
ation of vitamin E intake and lung function are inconsistent, with some studies showing
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a protective effect and others detecting no association (/7). In 2566 Californian chil-
dren, low dietary vitamin E intake was associated with decreased lung function (FEV,
between 25 and 75% or FVC) (9).

The relationship between asthma and the intake of vitamins C and E, carotenoids,
and Se is even less clear (/1,12). Several recent analyses of National Health and
Nutrition Examination Survey (NHANES) III data for children and adults found little
evidence for an association between low vitamin C intake and self-reported asthma.
Data from the Nutrition and Health Survey in Taiwan (NAHSIT) indicated a marginally
significant association between the lowest quartile of vitamin C intake and the risk of
physician-diagnosed asthma in 1166 Taiwanese adolescents.

The only prospective study using diagnosed asthma as an endpoint is the Nurses’
Health Study, with data on almost 78,000 women (/3). Asthma incidence over a 10-yr
period was not significantly affected by dietary vitamin C and was positively associated
with the use of vitamin C supplements. Dietary vitamin E was inversely associated
with 6-yr, but not 10-yr, risk of asthma, with recent consumption having greater impor-
tance than vitamin E intake at baseline. Vitamin E intake from supplements alone was
associated with increased asthma risk. A possible explanation for the positive association
between supplemental vitamin C and vitamin E is that nurses who are at high risk of
developing asthma started taking these supplements because of publications indicating
benefits from increased antioxidant consumption.

Lower plasma/serum levels of antioxidant vitamins and Se have been reported in
patients with asthma compared with healthy controls, although the overall results are
conflicting (/2). NHANES III data for more than 16,500 adults did not reveal signifi-
cant differences in serum ascorbate, ¢-tocopherol, carotenoids, or Se concentrations
between patients with current asthma compared with those who had never been diag-
nosed with asthma. Only when subjects with current and former asthma were com-
bined did a decrease in their serum vitamin C concentrations become statistically
significant. In contrast, two recent analyses of data from NHANES III for children
found serum levels of ascorbate, carotenoids, and Se, but not vitamin E, to be signifi-
cantly associated with self-reported diagnosis of asthma. Importantly, a standard devia-
tion decrease in serum ascorbate, 3-carotene, or Se was associated with a decrease in
prevalent asthma by 20, 10, and 10%, respectively. Only serum Se showed a strong
positive association with FEV,.

Compared with healthy controls, the bronchoalveolar lavage (BAL) and bronchial
wash of adult patients with mild asthma contain significantly reduced concentrations of
vitamins C and E. Together with increased levels of oxidized glutathione, this indicates
that asthmatic airways are exposed to increased oxidative stress and increased con-
sumption of antioxidants, which is consistent with the pro-oxidative effects of inflam-
mation. In addition to low antioxidant vitamin concentrations, patients with asthma are
frequently characterized by decreased activities of the antioxidant enzymes platelet
GSH-Px and superoxide dismutase, driving the balance even further toward a prooxida-
tive state.

INTERVENTION STUDIES

These observations provide an important rationale for assessing the effect of antiox-
idant supplementation in patients with asthma. Additional reasons for supplementation
with vitamin C are afforded by its direct effects on smooth muscle and its ability to
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accelerate histamine metabolism and modulate prostaglandin production. However, the
results obtained with ascorbic acid supplementation in patients with asthma are con-
flicting and largely disappointing. Only 8 of 16 identified studies met the inclusion cri-
teria for a recently updated Cochrane review on vitamin C supplementation in asthma
(14). Four of the included trials investigated the acute effects of a one-time dose of
ascorbic acid, and two of these studies involved patients with exercise-induced asthma.
Because of the diversity in the design of these studies and the outcomes they measured,
no overall conclusions could be reached and the evidence was deemed insufficient to
recommend vitamin C supplementation for patients with asthma. The results from the
largest of the trials (201 patients of whom 95 were supplemented with vitamin C) indi-
cated that supplementation with 1 g/d of vitamin C for 16 wk did not have a clinically
meaningful effect on various lung function parameters, symptom scores, or bron-
chodilator use (15).

These findings contradict those of epidemiological studies suggesting an inverse
correlation between vitamin C intake and lung function or asthma prevalence. This
could indicate that vitamin C intake is a marker of a healthier diet or even a healthier
lifestyle overall. Such a healthier diet could be characterized by a higher intake of
flavonoids, which are found in many of the same foods as ascorbic acid. Flavonoids are
a class of polyphenolic compounds, many of which exhibit not only strong antioxidant
but also immunomodulatory activities. Intake of certain flavonoids was inversely asso-
ciated with asthma incidence in a cross-sectional study of more than 10,000 Finnish
subjects (16). It is also possible that supplementation with a single antioxidant is insuf-
ficient to provide significant benefit in patients with asthma.

The antioxidant function of tocopherol in the lung is likely to be of lesser signifi-
cance than that of ascorbate, but vitamin E may affect asthma symptoms via its inter-
actions with vitamin C or by several other mechanisms, including suppression of
eicosanoid production and neutrophil migration and inhibition of immunoglobulin
E synthesis.

In a recent double-blind, placebo-controlled RCT, however, supplementation with
500 mg/d of natural vitamin E for 6 wk did not provide any benefit to patient with mild
to moderate asthma in terms of lung function, symptom scores, or bronchodilator use (/7).

The Se content of plant-derived foods depends on the Se concentration in the soil,
which varies among different geographical regions. This results in large regional varia-
tion in Se intake, with adequate amounts provided by the typical diet in the United
States, but low dietary intake in areas with low soil content, such as Scandinavia and
certain regions of China.

Because Se is an essential cofactor of GSH-Px, Se intake and status influence the
activity of this enzyme, which plays a vital role in the defense against oxidative stress.
Another as yet poorly characterized Se-containing protein inhibits lipid peroxidation.
Lipid hydroperoxides are initial metabolites of lipoxygenases and can enhance their
own formation by stimulating lipoxygenase activity. Increased defense against oxida-
tive stress, reduced lipoxygenase activity, and, possibly, alterations in the profile of
inflammatory mediators produced via the cyclooxygenase pathway are all mechanisms
by which Se may influence inflammatory processes in asthma.

To date, there has been only one small RCT (N = 20) investigating the effects of
Se supplementation in patients with asthma (/8). It reported significant improve-
ment in a composite score in patients receiving 100 pg of sodium selenite for 14 wk,
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compared with the placebo group. However, the objective individual components of
this score (changes in vital capacity, FEV |, histamine challenge, and PEFR) did not
change significantly from the preintervention to the postintervention period. This
study was conducted in Sweden, where soil Se content and Se intake are subopti-
mal. It remains unclear, therefore, whether Se supplementation results in some
improvement only in patients with low Se status or could provide some benefit even
in Se-replete patients.

Most of the antioxidant supplementation studies enrolled small numbers of patients,
and these patients generally had mild or moderate asthma and had been on a stable
medication regimen without experiencing exacerbations for several months. It may
have been impossible to see significant effects on lung function in patients whose
asthma is so well controlled. Because some of the vitamins are believed to act not only
as antioxidants but also as anti-inflammatory agents, assessment of markers of inflam-
mation and of anti-inflammatory medication use may have revealed significant differ-
ences. Instead, some of the studies specifically excluded patients who were able to
decrease, or had to increase, their medication. Furthermore, the intervention period was
short in a majority of these trials. In addition, the published results of most of the cross-
over studies—at least on vitamin C—do not contain any mention of a washout period.
All of these factors represent potential reasons for the ineffectiveness of antioxidant
supplementation.

It is also possible that supplementation with a single antioxidant is insufficient for
patients with asthma to obtain a significant benefit. To date, the effect of supplementa-
tion with a combination of antioxidants on lung function has only rarely been assessed
in patients with asthma and only in conjunction with exposure to either experimentally
or naturally high levels of ozone and other environmental pollutants.

Supplementation with a combination of vitamins C and E provided some protection
from decreases in lung function and from increases in inflammatory mediators during
periods of exposure to high levels of ozone (/9,20), but this may have been simply
attributable to the correction of an underlying vitamin E deficiency in one investigation
(19). The other study was small and neglected to provide data on serum vitamin levels
according to the severity of asthma, although supplementation was protective mainly in
the subgroup with severe asthma. The effectiveness of supplementation is likely to
depend greatly on the overall antioxidant status of serum and BAL, because other com-
ponents of the antioxidant defense, e.g., urate and antioxidant enzymes, may compen-
sate for the lack of antioxidant vitamins in patients with asthma. In patients with asthma
with high levels of exposure to environmental pro-oxidants in addition to those arising
from the inflammatory processes of asthma itself, these other defense systems and
mechanisms may also be overwhelmed. It is in this group of patients with asthma that
increased intake of antioxidants is likely to be of particular importance. This is further
supported by the finding of a much stronger inverse association between serum antioxidant
levels and asthma prevalence in children exposed to second-hand smoke compared
with those who lived in nonsmoking households (27).

In view of the rather conflicting data from supplementation trials, the recommendation
should probably be to consume a healthy and well-balanced diet of foods rich in vari-
ous vitamins and flavonoids rather than to use supplements. This may, however, not
always be possible if a food or food group (e.g., nuts, many of which are one of the best
sources of vitamin E) is associated with asthma exacerbations in atopic subjects.
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Magnesium

An association between higher magnesium (Mg) intake and improved lung function
and decreased risk of airway hyperreactivity has been reported in several observational
and case—control studies in adults and children (/2). Lower Mg status was found in
patients with asthma compared with healthy controls and was associated with a signif-
icantly higher number of hospitalizations for acute asthma exacerbations. Furthermore,
a marked decrease in intracellular Mg concentrations has been observed during acute
asthma exacerbations. That none of these findings are entirely consistent among studies
may be explained by the observation that only a subset of patients with asthma
(30—40%) exhibits Mg deficiency. Another explanation is provided by the use of differ-
ent indicators of Mg status. It has been suggested that plasma or serum Mg does not
accurately reflect Mg status and that intracellular (erythrocyte or leukocyte) free or ionized
Mg constitute better indices. The intravenous Mg load is time-consuming but appears
to represent an accurate method.

Low Mg status may contribute to the inflammation of asthma by increasing the
release of proinflammatory mediators, such as leukotriene B, IL-1, IL-6, and tumor
necrosis factor and/or by increasing the production and cytotoxicity of reactive oxygen
species. Mg supplementation of 17 patients with asthma resulted in significantly
decreased symptom scores, but lung function was not significantly improved (22). In a
recent study involving a total of 201 (99 in the Mg arm) patients with asthma who took
at least one dose of inhaled corticosteroids daily, supplementation with 450 mg/d of
Mg amino chelate for 16 wk did not significantly affect lung function, responsiveness
to methacholine, or symptom scores (15).

Nonetheless, supplementation is indicated in those patients with low intracellular
Mg concentrations. There is no evidence that large oral intake of Mg is harmful, except
in people with impaired renal function; however, high Mg intake can cause osmotic
diarrhea. This does not seem to occur at levels of supplementation of 400 mg/d or less.

Essential Fatty Acids

OBSERVATIONAL STUDIES

Among the dietary changes that have occurred during the same period as the dra-
matic rise in the incidence of atopy and asthma is an increased intake of linoleic acid
and other n-6 polyunsaturated fatty acids (PUFAs) and a corresponding alteration in the
ratio of n-6:n-3 fatty acids. Because of their respective effects on cell membrane fluidity
and the production of eicosanoids, n-6 PUFAs are considered to be detrimental in
asthma, whereas n-3 PUFAs are believed to have beneficial effects.

An important source of n-3 PUFAs is fish, particularly fatty fish, and high dietary
fish intake was associated with improved lung function in several studies in the general
population (/17,23). The evidence regarding fish consumption and respiratory disease is
less consistent, with some studies showing that it provided protection from airway
hyperresponsiveness, wheeze, and asthma in children and adults, whereas others were
unable to detect a significant association. Most notably, in the large prospective Nurses’
Health Study, intake of n-3 fatty acids was not significantly associated with the 10-yr
incidence of asthma, and intake of linoleic acid did not confer increased risk (13). A
case—control study of dietary fatty acid intake of adults in the United Kingdom
found the odds ratio for asthma to be increased with higher intake of the n-3 PUFAs,
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eicosapentaenoic acid (EPA), and docosahexaenoic acid, adjusted for body mass index
and energy intake (24). This might be explained by reverse causation, i.e., subjects
increasing their intake of fish after becoming aware of its potential protective effects.

A recent analysis of dietary intake data for Australian adolescents did not find a con-
sistent association between n-3 PUFA intake or the n-6:n-3 ratio and asthma (25).
Certain n-6 fatty acids were associated with one or more definitions of asthma, the
most consistent association being observed with dihomo y-linolenic (GLA) acid. When
erythrocyte membrane fatty acid composition was analyzed, the proportion of docosa-
hexaenoic acid was not significantly different between cases and controls and EPA was
undetectable in most participants. Of note, the membrane levels of n-6 linoleic acid
were significantly higher in asthma cases compared with controls, and adjustment for
potential confounders did not greatly alter the strength of the association. In a case—control
study of 335 Australian children, no significant association was detected between higher
ratios of n-6:n-3 fatty acid intake and risk of current asthma in univariate analysis (26).
The association became significant, however, after adjusting for energy and antioxidant
intake, BMI, and several demographic, environmental, and other factors potentially
influencing the incidence of asthma.

INTERVENTION STUDIES

Dietary essential long-chain PUFAs are incorporated into cell membranes as phos-
pholipids, which can become substrates for the synthesis of eicosanoids via the cyclo-
oxygenase and lipoxygenase enzymatic pathways. Eicosanoids, i.e., prostaglandins and
leukotrienes, can be proinflammatory or anti-inflammatory depending on the fatty acid
precursor. n-3 Fatty acids, but also GLA (an n-6 fatty acid), competitively inhibit the
conversion of arachidonic acid into proinflammatory mediators and themselves yield
products that exhibit anti-inflammatory activities in several experimental systems. Note
that leukotriene antagonists, such as zileuton, are effective in the treatment of some
patients with asthma but can be associated with substantial toxicity. Therefore, less
toxic alternatives would be highly desirable.

A Cochrane review on supplementing patients with asthma with marine n-3 fatty
acids concluded that the results of the nine RCTs that satisfied the inclusion criteria
provided little evidence for a beneficial effect on lung function and asthma control but
also no evidence for any risk associated with such supplements (27). In an RCT not yet
included in that review, supplementation with 100 mg/d of n-3 PUFA in the form of a
lipid extract of New Zealand green-lipped mussel, Perna canaliculus, was associated
with a significantly greater decrease in daytime wheeze and increase in morning PEFR
compared with the placebo group (28). Evening PEFR, FEV,, B,-agonist use, and night
awakenings were not significantly affected.

GLA supplementation can produce significant improvements in patients with rheuma-
toid arthritis (29), but the few randomized, controlled intervention trials conducted in
patients with asthma have yielded disappointing results, with no improvement in lung
function or asthma symptom scores. In theumatoid arthritis, clinically relevant improve-
ments were generally only seen in those studies using a dose of at least 1.4 g/d of GLA
supplemented for a period of 6—12 mo. In most RCTs with patients with asthma, consid-
erably lower doses were administered for shorter periods. In a recent double-blind,
placebo-controlled RCT, however, supplementation with 2.0 g of GLA/d for 12 mo also
did not significantly affect asthma scores, although it was associated with a significant
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reduction in leukotriene B, synthesis by polymorphonuclear leukocytes (30).
Supplementation with a combination of GLA and the n-3 PUFA EPA for 4 wk also sig-
nificantly decreased stimulated whole blood leukotriene biosynthesis in another RCT
involving 43 patients with asthma (3/). No effects on asthma control were reported.

A primary prevention study tested the efficacy of a high dietary and supplemental
intake of n-3 fatty acids in children at high risk of developing asthma and allergy (32).
Interim data for the first 18 mo of life indicated that the diet intervention reduced the
prevalence of wheeze ever and wheeze lasting for more than 1 wk but did not signifi-
cantly affect atopy and doctor’s diagnosis of asthma. At the age of 3 yr, n-3 fatty acid
supplementation was associated with a significant reduction in the prevalence of cough
in atopic, but not among nonatopic, children (33). The prevalence of wheeze itself or
asthma as defined by patterns of wheeze was not significantly different between the
active diet and control groups.

Botanicals

Web sites and popular books on herbal remedies recommend numerous botanicals or
individual plant constituents for the relief of asthma symptoms, including thyme, fennel,
cayenne (Capsicum frutescens), Ginkgo biloba, Lobelia inflata, licorice (Glycyrrhiza
glabra or Glycyrrhiza uralensis), stinging nettle (Urtica dioica), Tylophora indica,
Boswellia serrata, butterbur (Petasites hybrides), and flavonoids, such as quercetin and
genistein. In addition, one finds recommendations of various TCM formulas and their
Japanese (Kampo) counterparts, which contain combinations of up to 12 botanicals.
Ephedra is a constituent of many of these formulas, and there are still numerous
Web sites that recommend ephedra extract (Ephedra sinica or ma huang) for the
treatment of asthma. Importantly, the Food and Drug Administration prohibited the
sale of dietary supplements containing ephedrine alkaloids and advised consumers
to stop taking ephedra products because of the severe toxicities caused by them
(http://vm.cfsan.fda.gov/~dms/ds-ephed.html).

Many of the recommended botanicals have not been examined in any clinical trials,
some only as part of TCM or Kampo formulae. A systematic review of botanical treat-
ments for asthma indicated that most of the 17 RCTs it identified were of moderate to
poor methodological quality (34). This renders their results difficult to interpret and
makes it difficult to arrive at firm conclusions concerning the usefulness of the studied
botanicals in the treatment of asthma. Table 2 summarizes the results of double-blind,
placebo-controlled trials contained in that review and several others that have been
published since then.

It is encouraging that the methodological quality and the reporting of the methods
and results of such trials are improving. This is particularly obvious in a recent study
from Japan that evaluated treatment of 100 children with mild to moderate asthma with
encapsulated dried powder of Mai-Men-Dong-Tang, a TCM formula consisting of
Ophiopogon japonicus, American Ginseng (Panax quinquefolium L.), Pinellia ternata,
licorice (G. uralensis), and Tridax procumbens Linn (35). Treatment with either 40 or
80 mg/kg/d of this formula was not associated with major adverse events or toxicities
and resulted in significantly greater increases in FEV | and decreases of symptom scores
compared with placebo. Although these results await independent confirmation, partic-
ularly in adults, they suggest that Mai-Men-Dong-Tang could be a valid adjunctive
treatment for patients with mild to moderate asthma.
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Table 3
Reasons for Adverse Events Caused by Botanical Supplements

1. Ingestion of higher than recommended doses either intentionally or inadvertently because
of greater potency than indicated on the product label

2. Deliberate or accidental substitution of botanicals, with the substitutes being toxic

3. Contamination with heavy metals (reported particularly in Ayurvedic and Traditional

Chinese medicine [TCM] remedies) or pesticide residues

Admixture of pharmaceuticals (detected in a variety of TCM remedies)

. Toxic substances produced by molds and fungi on improperly stored or processed raw plant
material

6. Herb—drug and herb—herb interactions

v

SAFETY OF BOTANICALS

Many consumers consider botanical remedies to be safe simply because they are
“natural.” Yet, numerous herbal preparations can cause allergies and serious toxicities,
including hepatotoxicity, nephrotoxicity, and death (36). Table 3 lists reasons for
adverse reactions other than outright toxicities of the botanical itself.

Some major adverse events are attributable to herb—drug interaction, in which numer-
ous botanicals have been implicated (37). These include several that are recommended
by CAM practitioners for use in asthma or are constituents of TCM asthma remedies,
such as G. biloba, licorice (G. glabra or G. uralensis), Panax ginseng, and chili pepper
(source of capsaicin). Some constituents of these plants can alter the pharmacokinetics
or pharmacodynamics of pharmaceuticals by either enhancing or inhibiting their
absorption and/or metabolism or by exerting similar or additive effects.

It is difficult to determine the actual incidence of adverse events resulting from
herb—drug interactions because existing case reports often lack sufficient information
to establish causality, but considerable underreporting of such events is highly likely. In
a US survey, almost 20% of individuals taking prescription medication reported the
concurrent use of at least one botanical product and/or a high-dose vitamin supplement.
This suggests that as many as 15 million adults in the United States could be at risk of
adverse interactions between such compounds.

Information on herb—herb interactions is almost completely lacking. This is particu-
larly worrisome because increasing numbers of commercially available dietary supple-
ments, including many multivitamin/mineral supplements, contain various combinations
of botanicals.

Patients frequently do not inform their physician of their usage of botanical or other
supplements but will generally do so if asked specifically. In view of the allergic reac-
tions, toxicities, and drug interactions associated with many botanicals, physicians
should inquire about the intake of botanical supplements and be able to inform their
patients of potential risks associated with them. Table 4 lists Web sites that provide
information on many aspects of dietary supplements, particularly safety issues.

SUMMARY AND CONCLUSION

Interpretation of the existing evidence for all forms of CAM therapy discussed here
is hampered by the methodological flaws and small sample sizes of many of the RCTs
assessing them, the short intervention and observation periods, and the numerous
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outcome measures used, which precludes the combination of results in meta-analyses.
The available data suggest that several types of CAM therapy provided subjective ben-
efit to the patients. There is, however, insufficient evidence of effectiveness in improv-
ing objective measures of lung function for recommending any of them for the
treatment of asthma. The relationship between objective physiological measures of
asthma and patients’ perception of their symptoms and asthma-related health status is
complex, this perception being influenced by psychosocial and emotional factors that
are independent of the severity of their disease. Therefore, the significant improve-
ments in symptom and quality-of-life scores associated with several of the CAM treat-
ments (and some of the control strategies involving extensive simulated therapies)
should not be neglected. They may reflect an improved sense of control and enhanced
coping ability in these patients.
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KEY POINTS

* The course of asthma during pregnancy is variable; it may improve, worsen, or remain
unchanged.

* In general, women with severe asthma before pregnancy are more likely to experience
worsening of their symptoms during pregnancy.

* Diagnosis of asthma can be confirmed by the demonstration of reversible airway
obstruction by pulmonary function test.

* Methacholine challenge test and skin testing should be deferred until after childbirth.

» Avoidance of trigger factors and discontinuation of smoking are particularly beneficial
during pregnancy because better control of asthma symptoms can be achieved while
reducing the reliance on pharmacotherapy.

* Pharmacological management of bronchial asthma during pregnancy is not substan-
tially different from the asthma management in patients who are not pregnant.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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* When indicated, systemic corticosteroids should be used for the treatment of acute
asthma exacerbation during pregnancy.

* Although ongoing immunotherapy can be continued at a reduced dosage schedule, it
should not be initiated during pregnancy.

* Open communication between the patient and her physician will improve the patient’s
understanding of her asthma care plan and overall outcome.

INTRODUCTION

Bronchial asthma is among the most common chronic respiratory problems to compli-
cate pregnancy. It is estimated that approx 4% of pregnancies may be affected by asthma
(1). Clinically, asthma may manifest itself as a spectrum of disorders, ranging from infre-
quent intermittent wheezing to chronic severe asthma causing substantial disability.
Uncontrolled asthma during pregnancy is associated with various maternal and fetal com-
plications. A pregnant mother with asthma presents a unique challenge for the medical
consultant because at any given time both mother and fetus are involved. Status of asthma
symptoms control, maternal oxygenation, and asthma therapy affects both parties. When
asthma is treated in the mother, there is a salutary effect on the fetal environment as well.
Undertreatment of asthma during pregnancy is a major problem because of an unsubstan-
tiated fear of fetal effects from maternal pharmacological therapy of asthma. The report
of the National Asthma Education Program Working Group on Asthma and Pregnancy
(1) emphasizes that proper control of asthma during pregnancy will improve maternal
health and fetal well-being and significantly diminish perinatal morbidity and mortality.

CHANGES IN THE MATERNAL RESPIRATORY SYSTEM
PHYSIOLOGY IN PREGNANCY

Physiological changes in the maternal respiratory and cardiovascular systems dur-
ing pregnancy influence fetal oxygenation and acid—base status (see Table 1). There is
an increase in minute ventilation up to approx 50% in late pregnancy, compared with
a nonpregnant state (2). This is the result of progesterone-induced stimulation of res-
piratory drive and an increase in the tidal volume (3,4). These changes are responsible
for alveolar hyperventilation and hypocapnia, with an arterial carbon dioxide pressure
to lower than 35 mmHg. This relative hypocarbia (serum bicarbonate 18—22 mmol/L)
leads to a rise in maternal arterial pH, thus causing mild respiratory alkalosis. The rise
in pH because of respiratory alkalosis is blunted by increased renal excretion of bicar-
bonate. Baseline arterial blood gas values during pregnancy are presented in Table 2.
Respiratory rate is relatively unchanged during pregnancy. Therefore, tachypnea during
pregnancy (respiratory rate >20 bpm) is an abnormal finding and should be further
investigated. Normal partial pressure of oxygen (PO,) ranges from 106 to 108 mmHg
during the first and second trimesters but decreases to 95-100 mmHg in the third
trimester of pregnancy (5). A late pregnancy drop in the maternal arterial oxygen pres-
sure to less than 90 mmHg may be noted in the supine position, presumably resulting
from compression of inferior vena cava and subsequent decrease in cardiac output (6).

The airway mechanics during pregnancy generally remain unchanged. The forced
vital capacity, forced expiratory volume in 1 s (FEV)), peak expiratory flow rate
(PEFR), and mean forced expiratory flow during the middle half of forced vital capacity
(forced expiratory flow 25-75) remains unchanged (7). In general, all the measurements of
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Table 1
Changes in Pulmonary Function Values During Pregnancy
Respiratory rate Unchanged to slightly increased, but always less
than 20
Total lung capacity Unchanged to slightly low
Residual volume Decreased by 15-20%
Tidal volume Increased
Minute ventilation Increased by 48%
Forced vital capacity (FVC) Unchanged
Forced expiratory volume in 1s (FEV ) Unchanged
Peak expiratory flow rate Unchanged
FEV,/FVC Unchanged
Maximum midexpiratory flow rate Unchanged

(forced expiratory flow 25-75)

Table 2
Arterial Blood Gas Values in Pregnant and Nonpregnant Women
pH PaO, mmHg pCO, mmHg
Nonpregnant 7.4 91-95 36-39.4
Pregnant 7.43-7.46 102-106 29-30

pulmonary functions commonly used to make the diagnosis of airway obstruction do
not change with pregnancy. In late pregnancy, diaphragmatic elevation caused by the
enlarged uterus leads to the reduction in functional residual capacity and residual vol-
ume (Table 2).

CHANGES IN MATERNAL CARDIOVASCULAR PHYSIOLOGY
AND FETAL OXYGENATION

Normal pregnancy is associated with a 20% increase in oxygen consumption and a
15% increase in the maternal metabolic rate. This extra demand is met by several com-
pensatory mechanisms, such as increase in the minute ventilation and resting cardiac
output by about 30% during early pregnancy (6). The arterial PO, of the fetus is only
approx one-third to one-quarter of that of the maternal PO,.

This probably results from the inefficient concurrent exchange system between the
maternal and fetal circulation in the placenta. However, the fetus is capable of coping
with this low-oxygen environment because of compensatory mechanisms involving
high fetal cardiac output, high fetal hemoglobin concentration, and higher affinity of
the fetal hemoglobin for the oxygen. This results in the leftward shift of oxygen disso-
ciation curve. During maternal hypoxemia, the fetus has the ability to autoregulate the
distribution of oxygenated blood to the heart, brain, and other vital organs (§,9).
Prolonged maternal hypoxemia can, however, overwhelm the compensatory mechanisms
and contribute to fetal complications, such as prematurity, low birth-weight, intrauterine
growth retardation, and increased perinatal mortality. This is why aggressive control of
asthma is so important during pregnancy.
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INTERRELATIONSHIP BETWEEN ASTHMA AND PREGNANCY
Effect of Pregnancy on Asthma

The effect of pregnancy on asthma can best be described as variable. A review of
more than 1000 pregnant patients with asthma in a combined series of studies by
Gluck and Gluck (10) reported that asthma worsened in 23%, improved in 36%, and
remained unchanged in 41% of the patients. Therefore, it is presumed to be a good
generalization that during pregnancy, approximately one-third experience improve-
ment in their asthma symptoms, one-third remain the same, and one-third get worse.
Review of the data in this and other studies also suggests that women suffering from
severe asthma are more prone to experience deterioration of their asthma during
pregnancy. Worsening of asthma symptoms tends to occur more between 24 and 36 wk
of gestation. In a study by Schatz et al. (//), of 366 pregnant patients with asthma who
were followed prospectively, 90% had no asthma symptoms during labor and delivery.
Of those who experienced asthma symptoms half required no immediate treatment
and only two patients required anything more than bronchodilator. Successive preg-
nancies tend to effect asthma severity similarly in an individual patient. Whatever the
course of asthma during pregnancy, a majority of the patients tend to return to their
prepregnancy status 3 mo after the delivery.

Potential mechanisms relating to the effects of pregnancy on asthma may include
mechanical and hormonal factors, especially the bronchodilating effects of proges-
terone (12).

Many women with asthma experience worsening of their symptoms because they
stop their medications (especially inhaled corticosteroids [CSs]) because of their fear
about the safety of medications during pregnancy.

The Effects of Asthma on the Mother and Fetus

A summary of the literature on the effects of asthma on pregnancy is presented in
Table 3. Bronchial asthma during pregnancy can affect both the mother and the fetus.
Several epidemiological studies have tried to determine the potential adverse effects
of maternal asthma on pregnancy and the infant. One large study (/3) showed a
statistically significant increase in preterm birth and low birth-weight infants, decreased
mean birth-weight, increased mortality, and increased neonatal hypoxia in the preg-
nancies of the women with asthma, compared with the control pregnancies. There
was also an increased incidence of hyperemesis gravidarum, vaginal hemorrhage,
and toxemia in the pregnant women with asthma as compared with the control preg-
nant women group. The other study (/4) found a statistically significant increase in
perinatal mortality in pregnant women with asthma vs pregnant women without
asthma. Maternal chronic hypertensive disease was present in three out of eight of
the fetal death cases. Subsequent control studies have reported an increase in low
birth-weight, chronic hypertension, and preeclampsia in pregnant women with
asthma, compared to pregnant women without asthma (/8,79,27,22). In a study by
Schatz et al. (16), lower maternal gestational FEV | during pregnancy was associated
with intrauterine growth retardation. In another study by the same group (20), patients
treated by the asthma care specialist manifested a lower likelihood of the complications
associated with asthma during the pregnancy. Therefore, it can be concluded indirectly
that a better control of asthma during pregnancy would mean better perinatal outcomes.
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Table 3
Effect of Asthma on Pregnancy: Summary of the Literature
Year of

Reference publication Effects on pregnancy

14 1970 Increase in the perinatal mortality in pregnant women with
asthma vs pregnant women without asthma. Neonatal
mortality not reported.

13 1972 Increase in the preterm births, decreased mean
birth-weight, increase in neonatal hypoxia, and neonatal
mortality.

15 1986 Low-birth-weight infants in mothers admitted to hospital

for the treatment asthma. Better outcome depended on
good asthma control.

16 1990 Lower maternal mean FEV | during pregnancy was
associated with lower birth-weight and asymmetric
intrauterine growth retardation in infants of asthmatic

women.

17 1991 Increased risk of transient tachypnea of the newborn in
infants of mothers with asthma.

18 1992 Increased risk of preterm labor premature rupture of the

membranes, preterm delivery, and increase in delivery by
cesarean section in pregnant women with steroid and
nonsteroid-dependent asthma. Increased frequency of both
insulin-dependent and gestational diabetes mellitus in
steroid-dependent pregnant asthmatics, compared to the
control group.

19 1995 Increased risk of idiopathic preterm labor in pregnant
women with asthma.
20 1995 Prospective, controlled, inception cohort study included

486 actively managed pregnant women with asthma. Not
associated with increased incidence of preterm labor,
preeclempsia, perinatal mortality, preterm or low-birth-
weight infants, intrauterine growth retardation, or
congenital malformations, compared with women without
asthma with normal pulmonary function test results.

21 1998 Increased risk of preterm birth, low birth-weight, small for
gestational age, and congenital anomalies. Increase in
placenta previa, maternal hypertensive disorder, and
cesarean delivery.

22 2000 Increased risk of preeclampsia, preterm birth, and low
birth-weight. No evidence of increase in congenital
malformation.

DIAGNOSIS OF ASTHMA IN PREGNANCY

Diagnosis of asthma in pregnant, as well as nonpregnant, women is based on his-
tory, physical examination, and spirometry. Clinical features may vary according to
the severity of illness and underlying aggravating factors. Special consideration
should be given to factors, such as emotional stress, gastroesophageal reflux, and an
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increase in viral and bacterial upper respiratory tract infections during pregnancy.
Clinical impression should be confirmed by objective demonstration of reversible
airway obstruction by spirometry (23). If a methacholine or histamine challenge test
is required to confirm the diagnosis of asthma, it should be deferred until after the
childbirth. Demonstration of a specific immunoglobulin E sensitization by skin testing
carries a small risk of anaphylaxis; therefore, it should also be deferred until after the
childbirth. During pregnancy, a radioallergosorbent (RAST) test is preferred instead
of skin testing when specific allergen sensitization cannot be determined by careful
history. RAST testing can provide adequate information while circumventing the
possible risk of anaphylaxis.
Differential diagnosis of asthma should include the following (7,24,25):

1. Hyperventilation during early or late pregnancy, which may be associated with dyspnea,
but no cough, wheezing, and chest tightness.

Peripartum cardiomyopathy.

Tocolytic therapy associated with pulmonary edema.

Amniotic fluid embolism.

Pulmonary embolism.

AR

These may all be associated with acute dyspnea and occasional wheezing. Asthma
can be ruled out by spirometry, which is normal in these patients.

MANAGEMENT OF ASTHMA IN PREGNANCY

For effective management of asthma during pregnancy, the National Asthma
Education Program Working Group on Asthma and Pregnancy (/) recommends the
following four integral components of an asthma management program:

1. Objective measures for accessing and monitoring of maternal lung functions and fetal
well-being.

2. Environmental control.

3. Pharmacological treatment.

4. Patient education.

Goals of therapy for pregnant women should include the following:

Optimal therapy to maintain good control of asthma symptoms.
Maintaining normal or near-normal pulmonary function.
Maintaining normal activity level, including appropriate exercise.
Preventing acute exacerbation.

Avoiding adverse effects of asthma medication.

Delivering a healthy infant.

A e

OBJECTIVE MEASURES FOR ASSESSMENT AND MONITORING

Maternal Monitoring

Pulmonary function tests are essential for estimating the severity of airway obstruc-
tion and can be achieved by simple spirometry in the physician’s office. FEV, is consid-
ered the single best measure of pulmonary function for assessing the severity of airway
obstruction. Therefore, it is recommended that office spirometry be conducted in the ini-
tial assessment of all pregnant patients being evaluated for asthma. Office spirometry
should be repeated periodically during follow-up visits in the physician’s office. Peak
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expiratory flow rate (PEFR), which can be measured by a simple, inexpensive, portable
peak flow meter, correlates well with FEV . The patient can use this device at home to
objectively assess the severity of airflow obstruction and follow the recommended treat-
ment plan by her physician. Use of peak flow meter can further help in the maintenance
of normal or near-normal pulmonary function (FEV, and PEFR) and provide an indirect
measure of normal fetal oxygenation.

Fetal Monitoring

Early sonography, between weeks 12 and 20 of gestation, is recommended to determine
the gestational age of the fetus as accurately as possible and to provide a benchmark against
which future fetal growth can be measured. In addition, fetal growth during the second and
third trimesters can also be determined by careful and serial measurements of fundal heights.
Daily maternal recording of fetal activity, or kick counts, should also be encouraged. If the
patient is admitted with acute asthma exacerbation or with hypoxemia, continuous elec-
tronic fetal monitoring is necessary and is continued until maternal status is stable. Careful
fetal monitoring is also essential when women with asthma are admitted in labor.

Control of Environmental Triggers

Identification and avoidance of potential triggers is the integral part of asthma
management. Environment control measures are especially helpful in pregnancy because
they may improve the patient’s well-being and, at the same time, may reduce the need
for excessive medications. Patients should be instructed to avoid exposure to known spe-
cific irritants, including smoke, chemical sprays, fumes, and dust. If the patient
herself smokes, she should be strongly encouraged to quit smoking and be referred to an
appropriate smoking cessation program. If a house dust mite allergy is suspected or con-
firmed by RAST testing, appropriate measures should be taken to reduce the exposure to
the house dust mite. Allergy-causing pets should be kept out of the house (/,23,26).

Immunotherapy

Immunotherapy reduces asthma-related symptoms triggered by allergens, such as the
house dust mite, grass pollen, and cat dander. Abortion associated with systemic allergic
reaction after grass pollen immunotherapy has been reported (27). In general,
immunotherapy during pregnancy is considered safe. Metzger et al. (28) reported a retro-
spective study of 121 mothers with atopic pregnancies who had received immunotherapy
during pregnancy, compared with a group of 147 untreated atopic gravidas. In the group
of treated women, the incidence of prematurity, toxemia, abortion, neonatal death, and
congenital malformation was no greater than in the untreated group. The incidence of
atopic disease in the infants was the same in both groups. Based on this information, it
is recommended that if a patient is on a maintenance dose of allergen immunotherapy,
the dose should be reduced by one-half until delivery. The general recommendation is
that the immunotherapy be discontinued in pregnant mothers who would require further
significant increase in the dosage to achieve maximum therapeutic benefit (28,29).

PHARMACOLOGICAL THERAPY

General Considerations

Pharmacological therapy of asthma in pregnant women is not substantially different
from the treatment of asthma in general. The prime goal of pharmacological therapy is
to achieve a stable, asymptomatic state, using whatever medications necessary to
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achieve the best possible pulmonary functions. Because there are no randomized
prospective human studies of asthma pharmacological therapy during pregnancy,
recommendations for the treatment of asthma in pregnancy are based on published
safety and efficacy data. There is no clear documentation of teratogenic effects of med-
ications used in the treatment of asthma. The Working Group (/) recommends a step-
wise (step up or step down) approach based on ongoing home PEFR monitoring.
Twice-a-day PEFR monitoring will promote early detection of changes in air flow and
enhance timely intervention.

Medications recommended for the outpatient management of mild, moderate, and
severe persistent asthma and their Food and Drug Administration categories are shown
in Tables 4 and 5. A step-care approach to the treatment of persistent asthma in preg-
nancy is the same as in nonpregnant women with asthma (see Table 6).

Short-Acting ,-Agonist
Short-acting inhaled [3,-agonists used alone are usually sufficient for the treatment
of mild intermittent asthma. This group of drugs may be administered by inhalation or
given orally. Because of the minimal side effects, inhalation therapy is the preferred
mode of administration of 3,-agonists bronchodilators (31,32).

Long-Acting 3,-Agonist
Two long-acting inhaled 3,-agonists (LABA), salmeterol and formoterol, are now
marketed for the treatment of asthma. Their use is recommended as an adjunct to the
anti-inflammatory therapy in moderate to severe persistent asthma. LABA should not
be used for the relief of acute asthma symptoms.

Anti-Inflammatory Agents

Cromolyn sodium by inhalation is essentially devoid of any side effects and is an effec-
tive nonsteroidal anti-inflammatory drug available for use in mild persistent asthma. Its
efficacy, however, is less predictable than the inhaled CSs. It requires 4-6 wk of trial before
its efficacy can be determined. Nedocromil sodium has properties similar to cromolyn, but
no significant data are available regarding clinical experience in pregnancy. Both cromolyn
and nedocromil are less effective and more expensive than inhaled CSs.

Inhaled CSs are available for administration by inhalation, oral, or parenteral route.
Steroids are by far the most effective anti-inflammatory agents available for the treat-
ment of asthma. Only a minimal amount of inhaled CSs is systemically absorbed. Six
studies regarding the gestational use of inhaled CSs have been published. In one large
study from the Swedish Medical Birth Registry, 2968 mothers who reported use of inhaled
budesonide for asthma in early pregnancy gave birth to infants of normal gestation age,
weight, and length, with no increase in the rate of still births or multiple births (34).
There is no evidence that in the recommended doses, any other inhaled CSs have
adverse effects on pregnancy. Triamcinolone (33) and Beclomethasone (/5) are also
effective and have no significant adverse effects or teratogenic risks when used during
pregnancy for the treatment of asthma.

Systemic steroid (prednisone, prednisolone) therapy should be used when other
forms of therapy are maximized and asthma symptoms are still not well controlled.
Some data (30) suggest that systemic CSs could increase the risk of preeclampsia and
decrease intrauterine growth or infant prematurity. Severe asthma, however, can itself
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Table 4
Food and Drug Administration Pregnancy

Risk Categories of the Pharmacological Agents

Used in Asthma and Rhinitis

Drugs

FDA
category

¢ Bronchodilators
Epinephrine (systemic)
Albuterol (inhaled or oral)
Levalbuterol
Metaproterenol (inhaled or oral)
Pirbuterol (inhaled)
Salmeterol (inhaled)
Formoterol
Ipratropium bromide (inhaled)
Theophylline (oral)

* Anti-inflammatory drugs
Cromolyn sodium (inhaled)
Nedocromil sodium (inhaled)

¢ Inhaled corticosteroids
Beclomethasone
Budesonide
Fluticasone
Flunisolide
Triamcinolone

¢ Oral corticosteroids
Prednisone
Prednisolone

¢ Leukotriene modifiers
Montelukast
Zafirlukast

¢ Antihistamines
Cetirizine
Chlorpheniramine
Diphenhydramine
Fexofenadine
Hydroxyzine
Loratadine

W W O ao0nNww W ™ ol-"NoNoNoNoNo QNP
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be associated with increased maternal and fetal morbidity. Thus, risk—benefit consider-
ations still favor using systemic steroids when indicated for the management of severe
and poorly controlled asthma during pregnancy.

Leukotriene Modifiers

Although there is no gestational human data for the zafirlukast and montelukast, ani-
mal studies and postmarket surveillance data are reassuring. Their use could be consid-
ered in patients with recalcitrant asthma who have shown favorable response before
becoming pregnant (/).
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Table 5
Food and Drug Administration Categories of Fetal Risks
Category Risk
A Controlled studies in the pregnant women. No risk to fetus demonstrated.
B Animal studies have not demonstrated any fetal risk, but no controlled

studies in the pregnant OR animal studies have shown an adverse
effect that has no confirmed in women in the first trimester.

C Animal studies have shown adverse effects on the fetus, and there are no
controlled studies in pregnant women OR studies in women and animals
are not available. Drug should be administered if potential benefit outweighs
the risk to the fetus.

D Positive evidence of fetal risk exists.
Benefits from use in the pregnant women may make the drug acceptable.
X Animal and human studies have demonstrated fetal abnormalities.

Risk of the drug in the pregnant women clearly outweighs any
potential benefits.
These drugs are contraindicated in women who are or may become pregnant.

Theophylline

Various theophylline preparations have been used in the treatment of asthma for
more than 50 yr. They are primarily used for their bronchodilator effect. With a better
understanding of the pathophysiology of asthma and the advent of newer pharmaco-
logical agents, use of theophyllines has remarkably decreased. Sustained-release
theophylline may be used for controlling nocturnal asthma symptoms. There is no
evidence of adverse effects on pregnancy or increased risk of stillbirth (35). Decrease
in theophylline clearance during the third trimester of pregnancy has been reported,
and, therefore, monitoring theophylline levels during pregnancy is essential, generally
aiming for the levels of 8—12 mg/mL (36).

Nebulized Ipratropium
Ipratropium bromide is a quaternary derivative of atropine and produces bronchial
dilation by decreasing airway vagal tone. Use of inhaled ipratropium is not contraindi-
cated in pregnancy but is seldom needed for long-term control of asthma.

Omalizumab
Omalizumab (Xolair®) is recombinant, humanized anti-immunoglobulin E mono-
clonal antibody that has demonstrated effectiveness in moderate to severe allergic
asthma. Its use in pregnancy has not been studied and should be reserved for nonpreg-
nant women with asthma only.

MANAGEMENT OF ACUTE EXACERBATION
OF ASTHMA IN PREGNANCY

The goal of treatment of chronic (persistent) asthma in pregnant women should be
to keep the patient as free from symptoms as possible. However, acute or subacute
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Access severity:
Measure PEFR: If less than 50% of the personal best or predicted normal suggests sever exacerbation.
Symptoms of shortness of breath, chest tightness, cough, and wheezing do not correlate well with severity of obstruction.

Assess the fetal Activity.

*  Use short-acting inhaled {3, -agonist, 2-4 puffs via spacer every 20 min up to three times, or single nebulizer treatment
*  Reassess.

Good response. Immediate response Poor response

Mild exacerbation Moderate exacerbation Severe exacerbation

¢ PEFR >80% of predicted or *  PEFR 50-80% of predicted or ¢ FEFR <50% of predicted or
personal best. personal best. personal best.

= Mild wheezing, cough, or *  Persistent wheezing and *  Marked wheezing and
chest tightness. shortness of breath. shortness of breath.

¢ Can climb one flight of stairs *  Cannot climb one flight of *  Symptoms al rest.
without stopping for rest. stairs without stopping for rest. ¢ Deereased fetal activity.

= Appropriate tetal activity. *  Decreased fetal active.

Response 1o the B, -agonist
sustained for 4 h.

¢ May continue B,-agonist cvery * Follow asthma self- ¢ Add oral corticosteroids and
3-4h. management plan. call clinician immediately.

¢ For patients on inhaled *  Add oral corticosteroids. ¢ Continue short acting 3,-
corticosteroids, double the *  Continue to use the short agonist inhalation 2-4 puffs
dose for 7-10 d. acting f,-agonist as per every 20 min on the way to the

asthma self-management plan. emergency department.

¢ Contact clinician for the e  Sce clinician urgently (today). *  Go to emergency department.

follow-up instructions. « Ifdistress is severe, call 911.

Fig. 1. Home management of acute exacerbation of asthma during pregnancy.

exacerbation of asthma symptoms cannot always be avoided and should be treated
promptly. According to the report of the Working Group (/), the following elements
are essential in the treatment and prevention of the deterioration caused by exacerbation

of

1.

SAY

asthma.

Recognition of early warning symptoms and worsening of objective measures, i.e.,
PEFR at home or FEV, in the physician’s office.

Written action plan based on the deterioration of symptoms or objective parameters,
i.e., PEFR or FEV,.

Prompt communication between the patient and her physician.

Appropriate intensification of antiasthma therapy and administration of systemic CSs,
if necessary.

Recognition and removal of any triggers from the patient’s environment.

Patients with a history of potential fatal asthma should be followed closely.

For patients with moderate or severe asthma, regular visits (monthly or more often, if
indicated), with monitoring of objective parameters and subjective status is essential.

For the treatment of acute exacerbation of asthma at home, emergency department,

and hospital, refer to the accompanying Fig. 1 and Tables 7 and 8.

When evaluating these patients in the emergency department or in hospital, one must

remember that blood gas analysis in healthy pregnant women routinely reveal lower
PCO, and higher PO,. PCO, of 35 mmHg or higher and PO, of 70 mmHg or lower
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Table 7
Potential Neonatal Adverse Effects of Asthma/Antiallergy Drugs During Lactation

Medication Maternal dose effect on infant
* Inhaled

Bronchodilators Very low serum levels in the mother, and will not result in significant

Cromolyn Na dose to the infant through the breast milk.

Nedocromil Considered compatible with breast-feeding.

Corticosteroids
e Oral

Bronchodilators Not contraindicated during lactation.

B,-agonist May cause neonatal tachycardia, tremors, and hypoglycemia.

Regularly scheduled use of oral 3,-agonists should be discouraged.
Asthma control should be achieved by regular use of inhaled
anti-inflammatory drugs.
* Theophylline Less than 1% appears in breast milk. This is considered not clinically
significant, but because of increased sensitivity in some infants,
it may cause irritability, vomiting, jitteriness, and cardiac arrhythmia.
* Prednisone Low concentration passes through the breast milk; 50 mg given orally
to the mother will result in the infant receiving less than 20% of its
normal daily physiological requirement.
Considered compatible with breastfeeding.
* Antihistamine Considered compatible with breastfeeding.
Because of their anticholinergic properties, may have inhibitory
effect on lactation.
* Decongestants Considered compatible with breastfeeding.

From refs. I and 44-46.

during acute exacerbation of asthma may represent a more severe respiratory compro-
mise during pregnancy than the similar arterial blood gas in a nonpregnant patient.
Therefore, it is essential that in a pregnant patient presenting with acute exacerbation of
asthma in the emergency room, an O, saturation of more than 95% should be main-
tained by supplemental oxygen. If chest X-ray is needed, it must not be withheld
because the patient is pregnant. Ionizing radiation from the chest X-ray is 0.2 rad, and
it can be further minimized by abdominal shielding. Intravenous hydration is also
important. Antibiotic therapy should be instituted when necessary. Tetracyclines,
quinolones, and sulfonamides should be avoided in late pregnancy.

MANAGEMENT OF ASTHMA DURING LABOR AND DELIVERY

Acute asthma exacerbation, although uncommon during labor and delivery, may cause
substantial distress to the gravidas and the infant. The Working Group (/) recommends
that the patients should be continued on regularly scheduled asthma medications.
Patients experiencing symptoms of acute asthma exacerbation during labor should be
treated promptly. For the patients on chronic systemic steroids or who are treated with
several short courses of systemic steroids during pregnancy, supplemental systemic CSs
for the stress of labor and delivery are recommended. A dose of 100 mg of hydrocorti-
sone intravenously on admission and 100 mg every 8 h until 24 h postpartum should be
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Table 8
Hospital Management of Acute Exacerbation of Asthma During Pregnancy

Acute asthma exacerbation during pregnancy has the potential of causing serious conse-
quences for the fetus. Therefore, asthma exacerbation during pregnancy should be managed
aggressively. While managing acute exacerbation of asthma in a pregnant patient, the following
points should be carefully observed:

Monitoring and assessment

 Careful ongoing assessment of mother and fetal monitoring (consult specialist).

 Patient with severe exacerbation should be hospitalized in the intensive care unit.
Treatment

» Supplemental oxygen to maintain oxygen saturation of 95% or better.

* Administer inhaled short acting ,-agonist hourly or continuously.

* May add ipratropium bromide nebulizer solution.

» Systemic corticosteroids (methylprednisone, prednisone, or prednisolone): Doses of
120-180 mg/d in three or four divided doses for 48 h, then 60—80 mg orally daily until
PEFR or FEV | is greater than 70% baseline. Taper over 7-14 d.

QOutcome and follow-up

* Patient improved: minimal or no wheezing, good activity tolerance, PEFR or FEV, greater
than 70% baseline, adequate oxygen saturation on room air, and no fetal distress. Consider
discharge on inhaled [3,-agonist, inhaled and oral corticosteroid (to be tapered in 7-14 d)
and long-acting B3,-agonist, if indicated.

 Patient education: appropriate use of controller vs rescue asthma medications, PEFR monitor-
ing, written asthma action plan, environmental control measures, and follow-up plan.
Close follow-up with asthma care specialist is highly recommended.

PEFR, peak expiratory flow rate; FEV, forced expiratory volume in 1 s.

administered. Intensive fetal monitoring of gravidas who enter labor with uncontrolled
or severe asthma is recommended.

OBSTETRICAL MANAGEMENT

Detailed obstetric management of a pregnant woman with asthma is not possible in
this chapter. However, the following points should be remembered. For induction of
labor, oxytocin is preferred over various prostaglandin (PG) preparations. PGE1 and
PGE?2 are considered bronchodilators; however, intravenous administration of PGE2
has been reported to cause bronchoconstriction. PGF2a is a bronchoconstrictor, and
should be avoided (37,38). Intravaginal or intracervical PGE2 gel has not been reported
to cause bronchospasm (39).

Lumbar epidural analgesia reduces oxygen consumption and minute ventilation during
the first and the second stages of labor and may considerably advantageous to patients
with asthma (40). Epidural analgesia has been reported to enhance the response to
bronchodilator as well. If general anesthesia is needed, pretreatment with atropine and
glycopyrrolate may provide a bronchodilating effect. Ketamine is the agent of choice
for anesthesia induction (/).

Oxytocin is also the drug of choice for postpartum hemorrhage. If tocolytic therapy
is needed for preterm labor, care must be taken to avoid the use of more than one kind
of 3,-agonist. Magnesium sulfate (47) or nifedipine may be used safely. Nonsteroidal
anti-inflammatory drug, such as indomethacin, may exacerbate asthma and should be
avoided in the treatment of preterm labor.
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PATIENT EDUCATION

The patient plays a key role in the treatment of all asthma. Open communication and
active participation by clinicians of all disciplines with the patient will not only improve
the patient’s understanding of the disease process but also enhance the total outcome.
Building a partnership with the patient and the family must be done by the clinicians
(obstetrician, asthma specialist, and primary care physician). The physician must inform
the patient that although no medications for asthma, allergy, or, for that matter, any
condition can be considered absolutely safe during pregnancy, relatively few medications
have been proven harmful. It should be emphasized that potential direct and indirect con-
sequences for the mother and for the baby of inadequately controlled asthma are worse
than side effects of any of the medications used in the treatment of asthma. Patient edu-
cation should be conducted in a relaxed atmosphere by the asthma care coordinator.
Control of environmental triggers is important and should be emphasized. Appropriate
use of peak flow meter metered-dose inhalers and dry powder inhalers should also be
discussed and demonstrated. Written materials should be provided and telephone num-
bers should be given for easy accessibility to the care provider (1,42—44).

Breast-Feeding

Almost all medications enter breast milk by diffusion from plasma. Milk concentra-
tions are usually low, and it is uncommon for infants to receive a medication dosage in
breast milk sufficient to produce toxic effect (see Table 7).

CONCLUSION

The goals of asthma management during pregnancy are essentially the same as the
treatment of asthma in nonpregnant patients. However, the seriousness with which goals
must be achieved is augmented because ineffective treatment and poor control of asthma
will have adverse effects on not only the patient herself but also the fetus. It must be
understood that harm to the fetus is more likely to come from the consequences of poorly
controlled asthma than from medications for the treatment of asthma, including inhaled
and systemic steroids. It is essential that clinicians caring for the pregnant patient with
asthma work as a team and encourage the patient to actively participate in her care.

Currently, a registry study (47) that began in early 1998 under the Organization of
Teratology Information Services is underway to prospectively evaluate pregnancy out-
comes in relation to exposure to inhaled CSs. Information is also being collected for all
other medications, including system steroids and leukotriene modifiers. It is hoped that
the future will bring answers to the more complex questions of asthma management
during pregnancy.
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KEY POINTS

* Development of asthma can be enhanced by infection with respiratory viruses.

» Exposure to environmental tobacco smoke enhances development of Th2 response and
subsequent sensitization to inhaled allergen.

* Ozone and allergen exposure during development can enhance airway remodeling,
allergic sensitization, and airway hyperresponsiveness.

* Environment and genetics of the host contribute to the development of the allergic
asthmatic phenotype.

INTRODUCTION
The incidence of asthma has been increasing during the past several decades, espe-

cially in industrialized nations. Although nobody knows the reasons for this increase,
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there have been many theories proposed. Increased pollution in the form of tobacco
smoke, ozone, and diesel fumes, as well as alteration in life styles, have been implicated
(1). The link between infection with certain respiratory viruses early in life and the
development of chronic allergic asthma in adulthood has been strengthened in recent
years by studies performed in laboratory animal models. Also, studies using animal
models have demonstrated that environmental tobacco smoke (ETS), ozone, and diesel
exhaust particulates can increase allergic sensitization to inhaled allergens, while data
linking infection with respiratory viruses, particularly respiratory syncytial virus (RSV),
have been further substantiated.

Complex genetic factors that govern both immunoglobulin (Ig)E responsiveness and
the development of airway hyperreactivity are recognized as important to the etiology
of asthma. It is widely known than individuals with one or more parents who are
asthmatic/atopic are more likely to develop asthma than those individuals with a non-
asthmatic/nonatopic family history. In recent years, progress has been made in the
detection of gene polymorphisms associated with atopy and asthma. Using both candidate
gene studies and genome-wide screens, several potential genetic factors for susceptibility
to asthma have been identified (2). Among the genes that are believed to be involved
are: the cytokine gene cluster on chromosome 5 (coding for interleukins [ILs]-3, 4, 5,
9, and 13), the gene coding for the 3 chain of the IgE high-affinity receptor on chromo-
some 11, the gene coding for the IL-4 receptor on chromosome 16, and signal transduc-
er and activator of transcription (STAT)6 on chromosome 12 (3).

More recent data on IL-4 and IL-4 receptor gene polymorphisms were obtained from
a study on Korean children. Polymorphisms in these genes were identified, and associ-
ations with eosinophilia and bronchial hyperresponsiveness were examined. It was con-
cluded that the IL-4Ro Arg551 gene may play a role in susceptibility to atopic asthma
(4). The importance of STAT6 in signal transduction and transcriptional activation in
T-helper (Th)2 cell differentiation has made polymorphisms in this gene a target for
investigation. Polymorphisms in the STAT6 gene were examined in a cohort of white
adults. A haplotype was identified that was associated with high levels of total IgE (5).

In individuals with the appropriate genotype, the development of asthma is influenced
by contact during infancy or early childhood with appropriate pathogens and/or indoor and
outdoor sources of air pollution. It is highly likely that the increase in exposure to these
adverse external conditions is an important factor influencing the increase in the incidence
of asthma in the human population. According to the “hygiene hypothesis,” exposure to
bacterial products during childhood has a protective effect. However, the importance of the
genetic background on which such stimuli have their effect should not be understated.

MODULATION OF THE ALLERGIC RESPONSE
BY INFECTIOUS DISEASES

There are two separate and opposite effects of infectious disease agents on asthma:
those that promote the asthmatic phenotype and those that inhibit it. A basic feature of the
immune response is the cooperation that occurs between T- and B-lymphocytes after expo-
sure to antigen. In 1989, Mossman and Coffman described different patterns of cytokine
secretion that leads to different patterns of immune responsiveness (6). It is well recog-
nized that CD4+ T-cells have two different profiles of cytokine production: Th1 and Th2.
Cell-mediated immunity is stimulated by the Th1 cytokines, whereas humoral immunity is
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stimulated by Th2 cytokines. Thl and Th2 responses are balanced in a normal immune
system. Th1 cytokines (interferon (IFN)-v, IL-2, and IL-12) can downregulate Th2 cytokine
(IL-4, IL-5, IL-10, and IL-13) production. A strong Th2 response facilitates IgE produc-
tion and the consequent development of allergy. The balance of Th1 and Th2 cytokines is
maintained and determined by the specific dose of antigen, the genetic background of the
host, and the local tissue environment (including co-stimulatory factors). Recently, the
important role of the dendritic cells that act as professional antigen-presenting cells has
been elucidated. Thus, disease agents that promote a Th1-type response are believed to
have a protective role, whereas those associated with a Th2 response are associated with
promotion of the asthmatic phenotype. The abundance of case studies and research data
has created a paradox. The hygiene hypothesis, which has received wide attention, was
originally based on epidemiological data. Children raised in rural farming communities
have a lower incidence of asthma, presumably because there is a preferential stimulation
of the Th1 cytokine response by exposure to bacteria and their products, such as endotox-
in (7-9). The corollary is that lack of infection with bacteria containing endotoxin or sim-
ply a lack of natural aerosol exposure to such organisms causes the development of aller-
gy. However, endotoxin inhalation promotes the clinical symptoms of asthma. Studies on
cotton workers have documented the cause of “Monday Asthma” to be the inhalation of
endotoxin present in the cotton dust (reviewed in ref. [/0]). Yet, several recent studies
have shown an association between less asthma in children raised with animals, despite the
documentation of increased endotoxin levels in animal-containing homes (71/).

Decreased microbial infection resulting from increased vaccination has been proposed
as an explanation for the increased incidence of asthma. This was addressed in relation
to both natural measles infection and vaccination in a 1998 study of British children
(12). In this study of more than 6000, children with both measles infection and
vaccination were associated with a reduced risk of hay fever. More recently, Roost et al.
accumulated data from 1537 Swiss schoolchildren (/3). They evaluated the effect of
both natural infection and measles, mumps, and rubella (MMR) vaccination on inci-
dence of sensitization to allergens and development of asthma (/4). The study conclud-
ed that neither MMR vaccinations nor natural MMR infections are associated with an
increase in atopic disease in the population examined. Other studies have had similar
conclusions (15,16). In contrast, the IgE-promoting effects of Bordetella pertussis are
well known (/4-19), and it has been suggested that vaccination for whooping cough
may stimulate development of allergy. However, Bjorksten and coworkers performed a
large prospective study on the subject and have essentially concluded that B. pertussis
vaccination is not a likely cause of increases in the incidence of allergy in the human
population (20). Moreover, in a mouse model, whole cell pertussis vaccine played a pro-
tective role rather than a stimulatory role in the development of allergic asthma (27/).

A recent study examined the relationship between occurrence of tonsillitis in children
between the ages of 3 and 14 yr with and without asthma. The data revealed that chil-
dren with recurrent tonsillitis were less likely to have asthma. It was believed that the
tonsillar hyperplasia was indicative of a Th1 response (22). Such observations are con-
sistent with the hygiene hypothesis.

A recent idea stimulated by the hygiene hypothesis suggests that the allergic phenotype
might be prevented by infection with an organism capable of inducing an opposing type of
immune response. The hallmark study that appeared to define the relationship between
shifting the immune response toward a Thl response by introduction of a Thl-inducing
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micro-organism and protection from asthma was performed by Shirakawa (27). In this
study of Japanese schoolchildren who received immunization against tuberculosis with
the Bacille Calmette Guerin (BCG) vaccine results indicated that there was a strong
inverse association between delayed-type hypersensitivity to Mycobacterium tuberculosis
and the presence of type I immediate hypersensitivity. Thus, students who had positive
tuberculin skin tests had lower serum IgE and a lower incidence of allergy. Moreover, the
cytokine profile of these children showed a bias toward Th1 cytokines. It is well recog-
nized that mycobacterial antigens stimulate a strong Th1 response, causing production of
cytokines, such as IFN-y. These Th1 cytokines downregulate the Th2 response and, thus,
diminish the allergic response. The recognition that the BCG-vaccinated children had sig-
nificantly less allergy than non-BCG-vaccinated children demonstrated that immune reg-
ulation during early life is likely an important factor influencing development of allergic
respiratory disease in future years.

A more recent study was performed on infants and newborns from Thailand,
Argentina, and Turkey (countries that routinely administer BCG vaccines). Children
underwent both purified protein derivative (PPD) and allergen testing at 2 yr of age.
There was a significant correlation between a negative PPD response vs a positive PPD
response and having an allergic history at 2 yr of age for subjects in Thailand and
Turkey but not in Argentina (24).

Another study on the effect of BCG vaccination on the development of allergy was
performed in Sweden (25). In this study, 216 children with an atopic family history were
vaccinated with BCG when they were less than 6 mo old. Another 358 age-matched chil-
dren were not vaccinated with BCG. The family risk factors for developing allergy were
similar in both groups. Results of the study showed that 36% of the BCG group and 41%
of the control group developed clinical signs of atopy. Neither results of serum levels of
allergen-specific IgE nor skin-prick tests were significantly different. The conclusion
reached in this study was that in children with a family history of atopy, early vaccination
with BCG did not affect the development of atopic disease in early childhood.

These studies have stimulated others to explore the potential of using BCG vaccina-
tion for modulation of the immune response in patients with asthma. Thus, in a recent
study by Vargas et al., BCG- and placebo-immunized schoolchildren with asthma were
tested for serum IgE, 1L-4, and IFN-y production by peripheral blood mononuclear cells.
In the placebo group, the parameters of a Th2 response increased (IL-4 and IgE), where-
as the Th1 cytokine IL-1 decreased. Th2 parameters did not change in BCG-treated
patients. However, the severity and frequency of asthma did not change significantly and
was the same in both groups (26). Thus, although BCG treatment may alter the immune
response, this study did not show a translation into clinical improvement. Animal mod-
els have been used to determine the validity of these observations on effects of BCG
vaccination on development of allergic asthma. In one study by Herz et al., Balb/c mice
were sensitized with BCG, ovalbumin (OA), or both (27). Mice that were sensitized
with OA developed the expected Th2 cytokine response, IgE production, airway hyper-
responsiveness, and eosinophilia, whereas those mice that received BCG before OA
immunization showed decreased IgE production and normalized cytokine production
and lacked airway hyperresponsiveness and eosinophilia. In a study by Tukenmez et al.,
newborn mice were immunized with either Mycobacterium bovis and Mycobacterium
vaccae or phosphate-buffered saline solution or were not injected (28). At adulthood,
mice were immunized with a series of intraperitoneal injections of OA followed by an
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aerosol challenge. Mice immunized with M. bovis and M. vaccae had significantly lower
IgE levels than those mice in the phosphate-buffered saline solution groups. The effect
of a potent Th1 stimulus (M. vaccae) on an already-primed animal was examined in
another study, which used mice that were previously sensitized to OA. Wang et al., found
that a single injection of M. vaccae caused a decrease in serum IgE and two injections
inhibited IL-5 production as well (27). Based on all of these findings, the potential for
using a Th1 modulator, such as M. vaccae, for treatment of atopy has been suggested.

The importance of microflora in the intestinal tract for modulating development of
the immune response is reviewed by Bjorksten (28). The immune responses to microbes
and food proteins presented by the oral route differ such that tolerance is the expected
response to foods while active antibody production accompanies immune stimulation
with microbial pathogens. Studies on infants in Estonia and in Sweden have demon-
strated differences in intestinal microflora of atopic and nonatopic children. Postnatal
colonization with lactobacilli was greater in the Estonian infants (29). Shida et al.
demonstrated that Lactobacillus casei inhibits antigen-induced IgE secretion through
cytokine release, probably IL-12 (30). Thus lack of the appropriate Lactobacilli may
facilitate a further Th2 cell response in the infant.

VIRAL INFECTIONS AND ASTHMA

Recurrent wheezing in infants and young children has recently been reviewed by
Hopp (33). The large number of terms used to describe the infant with recurrent wheezing
are described: “reactive airway disease,” “recurrent bronchiolitis,” “chronic bronchiolitis,”
“wheezy bronchitis,” “chronic bronchitis,” and “asthmatic bronchitis.” Some of the
children in all of these categories are truly asthmatic. An infection with RSV that causes
bronchiolitis is often followed by episodes of recurrent wheezing. Hopp describes three
types of episodic wheezing in young children: transient early wheezers, late wheezers,
and persistent wheezers. The determination that episodes of wheezing with subsequent
viral infection are likely to evolve into clinical asthma is affected by factors, such as a
family history of atopy, the presence of eosinophilia and high IgE, and exposure to
tobacco smoke. Generally, wheezing after the age of 6 yr is caused by asthma. Before
the age of 6 yr, frequent viral infections with agents such as influenza virus, RSV, and
rhinovirus (RV) are important causes of wheezing episodes.

Several viruses (RSV, RV, and parainfluenza) are implicated as triggers of acute
exacerbation of clinical symptoms of asthma in both children and adults. Recently, the
human meta pneumovirus (new variant) has been associated with acute and severe
exacerbation of asthma in a child (34). A suggested trigger for these viruses is the
recruitment of Th2-type cells into the lungs (35).

An association between production of the pleiotropic cytokine IL-11 in the lung and
induction of airway hyperresponsiveness has been shown by Einarsson et al. (36). After
infection with RSV, RV, and parainfluenza virus, production of IL-11 by stromal cells
was increased in the lung. In this same study, IL-11 production was also documented in
nasal aspirates of virus-infected children with wheezing. This same group has found
that viruses implicated as inducers of wheezing (RSV, RV, and parainfluenza virus) are
all inducers of IL-11, whereas those pathogens that fail to induce wheezing
(cytomegalovirus, herpes simplex virus, pyogenic bacteria) do not induce IL-11
production.
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RESPIRATORY SYNCYTIAL VIRUS

Multiple viruses, as discussed, can trigger asthma in the infected patient. RSV has
an even more significant role in asthma. RSV has been recognized as an important
cause of bronchiolitis in infants and young children since 1957. The majority of all
children are infected by 2 yr old. Subsequent reinfection occurs during childhood, but
reinfection often consists of simply upper respiratory symptoms described as a “cold,”
except in some children that continue to wheeze.

There is increasing evidence that not only can RSV trigger asthma, but also early life
infection can program an infant to become asthmatic. Evidence for this comes from
both human case studies and animal experiments. Holtzman described this effect as a
“hit-and-run” phenomenon in which the asthmatic phenotype was activated by viral
infection in susceptible genotypes long after clearance of the virus (37).

Welliver et al. (38) studied infants and children infected with RSV and grouped them
into those with only upper respiratory tract disease, those with lower respiratory tract
disease, and those with lower respiratory tract disease who showed evidence of wheezing.
Interestingly, they reportedly found that RSV-specific IgE and nasal levels of histamine
were increased in the group that wheezed.

Validation of the role for RSV-specific IgE in disease pathogenesis has come from several
animal studies. Using a bovine model of RSV (cattle have a similar virus, bovine RSV, that
causes natural infection of calves), Gershwin et al. found that there was a strong correlation
between severity of disease and bovine RSV-specific IgE detected in serum (39).

The role of RS V-specific IgE was also demonstrated in a mouse model. In that study,
RSV-specific IgE was associated with airways hyperresponsiveness to methacholine;
more importantly the presence of the high-affinity IgE receptor on mast cells was
required for this effect to occur (40). These studies suggest that the development of a
virus-specific IgE response contributes to pathogenesis of airway hyperresponsiveness.

One study evaluated children who had RSV before age 3 yr. These children were
followed for development of wheezing and atopy until the age of 13 yr. Results from
this study showed that RSV lower respiratory tract illnesses were associated with an
increase risk of wheeze by age 6 yr. The risk decreased as the children got older. There
was no association with atopy. It was concluded that RSV infection early in life can
influence subsequent wheezing up until age 11 yr, but this wheezing was not associated
with increased sensitization to allergen (41).

Another school of thought involving the role of RSV in asthma induction is that
infection facilitates sensitization to inhaled allergens. The limitations of epidemiological
data have led to performance of in vitro assays using specimens from human patients,
as well as the establishment of several animal models, for examination of the potential
augmentation of sensitization to inhaled allergens that appears to occur during or as a
sequel to RSV infection. In one study by Noma et al., the relationship between the
onset of recurrent wheezing and antigen-specific IL-2 responsiveness was analyzed
(42). IL-2 is the cytokine responsible for proliferation of antigen-specific T-lymphocytes.
The data indicated that RSV infection of infants induced responsiveness to the respira-
tory allergen, D. farinae (house dust mite) and also to OA, a food antigen.

It has now been well established that RSV infection causes development of and often
persistence of a Th2 cell response. This is accompanied by development of proinflam-
matory or immunoregulatory cytokines, such as IL-4, RANTES, CCL5, MIP-1q., IFN-y,
IL-2, IL-6, TNF-a, and MCP-1. Prostaglandin and leukotriene synthesis, activation
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of mast cells, and eosinophils have all been reported and implicated in pathogenesis of
infection (reviewed in ref. [43]). It is easy to see that many of these same immune
reactants are important constituents of the allergic response as well. In fact, transcrip-
tional activation of genes important for inflammatory responses that occur in asthma
pathogenesis is triggered by replication of RSV in respiratory epithelium.

Mouse models have been used to show that infection with RSV can enhance sensiti-
zation to inhaled allergen. One mechanism that has been examined involves the pro-
duction of certain chemokines by RS V-infected epithelial cells. CCL5/RANTES is pro-
duced during infection (44). This chemokine is also important in allergic asthma,
causing the recruitment of inflammatory cells to the airways. The receptor for CCLS5 is
CCRI and is important in RSV-induced exaggeration of allergic airway disease. CCR ™
mice showed a reduced response to aerosolized allergen after RSV infection compared
with wild-type mice (45).

OTHER RESPIRATORY VIRUSES AFFECTING ASTHMA

Viruses, such as influenza, RV, and parainfluenza, have also been studied for their
asthma-enhancing effects. The incidence of respiratory tract infection in adults requiring
hospitalization for asthma has been examined. The most common viral agents in these
adult patients were influenza A and RV, although studies in children show that RV and
RSV are the major respiratory infections associated with wheezing. Most observations
support the hypothesis that wheezing with viral infections is of greatest significance to
the under 6-yr-old population.

Several animal models have been developed to study the complex interaction of
respiratory tract infections with viruses and the development of allergic sensitization
and asthma. Several of these models have been reviewed by Hegele (46). In one study,
infection of Balb/c mice with influenza A caused development of an IgE response to flu
antigen when it was injected intradermally (47). In another study, Balb/c mice were
infected with influenza A and then were sensitized to inhaled OA during the acute or
convalescent phase of the infection. Those mice sensitized to the OA during the acute
phase developed an IgE response, but not those sensitized during the recovery phase
(48). These results suggest that, at least in the mouse model, like RSV, influenza virus
infection enhances allergic sensitization and airway hyperresponsiveness.

T-eosinophil, a hallmark of allergic airway disease, is often associated with viral-
induced asthma exacerbation. Stimulation of eosinophil accumulation in airway
interstitium is an anticipated result of secretion of proinflammatory mediators,
cytokines/chemokines. Recruitment of eosinophils to airway nerves has been reported
as a mechanism for inhibition of the muscarinic receptors on airway parasympathetic
nerves (49).

Multiple mechanisms, including but not limited to those cited, have been suggested
for enhancement of asthma by respiratory viruses (49). Effects of virus infection on the
infant or child who is atopic may be primarily to promote sensitization to allergen and
development of the allergic phenotype. The imprinting process may involve alterations
to parasympathetic nerve fibers, programming the immune response toward a Th2
phenotype, or facilitating allergic sensitization through dendritic cell recruitment or
stimulation. Recruitment of dendritic cells, important for antigen presentation, into the
airway epithelium during the inflammatory response to virus and bacterial pathogens
has been implicated as a factor favoring allergic sensitization (50). In studies on rats
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challenged with live virus and/or bacterial pathogens, lungs were analyzed for cell
recruitment. A variety of C-C chemokines were implicated in recruitment of the
dendritic cells to the inflammation site.

Neuropeptides are expressed by the nonadrenergic, noncholinergic autonomic
nervous system. These neurotransmitters include vasoactive intestinal peptide, which
relaxes bronchial smooth muscle, and substance P, which contracts bronchial smooth
muscle. These mediators and others in the class are undoubtedly important in asthma
pathogenesis (57). Alteration in expression of sensory neuropeptides occurs after
RSV infection. Balb/c mice infected with RSV showed increased airway resistance
to inhaled methacholine, and substance P expression was increased in airway tissue.
Use of a neurokinin-1 receptor antagonist inhibited the development of this airway
hyperresponsiveness (39).

NONVIRAL INFECTIOUS AGENTS AND ASTHMA

Mycoplasma pneumoniae, often referred to as atypical bacterial pneumonia, has
been associated with exacerbation of asthma in adults and children. Recent studies
have implicated M. pneumoniae in the pathogenesis of chronic asthma. The increased
presence of M. pneumoniae in the airways of patients with chronic asthma lends support
to the hypothesis that the infection may have a role in chronic asthma.

More recently, the cytokines stimulated by M. preumoniae infection were examined.
One study focused on children with acute mycoplasma infection and wheeze. In this
study, there was a significant increase in serum levels of IL-5, but not IL-4, IFN-y, or
IL-2 (52). In an in vitro study using both human nasal epithelial cells from patients
with and without asthma and peripheral blood mononuclear cells infected with M.
pneumonia, it was found that there was no change in RANTES or IL-8 from nasal
epithelial cells. The peripheral blood mononuclear cells from normal volunteers infected
in vitro with M. pneumoniae showed increases in IL-2, IL-6, and tumor necrosis factor
(TNF)-o.. The conclusion was made that cytokine production was probably more impor-
tant from mononuclear cells present at the airway surface than from the airway epithe-
lial cells (53). This is in contrast to a virus, such as RSV.

Another nonviral agent that has recently been associated with asthma is Chlamydia
pneumoniae. Hahn examined the association between acute C. pneumoniae infection
and asthmatic bronchitis in adults (54). In this prospective study, serology, bacteriology,
and clinical assessment were evaluated in 365 patients with signs of respiratory disease
with and without serological titers positive for C. pneumoniae. Forty-seven percent of
patients who had acute C. pneumoniae infection developed bronchospasm. Of these
patients, 96% failed to show evidence of coinfection with any other respiratory
pathogens. There was a significant association between antibody titer (after but not
before infection) to C. pneumoniae and development of asthmatic bronchitis. The study
concluded that repeated or prolonged exposure to C. pneumoniae may be a cause of
wheezing, asthmatic bronchitis, and adult-onset asthma. A subsequent study by the
same group attempted to further investigate the association of C. pneumoniae infection
with adult reactive airway disease. In this study, serology and pharyngeal cultures were
used to determine infection status, and lung function was also monitored by peak flow
measurements in patients with wheezing and dyspnea. The conclusion was that serore-
activity to C. pneumoniae was indeed associated with both chronic asthma and acute
asthmatic bronchitis. It is notable that 15 of 18 controlled epidemiological studies
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reviewed showed a significant association between C. pneumoniae infection and asthma.
The disappearance of asthma symptoms after long-term antibiotic therapy was noted in
several studies.

Childhood asthma has also been associated with C. pneumoniae infection. Both
C. pneumoniae and M. pneumoniae have been detected in children with asthma,
although RV and RSV were the most frequently detected pathogens. One UK
study of 108 children aged 9-11 yr with asthma examined both C. prneumoniae
and M. pneumoniae as potential compounding factors. The data suggested that chronic
C. pneumoniae infection stimulates an immune response that interacts with the allergic
inflammatory response and enhances asthma symptoms. This was not true for
M. pneumoniae (55).

MODULATION OF THE IMMUNE RESPONSE BY CpG
CONTAINING OLIGONUCLEOTIDES AS TREATMENT
OR PROPHYLAXIS FOR ASTHMA

The hygiene theory gave rise to the hypothesis that treatment with oligonu-
cleotides containing unmethylated CpG motifs (as they occur in bacteria) could
downregulate the Th2 response and potentially prevent or even reverse the asthmatic
phenotype and restore immunological balance (56). Oligodeoxynucleotides
containing CpG motifs mimic the ability of microbial DNA to activate the immune
system.

This novel therapeutic approach has recently been evaluated in mouse, primate, and
feline models of asthma. In a primate model of allergic asthma oligodeoxynucleotides-
containing CpG, motifs or sham were administered to house dust mite-allergic rhesus
monkeys for a 33-wk period, during which time monkeys also received aerosolized
house dust mite allergen (HDMA). Both airway hyperreactivity, airway remodeling,
and airway eosinophilia (all hallmarks of asthma) were diminished in CpG-treated
monkeys as compared with sham-treated monkeys (57). Similar results were seen by
several different groups using mouse asthma models.

ETS AND ASTHMA

The “second-hand” or ETS that contaminates the smoker’s environment and is
inhaled by the nonsmoker inhabiting the same space is now a well-recognized health
threat. People with asthma have known, for more years than any documentation in the
literature suggests, that their symptoms of asthma are readily initiated by inhabitation
of smoky environments. Yet we have only recently begun to realize that aside from the
irritant effect ETS has on hyperirritable airways, there is a more subtle role for ETS in
initiation of allergic lung sensitization, particularly in children. Prenatal and postnatal
ETS exposure exert independent effects on a variety of health parameters, including,
but not limited to, development of asthma in the child (58).

Data compiled from epidemiological studies performed in several countries provide
evidence that supports a link between early exposure to ETS and the development of
allergic asthma. For example, a study performed on 11,534 children from 24 communities
between 1988 and 1990 showed that children who were exposed in the home to ETS
had relative odds for wheezing of 1.42, compared with 1.0 for children never exposed
to ETS (p < 0.01) (59). The relative odds increased to 1.70 (p < 0.01) when there were
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three smokers in the home, as compared with none. The compounding effect of ETS
and respiratory infection was demonstrated by the relative odds of wheezing with colds
of 1.65 for children currently exposed to smoke as compared with 1.0 for those never
exposed to smoke (p < 0.001).

Effects of maternal smoking during pregnancy often compound the effect of ETS
inhalation on development of asthma in children. In one study performed by Ehrlich et al.,
maternal smoking and current exposure to second-hand smoke were independent
contributing factors to asthma and wheezing in young children (60). Survey question-
naires, urinary cotinine levels, and parental interviews were used to determine the relative
influence of household smoke on asthma/wheeze in schoolchildren ages 7-9 yr.
Household smoking and maternal smoking were important risk factors in many studies.
The odds ratio for development of asthma in children of mothers who smoked 0.5 packs
per day was 2.1, compared with 1.0 for children of nonsmokers. The odds ratio for
development of asthma during the first year of life of these children was 2.6. These data
further support the hypothesis that ETS exposure enhances development of asthma in
the infant and young child.

The importance of the interaction of genetics with the environmental insults inflicted
on a child has been recently underscored by a study in which exposure to ETS and
potential risk for asthma were evaluated for gene—environment interactions. In this
study, Colilla et al. showed that three regions of the genome, which had only nominal
evidence for linkage to asthma, showed a significant association with asthma only
when ETS exposure was considered. They concluded that linkage of genes to asthma
can depend on an environmental factor (6/). This type of study is exactly what is
needed to generate the information required for analysis of risk in this multifactored
disease.

In an effort to demonstrate an irrefutable link between enhancement of allergic sensitiza-
tion and inhalation of ETS and to determine the mechanism by which this might occur,
animal models have again been employed. Using a mouse model system and an ETS
generation and exposure system, the author’s group has shown that ETS exposure not only
enhances IgE production but also increases IL-4 production by pulmonary T-cells, thereby
proving that ETS enhances a Th2-type response (62). In one experiment to understand how
inhalation of ETS affects the response of previously sensitized mice to an inhaled allergen,
Balb/c mice were sensitized by the intraperitoneal route with OA precipitated in aluminum
hydroxide. For the next 17 d, mice were housed in chambers that containing ETS, produced
by a generator system, or were housed in similar chambers containing filtered ambient air
(controls). On day 17 after the priming OA injection, mice were exposed to aerosolized OA
for 60 min. Smoke- or control-chamber exposures continued until day 43. T-lymphocytes
from homogenized lung were stimulated in vitro and supernatants from cultures were
analyzed for cytokine content. IL.-4 production was significantly greater from cells in the
lung of the OA-sensitized mice exposed to ETS than in those exposed to filtered ambient
air. IFN-y production was below the level of detection. Initial experiments performed with
adult mice were repeated with neonatal mice, and the enhancement effect of the ETS was
even greater if exposure to ETS commenced during first few days of life (63).

In another study by the same group, it was shown that both airway hyperreactivity and
eosinophilia were enhanced in Aspergillus fumigatus allergen-sensitized mice when com-
pared with mice breathing ambient air (64). Thus, animal models support environmental
evidence that inhalation of ETS increases both sensitization to allergen and elicitation of
airway hyperreactivity after respiratory challenge with allergen.
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OUTDOOR AIR POLLUTION AND ASTHMA

The external environment is increasingly contaminated with substances that result
from industrialization. The effects of air pollutants on development of allergic immune
responses in the respiratory tract have recently been reviewed (65). Diesel fuel exhaust
particles (DEP) induce IgE responses and allergic airway hyperresponsiveness in animal
models. Ozone concentrations in areas of the country that have high ambient levels of
photochemical smog are excessive. During times of particularly high ambient air ozone
concentrations, emergency rooms report that they have increased numbers of asthma
patients presenting with severe attacks of dyspnea. Levels of nitrogen dioxide have also
been linked to severe asthma. A recent “case-crossover’” study was performed to examine
the acute effects of pollutant exposure on asthma attacks requiring emergency room (ER)
visits. In this study, no association was shown between ER visits and levels of SO, or
NO,, but there was a statistically significant association between ER visits and ozone
levels (66). Epidemiological observations have helped to prove associations between levels
of pollutants and the increased incidence of asthmatic episodes among the population.

More recently, the effect of ozone exposure on airway responses to inhaled allergen
was examined in subjects with asthma. Although the sample size was small (14 subjects),
the protocol required subjects to inhale either 0.2 ppm ozone or filtered air (on alternate
days) followed by exercise and HDMA challenge. This low level of ozone did not
enhance inflammatory responses in the lung. However, the results suggested increased
sensitivity to aeroallergens after ozone exposure (67).

Epidemiological studies have been substantiated by studies using animal models.
These types of experiments allow researchers to delve into the mechanisms that are
responsible for the pathogenic synergy involved in the multifactorial causation of asthma.
For example, the data provided by Chen et al. cited above (67) are supportive of previously
reported experimental studies using a mouse model in which ozone exposure enhanced
allergic sensitization to aerosolized OA. In that study, the ozone concentration was 0.5
and 0.8 ppm (68,69).

A rhesus monkey model of allergic asthma has been used to evaluate the combined
effects of episodic ozone exposure and allergen aerosolization on several parameters of
asthma. Infant monkeys were exposed to 11 episodes of filtered air, HDMA, 0.5 ppm
ozone, or HDMA and ozone. Each 5 d of exposure was followed by 9 d of filtered-air
exposure. Monkeys that received allergen were exposed to the aerosolized HDMA for
2 h/d on days of exposure. This protocol resulted in increased levels of specific IgE in the
ozone/HDMA group, increased plasma histamine, increased airway resistance, and
increased eosinophils in the bronchoalveolar lavage. Lung pathology revealed increased
volume of mucous cells in airway and bronchioles. In addition, the exposure of infant
monkeys to HDMA and ozone caused an alteration in the normal development of the
neural innervation of the epithelial compartment (70). These findings underscore the
important role of air pollutants in enhancing the development of atopic asthma (717).
Further work with this model showed that the remodeling of the tracheal basement mem-
brane zone that occurred in infant monkeys exposed to both HDMA and ozone was not
reversed during a recovery period that lacked ozone exposure but provided for occasional
stimulation with allergen. The depletion of the perlecan from the basement membrane
zone and the atypical collagen in this same region was resolved after the ozone exposure
ended. These studies highlight that ozone and allergen together can have a lasting effect
on asthmatic remodeling of the infant lung (72).
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DIESEL EXHAUST PARTICLES AND RESPIRATORY ALLERGY

Exposure to DEP enhances allergic sensitization in humans and animal models
(reviewed in ref. 73). Studies on the effects of DEP on respiratory allergy in humans
demonstrate that aerosolized DEPs increase local production of IgE in the upper
respiratory tract, particularly in association with allergen. Studies using the mouse
model have also demonstrated that DEPs produce an adjuvant effect on IgE production.
Studies in humans and mice have shown that the cytokine profile elicited is that of the
Th2 type, which promotes allergic responses. It seems clear that in both species, DEPs
can enhance allergic sensitization. Most of the immune response effects are caused by
the carbon core of the DEP. However, the polyaromatic polycarbons that constitute the
major portion of the chemical part of the exhaust increase IgE production.

MECHANISMS OF ENHANCEMENT OF AIRWAY HYPERREACTIVITY

Constriction of bronchial smooth muscle with resultant wheezing and dyspnea
can be stimulated by more than one mechanism. The variety of external triggers of
asthma discussed (virus, ozone, ETS, DEP) undoubtedly share some, but not all, of
these mechanisms (reviewed in ref. 74). The increased sensitization with subse-
quent reactivity of IgE with mast cells and mediator liberation, influx of eosinophils,
and synthesis of late-phase reactants, such as leukotrienes, is involved in mediation
of the bronchoconstriction that occurs in allergic asthma. However, some environ-
mental agents that cause exacerbation of asthma act via neurological pathways and
modulation of the cytokine environment. The autonomic nervous system regulates
smooth muscle tone and secretion of mucous glands, permeability, and blood flow
in the bronchial circulation. The B-adrenergic receptors that are present on smooth
muscle in bronchi are activated by catecholamines and are responsible for smooth
muscle relaxation. A decrease in this B-adrenergic response can cause airway hyper-
reactivity. In contrast, the cholinergic nervous system controls constriction; stimu-
lation of parasympathetic nerves causes constriction of airway smooth muscle. The
cholinergic and adrenergic nervous systems act together to regulate homeostasis in
the airways. A third nervous system is the “nonadrenergic noncholinergic” auto-
nomic nervous system; it functions with neuropeptides as transmitters. Nerve fibers
containing the neuropeptide vasoactive intestinal peptide, a substance that causes
relaxation of smooth muscle, have been found in airway smooth muscle (75).
Because the airway epithelium is directly in contact with inhaled irritants, such as
pollutants, and is the target of infection for some viruses (RSV), theories have been
proposed suggesting that excitation of afferent receptors in the epithelium initiates
reflexes that mediate constriction of bronchial smooth muscle. It is well established
that there are intraepithelial nerves in human bronchi. Stimulation of sensory nerves
in the respiratory tract can cause “neurogenic inflammation” as a result of the
release of neuropeptides, such as substance P. The resultant increased capillary per-
meability, vasodilation, and smooth muscle contraction resembles the physiologi-
cal effects of mediators, such as histamine. Activation of C-fibers causing neuro-
genic inflammation has been proposed as one mechanism for development of
airway inflammation in asthma. It is possible that environmental pollutants and viral
infection might act through this pathway to augment the inflammatory response in
asthma (75).
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SUMMARY

There seems to be little doubt that oxidant air pollutants, DEP, ETS, and certain infec-
tions early in life can contribute to the development of allergic/atopic asthma. The mech-
anisms by which this occurs are gradually becoming evident. The development of the IgE
response to inhaled allergen is enhanced by RSV infection, ETS, DEP, and ozone expo-
sure. Cytokines are modulated by these asthma triggers. Viruses interact with bronchial
epithelial cells to increase potent chemotactic chemokines that are important in asthma.
Potentially, these alterations affect the antigen-presenting cells in the lung. Finally, inner-
vation of the small airways is modified by exposure to these ozone and potentially other
environmental influences early in life. Many of these observations were posed as ques-
tions in the previous edition of this book. Although there are still multiple questions to be
resolved regarding the complex interactions between the atopic genotype and infectious
and environmental insults, it is rewarding that the research performed during the past 5 yr
has greatly increased our knowledge in this area.
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KEY POINTS

Exercise-induced asthma (EIA) occurs in 90% of individuals with asthma.

The prevalence of EIA among athletes ranges between 3 and 11%.

EIA is characterized by transient airway obstruction occurring after strenuous exertion.
Pathophysiological mechanisms that could possibly explain the phenomenon of EIA
include respiratory, heat or water loss (or both), hyperventilation leading to the release
of bronchospastic chemical mediators, or rebound rewarming of the blood in the air-
way tissues.

Coughing, wheezing, shortness of breath, chest tightness, fatigue, or stomach ache in
children are common symptoms of EIA during or immediately in postexercise period.
The symptoms usually peak 8—15 min after exercise and resolve spontaneously in
approx 60 min.

EIA may occur at any age and is equally common in adults and children.

EIA could be the only symptom in patients with mild asthma and indicates inadequate
control of asthma.

The severity of EIA cannot be predicted from the resting level of the lung function.
EIA is one of the most common precipitating factors of acute asthma attacks in children.
The diagnosis of EIA is established by demonstration of a drop of 13-15% in forced
expiratory volume in 1 s or a drop of 15-20% in peak expiratory flow rate after exercise.
Prevention is the main goal in the management of EIA.

Early detection of EIA in school-aged children through screening would facilitate early
treatment and could enhance exercise-related activities and decrease school absences.

From: Current Clinical Practice: Bronchial Asthma:

A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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Table 1
Clinical Features of Fxercised-Induced Asthma

A common phenomenon in patients with asthma with prevalence of up to 90%.

. 12-15% of the general population suffers from exercised-induced asthma (EIA).

3. Coughing, wheezing, chest tightness, shortness of breath, fatigue, and stomachache in

children are common symptoms.

The symptoms of EIA peak in 8-15 min after exercise cessation.

. Symptoms of EIA resolve spontaneously in 60 min, and there is a refractory period of up
to 3 h.

6. There is a late asthmatic phase to EIA that is seen in 30-89% of patients and is seen 3-8 h

after EIA.

DN —

wos

* Proper pharmacological management would allow athletes with EIA to participate and
compete at any level of exercise.

» Aerobic fitness and adequate and good control of preexisting bronchial reactivity could
help to diminish the effect and intensity of EIA.

* Inhaled B-agonists are medications of choice in the prevention of EIA.

* Inhaled sodium cromoglycate (Intal) or nedocromil (Tilade) may also be used in the
treatment of EIA.

INTRODUCTION

Exercise as a common cause of bronchospasm in patients with asthma was first reported
in 1962 by Jones and coworkers. Exercise-induced asthma (EIA) occurs in up to 90% of
patients with asthma and in 40% of patients with allergic rhinitis (/-3). The prevalence of
EIA varies depending on the populations studied. The general prevalence among athletes
ranges between 3 and 11%. It is estimated that EIA affects from 12 to 15% of the general
population (3), and 2.8—-14% of the world-class athletes manifest EIA (4).

EIA may occur at any age and is equally common in adults and children. The common
symptoms of EIA include coughing, wheezing, shortness of breath, chest tightness,
fatigue, or stomach ache in children (3) (see Table 1).

EIA is defined as a transient increase in airway resistance usually occurring several
minutes after strenuous exercise with a pace sufficient to raise an approximate heart rate
of 170 beats per minute (bpm) (5,6). EIA symptoms reflecting bronchospasm usually
peak 8—15 min after cessation of exercise and spontaneously resolve in approx 60 min,
and a refractory period of up to 3 h has been observed. EIA could be the only manifes-
tation of patients presenting with mild asthma and could indicate inadequate control
of their asthma (8).

EIA is one of the most common precipitating factors of acute asthma attacks in chil-
dren (10). The laboratory definition of EIA is a drop of 10% in forced expiratory volume
in 1 s FEV, or same drop in peak expiratory flow rate (PEFR) after strenuous exercise
capable of increasing heart rate to 170-180 bpm, with an increase of oxygen uptake of
65-85% (5,7). The most significant drop in spirometric parameters is seen between 2
and 10 min after exercise (10).

Early detection of EIA in school-aged children through screening could lead to earlier
treatment, which could eventually enhance the exercise-related activities and decrease
school absences (/1).
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Table 2
Pathophysiological Mechanisms Explaining the Phenomenon
of Exercise-Induced Bronchospasm

Airway cooling, dehydration, and hyperosmolality of airway epithelium.
. Histamine and leukotrienes release from mast cells triggered by physical changes, including
cooling, dehydration, and hyperosmolality.

3. Neutrophil chemotactic factor, such as LTB4, which could lead to appearance of CR1, the
C3b receptor on neutrophils.

4. An increase in the number of CD25-positive T-cells or T-helper (Th) type-2 cells in
peripheral blood.

5. An increase in the number of CD23-positive B-cells in peripheral blood, which could lead
to more IgE synthesis.

6. An increase in the number of Th2 cells leads to the release of proallergy and proinflamma-

tory mediators, including interleukin (IL)-3, IL-4, IL-5, and granulocyte macrophage

colony-stimulating factor.

[N

EIA could cause athletes to suffer needlessly; however, through appropriate instruc-
tion, conditioning, and treatment, these athletes could control their symptoms and pos-
sibly even win Olympic gold medals. EIA should not prohibit athletes from competing
at the world level.

An International Olympic Committee-approved program comprising 67 athletes
(11% of the US Olympic team) who had asthma or EIA provided coordinated medical
care and appropriate use of medications and enabled 41 of the 67 athletes to win medals.

Prevention is the main goal in the management of EIA. A warm-up period of 15 min
before exercise and avoiding exercising in cold air and outdoors in the peak of allergy
season for patients with history of allergy could be helpful in ameliorating or eliminating
EIA. Inhaled B3,-agonists are the medications of choice for preventing EIA.

* EIA is a common occurrence in patients with asthma.

* The presence of EIA should alert the practitioner that he or she may be dealing with a
patient who has inadequate control of his or her asthma.

* With proper prophylaxis, mainly short-acting [3,-agonist, and with adequate control of
asthma, EIA should not be a prohibitive factor to regular physical and athletic activity.

PATHOPHYSIOLOGY

There has been tremendous progress in understanding the underlying mechanism
of EIA in the last three decades (see Table 2). The debate regarding the exact factor
or factors leading to EIA continues. There is no simple answer to explain the patho-
physiology of EIA. There are several physiological changes that occur with increas-
ing minute ventilation of greatly increased volumes of inhaled air during exercise,
which in turn, results in cooling of the air and dehydration of the respiratory mucosa.
Dehydration leads to increase in osmolality of epithelial lining fluid, which could
trigger the release of bronchoconstricting mediators in the airway tissues, which
could ultimately manifest as an increase in airway resistance and a drop in FEV,.

The role for histamine and bronchoconstrictor leukotrienes, including the cysteinyl
leukotriene (LTS), C4, D4, and E4, in enhancement of airway resistance in EIA have
been documented in several studies (/3—16). In some, but not all, patients with EIA,



240 Afrasiabi

increase in arterial or venous plasma histamine after exercise has been shown on a
molar basis. Leukotriene (LT)C4 and LTD4 are 200 times more potent in affecting
bronchoconstriction than histamine. Leukotrienes increase vascular permeability,
which could lead to airway edema, as well as increase in mucous production. Further
support to the role of leukotrienes in the pathophysiology of EIA comes from the
effectiveness of leukotriene antagonist in amelioration of EIA. In an elaborate study using
a 5-lipoxygenase inhibitor, Israel and his colleagues showed that zileuton significantly
inhibited cold air-induced bronchoconstriction supportive of the effect and role of
leukotrienes in the phenomenon of exercise induced bronchoconstriction (/7). These
authors showed a 47% increase in the amount of cold dry air required to reduce FEV,
by 10% in patients given zileuton compared with the group receiving placebo.
Hyperpnea-induced bronchoconstriction in guinea pigs is an animal model of EIA. Using
this animal model, recent studies have been conducted to study the role of other
causatory factors, including neuropeptides in the pathogens of EIA.

It has been reported that hyperpnea-induced bronchoconstriction in guinea pigs is
mediated through tachykinin release from airway sensory nerve (/8); depletion of
tachykinin through pretreatment of guinea pigs with capsaicin attenuates the hyperpnea-
induced bronchoconstriction (/8). Calcitonin gene-related peptide (CGRP) is a 37 amino
acid peptide that is made by sensory C fibers throughout the respiratory tree (/9). Using
a guinea pig model, CGRP attenuated the hypercapnia-induced bronchoconstriction
(19). Pretreatment with CGRP attenuates the LTD4-induced bronchoconstriction, sug-
gesting that CGRP may modulate LTD4-mediated responses.

Dimarzo and coworkers have shown that CGRP inhibits the release of leukotrienes,
including LTC4 and LTD4, from platelet-activating factor-stimulated rat lungs and
ionophores-stimulated guinea pig lungs (20). CGRP can also cause vasodilation, which
could in turn, effect heat and water transfer through the bronchial mucosa.

In guinea pigs, Gerland and coworkers have shown that hyperpnea-induced bron-
choconstriction was reduced by 50-90% by either LTD4 receptor antagonist or
5-lipoxygenase inhibitor (27). There is cumulating evidence that there are also cellular
changes in peripheral blood early in exercise-induced bronchospasm (EIB). These
changes include appearance of CR 1, the C3b receptor on neutrophils, which could be
the result of neutrophil chemotactic factors, such as LTB4 released through mast cell
activation (22,23). There is additional evidence documenting an increase in the number
of CD25-positive T-cells (T-helper [Th] type-2 cells), as well as a similar increase in
CD23-positive B-cells in the peripheral blood during EIB (24). These changes have
meaningful implication in supporting the concept of expansion of inflammatory com-
ponents in airway in patients with EIB.

Hallstrand and colleagues’ studies indicate that there is an increase in Th2 activity in
peripheral blood of patients with atopic asthma, as well as an increase in number of
CD23-positive B-cells (24). The number of these T- and B-cells increases in EIB. In
turn, these activated Th2 cells release a specific set of cytokines, including interleukin
(IL)-3, IL-4, IL-5 and granulocyte macrophage colony-stimulating factor. IL-4 is an impor-
tant cytokine in switching B-cells to active immunoglobulin (Ig)E-producing cells. Further
production of specific IgE on exposure to specific allergens leads to mast cell activation
and release of several chemical mediators of allergic inflammation, which contribute to
clinical symptoms of asthma. IL-5 is also important in eosinophil activation and recruitment.
The eosinophils are important cells that are actively involved in the expanding airway
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inflammation through the release of a variety of chemicals, including major basic pro-
tein, which can cause damage to the epithelial airway cells.

There is mounting evidence that manifestations of Th2 activity can be seen in periph-
eral blood in both children and adults with stable atopic asthma, and these changes are
augmented in EIB (24).

Th2 activity is translated into upregulation of B-cells producing IgE, which in turn,
could lead to activation of mast cells. The release of chemical mediators by mast cells
leads to bronchospasm manifested by wheezing, as seen in EIB.

* Airway cooling, dehydration, and hyperosmolality are major factors in initiating a
series of reactions leading to bronchoconstriction.

* Leukotrienes play a pivotal role in mediating bronchoconstriction in EIA.

* Amelioration of EIA by leukotriene antagonists supports the contention that leukotrienes
are major mediators of bronchoconstriction in EIA.

» Recent evidence suggests that Th2 cell activity and number is increased in the peripheral
blood of patients with EIA.

» Th2 cells release a specific set of cytokines, including IL-2, IL-3, IL-4, IL-5, and granu-
locyte macrophage colony-stimulating factor, which lend to upregulation and enhanced
synthesis of IgE and recruitment and enhanced survival of eosinophils, the key cells in
allergic inflammation.

ATHLETES AND ASTHMA

EIA does not preclude athletes from extensive training programs. Anywhere from
2.8 to 14% of world-class athletes manifest EIA (4).

US athletes with history of EIA or asthma won 41 medals at the 1984 Olympic
Summer Games in Los Angeles (/-3). Of 667 US athletes in the 1998 Olympic Summer
Games in Seoul, South Korea, 52 had confirmed EIA. In those games, the same percent-
age of athletes who had and did not have EIA won medals; the athletes with a history of
asthma have been able to even win medals in Olympic events requiring high ventilatory
efforts, such as bicycling, swimming, and cross-country skiing. Through long-term training,
these athletes develop certain adaptive mechanisms in their airways, enabling them to do
well in sports demanding such high performance levels. Of 699 athletes who partici-
pated in the 1996 Summer Olympic Games in Atlanta and completed the US Olympic
Committee Medical History Questionnaire, 107 (15.3%) had a previous diagnosis of
asthma and 97 (13%) had a of history using asthma medications (32).

Athletes with the highest prevalence of asthma were athletes participating in cycling
and mountain biking. Frequency of active asthma varied from 45 of cyclists and moun-
tain bikers to none of the divers and weight lifters.

The frequency of EIA varies with different sports (see Tables 3 and 4). The require-
ment for prophylactic medication depends on the type of exercise.

Exercising in a warm humid environment, such as swimming, is probably least likely
to be associated with EIA and may not require prophylactic medications. Other exer-
cises, including badminton, tennis, and football, in which there are short periods of
exertions followed by short periods of rest, are also less likely to be associated with EIA
and may not require prophylaxis. On the other hand, exercises (such as figure skating)
that expose the athlete to cold air are more likely to be associated with EIA. The inci-
dence of EIA in figure skaters is as high 30-35% (33).
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Table 3
Sports Most Commonly Associated
With Exercise-Induced Asthma

Running
Cycling

Figure skating
Mountain biking

L=

Table 4
Sports That Are Less Commonly Associated
With Exercise-Induced Asthma

Swimming
Walking
Badminton
Tennis
Football
Volleyball

Uk WD =

Several simple and practical measures can help reduce the frequency of EIA.
Breathing slowly through the nose, which helps to humidify the air and reduce minute
ventilations, could possibly help to control EIA.

Improving humidity through swimming in a heated pool and wearing a mask or scarf
in cold weather can lower the frequency of EIA.

Exercising in spurts of less than 5 min, with each spurt less than 40 min apart, is less
likely to be associated with EIA and may be necessary in some patients with asthma.

CLINICAL FEATURES AND DIFFERENTIAL DIAGNOSIS

Clinically, the classical symptoms of EIA occur within 10—15 min after exercise ces-
sation. The typical symptoms include coughing, wheezing, chest tightness, shortness of
breath, fatigue, and stomachache in children (see Table 5).

A dual response, which includes a late-phase asthmatic response, within 3-8 h after
exercise has been reported in 30-89% of patients (26-28).

There is ongoing debate regarding the mere existence and genuine nature of the late
asthmatic response. A recent study by Sunil et al. (28) shows that late-phase asthmatic
response in EIA is a true phenomenon. In this study, there was no obvious or physio-
logical predictor of the late-phase response after an EIA attack. There is a refractory
period of 30-90 min, during which there is little or no bronchoconstriction.

McFadden and Zawadski reported vocal cord dysfunction masquerading as EIA in a
group of seven elite athletes (29). These athletes with psychogenic vocal cord dysfunc-
tion present with acute dyspnea and wheezing during competitions (see Table 3).

The critical clinical features that could help differentiate vocal cord dysfunction
from true EIA included lack of consistency in the development of symptoms when
these athletes were exposed to identical stimuli, the onset of breathing difficulties
occurred during exercise, and they had poor therapeutic response to a prophylactic anti-
EIA treatment program (29).
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Table 5
Clinical Features of Disorders Simulating Exercise-Induced Asthma

1. Vocal cord dysfunction presents with symptoms such as choking, wheezing, stridor, cough,
and dyspnea during exercise.

2. There is a strong psychological component with extreme vulnerability to internal and exter-
nal pressure not to fail.

3. Vocal cord dysfunction is usually seen in elite athletes with success-oriented background in
whom the fear of failure is strong.

4. Clinical features, including absence of nighttime symptoms, history of choking, and lack
of response to usual exercised-induced asthma (EIA) treatments, are main differentiating
features.

5. Exertional gastroesophageal reflux (GER) is seen up to 91% of patients with documented
acid reflux disease and could present with symptoms simulating EIA.

6. Exertional GER is worse with sports like running and weight training, which require greater
body movement.

Exercise-induced laryngeal prolapse (EILP) is an important differential diagnosis
that mimics EIA and exercise-induced vocal cord dysfunction. Patients with EILP present
with dyspnea and chest tightness during exercise. The symptoms of EILP result from
mucosal edema prolapsing from aryepiglottic folds into the endolarynx. EILP should
be suspected especially in patients with refractory EIA on maximal asthma therapy,
including inhaled bronchodilators, inhaled corticosteroid, and leukotriene antagonists.
Spirometry after exercise shows a typical pattern of extrathoracic obstruction. This
condition can be diagnosed by fiberoptic laryngoscopy during maximal exertion coin-
ciding with the onset of severe respiratory distress. Bjornsdottir and colleagues
described six elite athletes referred to their center for evaluation of refractory EIA,
despite maximal asthma therapy. The researchers documented EILP on fiberoptic laryn-
goscopy during maximal exertion, coinciding with symptoms of extreme dyspnea and
audible stridor. The prolapsed edematous tissue partially obscured vision of vocal cords
and resulted in glottic obstruction; four of these athletes underwent surgical correction
using laser laryngoplasty and could compete again at gold-medal levels in their respec-
tive sports (43). Exercise-induced stridor owing to abnormal movement of the ary-
tenoid area was recently reported in four patients who developed severe symptomatic
stridor during maximal cardiopulmonary exercise testing. The baseline nasal fiberoptic
laryngoscopy showed normal findings. Nasal fiberoptic laryngoscopy after maximal
exercise testing showed normal vocal cord motion during exercise, but developed
abnormal anterior motion of the arytenoid and aryepiglottic folds only at peak exercise
leading to partial airway obstruction and severe stridor (44).

It has been questioned whether the gastroesophageal reflux (GER) is a factor in EIA,
especially in the light of recent reports of exertional gastroesophageal acid reflux.
Wright and Sagatelian studied 10 athletes with EIA for occurrence of GER during exer-
cise. Continuous monitoring of intraesophageal pH and motility were conducted.
Although 60% showed some degree of GER, only three individuals demonstrated a
pathological degree of GER. In the two individuals who were tested postprandially, the
change in FEV | was not different in one and improved in the other, despite worsening
of GER in both. The authors of this study concluded that there was no correlation
between GER and EIA (30).
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Table 6
Diagnosis of Exercise-Induced Asthma: Summary of Diagnostic Features and Methods Used
to Diagnose Exercise-Induced Asthma

1. Exercised-induced asthma (EIA) is defined as a 10% drop in forced expiratory volume in 1 s
(FEV)) from pre-exercise level.

2. The gold standard test to diagnose EIA is treadmill test.

3. A standard treadmill test is 3-8 min of exercise capable of maintaining a heart rate at 80%
of maximal predicted value.

4. Peak expiratory flow rate (PEFR) or FEV | is measured every 5 min during the first 15-30
min after exercise cessation.

5. In a standard treadmill test, a drop in FEV of more than 15% of baseline is considered
diagnostic.

6. Free running for 1 mile in an outdoor environment with measuring of PEFR before running
and 5, 15, and 30 min after cessation is an alternative test to standard treadmill.

7. A free running test is more practical and can be used in large scale screening for EIA.

It is clinically relevant and important not only to diagnose and prevent EIB but also
to be able to predict the severity of EIB. In doing so, clinical strategies to prevent and
treat EIB in asthmatic patients will be created. Otoni and colleagues studied 23 patients
with asthma to determine the predictors of EIB. The methacholine provocation test,
eosinophils in induced sputum, and vascular permeability index, which is defined as
the ratio of albumin in induced sputum and serum, were the parameters used to predict
the severity of EIB in this patient population. By using stepwise multiple regression
analysis, the researchers showed a significant correlation between these parameters and
EIB after exercise testing on all 23 patients. There was no significant correlation
between baseline FEV, and the severity of EIB (45).

The most classical and common clinical presentation of EIA occurs in the postexer-
cise period usually in the first 10-15 min after exercise cessation.

A late asthmatic response, which occurs within 3-8 h after exercise, is a true and
genuine phenomenon in EIA.

DIAGNOSIS

EIA is defined in laboratory as exercise that reduces the PEFR or the FEV, by at
least 10% when compared with preexercise levels (5). A typical test to diagnose EIA is
a standard treadmill test, which consists of 3—8 min of exercising at a level to maintain
heart rate at 80% of maximal predicted value. The PEFR or FEV is measured every 5 min
during the first 15-30 min after exercise cessation (7). A significant drop more than
15% of baseline is considered diagnostic of EIA (see Table 6).

Free running for 1 mile in an outdoor environment with monitoring of PEFR before
running and then 5, 15, and 30 min thereafter has been considered another alternative
to standard treadmill test, which may not be practical in a large population study (/0).
EIB is defined as a decrease of 15% of PEFR at any point after exercise. Using this
method, Kukafka and colleagues found a substantial number of unrecognized EIB
among varsity athletes. These authors, by looking at stepwise regression analysis of
their data, noted that history of wheezing and residence in a poverty-stricken area were
most closely associated with EIB. Therefore, they suggested that active screening for
EIB, especially for students residing in poverty-stricken areas, may be indicated to
identify individuals who are at risk for EIB and asthma (37).
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Eucapnic voluntary hyperventilation (EVH) is able to identify airway hyperrespon-
siveness (AHR) in elite cold-weather athletes. In a recent study by Rundell and col-
leagues, EVH was compared with exercise in the field. EVH setting protocol in
laboratory was defined that athletes inhaled dry air at 19°C, containing 5% carbon
dioxide for 6 min at a target ventilation equivalent to 30 times baseline FEV . The exercise
included cross-country skiing, ice skating, or running for 6-8 min. AHR consistent with
EIB was defined as a fall in FEV | by 10% or more. A total of 19 out of 38 athletes had
AHR; 58% were identified by exercise and 89% were identified by EVH. The authors
concluded that EVH in laboratory for 6 min had a greater chance of identifying AHR in
these athletes compared with 6-8 min of field exercise in cold weather (46).

TREATMENT

The short-acting [3,-agonist albuterol is most commonly used as prophylaxis and is
effective prophylaxis for EIA.

Cromolyn sodium and nedocromil are equally effective in controlling EIA.

In addition to conditioning and modified training techniques, there are several medica-
tions that have been used to prevent or treat EIA (see Table 7). These include short- and
long-acting 3,-adrenergics, cromolyn sodium, nedocromil, leukotriene antagonists,
inhaled furosemide, inhaled indomethacin, theophylline, glucocorticoids, antihistamines,
and anticholinergics. The ,-adrenergic agents provide protection from EIA in 80-95%
and have few side effects.

The inhalant form of the [3,-adrenergic agent commonly used is albuterol, which has a
rapid onset of action and induces bronchodilation for 4-6 h. The usual dosage is two puffs
15 min before exercise initiation. Another common and widely prescribed medicine that is
used as prophylaxis is cromolyn sodium, which is effective in preventing EIA in 70-87%
of patients and has minimal side effects. Cromolyn should be given 10-20 min before exer-
cise to prevent the onset of EIA. The long-acting [3,-adrenergic agent salmeterol has been
used as a single dose in prevention of EIA. In a placebo-controlled crossover study by
Green and Price using 50 pg dose of salmeterol aerosol in children prevented EIA at 1, 5,
and 9 h after dosing. The mean maximum fall in FEV in salmeterol-treated children was
3.4% after 9 h of exercise challenge compared with 26.6% fall in FEV | with placebo (34).

Occasionally it appears more practical for children with EIA to receive salmeterol
before leaving for school in view of the difficulty they may face in the school setting
using prn medication or some other barrier, including some children forgetting to take
asthma medication before exercise.

Cromolyn sodium at a 10-mg dose and 4 mg nedocromil in the form of metered-
dose inhalers are equally effective in controlling EIA in children, and their protective
effect lasts less than 2 h in most patients (38). The EIA inhibitory effect of cromolyn
sodium in a nebulized form increases with escalating concentration of the drug from
2 to 40 mg (36). A similar dose-response effect was shown with a pressurized aerosol
at doses from 2 to 20 mg (37). On the other hand, the inhibitory effect of nedocromil
on EIA has not been shown to be dose dependent when the dose range of 0.5-20 mg
through metered-dose inhalers was used. The practical message from these studies
is that the 2-mg dose of cromolyn, which is used in some countries, is suboptimal and
should be changed to at least 10 mg.

Part of our understanding of the role of leukotrienes in the pathogenesis of EIA has
come from studies showing the effectiveness of leukotriene antagonist in attenuating EIA.
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Table 7
Prophylactic Pharmacological Management of Exercise-Induced Asthma
Type and class of Dosing and administration Duration of
medication Mechanism of action (min before exercise) action (h)
B,-Adrenergic: Relaxation of smooth
muscles of airway

Albuterol MDI 2 puffs, 15 4-6

Metaproterenol

Sulfate MDI 2 puffs, 10 2-4

Terbutaline sulfate MDI 2 puffs, 15 3-6

Salmetrol discus 50 ug, 30-60 12
Cromolyn sodium MDI Stabilizing mast cell 2 puffs, 10-20 4-6

membrane inhibiting
histamine release

Nedocromil MDI Similar to cromolyn- 2 puffs, 10-20 4-6
Theophyline, oral blocking phosphodi- Serum levels at 4-12
esterase enzyme and, 6 mg/L, 30-60 24

hence, increasing
intracellular cAMP,
leading to smooth
muscle relation and
anti-inflammatory

property
Anticholinergics Blocking cholinergic 2 puffs, 60 Unknown
Ipratrapium bromide MDI ~ pathway
Leukotriene receptor Blocking the effect of 5-10 mg Up to
Antagonists, oral leukotrienes, leading For montelukast 2024 h
to smooth muscle After dose

relaxation of airways,
decreased mucus
production, and
decreased airway
inflammation

MDI, metered-dose inhaler.

When zafirlukast, which is a selective LTD4-recepter antagonist at a single dose
ranging from 5 to 40 mg, was used as prophylaxis against EIA in a group of children,
the maximum mean fall of FEV, after exercise was 8.7-11%, compared with
16.3-17.1% after placebo, confirming the effectiveness of this agent in reducing bron-
choconstriction in EIA (39). The result of this latter study (39) show that the drug was
effective for most patients at the time of challenge, which was 4 h after administration.
The long duration of this medication offers a practical advantage over other prophylactic
medications, the majority of which are shorter lived.

Leff and colleagues evaluated another recently approved leukotriene receptor antago-
nist, montelukast, in a 12-wk placebo-controlled study using 10 mg of montelukast once
daily. The montelukast therapy offered significantly greater protection against EIB than
placebo therapy. There was no evidence of tolerance to medication in this 3-mo study;
neither was there evidence of residual rebound 2 wk after treatment cessation (40).
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Another study evaluated the effectiveness of 400 ug daily beclomethasone for a
3-mo period compared with placebo in a group of children ranging in age from 7 to 9
yr, with EIB. The result of this study showed significant improvement of asthma con-
trol at 1 and 2 mo (41).

One of the clinical problems in the treatment and prevention of EIA is the develop-
ment of tolerance. Tolerance develops after 1 wk of treatment with a short-acting
inhaled -agonist, albuterol, and similar tolerance develops 4 wk after salmeterol treat-
ment. There was no tolerance observed in a 3-mo study with the leukotriene-receptor
antagonist montelukast (40).

The oral theophylline given at least 1-2 h before exercise has a variable and dose-
related bronchoprotective effect, a blood level of 15-20 ng/mL is required for maxi-
mum inhibition (44). However, for patients who are not accustomed to theophylline,
these concentrations cause side effects, such as gastrointestinal complaints, head-
aches, and tachycardia. Therefore, the routine use of theophylline for prevention and
treatment of EIA is not recommended unless the patient requires asthma medications
continuously.

A recent study has reported that inhaled furosemide significantly inhibits bronchocon-
striction caused by exercise (42). The exact mechanism through which furosemide works
is not known. However, it appears that it resembles cromolyn sodium by acting on post-
ganglionic cholinergic fibers in addition to its mast cell membranes’ stabilizing properties
(42). Furosemide at the dose of 20 mg/m? body area prevents EIA without increasing
diuresis with efficacy comparable to cromolyn sodium (42). Another potential mechanism
through which furosemide works is an increase in production of prostaglandin E2 in kid-
neys with similar effects in airways. Prostaglandin E2 has a significant bronchoprotective
effective in patients with asthma and could attenuate EIA (42).

Tolerance is a common problem with the use of 3,-agonists.

Leukotriene antagonists are new effective treatment for EIA; they have the advantage
of longer duration and less tendency to cause tolerance.
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Foods

Food-induced asthma is uncommon but especially worth considering in patients with
atopic dermatitis and moderate to severe asthma.

The key to diagnosing food-induced asthma is not the history but a double-blind, placebo-
controlled challenge with spirometry pre- and postchallenge.

An important condition in the differential diagnosis of isolated food-induced asthma is
systemic food allergy with asthma as one part of the symptom complex. Epinephrine
by self-injection is the preferred treatment in this case.

Additives

Sulfites have been proven to cause bronchospasm or anaphylactic responses in some
individuals with asthma. Asking patients about the presence of wheezing after inges-
tion of white wine is a relevant screening question.

Aside from sulfites, no other food additive has been clearly associated with asthma in
well-controlled studies, contrary to public perception.

The key to diagnosing food additive-induced asthma is a double-blind, placebo-controlled
challenge.

Nonsteroidal Anti-Inflammatory Drugs

Aspirin and the other nonsteroidal anti-inflammatory drugs can cause worsening of
asthma in approx 10-15% of patients with asthma, but many will not be aware of it.
Desensitization can be helpful in reducing asthma and rhinitis symptoms.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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INTRODUCTION

The individual roles of foods, additives, and medications, specifically aspirin and
nonsteroidal anti-inflammatory drugs (NSAIDs), in asthma have been the focus of
ongoing clinical research—and controversy in the case of food additives. There is still
much to be defined, but this is certainly an area in which asthma caregivers can give
patients practical information, particularly to counteract some common misperceptions.
The influence of diet on asthma has long attracted attention. It must be remembered,
however, that a significant proportion of a person’s life is spent in the procurement,
preparation, and enjoyment of food. It is to be expected, then, that many people have
strong beliefs about how certain foods affect their sense of well-being, both physically
and emotionally. Certain foods in different cultures are believed to be “good” for asthma
and others as possibly causative. It is clear, however, that patients with asthma who
have immunoglobulin (Ig)E-mediated food allergy (e.g., to shrimp, peanut, and hen’s
egg) are both at higher risk for life-threatening asthma in general in childhood, and at
higher risk for more severe systemic reactions and death resulting from the food allergy
than those with the food allergy but without underlying asthma (/,2). In addition, recent
double-blind, placebo-controlled food challenge (DBPCFC) studies have established
food-induced asthma as a rare but distinct clinical entity apart from a systemic allergic
reaction to a food. Blinded challenges have also been critical in the study of additive
reactions. NSAID hypersensitivity, especially in the setting of nasal polyposis and
chronic rhinosinusitis, has been a particular challenge to some patients with asthma. In
this chapter, each of the three topics is reviewed separately.

FOODS AND ASTHMA
Beneficial Effects of Food

Although there have been many hypotheses about the effect of diet on asthma, ran-
domized controlled trials are generally difficult with whole foods; thus, the approaches
have been to use supplemental extracts of foods or surveys of dietary habits.
Supplements and vitamins are covered in more detail in Chapter 8. Supplementation
with dietary fish oil, because of potential anti-inflammatory effects, has been studied
most comprehensively in both adults and children with asthma and has been the subject
of two Cochrane Database Systemic Reviews, most recently in 2002 (3). The reviewers
found no consistent beneficial effect, but they point out that no adverse events were
noted. The effects of preventive dietary supplementation have been further pursued in
children who are at risk for asthma. The 3-yr outcomes of the Childhood Asthma
Prevention Study in Australia are available. This randomized, controlled study enrolled
616 high-risk children antenatally and assigned them to dust mite reduction measures,
n-3 fatty acid supplements, or placebo. There was no effect on wheezing at 3 yr by
either active intervention, but there was a significant decrease in cough in children who
were atopic on the active dietary supplement (p = 0.003, number needed to treat = 10)
(4). The same group also studied a larger birth cohort to identify children with asthma
and controls to use in a case-control study. A diet survey at age 8 was used to calculate
the current n-6 to n-3 fatty acid ratio of the diet. A difference was found between the
patients with asthma and controls (p = 0.02), suggesting that diets higher in n-3 fatty
acids may be beneficial regarding a current diagnosis of asthma (5). It must be remem-
bered, however, that after a diagnosis of asthma is made in a young child, families may



Foods, Additives, and Drugs 253

be advised to delay introduction of fish and seafood because of concerns about the
development of food allergy in a child who is atopic, which could bias surveys of this
type. Interestingly, a group of 1601 young adults was extensively studied for associa-
tions of food with atopy or asthma. No association or protective effect was found with
oily fish ingestion or the ratio of n-6 to n-3 fatty acids in the diet. Instead, whole milk,
apples, and pears were protective against current asthma by logistic regression analysis,
whereas soy beverages were associated with current asthma. By plasma fatty acid analy-
sis, no protective effect was seen with the level of n-3 fatty acids, or n-6:n-3 fatty acid
ratio, but dihomo 7y-linolenic acid was positively associated with a current diagnosis of
asthma (odds ratio [OR] = 1.34, 95% confidence interval [CI]: 1.13-1.60) (6,7).
Obviously, further work is warranted in the area of primary prevention and dietary fac-
tors, as well as modification of established disease by diet or supplements.

Adverse Effects of Food
FooD INTOLERANCE AND FOOD ALLERGY

Subtle psychological associations could be the source of some adverse reactions to
foods. In fact, surveys from the 1980s and 1990s revealed that up to 25% of households
in the US general population report at least one family member with a perceived food
allergy (8,9). Chocolate and cow’s milk were most frequently reported (9). In reality,
cow’s milk allergy (both IgE-mediated and non-IgE-mediated) affects approx 2.5% of
infants, with 80% tolerant by age 5 (/0), and proven clinical IgE-mediated allergy to
processed chocolate (rather than peanut, tree nut, or cow’s milk contaminants or occu-
pational allergy to cacao bean dust) is actually not described in modern literature.

Food intolerance resulting from psychological or metabolic factors is far more com-
mon than an allergic, or immune-mediated, response to the food in question. Subjective
symptoms are particularly prone to psychological factors. DBPCFCs in 24 patients with
subjective symptoms (fatigue, bloating, migraines, nausea, itching, etc.) revealed only
one patient with a positive food-induced reaction (soy-induced migraine) (/7). There are
some challenges in understanding the terms used to describe reactions to foods. The
European Academy of Allergy and Clinical Immunology convened a committee to pro-
pose universal definitions, published in 1995, and updated in 2001; however, not all the
changes have been adopted (/2,13). In the United States, the umbrella term “adverse food
reaction” describes any reaction to a food (/4). Reproducible adverse food reactions can
stem from “food intolerances,” or to reactions mediated by the immune system called
“food allergy” (/4). Food intolerances may be caused by metabolic factors, such as lac-
tase deficiency, that are specific to the individual. On the other hand, some adverse food
reactions may result from toxic or pharmacological effects of foods that could affect any-
one when given a large enough dose, for instance, solanine poisoning from the alkaloids
in green potato skins, reactions to high levels of histamine in scombroid fish poisoning, or
nervousness from too much caffeine or related compounds. Food intolerances owing to
psychological factors are not reproducible when the food is given in a blinded challenge.

Table 1 shows the estimated prevalence of various food allergies (10,15-20).
Random-digit dial telephone surveys were used to obtain the estimates that approx 1%
of the adult population self-reported allergy to peanuts or tree nuts and 2% to fish or
crustaceans (18,19).

Approximately 6% of children are believed to have definite food hypersensitivity
(IgE-mediated or other immune mechanism) and perhaps up to 4% of adults. This is not
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Table 1
Estimated Prevalence of Food Allergies
Food Young children, % Adults, %
Cow’s milk 1.9-3.2 0.3
Peanut 0.8 0.6
Tree nut 0.2 0.5
Fish 0.1 04
Shellfish 0.1 2.0
Egg 1.6 0.2
Fruits/vegetables Uncertain Uncertain

including patients with pollen-induced allergic rhinitis who may have itching in the mouth
and throat brought on by cross-reacting proteins present in pollen and fresh fruit or vegeta-
bles. Exact data on prevalence are lacking, but food hypersensitivity is more common in
patients with a history of atopic dermatitis. It is this group of patients that is most likely to
exhibit food-induced asthma and is also the group most likely to have systemic food allergy,
which can progress to full-blown anaphylaxis. There is not enough room here for a full dis-
cussion of food allergy, but the interested reader is referred to recent reviews (10, 14).

FooD-INDUCED ASTHMA

Consider the diagnosis of food-induced asthma as a contributing factor to wheezing
in all patients with a history of atopic dermatitis, especially those with onset of asthma
early in life and those of any age with significant atopy whose asthma is poorly con-
trolled. In particular, young children with atopic dermatitis may have cow’s milk allergy
contributing to both asthma and the atopic dermatitis.

Among patients with asthma, studies reveal that from 20 to 73% of patients believe
that certain foods are a trigger, and up to 61% modify their diet in response, primarily
by restriction (2/). Double-blind food challenges in one study, however, showed only
positive results (drop in forced expiratory volume in 1 s [FEV]) in approx 2.5% of a
population that included both adult and pediatric patients with asthma (22). The preva-
lence of positive food challenges increased to 6—8% in studies examining only pediatric
patients with asthma (23,24). Therefore, the actual prevalence of food-induced asthma
in standard clinical practice is much lower than perceived by patients, but if diagnosed,
the possibility for clinical improvement via eliminating exposure to the specific food in
a chronic asthma patient is real. Interestingly, a DBPCFC study of patients with food-
induced asthma showed that in a subset of patients, the food allergy could be contribut-
ing to the immunopathology of asthma, as evidenced by increases in bronchial
hyperresponsiveness measured by methacholine challenge (25). A previous small study,
however, failed to show such an association (26).

EVALUATION OF THE PATIENT
History

The historical information that is most helpful in evaluating the possibility of food-
induced asthma follows:

1. The food believed to be associated with asthma.
2. The amount that needs to be ingested to develop symptoms.
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Table 2
Inhalational Food Allergy Causing Asthma
Food Exposure
Fish Cooking vapors
Crustaceans Cooking vapors
Hot dogs Cooking vapors
Lentils Cooking vapors
Chickpea Cooking vapors
Peanut Particulates in air when bags are popped open
Buckwheat Cooking vapors and flour in buckwheat
chaff-stuffed pillows
Table 3

Foods Associated With Occupational Asthma

Wheat, barley, rye flours
Dried cow’s milk
Lupine seed flour
Soybean flour
Fish

Crustaceans

Clam

Dried fruits

Dried tea leaves
Green coffee beans
Cacao bean dust
Dried egg white

Whether symptoms have occurred with each exposure.

Whether other factors, such as exercise, are necessary in the development of symptoms.

5. The temporal association between ingestion of the food and onset of wheezing. Food-
induced asthma usually is apparent within 1 h of food ingestion.

6. Presence of atopic dermatitis because this group is at greatest risk for food-induced
asthma.

7. Whether symptoms are with food ingestion or food inhalation (e.g., steam from cook-
ing crab, shrimp, fish, hot dogs, or lentils).

8. Presence of other symptoms that suggest a systemic reaction to a food on ingestion: nau-
sea, vomiting, urticaria, angioedema, stridor, hoarseness, flushing, itching mouth/throat,
nasal congestion/itching, watery/itchy eyes, lightheadedness, and fainting.

9. Whether symptoms occur after eating certain histamine-rich foods, such as red wine,

aged cheeses, and fish.

w

Some patients with IgE-mediated food allergy will also experience bronchospasm on
inhalation of the food particles or vapors, such as those emitted during boiling (see Table 2)
(27-33). Exposures to aerosolized food allergens have also been reported to cause occu-
pational asthma via an IgE mechanism, but it is not common in this setting to subse-
quently experience a reaction on eating the food (see Table 3) (34—41). The history
should also focus on questions that relate to conditions that mimic food-induced asthma
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Table 4
Differential Diagnosis of Food-Induced Asthma

e Systemic food allergy
Can include any ONE of the following with bronchospasm or upper respiratory tract
symptoms:
Urticaria
Angioedema
Nausea/vomiting
Diarrhea/abdominal pains
Flushing
Lightheadedness/fainting
e Food-induced asthma
Isolated asthma
Asthma and other upper respiratory tract symptoms:
Laryngoedema (hoarseness of voice or frank stridor)
Nasal congestion/rhinorrhea of acute onset
Itchy/watery eyes of acute onset
e Inhalation of a food that may or may not cause a systemic reaction upon ingestion
(e.g., boiling shrimp vapors)
¢ Gastroesophageal reflux
e Histamine intolerance

and are more common, such as gastroesophageal reflux (42). In addition to dyspepsia
and acid taste in the mouth, ask about chronic throat clearing at the level of the larynx
because chronic reflux can result in subtle or overt laryngitis. Sensitivity to sulfites in
some foods and beverages should also be considered; asking questions about wheezing
in association with white wine (which often contains more sulfites than red) can be
helpful (see Table 4).

Physical Examination

There are no distinct physical examination findings to suggest a diagnosis of food-
induced asthma. However, because this entity is more common in patients with atopic
dermatitis, careful attention to the skin examination is warranted.

Differential Diagnosis

Because true food-induced asthma is actually uncommon as proved by double-blind
challenges, wheezing after eating is more likely to be related to other factors. Most
important is the baseline variability in lung function. Such variability in patients with
poorly or moderately controlled asthma can result in misleading historical information
as it relates to foods or food additives. Other important conditions include gastro-
esophageal reflux, sulfite sensitivity, and systemic allergic reactions to foods with bron-
chospasm as one of several primary symptoms.

Rarely, histamine intolerance could account for some cases of food-induced asthma
(43). Scombroid fish poisoning is the classic example of histamine overdosage, result-
ing in flushing, sweating, nausea, vomiting, urticaria, palpitations, and headache as
prominent symptoms when improperly stored fish is served. The fish may not taste
spoiled, but may have a “peppery” taste and contains elevated levels of histamine caused
by decarboxylation of histidine by bacteria (44). Bronchospasm is not usually a feature
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in scombroid poisoning, except in severe cases. However, patients with asthma are
more sensitive to elevated levels of plasma histamine and would be more likely to
wheeze under such circumstances (43). It has been proposed, but backed up by only a
few reports, that some people are sensitive to endogenous histamine in foods, including
the baseline levels of histamine in scombroid fish (tuna, mackerel, and bonito), other
fish (including mahi mahi), some red wines, certain aged cheeses, and perhaps spinach
and eggplant (45—47). Sensitivity to histamine is also more likely in conjunction with
antituberculous therapy with isoniazid, a potent inhibitor of diamine oxidase, one of
key enzymes in the breakdown of dietary histamine (48).

Diagnostic Tests

Skin-prick or -puncture testing with commercially prepared glycerinated extracts or
with fresh foods (in the case of fruits and vegetables) is a good starting point to evalu-
ate possible IgE-mediated food-induced asthma (believed to account for most food-
associated asthma). A negative control (saline) and positive control (histamine) must be
included. However, such testing should not performed unless the suspicion of a food-
induced reaction is high and the physician is willing to follow-up positive results with
food challenges (except in the case of severe reactions). Indiscriminate “food allergy
panels” can give multiple false-positive results in an individual with atopy. Results are
considered positive if the wheal is at least 3 mm greater than the wheal of the negative
control (49). Intradermal skin tests with foods are not recommended because of the
increased risk of severe reactions (/0). Skin-prick testing has been demonstrated to
possess high specificity, i.e., if the skin-prick test to a suspected food is negative, there
is a greater than 95% probability that the food is not involved. However, positive results
must be interpreted with caution because the positive predictive accuracy of a positive
skin-prick test is only approx 50% (10,14,50). It is not uncommon for individuals with
atopy, particularly those with atopic dermatitis, to exhibit IgE against foods without
any clinical symptoms or signs on ingestion—such foods do not need to be avoided. In
adults, the most commonly implicated foods in IgE-mediated reactions are peanuts,
tree nuts, shrimp, and fish. In young children, cow’s milk, egg, soy, wheat, and peanut
are the most common allergens. See Fig. 1 for a suggested algorithm to follow in the
diagnosis of food-induced asthma.

If skin-prick testing is not available or if the patient has active atopic dermatitis involv-
ing the area to be tested or to screen for specific IgE in cases of life-threatening, sudden
onset of wheezing in which the physician is concerned about a possible systemic reac-
tion to the skin-prick test, in vitro quantitative specific IgE assays are an alternative.
Recent studies have shown that it is possible to predict which children may outgrow
their food allergy by assessing the level of specific IgE over time. If specific IgE to a
food is below cut-off thresholds, then that child has a greater likelihood of now being
tolerant to the food in question and a food challenge may be warranted (10,14).
Alternatively, certain high values have been determined to have a high likelihood of pre-
dicting that the individual is truly clinically allergic to the food assayed (/0). There is no
role for specific IgG, IgG4, or food immune complex assays at this time in the diagnosis
of food allergy because these procedures are considered unproven or experimental (/4).

If life-threatening asthma has resulted after exposures to the food in question and the
skin-prick test or in vitro IgE assay is positive, it is reasonable to diagnose food-induced
asthma and eliminate the food from the diet, both microscopic and macroscopic amounts.
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Suspected food-induced asthma

\
Prick skin test or in-vitro IgE assay
4 \
Negative Positive
' \

Food unlikely to be a factor Eliminate food for at least 2 weeks

but can consider DBPCFC
based on history

DBPCFC
/ \

Negative Positive

4 \
Open Challenge Avoid the food

\ X\

Negative Positive
4 A\

Include the food in diet Do DBPCFC with fresh food if previous
was dried

Fig. 1. Algorithm for diagnosis of food-induced asthma. DBPCFC, double-blind, placebo-controlled
food challenge.

However, the history is not usually that compelling in cases of food-induced asthma,
unlike acute systemic allergic reactions (anaphylaxis) to peanut, tree nuts, shrimp, or fish,
where acute bronchospasm may be part of a multisystem reaction often easily linked to
the food ingestion; symptoms in these cases have been known to start within 1 min of food
ingestion. Instead, the next step is an elimination diet and food challenge. An elimination
diet by itself cannot be used to screen for food-induced asthma because such individuals
are usually atopic and multiple factors may contribute to peak flow variability, although,
there are case reports of improvement in some patients after elimination of one suspect
food (517). Rather, the elimination of the food leads up to a food challenge, which can be
performed in the office setting as long as the capability to treat severe asthma exists.
Food challenges should be double-blind and placebo-controlled. Guidelines for the
performance of office-based food challenges have been published (52). Single-blind chal-
lenges can be used initially if there are more than one or two foods suspected. Ideally, the
patient should have avoided the suspect food for at least 2 wk, and asthma should be
under good control. The latter point is critical, because if sequential spirometry on a non-
challenge day shows variability of 10% or more, the results could be falsely skewed toward
a positive challenge. Antihistamines should be held for several days before the challenge,
but usual asthma controller medications continued. On the day of challenge, baseline
spirometry should be performed. Challenge can usually begin with 25-200 mg of the sus-
pected food in dried or freeze-dried form (most common foods are available in many
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grocery stores, natural food stores, and camping outlets) given in capsules or disguised in
another food. For example, a fruit smoothie is a good way to disguise dried milk, wheat
flour, soy, or egg powders. The dose is then doubled every 15-20 min (particularly when
the suspect food or placebo is administered as a liquid in a patient with a history of rapid
reactions) or up to 1 h, depending on the patient history. Spirometry should be repeated
before the next dose is given. A drop of 15% in FEV is considered a positive challenge.
Alternatively, if other signs of a food allergic reaction develop, such as a morbilliform
rash, urticaria, and lip/oral mucosa swelling, before a drop in FEV | is seen, the challenge
can be stopped because these symptoms are consistent with food allergy and further
incremental doses increase the risk for a severe reaction. If a total of 10 g (adding all
increments given) of the suspected food has been tolerated, it is exceedingly unlikely that
the food is a factor in the patient’s asthma. Equal numbers of placebo and food challenges
should be done. Ideally, it is recommended that two challenges and two placebos be given
for each food suspected (52). Such testing should occur on separate days and is obviously
time-consuming for the patient but worth the effort, particularly if a pediatric patient has
been on a restricted diet (e.g., milk and wheat restriction) because of positive skin-prick
tests which are, statistically, most likely to be clinically irrelevant.

Anecdotally speaking, many adults choose to avoid the food in question rather than take
the time to perform challenges, but it is very important to clarify the situation in children
because children on restricted diets can face malnutrition and stigmatization by peers.

After a negative challenge, an open challenge with the food as the patient usually
eats it should be scheduled because there are occasional instances of dried foods not
provoking a reaction when the fresh food is indeed allergenic.

Treatment

Currently, the primary treatment for food-induced asthma, as with food allergy in
general, is avoidance. Avoiding the food can be extremely difficult in some cases.
Referral to a dietitian may be advisable if the food has been an important component of
the diet, such as cow’s milk in a young child. The patient and family must be educated
on how to read food labels and the problems and pitfalls of cross-contamination in
homes, bakeries, and restaurants. Although we are fortunate in the United States to
have fairly stringent food labeling laws, cross-contamination of commercially prepared
foods with undeclared allergens is a real concern as evidenced by numerous product
recalls each year (53). Table 5 is an example list of ingredients to avoid if a patient is
allergic to cow’s milk. However, starting on January 1, 2006, food labels in the United
States will be required to use source ingredient labeling to inform food-allergic con-
sumers of allergen presence as a result of passage of the Food Allergen and Consumer
Protection Act (FALCPA) (included as Title II of Senate Bill 741, 2004). For example,
instead of “casein” or “natural flavors,” a label will also need to indicate “cow’s milk.”
Patients may find additional assistance and information from local or national organi-
zations dealing with food allergy, such as the Food Allergy and Anaphylaxis Network
(www.foodallergy.org). There is currently no role for immunotherapy in foods, but a
bright future for immune modulation in food allergy does exist (54). There is also no
role at this time for alternative therapies that are unproven, including acupuncture,
homeopathy, provocation/neutralization, or “4-day rotary diets” (14,55).

Another important point is that if there is evidence of systemic food allergy after
accidental ingestion of the food, if an isolated lower respiratory reaction is severe, if
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Table 5
Cow’s Milk Avoidance Diet

Reading labels: less-obvious names for milk-containing ingredients
Artificial butter flavoring

Butter

Casein hydrolysates

Ghee

Lactose (it can be contaminated with the proteins)
Lactalbumin

Lactoglobulin

Rennet casein

Whey

Whey hydrolysate

Less-obvious products and ingredients that may contain milk proteins
Chocolate

Caramel coloring

High-protein flour

Margarine

Natural flavoring

Fat substitutes

laryngoedema is present, or if there is a history of a severe reaction to the food, the
initial treatment should be with self-injected epinephrine rather than reliance on
inhaled [,-agonists or liquid/chewable antihistamines. All individuals with food-
induced asthma should have self-injectable epinephrine available because the natural
history of this condition is unknown. For instance, it is possible that an individual who
normally experiences an episode of mild wheezing easily relieved by albuterol after
accidental ingestion of peanut may go on to have status asthmaticus or a systemic
reaction with cardiovascular collapse the next time the food is ingested. The same rec-
ommendations apply to those with asthma after inhaling cooking fumes from foods
because the risk for laryngoedema or status asthmaticus is unknown.

The long-term natural history for food-induced asthma is similar to food allergy in
general. If the reaction is to peanut, tree nuts, shrimp, or fish, then it is likely that the
hypersensitivity is permanent; however, approx 20% of children with peanut allergy
will lose their sensitivity over time (56). If sensitivity to other antigens, such as cow’s
milk, egg, soy, or wheat, is present, there is a good chance that the patient will become
tolerant of the food after several years of avoidance, especially if the onset of the allergy
was in infancy or young childhood (10).

ADDITIVES AND ASTHMA

Much maligned food and medication additives were targeted in the 1970s and 1980s
as common precipitants of asthma. With the exception of sodium metabisulfite and the
benzalkonium chloride that is now banned from use in some bronchodilator preparations
(57), double-blind, placebo-controlled trials or well-designed, single-blind trials have
exonerated many of the additives in common use or suggested that sensitivity to such
agents is actually exceedingly rare. In the case of monosodium glutamate (MSG), dyes,
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and other additives, earlier reports suggested that patients with aspirin-sensitive asthma
(ASA) were most likely to react, whereas such reactions were rarely reported in patients
with aspirin-tolerant asthma. Stevenson et al. and Weber et al. deserve much credit for
pioneering the use of challenges in patients who are aspirin sensitive that showed that
such patients have intrinsically unstable airways and, as a consequence, many of the tri-
als implicating additives were likely falsely positive because of baseline instability of
airway tone. This problem was most evident when bronchodilators were then withdrawn
before challenges that involved populations with aspirin-induced asthma (58-61).

Evaluation of the Patient Suspected of Having Adverse Reactions to Additives
HisTORY

Sulfite sensitivity can be screened for during the patient’s history by asking ques-
tions related to asthma reactions after eating in restaurants in the early 1980s (before
the regulations of use of sulfite on foods served as fresh in salad bars went into effect),
after drinking white wine, wine in general, and problems with eating dried fruit with
sulfites. White wine generally has higher levels of sulfites than red and is thus more
commonly reported as a trigger. Regarding food additives, because sulfite sensitivity
occurs with measurable prevalence in the population with asthma, questions should
address this entity and patients can be asked to watch for any associations of asthma
with sulfite exposure in follow-up appointments, because reactions can range from
mild to severe. However, it may take a fairly high sulfite exposure to elicit asthma. For
the other additives, patients can be queried about whether they modify their diet as a
result of beliefs about other food or chemical sensitivities playing a role in their asthma.

PHYSICAL EXAMINATION

There are no identifying features on physical examination to suggest additive
sensitivity.

DIFFERENTIAL DIAGNOSIS

If a patient believes that he or she has an additive allergy, the main concern in the
differential diagnosis is coincidental lability of pulmonary function, which has been
suggested to account for almost all cases of asthma possibly associated with additives
besides sulfites. Food allergy, histamine intolerance, and reflux must be considered (see
Tables 6 and 7).

Di1AGNOSTIC TESTS

There are no in vitro diagnostic tests to aid in identifying individuals with sulfite
sensitivity or adverse reactions to the other food additives. Challenge tests with sulfite
preparations or with other additives are desirable if indicated.

TREATMENT

The treatment of sulfite-induced asthma is rapid institution of B-adrenergic agonist
therapy; additional therapy will depend on the severity of the attack. Some patients with
severe reactions will need self-injectable epinephrine immediately on recognition of a
significant exposure, along with a call to activate the local emergency medical response
system. Epinephrine is indicated even though the self-injectable epinephrine prepara-
tions are preserved with sulfites—fortunately, the beneficial effects outweigh the poten-
tial for harm. The best treatment, however, is prophylactic avoidance of the offending
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Table 6
Food Additives Evaluated In Asthma

Percentage of patients with asthma
with positive challenges under double-blind,
placebo-controlled conditions (with
airway stability documented in patients

Additive Found in who are aspirin-sensitive)
Sulfites Wines (especially white), 4-5%
juices, dried fruits,
refrigerated commercial
salsa, potatoes in
restaurants, and shrimp
Monosodium Normal diet 0% of patients with asthma who are
glutamate Packaged foods aspirin-sensitive; 0% of other patients
Asian restaurant cooking with asthma
Tartrazine Commercial foods and 0% of patients with asthma who are
medications with aspirin-sensitive; 0% of other asthmatics
yellow coloring added
Other dyes Many commercial foods Not studied in this manner
Benzoates Soda pops, beverages 0—4%
Parabens Rare in foods Not studied in this manner
Butylated Packaged baked Not studied in this manner
hydroxyanisole/ goods, mixes
butylated
hydroxytoluene

Table

7
Differential Diagnosis of Food Additive-Induced Asthma

* Inadequately controlled asthma

* Food allergy

Systemic food allergy

Food-induced asthma by ingestion

Food-induced asthma by inhalation
 Histamine intolerance

Increased intolerance secondary to enzyme inhibition by isoniazid
* Gastroesophageal reflux
» Additive sensitivity

Sulfites
Others

compounds, reviewed in the following section. It is unclear how often other additives
truly elicit bronchospasm, but the primary treatment of avoidance remains the same.

SULFITES

Review of Individual Additives

Sulfite sensitivity is a potentially fatal clinical syndrome that is most commonly seen
in patients with asthma, possibly secondary to the increased sensitivity of the asthma
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patient’s airway to sulfur dioxide (SO,) and bisulfite. It was first reported in 1973 in a
child with asthma who, on several occasions, opened packages of SO,-treated dried
fruits, ate some, and developed shortness of breath and wheezing (62). The term
“sulfites” is a general term that refers to SO,, sulfurous acid, and the inorganic salts:
sodium and potassium metabisulfite, sodium and potassium bisulfite, and sodium and
potassium sulfite. Sulfites can occur naturally in foods but are often added to inhibit
nonenzymatic browning, enzymatic browning, or for antimicrobial preservative
effects (63).

Clinical Concerns

Approximately 4-5% of patients with asthma in challenge studies exhibit sulfite-
sensitivity with decreases in FEV, of 20% or more on challenge (64,65). However,
approx 8% of patients with steroid-dependent asthma in one study were sensitive to
sulfites (65). Sensitivity most commonly presents as bronchospasm, sometimes with
tingling, flushing, and loss of consciousness, but can include urticaria, rhinoconjunc-
tivitis, angioedema, or anaphylaxis. There are a few reports of patients without asthma
reacting to sulfites in foods with anaphylactic reactions and positive skin tests to sul-
fites (66,67). For some patients with subsequently steroid-dependent asthma, their first
wheezing episodes were in conjunction with reactions to ingested sulfites (68).

Clinically, the reaction usually comes on within 1-5 min of ingestion of beverages
or foods with substantial liquid content and in up to 30 min after eating solid foods that
contain sulfites.

Public awareness of sulfite sensitivity became prominent in the early 1980s when
there were fatalities and near-fatalities relating to acute asthma attacks after patients
with asthma unknowingly ingested sulfite-treated produce in restaurants. It was
common practice at that time to spray sulfite solutions on fresh fruits and vegetables,
such as lettuce. Sulfite sensitivity also raised awareness about the role of the federal
government in regulating potentially harmful additives. In 1985, the US Food and Drug
Administration (FDA) issued a ruling that sulfite levels in shrimp (often dipped in sul-
fite solutions to prevent enzymatic darkening) should not exceed 100 ppm SO, (69).
The 1986 rulings prohibiting the use of sulfites on fruits and vegetables to be sold fresh
(as in restaurant salad bars), with the sole exception of potatoes, and requiring the dec-
laration of detectable sulfites (values >10 ppm) on the label were important steps (70).
The federal government also issued a regulation that SO, in wine should not exceed
350 ppm (71). Manufacturers are required to use the minimum sufficient sulfite to
achieve the desired effect, but missteps are reported. For instance, two patients in
California developed status asthmaticus after eating small amounts of a refrigerated
brand of salsa, which was labeled with the misleading term “fresh”—both patients
were unconscious when emergency help arrived. The salsa in question had a mean SO,
level of 1803 ppm, which is far in excess of reasonable amounts (72). Despite such
reports, since the FDA imposed regulations on the use and labeling of sulfites in foods
went into effect, there has been a substantial decrease in adverse event reporting to the
FDA. From 1980 to 1987, the FDA received an average of 111 reports per year of
adverse reactions believed to result from sulfites, whereas from 1996 to 1999, an aver-
age of 10 reports per year were received (73).

Patients with sulfite-sensitive asthma exhibit a threshold of tolerance to sulfites,
above which they will experience a reaction, but below which the food is tolerated.
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Characteristics of the food are important, too; sulfites in beverages or liquids elicit
more responses, whereas low amounts within solid foods may be tolerated (74). A
recent study in Australia assessed sulfite sensitivity in 24 patients with asthma who
gave excellent histories for wine-induced asthma (repeated episodes of worsening
asthma within 30 min of wine consumption), 9 of whom had histories extremely sug-
gestive of sulfite sensitivity (white wine and cheaper wines worse, or sulfited fruits or
vegetables also causing symptoms). Interestingly, only 4 of the 9 with the stronger his-
tories, and none of the other 15 patients, had positive single-blind challenges with 150
mL white wine containing 300 ppm sulfites (the maximum allowable level in Australian
wines). It was suggested that other factors may also be important (e.g., pollen exposure,
cigarette exposure, and baseline asthma control) in precipitating an asthmatic response
away from the research laboratory. In subsequent double-blind, dose-response chal-
lenges, none of these four reacted to doses less than 300 ppm (75).

Pathogenesis

Several mechanisms have been proposed, and more than one may be operative in
any one patient:

1. Bronchospasm resulting from SO, inhalation.
2. IgE-mediated response.
3. Sulfite oxidase deficiency.

First, patients with asthma are extraordinarily sensitive to directly inhaled SO,
and bisulfite. Less than 1 ppm of SO, can induce a fall in FEV, in patients with asthma
(76). Because the most severe reactions are with beverages, it has been proposed that
inhalation of SO, given off from the liquid may be the etiology, but this does not explain
why only a small subset of patients with asthma react to sulfites in food and drink. An
interesting challenge study was performed in patients with sulfite-sensitive asthma using
an acidic metabisulfite solution swished and swallowed vs instilled directly in the stom-
ach via a nasogastric tube. The subjects reacted in the former situation, but not the lat-
ter (77). The sensitivity to SO, in asthma may be mediated by cholinergic reflexes and
perhaps also stem from increased levels of involved neuropeptide mediators in this
pathway that could be of more prominence in patients with sulfite-sensitive asthma
(78,79).

Some individuals have immediate positive skin-prick or intradermal tests with
metabisulfite solutions. Transfer of skin reactivity by passive transfer (and abolition of
the effect by heating) have also been shown and are supportive of an IgE-mediated
mechanism in some people (66,67). IgE directed against sulfite compounds has not
been shown, nor has the candidate haptenated protein been identified.

Simon described decreased sulfite oxidase activity in the cultured fibroblasts of six
patients with sulfite sensitivity patients but no follow-up studies on these intriguing
findings with larger numbers of patients and controls have been published (80).

Diagnostic Sulfite Challenges

The clinical history does not correlate as well as would be expected with clinical
challenges (75). Unfortunately, there is variability in the challenges as well, depending
on the type of solution used or if capsules are used. Such challenges are rarely per-
formed. Acidic beverages are most likely to be associated with reactions, but virtually
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all patients with asthma are sensitive to inhaled SO,, so if this is the main mechanism, it
is possible that such challenges using acidic solutions may overestimate sensitivity to
sulfites in foods. Taylor et al. recommend using potassium metabisulfite in capsules
because this most closely mimics the exposures encountered in foods (see Table 8)
(74,81). If such a challenge is negative and the history is positive for reactions to wines
or juices, for instance, a neutral- or acid-solution metabisulfite challenge could be
done (see Table 9). As with other challenges, it is desirable that baseline stability in lung
function be demonstrated. If the individual is aspirin-sensitive, bronchodilators should
be continued. Sulfite challenges can induce severe reactions and should only be per-
formed in a setting where such responses can be properly managed. In summary, chal-
lenges may be extremely complex and are only practical for individual patients who
have a strong motivation to prove or disprove sensitivity. There is no role for skin-prick
testing at the current time because the positive predictive value of a positive test is not
defined and persons with near-fatal reactions have been skin-test negative.

Avoidance

Extremely sensitive patients must be counseled to read labels carefully. Some
patients may specifically tolerate sulfites in solid foods, but as with all sulfite chal-
lenges, such determination should be made by food challenge in a place where the
capability to treat a severe reaction exists (74). Sensitive individuals must be advised to
avoid not only SO, but also any term containing the word “sulfite” buried within it.
Potatoes were exempted from the ban on sulfite use; thus, patients should avoid all
potatoes in restaurants except baked potatoes served with the skins on, because sulfites
would not be used on these (63).

All medications should likewise be checked for sulfite content, because patients
have reacted after aerosol (nebulizer) exposure and some after parenteral exposure.
Alternatives exist, except the 1:1000 preparation of epinephrine for subcutaneous/intra-
muscular injection; but, as noted, when this is indicated, the beneficial effects outweigh
any potential for negative side effects. If racemic epinephrine is needed for nebuliza-
tion, such as postintubation, the intravenous preparations of epinephrine (1:10,000)
without sulfites can be used (57).

MONOSODIUM GLUTAMATE

A study published in 1987 stimulated great interest in whether ingestion of MSG
from both natural and food additive sources could be contributory to the pathogenesis
of asthma (82). Natural sources of MSG actually dominate the average diet, approx 1 g/d
is typical, with approx 0.5 g/d from prepared foods (83). The original study reported
that 14 out of 32 patients had 20% decreases in peak expiratory flow rate (PEFR) any-
where from 1 to 12 h after challenge with 2.5 g MSG (82). It should be immediately
apparent that bronchospasm at up to 12 h after a challenge is difficult to correlate with
the challenge itself, especially when baseline stability of lung function has not been
demonstrated. There were other criticisms of the study design as well, such as use of
PEFR instead of spirometry and challenge of some subjects at night and others in the
morning. All subsequent studies have failed to support this original report, including a
recent rigorous trial of 100 subjects, 30 of whom had a history of asthma attacks after
eating in an Oriental restaurant, and 70 with a history of ASA, a group originally
believed to be at higher risk for MSG-triggered asthma (84). A review of the clinical



266 Teuber

Table 8
Capsule and Neutral-Solution Metabisulfite Challenge?

Preparing the patient and collecting preliminary data

» Withhold short-acting aerosol sympathomimetics and cromolyn/nedocromil sodium for 8 h
and short-acting antihistamines for 24—48 h before pulmonary function testing.

* Measure pulmonary function: forced expiratory volume in 1 s (FEV,) must be greater than
or equal to 70% of predicted normal value and greater than or equal to 1.5 L in adults. (Test
contraindicated in patients with an FEV | below those levels. Standards for children have not
been defined.)

Performing the single-blind challenge

* Administer placebo (powdered sucrose) in capsule form. Measure FEV at 30 min.

* Administer capsules containing 1, 5, 25, 50, 100, and 200 mg of potassium metabisulfite at
30-min intervals. Measure FEV, 30 min after administering each dose and if the patient
becomes symptomatic.

* If no response, administer 1, 10, and 25 mg of potassium metabisulfite in water-sucrose
solution at 30-min intervals. Measure FEV | 30 min after each dose and if symptoms occur.
Positive response is indicated by a decrease in FEV | of 20% or more.

Performing the double-blind challenge

* Perform challenge and placebo procedures on separate days, in random order.

* Placebo day: Administer only sucrose in capsules and solution. Measure FEV | 30 min after
each dose and if patient becomes symptomatic.

* Challenge day: Same protocol as single-blind challenge day.

“Perform this test only where the capability to treat severe asthmatic reactions exists.
(Reprinted with permission from ref. 81.)

Table 9
Acid-Solution Metabisulfite Challenge”’b

Preparing the patient and collecting preliminary data

* Withhold short-acting aerosol sympathomimetics and cromolyn/nedocromil sodium for 8 h
and short-acting antihistamines or 24 to 48 h before pulmonary function testing.

* Measure pulmonary function: forced expiratory volume in 1 s (FEV,) must be greater than
or equal to 70% of predicted normal value and greater than or equal to 1.5 L in adults. (Test
contraindicated in patients with an FEV, below those levels. Standards for children have not
been defined.)

Performing the bisulfite challenge

¢ Dissolve 0.1 mg of potassium metabisulfite in 20 mL of a sulfite-free lemonade crystal solu-
tion. Have the patient swish the solution around for 10 to 15 s, then swallow.

* Measure FEV, 10 min after the first dose. Then administer 0.5, 1, 5, 10, 15, 25, 50, and 75
and 100° mg per 20 mL of the solution at 10-min intervals. Measure FEV 10 min after each
incremental increase in dose. Positive response is signified by a decrease in FEV,
of 20% or more.

“Protocol investigated by the Bronchoprovocation Committee—American Academy of Allergy,
Asthma and Immunology (81).

bperform this test only where the capability for managing severe asthmatic reactions exists.

“Doses in excess of 100 mg/20 mL may cause nonspecific bronchial reactions and are thus left off of this
protocol (81). (Adapted with permission from ref. §1.)
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Table 10
Monosodium Glutamate Food Additive Challenge

Suggested procedure for an outpatient challenge

Day 1 Day 2
Start time: 0800 Start time: 0800
Baseline spirometry Baseline spirometry, if FEV,; no more than

5% different than at start of Day 1, proceed?
Give 2.5 gm sucrose placebo, single-blind  Give 2.5 gm monosodium glutamate, single-blind
Hourly spirometry for 46 h? Hourly spirometry for 4 to 6 h
If FEV, variability less than 10%, proceed If a drop in FEV, of 20%, proceed to
double-blind challenges

“Monosodium glutamate (MSG) and sucrose can be purchased from local grocery stores and 500 mg
placed in gelatin capsules by the clinic or hospital pharmacy.

PIf the patient believes reactions have always occurred within an hour of MSG exposure, then 4-h
monitoring is enough. (Adapted with permission from ref. 84.)

trials now shows that it is extremely unlikely that this entity exists and patients thus can
be counseled (85). It may be helpful to point out the preponderance of MSG that natu-
rally occurs in the diet.

However, some patients who strongly believe that asthma is precipitated by expo-
sure to MSG, e.g., after dining in a Chinese restaurant, and who currently go to great
extremes to avoid MSG in the diet may be greatly benefited by undergoing a chal-
lenge. A negative challenge can go a long way in alleviating anxiety. Single-blind
challenges with MSG are adequate for screening purposes and are easy and practical
to perform in an outpatient primary care or specialty clinic, as in Table 10, but with
the important caveat that baseline lung function must be stable. In the outpatient set-
ting, this can be partially addressed by having the patient come in on the day before
the single-blind challenges for a placebo challenge. If the FEV, that day varies by
more than 10%, or if the FEV | on the day of challenge is more than 5% different from
the placebo day, the results may be affected by the variability, and the test is best
postponed (84). Any positive results should be followed up by double-blind, placebo-
controlled challenges, which, in this case, can also be easily performed in the outpatient
clinic setting.

TARTRAZINE AND OTHER DYES

Until the last 20 yr, physicians were taught that patients with ASA should avoid all
tartrazine in the diet. Tartrazine is a yellow food colorant, or dye, also referred to as
Food Dye and Coloring Act (FD&C) yellow no. 5. It is an azo dye, meaning that it pos-
sesses an N::N bond, derived from coal tar. Of the coal tar-derived dyes still approved in
the United States, the other commonly used azo dyes are FD&C red no. 4 (ponceau) and
FD&C yellow no. 6 (sunset yellow). Approval of FD&C red no. 5 (amaranth) was pulled
in 1975 after controversial claims linking this dye to carcinogenesis. The three best known
nonazo dyes are FD&C blue no. 1 (brilliant blue), FD&C blue no. 2 (indigotin), and FD&C
red no. 3 (erythrosine). Although it has now been generally accepted that a few patients
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experience urticaria after exposure to tartrazine, the mechanism is not related to cross-
reactivity to aspirin, but may be IgE mediated. There is no cyclooxygenase (COX) inhi-
bition by the azo dyes, and the chemical structure is not related to aspirin. In several
careful studies, patients with aspirin-sensitive urticaria failed to show evidence of cross-
reactivity, whereas a few patients with non-aspirin sensitive urticaria did react (86,87).

In asthma, a series of studies in the 1960s and 1970s were published that attempted
to link aspirin-sensitive asthma with tartrazine sensitivity. One of the largest was by
Spector et al. in 1979; 11 of 44 (25%) patients with aspirin-sensitive asthma experi-
enced a 20% decrease in FEV, on the tartrazine challenge day, whereas none of the 233
control patients with asthma had a decrease. However, bronchodilators were withheld
for 6-12 h before beginning the challenges and 5 of the 11 reactors did not undergo
placebo challenges (88). In another study, 50% of patients who were aspirin sensitive
were reported to react to tartrazine (12 of 24) based on falls in peak flow (89). Because
it is now known that patients with aspirin-sensitive asthma tend to have unstable air-
ways, the chance of coincidental decreases in FEV | is quite likely after discontinuation
of bronchodilators. Such patients will still react strongly to aspirin in blinded chal-
lenges with their usual bronchodilators administered beforehand, showing that bron-
chodilators do not mask a response. Because cross-reactivity with aspirin has been
proposed, if such a mechanism existed, one would expect tartrazine to result in a reac-
tion under similar circumstances to aspirin. In 1988, a European study of 156 patients
who were aspirin sensitive showed that 4 patients reacted with a drop in FEV, of at
least 25% on single-blind and subsequent double-blind challenges (90). However,
although the challenges were well controlled, baseline variability in lung function was
not documented to be stable, so it is likely that the estimate of 2.6% sensitivity was an
overestimate. Stevenson et al. performed two tightly controlled challenge studies in a
total of 194 patients with aspirin-sensitive asthma. Six of 194 had at least a 20%
decrease in FEV, on single-blind tartrazine challenge, but none reacted in subsequent
double-blind challenges (86,91). There are no convincing reports of asthma related to
the other dyes in use, although there are case reports indicating systemic or gastro-
intestinal reactions to several dyes (92,93). Overall, the risk of patients with ASA truly
reacting to tartrazine or other dyes is extremely small. In the occasional situation where
a challenge is desired, the protocol by Stevenson et al. could be adapted (91/).

BENZOATES

Sodium benzoate and benzoic acid are food preservatives that have been commonly
employed in beverages, as well as in other products, for nearly 90 yr. Interestingly,
many plants naturally contain benzoates, likely as part of the chemical defense reper-
toire against pathogens. Such plant sources include berries (cranberries and raspberries
have high levels), prunes, cloves, and tea. Some case reports have indicated a possible
role of benzoate sensitivity in some patients with asthma (and in some urticarial or ana-
phylactoid reactions), but larger clinical trials have failed to show convincing evidence
because most of the studies did not demonstrate baseline stability of the FEV, or use
placebos and double-blind challenges in those initially positive on single-blind chal-
lenge (reviewed in ref. 94). Very few studies used changes in FEV | (as opposed to peak
flow) and double-blind protocols. An abstract in 1976 reported that 1 out of 30 (3%)
patients responded to sodium benzoate (95). In another double-blind trial, 1 of 43 reacted
(2%), but when rechallenged 2 yr later, the results were negative (58). Tarlo and Broder
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reported one patient as sensitive to benzoates (3%), but an additive-free diet made no
difference in his asthma control (96).

PARABENS

The parabens are esters of p-hydroxybenzoic acid and have been in use in the United
States since the 1930s (reviewed in ref. 94). Methylparaben and propylparaben are
approved for use in food. These preservatives are used in foods to a much lesser degree
than the benzoates, but more commonly in medications and cosmetics, and in the latter
preparations, contact dermatitis reactions have been well characterized. There are no
adequate studies evaluating the role of these additives in populations of patients with
asthma, but there is one case report of a patient who experienced bronchospasm and
pruritus after intravenous administration of hydrocortisone solution preserved with
methyl- and n-propylparaben. Skin tests were positive to the parabens, including by
passive transfer, which was strongly suggestive of an IgE-mediated reaction (97).

BUTYLATED HYDROXYANISOLE AND BUTYLATED HYDROXYTOLUENE

No evidence for asthma related to butylated hydroxyanisole and butylated hydroxy-
toluene ingestion has been published, although there may be rare patients with urticaria
provoked by these agents (98).

ADDITIVES IN BRONCHODILATOR SOLUTIONS

Preservative compounds, particularly benzalkonium chloride (BAC), have been
added to nonsterile unit-dose bronchodilator solutions used for nebulizers in high
enough concentrations to cause clinically relevant paradoxical bronchospasm (reviewed
in ref. 57). BAC-induced bronchospasm is potentially clinically relevant in countries
where such solutions may still be available (99). Nonsterile unit-dose solutions have
been phased out in the United States.

In countries that allow nonsterile unit-dose medications, consider an adverse reac-
tion to additives in nebulized bronchodilator solutions in the emergency department
patient or intensive care unit patient who is not responding well to standard nebulized
bronchodilator therapy, particularly if paradoxical bronchospasm results.

Such adverse reactions are more likely if repeated, continuous doses are administered.
BAC was the preservative of choice in the nonsterile albuterol preparations in the
United States. Inhalation challenge studies with BAC demonstrate a dose-dependent
and, interestingly, cumulative effect of BAC on the decrease in FEV, in a majority of
studied patients (/00). Thus, if a patient received repetitive doses or continuous nebu-
lization of albuterol containing sufficient quantities of BAC, particularly unit-dose vials
containing 300 nug BAC/vial, the potential for paradoxical bronchospasm or poor
response to the bronchodilator was real (57). Sterile, preservative-free, unit-dose vials
are now the only option for single-use purchase in the United States, which bypasses
this potential adverse reaction.

Ethylenediamine tetraacetic acid (EDTA) is added to some solutions to prevent color
changes. This agent too has been associated with bronchospasm in a study using a
small number of patients, but the doses required were high (/00). In another random-
ized, controlled, cross-over study comparing responses to BAC, EDTA, or placebo,
there was no difference between EDTA and placebo. Routine use of products contain-
ing small amounts of EDTA is unlikely to be associated with paradoxical bronchospasm
or poor bronchodilator responsiveness (57).
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DRUGS AND ASTHMA
Aspirin and NSAIDS

Of drugs that have significant effects on asthma, if not speaking of therapeutic
agents, it is aspirin and NSAIDs that are implicated. Although most patients tolerate
aspirin and NSAIDs well, a subset of patients with asthma experience clinical symptoms
to aspirin or NSAIDs in a dose-responsive manner, ranging from mild nasoocular reactions
(rhinorrhea, nasal congestion, and periorbital angioedema) to severe, life-threatening
bronchospasm. These patients are said to have aspirin-exacerbated respiratory tract
disease, or aspirin-induced asthma (AIA).

PREVALENCE

Based on three recently performed population-based surveys in Finland, Poland, and
Australia, AIA affects from 4.3 to 11% of patients with diagnosed asthma, but this is
believed to be an underestimate because up to 15% of challenge-positive patients in
another study were unaware of their condition (/0/—104). Recent studies on the natural
history of the disorder show that it is extremely unusual in children—the average age of
onset is 30-34 yr (104,105). AIA usually starts with persistent rhinitis, often following
what is reported to be a typical viral upper respiratory infection; this is followed by
chronic sinusitis, asthma, aspirin sensitivity, and nasal polyposis. Approximately one-
third of patients are atopic—in this subgroup, the rhinitis and asthma appeared earlier.
The asthma is often moderate to severe; 50% required chronic oral corticosteroids
(CSs) at a mean dose of 8 mg/d (104).

Pathogenesis

The mechanism of aspirin-exacerbated respiratory tract disease is not fully eluci-
dated at this time, but the advent of 5-lipoxygenase inhibitors, leukotriene (LT) recep-
tor blockers, and cyclooxygenase (COX)-2 inhibitors have facilitated study (reviewed
in ref. 106). The original hypothesis that AIA patients were overly sensitive to blockade
of COX by aspirin and NSAIDs, thus shunting arachidonic acid metabolism toward
products of the lipoxygenase pathway, has been greatly refined with the discovery of
different COX enzymes. Picado et al. that suggested abnormally low COX-2 activity
may be part of the AIA pathogenesis, because the COX-2 pathway produces beneficial
prostaglandin (PG)g, (107). They studied nasal polyp tissue from patients with aspirin-
tolerant asthma and patients with AIA for COX-2 mRNA expression; expression in the
aspirin-sensitive group was sevenfold lower (p < 0.0001). There were no differences in
COX-1 mRNA expression. Another study, using immunostaining of cells from
bronchial biopsies, found fivefold higher counts of cells expressing LTC, synthase in
cells from patients with AIA than patients with aspirin-tolerant asthma (p = 0.0000).
The authors suggested that aspirin may result in a removal of PGg,-mediated suppres-
sion of overabundant LTC, synthase, with subsequent high production of cysteinyl
leukotrienes (108). Significantly lower PG, production from bronchial fibroblasts
obtained from patients with AIA has also been found (/09). A striking finding in sup-
port of these hypotheses is that COX-2 inhibitors are tolerated in AIA with only a few
case reports otherwise (/70,111). PGg, normally functions as an important
immunomodulator—Ilack of which can result in an increase in synthesis of the cys-
teinyl leukotrienes and PGD, release by inflammatory cells. A recent human genetic
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study of polymorphisms in genes associated with the arachidonic acid metabolic cas-
cade found a significant association of multiple single nucleotide polymorphisms
(SNPs) in the PGy, receptor subtype 2 with AIA. Examined further, SNPs in the pro-
moter region of this gene, especially a SNP in the regulatory region of the gene, were
significantly associated with AIA. If this SNP affects the function of the gene in further
studies, it is further support for the hypothesis that a reduction in PG, immunomodu-
latory activity is key in the pathogenesis of this disorder (/12).

The oversynthesis of cysteinyl leukotrienes is a prominent feature of AIA. In fact,
even at baseline, patients with asthma with AIA have elevated urinary LTE, concentra-
tions, but this is not a diagnostic test (//3). With oral challenges, urinary levels of LTE,
rise significantly higher, and the increase correlates with the onset of respiratory symp-
toms, typically 1-4 h later. Patients with asthma without AIA do not show increases in
urinary LTE, with aspirin challenges (//4). Moreover, not only are the levels of LTE,
in urine higher, but patients with asthma with AIA in one study had a greater decrease
in FEV, after challenge with inhaled LTE, than patients who do not have AIA, sug-
gesting that patients with AIA synthesize more LTE, and are also more sensitive to its
bronchoconstrictive effects (//5). Immunochemical staining of leukocytes from
patients with AIA has demonstrated increased expression of Cys-LT1 receptors (these
receptors bind LTC,, LTD,, and LTE,), which could explain the greater sensitivity of
patients with AIA (116).

EVALUATION OF THE PATIENT

AIA is underdiagnosed among patients with asthma, so physicians are urged to think
of the diagnosis in patients with persistent rhinitis and asthma. Many patients have not
had aspirin or NSAIDs in sufficient dose to provoke symptoms or may not have associ-
ated flares of asthma with aspirin/NSAID ingestion resulting from the delay in naso-
ocular or asthma symptoms of up to 4 h.

History
* Ask about recent use of aspirin or NSAIDs and nasoocular or asthma symptoms occur-
ring within 4 h.
» Ask about history of anosmia, polyps, and acute and chronic sinusitis.
* Ask about a family history of aspirin/NSAID sensitivity.
* Many patients who are aspirin sensitive are CS-dependent or have otherwise difficult-to-
control asthma.

Physical Examination

The presence of nasal polyps and chronic sinusitis on physical examination or
screening sinus computed tomography scan should raise the suspicion of AIA.

Diagnostic Tests

For now, the key to definitive diagnosis of AIA is an oral challenge test, but this is
not routinely performed unless there is a specific need to determine tolerance to aspirin
in a patient with an unclear history. Biochemical markers sensitive or specific for AIA
have not been described. There is the potential for a severe asthmatic response with oral
challenges, so such testing should be performed in a place where the ability to treat a
severe reaction exists, such as in a hospital setting with an intensive care unit nearby.
Three-day oral challenges can be combined with desensitization (106,117) (see Table 11).



272 Teuber

Table 11
Single-Blind 3-d Aspirin Diagnostic Challenge?
Time Day 1 Day 2 Day 3
0800 Placebo Aspirin, 30 mg Aspirin, 150 mg
1100 Placebo Aspirin, 60 mg Aspirin, 325 mg
1400 Placebo Aspirin, 100 mg Aspirin, 650 mg

4Only perform where the capability to treat a severe reaction exists. Measure forces expiratory volume
in 1 s (FEV,) hourly after each dose. Challenge should be stopped after any sign of reaction: decrease of
20% in FEV |, rhinorrhea, ocular injection, periorbital edema, or, rarely, stridor, flushing, abdominal cramps,
diarrhea, or urticaria. (Adapted with permission from ref. /77.)

However, provocation testing with inhaled Lysine-ASA has been developed that does
not provoke such severe respiratory reactions, the fall in FEV occurs within 20-45 min
(faster), and is reversible with 3,-agonists. Overall the test is believed to be safer (118).

Treatment

There is no cure for AIA, but there are some options for ongoing management.

* Strict avoidance of aspirin/NSAIDs.

* Leukotriene receptor antagonist therapy.

» Desensitization to aspirin (this induces tolerance to other NSAIDs also) with subse-
quent daily aspirin/NSAID therapy.

Strict Avoidance of Aspirin/NSAIDs

Multiple products contain aspirin or NSAIDS, so the patients with ASA must be
well educated to scrutinize all over-the-counter products carefully and make sure a
pharmacist has reviewed prescription products. For example, patients who are aspirin-
sensitive have been administered ketorolac eyedrops for allergic conjunctivitis, and
in a scenario repeated all too often, have received intramuscular ketorolac as a pain
medication postoperatively. Table 12 shows medications that are generally safe in
ATA. Some patients with aspirin-sensitive asthma may react to weak inhibitors of
COX-1 if adequately high doses are given. Stevenson et al. studied 10 patients with
ATA and found two who reacted to 2 g salsalate. When the patients were desensi-
tized to aspirin, they no longer reacted to salsalate either (//9). Settipane and
Stevenson studied three patients with AIA by double-blind, placebo-controlled chal-
lenges and two had a fall in FEV | more than 20%, with 1000 mg acetaminophen, a
weak inhibitor of COX-1 at higher doses (/20). Two were desensitized to aspirin and
were subsequently able to tolerate 1000 mg of acetaminophen without bronchospasm.
Another study now suggests that up to 30% of patients with aspirin-sensitive asthma
may react to acetaminophen, but only in large doses of 1000-1500 mg, and the
bronchospasm seen has only been mild or moderate (/2/). Thus, patients do not need
to avoid acetaminophen in the standard dose range. Meloxicam and nimesulide (not
in the United States) have mixed COX-1 and COX-2 inhibitory activity but are rela-
tively COX-2 specific. These have induced asthma in AIA, but may be tolerated by
most patients at lower doses (122).

No cross-reactivity with tartrazine has been seen in properly controlled studies.
Naturally occurring salicylates in foods have not been shown to cross-react with aspirin.
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Table 12
Usually Tolerated in Patients With Asthma Who Are Aspirin-Sensitive
Salicylates
Sodium salicylate
Salicylamide
Salsalate
Diflunisal

Choline magnesium trisalicylate

COX-3 inhibitor (very weak COX-1 inhibitor), used at 650 mg or less
Acetaminophen

Selective COX-2 inhibitors

Rofecoxib

Celecoxib

NSAIDs with COX-2 inhibition more than COX-1 inhibition, used at lower doses
Nimesulide

Meloxicam

NSAIDs, nonsteroidal anti-inflammatory drugs; COX, cyclooxygenase.

Leukotriene Receptor Antagonist Therapy

There exists only one randomized, double-blind, placebo-controlled trial of the cur-
rently available CysLT, receptor blocker, montelukast, in the treatment of AIA, which
is often moderate to severe in grade. Montelukast competitively antagonizes binding of
LTC,, LTD,, and LTE, to its receptor. The trial studied 80 patients with challenge-
proven AIA. After 4 wk of 10 mg of montelukast or placebo added nightly to their
usual asthma therapy (glucocorticoids in 85-90% or theophylline), the montelukast
group showed significant improvement in FEV | (10.2% increase, p < 0.001) and morn-
ing and evening PEFR (p < 0.001). There were also improvements in asthma-specific
quality of life (p < 0.05) (123). Previously, zileuton, a 5-lipoxygenase inhibitor, had
also shown benefit in AIA management, but it is no longer marketed (/24).

Neither montelukast nor zileuton was able to provide adequate or consistent protec-
tion against provoked upper respiratory symptoms on oral aspirin challenge, however,
so while taking such medication may be indicated for control of asthma, such therapy
does not allow for use of NSAIDs in these patients (106).

Aspirin Desensitization

If aspirin or standard NSAIDs are needed, or if the patient desires to better control
severe asthma or hyperplastic sinus disease, desensitization can be performed. In this
procedure, the patient is challenged with aspirin as in Table 11, but after a positive
challenge has been obtained, the patient is then challenged the following day with the
same dose that caused a reaction, and doses are continued upward until a reaction is
obtained. The placebo day can be skipped if it is already demonstrated that the patient
is aspirin sensitive. If a reaction is seen before 650 mg, the challenges are again stopped
until the next day. The following day, challenges again start with the last dose to incite
a reaction. When 650 mg is reached without a reaction, a refractory state results in
which further doses of aspirin, or any other NSAID, will not induce a reaction (/06).
This state persists for 2-5 d, then full sensitivity to aspirin returns. The mechanisms
underlying this phenomenon are not clear. The patient is then instructed to take 650 mg
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of aspirin twice per day, but unfortunately, many desensitized patients experience gastri-
tis and stop the medication (/25). Desensitization can be maintained by doses as low as
81-325 mg/d, but low doses have not been studied over the long term for beneficial
effects on asthma or nasal polyposis. The beneficial clinical effects of desensitization,
in 172 patients followed for 1-5 yr on 650 mg aspirin bid, included decreased nasal
symptoms, decreased dosages of oral CSs (or taper off), fewer hospitalizations for
asthma, and a lower frequency of sinus surgeries (/25). The same group also reported
significantly improved asthma, nasal, and olfactory symptom scores in the first month of
desensitization (p < 0.0001) (126).
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Allergic bronchopulmonary aspergillosis (ABPA) represents an immunoglobulin
E-mediated hypersensitivity to fungal antigens in patients with asthma.

Consider the possibility of ABPA in difficult-to-control asthma cases.

Reactive airway disease is commonly present in patients with ABPA.

ABPA is not an invasive fungal infection but may occasionally mimic invasive diseases.
Uncontrolled ABPA leads to progressive bronchiectasis and respiratory decline.

Early recognition of ABPA—before bronchiectasis becomes permanent and severe—
may alter the clinical course.

Chest imaging can assist in early diagnosis.

Computed tomography (CT) imaging can define the extent and severity of bronchiectasis
and identify ABPA complications.

Control of the acute and chronic inflammatory response is central to the treatment of
ABPA.

Antifungal therapy is an important adjunct to corticosteroids and may be steroid-
sparing.
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INTRODUCTION

Allergic bronchopulmonary aspergillosis (ABPA) describes a syndrome in which
patients with asthma harbor the saprophytic growth of Aspergillus species, most often
Aspergillus fumigatus, within their airways. An intense allergic inflammation results
in response to fungal antigens, leading to clinical disease. ABPA represents an
immunoglobulin (Ig)E-mediated hypersensitivity to A. fumigatus antigens, as well as
non-Aspergillus fungal antigens in patients with asthma with persistent cough, wheezing,
dyspnea, and, occasionally, fever. Recurring clinical exacerbations can lead to
bronchiectasis, pulmonary fibrosis, and even death. ABPA is present in 1-2% of all
patients with asthma and up to 15% of patients with cystic fibrosis (CF). Although the
initial manifestations of disease may be subtle, more severe disease may be dramatic
and, at times, life-threatening. The understanding of ABPA is evolving: recognition and
treatment earlier in its natural history, certainly before bronchiectasis becomes perma-
nent and severe, may alter the course of disease. ABPA is commonly unrecognized,
because the early clinical course may mimic a chronically indolent case of moderate to
severe persistent asthma requiring frequent oral corticosteroid (CS) therapy.
Unrecognized and untreated ABPA can progress to repeated and prolonged periods of
clinical asthma exacerbations. ABPA, like rhinosinusitis, gastroesophageal reflux disease
(GERD), and chronic obstructive pulmonary disease (COPD) should be included
whenever considering an asthma diagnosis. Assiduous therapy in ABPA can decrease
the frequency of exacerbations and may slow the progressive lung damage, which can
lead to pulmonary fibrosis and death.

ABPA DEFINED

ABPA represents a specific hypersensitivity to Aspergillus species growing within
the lung manifested immunologically by elevated immunoglobulins, i.e., IgE specific
to this fungus’ antigens. An initial inoculum of fungal spores is believed to enter and
seed the respiratory airways. Subsequently, the fungus grows branching, septated
hyphae in a saprophytic manner within the susceptible airways. Susceptibility for ABPA
may arise from a genetic predisposition or abnormal mucociliary clearance (e.g., areas
of scarring, bronchiectasis) (1,20). Aspergillus species are ubiquitous in the soil and are
not limited to any particular geographic region, as are coccidioides, Paracoccidioides,
blastomycetes, and histoplasma. Virtually everyone has been exposed to Aspergillus,
and clinical disease likely requires predisposing factors. Because the fungi are fully
contained within the airways—without invasion or penetration to the submucosa—they
are not considered invasive (3). However, even without invasive growth, an intense and
perhaps overly exuberant, allergic and T-helper 2 (Th2)-dominant inflammatory
response are stimulated. The characteristic ABPA inflammation contains large numbers
of eosinophils, as well as neutrophils, Curschmann’s spirals, desquamated epithelial
cells, and mucous (3). The often-associated parenchymal infiltrates are similar in character
to those of eosinophilic pneumonia and are believed to arise in areas distal to mucous-
obstructed airways. Unchecked, chronic inflammation leads to the progressive airway
damage and bronchiectasis typically found in ABPA. As bronchiectasis becomes more
severe, the density and number of inflammatory cells increases (4), which parallel the
development of chronic symptoms of cough, wheezing, and sputum production. The
inflammation persists, and fibrotic changes can result.
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Table 1
Reported Causes of Allergic Bronchopulmonary Mycosis

Fungi Reference

Aspergillus sp. —
Candida sp. 39

Fusarium 40,41
Pseudoallescheria boydii 42
Scedosporium apiospermum 43

The inflammatory and interleukin (IL) profile of inflammation in ABPA has an
asthma-like Th2 dominant pattern (5), with relatively low levels of IL-10 (6).
Aspergillus as a type Il allergen is believed to produce proteases that impair tolerance—
T-cell activity (7). An increased sensitivity of the peripheral blood monocytes cells to
IL-4 is also observed in ABPA (8).

Because other non-Aspergillus species may cause similar clinical manifestations, an
alternative more encompassing name, allergic bronchopulmonary mycosis (ABPM),
may better describe the syndrome. ABPA is a more widely recognized term than ABPM.
Nonetheless, other fungi should be considered as potentially causative. Clinicians
should look for other fungi in the appropriate clinical scenarios, particularly when there
is no objective evidence for Aspergillus (see Table 1).

Beyond this allergic lung disease, Aspergillus and other fungi may cause other pul-
monary diseases, including pulmonary aspergilloma, chronic necrotizing aspergillosis,
and invasive pulmonary aspergillosis. These invasive infections resulting from Aspergillus
should not be confused with ABPA, because the clinical significance and therapies are
different (9). Selected cases of true infection may be difficult to differentiate from
ABPA. Uncommonly, cases of ABPA may progress to include features of or progress
into invasive disease (/0,11). The clinical setting and radiographic findings are often
adequate to distinguish these invasive infections from ABPA. However, empiric anti-
fungal treatment is used when invasive disease is suspected to prevent rapid progres-
sion while further diagnostic evidence is being gathered.

Other Pulmonary Syndromes Resulting From Aspergillus

Aspergillus is notorious for the variety of clinical presentations and extent of disease
possible. Invasive or noninvasive growth depends largely on the host’s immune system.
Aspergilloma, chronic necrotizing pulmonary aspergillosis, and invasive pulmonary
aspergillosis complete the clinical syndromes beyond ABPA caused by Aspergillus.

Pulmonary aspergilloma, or more generically pulmonary mycetoma, is an anatomically
opportunistic fungal infection. A mycetoma typically forms within a cavity previously
created by granulomatous lung disease (e.g., sarcoidosis or tuberculosis) or other cavitary
lung diseases (e.g., site of lung abscess). Within the remaining cavity, inflammatory cells,
fungi, and cellular debris combine to form a sphere or fungus ball. A posterior—anterior
chest radiograph (CXR) or CT of the chest may incidentally reveal such a mass as the
first indication of disease. A suggestive and nearly pathognomonic crescent-shaped
radiolucency (Monod sign) or even a mobile sphere within the cavity may be detected.
(12). Most patients do not develop overt clinical disease, but should significant hemoptysis
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(>50-200 mL/episode) or growth occur, hospitalization in a critical care unit and
immediate surgical consultation or interventional radiology consultation are indicated.

Chronic necrotizing pulmonary aspergillosis, or so-called “semi-invasive” aspergillosis,
describes a progressive fungal infection causing lung parenchymal destruction and, in
most cases, locally limited. A cavity within the lung may form, and a secondary myce-
toma can develop. Radiographically, chronic necrotizing aspergillosis may have similar
characteristics as ABPA, and when they are not clinically distinct, bronchoscopy or
biopsy may be necessary (9). Treatment with systemic antifungal therapy has greatly
reduced the need for surgical resection (13).

Invasive fungal disease with Aspergillus is difficult to recognize early, but it is the
most life-threatening pulmonary aspergillosis. Fortunately, this severe disease is rare
outside of patients with serious immune compromise, e.g., persistent neutropenia,
leukemia, or organ transplant-related immune suppression. The illness may be severe
and acute, but the signs and symptoms are not distinct: profound respiratory distress
with severe dyspnea and chest pain (that can be pleuritic), with or without fever.
Nonetheless, in the at-risk neutropenic patient, these findings are often adequate enough
to justify empiric antifungal treatment. Unlike in the case of ABPA, Aspergillus mycelia
from either A. fumigatus or A. flavus invade through lung tissue and cause thrombosis
of blood vessels, leading to area of pulmonary infarction. The radiographic changes of
invasive disease can be focal or diffuse but typically do not have the characteristic central
airway findings seen in ABPA, i.e., bronchiectasis. The clinical circumstances and
symptoms in aspergilloma are distinct. Given the high mortality among at-risk individ-
uals, any evidence of fungus should prompt a presumptive diagnosis of invasive disease
and initiation of therapy—more definitive diagnosis requires lung biopsy.

MAKING THE DIAGNOSIS

At its essence, a diagnosis of active ABPA requires three elements be present: (1)
reactive airway disease (asthma), (2) noninvasive fungi, and (3) an active allergic
response to the fungus. Although some authors also call for bronchiectasis to be pres-
ent, the authors of this chapter prefer not to require this for diagnosis.

Since the first case series descriptions of the syndrome, various diagnostic criteria
have been developed. The variations in diagnostic criteria reflect clinician preferences
and the serological testing available to them. In his initial description of ABPA in 1952,
Hinson identified patients who had fungus in their airways, recurrent fevers, CXR
changes, and blood eosinophilia (3). In the 1970s, Safirstein (1973) and Rosenberg
(1977) proposed similar criteria, which called for major (required) and minor (supportive)
diagnostic information (see Table 2). They added serological testing data beyond
peripheral blood eosinophilia (high serum IgE, immediate skin reaction to Aspergillus
antigen, and precipitating antibodies) and called for central bronchiectasis to be
present. Rosenberg includes serum precipitins to Aspergillus antigens and uses of IgE
levels (>1000 ng/mm?) as major criteria (14,15).

The approach taken by the authors of this chapter to the diagnosis of ABPA uses
standard criteria for asthma as outlined by regional societies (e.g., British or American
Thoracic Society). To establish the presence of fungus, they obtain a culture of a high-
quality expectorated sputum specimen. Rarely, a bronchoscopy will be necessary to
obtain culture material or airway assessments. They use total serum IgE levels—in a
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Table 2

Diagnostic Criteria

Safirstein et al. (14)
Major and minor criteria in 50 patients with ABPA

Major Recurrent pulmonary densities in chest radiographs
Eosinophilia in sputum and blood
Asthma
Allergy to Aspergillus fumigatus (Type 1 or Type 3)
Minor Recovery of A. fumigatus from sputum

A. fumigatus serum precipitins
History of recurrent pneumonia
History of plugs in expectorated sputum

Rosenberg et al. (46)
Major and minor criteria
Major History of pulmonary infiltrates
Peripheral blood eosinophilia
Asthma
Immediate skin reactivity to Aspergillus
Precipitins to Aspergillus antigens
Central bronchiectasis
Elevated serum immunoglobulin (Ig) E
Minor Recovery of Aspergillus from sputum
History of expectoration of brown plugs or flecks
Arthus reaction to Aspergillus antigen (Type 3)

All patients fulfilled major criteria, and 66—-88% of patients fulfilled one or more minor criteria.

similar manner as recommended for patients with CF—as a screening test in patients who
are at risk. When this general marker of allergic inflammation exceeds 1000 ng/mm?,
they perform further specific testing.

Radioallergoabsorbent testing (RAST), or serum precipitins specific for Aspergillus
species’ antigens, identify specific hypersensitivity in patients with ABPA (as alternatives
to skin-prick testing) to Aspergillus-specific antigens. A diagnosis of ABPA or flare of
existing disease is made when there is evidence of a specific allergic response to fungus
and total IgE levels are more than 1000 ng/mL or twice a patient’s baseline.

Bronchiectasis, which is found in the preponderance (>80%) of cases of ABPA, is
best detected by noncontrast high-resolution CT and may not be apparent on posterior—
anterior CXRs. Bronchiectasis should be considered a late finding in ABPA. Waiting
for bronchiectasis to become apparent may significantly delay the recognition of early
ABPA and thwart efforts at preventing the permanent airway damage.

Clinical Manifestations

Individuals with asthma or CF are at risk for ABPA. Nearly 2% of patients with
asthma have ABPA. In patients with asthma who require oral CSs, the incidence triples
to 6% (16). Initially, these patients may have few distinguishing findings other than
difficult-to-control or persistent asthma. With progression of disease, patients may
report intense bouts of coughing and production of sputum with grit or small bits of
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Fig. 1. Posterior—anterior and lateral chest radiographs of a woman with severe ABPA. Dense airway
filling and parenchymal infiltrate are present. The companion computed tomography images show
finger-in-glove finding of mucous-filled and grossly dilated airways and findings of bronchiectasis
(dilated, thickened, and irregular bronchi).

brown hard matter. These represent mucous plugs or small casts of the airways and
often contain fungal elements when examined by microscopy. Unusual presentations
and manifestations of ABPA include eosinophilic pleural effusions, hemoptysis, and
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Fig. 1. (Continued)

the development of super infections (/7). Hemoptysis in ABPA from bronchiectasis is
often minimal and rarely massive.

Radiology

CXRs of patients with ABPA may be normal or show signs of bronchiectasis, mucous
plugging, or focal infiltrates in an alveolar filling pattern suggestive of eosinophilic infil-
tration and inflammation (14,15) (see Fig. 1). Central airway bronchiectasis—third- to
fifth-generation bronchi (thickened, dilated, or distorted airways)—is characteristic of
ABPA. Chest radiographic patterns include circular shadows, parallel nontapering lines
(ectatic airways), dense cylindrical shadows (mucous plugs), finger-in-glove (mucous
plugs), or signet ring patterns (increased bronchus:artery ratio) (/2,18). Bronchiectasis
is most clearly identified by high-resolution/thin-cut CT scan. Distal to an obstructed
airway, an alveolar pattern or infiltrate may develop. These diffuse or “fleeting infiltrates”
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Table 3
Selected Antifungal Therapy Reports in ABPA

Drug (dosing) Description Outcome (reference)

Ketoconazole (400 mg/d) 12 months Decreased immunoglobulin (Ig)
E and symptoms (44)

Itraconazole (400 mg/d) RDBPC, n =29, 16 wk Decreased IgE, fewer
exacerbations (35)

Itraconazole (400 mg/d) RDBPC, n =55, 16 wk Decrease of corticosteroid dose
and improved x-rays and
PFTs (33)

Itraconazole Open, n =14, 2 yr Decrease of corticosteroid dose,
total IgE (34)

Itraconazole (=200 mg/d)  Observational, n = 14 Decreased corticosteroid use,

decreased eosinophilia,
decreased exacerbations (34)
Itraconazole Case reports Resolution of symptoms (45)
(no corticosteroids)

of ABPA may be wedge shaped in a pattern representing the affected segment or subseg-
ment obstructed by mucous plugging or intense eosinophilic inflammation. Although
chest CT is more sensitive and specific for APBA, it is not routinely required. Serial
imaging by CXRs or CT is important in assessing response to therapy and monitoring
for progression of disease or complications (/9). Clinical correlation is necessary. This
is particularly important because radiographs may reveal focal infiltrates, mucous plugs,
or bronchiectasis even in the patient who is asymptomatic (/4).

Serology

Serological measures, such as total IgE and specific IgE (RAST and immunoprecip-
itins) are helpful in diagnosing and managing ABPA. Immunoprecipitin testing or RAST
may detect Aspergillus precipitins and specific IgE antibodies against the fungus in the
patient with ABPA. For both diagnosis and to monitor response to therapy, most clinicians
use total serum IgE levels. Levels more than 1000 ng/mL in patients with CF or others are
considered consistent with a diagnosis of ABPA or poorly controlled disease. IgE levels
often correlate well with clinical status and identify response to therapy (20). Serial meas-
urements of IgE thus may guide therapeutic efforts. However, elevated serum IgE levels
are not specific to ABPA and may also be elevated in other fungal infections, asthma
without ABPA, parasitic infections, and allergic rhinosinusitis. Total and specific IgE
levels can be elevated in the absence of ABPA when bronchiectasis is present—some 11%
of patients with CF and 17% of those with idiopathic bronchiectasis may have elevated
levels with or without the other diagnostic criteria for ABPA (21,22).

CLASSIFICATIONS OF ABPA

At least two different classification schemes have been proposed for assessing the
ABPA severity. The first, a staging system, separates patients into stages -V and
reflects the various manifestations of ABPA but may not necessarily reflect the progression
of disease. The stages reflect a combination of disease response to corticosteroids, severity
of disease, time course, and radiographic changes (23) (see Table 4).
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Table 4
Classifications of ABPA

Stage (23)
* ] Acute—meets diagnostic criteria and is responsive to corticosteroid therapy
* II Remission—free of significant symptoms or asthma after corticosteroid therapy
I Exacerbation—characterized by periods of worsened symptoms, radiographs,
orincreased serum immunoglobulin (Ig) E
* IV Corticosteroid-dependent asthma—patients unable to discontinue corticosteroid therapy
* V Fibrotic disease—significant structural changes (radiographic) and irreversible airflow
obstruction with corticosteroid-dependent asthma
Severity
* Mild—“ABPA-serological”
Aspergillus skin test (+), elevated serum IgE, and eosinophilia
* Moderate—"“ABPA central bronchiectasis” (CB)
Serological diagnosis
Central bronchiectasis on chest computed tomography
* Severe—“ABPA-CB-other radiological features” (ORF)
Serological diagnosis
Central bronchiectasis
Other radiological features, including pulmonary fibrosis, blebs,
bullae, pneumothorax, pleural effusion, or collapse (24)

The second classification system orders patients into groups based on radiographic
abnormalities. This method, classifying patients based on varying degrees of structural
lung damage (no changes, central bronchiectasis, central bronchiectasis, and more),
orders patients by severity of disease (mild, moderate, or severe) (24) (Table 4).

A third classification system, using solely a radiographic scoring system, has also
been devised, which roughly correlates with clinical disease (25).

Classifications are likely most important to the study of the disease or populations
with ABPA. Most helpful to the authors’ patients and to the authors—for planning therapy
and anticipating complications—are the degree of respiratory impairment and structural
lung disease.

ABPA MIMICS

Allergic fungal sinusitis may be confused with ABPA, particularly because many
patients with asthma have concurrent sinus disease. Allergic fungal sinusitis is similar
to ABPA, but the sinus cavities are the site of saprophytic infection and may be coincident
with ABPA. (In one study, 13% of patients with ABPA had findings of sinusitis on CT
[18]). Serological measures (RAST, IgE, and immunoprecipitins) will not distinguish
ABPA from allergic sinusitis. Radiographic imaging (sinus CT) and suggestive findings
on history and physical examination may identify this ABPA look-alike.

Individuals with CF, an autosomal recessive genetic disease, have a relatively high inci-
dence of ABPA (6-15%) as compared to the general population (2,26). Whether this
reflects a genetic predisposition or an increased risk resulting from the associated
bronchiectasis remains uncertain. Rarely, the onset of ABPA may represent the first sign of
CF. Based on retrospective analyses of patients with ABPA, some investigators suggest
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that CF genes are more common in individuals with ABPA (27). They suggest that
individuals who are heterozygotic for a gene that causes CF are predisposed to develop
ABPA. However, there are no prospective population studies to confirm this interpretation.

Other eosinophilic pneumonias should be remembered when considering ABPA.
These loosely describe a collection of pulmonary pathologies associated with elevated
serum eosinophil levels. Of these diseases, Churg-Strauss and infectious eosinophilic
pneumonias bear some resemblance to ABPA. Both may be associated with wheezing,
eosinophilic pulmonary infiltrates, and blood eosinophilia.

The allergic granulomatous, angiitis, and periarteritis nodosa of Churg-Strauss syn-
drome often manifests systemic findings owing to small vessel vasculitis. The
eosinophilia, although nonspecific, is often greater than typically seen in ABPA.
Definitive diagnosis relies on pathological examination of a lung biopsy for eosinophilic
pneumonia and, most important, small vessel angiitis (28). Infectious eosinophilic pneu-
monias, which may result from infection with an endemic parasite (or fungi, e.g.,
Coccidioides immitis), characteristically present with high levels of eosinophilia, an
exposure to an infectious agent, and prominent systemic infectious manifestations (28).

TREATMENT

The related goals of therapy, preservation of pulmonary function and control of
symptoms, guide therapeutic decisions. Total serum (i.e., not Aspergillus-specific), IgE
levels provide measures of immunological activity and response to therapy.
Additionally, pulmonary function testing, patient symptoms, other markers of inflam-
mation, and radiographs are used singly and in combination to adjust therapy.

Unchecked inflammation ultimately results in progressive bronchiectasis and poten-
tially other complications, including pulmonary fibrosis. This concern supports the
use of primary therapy with corticosteroids aimed at controlling inflammation.
Because asymptomatic patients may have progressive disease (/4), the authors also
follow total IgE levels aiming to decrease the total IgE level by at least 50%. CXRs
and pulmonary function tests forced expiratory volume in 1 s and forced vital capacity,
including carbon monoxide-diffusing capacity, may be used to monitor disease activity.
In stable patients, quarterly or semiannual assessments with improvement prompt a
decrease in CS dosing. Despite control of pulmonary function, symptoms, and
radiographic abnormalities, some patients will have persistently elevated IgE levels.
Thus, a 50% decrease in total IgE has been proposed as an alternate measure of signif-
icant response to therapy. Patients with worsened findings trigger increased or resumption
of CS therapy and consideration of antifungal medication. In patients whose disease
remains recalcitrant to the authors’ treatment plan, they pursue a thorough reevaluation
within a period of days or weeks, not months, for invasive non-Aspergillus fungal
infection, superinfection with bacteria or alternative Aspergillus clinical syndromes,
and even lung cancer.

Corticosteroids

For decades, the treatment of ABPA has been directed at the host’s immune response
to the fungi in the airways. However, a recent addition to this treatment paradigm
stems from the introduction of antifungal azoles. Oral CSs remain the mainstay of ABPA
therapy. The use of CSs in ABPA has moderate case-based data and empiric clinical
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evidence as support. In a 1973 review of 50 patients with ABPA, Safirstein found that CS
therapy (average daily dose: 10.5 mg) decreased the frequency of exacerbations (/4).
Common practice initiates therapy with a daily dose of 0.5 mg/kg. In acute cases, CSs are
administered for 2—-8 wk, followed by a gradual reduction. Symptoms, serology, pulmonary
function testing, and radiographs guide the reduction of CSs. The sequential tapering of
corticosteroids may be to lower daily doses or more commonly to every-other-day dosing.

In an effort to decrease the adverse effects of systemic CSs, inhaled CSs are often
proposed as possible adjuncts to disease control. Although many clinicians may pre-
scribe inhaled CSs, they are routinely employed primarily as therapy for the coincident
asthma. A few case series suggest some efficacy in control of symptoms using inhaled
CSs (29). More formal prospective trials have only shown better asthma control without
significant benefit in other ABPA disease manifestations (30).

Allergen avoidance is a long-standing therapeutic recommendation for allergic diseases.
Unfortunately, this is not easily accomplished in the case of ABPA and has not proven
clinically beneficial. Aspergillus is a nearly ubiquitous organism such that environmental
control is unlikely to ever be fully efficacious. Additionally, the patient harbors the
antigen source within his or her own airways. Because the offending organism/allergen
has taken up residence in the patient, antifungal medications have been used in an
attempt to decrease the allergen load and saprophytic organisms.

Antifungal Medications

For several decades, antifungal medications have been considered and used in
patients with ABPA in attempts to decrease the antigen burden and need for CS therapy.
Initial trials of inhaled antifungals, such as natamycin, and more recent efforts failed to
show clinical efficacy (3/,32). Inhaled, instilled, and systemic delivery of amphotericin
has been used without formal assessments. However, the azoles, a newer group of
antifungal medications, may have some use in ABPA and have been the subject of several
ABPA studies (Table 2).

Ketoconazole, the first azole studied, showed some clinical improvements but the asso-
ciated risk of liver toxicity and adrenal suppression has prevented it from gaining much
use in ABPA. Itraconazole, with moderately good oral preparations, a better safety pro-
file, and excellent activity against Aspergillus species, has shown an ability to decrease
the average CS dose (14 mg/d) needed for ABPA (33,34). Most reports are of case—control
studies, but recent blinded prospective trials have shown modest benefits with the use of
itraconazole (35). The mechanism of these ascribed benefits may be through inhibition of
fungal growth, interference with CS metabolism, or some other yet-unrecognized process.
Voriconazole, another azole with a good oral preparation and excellent efficacy against
aspergillus, may also prove useful, but it remains clinically untested (36).

For patients who respond rapidly and remain stable after moderate courses of CSs,
the added expense, monitoring, and additional risks of oral azole therapy may not be
justifiable. On the other hand, for patients in whom the adverse effects of CSs are
severe and have disease severe enough to need prolonged daily therapy, the CS-sparing
effects of adjunctive azole therapy appears worthwhile.

Other Management Issues

The associated bronchiectatic airways of ABPA thwart the normal mucociliary clear-
ance of the lung. Devices and maneuvers to improve airway clearance have become a
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standard in the management of bronchiectasis (37). As an adjunct to chemotherapy,
sputum clearance may be beneficial to patients with ABPA, particularly if they have
already developed significant bronchiectasis.

Invasive disease should always be considered. Albeit rare in the typical immuno-
competent patient with asthma with ABPA, when increasing dosages of or prolonged
therapy with CSs are required, invasive disease must be reconsidered (38). Radiographic
imaging, particularly high-resolution chest CT scanning, can usually distinguish an
invasive radiologic pattern from patterns that are more typical of aspergilloma or other
diagnoses, e.g., sarcoidosis.

The damaged bronchiectatic airways of the patient with ABPA bring increased risk for
other airway infections as well. Bacterial superinfection should be considered in the patient
with ABPA who worsens or has increased symptoms despite appropriate therapy. Probable
pathogens are numerous but are likely to be those most commonly implicated in nonspecific
bronchiectasis: Haemophilus influenza, Staphylococcus aureus, Pseudomonas aeruginosa,
and mycobacterial species. Intermittent surveillance with sputum cultures may identify the
probable pathogens and the chronically infected at-risk patient.

An increased risk of hemoptysis accompanies most diseases with chronic lung infec-
tions or bronchiectasis. ABPA is no exception. Small amounts of bloody sputum may
be present with cases of more severe ABPA disease usually from the severe bronchiectasis.
Nonetheless, should severe hemoptysis develop, a bronchial artery source should be
considered and definitive therapy with bronchial artery embolization offered. Chest CT
imaging can usually identify an aspergilloma that may require definitive treatment with
surgical resection (11).

SUMMARY

ABPA represents an IgE-mediated hypersensitivity to A. fumigatus antigens, as well
as non-Aspergillus fungal antigens. ABPA is a potentially severe and destructive lung
disease, but milder forms of the disease most often accompany patients with moderate to
severe persistent asthma and in patients with CF. The diagnosis of ABPA should always
be suspected in patients with asthma who have difficult-to-control symptoms, require
systemic CSs for control, have sputum production, or have abnormal CXRs. The diagnosis
of ABPA requires evidence of a specific and intense allergic response to Aspergillus
species in a patient with asthma without evidence of invasive fungal disease. Serum IgE
levels (>1000 ng/mm?) are sensitive for diagnosis and helpful in chronic disease man-
agement, particularly response to pharmacotherapy. Treatment aims to preserve lung
function, maintain quality of life, and reduce exacerbation rate through the control of the
inflammatory response with prednisone and decreasing antigen exposure. Antifungal
azole antibiotics are an adjunctive therapy to CSs and can decrease the need for high
dosages of systemic CSs. ABPA management is evolving such that earlier diagnosis and
intervention may prevent or forestall bronchiectasis.
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» The diagnosis of occupational asthma is most often made on clinical grounds; the gold-
standard test, specific inhalation challenge, is rarely used.

* Low-molecular-weight isocyanates are the most common compounds that cause occu-
pational asthma.

* Workers with occupational asthma secondary to low-molecular-weight agents may not
have elevated specific immunoglobulin E levels. The mechanisms of occupational asthma
associated with these compounds are partially described.

* Not all patients with occupational asthma will improve after removal from the workplace.

INTRODUCTION

Occupation-related asthma is the most common lung disease found in the workplace
today. It has surpassed silicosis and other pneumoconioses both in incidence and in
attention from the National Institute of Occupation Safety and Health (NIOSH). There
are two major subtypes of work-related asthma: occupational asthma (OA)—the most
common form—and work-aggravated asthma. Diagnosing patients with either subtype
is difficult, in part, because the gold-standard diagnostic test—specific inhalation
challenge—is neither readily available nor commonly used. More than 400 proteins,
glycoproteins, and chemicals in the workplace can cause asthma. Although the mechanisms
leading to the development of occupational asthma are not fully outlined, significant
advances have been made in the past decade. High-molecular-weight (HMW) agents
classically trigger the production of specific immunogobulin (Ig)E, whereas low-
molecular-weight (LMW) agents generally do not, and cause occupational asthma
through a host of pathways. The explosion in genomic and proteomic technologies will
greatly improve our understanding of the role of these molecules in the development of
occupational asthma. Treatment of occupational asthma centers on removing the worker
from the workplace and prescribing standard controller medications, such as inhaled
corticosteroids (CSs) and long-acting B-agonists. Unfortunately, a subset of individuals
who develop asthma at work will not improve, and this group is the focus of intense
study.

EPIDEMIOLOGY

There are 25 million people with asthma in the United States, but estimates of the
fraction that has OA vary widely. The reported prevalence of OA among all adults with
asthma ranges from 2 to 36% (/-3). One explanation for these varied prevalence rates
is that the OA diagnosis may not be as stringent in some retrospective studies as it is in
documented worker compensation cases. In a comprehensive meta-analysis of OA studies
from 1966 to 1999, Blanc and Toren concluded that 1 in 10 adults with asthma had an
occupational trigger for their disease (4). Therefore, the more conservative estimate is
that the prevalence of OA is 5-10% of all adult asthma cases.

Despite improved reporting systems, the true incidence of OA remains unknown.
Twenty-five new cases of OA per million population were reported annually in the United
Kingdom in the 1990s, whereas 3—18 cases per million were reported in the United States
(5-7). Several large organizations track incident cases, including the Surveillance of Work-
related and Occupational Respiratory Diseases (SWORD) (8) in the United Kingdom and
Sentinel Event Notification System for Occupational Risks (SENSOR) (6) in the United
States. The SENSOR program documents occupational diseases in four states (California,



Occupational Asthma 295

Table 1
Estimated Prevalence of Occupational Asthma Among
Nonsmoking Workers by Industry—US Residents Aged 17 Yr
and Older, 1988—-1994

Industry Prevalence, % (95% CI)
Hospitals 14.4 (8.1,20.7)
Apparel/accessory stores 11.5 (4.1,18.9)
Machinery 11.2 (0.6,21.8)
Paper products, printing 9.7 (0.0,22.4)
Chemicals, petroleum 8.4 (0.2,16.6)
Transportation equipment 7.5 (2.4,12.6)
Food stores 6.8 (3.1,10.5)
Overall 6.7 (3.2,10.2)

Source: National Health and Nutrition Examination Survey
(NHANES) III (1999).

Isocyanates (9%)

Indoor environments
(8%)

Mineral dust (7%)

Cleaning agents
(5%)

Smoke (5%)
Other (66%)

Fig. 1. Distribution of occupational asthma cases in the United States, by most frequently associated
agent, 1993-1995.

Michigan, Massachusetts, and New Jersey) and is a rich source of epidemiological data.
Overall, OA is common and must be considered in adult patients with asthma with
difficult-to-control disease. Given these prevalence and incidence figures, it is estimated
that there are roughly 1 million people with OA in the United States (see Table 1).

The economic effect of OA is substantial, which reflects the costs from lost productiv-
ity, costs of treatment, employer and employee health insurance costs, and legal fees.Of all
people with asthma, 5-20% suffer partial disability that affects their ability to work (9),
and 40-80% lose considerable income as a consequence of their disease (/0,/1). Using a
proportional attributable risk of 15% for both asthma and chronic obstructive pulmonary
disease (COPD), Leigh and colleagues estimated the 1996 US costs of OA at $1.6 billion
and the COPD costs at $5 billion (see Fig. 1) (12). Clearly, both OA and COPD are
diseases that place considerable financial burdens on patients, employers, and public
health systems. Prevention strategies likely will be the only cost-effective intervention to
tackle this problem.
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DEFINITIONS

The terminology and definitions for asthma in the workplace are not standardized,
and they differ considerably among consensus statements (6,8,13—15). Therefore, we
have used the term OA to refer to all patients suffering from asthma in the workplace.
This is not technically correct because other forms exist. Almost all consensus opinions
agree that two major entities exist of asthma causally related to the work environment:
OA and work-aggravated asthma.

The term “occupational asthma” encompasses all workers who develop new respira-
tory symptoms and obstructive airways physiology consistent with the diagnosis of
asthma, for which the cause can be directly attributed to an exposure in the workplace.
The key element is that OA is asthma caused by an organic protein, a chemical, or
another compound unique to the workplace. OA is further split into two separate
subtypes—sensitizer-induced OA (>90% of the cases) and irritant-induced asthma, such
as reactive airway dysfunction syndrome (RADS).

Work-aggravated asthma refers to previously diagnosed asthma that is worsened, but
not caused, by agents found in the workplace. The distinction between these two enti-
ties is not superfluous because it affects treatment strategies and medico-legal deci-
sions. Millions of people with established asthma work, and exacerbations of disease
can occur in the workplace. Clearly, these patients should not have their work eligibility
affected by their chronic disease and, in general, their symptoms should be completely
controllable. Patients with preexisting asthma whose disease becomes uncontrolled
in a new work environment should be evaluated as a new case of OA. OA, therefore,
represents the majority of asthma cases caused by an agent in the workplace, and
the evaluation and diagnosis of this entity must follow established protocols and
guidelines.

REACTIVE AIRWAY DYSFUNCTION SYNDROME

RADS, initially described by Brooks et al., refers to an asthma-like respiratory syn-
drome resulting from irritating vapors, fumes, or smoke in individuals with no prior
respiratory disease (/6). The incidence of RADS as a portion of OA ranges as high as
25% (17), with 9.3—-10% (18) as a more typically reported range. Scenarios that lead to
RADS often involve inadvertent exposure to multiple workers. It is likely that any
mucosal irritant may lead to RADS if administered at a high enough exposure level.
Some of the identified agents are listed in Table 2.

The initial respiratory symptoms of RADS may manifest within minutes or hours of
exposure to the implicated irritant. Previous exposure or previous sensitization is nei-
ther required nor characteristic of this syndrome. Rather, a rapid time course to symp-
toms, no exposure history, and good prior respiratory health are characteristic of the
syndrome. The nonimmunological, lymphocyte-predominant response that is charac-
teristic of this syndrome is attributed to direct airway injury caused by the inhaled irri-
tant. Although most individuals with RADS will have a single identifiable exposure,
some may have multiple exposures to the irritant. Most criteria for RADS also require
the symptoms to be present 1 mo after exposure to distinguish RADS from the direct
toxin-mediated pathology. Persistent respiratory symptoms are typically managed with
bronchodilators and assiduous irritant avoidance. The course of disease may resolve
over weeks to years or, in some cases, persist indefinitely.
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Table 2
Selected Reports of Reactive Airways Dysfunction Syndrome
and Causative Agents

Agent Setting

Glacial acetic acid Hospital chemical spill
Phthalic anhydride Truck tanker spill
Hydrogen sulfide Swine confinement

building; police at
chemical spill

Various World Trade Center site
Methyl isocyanate Bhopal chemical plant
Dinitrogen tetroxide Railroad tanker spill
Hydrofluoric acid Household exposure

Historically, noteworthy exposures include the Bhopal chemical plant toxic gas
release in India and the World Trade Center (WTC) collapse in New York (/9,20). In
Bhopal, India, 30 tons of methyl isocyanate were accidentally released overnight on
December 3, 1984. Approximately 2500 people died acutely, with many more sustaining
less-than-lethal injuries. Retrospective evaluations found persistent respiratory complaints
and RADS-like patterns in exposed individuals (217).

In New York, rescue personnel were exposed to various inhaled irritants during the
rescue efforts after the destruction of the WTC. In prospective study and monitoring,
Prezant with others (20) recognized WTC cough and RADS among the exposed indi-
viduals. This work represents the best prospective evaluation of RADS under study.

DIAGNOSIS

Making an accurate OA diagnosis requires that several key relationships between
asthma and work be established. The 1995 American College of Chest Physicians diag-
nosis of OA is detailed in Table 3. In essence, the following three criteria need to be
met:

* A worker receives a new diagnosis of asthma.

* A worker is exposed to an agent in the workplace that is known to cause OA.

» A sufficient causal relationship is established between the causative agent and the
worker’s symptoms.

Several tools should be employed to investigate the potential causal relationship
between asthma and the workplace, including symptom diaries, employment question-
naires, lung function testing performed at and away from work, immunological testing,
and occasional workplace site visits. Oddly, the gold-standard test for diagnosing OA, the
specific inhalation challenge, is not included because it is performed at only
a few specialized centers. The specific inhalation challenge (SIC) test and others are
discussed as they pertain to making a clinical diagnosis of OA.

CLINICAL PRESENTATION

Episodic wheezing, dyspnea, cough, and nocturnal awakenings are the typical
presenting complaints of an adult patient with OA. Shortness of breath with or without
wheezing was the chief complaint of 36% of workers exposed to wood products
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Table 3
1995 ACCP Case Definition of Occupational Asthma”
A Diagnosis of asthma
B Onset of asthma after entering workplace
C Association between work and asthma symptom
D1 Workplace exposure to agent known to cause OA
D2 Work-related changes in FEV,| or PEFR
D3 Work-related changes in bronchial
hyperresponsiveness
D4 Onset of asthma with a clear association with

work exposure

4Qccupational asthma (OA) case definition: A+B+C+D2 orD3 or
D4 or D5.

Likely OA definition: A+B+C+D1.

Adapted from Chan-Yeung. See ref. /3.

containing methylene diphenyl diisocyanate for 8 mo, and this figure increased to 45%
by 20 mo (22). The second most common symptom in this cohort was chest tightness,
which occurred in 30% of workers at 8 mo and 38% at 20 mo. These two symptoms plus
cough, phlegm production, and sudden attacks of shortness of breath occurred in at least
25% of all workers by 20 mo.

Although the chief complaints in OA may not differ from those with other forms of asthma,
the temporal nature of them may. Patients with OA may report that their symptoms are better
on the weekends and worse at the end of the workday or at night. Asking direct questions
regarding the timing of the symptoms is the key to eliciting an OA clinical history.

WORK-SITE EVALUATION

Questionnaires can help determine the extent of a worker’s exposure to specific com-
pounds, but a workplace visit and an on-site investigation may be necessary in some
instances. The focus of these assessments is twofold. First, is the person with asthma
exposed to a single agent in the workplace that is known to cause asthma? Second, is
there a clear temporal association between the patient’s symptoms and the workplace
exposure to this agent?

Examples of potential questions for use in OA questionnaires are listed in Table 4. In
general, questions should address the time of day that symptoms develop and whether
these symptoms resolve during extended breaks from work (e.g., weekends or vaca-
tions). One study reported that only 50% of pulmonologists and allergists asked about
the association between asthma symptoms and work habits (23). A failure to ask such
questions may lead to the wrong diagnosis.

Approximately 250 or more agents have been causally linked to OA, but most cases
of OA are caused by only a handful of compounds. Table 5 lists the major classes of
compounds that cause OA and the industries that often employ them. Clinicians must
elicit a detailed work history from patients with adult-onset asthma. Specific job duties,
date of hire, and job environment should be asked directly and documented in an eval-
uation. Occasionally, workers are unaware of all the products used in their industrial
plant and clinicians can ask that the worker bring in copies of the material safety data
sheets (MSDS) from their employers and any reports from work-site visits.
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Table 4
Five Questions That Can Help Elicit History of Occupational Asthma

. Have you ever had to leave your job because it affected your breathing?

. Is your asthma worse at work or in the evening after work?

. Do your symptoms resolve or improve on the weekends or vacation?

. Do symptoms develop within minutes of entering the workplace or performing a specific job?
. Did the symptoms begin after starting a new job?

DW=

Adapted from Balmes. See ref. 23a.

Table 5
Common Low- and High-Molecular-Weight Compounds That Cause Occupational Asthma
Low-molecular-weight compounds Occupations
Isocyanates Plastics workers, painters,
and insulators
Anhydrides Plastics and resins workers
Amines Lacquer and shellac workers
Metals (e.g., platinum, vanadium salts) Platers, welders, and
chemical workers
Chloramine-T Cleaners
High-molecular-weight compounds Occupations
Animal proteins (e.g., lipocalins) Animal handlers
Latex Health care workers
Gums Carpet workers and
pharmaceuticals workers
Seafood Food-industry workers
Cereals Bakers, millers, and textile
workers
Wood products Carpenters and loggers
Dyes Textile workers

Adapted from ref. /3.

Inhalation is the primary portal of entry for chemicals and other compounds, and
repeated exposure leads to systemic sensitization. An evaluation of the exposure risk
for a worker often cannot be done efficiently without help from outside experts.
Occupational hygienists or occupational medicine professionals specialize in sampling
techniques and sensitive assays, such as liquid chromatography, gas chromatography,
and mass spectrometry, to measure concentrations of particulate airborne compounds.
Unless trained in this highly specialized area, clinicians should focus their efforts on
the patient’s complaints as they pertain to the work site.

LUNG FUNCTION TESTING

Once clinicians suspect a temporal relationship between a patient’s asthma symp-
toms and the workplace, they should order lung function testing. Measurements of lung
function must be performed both at and away from the work site. The simplest, least
expensive tests are serial peak expiratory flow rate (PEFR) measurements. Newer
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patient-activated, portable devices store full spirometry data, including forced expiratory
volume in 1 s (FEV)) readings, but they remain expensive. These devices record and
log spirometry readings and reduce the problem of falsified records. Training in the
forced vital capacity maneuver and adherence to PEFR and spirometry measurement
diaries is essential.

One formal study of serial PEFR during and after work is named the “stop—resume
work test” (24). Essentially, this test asks that the worker monitor and record serial peak
flow data while at work and at home. Workers with asthma caused by an occupational
agent will demonstrate significant peak flow variability (20-30%), with higher readings on
weekends and lower readings during and after work. It is important that clinicians ask that
measurements be recorded for several days, including nonworking days. Good peak flow
data are recorded at the same times each day, such as in the early morning, during lunch,
at the end of the work shift, and at bedtime. Adherence to this regimen can be difficult.

In addition to spirometry, repeated airway hyperresponsiveness measurements with
methacholine challenge testing (MCT) provide strong evidence for OA. MCT changes
depend on whether the patient with OA has been recently exposed to the agent that
caused his or her OA or whether he or she has been away from work for an extended
period. A threefold difference in the methacholine dose required to trigger a positive
response is strongly indicative of OA. The American Thoracic Society recommenda-
tions for MCT need to be adhered to closely (25).

An OA diagnosis can be wrong even when it is based on accurate symptom data,
spirometry readings, and MCT results. Several studies published in the mid-1980s to
early 1990s showed a discrepancy between the clinical diagnosis of OA and the diag-
nosis confirmed by specific inhalation challenge, the gold-standard test (26—28). In one
study, when diagnosed by specialist physicians, 63 workers with OA secondary to iso-
cyanate exposure underwent inhalation challenge testing to isocyanate (27). Only 48%
of the workers demonstrated airway hyperresponsiveness to isocyanates, although most
workers reported respiratory symptoms during the test. Forty-three percent of the workers
had no response to isocyanate but showed airway hyperresponsiveness to methacholine.
This reinforces the distinction between asthma and OA. Proving a causal relationship
between a specific compound and a worker’s asthma is not straightforward.

SPECIFIC INHALATION CHALLENGE TESTING

SIC mirrors other inhalation challenge testing, except that we aerosolize known occu-
pational antigens. Although considered the gold-standard test to document OA, SIC is not
performed commonly in the United States and cannot be considered part of the standard
evaluation. In many countries, clinicians order SIC routinely. A recent survey of 123 US
and Canadian pulmonary and allergy medicine training programs found that only 15 cen-
ters performed SIC tests (29). Of 2065 patients diagnosed in the United States with OA in
the preceding years, only 130 (6%) had been diagnosed with the help of SIC testing. In
contrast, 130 of 308 (42%) patients with OA in Canada underwent SIC testing. Sixty per-
cent (74 of 123) of the training programs believed SIC was useful, but only 55% of the
respondents could order the test. A list of the 15 centers performing SIC in the United
States and Canada can be found in the 2002 article by Ortega and colleagues (29).

As with most gold standards, problems exist with SIC. False-negative tests with SIC
occur if the wrong compound (e.g., wrong isocyanate) is chosen or if SIC is performed
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long after the worker has left the workplace. Sastre and colleagues demonstrated that 5
of 22 workers with apparent isocyanate-induced OA had a negative SIC, but 3 of these
5 workers were subsequently positive when tested a second time (30). Despite these
deficiencies, SIC remains the gold-standard test for diagnosing OA in as many as 50%
of patients in Canada and throughout much of the world. The same cannot be said for
the Unites States, where SIC is rarely ordered and performed.

IMMUNOLOGICAL TESTING

Skin-prick testing and radioallergosorbent testing (RAST) can determine if a worker
has developed an antibody response to a HMW protein or glycoprotein in the work-
place. This type of immunological testing is often the next step in the evaluation of OA,
but as shown in Table 2, RAST or skin testing is not required to make the diagnosis.
Skin-prick testing and RAST using a panel of common occupational antigens is a sen-
sitive, but not specific, marker for occupational rhinitis, dermatitis, and asthma. Testing
for an IgG- and IgE-mediated response to a panel of common HMW proteins is rela-
tively straightforward, whereas testing for LMW antigens, such as diisocyanate, is not.
Diisocyanate, for example, may lead to elevated IgE levels in only 20-30% of expo-
sures where it appears to act as a hapten (3/). Newer in vitro assays are becoming
available to detect isocyanate and other LMW agent-induced OA. For example, the
production of monocyte chemotactic protein-1 by peripheral blood mononuclear cells
in patients with diisocyanate-induced OA can distinguish them from workers without
asthma (37). In the authors’ experience, skin-prick tests and RAST provide important
supporting data demonstrating sensitization to occupational antigens.

MISCELLANEOUS DIAGNOSTIC TESTS

Surrogates of airway inflammation, such as sputum eosinophilia and exhaled nitric
oxide (NO), contribute to the management of patients with asthma, and these markers
are now being evaluated in OA. Green and colleagues showed that the number of exac-
erbations of asthma in a population of people with asthma decreased significantly when
sputum eosinophil counts were maintained less than 3% or exhaled NO concentrations
less than 5.0 ppb (32). Peripheral blood and airway eosinophilia is evident in all forms
of OA, including RADS, and induced sputum eosinophils and neutrophils increase
after exposure to specific work-related compounds, such as isocyanates (33-35). In one
study, serial spirometry measurements plus induced sputum eosinophil counts improved
the accuracy of the OA diagnosis compared with spirometry testing alone (36).

Compared with sputum eosinophil counts, data with exhaled nitric oxide in OA are
scant. One study documented that exhaled NO levels increased in workers with a posi-
tive inhalation challenge and not in those with negative tests in a small cohort of 40
workers (37). The potential strength of the exhaled NO test lies in its use for disease
management. At this juncture, limited evidence suggests that induced sputum
eosinophil counts, but not exhaled NO, may aid in supporting the diagnosis of OA.

GENETICS OF OCCUPATIONAL ASTHMA

Nucleotide polymorphisms are a research focus in asthma and this focus has spilled
over to OA as well. Clearly, a gene marker that signals a predisposition to OA would be
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of interest in certain industries with high incidences of OA (e.g., animal care and food
industries). Although no such gene has been identified to date, researchers continue to
focus on two candidate families: the glutathione-S-transferase (GST) and human leuko-
cyte antigen (HLA) family. The GST family of genes involves a host of enzymes that
protect the host lung epithelium from oxidative stress. The GSTP1 Val/Val genotype
has been associated with both allergic asthma and toluene diisocyanate (TDI)-induced
OA (38,39). In one study, the presence of GSTP1 Val/Val had a protective effect against
OA in workers exposed to TDI for 10 yr (40). In turn, other genes in the GST family
confer an increased risk of OA, including GSTM1, GSTM3 AA, and GSTP1 Ile/Ile.
The second class of genes of interest in OA is the HLA class II molecules—part of
the major histocompatibility complex (MHC)—that are involved in antigen presentation.
Young and colleagues demonstrated a strong correlation between increased expression
of HLADR3 and the development of OA after exposure to trimellitic anhydride (4/).
However, this correlation is not apparent with exposures to other compounds (42).

MECHANISMS OF OCCUPATIONAL ASTHMA

As with all asthmas, the mechanisms leading to the development of OA are not fully
known. Two major classes of agents—HMW and LMW agents—cause OA, and the
mechanisms appear to differ significantly. As shown in Table 3, common HMW organic
proteins that cause OA include grains, latex, animal-derived proteins, and seafood.
More than 140 LMW chemicals and compounds trigger sensitization in humans, and
this list includes isocyanates (e.g., TDI), anhydrides, dyes, and smaller organic
compounds.

HMW antigens (>5000 kDa in size) act like other environmental antigens that lead
to sensitization and IgG and IgE antibody production. In general, months to years of
exposure are necessary to develop this allergic response, and latency helps distinguish
OA from RADS. HMW organic proteins can trigger a vigorous immune response, and
the period of latency may be less than 1 yr. A recent prospective study following 118
apprentice bakers and new animal workers found that 64% of the new hires developed
positive skin-prick test responses to grains and animal proteins and 12% developed
asthma symptoms (43). The incidence of occupational rhinitis in this study was higher
than OA, which is consistent with most studies.

The pathways leading to systemic sensitization to HMW proteins and polysaccha-
rides do not differ significantly from the pathways involved in the development of envi-
ronmental asthma. Briefly, an HMW antigen, such as an animal dander protein, will
associate with an MHC II molecule on a dendritic cell, and will be transported to a
lymph node. An allergenic peptide sequence will interact with naive T-cells, and some
undergo transformation to T-helper (Th) 2 or 1 cells. Cytokines (interleukins [IL]-4, -5,
and -13) from these cells then stimulate IgE production from B cells and eosinophil
recruitment from the bone marrow. The pathological sequence in IgE-mediated OA
resembles that of more common forms of asthma, except the sequence of events can
occur more rapidly.

The development of OA from LMW compounds can result in a type I, IgE-mediated
immune response by acting as haptens, but in most cases, it does not. Admittedly, evidence
supporting the concept that LMW agents act as haptens is slim. One investigator
suggested that the degree of hydrophilicity of the LMW compound may affect its function
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and determine whether it stimulates a type I immune response (/4). Hydrophilic LMW
compounds, for example, may cross the respiratory epithelial membrane more readily,
bind lung proteins, and trigger IgE production, whereas more hydrophobic compounds
may not.

Most LMW agents, like TDI, cause a delayed type III, cell-mediated immune
response by binding to organic macromolecules at the airway—epithelium interface.
This inflammatory response occurs more rapidly than with HMW compounds (44) and
is characterized, in part, by increased numbers of airway CD8+ lymphocytes. Affinity
of certain LMW compounds for various organic proteins and other adducts has been
shown. Trimellitic anhydride, for example, can bind with amino groups, alcohols, and
epithelial cell proteins (45). Intracellular glutathione may also act as a transfer mole-
cule for LMW agents and serve as an intermediary in the development of the allergic
response (46,47).

Another factor that may enhance sensitization to LMW compounds is tobacco
smoke. Workers exposed to second-hand environmental tobacco smoke at work have a
higher incidence of work-related asthmatic symptoms (48). The risk of sensitization to
platinum salts in refinery workers is higher in workers who smoked, for example (49).
Overall, the diverse mechanisms involved in the development of LMW antigen-associated
OA are interesting, and further investigation will provide information to determine the
relevance to all asthma.

DISEASES OF INTEREST IN THE MEDICAL FIELD

Based on surveys from NIOSH, the prevalence of OA in hospital and biomedical
workers is as high as 15% (50). Two types of exposures in workers in the biomedical
field that commonly present to clinicians for evaluation of respiratory symptoms are
discussed: (1) hospital staff exposed to latex and (2) laboratory workers who handle
animals.

Latex Allergy and Asthma

Allergy and OA related to latex and natural rubber compounds represent a significant
and illustrative example of occupational illness. Latex-related allergy and asthma was
recognized first in the 1970s in patients who were exposed to latex, such as those with
spina bifida. It gained prominence during the late 1980s and 1990s with the implemen-
tation of NIOSH/Centers for Disease Control and Prevention (CDC) universal precau-
tions for blood-borne infections. The CDC precautions increased the use of latex gloves
and led to more worker exposure to natural rubber products. As with other examples of
HMW agent-related OA, the incidence and severity of disease correlates with exposure
level. Currently, latex-related OA represents some 4% of all work-related asthma cases
(10.3% in Michigan). Diagnosis is similar to other OA cases, with the exception of
immunological testing. RAST is less sensitive in the case of latex allergy and OA, with
nearly a 30% false-negative rate as compared to patch or skin-prick testing.

Although latex allergy and OA are present in other industries (e.g., food handling
and manufacturing) the incidence is twice as high in health care workers (5—-18%) as in
the general populace (5/), and it is more prevalent in work areas with high-level expo-
sures to latex gloves and glove dust. With the recognition of latex allergy as a problem,
NIOSH implemented recommendations to decrease the incidence of latex-related
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allergy and OA by decreasing workplace latex antigen exposures. In hospitals where
these recommendations are implemented (the use of powderless gloves, nonlatex
gloves, and gloves of higher quality manufacturing techniques) the incidence of latex-
related OA and allergy has decreased (§).

Occupational Asthma in Animal Workers

The incidence of atopic sensitization to small laboratory animals and pets is reported
to be between 15 and 40% (52) and preexisting atopy to environmental allergens is the
primary risk factor for developing animal allergy (43). Two million people work in jobs
that expose them constantly to animals (53). Inhalation of animal proteins in dander,
fur, feces, urine, and saliva can lead to sensitization. Proteins isolated in the urine of
rodents, called lipocalins, for example, trigger an IgE-mediated response. Lipocalin
sequences are now added to skin-prick and RAST panel tests. Although low exposure
to these proteins can lead to sensitization and OA, high exposure time increases these
risks significantly. Implementation of prevention strategies that decrease total exposure
to inhaled animal proteins remains a key goal for NIOSH and should be for all medical
centers and industries.

PREVENTION

Screening for preexisting atopic conditions in new workers is not legal; therefore,
employer interventions must be aimed at limiting exposures to certain airborne anti-
gens. The Occupational Safety and Health Administration (OSHA) and NIOSH regula-
tions regarding worker contact with specific compounds often appear burdensome to
industry, but these regulations will remain the primary strategy to combat OA. One
example of specific recommendations made by NIOSH can be found in the publication
on animal health, Preventing Asthma in Animal Handlers (50). Five of the top recom-
mendations are as follows:

1. Modity ventilation and filtration systems.
* Increase the ventilation rate and humidity in animal housing areas.
* Ventilate animal handling areas separately from the rest of the facility.
* Install ventilated animal cage racks or filter-top animal cages.
2. Perform animal manipulations within ventilated hoods when possible.
Decrease animal density (number of animals per cubic foot of room volume).
4. Avoid wearing street clothes when working with animals. Leave work clothes at the
workplace to avoid potential exposure problems for family members.
5. Provide training to educate workers about animal allergies and steps for risk reduction.

e

These recommendations encourage employers to formulate their own policies and
procedures regarding this issue. Ventilation and individual protection strategies are
near the top of many NIOSH recommendations for specific worker groups. A proactive
employer will institute these guidelines and a workplace screening program. Small
studies have shown that such measures can decrease the incidence of OA. In one
recent example, Grammer and colleagues offered personal protective masks to 66
workers newly hired in a plant producing an acid anhydride (54). For 7 yr, the
workers who used the protective masks decreased their absolute risk of developing
rhinitis or OA from 10 to 2%. Preventing exposure to airborne agents should
decrease the incidence of OA, but installation of new ventilation systems is costly
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for employers, and personal protective industrial masks and helmet respirators do
not seem practical to many workers.

TREATMENT

Minimizing allergen exposure is an essential component of every asthma treatment
plan. Similarly, quitting work or avoiding the work site exposure is the primary treat-
ment in OA. Inhaled CSs, long-acting 3,-agonists, and rescue-drug medications should
be prescribed according the guidelines of the National Asthma Education and
Prevention Program (55,56), but the efficaciousness of these therapies in OA is less
well established.

Two studies have shown that patients who remain in the workplace after an OA diag-
nosis suffer worsening lung function despite appropriate steroid therapy (/0). In one
crossover study, Malo and colleagues found that the addition of inhaled CSs to work site
removal did improve asthma symptoms, airway hyperresponsiveness, and quality-of-
life measures more than work removal alone (56). In another recent study, Marabini
and colleagues treated 20 patients with OA who remained at their job with beclometha-
sone dipropionate (500 pg bid) and salmeterol (50 pg bid) for 3 yr (58). At the time of
enrollment, their FEV, percentage predicted was mildly reduced at 80.2%. After 3 yr,
lung function remained the same, as did airway hyperreactivity, symptoms, and rescue
B,-agonist drug usage. Although lung function and symptoms did not improve with
inhaled CS treatment, neither did they worsen. The authors surmised that the outcome
in these 20 workers might be the same with adequate controller therapy, whether they
quit or continued to work. At this time, this approach cannot be recommended. Larger
prospective studies needed to evaluate this question may never be performed.

Management of work-aggravated asthma, where asthma is a preexisting condition
and the disease flares with work exposures, differs from that of OA. Avoidance of
work-site exposures is important, but pharmacotherapy can control symptoms. In
general, fewer workers with work-aggravated asthma lose their jobs than do workers
with OA. This practice may be influenced both by the medico-legal complexities
associated with OA and the belief that work-aggravated asthma represents a milder
form of the disease (59). Like work-aggravated asthma, irritant-induced asthma or
RADS is amenable to drug therapy and workers often return to their jobs.

OUTCOMES

Unfortunately, asthma symptoms and airway hyperresponsiveness (AHR) persist in
many patients after removal from the work site and, in this sense, OA mirrors environ-
mental asthma. More than 50% of workers with OA have persistent asthma symptoms
and AHR in the years succeeding their quit date (/4). Malo and colleagues found that
lung function, as measured by FEV , stabilized approx 1 yr after leaving work (60). As
expected, specific IgE to the offending compound that caused the OA decreases signif-
icantly once the worker leaves. Immune cell memory does not fade completely,
however, and rechallenge with the same compound 2 yr later will trigger an asthmatic
attack in the majority of those affected.

Biologically, it makes sense that once an insult—be it an environmental, infectious,
or occupational one—triggers structural airway changes, such as airway wall thickening
and smooth muscle hypertrophy, the disease will not abate completely in all patients.



306 Kenyon et al.

Simple avoidance alleviates, but does not necessarily cure, the disease. Nonetheless,
early removal from the workplace portends a better prognosis.

COMPENSATION AND DISABILITY

The economic realities of OA for a worker can be overwhelming and life-changing.
Several groups have studied the economic impact of OA on workers, and an interesting
review on this topic has recently been published (59). In one study, of 55 US workers
with OA, 69% remained unemployed an average of 2.5 yr after the diagnosis (67). In
Vandenplas and colleagues’ meta-analysis of six studies from three European coun-
tries and Canada, approximately one-third of workers with OA reported prolonged
unemployment or work disruption and one-half to two-thirds reported significant lost
income (59).

Diagnoses of OA inherently lead to decisions regarding the impairment, disability, and
compensation of workers. Physicians should advocate for workers diagnosed with OA and
adopt a proactive approach by reporting the diagnosis to compensation boards, surveil-
lance organizations (e.g., SENTINEL), and possibly employers. Impairment and disability
programs are exceedingly complex and differ significantly among states and countries.
The 1993 American Thoracic Society guidelines on this topic serve as the primary refer-
ence (62). In general, impairment is based on the degree of lung function compromise.
Workers with objectively recorded and diagnosed OA should receive temporary disability
immediately and decisions regarding permanent disability should be made after some
period of observation and review. Most workers receive complete, permanent disability for
the job that caused their OA and for any job where they might be exposed to the same
product or compound. Physicians’ roles should focus on making an objective and accurate
diagnosis. If the diagnosis of OA is established, physicians should initiate appropriate
controller drug therapy, remove patients from the work environment, request temporary
disability from that job, and report the case to the appropriate monitoring and surveillance
boards.

CONCLUSION

OA is the primary lung disease in the workplace and is of increasing importance to
OSHA, state regulatory boards, and employers. Every measure must be taken to pre-
vent sensitization to occupational antigens that commonly cause OA and occupational
rhinitis. Studies in the past 10 yr have helped to elucidate some of the mechanisms
leading to asthma secondary to HMW and some LMW compounds, but other pathways
need exploring. Many workers remain symptomatic and suffer continued loss of lung
function after being removed from the work environment. Disability and compensation
issues will become increasingly common, and the specialist will need to remain updated
on this important disease.
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KEY POINTS

* Anesthesia poses unique risks for the patient with asthma.

» A preoperative assessment of patients with asthma is essential in order to establish
baseline conditions and identify correctable points.

* The patient's own subjective assessment of his or her asthma is unreliable.

* Endotrachial tube intubation frequently promotes brochospasm.

* Although the pharmacology of anesthetic agents is similar in all patients, there are very
few clinical studies in patients with hyperreactive airways.

* Fortunately, bronchoconstriction is not a common occurrence during surgery.

* The use of inhaled anesthetics during status asthmaticus remains a controversial issue.

INTRODUCTION

This chapter covers basic issues in perioperative anesthesia as they relate to the man-
agement of the patient with asthma. Anesthesia presents unique risks for the patient
with reactive airway disease (see Table 1). The concepts and information presented are
intended to aid nonanesthesia practitioners in providing perioperative care and medical
consultation. The particulars of general anesthesia and regional anesthesia are discussed.
Airway management techniques, with emphasis on methods that limit bronchospasm,
are reviewed. The induction agents that initiate anesthesia and the drugs that maintain
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Table 1
Risks of Anesthesia for Asthmatics

Anesthetic effect Risk
Exposure to multiple drugs Possible airway effects resulting in

bronchoconstriction

Possible drug interaction

Endotracheal intubation Stimulation of reflex bronchoconstriction
Depression of protective airway reflexes Aspiration
Respiratory depression Hypoventilation and need for artificial

ventilation
Depression of inspiratory and expiratory effort Atelectasis and retained secretions
Limited access to the patient for diagnosis Delayed diagnosis

and treatment Ineffective treatment

Note. These are generic risks of anesthesia that have special significance for asthmatic patients.

anesthesia, as well as muscle relaxants, are also reviewed. The various inhaled anes-
thetic agents, including more recently developed drugs, are discussed with respect to
their potential to either provoke or alleviate bronchospasm. Pain relief for the patient
with asthma, including the use of spinal opiates, is briefly explained. Various methods
of regional anesthesia techniques are explained, so the medical provider will have a
familiarity with them. Preoperative preparation of the patient with asthma as an outpa-
tient or inpatient is essential, and this is explained to guide medical optimization of the
surgical patient with asthma. The conduct of anesthesia for the patient with asthma is
explained with case scenarios. The management of acute intraoperative bron-
chospasm is also explained. The important differential diagnosis of wheezing in the
operating room is likewise explained. Important measures of postoperative care in
the immediate postanesthesia recovery period, intensive care unit (ICU), and ward
are reviewed. Finally, the critical periods of intensive care, requiring airway man-
agement for endotracheal intubation, and the more rare, but more complex, use of
inhaled anesthetics for management of status asthmaticus are described in detail.
This chapter is not a manual for anesthesia care of the patient with asthma, but, as a
starting point, it should impart significant information, so that the medical care
provider will have insight into the pertinent anesthesia care of the patient with
asthma. A review of asthma management directed at anesthesiologists has been
authored by Gal (/).

PREOPERATIVE ASSESSMENT OF THE PATIENT WITH ASTHMA

All patients with any form of reactive airway disease will be referred to here as
“patients with asthma.” There is usually no practical way to subcategorize a particular
patient, nor is there a difference in the anesthetic management. Preoperative assessment
of patients with asthma should establish the patient’s baseline condition under medical
management and identify correctable conditions. Symptomatic patients, who are
untreated or are not compliant with medical management, should have elective surgery
postponed until they are stable under therapy. Not every patient can be symptom free,
but an increase in symptom severity that does not respond to therapy should result in delay
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Table 2
Preoperative Anesthetic Evaluation of Asthma Patients
Presentation Concern Risks
Asymptomatic asthma Minimal concerns Possible onset of wheezing

treated or untreated triggered
by drugs or airway intubation.

Asthma with acute symptoms Possibility of poor Possible postoperative pulmonary
compliance with therapy complications, especially if the
or onset of respiratory surgical site is thoracic or upper
tract infection abdominal.

Risk may be reduced by delay for
preoperative treatment.

Chronic asthma Possibility of irreversible ~ Possible postoperative pulmonary
airway disease and complications, especially if
chronically decreased the surgical site is thoracic
reserve or upper abdominal.

Unexpected preoperative Undiagnosed medical Possible mistaken diagnosis

wheezing (not previously problem of asthma and incorrect
diagnosed as asthmatic) treatment.
No prior treatment Risk of severe bronchospasm

and excessive airway mucus,
if it is necessary to proceed
in an emergency. Risk may
be reduced by delay for
preoperative diagnosis and
treatment.

Possible postoperative pulmonary
complications, especially if
the surgical site is thoracic or
upper abdominal.

of elective surgery until the patient’s condition improves to baseline. In an emergency,
there may be little time for preoperative control of bronchial hyperreactivity or airway
inflammation. Table 2 briefly lists some of the preoperative concerns that arise, based
on the clinical presentation of the patient with asthma.

PREOPERATIVE PREPARATION OF THE PATIENT WITH ASTHMA

Prevention of perioperative anesthetic complications depends on assessment and
appropriate preoperative preparation of patients with asthma. Neither the patient’s own
subjective assessment nor the physician’s physical examination is unfailingly reliable
in identifying the need for additional preoperative treatment (2). Consequently, it is rea-
sonable to try to improve the condition of every patient with asthma, except those who
are free of asthma signs and symptoms. In pediatric patients, preoperative preparation
is believed to reduce the risk of asthma complications to a level comparable to children
without asthma (3). For some patients, the need for adherence to their bronchodilator
therapy and smoking cessation must be stressed. This should be done well in advance
of the surgical date. In patients who are judged to be at high risk for perioperative
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Table 3
American Society of Anesthesiologist’s Physical Status and NIH Asthma Guidelines
ASA physical status Description Asthma severity step

1 Healthy, or localized disease —

2 Mild disease and well 1 and 2 (mild intermittent or
compensated persistent)

3 Severe disease, or poorly 3 (moderate persistent with
compensated daily symptoms)

4 Life threatening disease 4 (severe persistent with

continual symptoms)
5 Moribund —

bronchospasm, a brief course of corticosteroid therapy may be indicated. There is little risk
of wound complications or adrenal insufficiency (4). The patient’s physical status will
usually be summarized using the American Society of Anesthesiologists’ classification
(see Table 3). The last table column gives the approximate Asthma Severity step. If the
patient has additional problems, the physical status may be higher than shown in the
table.

GENERAL AND REGIONAL ANESTHESIA:
ISSUES PERTINENT TO ASTHMA

The property of general anesthetic agents to obtund the laryngeal and pharyngeal
reflexes and reduce bronchomotor tone are certainly beneficial to patients with asthma
who are undergoing general anesthesia. There are, however, several aspects of general
anesthesia that put the patient with asthma at risk. One risk is potential aspiration of
gastric contents, which, although a rare occurrence in patients who have fasted, is a sig-
nificant concern in the patient who presents without having fasted. Other patients who
are at risk for gastric aspiration syndrome are those in whom there is gastroesophageal
reflux, marked obesity, bowel obstruction, gastroparesis (trauma or diabetes), pregnancy,
or other factors increasing intragastric pressure. As a result of these risks, general anes-
thesia requires protection of the airway, which is generally accomplished by endotra-
cheal intubation.

The airway, even in those without a risk for aspiration, must be supported to avoid
airway obstruction. This is increasingly being achieved by the use of devices, such as
the laryngeal mask airway (LMA) that, although it does not protect the airway from
gastric aspiration, can be highly effective in supporting the airway during spontaneous
ventilation and general anesthesia. It is used in the patient who has fasted who is not
otherwise at risk for gastric aspiration. In a limited fashion during brief periods, it has
also been used during controlled ventilation and general anesthesia. For the patient
with asthma, endotracheal intubation will trigger a bronchospastic response unless this
response is obtunded by anesthetic and other pharmacological agents. The use of the
laryngeal mask airway is discussed because in the patient with asthma, a device for air-
way management that does not pass the vocal cords into the trachea is beneficial. If
positive pressure ventilation in severe asthma is required, however, controlled ventila-
tion will require an endotracheal tube (ET). The ET tube is uncuffed in small children
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but cuffed in adults to reduce or eliminate leak and prevent aspiration. When high infla-
tion pressures are required (>25 mmHg), even a cuffed ET will leak during peak inspi-
ration, resulting in tidal volume loss (see the following heading).

If the patient with asthma can be comfortably and safely managed for surgical care
with regional anesthesia block, then the method of regional anesthesia will be dictated
by the site of the operation and the willingness and suitability of the patient to undergo
the surgical procedure using a regional anesthetic technique. In certain circumstances,
local anesthesia in concert with sedation may be appropriate. Benefits of a regional
anesthesia technique include the lack of necessity for the use of an airway device.
Whenever a regional anesthetic is used, the patient and anesthesia care provider should
be fully prepared to convert to general anesthesia, including endotracheal intubation.
Conversion from a regional anesthetic to general anesthesia is necessary if the regional
method does not provide sufficient analgesia; immobility of the surgical field cannot be
achieved so that the surgical technique is hampered, or the hemodynamic/and or respi-
ratory status of the patient mandates conversion to a general anesthetic technique. As
mentioned, such general anesthesia will then necessarily require airway management.
This may simply entail manual positioning of the airway (positioning the jaw forward
and placing the neck in a sniffing position) and using a mask anesthesia. Airway man-
agement under these circumstances may require the use of an LMA or commonly will
necessitate endotracheal intubation, with significant potential for stimulation of bron-
chospasm, or at least some airway reactivity in the patient with asthma.

GENERAL ANESTHESIA

Airway Management
MASK ANESTHESIA

Airway management during general anesthesia can require simply the placement of
a mask over the patient’s face, with appropriate positioning of the jaw and neck to
avoid airway obstruction by the tongue. Mask anesthesia obviates the need for place-
ment of an airway device in many cases; however, some patients may not have an ade-
quate airway without the placement of a nasal or oral airway during the conduct of this
method of general anesthesia. Some patients may even require the placement of an
LMA (see Subheading entitled “Laryngeal Mask™) or ET during intended mask anes-
thesia. Occasionally, emergency airway insertions have to be performed because of
unanticipated airway obstruction, and this may provoke or exacerbate asthma-related
bronchospasm.

SEDATION, INCLUDING DEEP SEDATION WITH INTRAVENOUS PROPOFOL

Certain procedures can be accomplished with sedation only, e.g., when local anesthe-
sia is injected by the surgeon for limited surgical procedures, including breast biopsy,
minor excisions of other lesions, certain eye surgeries, and certain other facial surgeries.
Combinations of short-acting benzodiazepines (midazolam) and synthetic opiates
(fentanyl) are most commonly used for sedation during such surgical procedures. When
an anesthesiologist is present, this is referred to as “monitored anesthesia care.”

The advent of the short-acting anesthetic agent propofol has made it possible also to
use deep sedation to accomplish many surgeries without the need for inhaled anesthetics.
This frequently used form of anesthesia uses either propofol general anesthesia during
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spontaneous ventilation for placement of local anesthesia by the surgeon or sometimes
more prolonged infusion of propofol to provide profound sedation or general anesthe-
sia. This often can be accomplished without the need for airway adjuncts; however, as
noted and as with any anesthetic technique, unanticipated airway management may be
needed, and this can have significant consequences for the patient with asthma. Opiates,
such as fentanyl, sufentanil, and remifentanil, with short-elimination half-lives are now
used in concert with propofol in some circumstances to design total intravenousanes-
thesia. An advantage of opiates is prompt emergence from anesthesia, not requiring
inhalation anesthesia. For the patient with asthma, the inhalation agents, because of
their bronchodilating properties, have been preferred, but intravenous anesthesia may
also have a role in management patients with asthma.

LARYNGEAL MASK

The LMA is a silicone rubber airway device that is made of a tube, much like an ET
onto which is incorporated an elliptical mask with an inflatable rim (5). LMA devices
are made in sizes ranging from neonate to large adult. The LMA is passed through the
mouth of the patient, after suitable anesthesia, into the hypopharynx, where it straddles
the glottic opening, without passing through the vocal cords. It is available in sizes that
can accommodate age ranges from neonate to large adult. Although it does not protect
the lungs from aspiration of gastric secretions, it does form a seal to limit aspiration of
secretions from the oropharynx (6). As a result, perhaps, and because of its efficacy in
maintaining the airway, laryngospasm is an uncommon occurrence during general anes-
thesia using the LMA.

For the patient with asthma, this less invasive option for airway management relative
to endotracheal anesthesia can help to avoid stimulating airway reactivity. Some anes-
thesia practitioners prefer it to endotracheal intubation for management of the asth-
matic surgical patient. Exceptions are patients who are at risk for aspiration or need for
muscle relaxation with prolonged positive pressure ventilation. An important use of the
LMA in the ICU or emergency room is the management of the difficult airway and during
resuscitation after failed intubation. The LMA is part of the difficult airway algorithm
of the American Society of Anesthesiologists. In the patient who is critically ill, it can
be lifesaving, pending the insertion of a more definitive airway, such as an endotracheal
intubation or tracheostomy (7).

ENDOTRACHEAL INTUBATION

The placement of an ET into the airway of a patient with asthma frequently provokes
bronchospasm. The likelihood of this occurring is greater if the patient has not been
adequately preoperatively prepared for general endotracheal anesthesia by the adminis-
tration of bronchodilators, preferably [,-selective adrenergic agonists. At the author’s
facility, this is most commonly achieved by instruction in the preoperative clinic that
the patient use his or her inhaler in the hours preceding their surgery. The use of longer
acting inhaled bronchodilators is also advisable, particularly if the patient requires
them to prevent nocturnal asthmatic symptoms or breakthrough bronchospasm. At
the author’s facility, it is common for the patient with asthma to present with the his-
tory that he or she uses a twice- or thrice-daily regimen of salmeterol and uses an
albuterol inhaler for breakthrough symptoms. For patients with the most severe
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asthma, perioperative steroid therapy must be considered in concert with the primary
care provider or pulmonary consultant on an individual basis.

Also, the likelihood of bronchospasm developing in response to endotracheal intuba-
tion will depend on the extent to which the induction and administration of inhalation
anesthesia will sufficiently obtund airway reflexes. In the case of the intravenous and
inhaled agents, the various agents differ in their effects and are discussed below.

ANESTHETIC DRUGS IN PATIENTS WITH ASTHMA

The pharmacology of anesthetic drugs is significant from two perspectives: the effect
of the anesthetic on airway mechanics, and the interaction of anesthetics with drugs
that are used to manage asthma. Unfortunately, most of the science is not based on
studies in humans with hyperreactive airways.

Preinduction and Intravenous Induction Agents

The initiation of general anesthesia is usually preceded by the administration of
sedation, often in the form a benzodiazepine. A short-acting drug, such as midazolam,
is preferred to avoid postoperative respiratory depression and somnolence. It is during
this preinduction period that the patient with asthma should also be asked if a recent
dose of an inhaled bronchodilator has been administered. If not, it is generally advis-
able that the patient use a metered-dose inhaler at this time. If the patient is too young
or, for other reasons, incapable of using the metered-dose inhaler, then a nebulizing
device and a face mask can be applied in the anesthesia preoperative staging area for
administration of a bronchodilator. In the author’s facility, albuterol is most commonly
used because it is generally free of unwanted systemic side effects, such as tachycardia.

For patients who are obese, a nonparticulate antacid is administered orally to neu-
tralize the gastric acid pH and often an additional intravenous dose of metoclopramide
is administered to expedite gastric emptying. These measures, in concert with compres-
sion of the cricoid cartilage against the sixth cervical vertebrae during induction, are
used to decrease the likelihood of gastric aspiration of secretions into the lung once
protective airway reflexes are lost during the induction of general anesthesia.

Selection of the appropriate intravenous anesthetic induction agent for the patient with
asthma is important, because the agents have different pharmacokinetic and pharmacody-
namic profiles (8). Short-acting sedative hypnotics are typically used. The induction thio-
barbiturates thiopental and thiamylal are short acting and, as with most intravenous
induction agents, produce loss of consciousness within one arm-to-brain circulation time
(usually within <30 s). Their safety for induction in patients with asthma is questionable.
Laboratory and clinical evidence suggest that thiobarbiturates can induce the release of
histamine (9). Methohexital, an oxybarbiturate, does not release histamine in this fashion.
Anesthesia with barbiturates, if profound, does suppress airway reactivity. Nevertheless,
profound barbiturate anesthesia (such as in the usual clinical induction of anesthesia) has
been complicated by a significant incidence of bronchospasm in patients with asthma.
The phencyclidine derivative ketamine has been recommended in the patient with
asthma because of its tendency to cause release of catecholamines. However, ketamine
can produce unfavorable psychotropic effects, such as night terrors, and, therefore, it is
not an ideal choice. The imidazole etomidate is an intravenous agent that is not generally
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associated with the provocation of bronchospasm, and it lends hemodynamic stability
during anesthesia induction, as well. Propofol has been clinically effective as an agent
that is promptly eliminated, as well as having a favorable profile for the patient with
asthma. It is uncommonly associated with intraoperative provocation of bronchospasm.
In patients both with and without asthma, propofol induction is accompanied by less
wheezing than induction with thiopental or methohexital (70).

NEUROMUSCULAR-BLOCKING DRUGS

When neuromuscular blockade is needed for airway management, ventilation, or
operative procedures, drugs such as succinylcholine and vecuronium may be required.
The neuromuscular-blocking drugs, commonly referred to as “relaxants,” differ not
only in potency, duration, and mechanism of elimination but also in their side effects
and drug interactions. Should some of these drugs be avoided in asthmatic patients?

Although there may be some theoretical concerns about histamine release by the
benzylisoquinolinium class of relaxants (atracurium and mivacurium), there is little
evidence for a significant or frequent problem in asthmatics. Intravenous injection of
drugs, such as atracurium and mivacurium, can produce flushing and blood pressure
reduction by causing histamine release from mast cells. Bronchospasm is seldom
observed. The risk of histamine release is reduced by slow injection, prophylactic anti-
histamines, and small doses. The risk is avoided by using a steroidal relaxant, such as
pancuronium, vecuronium, or rocuronium. Anaphylactic reactions to relaxants are rare
but have been reported. None of the newer relaxants has a reputation for producing ana-
phylaxis. A more likely cause of bronchospasm than histamine after a muscle relaxant is
mechanical airway stimulation from introduction of an ET.

The only significant interaction between relaxants and bronchodilators is a single case
report of marked tachycardia when pancuronium, which has a vagolytic effect and blocks
adrenergic reuptake, was given to a child who had been treated with adrenergic agonists.

Inhaled Anesthetic Agents

All of the currently used potent inhaled anesthetics (sevoflurane, desflurane, isoflu-
rane, and less commonly now, halothane) are bronchodilators at clinical concentrations.
Unfortunately, the inhaled anesthetics have many side effects, including respiratory and
myocardial depression, sensitization to catecholamines, and, in susceptible patients,
malignant hyperthermia. These side effects may limit the ability to use an inhaled agent
despite its bronchodilating effects. Both sevoflurane and desflurane produce rapid
induction and recovery, but sevoflurane is preferred in patients with asthma because
desflurane causes airway irritation when inhaled.

Of particular interest to the nonanesthesiologist is whether the inhaled anesthetics
can be used to facilitate recovery from status asthmaticus and, if so, whether use of an
inhaled anesthetic is safer or more effective than other methods for managing status
asthmaticus. Numerous clinical reports attest to the efficacy of inhalation anesthetics in
the successful management of status asthmaticus. However, it is difficult to imagine
that this therapy does more than provide prolonged bronchodilation with mechanical
ventilation and reduction of metabolic demands. All of these can be provided by other
pharmacological agents. There are no comparative studies on which to base a choice.
The logistical problem of providing continuous anesthesia significantly limits the use
of this method.
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Opiate Analgesia

Opiate drugs have a central role as perioperative analgesics. The older, longer-acting
opiates, such as morphine and meperidine, given intravenously have been associated
with histamine release and the appearance of urticaria proximal to the site of injection.
This is considered a pharmacologically induced rather than immunologically induced
(allergic) release. The clinical significance is questionable. Newer synthetic opiates,
such as fentanyl, sufentanil, and remifentanil, are short acting and potent, and they have
not been associated with histamine release.

The past two decades have seen an increasing use of opiates administered via a variety
of routes for perioperative analgesia. They are administered intravenously, epidurally,
intrathecally, intraarticularly, transcutaneously, and transmucosally. There is little risk
of respiratory impairment, compared with intravenous administration. The exceptions
are inadvertent migration of an epidural catheter into the intrathecal space or the
delayed respiratory depression from cephalad migration of a single intrathecal morphine
dose. Progressive sedation is a warning sign of respiratory depression when opiates are
given continuously. Therefore, it is advisable to limit the use of sedative drugs, such as
benzodiazepines and minor tranquilizers, so that progressive sedation can be recog-
nized for serious consequences. One other possible exception is epidurally adminis-
tered fentanyl. Because of its high lipid solubility, blood concentrations of epidural
fentanyl are similar to those obtained by intravenous infusion of fentanyl. Current prac-
tice frequently combines opiate infusions with low concentrations of local anesthetics
to augment the analgesia and to permit reduction in the amount of opiate that is neces-
sary to produce satisfactory analgesia.

REGIONAL ANESTHESIA

If appropriate for the surgical procedure, regional local anesthetic techniques, such
as spinal anesthesia, epidural anesthesia, and peripheral nerve blocks, avoid exposing
the patient to the risk of bronchial stimulation from endotracheal intubation. As
expected, sporadic case reports of bronchospasm occurring during regional anesthesia
have appeared. In the absence of a convincing mechanism or causal relationship to
regional anesthesia, such reports should not weigh strongly against the use of regional
anesthesia in patients with asthma. As with all patients undergoing regional anesthesia,
judicious sedation will help to control the side effects of anxiety.

In patients with asthma, anxiety control may be particularly important in preventing
perioperative exacerbation of symptoms.

Brachial Plexus Block

Anesthesia of the hand, arm, and shoulder is produced by injection of local anes-
thetic within the fibrous sheath that contains the brachial plexus. The injection can be
performed at a variety of sites, from the base of the neck (interscalene) to the axilla.
These approaches differ slightly in technical difficulty, risk, and distribution of analge-
sia, so the anesthesiologist will need to determine the most appropriate approach for a
given patient and procedure. In patients with asthma, surgery on an upper extremity can
be performed without the need for airway and ventilation management if brachial
plexus anesthesia is appropriate and successful. The interscalene approach can cause
transient hemidiaphragmatic paralysis, and supraclavicular approaches have some risk
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of inducing pneumothorax. The anesthesiologist will assess the risk and benefits in for-
mulating his or her recommendations for a particular block technique.

A single injection into the brachial plexus produces anesthesia for 2 h or more,
depending on the particular local anesthetic that is used. Brachial plexus block duration
can be extended by the placement of a catheter for repeated injections or continuous
infusions. However, the surface anatomy and mobility of the shoulder girdle area make
it difficult to keep a brachial plexus catheter in position for extended periods of time.

Intravenous Regional (Bier) Block

Intravenous regional block can be used to provide rapid anesthesia of the hand and
forearm. The technique requires only the placement of an intravenous catheter in a
hand vein and the application of an effective double tourniquet. Recovery is rapid when
the tourniquet is released. Unfortunately, because of the gradual onset of tourniquet
pain, this method of anesthesia is limited to operations not longer than 1 h. Although
there is a transient increase in local anesthetic and products of tissue metabolism when
the tourniquet is released, there are no specific disadvantages for patients with asthma.

Epidural (Peridural) Block

Anesthesia below the upper abdomen can be produced by local anesthetic injection
into the epidural space, the compartment between the dura and boney spinal canal and
concentric to the dural compartment. In patients with asthma, this method of anesthesia
is used to advantage for obstetrical, gynecological, lower extremity orthopedic, urolog-
ical, and lower body superficial operations. Of particular advantage is the ability to
continue epidural blockade for postoperative pain relief by placement of a catheter in
the epidural space. Intermittent doses or continuous infusion of local anesthetic and/or
opiates can provide many days of postoperative pain analgesia. Anticoagulation is a
significant contraindication to the use of epidural block. A significant contraindication
to continuous postoperative epidural analgesia is the use of postoperative anticoagula-
tion, which introduces the risk of epidural hematoma.

Spinal (Intrathecal, Subarachnoid) Block

Spinal or intrathecal anesthesia is used for the same types of operations as epidural
block. Onset is more rapid, duration can be prolonged, and muscle relaxation is more
significant with intrathecal injection of local anesthetics. Spinal headache is a well-
known complication of dural puncture. The headache is worse in the upright position
and decreases or disappears with recumbence. Postdural puncture headache is usually
self-limited, but slow recovery is sometimes inconvenient when a patient needs to be
upright and active. Remedies, such as increasing fluid intake, wearing an abdominal
binder, oral or intravenous caffeine, and epidural fluid infusion can provide effective,
but often transient, relief. In patients with asthma who take theophylline-containing
drugs and B-adrenergic agonists, there may be risk of toxicity if caffeine is used to treat
the headache. The relief of postdural puncture headache by epidural autologous blood
injection (“blood patch™) is usually effective and enduring.

Lower Extremity Blocks

For operations involving one extremity, particularly the distal part, a variety of
peripheral nerve blocks can be used to provide the same advantages as a spinal or
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Table 4
Advantages and Disadvantages of Anesthetic Technique for Asthma Patients
Anesthetic technique Advantages Disadvantages/risks
General anesthesia Inhaled agents are Airway and ventilation effects
Inhaled agents bronchodilators require management that may
Intravenous agents precipitate bronchospasm.
Neuromuscular block Inhaled agents lower the threshold for
arrhythmias from B-adrenergic
bronchodilators.

Depressed expiratory muscle activity
may result in hypoventilation.

Regional anesthesia Usually able to avoid Epinephrine-containing local
Epidural block airway and ventilation anesthetics may contribute to
Subarachnoid block management. side effects from (-adrenergic
Brachial plexus block bronchodilators.

IV regional block Post-operative analgesia is Anxiety may need to be managed
Peripheral nerve block possible with some with drugs that can lead to
blocks that can be respiratory depression.

continued by infusion Paralyzed expiratory muscles may
result in hypoventilation.

Local anesthesia Minimal interference Epinephrine-containing local
with airway or anesthetics may contribute to
ventilation. side effects from B-adrenergic

bronchodilators.

Note. There are advantages, disadvantages, and risks that are not mentioned here, because they do not
specifically relate to asthma patients.

epidural block but without the risk of spinal cord injury or sympathetic block. On the
other hand, the use of a tourniquet is a problem when only part of an extremity is
blocked. Discomfort from tissue ischemia may require supplemental doses of intra-
venous opiates and eventually general anesthesia. Because peripheral nerve blocks can
also provide a measure of postoperative analgesia, recent years have seen a growing
interest in developing and improving the techniques of peripheral blocks.

CONDUCT OF ANESTHESIA FOR THE PATIENT WITH ASTHMA

General and regional anesthetic techniques have been discussed in preceding sub-
headings. Table 4 summarizes some of the advantages, disadvantages, and risks that are
associated with the different anesthetic techniques. Despite careful selection of technique
and drugs, the patient with asthma may experience an exacerbation during surgery. Table 5
lists some special considerations in selected surgical patient populations.

Intraoperative Management of Acute Bronchospasm

Bronchoconstriction is not a common occurrence during surgery (/17), but it is the
most likely cause of wheezing under anesthesia in a patient with asthma. In a patient
who has not been preoperatively identified as asthmatic, the onset of wheezing and/or
increasing ventilation pressures is less easily assigned to bronchoconstriction. In
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Table 5
Asthmatic Patient Groups With Special Considerations
Management considerations for
Group Problems general anesthesia

Pregnancy and
cesarean section
patients

Pediatric patients

Geriatric patients

Trauma victims

Aspiration risk requiring rapid
induction and intubation if
general anesthesia is needed.
Consequent risk of triggering
bronchospasm.

May have
frequent/continuous
respiratory tract infections.

Inhaled induction frequently
used.

Other chronic diseases, such
as coronary artery disease.

Diminished reserve resulting
in sensitivity to depressant
drugs.

Unknown history of medical
problems, including possible

Preinduction anticholinergic
drug, such as glycopyrrolate.

Ketamine or propofol induction.

Immediate preinduction
evaluation for possible new
symptoms.

Sevoflurane for inhaled
induction.

Cautious use of
prophylactic B-adrenergic
blockers.

Cautious use of inhaled agents
that produce respiratory and
myocardial depression.

Maintain a level of suspicion
for the presence of asthma

asthma. or asthma mimics.
Undiagnosed pulmonary

injury that can mimic asthma.
Unknown drug history leading

to risk of adverse drug

interactions.
Malignant Inhaled agents can trigger an Total intravenous
hyperthermia (MH) MH episode anesthesia.

susceptible patients

patients who are unanesthetized, other causes of wheezing include airway secretions,
airway foreign body, pulmonary aspiration, pulmonary edema, pneumothorax, and
anaphylactic drug reactions. During anesthesia, light anesthesia, ET obstruction, and
bronchial intubation must be added to the list. The latter two causes of intraoperative
wheezing can lead to rapid hypoxemia and are therefore high priorities on the list of
possible problems. If the presence of immediately life-threatening problems can be
eliminated, it is common practice to offer a trial of bronchodilator therapy or to
deepen the level of anesthesia. Even if light anesthesia is present, it may not always
be appropriate to deepen the anesthesia if the patient cannot tolerate the side effects
of deeper anesthesia or if the operation is ending.

Perioperative Bronchodilators

Bronchodilators that can be given by aerosol or injection can be given during anes-
thesia. Aerosolized [,-adrenergic agonists are usually used for perioperative bron-
chodilation. A variety of methods have been proposed for administering
bronchodilators into the anesthetic breathing circuit. It is common to give 10 or more
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puffs of a bronchodilator. Measurement of drug delivered in a laboratory model suggests
that this method is efficient (/2). Intravenous bronchodilators are rarely used, except
when severe bronchospasm prevents the effective delivery of aerosolized drugs.
Intravenous aminophylline probably produces no reduction in airway resistance beyond
what is obtained from an inhaled anesthetic. Furthermore, theophylline is associated
with cardiac arrhythmias in the presence of inhaled anesthetics. If aminophylline is
given intraoperatively, it should be given at half the usual infusion rate to compensate
for reduced clearance under anesthesia, and the electrocardiogram should be monitored
for signs of cardiac irritability.

Postoperative Management

On arrival in the postanesthesia care unit, patients may have residual muscle relax-
ation and central respiratory depression. A sustained head lift is the best clinical sign of
recovery from neuromuscular blockade. Signs of respiratory fatigue, asthma exacerba-
tion, or secretion retention require intervention. Anticholinesterase inhibitors, such as
neostigmine, are used to reverse the effects of muscle relaxants. The resulting parasym-
pathomimetic effects may worsen the condition of the patient with asthma by increas-
ing bronchial tone and increasing the volume of airway secretions. Bronchodilator
treatments, and possibly intravenous corticosteroids, may be necessary for postopera-
tive exacerbation of asthma. Some patients are better managed initially with continued
intubation and mechanical ventilation. This is the case with patients who are at high
risk for postoperative pulmonary complications. Risk factors include patients whose
asthma is poorly controlled, patients whose surgical incision is in the upper abdominal
or thoracic region, and patients who will require large doses of postoperative opiates.

The level of postoperative care may require placement in the ICU. The critical care
management of patients with asthma is not discussed here. Some commonly used anes-
thetic drugs are used as adjuncts in the management of asthmatics in the ICU.
Considerations are similar to the immediate postoperative concerns about adequate
recovery from neuromuscular blockade and central respiratory depressants.

There are few restrictions on postoperative analgesia in the patient with asthma. The
two greatest concerns are retention of tenacious mucous, because of poor cough effort,
or respiratory depression and hypoventilation from central respiratory depression or
fatigue. Some of the common methods of analgesia, with their advantages and risks,
are summarized in Table 6. Epidural infusion of opiate with or without low concentra-
tions of local anesthetic is particularly recommended for thoracic and upper abdominal
procedures in asthma patients. The risk of sedation and respiratory depression is low,
and the patient should be able to generate an effective cough. However, the use of anti-
coagulation to prevent postoperative thromboembolism is an important contraindication
to the use of continuous epidural infusions.

EMERGENCY INTERVENTION

Intubation of the Patient With Asthma Who is Decompensating

The patient with asthma who is decompensating and who requires intubation presents
a dangerous challenge.

Bronchodilators may have been given until the adrenergic side effects have become
a problem. The patient may already be hypercarbic and hypoxemic. In this situation,
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Table 6
Postoperative Analgesia Considerations in the Asthma Patient
Analgesia technique Advantages Disadvantages/risks
Oral medication Patient-controlled (within Risk of precipitating
limits) with limited potential bronchospasm in patients
for respiratory depression. who are sensitive to aspirin,

but otherwise minimal risk.
Patient-controlled analgesia  Patient-controlled within limits. No disadvantages specific for
asthma patients.

Continuous epidural Analgesia with little risk of No disadvantages specific for
infusion impairment of respiration asthma patients.
and ability to cough.
Continuous brachial Analgesia with little risk of No disadvantages specific
plexus infusion impairment of respiration for asthma patients.

and ability to cough.

Note. There are advantages, disadvantages, and risks that are not mentioned here because they do not
specifically relate to asthma patients.

the use of paralyzing muscle relaxants is particularly hazardous because, if intubation
is unsuccessful, the patient’s high airway resistance will probably make attempts with
mask ventilation ineffective. If on examination the patient appears to be a potentially
difficult intubation, awake intubation with topical anesthesia may be the safest method.
Correct placement of the ET can be difficult to verify by auscultation, particularly if the
patient suffers a transient, reflex bronchoconstriction as a result of airway stimulation
by the ET. This may be partially preventable by four puffs of inhaled albuterol 3 min
before intubation. Intravenous lidocaine, once considered useful for preventing reflex
bronchoconstriction, seems not to be effective.

Status Asthmaticus

The efficacy of inhaled anesthetics as bronchodilators has motivated their use in the
management of status asthmaticus. Several case reports describe the successful use of
inhaled agents. Endotracheal intubation and mechanical ventilation are required,
because the inhaled anesthetics depress respiratory drive and airway protective reflexes.
Additionally, several practical issues must be addressed. An anesthesiologist should be
in continuous attendance, and an anesthesia machine must be provided for several
hours. Although halothane has an established reputation as a potent bronchodilator,
isoflurane is probably just as effective and has less risk of adverse interaction with
B-adrenergic bronchodilators. Because there are no definitive guidelines for the anes-
thetic concentration or duration of treatment, the patient is treated until improvement or
toxicity occurs. Neuromuscular blocking drugs with appropriate sedation may be used
to facilitate mechanic ventilation. Some advantages of neuromuscular block are mini-
mization of oxygen consumption and no misinterpretation of coughing and straining as
increases in bronchoconstriction. Possible disadvantages include loss of negative pleural
pressure generated by inspiratory effort and risk of disconnect from the ventilator, par-
ticularly when high airway pressures or frequent suctioning are needed. Finally, the pos-
sible role of muscle relaxants, corticosteroids, and immobility in producing myopathy
and difficulty weaning from mechanical ventilation (/3).
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Because of the recent epidemic, drugs of abuse have more opportunity to interact with
a common disease such as asthma.
Drugs of abuse have not been proven to cause asthma, but they may exacerbate pre-
existing asthma.
Case reports of asthma exacerbations after recreational drug abuse continue to increase.
Abuse of cocaine and the opioid heroin have the richest literature supporting an inter-
action with asthma and offer possible pathophysiological mechanisms.
Marijuana use, like tobacco use, can lead to a progressive decline in lung function.
Tobacco use, but not nicotine addiction, is associated with worsening of asthma and
obstructive pulmonary function changes.
Healthcare providers need to specifically question their patients with asthma about
recreational drug use and educate them about potential interactions.
The only definitive treatment to eliminate any potential interaction between drug abuse
and asthma is abstinence.
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INTRODUCTION

Drug abuse in the United States remains a significant medical and social problem.
There are many areas of health and disease that are potentially affected by the misuse
of drugs. The more common a specific disease is, the more likely an interaction between
the disease and drug abuse will be seen in clinical practice. In this chapter, the experi-
ence and literature available on the interaction of the most common drugs and chemi-
cals abused and the increasingly common disease asthma are reviewed. For most drugs
of abuse, little scientific data exist. Because the majority of experience with these
agents is based on case reports and small series, conclusions regarding the incidence
and prevalence of asthma associated with specific drugs are difficult to make. Therefore,
proposed mechanisms of disease and drug interaction are often speculative. Recreational
drug abuse is an epidemic problem and places a significant burden on healthcare
resources in the United States and many other countries (/). In addition to effects on
asthma, recreational drug use has been associated with several other respiratory toxicities
(2,3) (see Table 1). This chapter limits its discussion to major categories of frequently
abused drugs, including the stimulants (tobacco/nicotine, cocaine, and amphetamine
derivatives), the opioids (heroin), the depressants (marijuana), the hallucinogens, and
inhaled volatile solvents. The use of recreational drugs should be considered by the
primary care or emergency department physician in patients with difficult-to-control
asthma or with atypical features of asthma. Patients should be questioned by their health
care providers regarding such habits and educated about the importance of abstinence in
gaining better asthma control.

COCAINE

Cocaine, an alkaloid from the plant Erythroxylon coca, has continued to be a sig-
nificant drug of abuse with wide negative health effects. Cocaine, like amphetamines
and other similar stimulants, has a multitude of complex pharmacological effects.
Peripherally, cocaine prevents the neuronal reuptake of epinephrine and norepinephrine,
resulting in higher synaptic catecholamine levels. In the central nervous system
(CNS), cocaine increases norepinephrine release from presynaptic nerve terminals
and prevents dopamine and serotonin reuptake. Unlike amphetamines, cocaine also
blocks fast sodium channels at the cell membrane level, giving it a profound local
anesthetic effect.

During the 19th century, patent medicines, such as the oral “Dr. Tucker’s Asthma
Specific” (420 mg of cocaine/oz), claimed to treat asthma. The Harrison Narcotics Act
of 1914 later prohibited the sale of cocaine-containing elixirs, and the use of cocaine
decreased until about 1970, when the illicit use of cocaine developed. Because of the
relatively recent popularity of smoking free-base and crack cocaine, increased interest
exists in the pulmonary complications of cocaine use. Smoking “crack” or “rock”
cocaine is favored because of its rapid absorption and high serum concentrations,
resulting in a pronounced, although short-lived, “high.” When street cocaine is
smoked, not only is the alkaloid cocaine (benzoylecgonine) involved but also the
pyrolysis of its metabolites, contaminants, and the fuel used to burn the cocaine. Each
of these components of burned or vaporized street cocaine may affect the patient with
asthma. Numerous initial clinical reports have led to more sophisticated studies,
particularly investigating the mechanism and role of cocaine abuse in asthma and pulmonary
function.
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Table 1

Nonasthma Respiratory Tract Complications Associated With Recreational Drug Abuse

Drugs of abuse

Complication

Cocaine

Amphetamines

Opioids

Marijuana

Nicotine/tobacco

Volatile substance abuse

Nasal septal perforation

Chronic sinusitis

Pulmonary hypertension

Noncardiogenic pulmonary edema

Barotrauma—pneumothorax, pneumomediastinum

Bronchiolitis obliterans with organizing pneumonia

“Crack lung”—pulmonary infiltrates

Pulmonary granulomatosis

Nonspecific interstitial pneumonitis

Pulmonary infiltrates with eosinophilia

Pulmonary hemorrhage

Hemoptysis

Tracheal stenosis

Foreign body aspiration

“Cancerization effects” on bronchial epithelium

Pulmonary hypertension

Noncardiogenic pulmonary edema

Panlobular emphysema

Tracheal stenosis

Foreign body aspiration

Barotrauma—pneumomediastinum

Barotrauma

Foreign body embolization

Bullous emphysema

Pulmonary hypertension

Eosinophilic pneumonia

Granulomatous changes

Respiratory depression/hypoventilation

Bronchiectasis

Malignancy—bronchogenic, oropharyngeal, laryngeal

“Cancerization effects” on bronchial epithelium

Chronic bronchitis

Barotrauma—pneumothorax, pneumomediastinum

Noncardiogenic pulmonary edema

Mild chronic airflow obstruction

Bullous emphysema

Possible predisposition for invasive pulmonary Aspergillus and
other opportunistic infections in immunocompromised patients

Malignancy—bronchogenic, oropharyngeal, laryngeal

“Cancerization effects” on bronchial epithelium

Chronic bronchitis

Emphysema

Bullous emphysema

Eosinophilic granuloma

Bronchiolitis-associated interstitial lung disease

Asphyxiation

Pulmonary fibrosis

Chronic rhinitis

Adapted from refs. 2—4.
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Association With Asthma

Asthma has been linked with cocaine for several decades, although its causality in
this disease process remains unproven. The first known report (5) discussing
cocaine’s potential association with asthma was published in 1932. This case report
described the apparent precipitation of an asthma exacerbation in a patient using
cocaine as a local anesthetic. The advent of smoked cocaine abuse has drawn signifi-
cantly more attention to asthma, particularly in the inner cities. In 1990, 21% of all
asthma deaths in the 5- to 34-yr-old age group in the United States were in New York
City and Cook County, IL (6). This astounding fact sparked investigations of the
asthma deaths, including the potential association with cocaine abuse. A preliminary
study in Chicago (7) found drug abuse to be a significant variable in asthma deaths.
When 102 cases of fatal asthma and respiratory arrest of indeterminate cause in
patients under 45 yr old were investigated (8), mucous plugging or lung hyperinfla-
tion consistent with fatal asthma was identified at autopsy in 70% of the patients. Of
these patients, 92 had significant toxicology for illicit drugs or alcohol. Cocaine and
its metabolites was the most common illicit drug identified, occurring in 44% of
these cases (8). Studies like this are potentially complicated by confounders such as
cocaine serving as a marker for other environmental and social economic factors. A
similar conclusion was drawn in a smaller New York City case—control study of 59
consecutive patients presenting to the hospital emergency department with new-onset
wheezing or a recrudescence of asthma after five symptom-free years (9). When com-
pared to 53 age- and gender-matched controls, 36% of the new-onset asthma group
and 15% of the controls had positive urine screens for cocaine metabolites. A multi-
variate analysis, adjusting for age and sex, suggested that cocaine abuse was associated
with a threefold-higher prevalence of asthma (9). Another small inner-city emergency
department study (/0) noted that 36% of the 22 patients with new-onset wheezing
had positive urine levels for cocaine, whereas only 13% of the 22 controls had positive
urine for cocaine. A more recent emergency department study of 103 patients with
severe asthma symptoms who consented to toxicology testing found that 13% had
positive urine screens for cocaine metabolite (baseline for population estimated to be
2%), and twice as many (38%) with positive screens required hospitalization than
those with negative screens (/7).

A host of case reports and small series attempt to more closely tie cocaine use,
particularly smoked free-base cocaine, with asthma attacks. Six patients were
described who presented to a New York City hospital with severe, life-threatening
asthma after smoking cocaine (/2). Although many had concomitant use of tobacco
and/or marijuana or upper respiratory tract infections, the authors believed that
cocaine was the precipitating factor in each case. Rebhun (/3) described three
patients with asthma symptoms that only presented after smoking cocaine, despite a
habit of previous cocaine snorting. One fatal case of asthma associated with cocaine
has been reported again from New York (/4). Ironically, the patient’s family reported
that the patient’s brother used crack cocaine and also died from a severe asthma
exacerbation.

A case report of a 32-yr-old woman with preexisting asthma presented with severe
bronchospasm and respiratory failure requiring intubation several hours after snorting
cocaine. This was believed to be the first case of near-fatal asthma associated with
nasal insufflation of cocaine and has been followed by several others (12,15,16).
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Pulmonary Function Abnormalities

Pulmonary function testing (PFT) and methacholine challenge testing (MCT) provide
some objective evidence of variable expiratory flow limitation, its severity, and response
to treatment. It is understandable, therefore, that a series of studies have focused on the
use of PFT to further understand the relationship between crack or snorted cocaine use
and asthma. In general, the results of these studies are inconclusive and somewhat
inconsistent. Several spirometry studies (/7-21) have documented near-normal forced
expiratory volume in 1 s (FEV) and FEV, divided by forced vital capacity (FVC)
ratios in free-base cocaine smokers. Tashkin (3,22) studied 14 former intravenous
cocaine users without asthma who were given smoked and intravenous cocaine. Similar
increases in heart rate and self-reported levels of intoxications were seen, but only the
smoked cocaine alkaloid caused a decrease in airway specific conductance (SGaw) at 5
min (22). Similarly airway resistance (Raw) was significantly increased in the smoked
cocaine group compared with the intravenous group, an effect that persisted for 30 min.
The study demonstrated a bronchoconstrictive effect related solely to inhaled crack
cocaine. Because there were no observable differences noted in SGaw and Raw in the
intravenous group compared with control groups, it appears that a local irritant effect
of the drug, its metabolites or contaminants after pyrolysis, may be responsible for
many of the asthmatic exacerbations reported (22). A gas diffusion abnormality,
specifically reduced diffusion capacity (DLCO), is reported more commonly in
habitual cocaine smokers (3). Adrenergically mediated pulmonary vasoconstriction
and a reduction in circulating pulmonary blood volume have been postulated as
possible mechanisms to explain these reductions, which have not been universally
reported (3).

Potential Mechanisms

Although several potential mechanisms of cocaine-induced effects on asthma have
been postulated, no definitive single cause has been defined. One case may shed light
on the potential multiple mechanisms involved (23). A 47-yr-old woman developed a
syndrome of wheezing, shortness of breath, and cough, requiring hospitalization three
times in a 6-mo period, after smoking crack cocaine. Each time, she had fleeting pul-
monary infiltrates, fever, a peripheral eosinophilia, and a markedly elevated
immunoglobulin (Ig)E level. Transbronchial biopsy specimens revealed nondiagnostic
interstitial collections of lymphocytes, plasma cells, and eosinophils. These findings
were called “crack lung” and were temporally related to her inhaled cocaine use and
indicate a probable immunological mechanism for her respiratory syndrome (23).
Whether cocaine-related allergens can prompt an IgE-mediated response, and if so,
whether it occurs commonly is unclear. The syndrome this patient experienced may
well be idiosyncratic, but clearly a spectrum of potential mechanisms for reactive air-
ways after smoking cocaine exist.

In Levenson’s previously noted autopsy study linking unexplained asthma deaths with
illicit drug use (mostly cocaine), the majority of patients (69%) had the usual asthmatic
findings of mucous plugging and hyperinflation, suggesting the chronic inflammatory
nature of the disease (8). The observation that eosinophils, key inflammatory promoter
cells in asthma, have been found in the sputum of free-base smokers with asthma supports
the claim that cocaine smoking potentiates the airway inflammation of asthma but does not
eliminate the possibility that the smokers had underlying quiescent asthma (/2).
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Another theory proposed to explain cocaine associated severe asthma attacks focuses
on a study that reported that patients with near-fatal asthma had a blunted response to
hypoxia and an impaired sensation of dyspnea (24). This blunted response may be further
augmented by the local anesthetic effect of inhaled cocaine. Finally, an uncommon
mimic of an acute asthma exacerbation was reported when an adult patient presented
with “wheezing” and respiratory failure requiring mechanical ventilation. On chest
computed tomography (CT) scan, it was found that he had aspirated several bags of
cocaine during a confrontation with police (25).

AMPHETAMINES

Amphetamines are CNS stimulants with pharmacological properties similar to
cocaine without the local anesthetic effects. They were first synthesized in 1927. By
the 1930s, inhaled nasal products, such as Benzedrine Nasal Inhaler, were commonly
used and abused stimulants. The Controlled Substance Act of 1970 greatly curtailed
the legal distribution of most amphetamines outside of prescription use. The illegal
production of methamphetamine and designer amphetamine derivatives have created
the current demographics of stimulant abuse, causing amphetamine to be more popu-
lar than cocaine in many parts of the United States. A more pure and potent form of
methamphetamine known as “ice” is volatile and allows a strong rapid high when
inhaled or smoked.

Association With Asthma

Despite the similar pharmacological properties and frequent pyrolysis of metham-
phetamine, no significant link has yet been made to exacerbations of asthma. To date,
two cases have been reported in the medical literature (26,27). One report (26) describes
a young man found dead with a bronchodilator inhaler in his hand, autopsy findings of
severe acute asthma, and significant levels of the designer amphetamine methylene-
dioxymethamphetamine (MDMA). Another case reported a 30-yr-old male truck driver
found dead at the side of the road with a nebulizer in his hand (27). His autopsy
suggested asthma as the cause of death, with hair and blood levels suggesting chronic
methamphetamine use. A causal link was suggested in both case reports but could not
be proven. Two small series (28,29) described 13 patients who abused iv methylphenidate
and had panlobular emphysema with significant airflow obstruction. Oral methylphenidate
has not been associated with emphysema, and it was postulated that the pathological
changes were likely secondary to talc and other embolic material. Formal PFT in
amphetamine abusers has not been systematically reported.

OPIOIDS

Naturally occurring opioids derive from the poppy, Papaver somniferum, with heroin
remaining the most widely abused semisynthetic form. As with other recreational drugs
of abuse, users have devised several means of heroin self-administration, including
injection, inhalation, smoking, nasal insufflation, and ingestion.

Association With Asthma

Although the association between opioids and asthma was first described in the
1960s, a host of case reports from England in the mid-1980s noted an apparent
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association between asthma, including severe and fatal cases, and recent heroin use
(30-36). For example, one report of three chronic heroin inhalers (“chasing the dragon”)
noted the sudden onset of bronchospasm, respiratory failure, and anoxic encephalopathy
in two of three patients after using heroin (33). Survey studies (9,34,35) have provided
further indirect evidence linking heroin use with asthma. Of 29 young asthma deaths
in an urban setting, 7 had a toxicological screen positive for opioids (8). In a study of
2276 mostly intravenous heroin abusers, 5% were identified as asthmatic from review-
ing medical records and 31 of these addicts with asthma had reported temporal
relationship between their heroin use and the onset of an asthma attack (35). The
authors concluded that this 1.4% of opioid users who demonstrated reactive airways to
heroin represented a significant percentage of the burden on health care services from
this addiction (35). Heroin-induced bronchospasm may be more severe in those with
previously recognized asthma. A case of asthma associated with diffuse pulmonary
infiltrates and alveolar eosinophils has been reported that resolved rapidly with
steroids and abstinence from heroin (37).

Pulmonary Function Abnormalities

The results of PFTs evaluating the potential link between asthma and opioid abuse
have been contradictory. One study reported four out of six young men who presented
with new-onset wheezing and dyspnea after inhaling heroin vapor had either a positive
carbachol challenge test or spirometry, suggesting airway obstruction (30). However,
they had peripheral or sputum eosinophilia that also strongly suggested an atopic
association to their asthma, drawing into question the association with heroin. Other
PFT studies refute these results (37—40). In a study of 512 consecutive hospitalized
intravenous drug users with positive opioid screens at admission (40), 6% had
evidence of airway obstruction on PFT, 7% had restriction, and 42% had an abnormally
low DLCO. Krantz (41) has reported a series of inner-city intensive care unit admis-
sions for asthma in which 41.3% had a positive history of use and urine toxicological
screen positive for opioids on admission, compared with a 12.5% positive rate (p = 0.006)
for patients with diabetic ketoacidosis admitted to the same unit. However, other
studies (42—-44) have demonstrated that the administration of morphine or modulation
of the opioid receptors can ameliorate bronchoconstriction caused by noxious stimuli
in patients with asthma.

Potential Mechanisms

Several proposed mechanisms exist for opioid interaction with asthma. Morphine
and codeine caused wheezing as the result of the release histamine from mast cells in
animal and some human studies. Decrease in airway SGaw has been shown when {I-opioid
receptor agonists, such as codeine, are inhaled in patients with asthma who are histamine
sensitive but not when taken orally. Whether this is a direct effect of the | receptor agonist
on mast cells or an indirect effect perhaps through stimulation of cholinergic J-receptors
is unknown. The development of an allergic response to opioids is suggested by the
demonstration of IgG and IgM antibodies to morphine in some pharmaceutical industry
workers, many of whom have atopic dermatitis and asthma (45,46). None of these spe-
cific mechanisms has been proven to be causative, and one or more could contribute to
a patient’s opioid-associated asthma.
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MARIJUANA

Marijuana comes from the Cannabis sativa plant. The word “marijuana” is derived
from the Mexican word meaning “inebriant plant.” Marijuana is the most commonly
used illicit recreational drug in this country. The cannabinoid, A%-tetrahydrocannabinol
(THC), is primarily responsible for the intoxicating properties of the marijuana ciga-
rettes, commonly known as “joints” or “reefers.” Marijuana cigarettes contain 5% THC,
which stimulates CNS cannabinoid-1 (CB-1) receptors or peripheral immune CB-2
receptors (3).

Association With Asthma

The interaction between marijuana abuse and asthma is a complex one. The acute
effects of marijuana or THC inhalation have been reviewed extensively by Tashkin (3).
A decrease in Raw and an increase in SGaw have been reported after smoking marijuana
or inhaling THC in healthy patients and patients with asthma, with the peak broncho-
dilator effects seen at 15 to 20 min and persisting for 60 min. Paradoxically high-dose
exposure to THC has a bronchoconstrictor effect, and tolerance to the bronchodilator
effect also occurs within several weeks of exposure (3).

Population studies of regular users of marijuana have shown significant increases in
cough, sputum production, wheeze, exertional dyspnea, and acute bronchitic episodes
compared to nonsmokers (3,47-49). Some investigators (48) suggest that the inhaled
irritants in the marijuana smoke account for these observed symptoms. The complex
interaction between asthma and marijuana appears at this time to be only indirect.

Pulmonary Function Abnormalities

Studies investigating the effects of marijuana smoke on PFTs are conflicting. As
mentioned, initial bronchodilator effect with improved FEV is seen after marijuana
or THC inhalation. Tashkin has shown significant increase at 2—4 h in SGaw in 10
subjects after they smoked marijuana or ingested THC pills (50). Tachyphylaxis
develops to this bronchodilation in habitual users, with air flow obstruction being
reported in heavy users (3). Tashkin (57) has also reported that airway hyperrespon-
siveness by the MCT, a key feature of asthma, is not more common in marijuana
smokers. Currently, there is no evidence that the long-term changes seen in airflow
with chronic marijuana are related to THC but more likely related to the off-gas from
the pyrolysis products.

Potential Mechanisms

If marijuana smoke or inhaled THC interacts with asthma, there are several potential
mechanisms. As noted, the immediate bronchodilation seen with marijuana smoke or
inhaled THC is probably from stimulation of the G protein-coupled CB-1 receptors
either causing CNS modulation of bronchial tone or through direct effects. The CB-1
receptors have been found to be in proximity to airway smooth muscle cells (3).

Although tachyphylaxis eventually can negate the bronchodilation, actual bron-
choconstriction may be triggered by irritants in the marijuana smoke. It has also been
postulated that THC has immunosuppressive properties by interacting with the CB-2
receptor on natural-killer lymphocytes (52,53). This may allow an exaggerated inflam-
matory response to the irritant gases, which then contributes to airway injury.
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TOBACCO AND NICOTINE

Cigarette smoking is endemic in the United States, and nicotine use remains the
most common legal and overall recreational drug of abuse. There are at least 48 million
smokers in this country alone, with prevalence use among high school students ranging
as high as 35% in 1995 (54). A recent report found large racial variations with preva-
lence among youths aged 12—17 yr, ranging from 27.9% in Native Americans to 5.2%
in Japanese American youths (55). Tobacco is one of the most deadly and expensive
drugs of abuse. Annual estimates in the United States alone are more than 430,000
direct deaths and direct health care costs that exceed an astronomical $50 billion as the
result of cigarette smoking (56).

It is clear that tobacco contains, in addition to nicotine, numerous toxins and car-
cinogens that contribute to the development of chronic bronchitis, emphysema, and
malignancy. Nicotine is a powerful central- and peripheral-acting agent that contributes
to cigarette smoking addiction, but a direct link to these other pathophysiological
processes is less clear. Despite the many studies on nicotine, the drug’s direct effects on
the lungs are not well defined.

Association With Asthma

In numerous studies (57-61), either direct (active) or indirect (passive) exposure to
environmental tobacco smoke has been proven to be a risk factor for the development and
worsening of childhood asthma. This association has been shown even with fetal expo-
sure by maternal smoking (58,62). Risk-factor analysis for children with who require
intubation for acute respiratory failure showed that exposure to secondhand tobacco
smoke had the highest odds ratio of 22.4 + 7.4 (95% CI) (63). The association of tobacco
smoke with worsening asthma has also been shown repeatedly in adults (64). Although
the evidence does not prove causality, the association is robust and has been consistently
shown in many studies. Repeated exposure to tobacco smoke triggers inflammatory
responses in certain children and adults that may initiate the development or worsening of
asthma symptoms. No such association has been shown for nicotine alone.

Pulmonary Function Abnormalities

Although long-term active and passive exposure to tobacco smoke is associated with
PFT changes showing worsening airways obstruction in numerous long-term smokers
(62), the data for patients with asthma are not as convincing (60,65,66). At least one
study in children with asthma reported that passive smoke exposure was associated with
a decline in peak flow and an increase in respiratory symptoms (67). In children, an
increase in airway hyperresponsiveness as determined by the MCT was not associated
with passive tobacco exposure, whereas an increase in asthma symptoms were (61/).

Potential Mechanisms

Tobacco smoke contains many respiratory irritants, including ammonia, sulfur diox-
ide, and formaldehyde, as well as numerous carcinogens. Different compounds found
in cigarette smoke may be injurious to given predisposed individuals, leading to a trig-
gering of or lowering of the threshold for asthma. Smoking is also associated with
increased airway inflammation. The interaction of tobacco smoke and asthma is likely
to be multifactorial even for individuals. Smoking may also modulate immunological
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responses. Active smoking is associated with an increase in total IgE. An increase in
IgE is also seen in first-degree relatives exposed to passive smoking (61).

VOLATILE SUBSTANCE ABUSE

Volatile substance abuse is the practice of inhaling fumes of volatile compounds to
achieve a desired intoxicating effect. Acute and long-term neurological and short-term
cardiac toxicity have been reported as a consequence of this relatively new practice.
First tracked to California in the 1950s, by the mid-1960s, glue sniffing was popular
among young people because of its accessibility, cost, and rapid effect. Since then,
common household solvents and commercially bought solvents, gases, and fuels have
been inhaled, including acetone, butane, propane, toluene, and nitrous oxides. The most
common methods of use include “sniffing” fumes directly from a container, “huffing”
from a drenched cloth placed over the face, and “bagging” from an enclosed bag placed
over the head.

A survey in Great Britain found that use in some secondary school students was as
high as 6% (68). A recent study in the United States found 0.4% of students aged 12 to
17 yr abused inhalant substances (69). A major risk factor for volatile substance abuse
1s low socioeconomic status. Given the low cost of these common substances, use for
recreational means is likely to continue.

Association With Asthma

There is no direct reported association between asthma and inhalation of volatile
substances. In a single study, Schickler (70) investigated possible PFT abnormalities in
a cohort of 42 young solvent inhalers and 20 controls. There were no significant differ-
ences in FEV, or FVC values to suggest a variable obstructive defect, although
increased residual volumes were seen in the substance abusers. Five of the volatile sub-
stance abusers did report acute wheezing after inhaling toluene, but no abnormalities
suggestive of asthma could be demonstrated in them. Other reported pulmonary symp-
toms after volatile substance abuse include coughing, chronic rhinitis, and increased
sputum production, as well as a case report of respiratory decompensation with pul-
monary infiltrates after “fire-breathing” (71,72). Currently, no consistent pattern can be
identified linking volatile substance abuse to asthma. If volatile substance abuse
becomes a more burdensome problem, then the establishment of an interaction with
asthma may become possible.

HALLUCINOGENS

Hallucinogens are a general class of drugs that produce either alterations in percep-
tion of the environment or a dissociative state. Several drugs can cause this sensation,
including certain designer amphetamines, volatile substances, anticholinergic drugs,
and steroids. Each has unique neurohormonal actions and effects, but all are potentially
hallucinogenic. Three recreationally abused drugs that produce this state in much lower
concentrations are lysergic acid diethylamide (LSD), phencyclidine (PCP), and keta-
mine. PCP, or “angel dust,” was marketed in the 1960s as a veterinary dissociative
anesthetic with amnestic and analgesic properties, but its hallucinatory effects soon led
to its ban. It has been ingested, smoked, and snorted illicitly since then and is abused
primarily in inner cities and among young polysubstance abusers. Ketamine is still
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used in both human and veterinary medicine as a dissociative anesthetic, but diversion
to illicit use has become an increasingly common problem. Compared to ketamine and
PCP, LSD is more potent, easily synthesized, and readily available. LSD’s actions are
unclear, but speculation suggests that it may act on postsynaptic serotonin receptors,
producing psychic sensations often described as depersonalization, with sensory hallu-
cinations. All three can cause adverse psychological reactions, or “bad trips,” but seri-
ous physiological side effects are uncommon.

Association With Asthma

There are no reports describing the onset of asthma after illicit PCP, ketamine, or
LSD use or establishing a causal relationship between them. Ketamine is often used in
status asthmaticus because of its favorable effects on airway SGaw. A previously
described study on asthma deaths in Cook County, Illinois (8), noted that 2% of the
young people with unexplained fatal asthma had positive toxicological screens for PCP.
It is unclear, however, what role these intoxications may have played in the asthma-
related death. No evidence to date has been found to support the notion that LSD, ket-
amine, or PCP causes or exacerbates asthma.

TREATMENT OF ASTHMA ASSOCIATED WITH RECREATIONAL
DRUG ABUSE

A patient who presents to the emergency department with acute asthma symptoms or
to a provider with subacute asthma and apparent recreational drug use should be treated
in the same manner as other patients with asthma. Acute management, as described in
the current asthma guidelines, initially includes administration of nebulized B,-agonists
with anticholinergics and either intravenous or oral corticosteroids. In patients who
have been exposed to high doses of stimulants or hallucinogens, the acute asthma
management may be difficult because of the profound psychomotor agitation that can
occur. Drugs like haloperidol may be helpful in ameliorating some of these manifestations
without depressing respiratory drive. Obviously, definitive treatment of patients who
present with recurring flares of asthma after recreational drug use is abstinence from
their drug habit. Similarly, passive tobacco smoke exposure should be avoided in children
with asthma.

CONCLUSION

Case reports and small series describing the development of asthma after recre-
ational drug abuse, particularly with cocaine, heroin, tobacco, and marijuana use, are
increasingly prevalent. The evidence directly linking the association between asthma
and drug use for the most part remains tenuous, but a real interaction probably exists
in a subset of asthmatics (see Table 2). Airway irritants in the inhaled substances are
able to trigger bronchospasm in many cases, but other mechanisms probably con-
tribute for individual illicit substances, as well. Recreational drug use may be an
important confounder in certain patients with asthma, and providers must be diligent
in questioning patients with new-onset and difficult-to-control symptoms about
potential drug use. Treatment includes standard asthma care and, most important,
abstinence from their drug habit.
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Table 2
Association Between Recreational Drugs of Abuse and Asthma
Drugs of abuse Strength of association
Cocaine ++
Amphetamines +
Opioids +
Marijuana ++
Tobacco
Nicotine ?
Tobacco smoke ++
Volatile substances abuse +
Hallucinogens ?
++++, proven association; +++, many case reports/frequently
reported; ++, several case reports/commonly reported; +, rare case
reports; ?, no case reports/no known association.
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National and international consensus bodies have identified asthma education and guided
self-management as essential components of efforts to empower patients and reduce
asthma morbidity and mortality (/-6).

Asthma self-management cannot be achieved without appropriate asthma education (7).
Asthma self-management education improves outcomes in asthma (7).
Self-management requires effective communication among physician, patient, and
those who care for the patient (8).

Self-management goals and programs must be individualized to the needs, desires,
abilities, and socioeconomic situation of the patient.

Each interaction with the patient can be an opportunity to deliver and reinforce self-
management messages.

Education or information must be combined with plans for self-management to be
maximally effective (9).

Patient nonadherence is a complex and pervasive problem that requires assessment and
efforts to manage the psychological issues related to asthma (8).

Asthma self-management started in asthma camps but has entered new venues, includ-
ing schools, doctors’ offices, emergency rooms, hospitals, HMO disease management
groups, and communities.

The Internet allows physicians and patients to gather information regarding asthma and
self-management resources that is available at the local and national levels.

From: Current Clinical Practice: Bronchial Asthma:
A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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Fig. 1. Good asthma self-management programs can improve outcome.

INTRODUCTION

Asthma prevention or control depends on patients acquiring information about their
disease and effectively incorporating this information into self-management skills to be
applied over long periods of time. In many cases, patients with asthma and other chronic
diseases do not perceive that working out a preventative strategy is worth the time and
effort involved. Most individuals arrive at adequate coping procedures largely through a
trial-and-error process. For severe asthma, this approach does not work well. This chapter
focuses heavily on empowering the patient to take charge. With this in mind, let’s begin
with a cautionary tale of failure of asthma self-management (see Fig. 1).

Roger and Emmy are in their mid-30s and have been living together for the last 6 yr.
Both developed asthma and allergic rhinitis in childhood, with symptoms linked initially
to the pollen season. Emmy’s attacks are still mainly seasonal, but Roger’s have become
year-round attacks, and their onset is associated with exposure to a variety of substances:
pollens, dust, viral infections, aspirin, and wine are the ones he knows about.

Their medical histories are surprisingly similar. When their symptoms first appeared,
they were each taken to their family doctors who, after a perfunctory examination, pre-
scribed an oral antihistamine and theophylline. This tactic worked well enough, but the
side effects of the medications were so distressing that they went on to consult aller-
gists who conducted skin tests, found positive reactions to several different pollens, and
started a course of immunization shots. The shots helped to some degree but were not
continued long enough to desensitize them to the allergens. They disliked the process
immensely—the injections, the necessity to appear at the allergist’s office regularly,
and the need to wait in the office after the shot had been given.
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After high school, they both left home; Roger to attend college on the west coast
and Emmy to pursue a musical career. They stopped the shots, but the hay fever and
asthma symptoms persisted.

During college, Roger’s asthma became much more persistent and severe, and he
had to seek emergency treatment on three occasions, all at the time of the year when
grass was pollinating. The college health service referred Roger to an allergist who,
after reviewing his situation, put him on a regular schedule of theophylline—he doesn’t
remember the dosage—with an aerosol B-agonist backup for more acute episodes.
Roger took the medication faithfully. He graduated from college, moved to Los
Angeles, married his college sweetheart, and had the marriage fail under conditions of
considerable stress and tension after 3 yr. During this period, Roger’s asthma wors-
ened. He broke with the opinion of his doctor and concluded that his asthma was psy-
chogenic in origin and that he was nothing more than a slave to his medications. He
abruptly stopped using them and, after the demise of his marriage, moved to northern
California.

During this same period, Emmy noticed that her asthma was getting worse. She
blamed this on constant travel, contending it brought her in contact with pollens to
which she was sensitive. She too consulted an allergist who put her on antihistamines
and aerosols. She had to have something because she played in and was lead singer in
a bluegrass band, and without medication, she simply could not perform.

Emmy, too, wound up in northern California, became tired of her medication and its
side effects, and gave up on it. Besides, it was costing her a lot of money she didn’t have.
She and Roger first met in the waiting room of an herbalist to whom they had gone for
what they both believed would be more “organic” and less drastic and harmful treatment.

Now, 6 yr later, Roger is still considerably troubled by asthma. He observes the
regimen prescribed by the herbalist, which, he believes, has been somewhat helpful.
However, as he puts it, “Sometimes I do things that aren’t too smart. Like, if there’s a
bottle of good red wine around, I may take a few hits of it. I know what’ll happen, but
I just can’t resist.”

Emmy, too, is still asthmatic. She now finds that she will sometimes lapse into asthma
when she has a viral infection, but she is less bothered with pollens, in large measure
because the area of northern California where she lives does not grow the plants to
which she formerly reacted. That fact may also explain Roger’s marginal improvement.

Last winter, Emmy was in bed with a severe cold and fever and moderate asthma
symptoms. A friend who visited her during this episode asked if she was doing any-
thing for it.

“Rest and teas,” Emmy wheezed.

“Don’t you want some Contac or something?” the friend asked. “I’d be glad to go
out and get it for you just to help you breathe better.”

“I’d die before I took any of that stuff,” Emmy gasped.

This cautionary tale of failure in treatment probably typifies the experiences of many
patients with asthma. It owes much to the breakdown of preventive strategies (either
through ignorance of or neglect of them) combined with nonexistent or failed efforts to
educate patients about the nature and care of their disease.

This cautionary tale was originally described in the second edition of this textbook
in collaboration with Dr. Edwin Klingelhofer, and it is ironic that the tale is just as
appropriate today as it was in 1986.
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In fact, asthma has become a familiar disease to people throughout the world. It is a
chronic inflammatory disorder of the respiratory tract that can be characterized by peri-
ods of apparent quiescence interrupted by periods of severe respiratory distress. In the
United States, more than 20 million people, or 20 in 1000, report that they have asthma
(10). An early release of data from the 1997-2004 National Health Interview Surveys
indicates that the prevalence of asthma in 2004 was 7.2% of the total American popula-
tion (/7). The same report states that in 2004, 4.2% of the US population experienced
an asthma attack in the previous 12 mo. In 2002, American children missed 14.7 mil-
lion school days because of asthma, and adults missed 11.8 million work days because
of this disease (/0). There were 13.9 million outpatient visits and 1.9 million emer-
gency room visits for asthma in 2002. There were 484,000 asthma hospitalizations and
4261 deaths from asthma in that year as well. Direct and indirect costs of asthma in the
United States are $14 billion annually (/2). Knowledge of mechanisms and treatment
of asthma has advanced significantly in the last decade. Unfortunately, the prevalence
of the disease has increased by 75% during the last 20 yr (/3). There has been no sig-
nificant improvement the numbers of asthma patients who state that their activity is
limited by asthma. Since 1995, rates of outpatient and emergency room visits for asthma
have increased. Hospitalization and death rates have decreased overall but are still sig-
nificant and are disproportionately high in blacks (/4). The potential to improve these
statistics and the quality of life of patients with asthma has been recognized by various
national and international groups and has prompted creation of multiple consensus state-
ments on how to improve asthma care. Each of these guidelines emphasizes the critical
role that patient education and self-management play in improving asthma care
(2-6,15). This chapter reviews the significance and history of asthma self-management,
considers the barriers to effective self-management, discusses the various types of
programs available, and identifies educational resources for clinicians and patients that
can empower those with asthma to achieve better outcomes.

THE CONCEPT OF ASTHMA SELE-MANAGEMENT

“Self-management” was described by Creer in 1976, when he used this term in ref-
erence to teaching children with asthma how to actively manage their disease (/6).
Since then, self-management has become a commonly used term when describing
educational and management programs for patients with chronic disease (/7). Clearly,
every patient with any disease practices some form and degree of self-management.
One can argue that the patient who goes home and discards his or her medications,
ignores any of his or her doctor’s recommendations, and decides not to learn anything
about his or her disease is practicing a form of self-management (/7). Of course, when the
term is used today, it is implied that the goal is “optimal and positive” self-management.
The term connotes improved understanding of one’s disease, effective management of
symptoms using a plan of action, medications, and appropriate psychological coping
skills. A self-management program is a multifaceted plan of education and care that is
supported by the physician but relies heavily on patient acceptance and involvement.
Asthma self-management can be subdivided in different ways. One way to
conceptualize asthma self-management is to identify tasks that are important in
achieving optimal asthma outcomes. Table 1 includes goals common to many programs
of self-management.
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Table 1
Goals in Asthma Self-Management

Acquiring knowledge about asthma: definition, treatment, and triggers.
. Accepting that one has a disease that may have a chronic, intermittent pattern.
3. Acquiring skills needed to take medications and to conduct self-monitoring, proper use of
inhalers, peak-flow meters, and nebulizers.
Adbhering to short- and long-term medication prescriptions.
Self-monitoring of symptoms or peak flows.
Adjusting medications when needed based on some form of asthma action plan: written or
verbal action plans based on symptoms and/or peak flows.
7. Avoiding or removing triggers from the environment: tobacco smoke, cockroaches, and
house dust mites.
8. Knowing when and how to seek medical advice/care in the setting of a partnership with
the medical care team.
9. Accessing available social support mechanisms: parents, friends, doctors, nurses, counselors,
teachers, and Internet support groups.
10. Establishing appropriate and useful coping mechanisms to address the psychological
sequelae of living with a chronic disease.

DN —

Al

Adapted from refs. 24, 8, 17, 18.

SIGNIFICANCE OF ASTHMA SELF-MANAGEMENT

The continuing morbidity and mortality related to asthma is clear from the previous
discussion. Although management guidelines have been created and kept updated, evi-
dence suggests that the goals of these guidelines are not always being reached. In one
study, 58% of patients with asthma were on medication regimens inconsistent with the
guidelines published by the British Thoracic Society just 1 yr earlier (/9). Another
study found that in the sample of previously hospitalized children with asthma, only
35% of patients that met National Asthma Education and Prevention Program (NAEPP)
criteria for persistent asthma were receiving daily anti-inflammatory agents (20).
Explanations for falling short of guideline goals are multifactorial and involve issues of
patient adherence, physician management patterns, and access to health care.

Several large American (2/) and international (22) surveys have identified that prob-
lems exist in inadequate prescription of corticosteroids to patients with persistent
asthma. For many, there is a lack of adequate access to regular medical care, particu-
larly patients in minority groups (23). Aside from these issues, there are also significant
problems relating to a lack of adequate patient knowledge (24) about asthma manage-
ment and lack of patient adherence (25) to prescribed medical regimens. Additionally,
patients often underestimate (22) the severity of their asthma and may have difficulty
recognizing early symptoms of worsening disease. Such problems may allow exacerba-
tions to progress and often lead to unscheduled visits to the clinic and emergency room.
In this setting, delay in seeking treatment may lead to fatal outcomes in some (26).
Self-management of asthma is important because it can improve outcomes related to
some of these issues (7).

Asthma self-management can improve outcomes, but it is not a panacea. Certainly it
cannot resolve suboptimal prescription practices or provide universal access to asthma
medical care. However, it can positively affect areas such as patient knowledge, patient
adherence, and improved self-assessment of asthma severity. Asthma self-management
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can improve outcomes, and this has been documented in the literature. A recent
Cochrane review of 36 randomized-control trials on the effectiveness of asthma self-
management showed that education in asthma self-management involving self-monitoring,
along with regular medical review and a written action plan, improves health outcomes
for adults with asthma (7). This study found that self-management education reduced
hospitalizations, emergency room visits, unscheduled visits to the doctor, days off work
or school, and nocturnal asthma frequency and also improved quality-of-life measures.

Ideally, asthma self-management allows the patient to minimize symptoms and med-
ication side effects while maximizing understanding about the disease and a sense of
control over one’s life. In this way, such efforts can help reduce anxiety regarding the
diagnosis, attacks, and medications (27). Self-management is not intended to replace
visits to and management by the physician, but it can often be helpful at times before
medical advice is available. This is particularly important because even severe asthma
attacks often develop gradually at home before direct medical care is available.
Knowing how to handle asthma exacerbations at home may prevent symptoms from
progressing (28). Self-management also may allow the patient or caregiver to adjust the
home environment to minimize the presence of asthma triggers (29). By their very
nature, these adjustments are made outside the medical setting and, therefore, require
comprehension and management by the patient or his or her caregiver.

Self-management is necessary in every condition in which one is required to admin-
ister medications or treatment outside a medical facility. In asthma, patients may have
periods without symptoms and others with severe symptoms. Rescue medications or
oral corticosteroids may need to be started or increased during flares. On the other
hand, preventive medications may need to be continued even during symptom-free
periods for persistent asthma. Such variability in asthma symptoms makes the ability to
take and adjust medications appropriately vital for optimal asthma care.

THE ISSUE OF NONADHERENCE

Adherence refers to the extent to which a patient follows medication and treatment
plans formed in conjunction with the physician. Unfortunately, nonadherence is common
and hinders efforts at asthma self-management and leads to poor outcomes.
Compliance with medication in patients with asthma is estimated to be as low as
30% in some cases (8). A complete analysis of the reasons for nonadherence is largely
beyond the scope of this discussion. However, a useful overview of the problem is
provided by Bender’s classification of reasons for nonadherence. He divides these
reasons into provider-related, treatment-related, and patient-related issues. Provider-
related reasons include scheduling problems, lack of continuity of care, perceived
clinician disinterest, and time constraints. Treatment-related barriers to adherence
include complicated and prolonged medical regimens, costs of medications, adverse
effects, and delayed onset of action. Patient-based barriers include suboptimal under-
standing of asthma and the need for treatment, lack of confidence in the provider, mild
or severe asthma, low motivation toward behavioral change, and the presence of
psychological problems. This last barrier can include fear of the disease, fear of treatment
side effects, and fear of becoming dependent on medications, as well as anxiety and
depression that may be associated with any chronic disease. The clinician cannot
remove all of these barriers, but efforts to minimize them may yield rewards. These
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efforts must include frequent patient contact, use of multiple encounters for educa-
tional training, simplification of regimens when possible, and fostering improved com-
munication between physician and patient.

ORIGINS AND TYPES OF ASTHMA SELF-MANAGEMENT PROGRAMS

Early Efforts Toward Self-Management: Asthma Camps

Before the late 1960s, asthma was managed via traditional modes of patient—physician
interaction, including clinic visits and inpatient stays (30). Some asthma self-management
programs during this time were inpatient residential care programs. Such programs
have become increasingly less common in the current era of decreased insurance
coverage of prolonged inpatient care. Many would argue that the origins of more modern
asthma self-management programs are found in the 1970s, which saw the birth and
growth of numerous outpatient asthma education programs directed at children (30).
These were called “asthma camps.” One of the first asthma camps was called Bronco
Junction (317). In a supportive setting, children were given information about asthma
and how to manage it by being encouraged to participate in normal camp activities.
Numerous other asthma camp programs followed, each tailored to fit the social and
cultural needs of the children involved. Open Airways was started in 1976 in New York
and was the first program created specifically for minority children living in the inner
city. Open Airways in modified forms is still used today in schools and communities
and reduces asthma recidivism and decreases the cost of care (32). Over time, the pro-
grams have been subject to more critical and placebo-controlled, randomized evalua-
tion regarding outcomes and effectiveness. Programs have demonstrated improved
knowledge regarding asthma, fewer patient symptoms (32), and decreased urgent care
visits (33). In the 1980s, curricula from several programs were distributed nationally
via organizations, including the American Lung Association (Superstuff program) and
Rohr pharmaceuticals (Winning Over Wheezing program). The University of California
at Davis Asthma Network (UCAN) had its first asthma camp in 2004. In 1988, the
Consortium on Children’s Asthma Camps was established to act as a central coordinat-
ing body for camp programs sponsored by national asthma groups, including the
American Lung Association; American Academy of Allergy, Asthma and Immunology
(AAAAI); Allergy and Asthma Network Mothers of Asthmatics (AANMA); American
Academy of Pediatrics; American College of Allergy, Asthma, and Immunology
(ACAAI); and the American Thoracic Society. The consortium’s Web site allows par-
ents to easily identify camps in their state. California alone has 16 camps listed in var-
ious parts of the state. Today, millions of children attend these camps yearly. Per the
consortium Web site, the goals of these camps are as follows:

1. Provide an enjoyable and safe camp experience for children with asthma, ages 815 yr.
2. Provide asthma education for children, parents, and medical personnel.

3. Promote improved self-care, self-image, and independence for children with asthma.
4. Facilitate future camp experiences in a regular nonspecialty camp.

School-Based Programs for Children With Asthma

Asthma camps provide education and support but are by their nature short-term.
Without support and continued education outside the camp, gains are likely to be
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short-lived (30). Recognition of these needs may have been important in the spread
of self-management efforts beyond the camps. One place where educators may enjoy
a captive-audience effect is in the schools. Many asthma self-management educa-
tional interventions and programs have been centered on schools. Asthma educa-
tional sessions conducted in inner-city schools in San Diego, CA, resulted in
increased asthma knowledge, improved skills for peak flow meter and inhaler use,
and a reduction in the severity of asthma symptoms (34). A shortened Open Airways
school intervention was effective in improving asthma knowledge (35). Using a
randomized controlled trial of a comprehensive school-based asthma intervention,
Clark found decreased pediatric asthma symptoms and improved asthma manage-
ment (36). The Kunsberg School in Denver, CO, enrolls children with asthma and
other chronic diseases into a daily program of school-based disease management
and directly observed anti-inflammatory medication. This program has reduced asthma
severity in inner-city children with asthma (37). A video game used to educate
fourth-graders improves asthma knowledge (38). The NAEPP has a resolution for
management of asthma at school, which includes recommendations for a written
asthma action plan and rules allowing students to self-administer medications if
appropriate (39). Many of the national asthma organizations, including the AAAAI,
ACAALI, and the National Heart, Lung, and Blood Institute (NHLBI), have educational
materials available for use in the schools or by parents to enhance self-management.
Much of this material is available online (see Table 2). The Asthma and Allergy
Foundation of America (AAFA) has a program called Power Breathing designed for
asthma education of adolescents and one for the parents of preschoolers called Wee
Wheezers. The latter program has increased symptom-free days and improved
parental sleep measures (40).

Physician’s Office and Home-Based Programs for Children
and Adults With Asthma

Asthma self-management education is still an essential part of asthma management
in the doctor’s office. The interventions in the office may then be translated into efforts
at the patient’s home via knowledge gained and implementation of asthma action plans.
In both adults and children, self-management educational programs in asthma improve
lung function and self-efficacy and reduce morbidity and health care utilization (41,42).
Many self-management programs include education on the pathophysiology of asthma,
triggers of asthma, description of medications used, training on symptom monitoring,
training on inhaler technique, and discussion of exacerbation management.

Most consensus guidelines (4-6) and many self-management interventions also
recommend a written asthma action plan, particularly in patients with more severe
disease. The ideal is that the patient or caregiver will understand and be able to review
medications to take when feeling well and will be able to adjust them when symp-
toms become more severe or if a trigger is encountered, before seeing the physician.
Gibson’s systematic review of the literature showed that comprehensive self-management
education that included a written action plan and medical review improved outcomes
(7). He performed another analysis of robust trials looking at action plans themselves
and found that individualized written action plans based on personal best peak flow,
having two to four action points, and recommending both inhaled corticosteroids and
oral corticosteroids for treatment of exacerbations consistently improved asthma



Self-Management in Asthma

351

Table 2

Asthma Resources for Clinicians

Organization

Website

American Academy of Allergy,

Asthma and Immunology (AAAAI)
American Academy of Pediatrics (AAP)
American College of Allergy, Asthma,

and Immunology (ACAAI)
American College of Chest Physicians

(ACCP) Journal
American Lung Association (ALA)

American Lung Association (ALA)
Asthma Profiler
American Lung Association of Minnesota

American Thoracic Society statements
Asthma and Allergy Foundation
of America (AAFA)
Centers for Disease Control and Prevention
DC National Center for Health
Statistics Fast Facts
Global Initiative for Asthma (GINA)
National Jewish Medical and Research
Center (NJC)
National Heart, Lung, and Blood
Institute/National Institutes of Health
US Environmental Protection Agency:
Asthma and Indoor Air Quality Resource
Up To Date?

http://www.aaaai.org/

http://www.aap.org
http://www.acaii.org

http://www.chestjournal.org/

http://www.lungusa.org/site/pp.asp?c
=dvLUK90O0E&b=23705
https://www.lungprofiler.nexcura.com/
Secure/InterfaceSecure.asp?CB=26272
http://www.alamn.org/InfoCenter/
Provider/index.asp
http://www.thoracic.org/statements/
http://www.aafa.org/display.cfm?id
=4&sub=79&cont=353
http://www.cdc.gov/nchs/fastats/asthma.htm

http://www.ginasthma.com/
http://asthma.nationaljewish.org/

http://www.nhlbi.nih.gov/health/prof/lung/
index.htm#asthma

http://www.epa.gov/asthma/
hcprofessionals.html

http://www.uptodate.com/

4Subscription required.

health outcomes (/8). This data analysis suggests that plans based on peak flows are
equivalent to those based on symptoms. Asthma action plans are particularly impor-
tant when the patient’s treatment regimen is complex, when changes have been made
to the plan, or if the patient has difficulty remembering what the plan of action is in
different situations. Clearly, the type and complexity of the asthma action plan, just
as the overall program of treatment, must be individualized to the patient’s level of
education, level of willingness to be involved in management decisions, and severity
of disease. Importantly, a Cochrane review found that education alone about asthma
is not effective in improving asthma outcomes, despite increases in patient knowl-
edge (9). This makes it clear that education about the disease process must be accom-
panied by information on self-management plans and skills to be clinically and
socially significant. Asthma action plans are a concrete and practical way of accom-
plishing this. Examples of asthma action plans are available on the Internet from the
NAEPP (6), National Jewish Medical Center (43), and consumer sites, such as
WebMD (44). There has been some debate regarding the common action plan prac-
tice of doubling inhaled steroid dose during exacerbations. Some have argued that it



352 Kumar and Gershwin

is not evidence-based. Certain studies have suggested it may not be beneficial (45).
However, others have suggested that increasing the dose by more than double may be
useful (46).

Some managed care settings also provide asthma education classes. One example is
the Breathe Easier program in northern California Kaiser Permanente clinics. A similar
program in a Colorado Kaiser clinic (47) revealed that it resulted in increased prescrip-
tion of inhaled corticosteroids for children with moderate to severe asthma, which is
consistent with asthma guidelines.

Several programs use technology to improve asthma care. The Health Buddy pro-
gram (48) is a Web-based program that allows a child to assess and monitor his or her
symptoms and quality of life and transmit this information from home to health care
providers. This program improved peak-flow readings and self-management behavior.
Computer-generated written plans are also used by some. Such efforts can reduce the
time necessary to create written and individualized handouts for patients. This is impor-
tant because physicians have consistently related that time pressure is often an issue in
clinical practice. One example of a computerized action plan generator is available
online for general use (49). Finally, major asthma-related organizations (AAAAI,
ACAAI, NHLBI, and AAFA) are excellent resources for educational materials, both
printed and electronic, for use by patients and medical professionals at home and in the
office (see Tables 2 and 3).

Emergency Room and Hospital Discharge Programs

When patients are treated and then discharged for asthma from hospitals and emer-
gency rooms, a window of opportunity to instill self-management information and
skills is opened. It is not surprising that many interventions have been attempted in
such settings. A short self-management program during hospital admission reduced
postdischarge morbidity and readmission for adult asthma patients in one study (50).
Another inpatient educational program reduced rehospitalization (5/). As one would
suspect, scheduling follow-up appointments with a primary care doctor for a child seen
in the emergency department for asthma improves follow-up (52). One-hour education
and skills development sessions performed in the emergency room on adult minority
patients who frequently received asthma care in that setting decreased subsequent emer-
gency visits (53). Discharge planning after an asthma visit is emphasized by most con-
sensus guidelines. As mentioned, the University of California, Davis, runs an asthma
program known as UCAN, which consists of clinical care, educational interventions,
and outreach. UCAN is an example of multidisciplinary disease management, which
has been applied to asthma care at other institutions, including the National Jewish
Medical Center in Colorado.

Community-Based and Other Programs

A variety of other innovative programs increase opportunities for effective asthma
management. A lunchtime asthma educational program conducted by Bank One,
Chicago, in 2001 improved outcomes in a pre-posttest design trial (54). An interven-
tion conducted in various community sites, such as churches, libraries, and senior
centers, targeted Kaiser Permanente patients with asthma and other chronic dis-
eases. Session topics included information on action plans, relaxation to manage
symptoms, handling fear and anger, understanding medications, and communicating
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Table 3

Asthma Resources for Patients

Organization

Website

Allergy & Asthma Network Mothers
of Asthmatics(AANMA)
American Academy of Allergy, Asthma and
Immunology (AAAAI)
American Academy of Pediatrics (AAP)
American Association of Respiratory Care
American College of Chest Physicians (ACCP)

American Lung Association (ALA)

American Lung Association (ALA)
Patient Profiler
American Lung Association of Minnesota

Asthma Action America

Asthma and Allergy Foundation of
America (AAFA)

Health Finder Service (US Department of
Health and Human Services)

Kaiser Permanente Northern California

Kids Health (for parents, teenagers, and kids)
Mayo Clinic

Medline Plus (National Library of Medicine
and National Institute of Health)

National Heart, Lung, and Blood Institute/
National Institute of Health

National Jewish Medical and Research Center

U.S. Environmental Protection Agency—
Asthma and Indoor Air Quality Resource

Up To Date Patient Information

Virtual Children’s Hospital (University of Iowa)

WebMD

http://www.aanma.org/
http://www.aaaai.org/patients.stm

http://www.aap.org/healthtopics/asthma.cfm
http://www.yourlunghealth.org/
http://www.chestnet.org/education/
patient/guides/asthma_control/
http://www.lungusa.org/site/pp.asp?c
=dvLUK900E&b=33276
https://www.lungprofiler.nexcura.com/
Secure/InterfaceSecure.asp?CB=26270
http://www.alamn.org/InfoCenter/
PatientHome.asp
http://www.asthmaactionamerica.org/
http://www.aafa.org/display.cfm?id=8

http://www.healthfinder.gov/scripts/
SearchContext.asp?topic=75
http://members.kaiserpermanente.org/
kpweb/asthma/entrypage.do?engine=
Overture&KeywordGroup=Asthma&
Keyword=asthma
http://kidshealth.org/index.html
http://www.mayoclinic.com/invoke.cfm?id=
DS00021
http://www.nlm.nih.gov/medlineplus/
asthma.html
http://www.nhlbi.nih.gov/health/public/
lung/index.htm
http://asthma.nationaljewish.org/
http://www.noattacks.org/

http://www.patients.uptodate.com/
toc.asp?toc=allergy_and_asthmad&title=
Allergy%?20and%?20asthma

http://www.vh.org/pediatric/patient/
pediatrics/asthma/index.html

http://my.webmd.com/medical_information/
condition_centers/asthma/default.htm?z=3
074_00000_1005_00_02

effectively with the health care team (55). It, too, improved outcomes. Another
program that improved use measures was in Hawaii and included a multidiscipli-
nary, community-based program tailored to the cultural and social needs of the

population (56).
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Disease Management Programs

Disease management (DM) refers to a multidisciplinary approach to managing sev-
eral chronic diseases, including congestive heart failure, diabetes, and asthma. These
programs involve data collection from pharmacy records, case management by nurses
and physicians, self-management educational programs, and telephone service lines for
patient questions. These programs have grown in number and size because they have
decreased health care use and improved asthma outcomes. Blue Cross/Blue Shield has
a DM program called CareFirst, an option for patients in their health plan. It provides
educational materials, telephone support with a nurse, case management by a nurse
who communicates with the primary physician, and online services. Kaiser Permanente,
the National Jewish Medical Center, and other institutions either have their own DM
program or purchase DM programs targeting similar goals.

Media and Governmental Efforts

A national initiative called Healthy People 2010 has asthma as a key component, and
its asthma objectives are increasing the prevalence of formal patient education, including
information regarding community and self-help resources (57). This program identifies
self-management education as an essential part of asthma management. Public televi-
sion cartoon characters with asthma include Buster the bunny on the Arthur show and
Dani, from Sesame Street. The NAEPP conducts the Nationwide Asthma Screening
Program in cooperation with the AANMA and the AAFA. The Breathmobile, an asthma
screening, education, and treatment program, is another effort to manage this growing
problem.

CONCLUSION

Asthma is a growing problem in this nation and throughout the world. The economic
and social burden created by this disease is undeniable. Although we have not reached
all of the goals set forth by consensus guidelines, it is clear that efforts at self-management
education can be fruitful in empowering patients and clinicians and improving
outcomes. As health care providers, it is our task to seize the opportunity of each patient
encounter to realize these possibilities.
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Although asthma affects all races and ethnic groups, there is a significant disparity in
asthma morbidity and mortality. Minority populations suffer disproportionately higher
rates of fatalities, hospitalizations, and emergency department visits resulting from
asthma. For example, non-Hispanic blacks have more than three times the death rate of
non-Hispanic whites in the United States.

Few studies have addressed ethnic differences in asthma in countries outside of the
United States. International survey data have shown considerable variation in asthma
prevalence in both children and adults among other countries, with higher prevalence
in English-speaking countries, including the United Kingdom, Australia, New Zealand,
and Ireland.

In the United States, Puerto Ricans, blacks, and American Indians/Alaskan Natives
have the highest current and lifetime asthma prevalence and asthma attack rate.
Racial/ethnic designations may disguise important differences within groups. For
example, Puerto Rican Americans have the highest Hispanic current, lifetime, and
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asthma attack prevalence, which are comparable to, and exceed rates for, blacks. The
larger numbers of Mexican Americans, who have a low prevalence, mask this difference.
Hispanics have consequently been considered to have low asthma prevalence.

* Low socioeconomic status (SES) is an independent and significant factor for increased
asthma morbidity and mortality for many minority groups. When controlling for SES,
significant disparities in asthma morbidity and mortality generally remain for racial/ethnic
minority populations.

* Barriers to care exist because of lower SES, with decreased access to care and inadequate
care, including underprescription of inhaled corticosteroids, increased environmental
exposures in urban settings, substandard living conditions, and increased psychosocial
dysfunction and cultural differences.

* Comprehensive and individualized environmental intervention strategies can be effective
in reducing allergen environmental burden in urban settings and reduce asthma mor-
bidities.

» Asthma-susceptibility genes with different ethnic frequencies have been found, with
the strongest evidence for 6p21 in European Americans, 11g21 in blacks, and 1p32
in Hispanic Americans. Questions remain regarding the degree of heterogeneity,
gene—gene interactions, and gene—environment interactions for different racial/ethnic
groups.

* Culturally competent strategies can be effective in helping to reduce the disparity in
asthma health care and outcomes in racial/ethnic minorities.

* Reduction of asthma disparity in racial and ethnic minority groups is an important
challenge and goal and a national priority.

INTRODUCTION

Minorities are individuals or groups of individuals especially qualified. The masses
are the collection of people not specifically qualified.

—José Ortega y Gasset
Mirabeau and Politics (1927)

In the United States, minority groups are increasing in relative proportion of the
population, especially Hispanics, Asians, and Pacific Islanders. Currently, according to
the 2000 census, the US population is 72% non-Hispanic white, 12% black, 11%
Hispanic, and 5% Asian and other. Hispanics are projected to pass blacks as the largest
minority in the United States by 2005-2015. The United States is now the third largest
Spanish-speaking country in the world. By 2050, “minorities” are projected to com-
pose 47% of the US population. Whites are now a minority in 48 of the largest 100
cities in the United States and a minority in California, Hawaii, and the District of
Columbia (7).

Even as asthma has been an increasing problem, it is even greater among many minority
groups in addition to low-income groups. Although asthma affects all races and ethnic
groups, minority populations suffer significantly and disproportionately higher rates of
fatalities, hospitalizations, and emergency department visits resulting from asthma. For
example, blacks had almost four times more emergency room visits and more than three
times more deaths owing to asthma than whites based on the latest 2002 data (2). Thus,
the issue of asthma in minorities is clearly important from multiple perspectives, including
social, economical, and medical. The elimination of the disparity in asthma burden in
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minorities and those living in poverty has become a national priority. The National
Institute of Allergy and Infectious Diseases, a component of the National Institutes of
Health, has sought to resolve issues of health disparity in minorities through research
support on asthma with particular focus on minority populations, such as with the
National Cooperative Inner-City Asthma Study, Demonstration and Education Research
Project, and studies on the genetic basis of asthma (3,4).

Thus, the burden and disparity of asthma in minorities presents a significant challenge.
This chapter reviews data on asthma epidemiology among minorities and reviews the
available information regarding possible reasons for the differences among ethnic
groups, in addition to discussing strategies of intervention and culturally sensitive care.
Different definitions of “minority” exist, including distinctions based on religion. For
the purposes of this chapter, minority, in terms of race and ethnicity, refers to non-white
US Office of Management and Budget classification of race. In addition to whites,
these racial designations include blacks, Asian, Native Hawaiian or other Pacific
Islander, and American Indian or Alaska native. In this chapter, ethnicity refers to
Hispanic or Latino. The term “race/ethnicity” is used throughout this chapter, then, to
refer to minority populations.

ASTHMA DIFFERENCES BETWEEN COUNTRIES

Worldwide asthma prevalence among children varies considerably. A range up to 15- to
20-fold differences among countries was found by the questionnaire survey study of the
International Study of Asthma and Allergies in Childhood (ISAAC) (5,6). For example, for
13- to 14-yr-old children and the survey question on presence of “wheezing or whistling in
the chest in the last 12 mo,” there was a positive response range from as low as 2.1-4.4%
in Albania, China, Greece, Georgia, Indonesia, Romania, and Russia, and up to
29.1-32.2% in the English-speaking countries of Australia, New Zealand, Republic of
Ireland, and the United Kingdom. In general, prevalence data in this survey were higher in
developed English-speaking countries and some Latin-American, non-English-speaking
countries, including Costa Rica, Brazil, and Peru, and lower in Asia, Northern Africa,
Eastern Europe, and the Eastern Mediterranean regions (see Figs. 1 and 2). Among the
areas, however, there were differences. For example, within Latin America, lower preva-
lence of asthma was found in Argentina. More variation was noted among countries than
within countries, although this may result from selection bias (6).

In contrast to much of Asia, several affluent Asian regions, such as Hong Kong,
Singapore, and Japan, had relatively high asthma prevalence. A notable dissimilarity
was seen between Hong Kong and Guangzhou (10.1 vs 2.0% 12-mo prevalence of
wheezing), areas that are geographically and ethnically similar but differ in affluence.

There are many limitations in the ISAAC survey data including lack of a standard
asthma definition and thus the use of asthma symptoms, such as “wheezing or
whistling” and night cough, for example, in the questionnaire, validity of the question-
naire across cultures and languages, and limitations in the locations and numbers of
areas surveyed within countries, as well as between countries, in addition to potential
reporting differences. Nonetheless, these are the best data available. No specific data on
prevalence based on ethnicity are available for the countries in this survey study. The
ISSAC study authors postulate that the major differences among the countries likely
result from environmental factors.
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Fig. 1. International Study of Asthma and Allergies in Childhood (ISSAC): Current asthma preva-
lence (written questionnaire) for children aged 13—14 yr (1996). (Reprinted with permission from
Elsevier. See ref. 5.)

For adults, a smaller study, the European Community Respiratory Health Survey
for 20- to 44-yr-olds primarily in Europe also reported higher prevalence in English-
speaking countries, including the United Kingdom, Australia, New Zealand, and the
Republic of Ireland, and lower in Eastern and Southern Europe. Overall agreement
between the ISAAC and European Community Respiratory Health Survey study was
noted (7,8).

International data on racial/ethnic population composition are imprecise, and classi-
fication categories vary from country to country. For example, a person of Pakistani
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Fig. 2. International Study of Asthma and Allergies in Childhood (ISSAC): Current asthma preva-
lence (video questionnaire) for children aged 13—-14 yr (1996). (Reprinted with permission from
Elsevier. See ref. 5.)

origin might be noted as either “black,” “colored,” or “South Asian” in the United
Kingdom in contrast to “Asian” or possibly “white” in the United States.

There are limited data evaluating racial/ethnic differences in asthma outside the
United States. A recent survey indicated that many, but not all, asthma trials in the
United States include racial/ethnic data on study subjects, but this information is rarely
obtained in clinical studies from Europe (9). Because of racial/ethnic differences in
asthma severity and prevalence, lack of inclusion of such data may confound clinical
study results and comparisons. Some examples of the studies of minorities outside the
United States are summarized.

In Sweden, Hjern et al. evaluated pediatric hospital admission data regarding social
and ethnic factors. This study showed a lower prevalence of asthma admissions for
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children born outside of Western Europe, the United States, and Australia, as well as
for children born in Sweden to mothers born in Eastern and Southern Europe. The
authors suggested that ethnic differences in asthma prevalence may account for the dif-
ferences. In this study, socioeconomic factors of social welfare, single-parent house-
holds, and maternal smoking during pregnancy for children less than 3 yr old also
increased the risk for admission (/0).

An editorial and study regarding ethnic differences in asthma in the United Kingdom
concluded that asthma and asthma admissions may be more common in South Asians
(Indian subcontinent) but also that asthma may be underdiagnosed and undertreated in
this population. Possible cultural barriers may exist, as dissimilar results were noted in
asthma outcome for South Asians vs white Europeans despite similar medication and
asthma education and self-management training. There was no reduction in hospitaliza-
tions and use of rescue corticosteroids in the South Asians compared with white
Europeans, who did benefit. Possible effects, such as Westernized lifestyle and environ-
ment, as well as barriers, including cultural attitudes, communication problems, and
possible health professional and patient interaction issues were cited as possible rea-
sons in addition to potential intrinsic differences. The latter was considered unlikely
based on lack of evidence (/7). Similar confounding variables for racial/ethnic minori-
ties that have been studied or postulated in the United States are discussed in the section
on Factors in Racial/Ethnic Differences of Asthma.

Similar to US data on American Indians and Alaska natives, a Canadian study showed
an increased incidence in emergency (2.1 times higher) and office visits (1.6 times higher)
for asthma among aboriginals compared with nonaboriginals in a retrospective cohort
study in Alberta, Canada. Specialty care (55% less) and spirometry use (66% less) were
lower, however, suggesting barriers in access to quality care (12).

Differences have been noted in mortality asthma admission rate for Maoris and Pacific
Islander children compared to whites in New Zealand. However, the differences were
not believed to result from prevalence, genetic, or socioeconomic factors but rather differ-
ences in medical management, especially prescribing patterns by medical practitioners
(13). Differences in prescribing practices for minorities in the United States have been
noted and are discussed in “Factors in Racial/Ethnic Differences of Asthma.”

Recent reports from various countries involving different age and racial/ethnic
groups have shown conflicting results in changes in asthma prevalence. Some countries
have reported decreases, including Rome, Italy, Saskatchewan, Canada, Melbourne,
Australia, and Mexico. Others have reported increases, including Saudi Arabia, south
Australia, and Patras, Greece. Because of differences in asthma case definitions, survey
techniques, the survey time periods, and population characteristics studied, these and
other studies are not easily comparable (/4).

NATIONAL CENTER FOR HEALTH STATISTICS: ASTHMA
PREVALENCE, HEALTH CARE USE, AND MORTALITY, 2000-2001, 2002

Race/Ethnic Differences Within the United States

In the United States, ethnic differences have been noted in national survey data,
with significant differences in morbidity and mortality. Before 2002, limited data on
ethnic differences in asthma was available for US data other than for non-Hispanic
whites, non-Hispanic blacks, and Hispanics. In the Centers for Disease Control and
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Table 1
Estimated Annual Prevalence of Self-Reported Asthma (1980-1996) or an Episode of Asthma
or Asthma Attacks (1997-1999) during the Preceding 12 mo, by Race, Sex, and Age Group
(National Health Interview Survey—United States, 1980-1999)+%

1980 1985 1990 1995 1996 1997 1998 1999

Episode of asthma or

Self-reported asthma prevalence asthma attack during
during the preceding 12 mo the preceding 12 mo

Race*
White 31.4 37.0 41.5 54.5 53.6 40.5 37.5 37.6
Black 33.1 38.6 45.8 64.8 65.5 45.4 46.7 427
Other 19.94 12.84 40.2 44.4 43.2 347 33.7 38.9
Sex¢
Male 30.5 33.8 39.1 48.6 43.0 33.0 31.7 31.6
Female 31.9 38.9 44.2 61.1 65.5 479 444 44.5
Age Group (yr)
04 23.0 36.7 44.0 60.5 40.1 41.2 46.4 42.1
5-14 45.1 50.9 63.7 82.0 69.8 60.0 57.8 56.4
15-34 30.0 36.1 37.3 57.8 67.2 442 37.5 422
35-64 29.9 30.8 384 50.1 46.2 37.0 35.7 334
265 31.9 38.6 36.3 394 45.5 27.3 28.7 22.1
Total® 314 36.6 41.9 55.2 54.6 40.7 39.2 38.4

4Per 1000 population.

bAll relative standard errors are <30%, unless otherwise indicated.
¢Age-adjusted to 2000 US population.

dRelative standard error of the estimate is 30—50%: the estimate is unreliable.
(Adapted from ref. 15.)

Prevention surveillance for asthma in the United States, covering 1980-1999, signifi-
cant racial disparity for asthma in morbidity and mortality between blacks and whites
was evident. In this report, race data were indicated by white, black, and “other.”
Compared with the roughly similar differences in asthma prevalence, disproportionally
higher rates of asthma emergency department visits were noted for blacks compared
with whites. In addition, alarmingly higher rates of asthma hospitalizations and deaths
persisted for both blacks and “other” compared with whites during this time period.
The relative death rate for blacks compared with whites remained greater than 200%
during this period, ranging from 214% in 1980 to 274% in 1999 (see Tables 1-4).
Concerning these differences, the Centers for Disease Control and Prevention stated,
“The continued presence of substantial racial disparities in these asthma endpoints
highlights the need for continued surveillance and targeted interventions” (/15).

By 2002, more specific racial/ethnic data became available. The most recent available
National Health Interview Survey (NHIS) in the United States again indicated substan-
tial ethnic differences in prevalence, health use, and mortality (see Tables 5 and 6) (2,16).

In this most recent national data set, greater lifetime prevalence of asthma was noted
in non-Hispanic blacks (138/1000), 24% higher compared with non-Hispanic whites
(111/1000), and 66% higher than Hispanics (83/1000). American Indians were almost
as high as non-Hispanic blacks (133/1000). However, a difference within Hispanics in
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Table 2

Estimated Annual Rate of Emergency Department Visits for Asthma as the First-Listed
Diagnosis, by Race, Sex, and Age Group (National Hospital Ambulatory Medical Care
Survey— United States, 1992-1999)%4

1992 1995 1996 1997 1998 1999
Race*
White 43.7 46.9 54.6 57.7 58.2 59.4
Black 143.2 226.4 188.7 171.2 183.7 174.3
Other 49.34 56.2¢ 56.24 — 45.84 38.4
Sex¢
Male 51.7 54.4 71.9 59.5 66.7 68.6
Female 61.5 85.9 72.0 81.8 82.3 77.2
Age Group (yr)
04 153.0 131.2 172.6 177.8 170.2 141.8
5-14 80.6 85.8 94 .4 88.6 113.8 98.5
15-34 55.3 72.7 84.6 86.5 86.4 81.3
35-64 41.0 66.5 52.7 494 49.8 58.1
265 28.0 28.7 25.8 28.3 30.9 35.5
Total® 56.8 70.7 72.4 71.2 75.1 73.3

4Per 1000 population.

bAll relative standard errors are <30%, unless otherwise indicated.

¢Age-adjusted to 2000 US population.

dRelative standard error of the estimate is 30—50%: the estimate is unreliable.

¢Relative standard error of the estimate exceeds 50%.
(Adapted from ref. 75.)

Table 3

Estimated Annual Rate of Hospitalization for Asthma as the First-Listed Diagnosis, by Race,
Sex, and Age Group (National Hospital Discharge Survey—United States, 1980-1999)%%

1980 1985 1990 1995 1996 1997 1998 1999
Race*
White 15.6 15.8 12.6 11.8 10.9 11.9 10.1 10.6
Black 27.0 31.1 38.3 40.7 38.2 344 325 35.6
Other — 29.9 22.5 22.4 26.6 294 214 31.5
Sex¢
Male 17.4 17.4 15.6 16.1 14.8 15.3 12.5 14.1
Female 20.3 22.2 22.1 22.4 20.6 204 18.4 20.6
Age Group (yr)
04 37.3 47.8 55.6 62.6 60.2 63.9 473 55.4
5-14 18.1 17.3 18.5 25.0 21.3 24.1 19.6 21.5
15-34 8.5 9.7 9.4 10.2 9.4 9.1 7.3 10.1
35-64 18.9 18.6 15.5 15.0 15.2 13.7 13.9 13.4
265 32.8 344 33.0 23.5 17.7 19.3 17.8 21.1
Total® 19.0 19.7 19.2 19.5 17.9 18.1 15.7 17.6

“Per 1000 population.

bAll relative standard errors are <30%, unless otherwise indicated.

¢Age-adjusted to 2000 US population.
dRelative standard error of the estimate exceeds 50%.
(Adapted from ref. 15.)
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Table 4
Annual Rate of Deaths with Asthma as the Underlying Cause of Death Diagnosis, by Race, Sex,
and Age Group (Underlying Cause of Death Data Set—United States, 1980-1 999)4b

1980¢ 1985 1990 1995 1996 1997 1998 19994

Race*

White 12.9 15.6 17.5 18.8 18.1 17.4 17.0 14.2
Black 27.6 34.8 40.9 46.2 48.0 42.5 44.7 38.7
Other 13.5 16.9 23.6 23.3 27.6 26.6 22.7 20.4
Sex®

Male 14.7 15.9 17.8 17.9 17.7 16.6 16.5 13.1
Female 14.4 19.2 22.1 25.1 25.0 23.7 23.3 20.4
Age Group (yr)

04 1.8 1.5 2.0 1.8 2.3 1.9 2.1 1.7
5-14 1.9 2.9 3.2 4.0 4.6 34 3.8 3.6
15-34 3.0 4.2 5.0 6.7 6.5 6.1 6.4 59
35-64 14.0 17.7 18.8 20.6 20.3 19.0 17.8 15.8
>65 61.8 72.5 87.0 90.8 90.3 86.7 86.9 69.9
Total® 144 17.7 20.2 21.9 21.8 20.6 20.3 17.2

“Per 1 million population.

bAll relative standard errors are <30%.

“Code 493 from World Health Organization. Manual of the international statistical classification of
diseases, injuries, and causes of death. Ninth revision Geneva, Switzerland: World Health Organization. 1977.

dCodes J45-J46 from World Health Organization. Manual of the international statistical classification of
diseases, injuries, and causes of death. Tenth revision Geneva, Switzerland: World Health Organization. 1999.

¢Age-adjusted to the 2000 US population.

(Adapted from ref. 15.)

the United States was noted. Puerto Ricans had the highest overall rate (196/1000)
among Hispanics—indeed among all ethnic groups—in comparison with Mexicans,
who had the lowest rate (61/1000). Thus, group racial/ethnic categorization of
“Hispanics” would have obscured these prominent differences (see Fig. 3).

Current asthma prevalence revealed a similar greater prevalence in racial/ethnic
minorities. Puerto Ricans were 80% higher, whereas non-Hispanic blacks and American
Indians were 30% higher compared with non-Hispanic whites. On the other hand,
Mexicans were 50% less than non-Hispanic whites. Overall Hispanic rates again
masked the significant difference for Puerto Ricans (see Fig. 4).

Higher asthma-attack rates were found among minorities, often greater in proportion
to prevalence data. American Indians were approx 10% higher, non-Hispanic blacks
approx 30% higher, and Puerto Ricans 100% higher compared with non-Hispanic
whites. The lowest rate was found among Mexicans, who were approx 50% lower than
non-Hispanic whites (see Fig. 5).

Because of less race/ethnic data for health care use, little specific data is available
for outpatient health care use. Blacks, however, were noted with disproportionately
higher rates of asthma morbidity. Blacks experienced the significantly higher rates of
380% greater for asthma emergency department visits and 225% greater for hospital-
izations, compared with whites (see Figs. 6 and 7). Disturbingly, the trend of more than
200% more asthma deaths of blacks compared with whites has continued based on the
latest national data from 2002 (Fig. 8; ref. 2).
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Fig. 3. Prevalence of lifetime asthma diagnosis per 1000 population, 2002. *Age adjusted to 2000
population. (Adapted from ref. 2.)
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Fig. 4. Current asthma prevalence per 1000 population, 2002. *Age adjusted to 2000 population. NH,
non-Hispanic. (Adapted from ref. 2.)
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Fig. 5. Asthma attack prevalence per 1000 population, 2002. *Age adjusted to 2000 population. NH,
non-Hispanic. (Adapted from ref. 2.)
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Fig. 6. Asthma emergency department visits per 10,000 population, 2002. Hispanic ethnicity not
available; estimates for racial categories include both Hispanic and non-Hispanic persons. *Age
adjusted to 2000 population. (Adapted from ref. 2.)
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Fig. 7. Asthma hospitalizations per 10,000 population, 2002. Hispanic ethnicity not available; esti-
mates for racial categories include both Hispanic and non-Hispanic persons. *Age adjusted to 2000
population. (Adapted from ref. 2.)

SPECIFIC ETHNIC DATA: ASTHMA IN CALIFORNIA

The 2001 California Health Interview Survey (CHIS) was a recent large study to
assess the health and access to health care in California. It is the largest health survey
ever conducted in any state and one of the largest surveys ever conducted in the United
States. CHIS randomly selected a total of 55,428 households from every county in
California, with interviews available in six languages. It covered a range of health con-
cerns, including health status and conditions, health-related behaviors, health insurance
coverage, and access to health care services. More specific ethnic data were collected
in this survey, which is the largest, most complete database on specific asthma rates
among different ethnic groups. Data from this survey included prevalence, access to
care, emergency department use, hospitalizations, and frequent asthma symptoms.
Statistically significant differences were frequently noted.
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Fig. 8. Asthma deaths per 100,000 population, 2002. *Age adjusted to 2000 population. (Adapted
from ref. 2.)

EXHIBIT 3. LIFETIME ASTHMA PREVALENCE BY RACE/ETHNICITY, CALIFORNIA, 2001

30%
Children Ages 1-17 255

25% 1 M Adults Ages 18 and over :
20%
15% L 14 3
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5% | I I

0%

White Latino Asian African AIAN NHOPI

American

Mote:  Amencan Indian and Alaska Native is abbreviated AIAN. Native Hawaiian
and other Pacific Islander is abbreviated NHOPI.

Source: 2001 California Health Interview Survey

Fig. 9. Lifetime asthma prevalence by race/ethnicity in California, 2001 (Adapted with permission
from ref. 17.)

Lifetime asthma prevalence was statistically significantly higher among blacks
(21.1% of children ages 1-17 yr and 16.2% of adults) and even greater for American
Indians and Alaska Natives (25.5% of children, 20.8% of adults) compared with whites,
Latinos, and Asians. Although higher rates were noted in Native Hawaiian and other
Pacific Islanders (22.3% of children and 20.8% of adults), these differences were not
statistically significant compared with whites (see Fig. 9).

Although Latinos had lower rates in the CHIS (/8), there are significant differences
among Latino ethnic groups, expanding on the US data regarding Puerto Ricans and
Mexicans in the National Center for Health Statistics (NCHS) report noted above (ref. 2;
Figs. 3-5). Puerto Ricans (18.9% prevalence for all ages) and South Americans (12.7%)
were noted, with significantly higher prevalence in comparison with other Latino sub-
groups, including Mexicans, Salvadorans, Guatemalans, and Central Americans (see
Fig. 10). The increased prevalence among Puerto Ricans was also indicated by the
Behavioral Risk Factor Surveillance System survey, with the highest lifetime prevalence
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EXHIBIT 4. LIFETIME ASTHMA PREVALENCE BY LATINO ETHNIC GROUPS, ALL AGES, CALIFORNIA, 2001
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Source: 2001 Calfornia Health Interview Survey

Fig. 10. Lifetime asthma prevalence by Latino ethnic groups, all ages in California, 2001. (Adapted
with permission from ref. /7.)

of 15.9% in Puerto Rico among the United States, District of Columbia, Guam, Puerto
Rico, and the Virgin Islands. (Louisiana had the lowest prevalence of 8.0% in this
survey) (15). Furthermore, the Genetics of Asthma in Latino Americans Study revealed
that Puerto Ricans with asthma have lower lung function and lower responsiveness to
-2 agonist bronchodilators, as well as earlier onset of asthma and greater health care
use (18). The overall low prevalence of asthma among Latinos in California is believed
to most likely result from the fact that 75% of Latinos in California are of Mexican
heritage. Thus, both the CHIS and the NCHS reports indicate that overall Hispanic data
masks important differences among the Hispanic groups.

Similarly, heterogeneous differences were seen among Asian American subgroups in
California. Japanese and Filipinos had significantly higher prevalence compared with
Chinese, Vietnamese, Koreans, Cambodians, or South Asians (see Fig. 11).

The authors of this University of California Los Angeles study cautioned that several
issues may affect the data on prevalence among the different ethnic subgroups. The
variations may result from differences in the likelihood of a diagnosis of asthma rather
than actual asthma prevalence. These include potential differences in financial or geo-
graphic access to health care, parents’ health care-seeking behaviors, and physician
practice patterns. Thus, populations with higher poverty, no insurance, or underinsur-
ance may have underestimated prevalence rates. The authors also pointed out that recent
immigrants have significant barriers to care because of the additional issues of language,
acculturation, and immigration status. Because proportions of the newer immigrants to
California are higher among some of the Latino and Asian American populations, the
potential for underdiagnosis and lower understanding of asthma when diagnosed is
greater.

Racial and ethnic differences were also seen in use of the emergency room for asthma.
Black and Latino adults and Latino children were noted with statistically significant
higher rates of emergency room use compared with whites (see Fig. 12). There were
also increased trends noted in hospitalizations, but the differences were not statistically
significant. Thus, the 2001 CHIS revealed a significant disparity in asthma burden in
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EXHIBIT 5. LIFETIME ASTHMA PREVALENCE BY ASIAN ETHNIC GROUPS, ALL AGES, CALIFORNIA, 2001
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Fig. 11. Lifetime asthma prevalence by Asian ethnic groups, all ages in California, 2001. (Adapted
with permission from ref. /7.)

EXHIBIT 21. PERCENT REPORTING AT LEAST ONE EMERGENCY DEPARTMENT VISIT DUE TO ASTHMA IN THE
PAST YEAR BY RACE/ETHNICITY, CHILDREN AND ADULTS WITH ASTHMA, CALIFORNIA, 2001
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and other Pacific Islanders were too small to produce a reliable estimate
of emergency department visits for adults or children. The number of
Asian children was too small to produce a reliable estimate.

Fig. 12. Percent reporting at least one emergency department visit owing to asthma in the past year
by race/ethnicity, children and adults with asthma in California, 2001. (Adapted with permission
from ref. 17.)

racial/ethnic minority groups, especially among American Indian/Alaska Natives,
blacks, Native Hawaiian and other Pacific Islanders, Puerto Ricans, and South
Americans (/7).

FACTORS IN ASTHMA RACIAL/ETHNIC DISPARITIES

Underuse of inhaled corticosteroids (ICS) in racial/ethnic minorities has been noted in
several studies. A prospective, Multicenter Airway Research Collaboration emergency
room study evaluated racial/ethnic differences in asthma severity and management in
children. This study found similar acute severity, emergency department (ED) manage-
ment care, and course, including similar hospitalization rates and rate of persistent
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symptoms and relapse 2 wk after discharge, for blacks, Hispanics, and whites. However,
despite a history of more severe chronic asthma in minorities, including past hospitaliza-
tions and ED rates, the prescription rate of ICS was similar, rather than increased, for
minority patients leaving the ED. The authors noted that other outpatient studies have
shown similar deficits in preventive asthma prescription use among patients who have
asthma and are members of minority groups. This is important because minorities often
use the ED as a point of care. Data are limited about whether this deficit of ICS use in
minorities results from discrepancies in prescribing or lack of filling the prescription.
This study indicated that lack of prescribing was prevalent by ED physicians. The
explanation for this pattern is unclear and may relate to assumption for chronic care by
the primary care provider, unfamiliarity with controller medications, and/or perceptions
of cost (19).

In a similar prospective study in adults by the Multicenter Airway Research
Collaboration, significant racial/ethnic differences were seen in Hispanics and blacks
with greater chronic asthma severity and lower initial peak expiratory flow rate at pres-
entation to the ED and worse postdischarge outcomes. Similar ED management was
noted for different racial/ethnic groups. Socioeconomic status accounted for much of
the differences in the severity of asthma severity. However, after adjustment for sociode-
mographic factors, persistent differences were noted in asthma hospitalization, with
Hispanics and blacks more than twice as likely to be admitted to hospital compared
with whites in this adult study in contrast to the pediatric study. As in the pediatric
study, ED discharge medication prescription of controller medications did not differ,
despite the increased chronic severity in Hispanics and blacks (20).

Allergy has been previously noted as a major risk factor for asthma. Racial/ethnic
differences in allergic disease experience exist for both children and adults. For example,
in a large study of adults, Asians have a higher risk of atopic conditions (including
asthma with hay fever) compared with whites, whereas blacks have greater nonatopic
asthma. This difference for Asians has also been noted in the United Kingdom and
Australia. Study data suggest that nongenetic conditions, such as social and/or environ-
mental factors and possibly acculturation, may be important in determining risk of
asthma and atopy in different immigrating groups (/4,21).

The importance of environmental factors has been further suggested in considering
the possible reason for increased prevalence of asthma noted in a recent analysis of US-
born compared to Mexican-born Mexican Americans (7% [SE 0.5] vs 3% [SE 0.3]) in
the Third National Health and Nutrition Examination Survey, 1988-1994 (NHANES
IIT) and the NHIS for 1997-2001 (8.1% [0.4] vs 2.5% [0.2]). Residency duration in the
United States was also associated with increased asthma prevalence, further implicat-
ing possible gene—environmental interactions as a risk factor for asthma (22).

There is also an outpatient clinic prescription discrepancy for different racial/ethnic
groups. Controlling for multiple measures of sociodemographic variables, a cross-
sectional study of different health plans found worse asthma status, based on direct parent
report, and less use of preventive asthma medications for black and Latino compared
with white children. This difference occurred within the same managed Medicaid pop-
ulations so that financial access to health care was equal, including prescription cover-
age. In this study, the disparity in preventive medication use was also found even when
severity of asthma status was adjusted. Processes of asthma care, such as use of preven-
tive visits and specialists, written management plans, having no pets or smokers in the
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home, and ratings of providers and asthma care, were equal or better for minority com-
pared with white children. Nonfinancial barriers to use of preventive therapy exist for
minorities and were seen in this study in each of the five health plans in three different
states. Other studies have also found persistent racial/ethnic disparities in asthma care
in adults within the same managed care. Thus, these and other studies indicate that tar-
geting and increasing the use of preventive medications in minority populations would
be important in helping to reduce racial/ethnic disparity in asthma (23).

Many studies have indicated that low socioeconomic status (SES) is an independent
and important variable for poor asthma management and outcomes (79,20,24,25). SES
as a variable is complex. It has been suggested that SES be conceptualized as a chronic,
multidimensional rather than an acute, one-dimensional state (/9). Comparing studies
based on SES and various corrections for asthma risk factors is often difficult because
of the different measures used. For example, annual household income, average life-
time income, poverty status, type of insurance and Medicaid status, parental education,
single-parent family, number of children, urban residence, presence of health behaviors
(such as presence of smokers and lack of prenatal care), and patient variables (such as
allergy, obesity, history of bronchiolitis, and prematurity) are among the various vari-
ables often used but not comparable among studies. In addition, underdiagnosis of
asthma, differences in perception of and response to symptoms, lower ratings of health
care, and lower response rates in studies of impoverished and minority populations are
limitations of studies in these populations (23,24,26,27).

Low socioeconomic level and race/ethnicity are intertwined and intricate variables.
There are conflicting results on increased asthma prevalence in minorities when adjusted
for SES. A few studies have suggested that SES differences may even account for most,
if not all, of the race-/ethnicity-associated differences in asthma. For example,
Weitzman et al. previously evaluated national data from the 1981 NHIS and found that
the increased prevalence of asthma in black children and poor children was accounted
for by several social and environmental characteristics, such as maternal smoking, low
birth-weight, large family, smaller home size, and young maternal age (28). In another
example, in a cross-sectional analysis in Boston, income, area of residence, and level of
education accounted for a large proportion of the increased prevalence differences for
blacks and Hispanics, although the incidence of Hispanics was small in this study (29).

On the other hand, many other studies have shown a still increased prevalence when
socioeconomic factors are controlled. In addition, other studies, discussed in Chapter 1,
have shown that higher SES may be a risk factor for asthma owing to the “hygiene
hypothesis.” Low SES and asthma have been associated in a number of studies within
the United States and outside the United States. These studies, when controlling for
various measures of SES, have shown still increased prevalence for black and Hispanic
children for multiple asthma morbidities. These include higher prevalence, more severe
symptoms, suboptimal asthma care, increased emergency department use, and increased
hospitalizations (/9-21,23,24,26,30).

Some studies have indicated that low SES is an independent variable of race/ethnicity
with regard to asthma mortality. However, the effect of race/ethnicity is greater than
that of SES. Grant et al. evaluated this from the National Center for Health Statistics
for 1991-1996. For both blacks and whites, lower asthma mortality occurs when
socioeconomic status and educational level increase. However, mortality among
blacks is still greater than it is in whites in all socioeconomic levels. Thus, for example,
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for persons aged 5-34 yr during 1991-1996, the mortality rate among blacks com-
pared to whites in the highest quintile for median income was nearly 400% greater,
1.29 vs 0.26/100,000, and almost 200% greater in the lowest quintile for median
income, 1.52 vs 0.51, for blacks compared with whites. Also, there was a racial disparity
despite comparable education. Mortality rates from asthma were greater for blacks vs
whites throughout educational levels, with a rate of 1.50 vs 0.26/100,000 in the highest
quintile and 1.86 vs 0.48 for the lowest quintile for educational level. In addition to
increased mortality, epidemiological data indicate that after correction for socioeco-
nomic and environmental factors, racial/ethnic differences still remain for asthma hos-
pitalizations (25).

For many minorities, coexistent low SES is an important comorbidity affecting asthma
outcomes. Several factors that are increased with low SES contribute to this burden.
These include decreased access to health care, including lack of insurance, limited
access to health care providers, lack of transportation to health care facilities, poor
access to support groups, and inability to afford medications.

All racial/ethnic groups have lower rates of employment-based insurance and higher
uninsured rates compared with non-Latino whites. Latinos have the highest uninsured
rates. Low education and income, as well as lack of citizenship, are significant con-
tributing factors for Latinos. There is a range among Asian Americans and Pacific
Islanders in education, income, immigration status, and insurance. First- and second-
generation Koreans and Southeast Asians have poor health insurance coverage. As a
result of low income, low rates of job-based insurance, and declines in Medicaid cover-
age, almost one in four nonelderly blacks is not insured. Data are limited on American
Indians and Alaskan Natives, but these groups do encounter limited coverage by Indian
Health Service and low rates of job-based insurance coverage. Thus, many minorities
face barriers to health care because of lack of insurance, which contributes to the
disparity in health status (31).

Another effect of low SES is inadequate medical care, including underdiagnosis
or improper diagnosis, primary care physicians who are less well trained, lack of
asthma severity recognition, and underprescription of controller medications. There
are also increased contributing factors including obesity, low birth-weight, prematu-
rity, and increased upper respiratory tract infections for those living in poverty.
Inadequate asthma education has also been found, including lack of understanding
of pathophysiology, lack of appreciation about the importance of early intervention,
overuse and inappropriate use of asthma medications, and poor adherence to treat-
ment plans. Low levels of literacy and education also affect understanding and
adherence.

Attitude correlates strongly with adherence, such as belief in the benefits and less
fear of adverse effects of ICS. However, modifiable barriers, such as knowledge, com-
munication, depression, self-efficacy, and support did not affect the race/ethnicity effect
on adherence in a recent study on adults with asthma. Instead, immutable factors, such
as income, education, having commercial insurance, and recent symptoms, affected
adherence. This study has implications for understanding barriers to adherence for
providers and health care delivery systems (32).

Furthermore, for families living in poverty, psychosocial dysfunction of patient and
family have been noted, including increased depression, mood and anxiety disorders,
hopelessness and despair, stress from exposure to crime and violence, and illicit drug
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use. Mental health problems of caretakers and children have been associated with
increased asthma hospitalizations and symptoms. Lack of social support occurs with
single-parent families, young mothers, social isolation of caregivers, and lack of child
care resources. In addition, there is increased exposure to indoor and outdoor environ-
mental exacerbants, including allergens, such as cockroaches, molds, dust mites, and
air pollution and environmental tobacco smoke (ETS). Finally, deprived living condi-
tions exist with overcrowded living conditions, substandard housing, and dilapidated
physical environment. Indeed, studies have indicated that asthma status and severity
had no difference in measurements of quality of life in young urban children, indicat-
ing that other factors, such as the social and emotional milieu, are important in under-
standing the adaptation and functioning to a chronic disease, such as asthma, within the
context of low SES. Thus, numerous coexisting factors further affect and complicate
the burden of asthma in racial/ethnic minorities (24,33-36).

INTERVENTION STRATEGIES

As a result of the environmental exposures in urban settings, inner-city inhabitants
with asthma are exposed to multiple indoor allergens and irritants, such as cockroach,
fungi, dust mites, rat, mice, cat and dog danders, and ETS. It has been demonstrated
that most inner-city children with moderate to severe asthma are sensitized to multiple
indoor allergens. The Inner-City Asthma Study Group evaluated a multifaceted, home-
based, environmental 1-yr intervention for urban children with asthma. The interven-
tion was individualized and comprehensive. A successful reduction in allergen burden
was achieved, which included an approach based on social learning theory. This reduc-
tion was remarkable, in contrast to previous studies, which often targeted only one
allergen or environmental factor, such as cockroach or ETS. The success of this study’s
approach emphasizes the importance of the intervention strategy, especially in such a
high-risk population. Furthermore, the reductions achieved were associated with
reduced asthma morbidity. Affected outcomes included improvements with decreases
of asthma morbidities, including days of symptoms, unscheduled asthma-related visits,
disruption of caretaker’s plans, caretaker’s and child’s lost sleep, and school days missed.
Continued improvement, compared to the control group, was noted in days of symp-
toms and caretaker sleep loss in the follow-up year after intervention (37).

Thus, environmental risk factor reduction can be a successful strategy to reduce asthma
complications in high-risk, inner-city patients, who are mostly minorities, with asthma. In
addition, the National Cooperative Inner-City Asthma Study multifaceted intervention pro-
gram has been analyzed to be cost-effective when compared with usual care (38).

Other intervention strategies and models have been evaluated, especially in urban,
low-income minorities. Improvement in diagnosis has resulted from use of a novel
asthma questionnaire to detect presence of asthma in a multicultural inner-city population
(39). Improvements in access to specialty care, including ongoing access and provision
of comprehensive asthma care plans, have resulted in reduced acute care, hospitaliza-
tions, and increased preventative care with possible cost reductions. Another strategy
involves acute care. Standardization and centralization of acute asthma care have result-
ed in reduced length of stay in EDs and hospitals. Facilitation of transition from acute
to outpatient care for optimal preventive care has resulted in reduced ED and inpatient
readmission rates.
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Strategies for improving patient and family education (such as the Inner-City Asthma
Study group), and involving coordination of care, assistance with allergen reduction,
and/or monitoring of self-management care practices have resulted in fewer sympto-
matic days, reduced hospitalizations, possible reduction of acute care visits, and
improved environmental control measures. Community-based interventions to affect
behavior changes and improved asthma management, as well as improved education,
have been successful in reaching high-risk, low-income minority populations and
affecting asthma management with potential reduction in acute care rates in more active
participants (24,40).

Finally, culturally competent strategies can be effective in helping to reduce the dis-
parity of asthma in racial/ethnic groups. This is discussed in the section entitled,
Culturally Competent Care.

GENETICS

Research by the Collaborative Study for the Genetics of Asthma has shown hetero-
geneity or different frequencies of polymorphisms in asthma gene markers among ethnic
groups. These differences may contribute to susceptibility on a genetic basis to asthma
among different race/ethnic groups. Asthma-susceptibility genes with different ethnic
frequencies have been found, with the strongest evidence for 6p21 in European
Americans, 11921 in Blacks, and 1p32 in Hispanic Americans. Also, allergic response
markers on chromosomes 10p, 11q, 17q, and 20p with complex gene interactions have
been identified, although ethnic variability is unclear. However, this work is preliminary
and different studies have often yielded conflicting data. Questions remain regarding
the degree of heterogeneity, gene—gene interactions, and gene—environment interactions
for different race/ethnic groups (4/—43).

Recent research in pharmocogenetics has shown differences that may help explain
asthma differences among minority populations. For example, blacks have been noted
with diminished T-lymphocyte response to glucocorticoids (44). Between Puerto Ricans
and Mexicans, pharmacogenetic differences in response to albuterol have been shown
(45). Thus, genetic polymorphisms in drug receptors may help explain phenotypic dif-
ferences in asthma variability among different racial/ethnic populations (46).

CULTURALLY COMPETENT CARE

In addition to such factors as SES, many racial/ethnic minority populations face
unique health care barriers. These include language and communication, limited access
to understandable information, different customs, taboos, folk beliefs, religious con-
cepts, and varied responsibility for health care. Because effective communication,
understanding, and, therefore, treatment can be affected, these factors are often associ-
ated with poorer health outcomes. To help overcome these factors, health care delivery
systems and providers must avoid medical ethnocentrism and develop awareness,
understanding, and acceptance of racial and ethnic differences to be more effective
health care providers for diverse populations.

Developing an appreciation of such factors as different perceptions and beliefs of,
for example, the role of foods and supplements, illness, disease, healing, curing, death,
and who is responsible for medical decisions, is an important step in developing an
effective medical partnership with a patient and family. Appropriate and sensitive attitudes,
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behaviors, and policies are vital for effective, cross-culturally appropriate, and effective
healthcare delivery. Some examples of asthma-specific culturally competent care are men-
tioned. Further details are available in the review by George and general information in
numerous textbooks on this topic (47,48, and selected books in culturally competent care).

An example of a health care barrier is communication not only because of language
but also the specific expressions used for the condition being assessed. For example,
the language and perception of and response to breathlessness and its management vary
among racial/ethnic groups. Some of the differences are summarized in Table 7. For
example, in a study evaluating description of airway obstruction by induced bron-
choconstriction, blacks reported symptoms of breathing discomfort with upper airway
descriptors. A Puerto Rican relative may be noted to fan or blow on a patient in the
belief of providing oxygen or relief of dyspnea. A tea from alligators’ tail, snails, or
Savila plant leaf may also be offered to improve or heal asthma-related dyspnea in the
cultural context of a Puerto Rican family. Having a clear, understandable, and a cultur-
ally sensitive dialog between patient and health care provider is required for more
effective symptom assessment, monitoring, and management (48,49).

Many cultures use medicinal teas and herb supplements. Awareness and asking about
these may elicit information about different patients’ beliefs. This may lead to a better
acceptance and understanding of the role of prescription medications. In addition, effec-
tive communication may elicit information on potentially harmful therapies being used,
such as use of ginseng, which can cause bronchoconstriction, or royal jelly (bee saliva
and pollen), which can lead to anaphylaxis in patients with bee allergies.

Awareness of religious beliefs, such as possible abstinence of oral and inhaled med-
ications during the fasting month of Ramadan for Muslims, may help the provider and
patient arrive at a more effective, alternative treatment program. In addition, there are
several cultural beliefs regarding body function, such as the “hot—cold” theory of health
and disease and the “cleansing model” of body function. The cleansing model believes
in the role of sputum production, coughing, sneezing, and rhinorrhea as natural cleansing
mechanisms. Consequently, believers feel that agents that may decrease mucous
drainage, such as ICS and antihistamines, may be counterproductive. Asians,
Islamic, East Asians, and Latinos perceive asthma as a “cold” disease. Puerto Rican
mothers have been reported to dress their children and heat their homes warmly in an
attempt to treat this “cold” disease. In addition, other home-based remedies commonly
used in Puerto Rican communities for asthma exacerbations might include rubbing the
chest and back, use of Vicks VapoRub® or alcanfor (camphor rubs), having the child
rest and kept calm, the administration of fluids, and prayer (50). Awareness of the
belief in this humoral, “hot—cold,” theory may then help the provider to avoid use of an
inhaler with a “cold” blue casing and prescribe one with a “warm” orange casing
instead. Thus, sensitivity to the issues of alternative health viewpoints should improve
understanding and communication and allow for a more culturally consistent and
acceptable medical care plan.

A recent systematic review of the effectiveness of interventions designed to improve the
quality of healthcare in racial or ethnic minorities showed evidence that such interventions
are effective (57). A specific prospective cohort study in childhood asthma in five health
plans revealed that certain policies could predict higher quality of care for children with
asthma in managed Medicaid. Improvements were noted in decreased underprescription of
preventive medication, parental ratings of care, and asthma physical status. The policies
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Table 7
Dyspnea: Description and Symptom Management in Different Racial/Ethnic Groups

* African Americans: Descriptors—tight throat, scared-agitated, voice tight, itchy throat,
tough breath; “difficulty catching breath”; acceptance of oxygen and/or opiates to control
dyspnea if explained (fear of addiction is strong).

* American Indian: Calmly offer reassurance and inquire about the character of dyspnea.
Listen for such subtleties of expression as, “The air is heavy; the air’s not right,” which
may be complaints of dyspnea.

* Arab Americans: (Deeket nafas) Panic attached to being unable to breathe. Tend to hyper-
ventilate. Need careful coaching about meaning of oxygenation, associated with severity
and urgency of situation. May panic more.

* Brazilians: (Falta de ar—Ilack of air) Attributed to both emotional and physical causes.
Generally accept oxygen.

* Cambodians: Anxious if cannot breathe. Some Khmer have died from sudden unexpected
nocturnal death syndrome (SUNDS), inability to breathe plus cardiac symptoms.

* Central Americans: Anxious when dyspneic. Use of oxygen or other “high-tech” interven-
tions viewed as sign of increasing gravity of illness.

* Chinese Americans: Caused by too much Yin. Some patients will treat with hot
soups/broths and wear warm clothes.

¢ Columbians: To be without air or unable to breathe. Quedarse sin aire or no poder respi-
rar are common expressions of dyspnea. Patient/relatives may be anxious when this hap-
pens. Oxygen accepted and expected when this occurs.

* Cubans: (Corto de aire—short of breath) May become expressive during dyspnea.
Understand numerical scale. Easy acceptance of oxygen. Nonpharmacological methods
for controlling dyspnea useful.

* Ethiopians and Eritreans: Will hyperventilate and panic. Family members also panic and
hover over the sick person. Will use oxygen; however, need reassurance because using
oxygen and any other major intervention is associated with gravity of disease. Also
explain to family members the necessity for oxygen, because their panic increases
patient’s anxiety level.

* Filipinos: (Hindi makahinga—can’t breathe) Get frantic when dyspneic. Will hyperventi-
late. Will use oxygen after some explanation. Some will be more anxious about using oxy-
gen, associating its use with increasing gravity of disease.

» Gypsies: Prone to excitement and hyperventilation. Use of oxygen usually accepted but general
fear of anesthesia (referred to as “little death”). Oxygen mask may be mistaken for anesthesia.

» Haitians: A primary respiratory ailment is oppression, a term used to describe asthma but
includes more than asthma. Describes a state of anxiety and hyperventilation instead of
asthma. Oppression considered a “cold” state, as are many respiratory conditions. Patient
will say M ap toufe or mwen pa ka respire. Oxygen should be offered only when absolute-
ly necessary because use of oxygen is associated with seriousness of disease.

* Hmong: Lung disease common among older Hmong, and considerable lung disease is
noted in opium smokers. This is accepted as part of life, and rarely complained about.

¢ Iranians: Will be anxious during this time. Will accept medication of any nature and oxy-
gen to control the state and to relieve accompanying fear. Give hope to patient and family
that symptom of dyspnea can be controlled to a degree.

» Japanese Americans: Can’t breathe. Will accept oxygen.

» Koreans: Soomi cham-nida means shortness of breath or dyspnea. Will be worried and try
to breathe faster and deeper; oxygen may not be welcomed because of fear of progressive
disease or worsening of condition.

* Mexican-Americans: Tendency to feel that something is wrong if oxygen required.

(Continued)
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Table 7 (Continued)

* Puerto Ricans: Asfixiado—word describing shortness of breath. Fanning or blowing into
patient believed to provide oxygen or relieve dyspnea. Tea from alligator’s tail, snails, or
Savila (plant leaf) believed to improve/heal dyspnea-related illnesses, such as asthma and
congestive heart failure.

» Russians: Odishka (dyspnea) May get anxious because of language barrier. Will accept
oxygen.

* Samoans: Fa’afaufau (fah ah fow)/fa’asuati (fah ah soo ah tee)—trouble with breathing.
Oxygen can be given after explanation of procedure. Shortness of breath may cause
anxiety.

* South Asians: Sans Ukhma describes breathlessness. May get anxious and hyperventilate
because dyspnea is also considered sign of death. Will accept oxygen with some explana-
tion. Must be approached calmly. Some may use home remedies, such as licorice and gin-
ger tea.

* Vietnamese: Khotho —difficulty in breathing. Patient’s family will report more than
patient. Will get anxious and begin to hyperventilate. Offer oxygen and reassure.

* West Indians: Viewed as serious medical condition, generally associated with asthma, for
which conventional medical help will be sought. Will accept use of oxygen and opioids to
control dyspnea and, if asked, will express discomfort experienced in breathing, using
words to describe discomfort level.

* Whites: Descriptors—deep breaths, light headed, out of air, aware of breathing, hurts to
breathe.

Adapted from refs. 48 and 49.

included promotions of cultural competence, asthma reports to clinicians, and access and
continuity. Cultural-competence policies evaluated in this study included recruitment of
ethnically diverse or bilingual nurses and providers, attempts to minimize cultural barriers
through printed materials, provision of cross-cultural or diversity training, and training in
communication skills. In addition, communication-related practices, such as access to
interpreters and low-literacy health education materials, were also assessed (52).

Thus, culturally competent strategies can be effective in helping to reduce the dis-
parity in asthma health care and outcomes in racial/ethnic minorities. These strategies
must include improvement over barriers to effective communication, understanding
and acceptance of patients’ health beliefs, and more effective approaches to improve-
ment in treatment adherence.

CONCLUSIONS

There are disparities in the health and health care of minorities. One of the goals of
the Department of Health and Human Services’ national health agenda, Healthy People
2010, is the reduction and elimination of health disparities in asthma through: “critical
new understanding of approaches to treating minority and economically disadvantaged
populations” (3,4).

The reasons for racial/ethnic differences in increased asthma morbidity and mortality
are complex. Furthermore, the association of racial/ethnic minorities with low SES is
intricate. The associated risk factors of low SES contribute to asthma morbidity and
mortality. They include limited access to medical care, inadequate care, increased
comorbid conditions, inadequate asthma education, low level of literacy, lack of social
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support, increased environmental triggers, poor living conditions, and psychosocial
dysfunction. Additional factors may include asthma genome differences and poten-
tial differences in gene—gene—environment interactions, such as with infections and
allergens, which may vary among racial/ethnic groups. Other reasons for disparity in
asthma outcomes include language and cultural differences and consequent miscom-
munication, mistrust, and less effective care. Also, unintentional or conscious racism
by providers may contribute to disparities in asthma health care (19,53).

These asthma disparities have significant direct and indirect economic, as well as soci-
etal, costs and represent an important challenge. Research on the effects of specific geno-
types, gene—environment interactions, environmental exposures, health care quality
improvement, symptom perception and adherence, different responses to therapy, and
culturally competent care will undoubtedly lead to better understanding and treatment for
different racial/ethnic minority groups. Understanding the reasons for these disparities
may and should lead to more specific recommendations for improved prevention, disease
modification, greater specificity in treatment with pharmocogenetics, and improved man-
agement of all persons with asthma. A comprehensive approach by government,
researchers, health care providers and organizations, pharmaceutical companies, commu-
nity and racial/ethnic organizations, and patients is necessary to be successful in over-
coming the disproportional burden of asthma. Improved health care access, culturally
appropriate communication and interventions, adequate education and empowerment,
and improvement of living conditions within the context of a supportive community envi-
ronment can lead to meeting the challenge and goal of reduction of the asthma disparity
suffered by racial and ethnic minorities, as well as low-income and uninsured groups.
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* http://www.medlineplus.gov/esp/
MEDLINEplus: NIH’s National Library of Medicine (NLM) offers MEDLINEplus,
the Spanish-language companion health Web site to NLM’s MEDLINE, which pro-
vides authoritative, full-text medical resources.

* http://www.cdc.gov/asthma/spanish/sp_fags.htm
Center for Disease Control and Prevention Asthma website and direct link to “Basic
Asthma Facts” in Spanish.

* http://www.healthfinder.gov/espanol/
Healthfinder en Espafiol: This Spanish-language Web site helps consumers access reli-
able information quickly and easily on the Internet.

* http://www.sunyit.edu/library/html/culturedmed/foreign/
Foreign language health materials compilation by the SUNY Institute of Technology.

* http://medstat.med.utah.edu/24languages
The 24 Languages Project, funded by the NLM, in partnership with the Utah
Department of Health and many others, to improve access to health materials in multi-
ple languages.

* http://www.healthtranslations.vic.gov.au/
This is the web link for the Health Translations Online Directory from the Department
of Health Resources, State Government of Victoria, Australia, which allows both health
care providers and patients a web-based translated health information base in 58 lan-
guages. For example, there are 20 links for “asthma” in Vietnamese.

* http://www.omhrc.gov/
Office of Minority Health Resource Center (OMHRC): The OMHRC serves as a
national resource and referral service on minority health. The center collects and dis-
tributes information including print and electronic publications for professionals and
consumers. OMHRC provides access to minority health experts from across the coun-
try and technical and capacity-building assistance for community-based organizations
and AIDS service organizations.

* http://www.hhs.gov/ocr/lep/
Office for Civil Rights: The US Department of Health and Human Services Office for
Civil Rights drafted written policy guidance to assist health and social services
providers in ensuring that persons with limited English skills can effectively access
critical health and social services.
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KEY POINTS

* Air pollution—indoors and outdoors—can create suffering for patients with asthma. To
help protect individuals with respiratory problems, govenments at all levels have enacted
clean air laws regulating everything from car emissions to tobacco smoke. Courts have
also provided remedies for asthmatic victims of air pollution. Notably, part of the justi-
fication for a recent tobacco settlement was to pay for the care of patients with asthma
whose condition was caused or exacerbated by smoking or second-hand smoke.

» Improper or out-of-date asthma treatment can lead to malpractice claim. The standard
of care is becoming a national standard based on the level of care that would be rendered
by a specialist in the same or similar circumstances. Therefore, it is important for physi-
cians to keep up with the literature and disease management protocols. Because many
problems arise from patients not receiving or not understanding medical instructions,
documented, informed consent is extremely important.

* Asthma can be an expensive disease for physicians bearing financial risks under a
management care contract. Accordingly, when negotiating medical care contracts, the
asthma should be separately calculated and negotiated. Whenever physicians gain finan-
cially by rendering less care under a management care contract, there is a potential eth-
ical dilemma. This dilemma can be resolved for asthma patients by prescribing
appropriate disease management measures, which may entail short-term costs, espe-
cially pharmaceutical expenses, but in the end, will save money on the overall cost of
the patients care. This chapter outlines available measures if health maintenance organ-
ization authorizers will not authorize the appropriate cure.

From: Current Clinical Practice: Bronchial Asthma:

A Guide for Practical Understanding and Treatment, 5th ed.
Edited by: M. E. Gershwin and T. E. Albertson © Humana Press Inc., Totowa, NJ
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» This chapter also discusses policies, especially those involving drug testing, and the
need to harmonize those policies with the privacy rights of patients with asthma.

* The Americans with Disabilities Act or the Federal Rehabilitation Act will protect indi-
viduals with asthma (especially those with severe cases) from job discrimination, and
will ensure their access to insurance, although there is currently still a strong conflict
regarding insurance access.

* Finally, this chapter offers legal information for physicians who must render expert
opinions regarding the scope of an asthmatic’s disability or its cause.

INTRODUCTION

This chapter raises and highlights some of the legal issues associated with asthma,
from the perspective of both patients and the physician. As with all medical conditions,
especially those defined as disabilities, the possible topics are so numerous that com-
plete treatises could and have been written on such subjects. Therefore, the author has
chosen to focus on only a few specific legal issues pertaining to asthma. No direct law
has been enacted or has been made by the courts that is applicable solely to asthma.
However, because asthma would likely be considered a disability, this chapter focuses
on some of the key legal issues associated with all disabilities, including discrimination,
access to health service, insurance coverage, denials of claims for medical treatment,
and actions for professional liability. Moreover, it is important to note that, although
federal law may cover many of the legal issues, state law may apply and often is more
stringent than federal law, and it may provide additional remedies on the same subject.
Therefore, anyone with particular legal questions should consult a local health care
lawyer who is familiar with particular state laws regarding disabilities, such as asthma.
For further information, the reader is encouraged to review the Web site of The National
Conference of State Legislatures, which allows visitors to search for information on
current state asthma-related bills and laws: www.ncsl.org/programs/esnr/asthma.cfm.

THE INCREASING INSTANCE OF ASTHMA AND ITS LEGAL
IMPLICATIONS FOR ENVIRONMENTAL LAW

With asthma rates growing, the legal implications of the disease are widespread.
Asthma is viewed as a barometer of our environmental health. It presents physical
symptoms that reflect how clean our air and the surrounding environment may be at
any given time. As a result, numerous laws at the state and local levels are being passed
to help ensure a clean breathing environment for individuals who may suffer from
asthma or severe allergies.

In the work environment, there are much stricter Occupational Safety and Health
Administration regulations to prevent job-related asthma. Public buildings, even apartment
dwellings, are being subjected to tighter ventilation and air-filtering requirements. Air pol-
luters, such as oil refineries and others, have to pay asthma sufferers for major accidents or
long-term polluting activities. Recently, indoor air quality (especially related to mold, which
is a known cause of asthma) has also been the subject of increased attention from courts
and government agencies. For more information and updates on the subject, consult the
Environmental Protection Agency’s Web site at: www.epa.gov/iag/index.html. The height-
ened awareness of asthma and its personal and social costs is improving the quality of the
environment for those who do not suffer from the disease, as well as for those who do.
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SUCCESSFUL MANAGEMENT OF ASTHMA
AND PREVENTION OF MALPRACTICE

As the medical standards for managing asthma improve, the standard of care for
asthma diagnosis and treatment is being elevated. Although this means better treatment
for patients, it also means that physicians throughout the country are expected to adhere
to the accepted improving standards. The law provides that:

In performing professional services for patients, physicians have the duty to have that
degree of learning and skill ordinarily possessed by reputable physicians practicing in
the same or similar locality and under similar circumstances. It is furthermore the duty
of the physician to use reasonable diligence and his best judgment in the exercise of
his skill and the application of learning, in an effort to accomplish the purpose for
which the physician is employed. A failure to fulfill any such duties is negligence.

—Judicial Council of California Civil Jury Instructions (CACI) 501,
Mathew Bender & Co. (2005).

Although the standard of care references the locality where the physician practices, a
failure by local physicians to adhere to national and accepted standards is not an excuse for
malpractice. Furthermore, primary care physicians who attempt to care for and manage
asthma will be held to the same standards as allergists or rheumatologists. As national
standards emerge for disease management, it will be the responsibility for all physicians
who are treating asthma patients to be up to date regarding those standards. This does
not mean that practitioners must accept every new proposed treatment, only those who
have become accepted in practice or recommended by leading national standard setting
academies, associations, or organizations. The law provides that:

A [physician] is not necessarily negligent just because [he/she] chooses one med-
ically accepted method of treatment... and it turns out that another medically accepted
method would have been a better choice. (CACI, 506, Matthew Bender & Co. [2005]).

Physicians should be aware that if they do not follow mainstream and standard proce-
dures, they are more likely to be second- guessed by experts at trial.

Recently, as asthma management has improved and the standard of care has become
better defined, the number of claims for failure to diagnose or promptly treat asthma
has increased. Particularly, there has been an increase in the number of claims alleging
failure to properly instruct the patients and their families how to handle asthma emergen-
cies. Physicians undertaking asthma care, therefore, should consider using instruction
sheets and should always document patient instructions in the chart. Emergency rooms
and other departments that receive asthma patients must be current in their methods of
recognizing and treating problems. In short, the practice of good medicine will lead to
fewer malpractice claims.

ASTHMA MANAGEMENT AND MEDICAL ECONOMICS

Treating asthma emergencies can be expensive. No only do patients with blocked
airways require expensive emergency room treatment but also, if help is not provided in
time, there can be serious complications, including brain damage, leading to costly long-
term deficits and high levels of care. In this age of managed care, health insurers and
managed care organizations, including physicians’ medical groups and independent
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physician associations, can be forced to bear the cost of care and treatment, depending
on their contracts with health care organizations. Physicians who contract for the care of
patients with asthma or patients with potential asthma—whether they be primary care
physicians or specialists—should expressly negotiate a clause in their contracts singling
out the asthma risk and ensuring that it is both identified and properly reinsured through
stop-loss insurance.

HMO authorizers may try to limit or impede the physicians’ aggressive management
of asthma to save short-term costs, particularly pharmaceutical costs. Successful man-
agement of the disease not only means treatment of patients but also, under managed
care or capitation, it means controlling an important economic risk in the patient popu-
lation. In this instance, good medicine equals good disease management, which, in
turn, equals good economics. Patients are entitled to appropriate care, and physicians
are ethically and in most states legally bound to advocate appropriate care for patients,
even if HMO authorizers say, “No.” Physicians must appeal and take all steps possible
to convince medical directors to provide appropriate care. If medical directors refuse to
authorize appropriate care, physicians should write letters to the medical director set-
ting their concerns and stating clearly that any adverse consequences of the medical
decisions made by medical directors will be the responsibility of the director. Some
physicians who have failed to gain authorization have gone so far as to report medical
directors to the state licensing board for violation of the state Medical Practice Act. If
the HMO tries to retaliate against the treating physician for advocating good patient
care, the doctor may have statutory and common-law protection, depending on the state
in which he practices. Medical associations throughout the country will often help their
members in such situations.

From the patient’s perspective, asthma can be difficult to diagnosis. Unfortunately,
physicians often miss the diagnosis, particularly if they are in a rushed managed care
environment. Patients who suspect that they have asthma but do not receive close medical
supervision should contact the American Lung Association.

PATIENTS WITH ASTHMA AND PRIVACY

The US Constitution, as well as state constitutions, such as California’s, guarantee
an individual’s right to privacy as a part of the “penumbral” or understood rights under
the Constitution. California’s constitution expressly guarantees the right of privacy to
all its citizens. Notwithstanding these constitutional guaranties, the abuse of drugs
has led to widespread practice of drug testing on the job, in sports, and in other venues.
Under many circumstances, especially where motor skills are required or competition
is involved, drug testing has been allowed by the courts. Readers may recall that an
Olympic swimmer from the United States was deprived of his medal because he
tested positive on a drug test after having taken drugs for his asthma.

One practical legal problem faced by patients with asthma is the increasing ban on
inhalers, especially in schools. As a result, many children and young people must leave
their inhaler with the school nurse or some other school official, risking an attack with-
out the medication at hand. Research reveals no reports of death as a result of these
policies, but there have been many frightening close calls. Obviously, we will see legal
activity in the future to balance the rights of patients with asthma with our drug and
drug testing policies.
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PATIENTS AND THE AMERICANS WITH DISABILITIES ACT

Research reveals no case in the country that has yet held that asthma is a disability as
defined in the Americans With Disabilities Act (ADA). The statutory definition of a dis-
ability, however, appears to apply to asthma. Under the ADA, a person is considered to
be disabled and protected if:

* He or she has a record of having, or is regarded as having, a physical or medical
impairment, and
* That impairment substantially limits one or more of the person’s major life activities.

A “physical or medical impairment” is defined as any physiological disorder or con-
dition, cosmetic disfigurement, or anatomical loss affecting one or more of several
body systems, or any mental or psychological disorder. Such conditions as chronic
fatigue syndrome, depression, diabetes, epilepsy, heart disease, high blood pressure,
hypersensitivity to substances (such as cigarette smoke), learning disorders, mental
retardation, migraine headaches, schizophrenia, shortness, stress disorders, and obesity
are disabilities. Logically, asthma would similarly be considered to be a disability when
other elements of the definition of disability are met.

The impairment must also affect one or more of the affected person’s “major life
activities,” which are the activities that the average person can perform with minimal or
no difficulty on a daily basis. Such activities would include caring for oneself, eating,
drinking, walking, speaking, breathing, learning, hearing, and working, among others.
Moreover, these activities must not simply be restricted or limited, but rather the per-
son’s impairment must “substantially limit” performance of “major life activities.”
Therefore, the ADA applies only to those impairments that are permanent or chronic or
that have long-term effects; temporary, nonchronic impairment with short duration and
little or no permanent impact would not be covered by the ADA. There is, however, no
absolute and truly objective method for applying this requirement of the law.

The Equal Employment Opportunity Commission, which is the federal governmental
agency empowered to enforce the disability discrimination laws, emphasizes that each
case must be evaluated on its own merits. The episodic nature of asthma would not be
a bar to its being classified as a disability, because the onset is unexpected, unantici-
pated, and not under the control of the individual. Even though the disability may be
medically controlled, it still falls within the zone of protection of the ADA. The ADA
and the Federal Rehabilitation Act provide protection for persons with disabilities against
discrimination in the workplace. Under the ADA, equal job opportunity is guaranteed
and the employer must make reasonable accommodations to ensure that the disabled
person can take the job if he or she is otherwise qualified. Much has been written about
the ADA and its effect on employers. From physicians’ and patients’ points of view, it
is important to simply be aware that asthma should not limit the employability of an
individual except under conditions that may trigger attacks.

The ADA also protects the rights of patients with asthma to health care services. As
with all public accommodations, Title 3 of the ADA prohibits discrimination in the
delivery of healthcare, requires the removal of any barriers to receiving health care, and
mandates that construction and alterations consider the disabilities of patients. Building
codes are increasingly strict regarding air filtration, and physicians specializing in
rheumatology and asthma treatment should pay attention to the environmental accom-
modations that they make to their patients with asthma.
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The ADA and the Federal Rehabilitation Act may also affect physicians who are
contracting for managed care. As noted, physicians should negotiate special arrange-
ments for patients with asthma to avoid assuming unsupportable financial risks. The
language of those provisions as they relate to asthma and other patients with disabilities
should be carefully worded, so as not to be construed as discriminatory, i.e., a refusal
by the doctors to provide access to medical care for these individuals. Healthcare
providers are prohibited from withholding medical benefits treatment services for
patients with disabilities, so arrangements for such patients should be anticipated during
contract negotiations.

There now exists a conflict in the laws regarding whether insurance companies are
required to provide coverage as a public accommodation without discrimination to the
disabled. The Sixth Circuit, in its opinion in Parker v. Metropolitan Life Insurance
Company, clearly states that places that do not have physical boundaries, which would
include insurance-benefit plans, are not to be considered public accommodations and
are not subject to Title 3 of the ADA. Other case law, however, from other Circuits,
holds that insurance is a public accommodation.

Employees may also be held liable for ADA violations if they deny insurance benefits
to their employees based on disability. The discrimination must be showed to be disparate
treatment. In sum, the ADA and the Federal Rehabilitation Act—and corresponding state
laws protecting the disabled—may help patients gain access to care, access to insurance,
and access to employment with reasonable accommodations to ensure a helpful working
environment for them. Physicians may be called on to advocate for their patients to
obtain the benefits of these laws, and they are encouraged to do so.

CONCLUSION

Asthma, like many life-threatening conditions, is a disability that has achieved legal
attention. Patients are generally protected from discrimination by federal and state
laws, and physicians are required to treat the ailment. Under managed care contracts,
physicians should not assume the financial risk of catastrophic asthma treatment. That
risk should be separately negotiated and separately insured with stop-loss insurance.
Fortunately, disease management models are dealing with the ever-increasing number of
patients with asthma. These disease management techniques should be used carefully to
ensure better, more-timely, and less-costly treatment. In turn, the economic risk, under
managed care, will be lowered. Part of the disease management for asthma includes use
of drugs that may result in positive drug testing of patients with asthma. Protection of
their privacy rights constitutes a medicolegal challenge that will be resolved in the
courts in the coming years.
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Differential diagnosis, 57
Diffusing capacity, 54-55
Disease management programs, 354
Dogs, 35-36
Double-blind food challenge test (DBFCT), 38, 252
Dry powder inhalers, 78t
Dyes, 267-268
Dynamic lung measurements, 48—53
Dyspnea

minorities, 379t-380t

E

ECP. See Eosinophil cationic protein (ECP)
ECRHS. See European Community Respiratory
Health Survey (ECRHS)
EDTA. See Ethylenediamine tetraacetic acid
(EDTA)
EIA. See Exercise-induced asthma (EIA)
EILP. See Exercise-induced laryngeal prolapse
(EILP)
Elderly, 9, 131f
anesthesia, 322t
lung physiology, 130t
Electrocardiogram
emergency department, 148—149
Emergency department, 143-159
antecedents, 147t
complications, 146—147
diagnosis, 146, 146t
differential diagnosis, 147
medications
adverse response to, 156—157
respiratory distress severity, 144—146
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tests, 148—149
treatment, 149-155
predicting fatal episodes, 159
predicting response to, 158—159
triggers, 146-147
Emergency medications
children, 98t
Emphysema
epidemiology, 119f
Endotracheal intubation, 316-317
Endotracheal tubes
children, 98t
ENFUMOSA. See European Network for
Understanding the Mechanisms of Severe
Asthma (ENFUMOSA)
Environment
minorities, 373
Environmental allergens, 33, 35t
Environmental law, 386
Environmental Protection Agency (EPA), 386
Environmental tobacco smoke, 10, 229-230
children, 71
Eosinophil cationic protein (ECP), 69
Eosinophilia, 19
Eosinophils, 20, 101
EPA. See Environmental Protection Agency (EPA)
Ephedra, 193
Epidural (peridural) block, 320
Epinephrine
emergency department, 150, 152
increased tolerance, 19
status asthmaticus, 97
sulfites, 261-262
ERV. See Expiratory reserve volume (ERV)
Erythroxylon coca, 328
Essential fatty acids, 191-193
Estrogen replacement
adult-onset asthma, 120-121
Ethylenediamine tetraacetic acid (EDTA), 269
Etomidate, 317
European Community Respiratory Health Sur-
vey (ECRHS), 13
European Network for Understanding the
Mechanisms of Severe Asthma
(ENFUMOSA), 166
Exercise(s)
for breathing, 185187
challenge protocol, 73t
Exercise-induced asthma (EIA), 237-247
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children, 73
clinical features, 238t, 242-244
diagnosis, 244-245, 244t
differential diagnosis, 242-244, 243t
pathophysiology, 239-241
pharmacological treatment, 89
prophylaxis, 246t
sports associated with, 242t
treatment, 245-247
Exercise-induced bronchospasm, 240
pathophysiology, 239t
Exercise-induced laryngeal prolapse (EILP), 243
Expiratory flow volume tracings, 56f
Expiratory reserve volume (ERV), 4647, 48

F

FACET. See Formoterol and Corticosteroid
Establishing Therapy (FACET)
FALCPA. See Food Allergen and Consumer
Protection Act (FALCPA)
Family history, 10
Fatal asthma
demographics, 165
epidemiology, 164—165
genetics, 165-166
pathophysiology, 166—167
psychosocial factors, 166
risk factors, 165-166, 165t
socioeconomic factors, 166
Fentanyl, 319
FEV. See Forced expiratory volume (FEV)
Fexofenadine
children, 86
Fish poisoning
scombroid, 256257
Floors, 89
Flow-volume loop, 52
Flow-volume studies, 56-58
Flow-volume tracings, 48-53, 51f
Flunisolide
children, 75t
Fluticasone propionate
children, 75t
Food, 251
additive-induced asthma
differential diagnosis, 262t
additives, 251, 260-269, 262t
diagnosis, 261
differential diagnosis, 261
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patient history, 261
physical examination, 261
treatment, 261-262
adverse effects, 253-260
allergy, 36-38, 253-254
children, 72
inhalational, 255t
prevalence, 37t, 254t
skin tests, 37
associated with occupational asthma, 255t
beneficial effects, 252-253
challenge, 258
induced asthma, 254-260
diagnosis, 257-258, 258f
differential diagnosis, 256-257, 256t
evaluation, 254-257
physical examination, 256
treatment, 259-260
intolerance, 253-254
Food Allergen and Consumer Protection Act
(FALCPA), 259
Forced expiratory volume (FEV), 48, 49, 49f, 50f
Forced vital capacity (FVC), 49f
Formaldehyde
children, 71
Former asthmatics, 25-26
Formoterol
adult-onset asthma, 132
children, 80, 89
pregnancy, 210
structure of, 81f
Formoterol and Corticosteroid Establishing
Therapy (FACET), 119
FRC. See Functional residual capacity (FRC)
Functional residual capacity (FRC), 47
Furosemide
exercise-induced asthma, 247
severe asthma, 170
FVC. See Forced vital capacity (FVC)

G

Gas dilution lung volume, 53-54
Gastroesophageal reflux disease, 243
adult-onset asthma, 123
Gaw. See Airway conductance (Gaw)
Gender, 9, 13
adult-onset asthma, 119-120
General anesthesia, 314-317
Genetics, 10, 13
adult-onset asthma, 124-128, 131-132
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minority populations, 377

occupational asthma, 301-302
Genleuton

children, 82
German cockroaches, 33
GINA. See Global Initiative for Asthma

(GINA)

Global Initiative for Asthma (GINA), 4, 66
Glucocorticoids, 100

mechanism of action, 74f
Glutathione-S-transferase (GST), 302
Grass pollen, 34t
GST. See Glutathione-S-transferase (GST)

H

Hallucinogens, 336-337
Halothane, 318
Hamman’s crunch
severe asthma, 173t
Healthy People 2010, 354
Heliox
emergency department, 154155
Helium—oxygen
severe asthma, 175
HEPA. See High-efficiency particulate air
(HEPA) filters
Heparin
severe asthma, 170
Herbal medications
children, 100
HFA. See Hydrofluoroalkane (HFA) inhalers
High-efficiency particulate air (HEPA) filters, 89
Histamine, 239
HLA. See Human leukocyte antigen (HLA)
Homeopathy, 184-185
Hormone replacement therapy (HRT)
adult-onset asthma, 120-121
House dust mites, 33, 72
HRT. See Hormone replacement therapy (HRT)
Human leukocyte antigen (HLA), 302
Hydrocortisone
children, 86t
Hydrofluoroalkane (HFA) inhalers, 78t, 79f
Hygiene hypothesis, 11, 12t, 223-224

I

IC. See Inspiratory capacity (IC)
IgE. See Immunoglobulin E (IgE)
IL. See Interleukin(s) (IL)
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Immunoglobulin E (IgE), 101
adverse effects, 76t
multiallergen E screen, 41
Immunotherapy
allergen injection
adult-onset asthma, 132
children, 91-93, 101
Infants
allergenic food avoidance, 91
Infection, 14
adult-onset asthma, 123
Infectious diseases, 222-225
Inflammation, 20-21
pharmacotherapy, 21
Inflammatory mediators, 101
Influenza, 227
Inhalational food allergy, 255t
Inhaled anesthetic agents, 318
Inhaled bronchodilators
children, 85t
Inhaled corticosteroids
adverse effects, 76t
children, 74-77, 75t
minorities, 372-373
pregnancy, 210
safety, 136137
Inhaler devices, 78t
Inhaler techniques
children, 77-80, 79f-80f
Inspiratory capacity (IC), 47, 48
Inspiratory reserve volume (IRV), 46, 48
Inspiratory vital capacity (IVC), 48, 49f, 317,
336-337
emergency department, 153—-154
severe asthma, 174
Insurance
coverage requirements, 390
minorities, 375
Integrated pneumotachometer, 52
Interleukin(s) (IL), 102t—103t
Interleukin-4 (IL-4), 22-23, 102t
Interleukin-13 (IL-13), 23-24, 23t, 24t, 103t
International Study of Asthma and Allergies in
Childhood (ISSAC), 4, 359-362, 360f, 361f
Intracutaneous test, 39
Intradermal test, 39, 40
Intrathecal block, 320
Intravenous induction anesthetics, 317-318
Intravenous regional (bier) block, 320
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Ipratropium bromide
adverse response to, 156—157
children, 84
emergency department, 150, 152
pregnancy, 212
Irritants
children, 71
IRV. See Inspiratory reserve volume (IRV)
Isoflurane, 318
ISSAC. See International Study of Asthma and
Allergies in Childhood (ISSAC)
Itraconazole
allergic bronchopulmonary aspergillosis, 286t
IVC. See Inspiratory vital capacity (IVC)

K

Ketoconazole
allergic bronchopulmonary aspergillosis,
286t, 289
Ketotifen, 100

L

Labor and delivery, 215-216
Lactation
medications, 215t
Lactobacillus casei, 225
Laryngeal mask (LMA), 316
Late-onset asthma (LOA), 115
Late-onset wheezers, 4
Latex allergy, 303-304
Law, 385-390
environmental, 386
Leukotriene(s), 239
Leukotriene antagonists
exercise-induced asthma, 247
Leukotriene pathway modifiers
adverse effects, 76t
children, 81-84
mechanism of action, 82f
pregnancy, 211
Leukotriene-receptor antagonists
aspirin-induced asthma, 273
status asthmaticus, 97
Levalbuterol
children, 84
severe asthma, 169
status asthmaticus, 97
Lipoxins, 101
LMA. See Laryngeal mask (LMA)
LOA. See Late-onset asthma (LOA)
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Long-acting 3-2 agonists
pregnancy, 210
Long-acting bronchodilators
children, 80
Loratadine
children, 86
Lower extremity blocks, 320-321
LSD. See Lysergic acid diethylamide (LSD)
Lumbar epidural analgesia, 216
Lungs
capacity, 47-48, 49f
compartments, 46—48
dynamic measurements, 48-53
function testing
occupational asthma, 299-300
physiology
aging, 130t
static volume measurements, 53—54
total capacity, 47
volume, 53
dynamic hyperinflation, 172f
volumes, 46-47, 47f, 49f
measurements, 57
Lysergic acid diethylamide (LSD), 336-337

M

Magnesium sulfate, 191

emergency department, 153

severe asthma, 170
Ma huang, 193
Mai-Men-Dong-Tang, 193
Malignant hyperthermia

anesthesia, 322t
Malpractice, 387
Manual therapy, 187
Marijuana, 334

respiratory tract complications, 329t
Mask anesthesia, 315
Mast cells, 20-21
Maternal smoking

during pregnancy, 230
MDI. See Metered-dose inhalers (MDI)
Measles, mumps, and rubella (MMR) vaccine, 223
Media, 354
Medical care

minorities, 375
Medical economics, 387388
Medications

adverse effects, 76t

emergency

children, 98t
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Meperidine, 319
Metabisulfite challenge, 266t
Metaproterenol
structure of, 81f
Metered-dose inhalers (MDI)
vs small volume nebulizers, 77
Methacholine, 61
Methohexital, 317
Methylprednisolone
children, 86t
emergency department, 150
status asthmaticus, 97
Methylxanthines
severe asthma, 170
Midazolam, 317
Minerals, 187-190
Minority populations, 357-384
adherence, 375
culturally competent care, 377-380
genetics, 377
intervention strategies, 376-377
websites, 383-384
Mites
house dust, 33, 72
Mitogen-activated protein kinase inhibitors, 101
Mivacurium, 318
MMR. See Measles, mumps, and rubella
(MMR) vaccine
Mold, 33, 34t, 35t, 90
Monoclonal anti-IgE
children, 83-84
Monosodium glutamate (MSG), 265-267
challenge, 267t
Montelukast
adult-onset asthma, 132
children, 82
exercise-induced asthma, 246-247
pregnancy, 211
Morphine, 319
MSG. See Monosodium glutamate (MSG)
Mucolytics
children, 88—89
Multiallergen IgE E screen, 41
Multicenter Airway Research Collaboration
emergency room study, 372-373
Mumps. See Measles, mumps, and rubella
(MMR) vaccine
Mycetoma
pulmonary, 281
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Mycobacterium pneumoniae, 228
Mycobacterium tuberculosis, 224
Mycobacterium vaccae, 224
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adult-onset asthma, 123
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National Center for Health Statistics
asthma prevalence, 362-368
US race/ethnic differences, 363t
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US race/ethnic differences, 364t, 369f
health care utilization, 362-368
US race/ethnic differences, 363t, 366t—367t
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US race/ethnic differences, 364t, 369f
mortality, 362-368
US race/ethnic differences, 363t, 365t,
366t-367t
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US race/ethnic differences, 366t—367t, 368f
National Cooperative Inner-City Asthma Study, 376
National Health and Nutrition Examination III
Survey (NHANES), 5, 58, 188
National Heart, Lung, and Blood Institute
(NHLBI)
guidelines, 69t
Near-fatal asthma
pathophysiology, 166—-167
Nebulized bronchodilators
children, 85t
Nebulizers, 78t
Nedocromil sodium
children, 88
exercise-induced asthma, 245
structure, 88f
Neonates, 11
Neuromuscular-blocking drugs, 318
Neuropeptides, 228
NF-xB. See Nuclear factor-xB (NF-kB)
NHANES. See National Health and Nutrition
Examination III Survey (NHANES)
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NHLBI. See National Heart, Lung, and Blood
Institute (NHLBI)
Nicotine, 335-336
respiratory tract complications, 329t
NIPSV. See Noninvasive pressure support
ventilation (NIPSV)
Nitric oxide (NO), 21-22, 69-70
children, 71
occupational asthma, 301
NIV. See Noninvasive mask ventilation (NIV)
NO. See Nitric oxide (NO)
Nonadherence, 348-349
Noninvasive mask ventilation (NIV)
severe asthma, 170
Noninvasive positive pressure ventilation (NPPV)
emergency department, 155
Noninvasive pressure support ventilation (NIPSV)
emergency department, 155
Nonsteroidal anti-inflammatory drugs
(NSAID), 251-252, 270-271
adverse response to, 157
avoidance, 272-273
Nonviral infectious agents, 228-229
NPPV. See Noninvasive positive pressure ven-
tilation (NPPV)
NSAID. See Nonsteroidal anti-inflammatory
drugs (NSAID)
Nuclear factor-kB (NF-xB), 101
Nucleotide polymorphisms, 301-302

o

Obesity, 11, 14
adult-onset asthma, 123-124
Obstetrical management, 216
Occupational asthma, 293-306
adult-onset, 124
animal workers, 304
clinical presentation, 297-298
compensation and disability, 306
defined, 296
definition of, 298t
diagnosis, 297
distribution, 295f
epidemiology, 294-295
etiology, 299f
genetics, 301-302
history, 299f
immunological testing, 301
lung function testing, 299-300
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mechanisms, 302-303
outcomes, 305-306
prevalence, 295t
prevention, 304-305
treatment, 305
work-site evaluation, 298—299
Occupational Safety and Health Administration
(OSHA)
regulations, 386
Omalizumab
children, 83-84, 83t
pregnancy, 212
Opiates, 319
Opioids, 332-333
pulmonary function abnormalities, 333
respiratory tract complications, 329t
Oral challenge test
aspirin-induced asthma, 271-272
Oral steroids
children, 86
OSHA. See Occupational Safety and Health
Administration (OSHA)
Osler, William, 15
Outdoor air pollution, 231
Outdoor allergens, 90
Oxygen
emergency department, 152
severe asthma, 169
status asthmaticus, 99
Oxytocin, 216
Ozone, 231

P

PAF. See Platelet-activating factor (PAF)
Pancuronium, 318
Papaver somniferum, 332-333
Parabens, 269
Paradoxical respirations
severe asthma, 173t
Parainfluenza, 225, 227
Paramethasone
children, 86t
Parenteral steroids
children, 86
Parker v. Metropolitan Life Insurance Com-
pany, 390
PCP. See Phencyclidine (PCP)
Peak expiratory flow rate (PEFR), 48, 148t
Peak feline, 94f
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Peak flow meters

children, 91
PEFR. See Peak expiratory flow rate (PEFR)
Peridural block, 320
Perioperative bronchodilators, 322-323
Peroxisome proliferators-activated receptor-y

agonists, 101

Persistent wheezers, 4
Pets, 35-36

dander, 90
Phadebas RAST tests, 40—41
Pharmacia CAP RAST tests, 40-41
Phencyclidine (PCP), 336-337
Phosphodiesterase inhibitors, 19
Phosphodiesterase-4 inhibitors, 101
Phosphoinositide-3-kinase y, 101
Pirbuterol

structure of, 81f
Platelet-activating factor (PAF), 100
Plavix, 157
Plethysmograph

body, 53
p38 mitogen-activated protein kinase inhibitors, 101
Pneumotachometer

integrated, 52
Pneumothorax, 171-172
Pollens, 32-33, 34t, 90-91

grass, 34t

weed, 34t
Pollutants

air

children, 71

Polyunsaturated fatty acids (PUFA), 191
Poppy, 332-333
Positive airway pressure ventilation, 170
Postoperative analgesia, 324t
Postoperative management, 323
Pranlukast

children, 82
Prednisolone

children, 86, 86t

pregnancy, 210
Prednisone

children, 86, 86t

pregnancy, 210
Pregnancy, 203-217

acute asthma exacerbation, 212-215, 214f, 216t

adult-onset asthma, 122

anesthesia, 322t

arterial blood gas values, 205t

asthma diagnosis, 207-208

asthma severity classification, 213t
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FDA risk categories, 211t, 212t
fetal asthma effects, 205
fetal monitoring, 209
fetal oxygenation, 205
immunotherapy, 209
literature, 207t
maternal asthma effects, 205
maternal cardiovascular physiology, 205
maternal monitoring, 208-209
maternal respiratory system physiology,
204-205
maternal smoking, 230
patient education, 217
pharmacological therapy, 209-212
pulmonary function values, 205t
Preinduction anesthesia, 317-318
Preoperative anesthesia evaluation, 313t
Preoperative assessment, 312-313
Preoperative preparation, 313-314
Prick-puncture test, 39, 40
Principles and Practice of Medicine, 15
Privacy, 388
Propofol, 315-316, 318
severe asthma, 174
Propofol infusion syndrome, 174
Propranolol, 17
Prostaglandins, 100
PUFA. See Polyunsaturated fatty acids (PUFA)
Pulmonary aspergilloma, 281
Pulmonary function
laboratory, 45-63
quality control, 55-56
measurements, 56-58
tests
disease progress, 62—63
evaluating therapeutic regimens, 62
interpretation, 58—59
Pulmonary mycetoma, 281
Pulse oximetry
emergency department, 144
Pulsus paradoxus
severe asthma, 173t
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Race, 9. See also Minority populations
Radioallergosorbent test (RAST), 37, 38, 4041, 41t
allergic bronchopulmonary aspergillosis, 283
occupational asthma, 301
Phadebas, 40—41
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RADS. See Reactive airway dysfunction syn-
drome (RADS)
RAST. See Radioallergosorbent test (RAST)
Raw. See Airway resistance (Raw)
Reactive airway dysfunction syndrome
(RADS), 296-297, 297t
Recreational drugs, 327-338
association with asthma, 330-331
respiratory tract complications, 329t
Regional anesthesia, 314-315, 319-321
Relapse asthma, 14—15
risk, 15f
Relaxation techniques, 185-187
Reliever medications
children, 84-86
Religious beliefs, 378
Remifentanil, 319
Residual volume (RV), 47
Resources, 104t
for clinicians, 351t
for patients, 353t
Respiratory alternans
severe asthma, 173t
Respiratory failure
emergency department, 155-156
Respiratory infection, 10
Respiratory syncytial virus (RSV), 5, 10, 225,
226-227
children, 72-73
Rhinitis
allergic
children, 73
Rhinovirus (RV), 225, 227
Rock cocaine, 328
Rocuronium, 318
Roflumilast, 21
RSV. See Respiratory syncytial virus (RSV)
Rubella. See Measles, mumps, and rubella
(MMR) vaccine
RV. See Residual volume (RV); Rhinovirus
(RV)

S

Salmeterol xinafoate
children, 80, 89
exercise-induced asthma, 245
pregnancy, 210
structure of, 81f
SBFCT. See Single-blind food challenge test
(SBECT)
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S-carboxymethylcysteine
children, 88-89
Scombroid fish poisoning, 256-257
Sedation, 315-316
deep, 315-316
severe asthma, 175
Selenium, 188—189
Self-management, 343-354, 344f
community-based programs, 352-354
emergency room programs, 352
goals, 347t
government programs, 354
home-based programs, 350-352
hospital discharge programs, 352
origins, 349-350
physician’s office, 350-352
school-based programs, 349-350
significance, 347-354
types, 349-350
SENSOR. See Sentinel Event Notification
System for Occupational Risks (SEN-
SOR)
Sentinel Event Notification System for Occupa-
tional Risks (SENSOR), 294-295
Severe asthma, 163-176
discharge, 176
drug dosing, 174t
extracorporeal techniques, 175
general anesthesia, 174—175
ICU
clinical evaluation, 167-168
initial management, 168—170
transition out, 176
intubation, 170-171, 171t
mechanical ventilation, 171
physical findings, 173t
tracheotomy liberation, 175-176
triage to ICU, 164
ventilator liberation, 175-176
ventilator settings, 172—-173
Sevoflurane, 318
Short-acting -2 agonists
pregnancy, 210
Short-acting bronchodilators
children, 84-85
SIC. See Specific inhalation challenge (SIC) test
Single-blind food challenge test (SBFCT), 38
Sinusitis
children, 73
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Skin-prick tests
food-induced asthma, 257-259
occupational asthma, 301
vs RAST, 71-72
Skin tests, 38—39, 39t
food allergy, 37
Sleep disorders
adult-onset asthma, 124
Smoking, 335-336. See also Tobacco smoke
maternal
during pregnancy, 230
Socioeconomic factors, 10
minorities, 374-375
Sodium benzoate, 268—269
Spacers, 78t, 94f
children, 77-80
techniques
children, 79f-80f
Specialists
for children, 93-95, 94f
Specific inhalation challenge (SIC) test
occupational asthma, 297, 300-301
Spinal (intrathecal, subarachnoid) block, 320
Spirometer
volume displacement, 52
Spirometry, 48-53, 49f, 51f, 56-58
Sputum cultures
emergency department, 149
Static lung volume measurements, 53—-54
Status asthmaticus, 324
children
children
home management, 95
emergency treatment, 95-100
home management, 95
hospitalization, 98—100
Steroids
children, 86t
oral
children, 86
parenteral
children, 86
status asthmaticus, 99
Stress
fatal asthma, 166
Subarachnoid block, 320
Substance abuse
volatile, 336
respiratory tract complications, 329t
Succinylcholine, 318
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Sufentanil, 319
Sulfites, 261-262, 262-265
Sulfur dioxide
children, 71
Surveillance of Work-related and Occupational
Respiratory Diseases (SWORD), 294
SWORD. See Surveillance of Work-related and
Occupational Respiratory Diseases
(SWORD)
Systemic corticosteroids
adverse effects, 76t
adverse response to, 157t
pregnancy, 210

T

Tartrazine, 267-268
T-cells, 22-23
TCM. See Traditional Chinese medicine (TCM)
T-eosinophil, 227
Terbutaline
children, 89
emergency department, 152
structure of, 81f
Tetrahydrocannabinol (THC), 334
THC. See Tetrahydrocannabinol (THC)
Thl cytokines, 222-223
Th2 cytokines, 222-223
Theophylline, 19
adverse effects, 76t
children, 8687, 87f, 89
metabolism, 99t
pregnancy, 212
severe asthma, 170
status asthmaticus, 97, 99
Thoracic gas volume, 53
Ticlid, 157
Ticlopidine, 157
Tidal volume (Vy), 46, 48
TLC. See Total lung capacity (TLC)
Tobacco smoke, 14, 335-336
adult-onset asthma, 122
environmental, 10
children, 71
respiratory tract complications, 329t
Total lung capacity (TLC), 47
Traditional Chinese medicine (TCM), 182
Transient early wheezers, 4
Tree pollen, 34t
Triamcinolone acetonide
children, 75t, 86t



Index

v

VC. See Vital capacity (VC)

Vecuronium, 318

Viral infections, 225

Vital capacity (VC), 47

Vitamin(s), 187-190

Vitamin C, 188-189

Vitamin E, 188

Volatile organic compounds
children, 71

Volatile substance abuse, 336
respiratory tract complications, 329t

Volume displacement spirometer, 52

V1. See Tidal volume (V)

\%

Weed pollen, 34t
Wheezers
adults, 5
risk factors, 8t
characteristics, 4-5

children, 4-5

risk factors, 6t—7t
differential diagnosis, 69t
infants, 4-5
late-onset, 4
persistent, 4
transient early, 4

X

Xolair
children, 83—-84, 83t
pregnancy, 212

Y
Yoga, 186
y4

Zafirlukast
children, 82, 83
exercise-induced asthma, 246
pregnancy, 211

Zileuton
children, 83
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