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Series Introduction

There are about 14—17 million asthmatics in the United States today. On average. one of
10 will make an emergency visit this year for acute asthma management. Proper manage-
ment will result in resolution of asthma in most of the patients, although about 500.000
will need to be admitted for inpatient management. With such an important discase. and
so much emergency room intervention, one would expect asthma and its management to
be major topics in the educational programs of emergency room physicians. However,
most emergency room physicians and their assistants learn about asthma primarily from
experience. Medical students do not rotate through an asthma specialist’s office in order
to see outpatient asthma management. There is little formal education offered on patho-
physiology., allergy, psychology, and the myriad factors that exacerbate asthma. Moreover.
no focused text is available to assist in this educational process.

Emergency Asthma, edited by Barry E. Brenner, is designed to provide a concise,
focused. yet comprehensive text on asthma designed specifically for the emergency physi-
cian. It covers asthma completely. although the focus is on emergency cases. Each compo-
nent of underlying causes, examination, treatment, and follow-up is addressed. The chap-
ters are relatively brief and focused but, in total, very comprehensive. This book should
be required reading for all emergency physicians, and the information presented here
should prove invaluable to all medical practitioners in their battle against asthma.

Michael A. Kaliner, M.D.
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To my family,
Cheryl, my wife, Rachel, Dovi, Hudi, Avi, Ari, and grandchildren

May this work serve to improve the care
for the acute asthmatic in the emergency department.



Foreword

On my initial reflection, it seemed that an entire book devoted to the emergency medicine
considerations of asthma would be excessive, but when I thought about how much of
every emergency department (ED) workload is devoted to asthma, the increasing numbers
of patients who present with that disease, the fluctuating—but real—mortality from the
disease, and the limitations of my own knowledge concerning this significant problem, it
was with great interest and gratitude that I read this book.

Osler thought that asthma never caused mortality, but we currently seem to be in
the rise of the sine curve of asthma mortality. Death usually occurs in a middle-aged person
with a history of moderate asthma. It often comes quickly from an attack that imitially
seems no different from previous, less severe attacks. Everyone is surprised—neither the
medical professional nor the layperson expects there to be a death. Naturally, there are
recriminations, hard feelings, and sometimes litigation. This book will hopefully help to
minimize these tragic occurrences, not only by teaching us how to respond to asthma in
an efficient and educated fashion, but also by the stimulation of new research and, even
more importantly, new thoughts on how to deal with the evaluation of the asthmatic.

For a disease that is as ancient as asthma, it is remarkable how little we understand of
its origins and its pathophysiology, and how limited are our treatment options. A succinct
definition of the disease applicable to the ED remains obscure. The first chapter, on the
history of asthma, is not only fascinating, it reminds us how long patients and physicians
have been trying to cope with this terrible affliction. Although we have made enormous
improvements in our approach to this disease—especially compared to what was available
even a few decades ago—there is still much frustration in finding the right combination
of agents that will have reliable and lasting effects without tachyphylaxis.

In my medical lifetime, we have seen the development of selective B-agonists; in-
haled, ingested, and parenteral steroids, some prophylactic agents; and more effective
delivery technologies. Nevertheless, asthma still remains a tremendous challenge. For ex-
ample, the airway management of asthma remains highly difficult. As emergency physi-
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vi Foreword

cians have developed a comfortable expertise with rapid-sequence intubation techniques,
they often forget that the airway obstruction in the asthmatic patient is not at the level of
the vocal cords. When facing the gasping, failing asthmatic patient, it is tempting to believe
that all will be solved by ‘‘taking over the airway,”” but because endotracheal intubation
does not relieve bronchospasm—and may in fact worsen it—the job of ventilating the
patient merely starts with endotracheal intubation. Even if one can manually overcome
the high airway pressures required for inhalation, we have at present no technology that
will assist the patient in exhalation, and until the bronchospasm can be relieved, ventilation
will remain enormously difficult.

The origins of the reactive airway overreaction are thoroughly discussed in this
book, but in many patients they remain obscure. It is rare that we can find a specific
etiology that triggers an attack, and even more unlikely that we will find a specific allergen
that could be avoided in the future. The fact that we have an increase in environmental
factors seems almost self-evident to anyone who has ever witnessed the visible smog
conditions of our major cities, and it is probable that our love for the automobile has been
gratified at the expense of a harsh increase in reactive airway disease. There are other
problems that may also be environmental but are not caused by anything within our obvi-
ous control. For example, we have seen an increase in asthma following an apparently
mild case of mycoplasma bronchitis or pneumonia in many patients who have never before
suffered from asthma, only to be left with an increasingly serious case of reactive airway
disease. This form of asthma may initially present with persistent cough rather than wheez-
ing. It also might be true that if we could recognize asthma sooner, then we, by aggressive
treatment with inhaled steroids and bronchodilatators, might well be able to prevent the
descent into long-term chronic serious disease.

Many aspects of asthma require special consideration, and these are also discussed
in this book. For example, asthma during pregnancy is often exacerbated. It is not only
that two lives are at nsk from the severe forms of the disease, but often that the asthma
is exacerbating an underlying pregnancy comorbidity, such as hyperemesis gravidarum
in the first trimester or preeclampsia in the third. Moreover, although many asthmatic
medications are safe to use in pregnancy, others may have undesirable side effects.

The pediatric patient with asthma is always a special challenge. In addition to the
difficulty of achieving adequate delivery of medications, the sight of ventilatory difficulty
is psychologically very stressful not only to the parents but also to medical personnel who
have deait mostly with adults and are not accustomed to seeing children in distress. It
would also appear that our noxious environments are producing more pediatric asthmatics,
and I found the discussions of pediatric management in this book to be very informative.

We often overlook the importance of an effective prehospital management strategy,
but there is every reason to believe that if aggressive care can commence in the field. it
would make our job easier in the ED and, in fact, may well prevent mortality. This book
reviews some special field considerations, and I found it a useful stimulus to review my
own relationship with the paramedics with whom I interact. For example, in San Diego,
California, it is possible—and often very helpful —to have the paramedics deliver the first
respiratory inhalation treatment. But in Jackson Hole, Wyoming, paramedics are not yet
permitted to do this, and the number of agents that can be given is very limited (essentially
epinephrine and atropine). As every physician knows, trying to change field protocols is
often time-consuming, difficult, and frustrating. It is, however, worthwhile to try to insti-
tute these changes to make field management aggressive and efficient.

As our society and the way we practice medicine evolve, there are ever-increasing
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challenges to the management of the asthmatic patient. It does not matter how effective
a therapeutic regimen is if the patient has no access to that regimen. For far too many
patients in our population, the ED remains the only source of care for acute asthma. Al-
though the emergency physician does an admirable job of caring for acute asthma and
status asthmaticus patients, disposition from the ED and long-term care are not as good.
1 do not say this as an indictment of the emergency physician. Our society has not provided
the structure in which to place the nonfunded asthmatic patient. The ED is effective for
several visits but not for long-term follow-up. Even for a series of asthmatic visits, it 1s
often impossible to have the same physician and nurse see the patient, and starting all
over again on each return visit is unlikely to lead to intelligent management of the patient.
Moreover, the various administrative concerns of the managed-care system often lead to
limitations in drug formularies, pulmonary testing, and diagnostic procedures that do not
serve the best interests of the episodic patient. Even if there were adequate primary care.
it is often impossible to obtain a timely visit to the primary physician, and the patient
must again resort to the ED for a mild exacerbation. However, what is most worrisome
is the severe attack in the indigent patient that is properly but only partially relieved in
the ED. The patient has nowhere to go for follow-up. Even if the patient is capable of
returning to the ED, the long-term management of this patient will remain suboptimal
despite the best efforts of the emergency physician.

The discussions of many of these concerns, which are found in this book. will be of
great help to the practicing emergency physician as well as to the residents in training who
are in the process of learning that medical knowledge is not sufficient to care for many ED
patients. The diagnosis of asthmausually is not subtle, but the effective disposition and optimal
long-term management strategy often are. Decistons for admission are progressively being
driven by sociological necessities that do not belong in medicine but have become the pressure
points for medical decision making. For example, it should not be the responsibility of the
hospital staff to obtain shelter for the homeless, but when confronted with a homeless patient
with a moderate asthmatic attack, how is it possible to avoid admission when the alternative
is the patient’s return to a bush or bench in the park in the middle of a rainstorm?

1 believe that the emergency physician who reads this book will find answers to
many of the common, and some not-so-common, questions about the management of this
disease. Acute asthma is omnipresent; it is difficult to define, to manage effectively. and
to prevent. Early relapse and return visits to the ED are common. I believe that this book
provides an important discussion of the present state of knowledge about this serious
disease, especially in the context of the ED. It should also be useful to other physicians
who are responsible for asthmatic patients, whether in their offices or on inpatient services
after the patients have been treated in the ED. This book will help to provide some insight
into the decisions the emergency physician has to make and may ameliorate some of the
second-guessing that inevitably occurs after a patient’s initial management.

Having read this book, I now approach the asthmatic patient with a greater sense
of confidence about how to manage this problem. I believe the book will provide for all
readers a stimulus to curiosity about the future management of this disease, as well as an
improved daily performance.

Peter Rosen, M.D.

Professor and Residency Director
Department of Emergency Medicine
University of California, San Diego
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Preface

Acute asthma is one of the most common specific illnesses that present to an emergency
department (ED). Over the last 20 years, many changes have occurred in the management
of asthma in the ED. Intravenous aminophylline and subcutaneous epinephrine used to
be the mainstays of acute asthma treatment in adults. In children, serial injections of sub-
cutaneous epinephrine followed by a ‘‘chaser’” of aqueous suspension epinephrine,
Susphrine®, were routine. Patients were discharged from the ED when they were asymp-
tomatic and ‘‘wheeze-free.”’ Concomitantly, emergency medicine has come of age as a
specialty to care for many patients with acute asthma from a unique perspective. There
are now practice guidelines, noninvasive measures of oxygenation, and monitors of airway
flow rates for acute asthmatics in the ED. However, in the last 20 years there has also
been a worldwide increase in asthma morbidity and mortality. Each year there are over
one million visits to the ED for acute asthma, with asthma representing 10% of ED visits
in certain regions. The total direct economic cost has been estimated at $6.2 billion.

This book is intended to serve as a concise but thorough, clinically useful compen-
dium dedicated to both the clinician and patient with acute asthma in the ED. Each chapter
is a short but well-referenced state-of-the-art review of the subject. Where appropriate,
the chapters discuss asthma in children as well as adults. The aim of this book is to provide
scholarly information applicable at the bedside or ‘‘asthma chair.”” To this end, I have
sought chapter authors from a cross section of fields—including epidemiology, allergy
and immunology, pulmonary, and critical care medicine—who have achieved prominence
in asthma. Most of the chapter authors are academic emergency physicians and clinicians
involved with both pediatric and adult emergency medicine.

The book covers a wide range of topics, including an introduction to past and future
directions in asthma, i.e., the history of asthma and trends in future asthma research;
pathophysiology; epidemiology of acute asthma, especially in urban centers: factors that
result in the visit to the ED; clinical manifestations; evaluations such as pulse oximetry,

ix



X Preface

spirometry, laboratory work, electrocardiograms, and X-rays; management of acute
asthma involving the National Institutes of Health (NIH) protocol, among others, and
specific treatments; management of the airway and endotracheal intubation: special situa-
tions, such as the pregnant asthmatic or intractable severe asthma; disposition from the
ED and the role of the observation unit; and how to prevent relapse.

Emergency Asthma reviews the current thinking about asthma, especially as it pre-
sents to the ED. The definition and diagnosis of acute asthma are covered in several chap-
ters 1n this book (see Chapters 5, 13, and 14 on epidemiology, differential diagnosis, and
spirometry, respectively). Of particular note is that there is no overall diagnostic or treat-
ment plan covering the entire subject of acute asthma. For this purpose, 1 suggest the
reader refer to Chapter 18 for guidelines for the management of adult asthma, which lists
the 1997 National Asthma Education and Prevention Program (NAEPP) guidelines. The
impact of algorithmic treatment guidelines for acute asthma in the ED remains an area
of investigation.

It is my hope that this book will be a starting point to stimulate new interventions;
develop effective management protocols; and forge partnerships between emergency phy-
sicians, private practitioners, and researchers. It is also my goal that this collaboration
will work to reverse the tide of increasing ED visits, admissions. and mortality due to
asthma. This effort is dedicated to the patients, the best justification for the academic
excellence of the clinician.

Barry E. Brenner
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1

Where Have We Been?
The History of Acute Asthma

Barry E. Brenner
The Brooklyn Hospital Center, member of New York—Presbyterian Hospitals, Weill
Medical College of Cornell University, Brooklyn, New York

Almost all the serious consequences of bronchial asthma occur during acute asthmatic
episodes. Emergency asthma, the subject of this book, is the type of acute asthma that is
seen in emergency departments (EDs). There are 1.5 million emergency department visits
for acute asthma in the United States per year. (see Chapter 5, ‘‘Epidemiology of
Asthma’’). According to the Multi-Center Asthma Research Collaboration (MARC), 40%
of adults with an episode of acute asthma have not seen a primary care provider (PCP)
in the last year. For an asthma problem, 95% of the population studied go to the ED if
they have no PCP, and even 65% come to the ED even if they have a PCP (1). Thus the
ED is the main resource for patients with acute asthma. Emergency physicians prevent
much of the morbidity and mortality associated with bronchial asthma and also serve as
the only source of care for many asthmatic patients.

Asthma is a frequent, serious, and chronic disease with acute exacerbations com-
monly seen in all EDs. Many recurrent presentations of other ilinesses are for symptoms,
e.g., headache, chest pain, or abdominal pain. Acute asthma seems to present in a similar
fashion in most patients. For experienced clinicians the signs, symptoms, and response to
therapy for most cases of acute asthma seem quite predictable. Such a specific disease
should have been well recognized by clinicians hundreds of years ago and for the most
part diagnosed correctly based on this repetitive clinical presentation. Therefore, a review
of the history of acute asthma is achievable. As the introduction to this book on emergency
asthma, the history of the concepts and treatments in patients with acute asthma before
the advent of EDs, emergency medicine, or even before pharmaceutical companies will
be reviewed. Developments in asthma did not happen in isolation from the major changes
in medicine in general; many of these advances impacted profoundly on the diagnosis
and therapy of acute asthma. Some of the most relevant and interesting of these will be
reviewed as well.
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. ANTIQUITY

The Ebers papyrus in Egypt from 1500 B.c. refers to a condition whose description is
consistent with acute asthma and was treated with enemas and animal excreta, including
crocodile and camel, together with herbs such as squill and henbane. Henbane, whose
active ingredient is scopolamine, was placed on a heated brick rock and the vapors were
inhaled (2,3). Scopolamine has strong anticholinergic properties, and anticholinergic
agents have been useful in patients with acute asthma even in today’s EDs. Asthma was
described in the oldest medical book, the Chinese Nei Ching, written by Huang-Ti in
approximately 1000 B.c. In this connection the author mentions the Ma Huang plant, from
which the sympathomimetic ephedrine was extracted in the early 1900s (4).

Ayurvedic medicine from ancient India termed a condition Tamaka Swasa that is
consistent with asthma. It was described in the Caraka Sambhita, a two-volume medical
book written in Sanskrit from at least the first century A.p. It was noted that Tamaka
Swasa often started with a *‘cold” leading to shortness of breath, wheezing, and much
coughing. In more severe cases the patient may not be able to speak or lie down. He may
be wide-eyed and sweating. The treatment consisted of steam, inhaled cinnamon, castor
bean oil. an insect resin (lac). tumeric, arsenics, Dartura (see section later on belladonna
alkaloids), and herbal ointments (5).

Asthma is a Greek word meaning panting. It was first used in Homer’s lliad and
also found in the works of the poet Pindar, the playwright Aeschylus, and the philosopher
Plato. The term was used by Hippocrates and implied a certain sound. Hippocrates (460
370 B.c.) (Fig. 1) separated medicine from superstition and infused scientific spirit and
ethical principles into medicine. The condition of asthma was regarded as paroxysmal and
more severe than simple dyspnea. Its spasmodic nature was compared to an epileptic
convulsion, and it was considered a divine visitation.

With the destruction of ancient Greece by the Romans, Greek medicine was incorpo-
rated into Roman practices. Initially hindered by Pliny the elder, who stated that Rome
had been successful for over 600 years without physicians, Asclepiades established Greek
medicine in Rome, and the Greek physician Galen (131-201 A.D.) became Rome’s greatest
medical practitioner. Seneca, the Roman philosopher, suffered with asthma (6). Galen and
other Roman physicians, notably Aretaeus, noted that acute asthma was more frequent
during the winter than the summer and during the night compared to the day. **There was
a wheezing noise heard in the chest. The voice may be weak and the neck stretched. The
asthmatic appears anxious'’ (7-9). Roman physicians and the practitioners of Ayurvedic
medicine had given asthma a remarkably accurate descriptions before the start of the
Middle Ages.

il. MIDDLE AGES AND BYZANTINE PERIOD

After centuries of the “‘Dark’” Middle Ages came the Moslems, who in their conquests
acquired Greek manuscripts and brought the ancient medical wisdom of Greece and Rome
to Arabia and Spain. Treatments of asthma involved mixtures of licorice, cotton, melon,
Mohameddan cucumber, and gum arabic (10). Moses Maimonides (1138*-1204), an ex-

* Many books list Maimonides' year of birth as 1135, The best source of the year of his birth is
Maimonides’ Commentary to the Mishnah written in 1168, where he states in his own handwriting
that he was thirty years old when he finished writing this work.
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Figure 1 Mezzotint by J. Faber after Peter Paul Reubens (1577-1640). Reubens
painted this picture from an ancient statue of Hippocrates from the Greek island of
Kos, where the famous physician resided. The bottom of the mezzotint reads, “He
grounded his Precepts upon Aesculapius. He was by some styled as Prince of Physi-
cians, and by others honoured as a God, and his Works are to this Day greatly es-
teemed in most parts of Europe. He died at 104 years of Age about 425 Years before
the Birth of Christ.”” (Courtesy of the Wellcome [nstitute Library, London, England.)
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traordinary talmudic scholar, philosopher, and physician, lived in Cordova, Spain (Fig.
2). To escape Islamic persecution in Spain the family fled, wandering for 10 years in Spain
to arrive in Fez, Morocco, where Maimonides devoted himself to the study of medicine and
Judaism. The family finally settled in Egypt, where his reputation as a physician grew.
He became appointed as the physician to the great Saladin and then became physician to
the Saladin’s son, Prince Al Afdal Nur ad Din Ali, when the Prince assumed the throne
at age 40 in 1193.t

Maimonides was requested to write dietary advice on asthma for the Prince. This
resulted in a Treatise on Asthma (11) written in the latter 14 years of Maimonides’ life.
He states that he has no magic cure for asthma and that he will cite as many sources as
he can remember *‘to give greater force to any discourse.”’ ¥ He noted that he relied heavily
on Galen. Maimonides wrote that asthma often starts with a commen cold during the rainy
season, noted that the ‘‘air pollution’” of Cairo may in part be responsible for the asthma,
and recommended a change in climate for the Prince. His description of the city seems
amazingly modern: *‘Town air is stagnant, turbid, and thick; it is the natural result of its
big buildings, narrow streets, and garbage. . . . Air winds carry stealthily inside the houses
and many become ill with asthma without noticing it. Concern for clean air is a foremost
rule in preserving the health of one’s body and soul.”” He proceeded to recommend various
diets and therapeutic herbs. Some were to be inhaled as vapors. He also recommended
old chicken soup to thin the phlegm and serve as an expectorant. In the modemn era chicken
soup was reported to have similar effects (12,13). Many dietary recommendations were
provided by Maimonides to the Prince (14,15). He emphasized that medical conditions
should be taken care of by scientifically based physicians and urged the Prince not to
chase after magic cures. Maimonides stated in this treatise that:

he who puts his life in the hands of a physician skilled in art but lacking in science
is like a mariner who trusts his luck, relying only on the sea winds. Sometimes they
blow in the direction you want with good luck; other times not and this may lead to
doom.

iIll. THE RENAISSANCE

For the next 400 years the scientific study of asthma and other diseases was suppressed
by feudalism and the repressive interests of established religions. At the end of this time
period, man again began to contemplate himself and the universe, and the Renaissance
began. Just preceding this time (1400 A.D.) the Greek word for asthma was brought into
the English language as two different words: asmy and asma. Around 1600 A.D. the word
asthma came into usage (7).

Van Helmont (1577-1644) in France, who suffered with asthma, noted that the
bronchi were the origin of asthma and that inhaling dust or eating fish in certain individuals
brought on attacks. He noted that the bronchi would react with spasm to dust, especially
from the demolition of houses and temples (16). He described a monk who, while eating

+ There in Egypt he wrote his prodigious compilation of Jewish law, Mishneh Torah (finished in
1168), and the philosophic treatise, Guide for the Perplexed. The former work was highly criticized
for not being referenced well enough to its source, the Talmud.
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Figure2 Top: Moses Maimonides photogravure. {Courtesy of the Wellcome Institute
Library, London, England.) Bottom: Signature from letter by Maimonides pleading for
funds to ransom Jewish captives taken prisoner in 1168 by the Crusader, Almaric of
Jerusalem, after his attack. From the Cairo Genizah of the Ben Ezra synagogue in
Fostat, Egypt, 1897. (Courtesy of the Jewish Theological Seminary of America.)
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fish fried in oil. fell down, deprived of breathing, ‘*so that he was scarce distinguished
from a strangled man.’" This concept put him in conflict with the official Church view of
internal humors as the cause of disease, and he was condemned to death until he recanted.

Willis (circle of Willis) (1621-1675) noted an association between food. emotion.
heredity. and asthma. Sir John Floyer (1649—-1754), an asthmatic, theorized that contrac-
tion of the bronchi was responsible for asthma. He also reported that air quality and food
were responsible for attacks. William Cullen (1710-1790), the first to lecture on medicine
in English and not Latin, similarly noted that *‘spasmodic asthma’ was caused by bron-
chial constriction (7,8,17). He felt that this bronchospasm was caused by the nervous
system. Modern experiments have shown this view to be incorrect (18).

In 1786, William Withering, the physician who established foxglove treatment, re-
sponded to a colleagues’ questions concerning asthma (19,20). He indicated that asthma
is incurable, but it can be palliated. He noted that *‘the disease does not cut short the
usual period of life.”” He stated that asthma may sometimes be cured by a long sea voyage
or land journey and prevented by removing curtains or a feather bed. His best therapy,
he stated. was strong coffee. He added that **opium relieves fits, but it lays the foundation
of more disease hereafter.”"*

IV. THE 19th CENTURY

A luminary in the field of chest medicine was Laennec (1781-1826) (Fig. 3). In 1816 he
became the head of medicine at Necker Hospital and wrote a treatise on chest diseases
(21). He described asthma as due to spasms of the bronchi most often associated with
catarrh (mucosal inflammation). Asthma symptoms were increased during the evening and
nighttime. Inciting factors were emotions, marital relations, odors (bulb flowers or **sun-
seeking' flowers or stored apples), or a change in the weather. It was produced by living
in an apartment fow to the ground, even though the air was changed by the movement
through doors and the passage through chimneys. He also reported occupationally related
asthma from exposure to lead oxides. He describes a case of an agoraphobic, slightly
hypochondriacal man who developed shortness of breath repeatedly on exposure to open
areas. His treatments involved narcotics to lessen respiratory drive and decrease broncho-
spasm, belladonna, and stramonium (belladonna alkaloid from the Datura plant or jimson-
weed). He recommended oxygen, although he states that he had not yet used it on patients.
He cited a Dr. Bree, who used coffee to diminish the severity and prevent attacks. Laennec
stated that he tried magnetism with variable results. He cited that emetics may be followed
by an immediate alleviation of the paroxysm.¥

* The source for this correspondence is a holographic letter, written in English, and displayed at
the Royal Society of Medicine. London. England.

+ Leannec's treatise is famous for the description of the use of the stethoscope. He described his
auscultation through the stethoscope as mediate auscultation (Laennec’s term) as opposed to lis-
tening with one’s own ear, termed immediate auscultation. He coined the terms we use today for
the different types of rhonchi, réles. egophony, bronchophony. and pectoriloquy. His colleagues
argued strongly against this mediate auscultation in which one would have to carry an instrument.
It seemed unnecessary to depend on another instrument when you always would have your ear.
Laennec countered by arguing that the stethoscope was good for listening in areas in which it
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Charles B. Williams (1805-1889) in 1840 demonstrated that smooth muscle con-
traction was a probable cause of airway obstruction in asthma. He demonstrated in animals
that the airways contracted to electrical stimuli and that contractions were abolished by
belladonna, stramonium, or morphine (22).

Salter (1823-1871), an asthma sufferer, provided vivid accounts of acute asthma,
emphasizing the hereditary aspects of the disease and distinguishing bronchial from car-
diac asthma. He also considered asthma to be both related to inflammation of the bronchi
as well as bronchospasm. His work on asthma was considered the standard during the
late 1800s (17,23).

Ramadge (1793-1867) wrote a review of the subject of asthma about 15 years after
Laennec. He described the onset of asthma to be associated with food, weather, menstrua-
tion, or emotions. He stated that asthma occurred mostly at night. In the summertime it
was associated with periods of excessive heat and in the winter it occurred with the early
frost or a ‘‘close, foggy’’ state. On physical examination he described accessory muscle
use and hyperinflation of the chest (24): *‘The patient may sit up, lean forward, breathing
as if to suck in his air. The patient may not be able to speak.’” He reported on the ausculta-
tion with a stethoscope of wheezing and spasm of the bronchi. As for therapy, he noted
that what works for some patients does not work for others. He stated that narcotics should
be discredited as these agents make matters worse, but early in the attack they may be
useful if judiciously used. He notes that Laennec used narcotics to relax the respiratory
drive, which caused an effect similar to that of hibernation in animals. He cited Willis,
who noted that opiates impede respiration that was already *“‘oppressed’’ and that opiates
endanger life. Ramadge, who seems very forward thinking, recommended stramonium,
which “‘produces a grateful forgetfulness and a balmy oblivion like opiates.”” He also
recommended a change from city to country living (24).

Trousseau, the French physician famous for his sign of hypocalcemia, describes a
personal worst attack, which came on in minutes with intense profuse rhinorrhea and
watery discharge from his eyes, dyspnea, and oppression, and was relieved in 10 minutes
by smoking a cigar! At the time of the asthma attack, Trousseau was in the hayloft watch-
ing a coachman, who he suspected of dishonesty, measuring oats (25). He notes that with
some asthmatics, the mere presence of a cat or rabbit in a room causes bronchospasm. Trous-
seau urged treatment with stramonium, ether, chloroform, or potassium nitrate fumes.

was difficult for the ear to maneuver: the axilla, bony prominences, and the space occupied by
the breast. Listening with the ear was too fatiguing on the posture and head itself. In addition the
physician could not assess egophony. bronchophony, or pectoriloquy. He described the sounds of
asthma as wheezing. In this chapter of his textbook he discusses the construction of his stethoscope.
His prototype was paper, but he found wood more durable. He tried metal, but it was too cold
for the patient. The stethoscope recommended by Laennec was made out of wood or Indian cane,
1 ft long (to avoid exposure to the patient’s breath), 0.5-1.5 inches in diameter, and perforated
longitudinally by a bore three lines wide. The part to go on the chest wall was a 1.5 inch funnel
for the lung exam. The funnel was to be plugged to examine the heart. The stethoscope came into
two parts to allow for portability, and the physician could listen with only one ear at a time. Initially
Laennec’s idea was ridiculed, and he retired to the countryside. During his lifetime, however, the
book and the stethoscope grew in acceptance eventually to become the standard in internal and
chest medicine. Dr. George Camman introduced the binaural stethoscope in 1855 with flexible
tubing. The tubing was covered with tight coils dipped covered with silk and dipped in a gum
elastic. This stethoscope looks quite similar to those in use today (Figures 4A-D).
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LAENNEC ,

Figure 3 Engraving of Rene Theophile Hyacinthe Laennec by Ambroise Thadieu.
(Courtesy of Wellcome Institute Library, London, England.)

Thorowgood published many works on asthma from 1870 until 1900 based on his
clinical experience with 160 patients with asthma. He described the use of ozone paper
(see Fig. 9 on page 16) which was smoked and contained potash (potassium hydroxide)
or potassium iodide. He indicates that at earlier times Datura (jimsonweed) was chopped
and smoked in a pipe, but in his more modern times it had been placed into the paper of
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(B)

Figure 4A.B (A} A reconstructed model of Laennec’s original stethoscope, 1819. It
was separable for portability. (Courtesy of the Philip Reichert Collection, Library of
Mount Sinai Medical Center, New York, NY.) (B) The earpiece of the stethoscope may
be unscrewed for ease in carrying, as in all monoaurals. This specimen is inscribed
in ink: “Stethoscope tipo Laennec megafonico. Brevettato. Doctt Corradino Malloli
Faligno Bevagna. {Courtesy of the Philip Reichert Collection, Library of Mount Sinai
Medical Center, New York, NY.)

a cigarette. Other therapies recommended were chloroform, ether, amyl nitrite, nitre paper
(paper suffused with potassium nitrate), and sprays made from a solution of lobelia and
belladonna alkaloids. He noted the highly effective use of chloroform for a severe asthma-
tic in 1847. Chloroform, if used early in very small amounts, he stated, would abort an
attack, but larger amounts are needed for an established episode. His standard treatment
was 5-10 drops in a handkerchief or an inhaling pipe. He reported tachyphylaxis to the
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Figure 4C,D (C) The need for a binaural stethoscope soon was realized. Devised in
1855 by Dr. George Cammann, this binaural stethoscope consisted of flexible tubing
covered with fabric. The chest piece is ebony and the ear pieces are ivory. The price
was 5 dollars. (Courtesy of the Philip Reichert Collection, Library of Mount Sinai Medi-
cal Center, New York, NY.) (D) A radiograph of the stethoscope demaonstrating the
wire coils and threaded segments of the bell. (Courtesy of the Philip Reichert Collec-
tion, Library of Mount Sinai Medical Center, New York, NY.)

effects of chloroform and stated *‘the doses (of chloroform) may need to be increased as
the system becomes less susceptible during repeat episodes.”’ (26)

Einthoven (1860-1927), the inventor of the electrocardiograph (EKG), evaluated
three theories of pathogenesis of asthma popular at his time: bronchospasm vs. spasm of
the diaphragm vs. capillary-leak. He demonstrated experimentally that spasm of the bron-
chi was the etiology (27).

This was a time period of great observation by physicians and scientists, and the
sputum did not escape their notice. Leyden (1832-1910) (Fig. 5) in 1871 found octohedral
crystals in the sputum of asthmatics and believed that these caused bronchospasm (28).
Actually, they were first found in sputum by Charcot (1825-1893) (the famous neurolo-
gist) in 1853, but he did not associate these crystals with asthma at that time. Curshmann
(1846~1910) (Fig. 6) in 1882 found spirals in the sputum and felt that they must cause
the bronchospasm, since Leyden crystals were not always found in sputum (29,3(0). Ehr-
lich, then a young physician in Leipzig experimenting with aniline dyes, stained blood
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Figure 5 Leyden crystals formed from eosinophilic debris. (From Ref. 28.}

and essentially discovered the eosinophil (31). Gollasch, reporting on his own work and
unpublished works of Miiller in 1889, noted eosinophilia in sputum (32). Fink (33) as
well as Gabritschewsky (34) demonstrated eosinophilia in the blood of asthmatics in 1890.
Concomitantly it was demonstrated that during exacerbations, blood eosinophilia was in-
creased as compared with “*wheeze-free™ intervals (35). The eosinophil, Charcot-Leyden
crystals, and Curshmann spirals had captured much interest concerning their role in the
pathogenesis of acute asthma at this time period (36). The eosinophilia in acute asthma,
however, could not explain the myriad clinical manifestations of acute asthma.

V. THE TURN OF THE 20th CENTURY

In 1902. Richet (1850-1935) found that injection of a foreign protein from Portuguese
men-of-war or sea anemones into dogs was followed by a condition of greater susceptibil-
ity to the protein. He termed this phenomenon anaphyiaxis to express its antithesis to
prophylaxis or protection afforded by injection of certain proteins (37). With the injection
of diphtheria antitoxin in 1894, there was ample opportunity to observe the effect of injec-
tions of foreign proteins. In 1910 Meltzer noted a similarity between anaphylaxis and
asthma in which a person became sensitized to a definite substance, and an attack occurred
every time the substance entered the circulation. Minute quantities of the substance, if
inhaled, would bring on an attack of asthma (38). In 1906 Von Pirquet, an Austrian pedia-
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Figure6 Curschmann spirals formed from mucus and eosinophilic debris. (From Ref.
29.)

trician, introduced the term allergy. from the Greek word aflos (meaning other) based on
their studies of serum sickness (39). Asthma now was felt to be an allergic phenomenon
and a cure would be effected by injecting these foreign proteins.

Just before the turn of the century (1892), standards in internal medicine were being
established. Sir William Osler wrote a single authored textbook, The Principles and Prac-
tice of Medicine (Figs. 7TA, B, and 8). Textbooks give us a view into the standard of practice
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at that time period. He notes that in the pathogenesis of asthma there is a contribution of
both inflammation and spasm of the bronchi. His description of acute asthma outlined a
typical acute episode and recognized the urgency of the problem. He stated that *‘immedi-
ate and prompt relief is demanded’’ (26). He noted the following therapies, similar to
Thorowgood mentioned earlier (26). Osler noted that chloroform, a few whiffs, provided
prompt but temporary relief. Although somewhat contradictory to the adult with acute
asthma, Osler stated ‘‘in a child with very severe asthma, immediate and permanent relief
can be achieved with chloroform.”” Amyl nitrite was useful with 2-5 drops supplied in
a handkerchief. Morphine and cocaine combined were good for obstinate attacks. Bella-
donna, henbane, lobeline, and stramonium could be used in solution or in cigarettes. Nitre

THE PRINCIPLES AND

PRACTICE OF MEDICINE

DESIGNED FOR THE TUSE OF
PRACTITIONERS AND STUDENTS OF MEDICINE

BY
WILLIAM OSLER, M.D.

FELLOW OF THE ROYAL COLLEGE OF PHYBICIANS, LONDON
PROFESAOR OF MEDICINE IN THE JOHNS HOPKINS UNIVERMTY AND
PHYSICIAN-IN-CHIEF TO THE JOHNS HOPEINS HOSPITAL, RALTIMORE
FORMERLY PROFESSOR OF THE INSTITUTES OF MEDICINE, MC GILL TNIVERSITY, MONTREAL
AND PROFEASOR OF CLINICAL MEDICINE
IN THE UNIVERSITY OF PENNSYLVANIA, PHILADELFHIA

NEW YORK
(A) D. APPLETON AND COMPANY
1892

Figure 7A Title page from Osler’'s textbook, The Principles and Practice of Medicine,
1892.
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paper with nitrate of potash burned to provide fumes seemed to help at night (Fig. 9) (see
page 8). He stated that oxygen may also be tried. To prevent recurrence, potassium iodide
was important. The asthmatic was better living in the city than the country. Most notably.
Osler stated that **we have no knowledge of the morbid anatomy. Death during the attack
is unknown’’ (40). This statement seems $0 surprising now, since at that time period there
was no epinephrine, beta-agonists, or glucocorticoids. Furthermore Osler encouraged the
use of a respiratory depressant, morphine. Both the sixth edition published in 1905 and
the eighth edition [the last edition published while the author was alive (Osler died in
1919)] published in 1917 were unchanged in the entire therapy of asthma from the original
1892 textbook.

At the turn of the century the aspects of allergy and asthma were beginning to
become clarified. The therapeutic agent, belladonna alkaloids, e.g., lobeline, and stramo-
nium, repeatedly appeared in many physicians’ therapeutic armamentarium of asthma. A
common source for these parasympatholytic agents, as mentioned before was the Datura
plant. In India, the Datura plant was smoked since at least the 1600s for asthma and was
introduced into England from India in the early 1800s. As mentioned in many sources
above. these medicines formed the mainstay of asthma therapy in the 1800s (41). With
optimal use a patient could inhale 0.5 mg of belladonna alkaloid per cigarette: with more
casual use, 0.15 mg could be readily inhaled (42). Physicians making house calls even in
the early 1920s experienced a noisome odor in the homes of asthmatics that recked of
smells and fumes of burnt niter paper, stramonium, and lobeline (43).
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Figure 7B Osler’'s signature on a signed copy of his textbook. (Courtesy of the NY
Academy of Medicine Library, New York, NY.}
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Figure 8 Osler sitting in Sir Edward Jenner’s chair in the room of the Regius Profes-
sor at the Oxford University Museum, Oxford, England. (Courtesy of the Wellcome
Institute Library, London, England.)

VI. THE 20th CENTURY

Highly effective "“modern’” therapy of acute asthma began with the development of epi-
nephrine. The first parenteral use of epinephrine for acute asthma was in 1903, reported
from Montetiore Home for Chronic Invalids (44). In the introduction. authors remark that
opium and morphine, by mouth, rectum. or subcutaneously, are effective only while the
patient is stuporous, but the asthma attack returns when the patient awakens. Only tempo-
rary beneficial effects were observed with chloroform. They reported a new, highly effec-
tive agent, adrenaline, administered subcutancously at doses from 0.15 to 0.3 mg (1:1000
epinephrine). Administration by the inhaled route (atomizer), however, waited until 1929
(45). The Ma Huang plant, as mentioned at the beginning of this chapter, was used for
thousands of years in China for treating what was apparently asthma. Its active ingredient,
cphedrine. was isolated in 1884 in Japan but introduced into the western hemisphere in
1924 (46).

In the early 1900s. Rackemann evaluated 150 patients with asthma at the Massachu-
setts General Hospital, mostly outpatients and ward patients. They all had blood. sputum,
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Figure 9 Advertisement for an antiasthmatic paper in the lllustrated London
News, November 26, 1892. ““Ozone paper’” was paper suffused with potash (potas-
sium hydroxide) or potassium iodide {see page 8). (Courtesy of the Mary Evans Picture
Library, London, England.)

and roentgenographic evaluations to exclude organic cardiac, blood. or other pulmonary
disease. All patients presented as having episodic dyspnea with wheezing and no other
etiology could be found. He classified the cases into extrinsic asthma, i.e., related to allergy
to proteins that are extrinsic to the body (28% of cases), such as allergens (horse hair was
classic), as opposed to intrinsic asthma (53%), where the ‘‘allergen’” was inside the body,
such as acute bronchitis. The remaining 20% of cases were unclassified. The age of onset
of extrinsic asthma was typically 12 years while intrinsic asthma was 26 years of age. In the
treatment section, this article states, ‘‘adrenalin is a very important drug in the treatment of
asthma; a subcutaneous injection of adrenalin chlorid solution (Parke Davis) will control
the attack in almost every case™ (47).

To obtain a clearer picture of asthma in the early 1900s, the time of discovery of
a drug or case reports of its use are helpful to demonstrate what agents were available.
But classification, clinical manifestations, and treatments as recommended in standard
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textbooks of that time period indicate more of the contemporary general practice and
thinking about asthma. The sixth edition of Stedman’s Medical Dictionary published
in 1920 listed 16 different types of asthma and provided the nosology and terminol-
ogy of that time period (48). Under asthma was included: alveolar asthma due to emphy-
sema, amygdaline asthma due to enlarged tonsils or adenoids; asthma nocturnum due to
a nightmare; bronchial asthma, the common form, due to either bronchospasm or bron-
chial edema; bronchitic asthma due to bronchitis; cardiac asthma due to cardioscler-
osis, often occuring at night; catarrhal asthma, the same as bronchitic asthma; essential
asthma, nervous asthma associated with no bronchial edema; grinders asthma due to sider-
osis or silicosis; hay asthma, asthma associated with hayfever; Heberden's asthma, angina
pectoris; horse asthma due to proximity to horses; miner’s asthma from anthracosis;
nasal asthma from intranasal causes such as a deviated septum; potrer’s asthma due to
pneumoconiosis; reflex asthma, which is symptomatic asthma; renal asthma due to renal
disease; sexual asthma due to either venereal disease or excessive sexual excitement;
stone asthma associated with pressure and burning of the chest due to a bronchial cal-
culus, relieved when coughing dislodges the calculus; thymic asthma a spasmodic
closure of the larynx in children due to an enlarged thymus gland, also known as Kopp's
asthma.

Rackemann wrote the chapter on bronchial asthma as part of the Allergy section in
the first edition of Cecil, a Textbook of Medicine by American Authors (49). Rackemann
noted that asthma affected all ages and races. Some asthma clinics were seeing 100 patients
per week. Under extrinsic asthma, Rackemann lists many well-known allergens that cause
bronchospasm. Under intrinsic he included acute bacterial bronchitis, occurring quite regu-
larly in the spring and fall, often following colds, especially in children. He noted other
causes of intrinsic asthma such as reflex asthma, due to disturbances in the nose or throat
or pregnancy or menses (47,50) or toxic asthma, due to sinusitis, tonsillitis, or teeth decay.
He noted that asthma may occur with a positive syphilis test or with diabetes and resolved
with treatment of both, as well as cardiac and renal asthma, which resolved with treatment
of the underlying condition. Curiously, like Osler (40), he wrote that death from acute
asthma was rare, with only 21 reported cases in which pathology was available. He noted
that eosinophilia of blood and sputum as well as Charcot-Leyden crystals were characteris-
tic of asthma. Clinical manifestations were described in a fashion common to present day
textbooks, including a description of wheezing, defined as musical or sonorous rales. He
describes in detail an asthma attack with the onset due to horse dander. He noted that
asthma may occur with dust, fumes, or exercise or idiopathically. Occupational asthma
was well described along with sensitivities to many agents, foods, specific dusts, and
animal dander. In a glimpse into those times, he stated (49),

Individuals subject to these attacks are never without their pet remedy which may be
a powder containing stramonium leaves, the smoke of which is inhaled, or some nasal
spray containing cocaine, or adrenalin. Such patients are uncomfortable at night. It is
common for them to wake up three to four times per night to burn their powder or
take their adrenalin.

He noted that the patients could not eat during the attack and weight loss often was
common and marked. Musical or sonorous rales might be heard. Cyanosis was not present
unless there was a coexistent pulmonary infection. He noted that there was a sharp systolic
fall in blood pressure with inspiration, i.e., pulsus paradoxus. His recommended treatment
was 0.25 ml of adrenalin chloride {epinephrine) repeated at half-hour intervals as needed.
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One and a half milligrams of dry powder under the tongue in children, he stated, was
frequently efficacious. Stramonium in asthma powders and cigarettes were helpful. He
stated that morphine was not specific and rarely indicated. Ephedrine, which works like
adrenalin, can be given parenterally or orally (25-50 mg three times per day). He stated
that adrenalin was much more effective than ephedrine. Among the general recommenda-
tions he provided are allergen avoidance, moving to a dry climate such as Arizona. potas-
sium iodide, and ipecac.

Aminophylline was first used clinically after demonstration of its bronchodilating
effect on bronchial smooth muscle in the laboratory This finding was made in 1922 in
Frankfurt, Germany, by Samson Raphael Hirsch* (51.52). After a [4-year hiatus, amino-
phylline was used for acute asthma, especially cases that did not respond to epinephrine
(adrenaline-fast). During their investigations of diuretics and treatments for pulmonary
edema, Hermann et al. in 1937 reported on the efficacy of intravenous aminophyiline in
41 cases of severe asthma. In these cases 480 mg was ‘‘pushed slowly™ intravenously
with few side effects and all but two cases had prompt. complete, and persistent relief of
dyspnea (53).

The study that was way ahead of its time was published in 1900. At that time Solis-
Cohen prepared a crude extract of the adrenal gland and used it in the treatment of acute
asthma (54). In the late 1930s, cortisone was finally isolated, and it was used successfully
in the late 1940s for the treatment of rheumatoid arthritis. After this time period. the
development of the use of steroids for asthma followed a traditional pathway of case
reports, then clinical series, from small to larger, than double-blind clinical trials. In the
time period from 1949 to 1950 the use of ACTH for acute and chronic asthma was found
to be highly effective in many several small clinical series with the first report from Johns
Hopkins Hospital (55,56). In the early 1950s, Carryer et al. gave 100 mg of cortisone
intramuscularly every day to a very small series of patients in a double-blind placebo
controlled trial and established corticosteroids as a highly effective treatment of asthma
(57). Other studies came out shortly afterwards corroborating these effects of both corti-
sone and ACTH (58-61). By 1955, the agent with which present-day physicians are most
familiar, namely prednisone (initially called metacortandracin), was developed and also
found effective in acute asthma (62,63). In one study in 1955 on 10 patients concerning
the effect of ACTH in refractory acute asthma, a glimpse of the times and medical care
for acute asthma can be perceived. In one typical case they report (64):

An intelligent and sensible housewife aged 53 was seen at home as an emergency in
status asthmaticus so severe that two hour previously her own practitioner had thought
her to be on the point of death. In spite of intravenous aminophylline she was still
extremely shocked and distressed in her breathing. She was at once admitted to the
hospital and given ACTH 30 mg intramuscularly six-hourly. Within 12 hours she was
comfortable, and within forty-eight hours she was completely free from wheezing. The
total dosage was 730 mg in nine days.

* Dr. Hirsch was the great grandson of the famous German rabbi by the same name. Since Dr.
Hirsch lived in Frankfurt, Germany, some authors expressed concern about Dr. Hirsch's weifare
since there was no academic productivity from 1933 onward. However, Dr. Hirsch went under-
ground in 1933 and escaped to Belgium in 1938 where he remained underground. After the war.
he opened up a private practice in internal medicine in Belgium. He died in 1960.
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An extraordinarily progressive study adumbrating modern practices with chronic
asthma was published in 1951. In this study 30 patients were directed to self-inject ACTH
and determine their own daily doses based on symptoms. The sclf-injection was not prob-
lematic, since the patients were already well-experienced in self-injecting epinephrine.
The study was successful in that all patients improved over the 10 month study period
with doses varying from 20 mg every day to 12 mg every other day. Relapse occurred
soon after discontinuing the drug.

In a multicenter study with 13 sites (but only 32 patients), patients who did not
improve after 24 hr of acute therapy (subcutaneous epinephrine. intravenous aminophyl-
line, inhaled isoproterenol, oxygen, antibiotics, and sedatives) received either placebo or
1.25 g of cortisone orally over 9 days in a tapering regimen (starting with 350 mg on day
1). The major findings were that by the fourth day of the study fewer patients in the
cortisone group had disabling symptoms as compared with the placebo group [66% (n=15)
vs. 24% (n=17)] (65).

In the early 1950s, modifications of epinephrine were made resulting in isoproter-
enol (isoprenaline), a pure B-agonist without any « activity like epinephrine; isoproterenol
was used by inhalation to treat acute asthma. In the 1940s the spray atomizer, like that
used for perfume, was a common inhalant route used for bronchodilating drugs. such as
epinephrine. In 1956 Maison, a medical consultant at Riker Laboratory (now 3M Pharma-
ceuticals), developed a canister with a one-way valve, resulting in a spray containing
approximately the same amount of drug per spray (a metered dose). The potential of this
product was soon realized by the pharmaceutical industry and *‘reliable’” metered dose
inhalers (MDIs), Medihalers®, became available (66). In 1948 Ahlquist developed the
concept of o and B-receptors to explain the different effects of sympathomimetics on
different organs (67). In 1967 Lands et al. suggested that there were two forms of the B-
receptor, 3, and B.. When stimulated the ;- receptors cause lipolysis and a chronotropic
and inotropic effect on the heart. B,-receptors cause vasodilation, bronchodilation. skeletal
muscle tremor, and muscle glycogenolysis (68). Pharmaceutical companies endeavored to
make MDIs and aerosolized solutions with as much B, and as little B, properties as possible.

The state of knowledge about acute asthma was exhaustively reviewed by Brenner
in the early 1980s (69.70). By this time, comparative trials of different therapeutic agents
had been reported, and sedatives were widely condemned during acute asthma cpisodes
as their use was associated with increased risks for intubation and fatality (71.72). Intermit-
tent positive pressure breathing (IPPB) devices, to decrease the work of breathing of the
acute asthmatic. was the primary means to administer inhaled P agonists. IPPB was the
standard method in the 1960s and 1970s to deliver these agents. but was found to be
associated with increased risks of barotrauma and was replaced by the equally effective
method of nebulizing the 3 agonists in a “‘well,”’ through which air or oxygen was intro-
duced: the resulting ‘‘steam’” was inhaled by the patient (73,74).

In 1998 patients that present to the ED with near-fatal asthma receive oxygen, endo-
tracheal intubation, and mechanical ventilation. This was not always the case. Oxygen
was discovered by Priestly (1733-1804) in 1774 by heating mercuric oxide over mercury
in a closed vessel. He stated that ‘‘dephlogisticated air’" was released. This air made a
candle bumn brighter and supported the life of mice. Priestly came to dinner at the home
of Lavoisier (1743-1794), in 1775, at which time Priestley described his findings (Fig.
10). Lavoisier, along with his colleague LaPlace, studied oxygen and showed that respira-
tion was like combustion, and oxygen was inhaled and carbon dioxide and water were
exhaled. He termed the gas oxvgen because it caused or generated combustion. The un-
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happy ending of this great scientific career occurred when Lavoisier was condemned as
an enemy of the people of France and guillotined on May 8, 1794 (75,76).

For the treatment of diphtheria, O’Dwyer in 1882 developed endotracheal tubes that
would be placed by a blind digital intubation. Endotracheal intubation was developed to
avoid tracheotomy in these patients with diphtheria. Cuffed tracheal tubes were developed
around 1890. The laryngoscope and placement of the tube under direct visualization was
pioneered in 1895. For surgery, patients were intubated and then ventilated with a bellows-
like device (77~-79).

Mechanical ventilation was accomplished in 1927, after Drinker made a negative
pressure ventilation device that was termed the iron lung. Due to the ‘‘iron shell”” sur-
rounding the patient, access for nursing care was difficult. However, for patients with
respiratory depression secondary to polio, this device was inadequate and the mortality
rate was approximately 90%. In 1952 there was an epidemic of polio in Copenhagen,
Denmark, where there were almost 3000 admissions with acute poliomyelitis and several
hundred patients in respiratory failure; most of the patients were children between 1 and
14 years of age. The referral center for Copenhagen and eastern Denmark was the 500-
bed Blegdams Hospital; this facility had only seven negative pressure ventilators. At this
time anesthesiology was a new specialty, officially recognized in Denmark in 1950. Anes-
thesiologists only worked in the operating room under the auspices of the surgeon, who
even chose the anesthetic. At the start of the epidemic in the beginning of August 1952, 31
patients had been admitted to this hospital with polio and respiratory depression. Despite
treatment with negative pressure ventilators, 27 died within three days of admission. Dr.
Bjorn Ibsen, an anesthesiologist, was consulted. He urged a boldly different treatment
with tracheostomy to allow for easy removal of secretions, insertion of a cuffed tracheal
tube to prevent aspiration, and a connection of a bag to the tracheal tube to allow for
manual positive pressure ventilation. His plan was met with skepticism. On August 27,
1952, he was assigned just one patient on which to try this new therapeutic plan, a 12-
year old girl paralyzed in all four extremities, ‘*gasping for breath, drowning in her own
secretions, cyanotic, sweating, and a temperature of 40.2 C*’ (80). Under local anesthesia
a tracheostomy was successfully performed, but the patient still could not be ventilated
through the tracheal tube. The patient was ‘‘dying in his hands.”’ Intravenous pentothal
was given, and the patient relaxed and was now able to be ventilated. Cyanosis was gone
and the patient stabilized (Fig. 11). This positive pressure, however, required someone to
manually ventilate the patients by ‘‘squeezing the bag' until they could spontan-
eously and adequately breathe.* Most patients required three months to reach this level
of improvement. This manual ventilation was provided initiaily by 200 medical students
who worked in shifts of 24 hr per day seven days per week ‘‘bagging’’ patients with
poliomyelitis and respiratory failure. The death rate was dramatically reduced from 90 to
25% (80). In the week from August 28 to September 3, 1952, 335 polio patients were
admitted to Blegdams Hospital, and at the height of the epidemic 70 patients were manu-
ally ventilated on the same day. By November 1952 approximately 1500 medical and
dental students had put in 165,000 hours of manual ventilation, intermittently even moni-
toring the Pco, and oxygen saturation (81,82) (Figs. 12-14).7 The need for positive pres-

* Dr. Ibsen and two other colleagues manually ‘‘bagged’’ this patient for another 18 hr. She survived
the hospitalization, succumbing 19 years later to an unrelated condition.

1 The students had the advantages of early technology with a continuous Pco, monitoring. Bromthy-
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Figure 10 Antoine Lavoisier and his wife, Marie Anne Pierette Paulze, 1788, by
Jacques Louis David. (Courtesy of the Metropolitan Museum of Art, New York, NY,
all rights reserved.)

mol blue was used as an indicator, where the color varied with the Pco,. The color changes were
recorded by a photelectric cell connected to a galvanometer. This device was termed a Carbovisor.
In addition they had an oximeter, which was a noninvasive monitor of oxygen saturation developed
for combat airplane pilots in order that the pilots could adjust their oxygen supply. It worked
using differences between oxygen rich and poor blood. The oximeter was applied to the ear lobe.
At this time, arterial blood gases were not available, but serum bicarbonate measurements did
exist. Since some of the patients had a chronic respiratory acidosis, the physicians felt that the
problem with these patients was a high bicarbonate. since an elevated arterial Pco, was unknown
and not able to be measured. They misinterpreted the findings of respiratory failure as manifesta-
tions of poliomyelitis.
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Figure 11 Dr. Bjorn lbsen, the first intensivist. On Friday, August 24, 1952, there was
a chiefs of services meeting in which the problem of poliomyelitis was discussed. On
rounds that day, Dr. Ibsen observed the lungs of two deceased boys that had had
poliomyelitis. He noted that the lungs were entirely normal. He concluded that the
problem of ventilation in polio could be solved by manually ventilating the patients.
The Danish physicians at that time “were desperate for an effective therapy.” On Mon-
day, August 27, he was given a 12-year-old patient, Vivi Ebert, on whom he would
attempt his new procedure. Twelve to fourteen physicians observed, and all but one
or two left when the patient took a downhill course (see text} (personal communica-
tion with Dr. Ibsen, June 1998).
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Figure 12 Dr. H.C.A. Lassen, chief of infectious disease and head of medicine during
the polio epidemic in 1952 and subsequent years. From relief sculpture at Rigs Hospi-
tal, Copenhagen, Denmark.

sure mechanical ventilation to replace manual ventilation arose, since clearly 1500 students
were not the permanent answer to respiratory failure. The answer would come from ma-
chines.

The first Bennett pressure cycled ventilator was developed in approximately 1946
(75.83). Volume cycle respirators were developed in the carly 1960s and popularized
about ten years later. The first intensive care unit in the United States was in the early
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Figure 13 Torben QOlsen, patient manually ventilated at age 2 during the 1952 polio
epidemic. By the end of the epidemic, 20 patients could not survive without mechani-
cal ventilation. Mr. Olsen has been continuously ventilated from 1952 to the present.
He has a bachelor's degree in language and literature. {June, 1998.)

1950s at Peter Bent Brigham Hospital (75). In the early and mid-1960s the two therapies
of endotracheal intubation and mechanical ventilation for acute asthma were combined
and successful results were reported (84-89).

As mentioned earlier, the death rate from asthma was very rarely recorded in the
medical literature before 1930 (90). In fact, Rackemann reported on 2000 consecutive
cases of extrinsic asthma without a single death (91). This near absence of death may be
due to mis-classification of asthma, inaccuracy of death certificates, and infrequency in
which one physician would encounter death in an acute asthmatic (92). In the recently
completed Multicenter Asthma Research Collaboration, there was only one death out of
1896 consecutive adults with acute asthma (personal communication, C. Camargo, M.D.,
for MARC investigators). Speizer and Doll, reporting on the death rate from acute asthma,
note that it had been stable in the last century (1867-1961), at 4.6 per million in males
and 4.3 per million in females (93). Since 1952, when corticosteroids were introduced,
a decrease in the death rate from acute asthma was not noted. These data were
based on death certificates in the age range of 5-34 years when death from acute asthma
would be less confused with diagnoses such as bronchiolitis in infants or cardiac disease
and emphysema in the older populations. With the advent of -agonist therapy, corticoste-
roids, oxygen administration, antibiotics, endotracheal intubation, and mechanical ventila-
tion in the 20th century, it is still astonishing that we could not demonstrate a lower
mortality rate than that in the 19th century, especially considering the dangerous therapies
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Figure 14 The first Ambu bag. The first bag-masks were “to and fro” systems where
the exhaled air of the patient was washed out by hooking the bag up to oxygen. The
medical students in Denmark were replaced by mechanical ventilators, the earliest
of which were termed ““the Student from Skive’’ and designed by Bang and Olufsen
{presently famous for high-fidelity sound systems). A truckers’ strike occurred in
Denmark in around 1954, threatening the supply of oxygen to the polio patients on
mechanical ventilation. Although the shortage in oxygen never became critical, Dr.
Henning Ruben was concerned about what would have occurred. He adapted his one-
way valve, which was in use in anesthesia, to a self-expanding bag. This bag was
portable (ambulant from where Ambu Inc. derives its name) and was not dependent
on an external oxygen source. This bag-valve-mask was introduced in Europe in 1956,
and Dr. Ruben brought a sample with him when he went to work with Dr. James Elam
{developer of mouth-to-mouth resuscitation) in 1958. Dr. Elam was instrumental in
bringing the Ambu bag to the United States (personal communication Dr. Henning
Ruben, Ole Koehnke, Ambu Inc.).

of the time, such as morphine, and less effective therapies, such as inhaled belladonna
alkaloids.

VIl. EMERGENCY MEDICINE

In the 1950s and earlier. acute asthmatics would go to the physician’s office or the physi-
cian would make a house call if the patient were too ill to leave the house. Subsequently,
with the baby boom era, the increased population, and spread of urban areas, house calls
became more time consuming for practitioners. There was a concomitant decline in the
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Figure 15 Coins commemorating the recognition of specialty status for emergency
medicine by the American Board of Medical Specialties, September 21, 1979. A is
the front and B is the obverse side. (Courtesy of the American College of Emergency
Physicians.)

number of general practitioners as specialists became more numerous. Lastly, emergency
care was more completely paid for by the individual’s health insurance carrier while a
house call was not. Patients would then go to the hospital for their emergencies and the
“‘emergency room’ was born. Public ambulance systems reappeared in the mid-1960s
for the transport of emergencics. such as acute asthma (94). The first emergency medicine
residency program was started in 1969 at the University of Cincinnati and by that time
national ED visits had increased over 365% from 1955. The first board examination and
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certification was in 1979 (Figs. 15A and B), and by 1998 119 accredited emergency medi-
cine residencies had emerged (95, 96). By 1996 there were 100 million ED visits per year,
5000 EDs. and 1.5 million ED visits for acute asthma.
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Where Might We Go?

Trends in Emergency Asthma Research

Barry E. Brenner
The Brooklyn Hospital Center, member of New York—Presbyterian Hospitals, Weill
Medical College of Cornell University, Brookiyn, New York

In 1994 a philanthropic group, the Josiah Macy, Jr., foundation, in collaboration with
emergency physicians, medical practitioners in other specialists, and public health offi-
cials, reported on the state of emergency medicine. They noted that for emergency medi-
cine to fulfill its goal as an academic specialty, research needed to be furthered. Some
suggestions were specifically mentioned, i.e., collaborative, basic science, and health ser-
vices related research (1). Research in emergency asthma offers all these opportunities.

The direction of acute asthma research has been recently discussed (2,3). This pres-
ent discussion will endeavor not to duplicate the work or material that is also contained
in this book. This chapter will hopefully stimulate interest in asthma research.

Basic science studies in emergency asthma have been hindered by difficulty in ob-
taining appropriate biologic materials. Serum and urinary markers are useful, but the most
direct measures would come from the lung itself. In urine, leukotriene E4 has been a
particularly useful marker for asthma severity (4). To obtain such material to study, many
investigations on asthma have relied on bronchoalveolar lavage; however, this invasive
process requires conscious sedation and is probably too nisky to perform on acute asthma-
tics. Recently, spontaneous sputum production, as well as sputum induction with hyper-
tonic saline, has been shown to be safe in patients with acute asthma (5,6). The role
of several mediators of inflammation obtained from severe, acute asthmatics by sputum
induction is under study. Markers that can be evaluated are eosinophilic cationic protein,
albumin, fibrinogen, and interleukin 5 (7). Another approach to assess the level of bron-
chial inflammation measures the products of inflammation in the fluid that condenses after
normal exhalation. Exhaled leukotrienes, hydrogen peroxide, and nitric oxide gas have
been shown to be elevated in asthmatics and can serve as markers of inflammation (8—10).
However, the equipment for this method of measuring exhaled products of inflammation
presently is expensive.

Fundamental to emergency asthma is our method for diagnosing acute asthma in
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the emergency department (ED). The diagnosis is given to ED patients by the emergency
physician, often without further follow-up studies. Some of these patients may have acute
bronchitis and others vocal cord dysfunction or panic disorder (see Chapter 13 on clinical
manifestations of acute asthma). Once the physician has given the patient the diagnosis,
then the patient returns wheezing to the ED, states he has asthma, responds variably to
inhaled B agonists and corticosteroids. and is diagnosed as an exacerbation of acute
asthma. Is this physician—based clinical diagnosis accurate? Asthma is considered revers-
ible airway disease and demonstrating improvement in expiratory flow rates is the corner-
stone of the diagnosis in the ED. Does a 20% improvement in the expiratory flow rates
help improve the accuracy of the diagnosis? Many patients with acute asthma, however,
may not improve adequately with therapy. These patients are still considered 1o have acute
asthma and are admitted to the hospital. On the other hand, patients with acute bronchitis
may have reversible airway disease for up to the three months following an episode of
viral bronchitis (see Chapter 13 on clinical manifestations). This entire subject of the ED
diagnosis of acute asthma needs further clarification, such that an emergency physician
can diagnose with confidence new onset asthma and an acute exacerbation of chronic
asthma.

The identification of patients with acute asthma for national health statistics has
depended on the billing records. The reliability of billing information on patients with
acute asthma is poor (see Chapter 5, **Epidemiology of Asthma’’). At the Brooklyn Hospi-
tal Center, 34% of the admitted patients that were listed on billing records as having acute
asthma, actually did not have acute asthma at all. To have meaningful national health
statistics, a national database of emergency asthma should be developed. The database
would avoid the limitations of relying on the billing records, since these acute asthmatics
had physician-diagnosed acute asthma. The database would also be invaluable in planning
national as well as local studies on acute asthma and measuring trends and the effects of
national interventions, such as new therapies or educational programs.

Among the provocative factors for acute asthma, an association with menses may
explain the increased frequency of adult female ED visits and admissions to the hospital.
Likewise some patients seem particularly sensitive to the effects of indoor or outdoor air
pollution. The ED can be used to identify these patients and in conjunction with pulmonol-
ogists or primary care physicians develop therapeutic strategies to treat and prevent these
episodes. Identification of these patients from the ED is advantageous, since almost all
patients with acute asthma that are admitted to the hospital, whether or not they have a
primary care physician (PCP), are admitted after an ED visit. Therefore the ED can ““cap-
ture”” most of the information concerning patients that are admitted to the hospital with
acute asthma.

New therapies will always require trials on acute asthmatics in the ED. The effect
of a differential response according to gender, time of day, or route of administration has
not been thoroughly investigated. From some preliminary work, certain asthma therapies
may be more effective during the day than the night (see Chapter 11 on nocturnal asthma).
In addition. different carriers for the administration of inhalants may be useful. For exam-
ple P.-agonists could be nebulized through Heliox (a 80/20 helium/oxygen mixture) in-
stead of room air or oxygen. as is the current practice.

The evaluation of the acute asthmatic has been hindered by instrumentation that is
highly effort dependent. Unless the test is obtained at the maximum vital capacity, the
peak flow rate and FEV, are both effort dependent with the former test perhaps easier to
perform in a highly tachypneic patient, since the peak flow requires less time to perform.



Trends in Emergency Asthma Research 35

Both tests cause much coughing in the acute asthmatic. On the other hand, clinical appreci-
ation of the severity of asthma is poor by both physicians and patients; peak flow and
FEV, are the best objective tests available in the ED (see Chapter 14, **Pulmonary Func-
tion Testing’"). New tests need to be developed to objectively assess the severity of the
episode of acute asthma (see Chapter 16, ‘‘Pulse Oximetry and Other Noninvasive Moni-
tors'"). An assessment of the degree of inflammation of the bronchi can be achieved from
the M/P ratio [the ratio of the expiratory flow between a forceful exhalation at a maximum
inspiration (M) and one at partial inspiration (exhalation from the function residual capac-
ity) (P)] (11). This ratio possibly could be used at the time of discharge of the asthmatic
from the ED to evaluate the patient for their risk of relapse and need for glucocorticoids.

New therapies may affect the risk for relapse as well as the indications for admission.
Admission criteria may be generated, but will frequently need to be changed as new thera-
pies alter ED practices. Disposition and outcome questions will remain, independent of
any changes in therapy. For example, asthmatics have increased bronchospasm during the
night hours (see Chapter 11 on nocturnal asthma). Does an evening discharge from the
ED increase the relapse rate as compared to a daytime discharge? Does the patient have
a lower relapse rate if discharged with his medications in his hand (B-agonists. inhaled
corticosterotds, oral corticosteroids) as opposed to receiving a prescription for them?

Probably the biggest change in admission/discharge criteria will come from utilizing
observation units in acute asthma. At Cook County Hospital, these have reduced acute
adult asthma admissions to the hospital from the ED by 60% after a 12-hr stay. Strikingly
the relapse rate was 9% at two weeks in this study (see Chapter 33 on observation units).
In contrast, a more nationally representative average relapse rate of 17% was noted in
the Multicenter Asthma Research Collaboration series (12). Objective criteria need to be
developed and validated for admission to an observation unit and subsequent discharge
to home or admission to the hospital. The role of the observation unit needs to be clarified.
In an ideal, efficient hospital environment, a prompt discharge of an acute asthmatic from
the medicine wards should be achievable in the same time frame as the observation unit.
Therefore, in a well-managed inpatient service, observations units for admitted patients
with acute asthma would be unnecessary.

Assessment and treatment of the asthmatic patient needs further research in certain
special situations such as prehospital care, where the diagnosis may be less certain and
the therapeutic options more limited than in the ED. The pregnant asthmatic presents the
special challenges of two patients: the mother and the fetus, as well as a diminished ability
to monitor the fetus in the ED. In addition, the response of the uterus to different therapeu-
tic agents varies with the trimester of pregnancy. Further studies need to be made on the
treatment of the pregnant asthmatic. Most importantly the therapy of the refractory, severe
asthmatic needs evaluation. These patients are not common and multicenter studies would
be the most effective means to produce meaningful results. Particularly evaluations of
ketamine and inhalational anesthetics, such as halothane, need thorough evaluation for
their impact on avoiding endotracheal intubation or ameliorating the bronchospasm in the
patient that is difficult to ventilate despite mechanical ventilation (13).
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Asthma Production and
Biochemistry

Phillip L. Rice )r.
Kings County Hospital Center, Brooklyn, New York

. INTRODUCTION

Advances in the treatment of asthma have, not surprisingly, paralleled advances in deline-
ating the complex pathophysiology in asthma. Asthma was first viewed as a disease pre-
dominantly involving overactive smooth musculature, and treatment corresponded with
this understanding. OQur knowledge deepened to include a component of inflammation,
but with the smooth muscle component continuing its dominance as the underlying prob-
lem. Later this view was reformulated to recognize the primacy of inflammation in the
disease process, and the corresponding change in the primacy of steroids in the treatment
of asthma followed. Additionally, even in the early literature on asthma, an allergic, as
well as a genetic, component was known to contribute. The deepening of our base of
knowledge of both genetics and more importantly immunology has led to important treat-
ment modalities currently used in asthma treatment.

Currently accepted theory of asthma development considers it multifactoral in origin
and progression and centers on the clinical triad of bronchial inflammation, hyperreactive
smooth muscle activity, and reversible airflow obstruction. It includes immunological ele-
ments, neural components, genetic aspects, and, fundamentally, inflammatory compo-
nents. The timing, as well as the qualitative and quantitative contribution of each to the
process, is complex, but much is known. This chapter will present the biochemistry of
this process.

The steps involved in biochemical production of asthma are complex and involve
complex arrays of immune cell responses. Sensitization, stimulation, cellular cascade and
migration, activation of intrapulmonary cellular matrix, tissue damages, and amelioration
and return to a relative baseline characterize the different phases involved. Based on our
understanding of the biochemical processes and the clinical manifestations, asthma is di-
vided into two acute phases, an early phase and a late phase. The early phase is produced
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predominantly by the direct effect of preformed mediators residing within mast cells and
platelets. In addition, the neural response is also part of this phase. The late phase is
characterized by mechanisms that are a result of induction of gene expression.

The early phase consists of several components, which include smooth muscle con-
traction. edema of bronchial mucosa, and mucous secretion. Autonomic stimulation, as
well as the release of the preformed leukotrienes, prostaglandins, thromboxane. platelet-
aggregating factor, bradykinin, and histamine from IgE-ladened mast cells (as well as
platelets) mainly bring about these events (1). However, these mediators have several
functions that act in both the realms of the early phase and the late phase response (Table
1). For instance the mediator-induced leakiness of the endothelial vasculature produces
the immediate edema, but also allows fibrinogen and fibronectin into the tissues, which
forms scaffolding that facilitates leukocyte migration and subsequent retention in the extra-
vascular tissues (2). In essence, most mediators serve to produce immediate effects while
at the same time are involved in the late airway response involving the migration of in-
flammatory cells into the lung parenchyma.

Smooth muscle contraction is part of the picture of airway and airflow obstruction
in asthma and a target of early intervention. Many of the mediators, especially the leuko-
trienes, are potent smooth muscle contractors, and upon degranulation of mast cells and
platelets can produce severe contractions throughout the bronchial tree (3-7). Addition-
ally. the autonomic nervous system clearly plays a role in smooth muscle tone and contrac-
tion, as well as the hyperresponsiveness to stimuli. There is evidence that mast cells may
degranulate in response to neural transmitters such as acetylcholine (8). Hypertrophy of
the bronchial smooth muscle and hyperresponsiveness characterize asthmatic anatomy and
physiology: they are induced over time as part of chronic elements in the pathology of
asthma, but are still factors in the degree of airway obstruction during an acute episode.
For many decades focus was centered on smooth muscle contraction in asthma, and it
continues to be a part of the treatment of all asthmatics. However, as the recognition of
inflammation’s role has grown, strategies to eliminate smooth muscle contraction as the
main treatment have become secondary.

Another immediate factor that decreases airflow is the production of edema. Edema
of the bronchial lumen and endothelium is induced by several of the aforementioned medi-
ators, especially histamine and the leukotrienes. Endothelial cells loosen their attachments
and change shape in response to these mediators, resulting in the movement of plasma
and its proteins into or through the lamina propria. How edema produces immediate airflow

Table 1 Mediators Measured in Asthma

Early airway response Late airway response
Leukotriene LTC,, LTD, Leukotriene LTC, + LTB,
Histamine Histamine
Prostaglandin D, GM-CSF
Tryptase Interfeukin-5
Thromboxane Prostaglandins F,,, D,, E,
Kinins
Eosinophil cationic
Protein

Major basic protein
Eosinophil peroxidase
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obstruction, in terms of the mechanics, is fairly straightforward. but the contribution of
edema formation to the late phase should not be minimized, as it facilitates the subsequent
cellular infiltration.

Mucous plugging, a feature of especially severe attacks. is also due to elements of
both early and late airway responses. Some of the same mediators. especially the leuko-
trienes, are potent mucinogogues. They stimulate the goblet cells residing in the lumen
of the bronchioles to secrete mucin, which form the plugs that decrease airflow and cause
distal air trapping and atelectasis (8). Again, many of the degranulation elements of the
mast cells induce late phase changes related to the production of mucous by stimulating
the growth of goblet cells (9).

The early phase is marked by several elements that give rise to the clinical pic-
ture of early asthma. The effects of hyperresponsive smooth muscle contracting. ed-
ematous, mucous-filled bronchioles decrease airflow. Poiseuille’s fourth-power law for
flow relates flow to the radius of the lumen, but to the fourth power, and decreasing the
lumen from mucous secretions and edema will clearly cause marked airflow problems:
V/t = rr'(APY/8nL, where L is the length of the tube and 1 is the coefficient of viscosity.

It is recognized, however, that even though the early phase elements produce such
a marked airflow obstruction, the late airway response, characterized by inflammation. is
the dominant factor in asthma. The results of mMRNA transcription, new gene expression,
mainly characterize this response with the resultant infiltration of leukocytes. predomi-
nantly eosinophils. This is signaled by cytokines (proteins by which immune cells commu-
nicate with and immumomodulate each other) released from several cell lines in response
to antigens or other stimuli. The interleukins, also a cytokine, are critical in this step. as
are several other cytokines such as tumor necrosis factor (TNF), granulocyte-monocyte
colony stimulating factor (GM-CSF), and interferon (IFN)-y (2).

After release, these cytokines induce genetic expression of adhesion molecules
within the vascular lumen and cause eosinophils to be receptive to adhesion (10). Addition-
ally, they promote eosinophil production and chemotaxis. and cause basement membrane
remodeling and thickening (laying down of new collagen) (8). Clearly there is a time
delay due to the necessity to transcribe genetic information. This is the reason that the
inflammatory component predominates in the late phase.

Within one or two hours after the initial bronchial stimulus, TNF induces endothe-
lal-leukocyte adhesion molecules in the capillary venules. Adhesion molecules enhance
ability of endothelial cells to become ‘‘sticky’’ and capture passing leukocytes flowing
through the venules. Venular endothelial cells regulate the infiltration of leukocytes into
the inflammatory reaction site (2). Interleukin (IL)-4, a cytokine released by mast cells,
stimulates the expression of vascular cell adhesion molecule-1 (VCAM-1). which selects
for eosinophils, and to a lesser extent lymphocytes and monocytes. Both the intercellular
adhesion molecule (ICAM-1) and VCAM-1 are induced in 4-6 hr. TNF in concert with
IFN-g also causes the shape of the eosinophil to change from a round spherical shape to
flatter one, i.e., a shape more conducive to navigating between cells. Likewise. TNF causes
changes in the shape of the endothelial cells to allow passage of the inflammatory cells
(2,11).

Again, events in both the early and late phases are working in concert to produce
the inflammatory response. The early phase mediators along with mediators. such as nitric
oxide and prostacyclin (PGI.), produced by TNF-stimulated endothelial cells, increase
blood flow and optimize delivery of eosinophils, lymphocytes. and monocytes to the lung.
These cellular elements of inflammation in turn produce a wide range of effects on the
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local tissue environment through voluminous production of leukotrienes, prostaglandins,
histamine, cytokines, and TNF. Eosinophils are the predominant cellular component in
the inflammatory response in asthma and contain other proteins and enzymes that elimi-
nate, along with the aforementioned mediators, cause tissue changes (12,13).

Eosinophilic infiltration of the lungs is followed by the destruction of the lung tissue
and replacement by connective tissue and goblet cells. The basement membrane thickens
consequently. Dead, destroyed tissue sloughs off into the airway, further contributing to
the airflow obstruction. The faster-growing goblet cells become more numerous and the
mucous production problem worsens. As the lining of the bronchioles thins and is replaced
by connective tissue, the lungs become less compliant. In addition, with this loss. or thin-
ning, of the lining, the nerve endings become more exposed with hyperirritability as a
consequence.

Eosinophils continue to produce the mediators of inflammation long after the initiat-
ing insult has been removed. In particular, leukotriene production continues well into the
late airway response time frame. Eosinophils are present in lung tissue during asthma,
but while residing in the lung they continually produce mediators of inflammation that
destroy tissue. This is a key point. In the early airway response there is a brief exposure
to these mediators, but with eosinophilic infiltration, which characterizes the late airway
response, the basis for a sustained exposure occurs. Sustained exposure to mediators is
responsible for the chronic structural changes seen in asthmatics (14).

The focus of recent research has been on understanding how on a biochemical basis
these mediators actually carry out their effects on the target organs, and in turn develop
strategies to block their effects. There is evidence that in both the early and late airway
responses a key element is leukotriene production. Blocking their effects may solve part
of the puzzie. Clearly the ability to inhibit the transcription of genes that contribute to the
late airway response is important in order to be able to decrease inflammation. Presently,
glucocorticoid use is critical in the inhibition of the inflammation, but its long-term use
is fraught with undesirable side effects. A more selective means to block this process has
been heavily investigated and certain immunotherapies appear promising (15). In dis-
cussing the inflammation aspects of asthma, it is not to imply that reversing the smooth
muscle contraction is not also key and a mainstay of current therapy of asthma, particularly
with regard to the early airway response.

Blocking the mediators of inflammation has led to the focus on leukotrienes. Leuko-
trienes are the third group of liptd mediators produced, in addition to prostaglandins and
platelet aggregating factor. Leukotrienes were discovered to be the main mediators of the
slow-reacting substance of anaphylaxis in 1979 (16,17). The main leukotrienes are LTC,,
LTD,, and LTE, in the cysteinyl group, and LTB, (Fig. 1) (18). There is now compelling
evidence of the central and pivotal role of cysteinyl leukotrienes in the production of the
clinical syndrome of asthma.

Various stimuli activate the phospholipases in the cell membrane to liberate arachi-
donic acid into the intracellular matrix. Leukotrienes are synthesized from arachidonic
acid, which is a substrate for several enzymes (cyclooxygenase, 12-lipoxygenase, S-lipoxy-
genase (5-LO), and 15-lipoxygenase enzymes) in many different tissues (Fig. 1) (19). Of
the three lipoxygenases, the 5-lipoxygenase-enzyme pathway is crucial for the develop-
ment of allergic inflammatory reaction in the lung. The 5-LO enzyme is an iron-containing
enzyme consisting of 673 amino acids, which is dependent on Ca” ", adenosine triphos-
phate and several cofactors for maximal activity. 5-LO translocates from the cytosol to
the nuclear cell membrane to initiate leukotriene biosynthesis (18,20).
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Figure 1 Phospholipid pathways producing leukotrienes, thromboxanes, and li-
poxins.

Chemotaxis is an important step in the migration of inflammatory cells from the
circulation to the site of inflammation. LTB, is produced mainly by neutrophils, and its
predominant effect is one of neutrophil chemotaxis, although it has a lesser chemoattrac-
tant effect on eosinophils (21). It is transported out of the cell where it is metabolized
further by endothelial cells and platelets. LTC, is further acted upon by o-glutamyltrans-
peptidase to form LTD, and LTE, (formed from LTD, by dipeptidase). LTD, represents
the biologically most potent cysteinyl leukotriene (19,20).

The enzymes that take part in leukotriene synthesis are located in different cell
lines. The 5-LO enzyme is limited to myeloid cells (neutrophils, eosinophils, basophils,
monocytes, macrophages, and mast cells). LTC, synthase resides in mast cells and eosino-
phils, but also in endothelial cells and platelets. Being distributed among different cell



42 Rice

types. various inflammatory cells can participate in the transcellular synthesis of leuko-
trienes. Cellular sources of cysteinyl leukotrienes are mast cells, macrophages and eosino-
phils. Eosinophils mainly produce LTC, (22).

The liver is the main organ for the metabolism of leukotrienes. Its metabolic byprod-
ucts are excreted in bile. Unmetabolized LTE, is excreted in the urine and can be measured.
In the liver leukotrienes undergo beta-oxidation; these metabolic products are biologically
less active or inactive than leukotrienes (23).

In the lung the cysteinyl leukotrienes are primarily responsible for the clinical picture
of asthma (18). Their actions and properties are listed in Table 2, but importantly include
vasoconstriction, bronchoconstriction, increase in vascular permeability (by contracting
endothelial cells), and stimulation of mucus secretion. In fact, leukotrienes are the most
potent bronchoconstrictors known. They are 1000 times more potent than histamines and
1000-5000 times more potent than histamine when inhaled. Intradermal apphlication of
LTC,, LTD,, and LTE, produces a flare-and-wheal reaction. Increased urinary measure-
ments of LTE, have been noted following challenges to asthmatics with allergens, aspirin,
and during acute asthmatic attacks. No increase was seen following exercise-induced
asthma; however, leukotriene receptor antagonists blocked this response (19).

LTB, is also liberated in asthma but has only weak effects on smooth muscle. Most
of the L'TB, is derived from alveolar macrophages and neutrophils accumulated in asthma-
tic lung tissue, as well as from bronchial epithelial cells. Its promotion of expression of
adhesion and transendothelial migration of leukocytes is a critical component of the late
airway response. The amelioration of the symptoms of asthma correlates with a drop in
the serum LTB, levels (24).

Table 2 Biological Effects of Leukotrienes

Cysteinyl leukotrienes LT8,

Vasoconstriction Aggregation; chemokines

Increase of vascular permeability in Chemotaxis; release of lysosomal en-

postcapillary venules zymes; stimulation of superoxide
anion production

Bronchoconstriction Adhesion and transendothelial migra-
tion of neutrophils

Stimulation of mucus secretion Increase of vascular permeability (in the
presence of PGE,

Intestional contraction (ileum) Enhancement of C3b receptor expres-
sion and complement-dependent cyto-
toxity

Plasma extravasation Modulation of lymphocytic function

Reduction of myocardial contractility Affector of the production and action of

and coronary blood flow cytokines

Decrease of renal fiow and GFR Increase of cAMP and cGMP synthesis

Proliferation of glomerular endothelial

cells

Release of LH-releasing hormone
Stimulation of prostacyclin synthesis
(endothelium)
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. STRATEGIES FOR TREATMENT

It is reasonable and prudent to assume that by either blocking leukotriene synthesis or
blocking leukotriene receptors one could inhibit the production of symptoms related to
asthma, and thus clinically ameliorate asthma.

A. Leukotriene Inhibitors

Production of leukotrienes can be inhibited by several mechanisms. Either the 5-LO or the
S-lipoxygenase activating protein (FLAP) can be inhibited, thereby blocking production of
leukotrienes. Other strategies along that line involve blocking the LTC, synthase enzyme.
The 5-LO inhibitor studies revealed that their effectiveness was good in muting the effects
of cold air, dry air, and aspirin-induced asthma. It had littie or no effect on muting the
early airway response or the late airway response. However, while not effective in an
acute attack, it was effective in chronic phases. It reduced B-agonist use, increased FEV,,
and decreased night asthma attacks. LTE, production was reduced by 39% (25).

The FLAP inhibitors were effective in blunting both the early airway response and
late airway response, but had no effect on induced airway hyperresponsiveness. LTB,
synthesis was almost completely blocked and LTE, urinary excretion was reduced 80%,
and the number of acute attacks of asthma decreased (19).

The blocking of 5-LO has no effect on early airway response or late airway response
for several probable reasons. Included is the possibility that since blockade is not 100%.
a few molecules of leukotrienes are produced, and this small amount of leukotrienes is
enough to produce the clinical picture of asthma. Also, any pathway inhibitor would not
affect degranulation of preformed leukotrienes. Another theory is that since leukotrienes
are not the only suspect in clinical asthma, and this disease is multifactoral, blocking only
one aspect will not block the early or late airway response.

Currently the only 5-LO synthase inhibitor available for use in asthmatics is a prod-
uct called zileuton (Zyflo®). It was approved in December 1996 at a dosing schedule of
600 mg four times per day (26). Other leukotriene biosynthesis inhibitors are currently
in clinical trials (ZD-2138, MK-0591, and BAY-X-1005, FLAP inhibitors) (19,20). There
have been no trials where the efficacy of both FLAP inhibitors and 5-L.O inhibitors has
been studied.

B. Receptor Antagonists

The second plan of attack is to block the receptors of the cysteinyl leukotrienes. This
method would skirt around the problem of leukotriene production, i.e., any cysteinyl-
leukotrienes produced will not have much effect because their receptors are saturated.

There are at least three cysteinyl-leukotriene receptors that are categorized by their
receptance (cysteinyl-leukotriene, receptors) or resistance (cysteinyl-leukotriene, recep-
tors) to blockade (there appears to be a subset of cysteinyl-leukotriene, receptors specific
to LTE,). All other cysteinyl-leukotriene, receptors are specific for LTC,, LTD,, and
LTE, (19).

Studies have shown the receptor antagonists to have clinical benefit. In several stud-
ies, thesc antagonists inhibited exercise induced asthma by 50%. In allergen-induced
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asthma, the early and late airway responses were also inhibited, as was airway hyperre-
sponsiveness. Aspirin doses used to induce asthma had to be increased over fivefold and
airway conductance fell 59% less when exposed to platelet activating factor (19.27).

The first marketed leukotriene receptor antagonist was pranlukast, which was ini-
tially studied in Japan. Later trials were conducted in Europe and then North America.
The only two approved drugs in the United States are zafirlukast (Accolate® 20 mg bid)
and montelukast (Singulair® 10 mg bid). The other, pranlukast, is still in phase II trials
(28.29).

Understanding the pathophysiology has led to the first new class of drugs with which
to combat asthma in the last five years. It also gives us an understanding as to why earlier
trials with antihistamines alone and prostaglandin inhibitors failed. As the medical commu-
nity becomes more informed, these drugs have the potential to be included in the standard
regimen of most asthmatics. The optimum regimen has yet to be determined. Whether it
will include both inhibitors and receptor antagonists, or just one or the other awaits further
clinical trials. Precisely because our understanding has taken a leap, antihistamines and
prostaglandin inhibitors may very well merit study again, but clearly in conjunction with
either the leukotriene inhibitors or receptor antagonists, or with both. The fine-tuning of
each asthmatic becomes much more possible and an exciting era of treatment is unfolding.
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Asthma

Immunology and the Inflammatory
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Allegheny Universiry of the Health Sciences, Philadelphia, Pennsyivania

. IMPORTANCE OF IMMUNOLOGY AND THE
INFLAMMATORY RESPONSE IN ASTHMA

In the past, acute asthmatic relapse was viewed as a bronchospastic event. In recent years.
the key role of immunology and the inflammatory response in promoting and perpetuating
asthmatic exacerbation has been appreciated. Despite the realization that asthma is an
inflammatory disorder, of which bronchospasm is a manifestation, many patients with
asthma who merit treatment with anti-inflammatory agents unfortunately do not receive
these drugs (1,2) and hence are undertreated.

The importance of inflammation in the pathophysiology of asthma, and the vital
role of anti-inflammatory agents for asthma management, can be appreciated by consider-
ing what happens to asthmatic patients when asthma has been controlled with a regular
inhaled steroid and these drugs are withdrawn. Gibson et al. (3) recruited 10 stable adults
with moderate asthma receiving a regular inhaled steroid to gradually withdraw these
medications at weekly intervals of 200 pg/day until asthmatic exacerbation occurred. At
an average of 16 (range = 7-26) days after initiating an inhaled steroid taper in this
graded fashion, each of these subjects experienced asthmatic exacerbation characterized
by statistically and clinically significant changes in spirometric parameters. bronchial hy-
perresponsiveness, and circulating eosinophils; worsening asthma symptom scores: and
diurnal variation in peak flow measurements. Five also developed sputum laden with eo-
sinophils and metachromatic cells (mast cells and basophils). These changes reversed in
nine with resumption of inhaled steroid use; one subject required oral prednisone.

In asthmatic children, withdrawal of regular inhaled steroids has also been associated
with deterioration of asthma control marked by increased asthma symptoms, heightened
bronchodilator reliance, and increased airway hyperresponsiveness (4). These data demon-
strate that the therapeutic effects of anti-inflammatory agents can diminish quickly when
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treatment is withdrawn, and illustrate that asthmatic exacerbation which ensues is associ-
ated with evidence of immune system response and airway inflammation.

The important message from these studies is that anti-inflammatory medication is
frequently required not only to reverse the inflammation of asthma, but also to maintain
control of the inflammation and of asthma symptoms.

Recently released national (5) and international (6) guidelines for asthma manage-
ment have encouraged more frequent use of pharmacotherapeutic agents that can exert
an “‘anti-inflammatory’’ effect upon asthma. In the Guidelines for the Diagnosis and Man-
agement of Asthma, released by the National Heart, Lung, and Blood Institute in 1991,
more frequent use of inhaled steroid was encouraged for severe as well as moderate asth-
matics based on increasing evidence suggesting that ‘‘airway inflammation is present in
virtually «ll patients with asthma’’ and demonstrating the utility of inhaled steroid for
providing ‘‘improved asthma care with minimal side effects’” (5). Recent data have shown
that regular use of inhaled steroid prevents exacerbations of asthma (7), increases in bron-
chial hyperresponsiveness (8), accelerated loss of lung function (9), development of
chronic airflow limitation (10), as well as fatal and near-fatal episodes of asthma (11).
Moreover, regular use of inhaled steroid is cost-effective (12). The desirable effects of
corticosteroids include inhibiting the cytokines involved with cell recruitment, activation,
and proliferation; upregulation of B-adrenergic receptors; increasing synthesis of lipocor-
tin-1; inhibiting mast cell degranulation, and eosinophil priming (13).

The goal of this chapter is to review the underlying immune mechanisms that lead
to airway inflammation, which is a primary target of asthma treatment.

il. OVERVIEW OF IMMUNOLOGY

The immune system performs defense and surveillance functions, protecting the host organ-
ism from invasion by microorganisms and from neoplasia. Immune system elements are
widely distributed in the body, and comprise a complex series of interrelating components.
Major specific recognition systems are T cells and B cells; nonspecific systems include
mononuclear phagocytes, polymorphonuclear leukocytes, and the complement system.
fmmune system ontogeny and differentiation have been reviewed extensively ([4-16).

Key features of immune system function (14-18) include specificity: the capacity
to distinguish foreign from self proteins; memory: the ability to respond to a specific
stimulus upon re-exposure; mobility: the potential for influx and efflux into or out of areas
based upon signaling, in this fashion local exposures can promote systemic response
and/or sensitization; and amplification: based upon regulatory factors and capacity for
cellular replication or traffic, optimal performance of the system is achieved through a
net balance between influences that can promote or dampen amplitude of response.

B cells contribute to immune system function by producing immunoglobulin
(16,19). Of the five classes of antibody, IgG (4 subclasses) is the most abundant and has
important antibacterial properties; IgA (2 subclasses) is specialized for mucosal environ-
ments; IgM is the first immunoglobulin produced by activated B cells and is an efficient
activator of complement; IgE is present in very small amounts, but has the potential to
promote systemic response because of its high affinity binding to mast cells and basophils
and capacity to trigger activation of these cells; and IgD is not well understood.

T cells exhibit a heterogeneous array of regulatory and effector functions within
the immune system (14.16,18). T-cell subtypes include helper (CD4+ phenotype) and
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Table 1 Mechanisms of Immune Reactions

Classification Mechanism Mediation Clinical examples

Type | Immediate hypersen- IgE Anaphylaxis, asthma, rhin-
sivity itis

Type | Cytotoxity Autoantibody Hemolytic anemia

Type 1l Immune complex Ag/Ab Serum sickness

Type iV Delayed hypersensitivity Cellular Allergic contact dermatitis

suppressor (CD8+ phenotype) cells. T cells play an important role in resistance to infec-
tion and also account for allergic contact dermatitis.

Phagocytic cells and the complement system are nonspecific elements that also par-
ticipate in and can amplify host defense (14,16,20). Cellular participation in immune re-
sponses may be essential, as is the case with IgE-mediated reaction, which involves mast
cell/basophil activation. The complement system consists of proteins that interact in a
defined sequence to elaborate biologic activities that can promote host defense, and if not
regulated appropriately will lead to host tissue injury. Activation of complement by anti-
body (IgG or IgM) proceeds by the classical pathway, in the absence of antibody by
the alternate pathway. When activated, fragments of complement components are also
generated. These fragments also can exert proinflammatory effects, including the minor
fragments of C3 and C5 (C3a and C5a), which can trigger mast cell/basophil activation
and are hence known as anaphylatoxins (20,21).

A variety of soluble mediators have been identified in recent years that are important
for immune system performance (16,17,22). These nonspecific factors (discussed in more
detail in Chapter 3) are produced by or act upon immune system elements, and are known
as cytokines: lymphokines are factors produced by lymphocytes: interferons are a group
of factors (o, B, y) discovered in supernatants of virally infected cell cultures that interfered
with superinfection of these cells; interleukins are mediators that act between leukocytes,
are proinflammatory (IL-1, 1L-6, IL-8), stimulate lymphocyte growth (IL-2, IL-9), induce
immunoglobulin isotype switching (IL-4, IL-13), or provide negative feedback (IL-10).

Immunologic inflammatory response may occur in the airway (rhinitis. asthma),
skin (urticaria, atopic dermatitis), gut (ulcerative colitis), joints (theumatoid arthritis), eye
(uveitis), or other sites. Improved understanding of immune mechanisms has great poten-
tial relevance for enhancing diagnosis and management of inflammatory disorders. Im-
mune reactions can be approached from the standpoint of four basic mechanisms (14),
which are shown in Table 1.

I. IMMEDIATE HYPERSENSITIVITY: IgE AND MAST
CELLS

Type 1 (IgE-mediated) reactions are of greatest relevance for asthma care providers as the
pathophysiology that results from IgE-mediated response accounts for clinical syndromes
such as asthma, allergic rhinitis, atopic dermatitis, and anaphylactic reactions to foods,
drugs, or insect stings (14,16,21,23). The term ‘‘immediate’” is perhaps unfortunate, as
it implies that reaction triggered by IgE-mediation is prompt but fleeting; however, clinical
syndromes such as allergic rhinitis and asthma are characterized not only by episodic
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symptoms from allergen exposures, but also by chronic airway inflammation that waxes
and wanes over time but is frequently persistent (24). The clinical features (and therapeutic
responses) typically seen in asthma more closely reflect bronchial hyperreactivity. a corre-
late of ongoing airway inflammation. the pathophysiologic consequence of the late asthma-
tic response.

A factor was recognized in 1921 by Prausnitz and Kustner that accounted tfor allergic
sensitization, but it was not until 1967 that IgE was identified by Ishizaka and Ishizaka
(21). The most important biologic property of IgE is (high affinity) binding to receptors on
mast cells and basophils to promote immediate hypersensitivity reactions. Recent evidence
demonstrating the dependence of the late asthmatic reaction on presence of IgE (25) has
furthered our appreciation of the pivotal role of IgE in the pathophysiology of asthma.
Given this understanding, the genetic basis of IgE production and development of asthma
has been the subject of ongoing investigation. The pattern of inheritance observed for
asthma is consistent with a *‘complex genetic disorder’ (26). which is similar to inheri-
tance patterns observed for hypertension, atherosclerosis, diabetes mellitus, and arthritis.
Clinical expression of the asthmatic phenotype may reflect a number of predisposing genes
combined with exposures to relevant environmental influences (26.27); this suggests that
expression of asthmatic potential can be modified by avoidance of exposures to allergens
and tobacco smoke early in life (28).

Many studies have shown there is considerable overlap of serum IgE levels among
atopic compared with nonatopic, as well as among asthmatic compared with nonasthmatic.
individuals (23). Despite its importance for the pathophysiology of allergic and asthmatic
response, the measurement of serum IgE, which lacks both specificity and sensitivity. has
limited clinical utility. Indications for performing serum IgE quantitation include pre-
dicting IgE-mediated disorders among infants. evaluating (suspected) immunodeticient
patients, screening for helminthic infestation, and managing patients with allergic broncho-
pulmonary aspergillosis.

Another essential component of the allergic response is the mast cell. The role of
mast cells in airway inflammation has been extensively reviewed (29). Mast cells were
first identified in tissues in the 1870s by Paul Ehrlich (30). and are well-suited based on
their distribution, structure, biochemical contents, and other properties to serve a sentinel
role in the allergic response. Mast cells possess on their surface 10,000-100,000 receptors
for the Fc portion of IgE (31). Release of mediators from mast cells occurs when these
cells are activated by cross-linking of two adjacent IgE molecules on the cell surface. In
addition to 1gE binding with antigen, a variety of other factors, including anaphylatoxins
(see above). neuropeptides, and physical factors, can activate mast cells and lead to media-
tor release (21.23.29.31). The mediators released by mast cells can be categorized as those
unique to mast cells (tryptase, heparin) and those that are shared with basophils (histamine)
or other cells {leukotriene-C, (LTC,)}. Mast cell mediators can also be subdivided into
those that are preformed or secretory granule associated and those that are nonpreformed or
newly synthesized following activation. Mast cell activation by allergen or other secretory
triggers leads to release of the panoply of mediators shown in Figure I. which have numer-
ous and intertwined effects (discussed in detail in Chapter 3).

The immediate response to allergen results from rapid release of mediators. primar-
ily from the mast cell (Fig. 2A). Preformed (histamine, adenosine. others) and rapidly
synthesized mediators (prostaglandins, leukotrienes. platelet activating factor) induce va-
sodilatation, smooth muscle contraction, glandular secretion. and also exert other proin-
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Figure 1 Mediators released from human iung mast cells. (From Ref. 29, with permis-
sion of Begell House, Inc.}
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Figure 2 (A) Hypothetical representation of the immediate allergic response in the
lung (see text). The lung mast cell is central to the initiation of the immediate re-
sponse. Preformed and newly synthesized mast cell mediators produce the classic
asthma response of bronchospasm, mucus production, and airway edema. (B) Hypo-
thetical representation of the late allergic response in the lung (see text). Antigenic
stimulation of mast cells and T cells results in the production of numerous cytokines
that induce the expression of endothelial adhesion molecules. This process, com-
bined with the chemotatic factors and chemokines, produces the influx of eosinophils
and lymphocytes characteristic of asthma. These inflammatory cells release addi-
tional mediators that are bronchospastic, and lead to epithelial damage and bronchial
hyperresponsiveness. (From Ref. 59.)

flammatory cffects (14,16,17,24,29). Recent studies have expanded our understanding of
the IgE-allergen reaction, and have established a view of such reactions as being far more
complex than a one-shot stimulus—response event. Although mediators released during
the immediate response are rapidly degraded, they also have proinflammatory effects. IgE-
mediated reaction also entails a late response (24), consisting of cellular infiltration and
in the case of asthma a state of bronchial hyperresponsiveness (Fig. 2B). Allergens can
also interact with and activate T cells and monocytes, resulting in secretion of cytokines
and other factors (16,17,29, 31). Mcdiators provide signals for recruitment of other in-
flammatory cells. which are then activated and in turn promote further inflammation. Re-
cent findings indicate that circulating leukocytes respond to adhesion molecules (ICAM,
selectins, and VCAM-1) expressed on vascular endothelium, which allow leukocyte adher-
ence and migration to occur (32). Influx of eosinophils, neutrophils, and monocytes leads
to an environment in which each population of cells contributes yet further to inflammation
by release of more mediators and toxic substances.
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IV. EOSINOPHILS AND T CELLS

With the realization that airway inflammation underlies chronic asthma, intense investiga
tion into its mechanisms has increased our understanding of this process. Much of thi
research effort has been directed at explaining the selective influx of eosinophils and lym
phocytes seen in the lungs of asthmatics (33). The eosinophil was once thought to dampe
the inflammatory response in allergic diseases. however it is now thought that eosinophi
products directly contribute to pathogenesis (34,35).

Even though eosinophils are often thought of as circulating blood cells, it has beet
estimated that for every circulating eosinophil there are 100-300 eosinophils in the tissues
They have a tissue distribution similar to that of mast cells, being located below the epithe
lium in the lung, gut, and skin. Eosinophils develop into a fully differentiated granulocyt
from precursor cells in the bone marrow. T-cell-derived hematopoetic growth factors sucl
as interleukin-3 (IL-3) and granulocyte—macrophage colony stimulating factor (GM-CSF
contribute to the growth and differentiation of eosinophils (36). A key cytokine in thi:
process appears to be interleukin-5 (IL-5). which supports the selective differentiation o
progenitor cells to mature eosinophils. and also recruits eosinophils to the tissues. [L-!
has become an important target for pharmacologic intervention in eosinophil-associated
diseases.

Eosinophils contain characteristic yellow-pink granules when stained with acidic
aniline dyes (eosin or chromotrope-2R). The cosinophil specific (secondary) granules con-
tain major basic protein (MBP), the predominant granule protein of eosinophils. MBP and
the other unique eosinophil cationic granule proteins (eosinophil cationic protein, ¢osino-
phil derived neurotoxin) have been shown to have toxic effects on invading helminths
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and on normal lung cells (34,37). When airway epithelial cells are exposed to MBP, ciliary
function is inhibited, and at higher MBP concentrations equivalent to those commonly
found in sputum of asthmatics. epithelial damage occurs. MBP administration to primates
results in airway hyperresponsiveness (38). An interesting finding is that MBP binds to
inhibitory muscarinic M2 receptors on airway nerve endings (39). These M2 receptors
function to decrease acetylcholine release from muscarinic nerves in the lung. By blocking
the M2 receptors, MBP may enhance vagally mediated bronchocounstriction. Another eo-
sinophil granule protein, eosinophil peroxidase (EPO) catalyses the conversion of H,O,
to the tissue toxic hypochlorous acid (HOCI). Eosinophil granules contain numerous other
enzymes that may also contribute to airway damage in asthma.

How cosinophils (but not neutrophils) are selectively recruited to the lungs of asth-
matics has been a mystery for many years. Understanding this process of eosinophil re-
cruitment is essential since it has been shown that the late phase asthmatic response in
humans occurs only in those patients who develop airway eosinophilia (40). Early research
efforts focused on identification of factors that stimulated selective eosinophil chemotaxis.
Eosinophil chemotactic factor of anaphylaxis (ECF-A) (41) and histamine proved to be
very weak eosinophil chemotactic factors. Other mediators that can induce cosinophil
chemotaxis includes newly synthesized lipid mediators (PAF, LTB,), complement proteins
(C3a. C5a). and numerous cytokines. These cytokines can act not only as chemotactic
factors. but also as modulators of eosinophil recruitment through the vascular endothelium.

Significant advances have been made in our understanding of the mechanisms
involved in recruitment of eosinophils through the vascular endothelium (42.43).
Eosinophils express adhesion molecules common to many leukocytes. including LFA-1
{CD11a/CD18), MAC-1/CR3 (CD11b/CD18), and p150,95 (CD11c/CD18). These cosin-
ophil surface receptors mediate adhesion through counter receptors on the endothelium,
such as ICAM-1. E-selectin, and P-selectin. Eosinophils also express VLA-4 (CD49d/
CD29). which binds to VCAM-1 on activated endothelium. Since neutrophils do not ex-
press VLA-4, this VLA-4/VCAM-1 pairing appears to be one mechanism mediating selec-
tive eosinophil recruitment into tissues. Evidence for this comes from animal models that
have shown that antibodies to VLLA-4 block antigen-induced airway eosinophilia, and also
the associated antigen-induced bronchial hyperreactivity. Expression of adhesion mole-
cules on endothelial cells occurs in response to cytokines such as IL-1 and TNF. It is
interesting to note that VCAM-1 is expressed on vascular endothelium in response to the
TH2 cytokines IL-4 and IL-13, which would lead to selective eosinophil recruitment.

A new class of cytokines, called chemokines, have taken center stage in many areas
of immunology (44.45). Chemokines have potent chemotactic and stimulatory activity for
inflammatory cells. The C-C class of chemokines have more activity toward eosinophils
than the C-X-C chemokines. and include RANTES, MIP-ta, MCP-3, and LCF (1L-16).
These chemokines are not eosinophil selective, but also attract basophils and lymphocytes.
Eotaxin is a recently discovered chemokine that appears to selectively recruit only cosino-
phils (46.47), making it a promising target for pharmacological intervention in asthma.
What remains unknown is how these various chemotactic agents and cytokines interact
to produce eosinophil recruitment in vivo.

Once eosinophils are recruited to the lungs, they can be activated to release their
granule proteins, and can also release other mediators that participate in the asthmatic
response. Mast cells are an important source of IL-5 (48) and mast cell mediators activate
cosinophils (49). Eosinophils are a rich source of leukotriene-C, (LTC,). which is a potent
hronchoconstrictor (50.51). Eosinophils also release PAF and synthesize their own cyto-
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kines. In addition, eosinophils produce superoxide and hydrogen peroxide, in larger quanti-
ties than neutrophils under in vitro conditions. All of these mediators are thought to con-
tribute to the pathogenesis of the asthmatic response.

With the realization that eosinophils can potentially cause significant airway damage
have come studies of pharmacological regulation of eosinophil recruitment and activation.
It has been observed for years that the administration of glucocorticosteroids to patients
with eosinophilia results in a rapid fall in circulating eosinophil numbers. The mechanisms
underlying this decrease are thought to occur at several levels (52-54). Steroids inhibit
mononuclear cell synthesis of IL-5 and other cytokines that are growth factors for eosino-
phil development. Glucocorticoids suppress production of cytokines responsible for in-
creasing endothelial adhesion molecules such as VCAM-1, and recently it has been shown
that glucocorticoids induce eosinophils to undergo apoptosis (55). Eosinophils express
surface f3,-adrenergic receptors, that, when activated, result in an increase in cAMP levels
(56). Agents that increase cAMP, such as theophylline, inhibit cosinophil degranulation.

The other inflammatory cell type implicated in the pathogenesis of chronic asthma is
the T-lymphocyte. Studies of asthmatics using bronchoscopy and bronchoalveolar lavage
(BAL) have shown that there are increased numbers of activated CD25+, CD4+ lympho-
cytes in asthmatics [reviewed in (57)]. These lymphocytes secrete cytokines characteristic
of the TH2 subset of CD4+ T cells, such as IL-5 and IL-4. It has also been shown that
corticosteroids decrease these CD4+ cells in asthmatics, suggesting this is one of the
mechanisms of steroid action in asthma. Efforts are underway to determine why there is
a preferential increase in these cells in asthmatics and how this process is initiated.

V. CONCLUSION

Allergen interaction with the immune system generates a complicated reaction cascade
in the asthmatic patient that can promote and perpetuate chronic airway inflammation—
the hallmark of asthma. Advances in our understanding of the intricate interrelationships
between components of the immune system, of factors that allow communication to occur
between cells, and identification of the soluble mediators that amplify inflammation pro-
vide greater opportunity to intervene with pharmacotherapeutic agents that can have *"anti-
inflammatory’’ effects. Agents that inhibit mediator release and mediator effects, or block
expression of adhesion molecules may each have salutary effects upon asthma. Of the
agents currently in use for these conditions, corticosteroids have been shown to have the
most clinically significant impact on the late asthmatic reaction and on bronchial hyper-
reactivity. Based on the importance of immunology and the inflammatory response for
asthmatic exacerbation, use of anti-inflammatory agents is appropriate and essential in
management of asthma in the emergency department (58).
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I. INTRODUCTION

Asthma is a common disorder that accounts for 1.5 to 2 million emergency department
(ED) visits in the United States each year (1,2). Over the past two decades, epidemiologists
have made many important contributions to our understanding of this disorder. Most nota-
bly, they have documented a dramatic rise in asthma morbidity and mortality worldwide
(3). The cause of this epidemic has become a focus of investigation. Likewise, epidemiolo-
gists are working to define genetic (4) and environmental (5) determinants or ‘‘risk fac-
tors’’ in the hope that timely interventions might prevent individuals from developing
asthma. In this chapter, we highlight some of the major methodologic issues in asthma
epidemiology, and summarize the influence of age, sex, race/ethnicity, and socioeconomic
status on the distribution of asthma.

Il. DEFINITION OF ASTHMA

Over the past 175 years, there has been remarkable consistency among medical writers
on the major diagnostic criteria for asthma: episodic dyspnea generally associated with
wheezing (6). Nonetheless, patients with asthma can exhibit tremendous heterogeneity in
clinical features and severity of disease. Asthma can range from being an intermittent
nuisance triggered by specific factors such as allergen exposure or exercise, to being a
severe, progressive, and occasionally fatal disease without apparent external cause. Some
patients may present with chronic cough as their sole manifestation of asthma (7). This
clinical diversity has led to a growing appreciation that asthma, as currently defined, proba-
bly is not a specific disease, but rather a syndrome that derives from multiple precipitants
leading to a common clinical presentation involving reversible airway obstruction. Thus,

59



60 Camargo and Richardson

despite many formal attempts (8), a universally accepted definition of ‘*asthma’" is not
available.

The most widely used definition was proposed by the American Thoracic Society
(ATS) in 1987 (9). The ATS task group described a heterogeneous disorder characterized
by: (1) airway obstruction {or airway narrowing) that is reversible (but not completely so
in some patients) either spontaneously or with treatment; (2) airway inflammation; and
(3) airway hyperresponsiveness to a variety of stimuli. All of these features need not
be present to assign the diagnosis of asthma. Although the ATS criteria correctly character-
ize the pathophysiology of asthma, they are of remarkably little help in the acute setting
since most of these features are not readily apparent to the clinician. Furthermore, in acute
asthma, the absence of a clinically significant response to bronchodilator does not rule
out asthma.

The National Asthma Education and Prevention Program (NAEPP) recently pro-
vided a more clinically useful approach to the diagnosis of asthma (10). The expert panel
identified five *‘key indicators’” for considering a diagnosis of asthma: (1) wheezing, espe-
cially in children; (2) history of cough (especially nocturnal), recurrent wheeze, recurrent
dyspnea, or recurrent chest tightness; (3) reversible airflow limitation and diurnal variation
as measured by using a peak flow meter; (4) symptoms occur or worsen in the presence
of exercise, viral infection, animals with fur or feathers, house-dust mites, mold, smoke.
pollen, changes in weather, strong emotional expression, airborne chemicals or dusts, or
menses; and (5) symptoms occur or worsen at night, awakening the patient. These five
key indicators are not diagnostic by themselves, but the presence of multipie indicators
increases the probability of asthma. To establish a diagnosis of asthma, the expert panel
requires formal spirometric testing (e.g., FEV, before and after the patient inhales a short-
acting bronchodilator); the expert panel further advises that additional studies (e.g.. bron-
choprovocation with methacholine) should not be routine but may be useful when asthma
is suspected and spirometry is normal or near normal. Thus, most outpatient clinicians
(including emergency physicians) are unable to make an immediate and definite diagnosis
of asthma by NAEPP criteria, but they may recognize a sufficient number of key indica-
tors to make the diagnosis very likely.

Identification of acute asthma in an ED patient with a history of physician-diagnosed
asthma usually is obvious to both the patient and emergency physician. Anecdotally, how-
ever, many ED *‘asthma’ visits are made by patients without such a history. Once major
competing diagnoses have been excluded, emergency physicians tend to label patients
with dyspnea and wheezing as asthmatic, particularly when the patient is young and does
not smoke. Thus, a *‘soft”” ED diagnosis of asthma may later present to the ED as an
exacerbation of “‘known’” asthma; the magnitude (and importance) of this phenomenon is
not known and merits study. Among middle-aged and elderly patients, the most important
alternative diagnosis is exacerbation of chronic obstructive pulmonary disease (COPD).
Emergency physicians should try to distinguish asthma from COPD since many acute
interventions, such as systemic steroids and anticholinergic agents, appear to be more (or
less) effective among asthmatics than patients with COPD (11,12). Clinicat features that
favor asthma rather than COPD include: younger age at onset of respiratory symptoms
and at current ED presentation, nonsmoking status, and history of atopy. The optimal
combination of factors and cut points is not known and is currently under investigation.
Inevitably, however, the asthma vs. COPD dichotomy will fail in individuals who have
lifelong, physician-diagnosed asthma but also smoke in quantities sufficient to develop
COPD. Furthermore, some lifelong asthmatics have been shown to develop an irreversible
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component to their airway obstruction (13). For both scenarios. a combined diagnosis of
**asthma/COPD’’ seems most appropriate.

The classification system used in the International Classification of Diseases, 9th
revision (ICD-9), which took effect in 1979, sheds additional light on the term *‘asthma™
(14). As shown in Table 1, asthma is distinct from tracheobronchitis. chronic bronchitis,
emphysema, bronchiectasis, extrinsic allergic alveolitis, and chronic airway obstruction
“‘not elsewhere classified.”” Chronic obstructive asthma (with obstructive pulmonary dis-
ease) is considered a type of asthma (code 493.2). Unlike earlier classification systems,
such as ICD-8, ‘‘asthmatic bronchitis’” also is classified as asthma (code 493.9). The
ICD-9 classification system keeps with tradition, however, by dividing uncomplicated
asthma into either extrinsic or intrinsic types. According to this nosology (15), patients
with extrinsic asthma tend to have childhood onset, atopy, and a family history of atopic
disorders (including asthma), and they often have a predictable scasonal variation of their
asthma. By contrast, intrinsic asthma usuvally begins in adulthood. is not associated with
allergens, and exhibits little seasonal variation. Recent studies, however, have found that
despite showing some distinct clinical features, most asthmatics have an atopic component
(16) and bronchial biopsies reveal common immunopathologic mechanisms between ex-

Table 1 Overview of ICD-9 Classification of Asthma and Related Conditions

ICD-9 Disease

490 Bronchitis, not specified as acute or chronic (e.g., tracheobronchitis NOS):
excludes allergic bronchitis NOS (493.9), asthmatic bronchitis NOS (493.9),
bronchitis due to fumes and vapors {506.0}

491 Chronic bronchitis: excludes chronic obstructive asthma (493.2)

492 Emphysema

493 Asthma?®
493.0 Estrinsic asthma (e.g., allergic asthma with stated cause, atopic

asthma, childhood asthma): excludes allergic asthma NOS (493.9),
wood asthma (495.8)

493.1 Intrinsic asthma (e.g., late-onset asthma)

493.2 Chronic obstructive asthma {with obstructive pulmonary disease):
excludes chronic asthmatic bronchitis (491.2), chronic obstructive
bronchitis (491.2)

493.9 Asthma, unspecified (e.g., allergic asthma NOS, allergic bronchitis,
asthmatic bronchitis)

494 Bronchiectasis

495 Extrinsic allergic alveolitis (includes allergic alveolitis and pneumonitis due
to inhaled organic dust particles of fungal, thermophilic actinomycete, or
other origin}

496 Chronic airway obstruction, not elsewhere classified [e.g., chronic nonspe-
cific lung disease, chronic obstructive lung disease, chronic obstructive pul-
monary disease (COPD) NOS}

2 A fifth-digit subclassification is used for category 493 to designate “without mention” (0) or
presence (1) of status asthmaticus. “Without mention’ does not always indicate absence of sta-
tus asthmaticus since it may simply reflect the incompleteness of the clinical data used for
coding.

Source: Modified from Ref. 14. ICD-9 denotes International Classification of Diseases, Sth revi-
sion; NOS, not otherwise specified.



62 Camargo and Richardson

trinsic and intrinsic asthmatics (17). These studies, and others like them, have cast doubts
on the extrinsic vs. intrinsic classification. Furthermore, the distinction has not proven
particularly useful to the clinical management of most asthmatic patients, especially adults.
By contrast, the development of specific antagonists to the biochemical mediators of
asthma (e.g., leukotrienes, cytokines) is refining current concepts about asthma and may
lead to a more useful classification system based on clinical response to these specific
interventions.

. ASTHMA ASCERTAINMENT IN EPIDEMIOLOGICAL
RESEARCH

Epidemiologists have used many approaches to ascertain ‘‘asthma’’ status: self-report
questionnaires, clinical examination and physiologic measurements (e.g., spirometry,
bronchoprovocation studies), and data from health information systems (e.g., vital statis-
tics). Depending on the chosen definition of asthma, each approach may underestimate
or overestimate the prevalence of the disorder. The advantages and disadvantages of each
approach merit further consideration before proceeding to the literature review.

Most studies have relied on self-report questionnaires to identify individuals with
‘*asthma,’” and questions typically focus on respiratory symptoms or on prior physician-
diagnosis of asthma. Interindividual, let alone intercultural, differences in symptom recall
and interpretation complicate case identification. As a result, symptom questions (e.g.,
‘*Have you ever wheezed?’’) are generally less reliable than questions on prior asthma
diagnosis. Two recent international studies have made great efforts to standardize ques-
tions and have made considerable progress in this regard (18,19). Further improvement
in the reliability of symptom questions may be achieved by video questionnaire involving
the audiovisual presentation of clinical asthma (20) but further research is warranted.

In addition to potential problems with reliability, self-reported *‘asthma’ symptoms
can be due to medical disorders besides asthma. Prior physician-diagnosis of asthma is
preferred by most researchers because it relies on medical certification and because it is
assumed that few people who do not have asthma will claim to have the condition. Diagno-
sis questions, however, make case identification highly dependent on the frequency of
health care contacts and the diagnostic patterns of the individual providers. For example,
physicians may tend to diagnose young, atopic, nonsmokers as having asthma while label-
ing older, nonatopic, smokers with identical symptoms as having COPD. Diagnosis ques-
tions are particularly misleading when health services are being evaluated since this ap-
proach will overestimate the proportion of asthmatics under treatment; mild cases are less
likely to be counted in less vigilant health care settings. The latter phenomenon may result
in mistaken associations with asthma prevalence for factors that actually are related to
asthma severity.

More objective measures of airway function, such as clinical examination and
physiological testing, are increasingly used in epidemiological studies. Auscultation for
wheezing is the most useful physical sign of airway obstruction (21) but tends to miss
mild intermittent cases; wheezing also is a fairly nonspecific finding that can be caused
by a variety of cardiopulmonary and psychiatric conditions. Sole reliance on physiologic
measurements suffers from similar problems. Moreover, different methods of assessing
hyperresponsiveness give different results when applied to the same individuals (22) and
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standardization of challenge tests continues to be a problem. Lastly, common methods of
bronchoprovocation (e.g., histamine challenge) give abnormal results in asymptomatic
subjects that would not be conventionally regarded as having asthma (23). Clearly, there
is no “*gold standard’’ when it comes to asthma diagnosis in epidemiologic research.

Large health information systems (e.g., vital statistics, billing data) are another
source of epidemiological data on asthma, particularly asthma mortality and lesser exacer-
bations that lead to health service utilization (i.e., clinic visits, ED visits, and hospitaliza-
tions). The particular strengths and weaknesses of using these pre-existing datasets are
discussed in Section VL. In general, however, their greatest strengths are their large sample
sizes and ready availability for statistical analysis; their greatest potential weakness is
inaccurate or incomplete data (24). Although the diagnosis of asthma may be fairly obvi-
ous in younger patients, recognition of asthma in older patients is complicated by their
much broader list of competing diagnoses, particularly COPD. Thus, older patients with
so-called asthma may actually suffer from another condition, and older patients with true
asthma may get diagnosed incorrectly as having another disorder. One recourse is to per-
form medical record review for all patients suspected of having asthma (25). An easier
approach is to limit analyses to younger patients (e.g., age 5—34 years), but this precludes
study of excluded groups. In both approaches, without the ability to question individual
patients or to perform clinical examination or physiologic measurements, the investigator
must somewhat blindly accept that previously collected data are correct.

In summary, the best approach to asthma ascertainment is, not surprisingly, quite
similar to that recommended for clinical practice—that is, to question individual subjects
about asthma symptoms or prior physician-diagnosis and then to perform physiologic
measurements to ‘‘confirm’’ asthma status. Although this approach might miss some pa-
tients with mild intermittent asthma, it most effectively defines patients with clinically
important asthma. Unfortunately, serial measurement of peak expiratory flow rate (PEFR)
over 1-2 weeks (to demonstrate PEFR variability) requires a level of cooperation that
may be difficult to achieve. Furthermore, formal spirometry and bronchoprovocation are
not practical for most large-scale population studies. As a result, there currently are no
studies that have used physiologic evidence to confirm asthma prevalence in a large, na-
tionally representative U.S. population.

IV. INCIDENCE AND NATURAL HISTORY OF ASTHMA

Characterizing the epidemiology of asthma also requires an understanding of its incidence
(i.e., the number of individuals who develop asthma in a defined population within a
specified period of time) and its natural history. Unfortunately, there are few cohort studies
that have examined these issues. The two best known studies come from Tecumseh, Michi-
gan (26) and Tucson, Arizona (27). These relatively small prospective cohort studies en-
rolled individuals of all ages and followed them for approximately 4 years to determine
asthma incidence. More recent estimates are available from the First National Health and
Nutrition Survey (NHANES) Epidemiologic Follow-up Survey (28) and a 20-year retro-
spective cohort study from Rochester, Minnesota (29). Taken together, the cumulative
incidence of asthma is approximately 0.2-0.4% annually, with approximately half of inci-
dent cases occurring before age 10. The generalizability of these results to nonwhites and
inner city populations is uncertain.

Once an individual has developed asthma, the natural history of his/her disease is
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highly variable. In addition to having a broad spectrum of disease severity, asthma can be
anything from a temporary affliction to a lifelong disorder. In general, however, childhood
asthma is frequently self-limited and has a better prognosis than adult-onset asthma. Stud-
ies vary but somewhere between 30 and 70% of asthmatic children will be markedly
improved or become symptom-free by early adulthood, whereas approximately 30% will
have persistent, clinically significant asthma (30). Childhood asthmatics whose symptoms
continue beyond the second decade show a low rate of remission (31). The severity of
asthma in childhood correlates with the persistence of asthma into adulthood and with the
severity of adult asthma (32,33).

Asthma in adulthood may be due to persistence (or re-emergence) of childhood
asthma, but also may represent new-onset asthma; there are sparse data on the relative
frequency of each type. Occupational asthma accounts for less than 15% of all newly
diagnosed cases of adult asthma (34,35). As previously noted. the natural history of adult-
onset asthma is characterized by a lower remission rate than childhood asthma. Nonethe-
less, a recent study found that approximately 40% of young adults with asthma were
symptom-free after a 25-year follow-up (36): 11% of the cohort no longer was considered
asthmatic at retesting. Furthermore, studies of patients with occupational asthma show
that duration of symptoms before removal from exposure predicts long-term consequences
irrespective of the causative agent; early removal from exposure increases the likelihood
of asthma remission (34). For most adult asthmatics, however, asthma represents a lifelong
disease. Compared to children with asthma, individuals with asthma starting after age 50
may have more severe disease, including less reversibility of bronchial obstruction (37).
Adult asthma usually is not progressive but chronic asthma can cause irreversible airway
obstruction in some patients (13); subbasement membrane fibrosis may underlie this sub-
group's persistent abnormalities in pulmonary function (38).

V. ASTHMA PREVALENCE IiN THE UNITED STATES

There are literally hundreds of reports in the literature on the distribution of asthma in
various populations. The lack of a standard definition of asthma, and the variety of ap-
proaches to asthma ascertainment, make reliable estimates and comparisons between stud-
1es quite difficult. The most common summary measures provided by these epidemiologic
studies is asthma prevalence, or the percentage of a defined population with asthma. More
precise concepts, such as cumulative or lifetime prevalence (i.e., the total percentage of
those who have ever had asthma) and point prevalence (i.e., the percentage with recently
active asthma at a specific time) are not specified by many investigators and this ambiguity
may explain some ‘‘inconsistencies’’ in the literature.

Despite these daunting methodologic challenges, one can make a gross estimate of
asthma prevalence in the United States using data from several large epidemiologic sur-
veys, including the National Health Interview Survey (NHIS) (39) and the NHANES
(40.41). Studies of marginalized populations (e.g., inner city children) provide important
supplementary data as they suggest that national surveys substantially underestimate
asthma prevalence for these populations (42). Taken together, the overall lifetime preva-
lence in the United States is approximately 8-10%, while the overall point prevalence of
asthma 1s approximately 4-8%. The latter estimate translates into approximately 10-20
million chnically active patients in the United States. Approximately 5 million of these
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Figure 1 Prevalence rate (per 1000 persons} for self-reported asthma in past 12
months among persons of all ages—United States, 1981-1990. (From Ref. 3.)

individuals are less than 18 years old, making asthma the most common chronic disease
of childhood (43) and the fourth leading cause of disability in children (44).

Over the last 20 years, the prevalence of asthma in the United States has increased
dramatically. In 1970, a national survey by the Public Health Service estimated that 3%
of the U.S. population had asthma (45); approximately 60% of these asthmatics had con-
sulted a physician for asthma during the previous year and approximately 50% were using
a medication or treatment for asthma. Figure 1 shows the steadily increasing overall preva-
lence of recent asthma from 1981 to 1990. More recent data from the NHIS show that the
overall age-adjusted prevalence of asthma had risen to 4.9% by 1992 (46); this represents a
more than 50% increase from 1980.

VI. ACUTE ASTHMA IN THE UNITED STATES

With the exception of asthma mortality, considerably less data are available about acute
asthma—that is, asthma exacerbations that require modification of chronic asthma man-
agement. Although such exacerbations often can be managed by patients without contact
with doctors or the hospital system (10), many (possibly most) asthma exacerbations in
the United States continue to generate acute asthma ‘‘encounters’’ such as office visits, ED
visits, and hospitalizations. Asthma deaths are an extreme but uncommon manifestation of
acute asthma (47) and may not involve contact with the hospital system. To our knowl-
edge, there is no large, nationally representative database that captures all of these acute
asthma events and, therefore, their relative contribution and the overall magnitude of acute
asthma are not known.

A large body of data are available concerning asthma mortality since vital statistics
are collected routinely by many governments. For a variety of reasons, however, the accu-
racy of these data is suspect (24). The most important problem is the death certificate
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diagnosis. Coding is almost 100% accurate for asthma deaths among individuals under
age 35, where the diagnosis is typically clear and the cause of death unambiguous, but
accuracy declines with increasing age and is less than 70% by age 65 (48). Furthermore,
a recent study found that death certificates identified only 42% of 339 asthma deaths as
determined by an expert review panel (49). To increase the likelihood of drawing valid
conclusions regarding asthma mortality, investigators often limit their analyses to younger
age groups (e.g., age 5-34 years). Consequently, less is known about asthma mortality
in older adulits.

With these caveats in mind, asthma mortality in the United States appears to have
increased steadily throughout the 1980s and early 1990s. The overall age-adjusted death
rate from asthma rose from 13.4 deaths per million population (3154 deaths) in 1982 to
18.8 deaths per million population (5106 deaths) in 1991, an increase of 40% in only 10
years (46). For persons aged 5-34 years, the age group with more accurate data, asthma
deaths increased by 42% over the same period (46). The most recent vital statistics, how-
ever, suggest that there has been a small but gradual decline in asthma mortality over the
past few years (Fig. 2) (50). The cause of this surprising development is not clear, but we
speculate that it might result from ongoing improvements in asthma management, such as
the introduction of inhaled corticosteroid therapy and improvements in acute asthma care.

In 1985, asthma accounted for approximately 6.5 million visits to physicians’ offices
and an additional 1.5 million hospital-based outpatient visits, according to the National
Ambulatory Medical Care Survey (NAMCS) (51). The majority of these visits (75% and
71%, respectively) involved adults, and most of the office visits (65%) were to physicians
in primary care specialties (i.e., general practice/family medicine, pediatrics, and internal
medicine). Only two years later, the National Medical Expenditure Survey (NMES), which
relied largely on self-reported data from patients. estimated more than 13 million office
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Figure 2 International patterns of annual asthma mortality (deaths per 100,000 per-
sons) among persons age 5-34 years, by country and year—1960-1994. B—M, New
Zealand; ®—@®@, England and Wales; A—A, Australia; A—4&, West Germany; O—Q,
Canada; O—U0J, United States. (From Ref. 50.)
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visits and more than 1.5 million hospital-based outpatient visits related to asthma (52).
These differences do not reflect changes in asthma burden but rather large differences in
study design. Indeed, from 1975 to 1990, the annual rate of office visits for asthma in-
creased by only 5% from 2.71 to 2.85 visits per 100 population (3). Moreover, all of these
figures reflect a combination of *‘urgent’’ visits for acute asthma and ‘‘routine’’ visits for
chronic stable asthma (e.g., medication refill, patient education). Unfortunately, billing
data do not permit accurate separation of ‘‘urgent’’ from ‘‘routine’” asthma visits due to
incomplete ICD-9 coding (see Table 1).

ED asthma visits are more clearly related to acute asthma but their generalizability
is unclear; ED patients differ considerably from the general population and it is not clear
what percentage of all asthma exacerbations involve the ED. Nonetheless, one study esti-
mated that there were more than 1.8 million ED asthma visits in the United States in 1985,
and that 52% of ED visits involved adults (1). The NMES estimated approximately 1.2
million ED visits in 1987 (52). More recent data from the National Hospital Ambulatory
Medical Care Survey (NHAMCS) suggested that asthma was the primary diagnosis for
almost 1.5 million ED visits in 1992 . Although ED visits accounted for only 1.6% of all
ED visits nationwide in NHAMCS, dramatic sociodemographic differences between ED
catchment areas may explain why up to 10% of some inner city ED’s visits are related
to asthma (53). Preliminary data from the Multicenter Asthma Research Collaboration
(54) suggest that, on an annual basis, between 10 and 30% of ED asthma visits are repeat
visits. Frequent ED use is associated with greater asthma severity and with poor asthma
self-management skills (55). There are no readily available data concerning trends in ED
asthma, and only sparse data on the test characteristics of using ED billing data for case
identification. A recent study found that the primary billing diagnosis identified only 68%
of ED asthma visits at one teaching hospital and introduced significant selection bias (56).
If confirmed by other investigators, it would appear that billing data may significantly
underestimate the number of asthma visits in some EDs.

Approximately 10-30% of ED asthma visits in this country result in hospital admis-
sion (54), which is about half the admission rate reported from the United Kingdom (57).
Regardless, combined data from the 1983 to 1987 National Hospital Discharge Surveys
(NHDS), as well as 1987 NMES data (52), suggest that acute asthma accounts for approxi-
mately 460,000 hospital admissions annually in the United States. The majority of these
hospitalizations (65%) involved adults (1). On an annual basis, approximately 18% of all
asthma admissions among children and young adults are readmissions (58); comparable
adult data are not available. Hospital admissions for asthma as the primary diagnosis more
than tripled from 1970 to 1983 (59), but were essentially constant between 1982 and 1992
(46); the latter finding contrasts with concomitant increases in asthma prevalence and
mortality. The stable asthma hospitalization rates also contrast, however, with dramatic
declines in hospitalization rates for other conditions during this period (60). The stable
(or falling) asthma hospitalization rate between 1982 and 1992 may reflect fundamental
changes in the ED management of asthma and not a decline in severe asthma exacerba-
tions (61).

As previously noted, several factors limit the usefulness of health care utilization
data (24) and we suggest cautious interpretation and generalization of the preceding re-
sults. Discrepancies of literally millions of asthma visits between one source and another
are reason enough for caution. We also expect major changes in acute asthma statistics
in upcoming years as a result of dramatic and ongoing changes in health care delivery.
For example, increasing market penetration by health management organizations (HMOs)
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may lead to significant decreases in ED asthma visits (and concomitant increases in **ur-
gent” office visits) if ED visits are denied reimbursement by the patient’s HMO. Also,
the introduction of ED-based observation units may have a dramatic impact on asthma
hospitalization rates. Such scenarios highlight the need for asthma surveillance programs
that collect comprehensive and internally consistent data concerning health care utiliza-
tion (62).

VIl. GEOGRAPHIC VARIATION IN ASTHMA

Geographic variation in the prevalence or severity of asthma may provide important clues
regarding the etiology of asthma, and assist health planners charged with controlling the
current asthma epidemic. For example, asthma has been noted to be a largely urban phe-
nomenon (63). More than 20% of U.S. asthma deaths in 1985 occurred in New York City
and Chicago (Cook County), yet these places accounted for only 7% of the population at
risk; these cities had such a disproportionate number of asthma deaths that they were, to
some extent, driving the national increase in the 1980s (64). Small area analysis of New
York City itself revealed that the highest rates of asthma hospitalization and asthma mor-
tality are concentrated in the city’s poorest neighborhoods (65) (Fig. 3). Similar findings
have been reported from Philadelphia, where increases in asthma mortality from 1969 to
1991 were most pronounced in areas with poor socioeconomic status (SES) and high in
minority populations (66). These and other small-area analyses have led to repeated calls
for the design and implementation of public health policies aimed to reduce the dispropor-
tionate asthma burden borne by inner city inhabitants (63).

Migrant studies offer another perspective on the asthma problem. Populations that
move from a rural to urban setting appear to adopt the increased asthma burden of the
urban environment. For example, exercise-induced asthma in the offspring of migrants to
Cape Town was 20 times greater than in the migrants’ rural community of origin (67).
Likewise, asthma symptoms in the offspring of Tokelauans who had migrated to New
Zealand were twice as common as reported by Tokelauans who remained in Tokelau (68).
These studies provide persuasive evidence that environmental factors play an important
role in the etiology of asthma.

At a more global level, many studies have compared the asthma experience of the
United States with that of the rest of the world. Previously discussed methodologic issues
present an even greater challenge when looking across countries than when looking at
U.S. data alone. Nonetheless, the prevalence of asthma in different populations has been
shown to vary from less than 1% to greater than 30% (Table 2) (69); these differences
cannot be entirely explained by differences in methodology. Asthma tends to be more
common in developed nations and, consequently, common attributes of developed nations
(e.g.. urbanization, westernization, and increased affluence) are correlated with increased
asthma prevalence (70). Some groups have speculated that the key factor may be the
“cleanness’ of living—that is, the increased time indoors and lack of exposure to child-
hood infections and resultant increase in expression of the asthma phenotype (71). Al-
though this hypothesis appears quite attractive, a multifactorial environmental explanation
seems most likely with the predominant reason varying by location.

As in the United States, asthma prevalence is increasing in many countries, including
Australia, England, Finland, France, New Zealand, and the United Kingdom (69). Asthma
hospitalizations for children age 0-14 reflect this increase with three—10-fold increases
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Figure 3 Average annual asthma hospitalization rate {per 10,000 persons) among
persons age 0-34 years, by neighborhood—New York City, 1982-1986. (From Ref.
65; © 1992, American Public Health Association.)

noted between the 1960s and 1980s in several countries around the world (72). Additional
evidence for a worldwide asthma epidemic may be found in vital statistics data, which
show that the increase in asthma mortality also has been observed in countries such as
Australia, Canada, England, Germany, Japan, Singapore, Sweden, and Switzerland (50).
Interestingly, the most recent mortality figures show a small decline in asthma mortality
in several of these countries (see Fig. 2), including England and Wales (73).

VIIl. INFLUENCE OF AGE AND SEX

As previously noted, asthma can begin at any age. including infancy. Numerous epidemio-
logical studies suggest that the most rapid risc in asthma incidence and prevalence has
occurred in children (3). Population-based data from Rochester, Minnesota (29) show that
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Table 2 Prevalence of Asthma in Selected Population Studies from Around the
World

Recent Lifetime

Country Year Age (years) asthma (%) asthma (%)
Australia

general 1991 8to 11 10 31

aborigines 1991 7 to 12 0 0
China 1988 11 to0 17 2 2
Denmark 1987 7to 16 5 —
England 1980 NA 8 —
France

Paris 1982 21 — 5

Tahiti 1984 13 — 14
Germany 1990 9to 11 4 8
Indonesia 1981 7to 15 1 2
Kenya 1991 9to 12 3 11
New Zealand 1989 12 8 17

1989 12 to 18 — 34

Papua New Guinea 1985 6 to 20 0 0
United States (multiple studies)  1990s all ages 4-8 8-10
Wales 1989 NA 5 12

Source: Modified from Figures 2-1 and 2-2 in the Global Initiative for Asthma (Ref. 69).

the 55% increase in annual age- and sex-adjusted incidence of asthma from 1964 to 1983
occurred only in children age 1-14; incidence rates for infants (age < 1) and for adults
remained constant. NHANES data concerning children age 6-11, revealed an almost 60%
increase in lifetime asthma prevalence for 1971-1974 (4.8%) and 1976-1980 (7.6%) (59).
The trend continued during the 1980s: NHIS data show that asthma prevalence increased
by more than 50% from 3.5% in 1982 to 5.3% in 1992 among persons age 5-34 (46).
U.S. asthma hospitalization rates among children age 0-14 reflect this increased asthma
burden as they have increased three-fold from the 1960s to 1980s in this age group alone
(72). More recently, from 1980 to 1993, asthma hospitalization rates have continued to
climb among children age 0-4 (Fig. 4). There are sparse epidemiologic data on trends in
asthma prevalence among persons over age 65 because of legitimate concerns about dis-
ease misclassification in this age group.

A consistent observation across numerous epidemiological studies is an interaction
between age and gender in terms of asthma burden. Asthma prevalence is higher among
boys than girls before adolescence, but there is a slight female predominance thereafter
(26,27,29). This gender difference is much larger for acute asthma. For example, Skobeloff
and colleagues (74) examined all asthma admissions in southeastern Pennsylvania
and found that males were admitted nearly twice as often as age-identical females in the
0-10 year age group, just as often at age 11-20, but then only 30-40% as often after age
20 (Fig. 5); hospital length of stay was greater for females than males after 30 years of
age. Overall hospital admissions for asthma have been consistently higher for females
than for males (46). Likewise, there is a female predominance among adults age 18-54
who present to the ED with acute asthma (54). Some population-based studies have found
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a slight male predominance among elderly asthmatics (27,29) but this finding awaits con-
firmation.

Over the past few decades, the asthma burden has increased more among women
than men. For example, asthma prevalence increased by 80% between 1982 and 1992 for
females (from 2.9% to 5.4%) but increased only 29% for males (from 4.0% to 5.1%) (46).
Likewise. asthma mortality during 19821991 increased 59% for females (from 15 to 25
deaths per million population) versus 34% for males (from 12 to 16 deaths per million
population) (46). Taken together, there is ample evidence that, despite roughly comparable
asthma prevalence rates, women are more severely affected by asthma than are men. and
this gender ditference is increasing over time.

IX. INFLUENCE OF RACE, ETHNICITY, AND
SOCIOECONOMIC STATUS

Race and ethnicity are complex and imprecise concepts in epidemiological research
(75.76). Typically, members of a specific ethnic group share some combination of geo-
graphic origins, language, social structures, cultural norms, religious traditions, literature,
music, dietary preferences, and employment patterns. Although ethnic groups may share
a range of physical characteristics due to their shared ancestry, the term is typically used
to highlight these sociocultural characteristics instead of the biological ones. By contrast,
race is biologically determined, and denotes people who share common physical character-
istics, usually skin color. A common phenotype is often taken to imply a common geno-
type. an assumption that provides a biological basis for disease resistance or susceptibility.
The basic assumption of this research, however, has been invalidated by genetic studies
demonstrating that intraracial biological variation far exceeds interracial differences (77).
Moreover, the genes that are associated with physical characteristics are not necessarily
associated with those that determine disease susceptibility. Thus, classifying populations
by ethnic (rather than racial) backgrounds is preferable since it acknowledges probable
differences in culture and lifestyle as well as in genetic composition.

Nonetheless, most U.S. epidemiological studies to date have focused on differences
between three racial groups: blacks, Hispanics, and whites. These studies reveal a consis-
tently higher asthma burden among blacks compared to the other racial groups. For exam-
ple. NHANES data show that the prevalence of asthma in blacks is more than twice the
prevalence among whites; this asthma excess was found in both males and females (78).
Blacks also have consistently higher asthma hospitalization rates than whites (46), as well
as a greater proportion of asthma readmissions each year (58). Lastly, asthma mortality
has been consistently highest among blacks compared to other racial groups. and this
difference appears to be growing (46,43) (Fig. 6). Little research has focused on role of
ethnic differences within the African-American community.

Likewise, sparse data are available concerning Hispanics (i.e., all people who trace
their origins to a Spanish-speaking country or culture). The asthma prevalence rates of
this large group are often considered intermediate between blacks (high) and whites (low),
but this widespread view does not take into account important ethnic differences within
the Hispanic community. Indeed, the most recent data from NHANES-III (1988-1991)
showed that asthma prevalence was lower among Mexican Americans (5%) than among
blacks (7%) or whites (8%) (41). Another study found that Puerto Rican children had
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Figure 6 Age-adjusted annual mortality rate (per 1 million persons) for asthma
as the underlying cause of death among persons age 5-34 years, by race and
year—United States, 1982-1991. (From Ref. 46.)

a much higher prevalence of active asthma (11%) than blacks (6%), Cubans (5%).
whites (3%), and Mexican Americans (3%) (79). Clearly, categorization of individuals as
**Hispanic’’ alone does not capture the genetic and environmental characteristics that con-
fer increased risk for asthma.

The most plausible explanation for the observed racial differences is that being black
or Hispanic does not increase risk per se but instead serves as a marker for another factor,
such as socioeconomic status (SES), that is thought to influence health. In other words,
nonwhite Americans may bear a disproportionate amount of the asthma burden compared
to white Americans, because, on average, blacks and Hispanics tend to have lower SES
(e.g., lower family incomes, fewer years of formal education, suboptimal housing condi-
tions) and some aspect of SES may increase the likelihood of having or dying from asthma.
The convergence of all of these factors probably underlies the phenomenon of *‘inner
city’’ asthma (63). Like ethnicity and race, however, SES is a difficult and imprecise
concept (80). Furthermore, the relation of SES to asthma prevalence is complex: within
the United States, individuals with low SES are more likely to have diagnosed asthma,
but within other countries the opposite may be true (81). Ecologic studies support the
latter association—that is, asthma is more prevalent in affluent countries than in non-
affluent countries (69).

Returning to asthma epidemiology in the United States, several statistical analyses
of the relationship between race and asthma, controlling for SES, suggest that race is
not a simple proxy for SES (78,82); furthermore, the persistent, albeit small, prevalence
difference does not explain the much larger disparity in hospital admissions and asthma
mortality. Nonetheless, given the strong association between SES and health, and our
remarkably crude methods of measuring SES, it remains possible (indeed likely) that the
persistent association between race and asthma is due, in large part, to *‘residual confound-
ing”’ by SES or related factors (e.g., low birthweight, unfavorable housing conditions.
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psychosocial stressors, limited access to primary care). Racism (i.e., discrimination or
prejudice based on race) may exacerbate some of these risk factor differences (e.g., by
worsening already limited access to high-quality primary care). The relative contributions
of these SES-related factors need to be studied in ethnic groups with increased asthma
burden. Factors which are responsible for a significant portion of the excess morbidity
and mortality could then be targeted for intervention (63).

X. POTENTIAL EXPLANATIONS FOR INCREASING
ASTHMA MORBIDITY AND MORTALITY

Since the early 1980s, there have been many attempts to explain the worldwide increase
in asthma morbidity and mortality. The most fundamental question, of course, is whether
the overall trend is real or simply an artifact of the way we diagnose asthma or record
health statistics. Weiss et al. (3) have carefully reviewed the subject, and their observations
on the most likely explanations are summarized below.

A. Changes in Diagnostic Recognition

Changes in asthma prevalence could be due to a change in diagnostic recognition of asthma
by either the general population or by health care providers. Since much asthma is undiag-
nosed (83), particularly in milder cases and in children, increasing asthma awareness could
have led to an increased number of asthma diagnoses without a true increase in disease
prevalence. Most repeated cross-sectional surveys are consistent with this hypothesis (84).
One would expect, however, that changes in asthma hospitalization and mortality would
be less affected by such a phenomenon. Moreover, recent prevalence studies with more
rigorous case ascertainment do not support this explanation. For example, an analysis
of asthma prevalence among Finnish military conscripts undergoing clinical examination
between 1926-1989 suggests that if the apparent increase in asthma was due entirely to
changes in diagnostic recognition that some 95% of cases must have gone undiagnosed
in the years before 1966 (85); this seems inconceivable and suggests that much of the
observed increase in asthma prevalence was real.

B. Diagnostic Transfer

Another explanation invokes changes in the way diseases are classified where specific
diseases (e.g., bronchitis) are now being classified as ‘‘asthma.”” Changes in ICD coding
provide a clearcut example of such a phenomenon; indeed, the 1979 coding change involv-
ing *‘asthmatic bronchitis’’ (see Section II) resulted in a dramatic 1-year increase in asthma
events (59). It is difficult, however, to attribute the continued rise in asthma burden
throughout the 1980s to the ICD-9 revision.

More subtle examples of diagnostic transfer offer a more plausible explanation. For
example, more gradual changes in ‘‘diagnostic fashion’’ might dictate that a diagnosis of
asthma be substituted for bronchitis, in which case the substitution would lead to an in-
flated estimate of asthma prevalence. Analysis of annual hospitalization rates for both
asthma and bronchitis show, however, that asthma hospitalizations steadily increased dur-
ing a time period when bronchitis figures remained essentially constant (3).
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C. Changes in Asthma Risk Factors

The most attractive hypothesis for the observed increase in asthma burden relates to possi-
ble widespread changes in asthma risk factors, such as increased rates of prematurity (and
premature infant survival), decreased rates of breastfeeding, unfavorable changes in the
outdoor environment (e.g., air pollution), unfavorable changes in the indoor environment
(e.g., smoking, indoor allergens, irritant gases), changes in socioeconomic status, and
changes in the medical care environment (e.g., access to medical care, pharmacotherapy).
We agree with Weiss and colleagues (3) that premature births, indoor air quality, and
medical care issues are the most likely explanations from the preceding list. Widespread
changes in asthma risk factors continue to be a focus of intense research activity, with
recent interest directed toward the roles of high-dose B-agonist therapy (86), cockroach
allergen (87), and childhood infections (88).

Thus, although some portion of the observed increase in morbidity and mortality is
undoubtedly artifactual, it appears that asthma morbidity and mortality truly are rising.
Simultaneous changes in multiple asthma risk factors appear to be the most likely explana-
tion; these factors include probable causes of asthma (e.g., indoor allergens) and features
of the health care delivery system (e.g., access to primary care).

Xl. IMPLICATIONS FOR PATIENT CARE, RESEARCH,
AND HEALTH POLICY

The lack of a standard definition of asthma, apparent overall increase in asthma morbidity
and mortality, and differential asthma burden in specific sociodemographic groups all have
important implications for clinical care, research, and health policy.

At a patient level, our inability to refine the definition of asthma, particularly acute
asthma, has led us to provide relatively unfocused pharmacotherapy for a remarkably
diverse group of patients. Indeed, one might marvel at how well current therapies work
for what is, undoubtedly, a heterogeneous condition. More sophisticated definitions (e.g.,
based on genetic factors, biochemical mediators, natural history, and character of exacer-
bation) would allow us to divide patients into more distinct asthma subtypes that might
respond better to specific types of interventions. Identification of the factors that have led
to the current asthma epidemic and, more specifically, to the increased burden in specific
sociodemographic groups, also may have direct implications for clinical care (e.g., asthma
prevention in high-risk individuals). Clearly, more research is needed in this arena.

At a societal level, the current definition of asthma is sufficiently detailed to provide
us with gross estimates of the asthma burden but little more. The problem is of sufficient
magnitude that it merits increased attention from the health policy planners. In monetary
terms alone, the cost of illness related to asthma was estimated to be $6.2 billion in 1990,
or nearly 1% of all U.S. health care costs (1). A more recent analysis, which did not
include a mortality component, estimated a total cost of $5.8 billion in 1994 (52). These
are crude estimates but, taken together, approximately 50% of the economic impact was
associated with emergency department visits, hospitalization, and death (i.e., expenditures
related to acute rather than chronic asthma). Better asthma surveillance data are needed
to assist effective health policy planning, including the provision of adequate access to
health care. Current epidemiologic data suggest that specific groups (i.e., children, women,
blacks, Hispanics, and inner city inhabitants) bear a disproportionate percentage of the
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U.S. asthma burden, and that public health efforts might be best focused on these high-
risk populations. Research is needed on the most effective educational and interventional
strategies for each group.

Xil. SUMMARY

Despite numerous methodologic challenges, such as the lack of a standard definition of
asthma, there is persuasive evidence that asthma prevalence is rising worldwide. The fre-
quency of acute asthma (including fatal asthma) paralleled this increase until recent years
when preliminary data suggest a leveling off or even gradual decline. The distribution
of asthma vanies dramatically by age, sex, race, and socioeconomic status. Although
every sociodemographic group is affected, certain groups (i.e., children, women, blacks,
Hispanics, and inner city inhabitants) appear to bear a disproportionate percentage of the
asthma burden in the United States. It is ditficult, and probably incorrect, to ascribe the
current asthma epidemic to any single underlying factor. Taken together, these epidemio-
logic observations have important implications for patient care, research, and health policy
concerning asthma.
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Allergic Asthma

Michael A. Kaliner
Washington Hospital Center, Washington, D.C.

. INTRODUCTION

It is estimated that 9-12 million Americans currently have asthma and that the incidence
has increased by about 60% in the past decade (1), not only in the United States but
worldwide (2). Asthma was estimated to cost approximately $6.2 billion in 1990 (3), to
be the number one cause for hospitalizations in pediatric hospitals nationwide, to be the
sixth most common cause for all hospitalizations, and to cause nearly 5000 deaths per
year (an increase of nearly 80% in the past decade).

Asthma was derived from the Greek meaning for panting, or breathlessness, and
thus might be considered a description of the primary symptom of this disease. Asthma
can be defined clinically as recurrent airflow obstruction causing intermittent wheezing,
breathlessness, and sometimes cough with sputum production. The National Asthma Edu-
cation Panel, developed in conjunction with the National Heart, Lung, and Blood Institute,
defined asthma in 1991 (4) as having three components:

1. Airflow obstruction that is reversible either spontaneously or in response to
therapy

2. Airway inflammation

3. Increased airway responsiveness to a variety of stimuli

About 90% of asthmatics between the ages of 2 and 16 years are allergic, 70% of
asthmatics less than 30 years are allergic, and about 50% of asthmatics older than 30 years
of age are concomitantly allergic (5). Thus, coincidental allergies are far and away the
most common underlying condition contributing towards developing asthma.

One should suspect allergy as a contributing factor when (1) there is a family history
of allergic diseases; (2) the clinical presentation includes seasonal exacerbations or exacer-
bations related to exposures to recognized allergens; (3) there is concomitant allergic rhini-
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tis, other allergic disease, or a family history of allergic disease; (4) a slight-to-moderate
eosinophilia is present (300 to 1000/mm?*) or eosinophilia in the sputum is observed: or
(5) the patient is less than 40 years old, although many mature asthmatics are concomi-
tantly allergic. Skin testing confirms IgE directed against the incriminated allergen but
does not establish a cause-and-effect relationship. The inhalation of allergens by bronchial
provocation testing will be positive in subjects who have positive prick-type skin test
results but many of these patients do not exhibit clinical asthma during the relevant pollen
seasons. Thus, the presence of a positive skin test (or in vitro test for IgE antibodies) must
always be confirmed with a good history (6). Levels of total IgE may be somewhat useful
but are not diagnostic; about 60% of allergic asthmatic subjects have elevated IgE levels
while the IgE in the remaining 40% is normal. Because limiting exposure to allergens by
avoidance techniques and treating patients with specific allergy immunotherapy are both
extremely helpful in treating allergic asthmatic subjects, a careful search for possible aller-
gies is indicated in nearly all asthmatics.

Current recommendations are that all asthmatics who wheeze more than 2 days per
week should be evaluated by an allergist, or other physician skilled in identifying allergic
disease, in order to institute prophylactic allergen avoidance measures (7.8). Thus, any
asthmatic with persistent symptoms, who uses medications on a regular basis, or who has
nocturnal wheezing should be evaluated for possible allergies. It was once thought that
allergic asthma was associated with a relatively milder form of disease but this contention
has not been bome out. Allergic asthma is as severe as any other cause of asthma, and
allergen exposures can complicate or contribute to asthma of all severities (9). Onset
of asthma between the ages of 2 years and puberty generally has a good prognosis,
while asthma appearing before age 2 may be of a more severe nature (10). While childhood
asthma may spontaneously remit during teenage years, we now recognize that many of
these patients become asthmatic again in adulthood. Moreover, the philosophy of ignoring
asthma in a child is a serious error in judgment for many reasons, including the availability
of excellent medications, the impairment of body image that an asthmatic child may de-
velop and lasts throughout life, the long-range effects of restricted physical activity on
mental and physical health, and the loss of school and recreation time due to a treatable
problem. Current recommendations include conditioning of the asthmatic to better prepare
him for strenuous exercise, choosing swimming or biking in place of running, and using
prophylactic medications to prevent exercise-related airflow obstruction (4,8).

Il. THE ALLERGIC REACTION

The essential components of allergic reactions include: allergens. IgE antibodies directed
at antigenic determinants on the allergen, and activated mast cells that generate and release
mediators and cytokines. In order to initiate allergic responses, exposure to an appropriate
antigen and a genetically determined capacity to respond with IgE production are required.
Antigen presentation requires access of antigens to the mucous membrane, uptake
by antigen presenting cells, antigen processing, and stimulation of local antibody produc-
tion. IgE production occurs in the same local environment as antigen presentation, proba-
bly in the draining lymph nodes. IgE production is regulated by locally produced helper
factors, thought to include interleukin (IL}-4 and IL-10 produced by local helper T lym-
phocytes (TH-2 cells). The IgE that is produced sensitizes mast cells in the same environ-
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ment by binding to high affinity receptors for IgE on the cell surface. Although no one
is certain of the precise time involved, the production of sufficient IgE to render a subject
allergic is thought to take several years or more. However, children less than 1 year old
with unquestionable allergic diseases are not uncommon.

Once sensitized, mast cells may degranulate upon subsequent allergen exposure.
The bridging of IgE receptors by aggregation of IgE molecules bound to multivalent aller-
gens initiates a biochemical reaction that leads to the secretion of a range of chemical
mediators from mast cells (11). These mediators then stimulate the surrounding tissues to
elicit the allergic response, the nature of which is determined by the local environ-
ment. Thus, mast cell degranulation and mediator production may cause rhinitis, conjuncti-
vitis, sinusitis, cough, asthma, abdominal cramping, diarrhea, urticaria, eczema, headaches,
hypotension, laryngeal edema, and other syndromes depending upon the local environ-
ment (12).

In humans, the mast cell is found in the loose connective tissues of all organs, most
notably around blood vessels, nerves, and lymphatics (13). In the lung, mast cells are
found beneath the basement membranes of airways, near blood vessels in the submucosa,
adjacent to submucous glands, scattered throughout the muscle bundles, in the intra-alveo-
lar septa, and in the bronchial lumen (11). Mast cells appear in increased numbers in the
epithelium after allergen exposure and are predominant in biopsies obtained during the
allergy season. In the airways, there are about 20,000 mast cells/mm?® (12), and the mast
cell represents 1-2% of alveolar cells.

Mast cells may be divided into two types. In the skin, the predominant mast cell
(known as the MC,, type) contains tryptase, chymase, and cathepsin G; the granules have
a pattern described as lattice-like or crystalline; and the cells degranulate in response to
neuropeptides such as substance P or morphine. By contrast, lung mast cells (known as
the MC, type) contain tryptase but not other proteases, have a granule pattern described
as scroll-like, and do not respond to substance P or morphine with degranulation (14). Of
interest is the recent observation that nasal mucosal mast cells are predominantly of the
MC, type, while the epithelial mast cells are of the MC, type (15). Thus, it is not possible
to predict the exact phenotype of the resident mast cells based solely upon their location
in the mucosa or epithelium.

There are four sources of mediators generated during the process of mast cell degran-
ulation: preformed soluble molecules stored within the granules. newly formed molecules
generated de novo during the degranulation process, newly synthesized proteins tran-
scribed over a period of hours after the initiation of degranulation, and macromolecular
materials that derive from the granule matrix that may cause actions lasting for a prolonged
period after degranulation (Table 1). The consequences of mediator release occur within
minutes (immediate hypersensitivity) or may require hours to develop (late-phase allergic
reactions). Research has revealed an expanding list of mediators whose actions may con-
tribute to the pathological changes seen in asthma (Table 2). In addition to the granule-
derived mediators, the process of degranulation leads to transcription, synthesis, and secre-
tion of additional inflammatory materials, including a number of potent cytokines, over
several hours that likely contribute to the late-phase allergic response. Thus, mast cells
synthesize and release IL-3, IL-4, IL-5, and IL-6 in addition to tumor necrosis factor
(TNF) and other inflammatory cytokines (16). Mast cells store IL-4 and secrete it as one
of the granule mediators, as well (17). As IL-4 helps regulate IgE production, mast cell
activation and release of IL-4 might actually upregulate IgE production (18).
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Table 1 Mast Cell-Derived Mediators

Preformed mediators that are rapidly released under
physiological conditions

Histamine
Eosinophil and neutrophil chemotactic factors
Kininogenase
TNF-o
Endothelin-1
Arylsulfatase A
Exoglycosidases

Mediators formed during the degranulation process
Superoxide and other reactive oxygen species
Leukotrienes C,, D, E,
Prostaglandins, HETEs, HHT
Prostaglandin-generating factor of anaphylaxis
Adenosine
Bradykinin
Platelet-activating factor

Mediators closely associated with the granule matrix
Heparin, chondroitin suifate E
Tryptase
Chymase
Cathepsin G
Carboxypeptidase
Peroxidase
Arylsulfatase B
Inflammatory factors
Superoxide dismutase

Cytokines transcribed after activation
Interleukins-1, 2, 3, 4, 5, 6
Granulocyte-macrophage colony-stimulating factor
Macrophage inflammatory proteins 1 and 1P
Monocyte chemotactic and activating factor
TNF-o.
TCA-3
Endothelin-1

Source: Modified from Refs. 12 and 16.

. ALLERGENS

Inhalant allergens are most frequently involved in allergic respiratory diseases such as
allergic rhinitis and asthma. These antigens, which directly impact on the respiratory mu-
cosa, are usually derived from natural organic sources such as house dust, pollens, mold
spores, and insect and animal emanations. Chemicals and irritants from the work place
have been increasingly recognized as a cause of rhinitis, asthma, or both. These chemicals
can act as allergens or irritants, or could influence the mucosal environment in such a
manner as to predispose the individual towards developing an allergic response. It appears
that most particulate materials from which aeroallergens are derived are between 2 and
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Table 2 Pathological Changes in Asthma and the Putative Mediators
Responsible

Pathological changes Mast cell mediators responsible
Bronchial smooth-muscle con- Histamine
traction Leukotrienes C,, Dy, E,
Prostaglandins and thromboxane A,
Bradykinin
Platelet-activating factor
Mucosal edema Histamine

Leukotrienes C,, D,, E,
Prostaglandin E,
Bradykinin
Platelet-activating factor
Chymase
Reactive oxygen species

Mucosal inflammation Inflammatory factors
Cytokines
Eosinophil and neutrophil chemo-

tatic factors

Leukotriene B,
Platelet-activating factor
IL-1, IL-6, TNF

Mucus secretion Histamine
Prostaglandins
HETEs
Leukotrienes C,, D,, E,
Chymase

Desquamation Reactive oxygen species
Proteolytic enzymes
Inflammatory factors and cytokines

Source: Modified from Ref. 5.

60 um in diameter, and their allergenic constituents usually are water soluble proteins
with a molecular weight between 10,000 and 40,000 daltons (19,20).

Inhalant allergic diseases may be episodic, seasonal (such as hay fever), or perennial.
The most important seasonal allergens are pollens, such as ragweed. Most tree pollens
are released during the early spring, and in most parts of the country the height of the
grass pollen season is late spring to midsummer. Although some species of weed pollen
are airborne in spring and early summer, the greatest difficulty from weeds is in late
summer and early fall. In the eastern and midwestern United States, ragweed is by far
the worst offender. Despite popular belief, the heavy, sticky pollens of brightly colored
flowers seldom cause allergy symptoms, as these pollen are spread by insects and not by
wind currents. Inhalant allergens are most often responsible for rhinitis, conjunctivitis or
asthma, although occasionally urticaria, eczema or systemic anaphylaxis may occur.

Exposure to nonseasonal allergens, mainly through inhalation but in some instances
by ingestion, accounts for year-round allergies. Among the inhalants, dust mites. mold
allergens, cockroaches, and animal emanations are responsible for most perennial allergic
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rhinitis and asthma (21). House dust itself is a mixture of lint, mites, mite derived feces,
danders, insect parts, fibers, and other particulate materials. Overwhelming evidence indi-
cates that certain mites, Dermatophagoides farinae and D. pteronyssinus, are the principal
sources of antigen in house dust. The mites themselves are small, but can be noted by
the naked eye as a speck if placed on a dark cloth. These arachnids encase their fecal
materials in a coating rich in intestinal enzymes, and it is a protease within this coating
that is the primary allergen. Mite fecal balls are large and heavy compared to other aller-
gens, and thus only float in the air briefly after disturbance. Mites living in bedding, mat-
tresses and carpets feed on human skin dander, and require a warm, relatively humid
environment to proliferate (65-70° and >50% relative humidity). They survive best in
carpets, bedding and upholstery. Disturbance of the carpet, perhaps by vacuuming. leads
to a brief (approximately 30 min) episode of airborne mite feces, leading to inhalation
and possible initiation of allergic reactions (19,20).

Cat allergens derive both from salivary and skin sources, are much smaller and
lighter than dust allergens, are found constantly in the air in households with cats, and
are a potent source of allergen. Dog allergens are also found in saliva, skin dander,
and urine, but not hair. Thus, short-haired or long-haired breeds may be equally allergenic.
Cockroaches are another major allergen in urban environments, which should be suspected
in any perennially allergic patient living in or around a city. Cockroaches are an especially
important allergen in inner city, relatively poor populations (23). Commercial spraying
and eradication are the only measures that have been shown to reduce cockroach related
disease, although immunotherapy is also useful.

Among the inhalant antigens, fungi occupy a unique position because they are found
in both outdoor and indoor environments (20). Alternaria and Cladosporium are the major
outdoor mold allergens. The smut and rust fungi, both members of the class Basidiomy-
cetes, can also cause allergic problems, especially near granaries. Penicillium and Asper-
gillus are the most prevalent molds found in basements, bedding, and damp interior areas.
Rhizopus nigricans (*‘black bread mold’’), Saccharomyces cerevisiae (' ‘bakers’ yeast’'),
Chaetomium, Curvularia, Helminthosporium, Spondylocladium, Stemphylium, Rhodotor-
ula, and the slime molds Fusarium, Phoma, Pullularia, and Trichoderma also are frequent
allergens in certain locations. Although pollen allergens typically become windborne dur-
ing dry weather and are removed from the air during rain, high mold-spore counts are
found in clouds and mist, and many upper respiratory tract allergy symptoms during pe-
riods of high humidity are probably attributable to favorable conditions for mold growth.
When indoor mold exposures are important, installing a dehumidifier in a damp area may
be helpful. In general, use of a bleach works as well as any other product to remove fungi
and mold from the walls in damp areas such as bathrooms and basements.

IV. SKIN TESTING AND IgE

Despite the development of in vitro methods of detecting IgE antibodies, skin testing
(prick or intradermal) with appropriate allergens is the least ime-consuming, most sensi-
tive, most useful, and also the most inexpensive method employed to confirm the presence
of allergen-specific IgE (22,24). Skin testing can be performed on infants as young as
1-4 months of age, although age dictates both the choice of allergens used and the clinical
conditions for which they can be used. Under the age of 1, food antigens are the likely
offenders, causing eczema or asthma. Inhalant allergens are more likely to be involved
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after 2-4 years of exposure, although sensitization to indoor allergens can occur much
more quickly. In exceptional cases, such as in patients with extensive eczema or marked
dermatographism that negates use of skin tests, in vitro assays for serum IgE antibodies
by radioallergosorbent, fluorescent-allergosorbent, multiple-thread allergosorbent, or en-
zyme-linked immunosorbent test techniques might be substituted for direct testing. With
either in vitro testing or skin tests, however, it is essential that the relevance of the results
be correlated to the patient’s current clinical problems and their detailed history.

Since total IgE levels are elevated in only about two-thirds of allergic asthmatics,
and increased total IgE levels also occur in nonallergic conditions, an elevated level does
not make a diagnosis of allergy, and a normal level does not rule it out. Thus, the clinical
value of determining total serum IgE levels is limited.

Prick skin tests correspond very closely to seasonal- or exposure-related symptoms,
responses to provocations, and eventual response to treatment (22). Intradermal skin tests
are less exact in their relationship to both symptoms and provocations. Thus, patients with
histories suggestive of allergic disease and positive prick tests may receive instructions
for allergen avoidance and consideration for immunotherapy. We usually do not prescribe
immunotherapy to patients who only are positive by intradermal testing. Patients with
seasonal asthma, or whose asthma appears to be related to specific exposures, should be
referred to an allergy specialist for a careful history, skin testing, and detailed instruction
on allergen avoidance. Immunotherapy is usually reserved for those patients who cannot
avoid allergens, and in whom pharmacotherapy is not completely effective.

V. ALLERGIC ASTHMA AND THE EMERGENCY
DEPARTMENT

The emergency physician should treat the airflow obstruction of asthma irrespective of
underlying precipitating factor(s). However, upon discharge, it is helpful to direct the
patient appropriately. Thus, patients with seasonal disease, allergen-precipitated symp-
toms, those with pale boggy nasal mucous membranes, allergic changes to their conjunc-
tiva, allergic shiners, positive family histories of allergies, high eosinophil counts. and
other signs and symptoms of allergy should be told that allergy might play an important
part in their disease and that an allergy evaluation is appropriate. Once evaluated, specific
information on avoiding allergens confirmed by both history and skin testing should be
provided to the patient. Patients whose disease is severe enough to warrant an emergency
department (ED) visit should be discharged on corticosteroids, both oral and inhaled. There
1s no need to start antiallergy medications such as cromolyn or nedocromil in the ED, but
providing corticosteroids may prevent the need for return visits to the ED. Consideration
for the use of depot corticosteroids by injection should include an assessment of the reli-
ability of the patient, their past history of ED usage, and whether the physician considers
the patient reliable in regards to follow up visits.

In compliant patients properly managed by a knowledgeable primary care physician
or by an asthma or allergy expert, nearly all asthma can be managed satisfactorily, with
very limited needs for ED visits. Proper outpatient management includes patient education;
the use of anti-inflammatory agents, particularly inhaled corticosteroids as primary agents;
identification of allergens and careful education of the patient in allergen avoidance tech-
niques; the use of peak flow monitors in order to identify exacerbations early enough to
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treat without the need for the ED; and establishing a rapport with the patient that will
encourage the patient to seek medical care before an exacerbation become emergent. In
most contemporary studies, done both by asthma experts and by managed care companies,
following these principles reduces the need for emergency visits by 50-75% within one
year (7,25). The emergency physician is responsible to make certain that the asthma patient
is directed to expert care and that he is provided appropriate medications to carry him
over until such follow-up can be arranged.
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Rhinitis, Sinusitis, and Acute
Asthma

Susan M. Brugman
Universirty of Colorado Health Sciences Center, Denver, Colorado

Although acute asthma is often the presenting complaint to the emergency department
(ED), upper airway inflammation such as rhinitis and sinusitis may be the engine driving
the more obvious lower airway disease. Given the contiguity between the upper and lower
respiratory tracts, it should not be surprising that these two anatomic structures might
influence each other. There is much debate as to whether upper airway conditions actually
‘‘cause’’ asthma or, conversely, whether the coexistent inflammation is merely an exten-
sion of the airways dysfunction that characterizes asthma. It is known that attacks of
asthma are frequently precipitated by viral upper respiratory tract infections (URIs) and
that chronic rhinosinusitis is associated with poor asthma control. Thus, inflammatory
processes of the nose and sinuses should be investigated, particularly when asthma is
recalcitrant or incompletely responsive to the usual therapies in the ED.

. VIRAL UPPER RESPIRATORY TRACT INFECTIONS

The propensity of viral respiratory tract infections to trigger asthma episodes is well recog-
nized and the subject of a chapter in itself. Approximately 30% of children will have a
wheezing illness sometime in the first five years of life, with respiratory syncytial virus
(RSV) the most common cause (1). Of the children previously infected with RSV,
30-50% will wheeze with subsequent viral URIs (2). In known young asthmatic children,
viral URIs were discovered as the etiology of 42% of the acute wheezing episodes over
a 2-year period (3). RSV, parainfluenza virus, coronavirus, and adenovirus were the caus-
ative agents. Of interest, no bacterial infections could be identified to cause asthmatic
episodes. In two other similarly designed studies of childhood asthmatics, 29% (4) to 69%
(5) of the asthma exacerbations were found to be associated with either rhinovirus, RSV,
or influenza.
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In adults, viral infections appear to precipitate asthma exacerbations only about 11%
of the time (6.7). However, viral-induced episodes are more often severe and prolonged
in adults when compared to noninfectious episodes of acute asthma (7,8). Interestingly,
viruses, particularly adenovirus, have been recently implicated in chronic obstructive pul-
monary disease (COPD) as well (9). Future studies may expand this hypothesis, giving
more credence to the eticlogic role of viruses in both acute and chronic airflow obstruction.

Viruses likely precipitate asthma by the following mechanisms: (1) enhancement
of airways hyperresponsiveness; (2) damage to bronchial epithelium with sensitization of
rapidly adapting sensory vagal fibers; (3) stimulation of vagus-mediated bronchoconstric-
tion: (4} down regulation of B,-adrenergic responsiveness; (5) propagation of virus-specific
IgE antibodies; and (6) increased bronchospastic and inflammatory mediator release from
pulmonary mast cells and basophils (10). Since effective antiviral therapies for airway
discases are sparse, the best treatment for viral-induced asthma in the ED setting is vigor-
ous antiasthma medications.

. MYCOPLASMA/CHLAMYDIA INFECTIONS

Other nonbacterial causes of acute asthma deterioration have been recognized and may
be causative in the patient presenting emergently. Mycoplusma pneumoniae is a motile,
filamentous, free-living organism without a cell wall that constitutes 20% of the nonviral
or “'walking"’ pneumonias in children and adults (11). In two studies of acute asthma,
M. pneumoniae infection accounted for 20-25% of the wheezing episodes in adults com-
pared with an isolation rate of 5.7% in normals (12.13). M. preumoniae lower respiratory
tract disease typically presents as an indolent prodrome of fever, malaise and headache
followed in 3-5 days by cough and pharyngitis. Upper respiratory complaints are not
common and pneumonia occurs in 10% of patients. Extrapulmonary manifestations are
unusual but may be severe and involve gastrointestinal. hematologic, musculosketetal,
dermatologic, cardiac and neurologic organ systems.

Chlamydia pneumoniae (previously called Strain TWAR), an obligate intracellular
parasite, has also been implicated in acute asthma. Nearly half of 19 wheezing adults and
children studied prospectively were documented to have C. pneumoniae infection (14). Of
these patients, four had their first attack of asthma and four had exacerbations of underlying
asthma precipitated by C. pneumoniae. In another study of 74 adult outpatients with acute
attacks of asthma, 9% were found to have C. pneumoniae infection by seroconversion
(14a). Symptoms with this organism mimic those seen with M. preumoniae infection
although extrapulmonary involvement is not a feature.

If either of these organisms s highly suspected in the acutely wheezing patient. then
antibiotic treatment with erythromycin, tetracycline (in older children and adults). or the
newer macrolide antibiotics should be added to appropriate antiasthma therapy.

I. SINUSITIS
A. Prevalence

Sinusitis is a common disorder, affecting 14.7% of the U. S. population overall (15) and
complicating 0.5-5% of upper respiratory infections in children (16). Since the average
child experiences six to eight colds per year and since many children are in group daycare,
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which is more apt to result in protracted respiratory symptoms, the frequent occurrence
of sinusitis in normal children is understandable (17). Furthermore, in pediatric patients
presenting to allergy clinics with chronic respiratory complaints. 63% had documented
sinusitis by computed tomographic (CT) imaging, evenly divided between allergic and
nonallergic individuals (18). The financial burden of sinusitis is substantial. estimated at
$2 billion dollars in over-the-counter drugs and $150 million in prescription medications
(18a). The unmeasured cost in terms of diminished quality of life, pain, malaise, altered
social functioning. and lost productivity at work has been documented as well (19.19a).

B. The Sinusitis/Asthma Link

The association between asthma and sinusitis has long been recognized although the pre-
cise nature of this relationship remains contentious. There are several lines of evidence
linking these two entities (Table 1). Very early observations documented the common
coprevalence of sinusitis and asthma. Approximately 26% of asthmatic adults and up to
70% of asthmatic children were found to have sinusitis (20.21). More recent investigators
have concurred with these observations, finding a 50% incidence of abnormal sinus radio-
graphs in a pediatric allergy clinic population (22) and in severe. inpatient asthmatic chil-
dren (23). Radiographic and symptomatic sinusitis among adult patients presenting with
acute asthma exacerbations has been reported to occur in 50-87% (24.25).

The demonstration of a nasobronchial refiex by early physiologists spurred interest
in the connection between nasal and pulmonary pathology. Nasal stimulation of animals
with a number of irritants (26,27) or with electricity (28) resulted in demonstrable
increases in lower airways resistance. Likewise in humans. sensory excitement of the
nose has been found to increase lower airways resistance and worsen asthma symptoms
{29--31). That this reflex arc is vagally mediated is suggested by its obliteration with vagal
sectioning (28,32) and with anticholinergics (31,32). The extension of these observations
to allergic nasal inflammation and asthma in humans has been debated. Several investiga-
tors failed to observe any change in lung function in allergic asthmatics in whom histamine
or ragweed particles were applied to the nose (33-35). However. a significant drop in
FEV, following intranasal histamine could be demonstrated in half the patients with active
rhinitis, indicating that perhaps a certain baseline nasal inflammation is necessary to
“‘prime’" this reflex (36). Furthermore, it appears that while lung function may remain
unchanged after nasal allergen challenge, lower airways responsiveness increases measur-
ably in allergic asthmatics (37,38). This increase has been shown to be blocked by intrana-

Table 1 Evidence to Suggest a Link Between Rhinosinusitis and
Asthma

. Coprevalence of asthma and sinusitis and/or rhinitis

. Abnormal sinus radiographs in asthma patients

. Demonstration of a nasobronchial reflex

. Demonstration of postnasal drip in association with lower airways
hyperresponsiveness

5. Improvement in airways hyperresponsiveness following nasal

treatment
6. Improvement in asthma following medical and/or surgical treat-
ment of sinusitis

W -
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sal steroids given during natural allergen exposure (39,40). In a study comparing the effec-
tiveness of various intranasal anti-inflammatory agents on allergic rhinitis symptoms in
120 adults, Welsh remarked that **surprisingly, we also found that these intranasal treat-
ments considerably reduced the symptoms of seasonal asthma’” (42). A subsequent ran-
domized, placebo-controlled, crossover study corroborated this observation in 23 children.
finding a decrease in asthma scores as well as rhinitis scores among subjects treated with
intranasal steroids (42a). Other investigators report that asthma symptoms also improve
with this nasal anti-inflammatory treatment, further lending credence to the theory that a
nasobronchial reflex is likely contributory to allergic asthma (40-42).

Perhaps the most convincing evidence for disease association is documented im-
provement in asthma when concurrent sinusitis is treated. Indeed, several studies have
demonstrated this phenomenon. Medical treatment of chronic sinusitis (including three
6-week courses of antibiotics, intranasal steroids and oral decongestants) in 48 asthmatic
children resulted in an impressive amelioration of asthma symptoms, medication require-
ments, and pulmonary functions abnormalities. In 80% of these patients, cough, wheezing,
and rhinorrhea disappeared and 79% were able to discontinue all daily antiasthma therapy
and oral corticosteroids (22). Several other studies, mostly uncontrolled. corroborated
these findings in both children (43) and adults (44). Cummings et al. performed a double-
blind. placebo-controlled trial of medical sinusitis treatment in 42 children with severe
asthma. This study documented improvement in asthma and a trend toward a lowered
airways responsiveness after three weeks of oral antibiotics, oral and intranasal deconges-
tants, and intranasal steroids when compared to identical placebos (45).

Surgery appears to be of benefit in intractable asthma where sinusitis is circumstan-
tially related. Slavin reported an improvement in asthma symptoms in 65% of adults who
underwent aggressive surgical treatment of sinusitis (46). This effect was sustained for
up to 5 years in 60% of the original patients, most of whom also reported significant relief
of nasal symptoms (47). With the advent of less invasive surgical approaches, specifically,
functional endoscopic sinus surgery (FESS), the outcome for even less severely affected
asthmatics appears even better. In an uncontrolled retrospective analysis of 52 children,
ages 7 months to 17 years, 46% had coexisting asthma (48). From 12 to 38 months follow-
ing FESS, 96% had fewer or no episodes of asthma, 58% were asymptomatic. and there
was a 79% decrease 1n ED visits per year. There was no information, however. about the
severity of asthma, the use of medications or the degree of pulmonary function impairment
in these children. In a similar retrospective study, 20 of 32 asthmatic adults who had
undergone FESS for chronic sinusitis responded to a mailed questionnaire (49). Comparing
the year before surgery to the year after, patients reported a decrease in the frequency
of their asthma symptoms (95%), a diminished severity of asthma (80%). a decrease in
routine asthma medications (54%), less need for intermittent or daily steroids (549), and
a substantial reduction in hospitalizations (75%) and ED visits (81%). Prospective studies
are needed to corroborate these results, which support the notion that sinusitis is causally
linked to asthma.

C. Definition

Another more recent report classifies sinusitis as follows (19a): Sinusitis has been aptly
described as the “‘cold that doesn’t go away™ (50). In truth, even acute, uncomplicated
colds in normal adults have been associated with abnormalities in the sinuses by highly
sensitive computed tomographic imaging in nearly 90% of the cases (51). Sinusitis is part
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and parcel of allergic rhinitis as well (52). The diagnosis of sinusitis can thus be problem-
atic since there is so much symptom overlap with these entities. However, the time course
of persistent or worsening symptoms appears to be the best indicator of significant sinus
disease. However, there remains controversy regarding the chronologic classification of
sinusitis. A recent consensus panel has proposed the following definitions of sinusitis
based upon symptom endurance: (1) acute: between 7 and 14 days; (2) subacute: 2-12
weeks; and (3) chronic: greater than 3 months (53). This same pane! proposed symptom
criteria upon which to base a clinical diagnosis of sinusitis (Table 2). It should be noted
that no one symptom is an accurate marker for this disease. Acute sinusitis of a severe
nature is likely to be present if high fever (>39°C), lethargy, and/or periorbital edema
accompany typical cold symptoms, in which case prompt treatment is reasonable (54).

I, Acute: symptoms present for less than eight weeks in adults and less than twelve
weeks in children.

Table 2 Symptoms of Sinusitis

Signs and Symptoms
Major criteria
Purulent nasal discharge
Purulent pharyngeal drainage
Cough
Minor criteria
Periorbital edema®
Headache®
Facial pain®
Tooth pain®
Earache
Sore throat
Foul breath
Increased wheeze
Fever
Diagnostic Tests
Major criteria
Waters’ radiograph with opacification, air fluid level, or
thickened mucosa filling = 50% of antrum
Coronal CT scan with thickening of mucosa or opacifica-
tion of sinus
Minor criteria
Nasal cytologic study (smear) with neutrophils and bac-
teremia
Ultrasound studies
Probable Sinusitis
Signs and symptoms: 2 major criteria or 1 major and = 2
minaor criteria
Diagnostic tests: 1 major = confirmatory. 1 minor = sup-
portive

2 More common in children.
> More common in adults.
Source: From Ref. 53, with permission.
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2. Subacute: indeterminate period of mild to moderate symptomatology.
3. Chronic: symptoms beyond 8-12 weeks and documented with sinus imaging
after four weeks of medical treatment.

It is apparent that precise time courses of symptoms for making the diagnosis of sinusitis
are still not agreed upon.

Most children with sinusitis present with chronic or recurrent cough, purulent rhinor-
rhea, or recurrent acute otitis media. Headache, facial pain, toothache, and facial fullness
are not the common complaints they are in adults (53). A history of halitosis can be elicited
trom the parents although it is not usually volunteered as a problem. Painless periorbital
swelling is also reported by parents. There are several conditions predisposing to sinusitis
that should be considered and remedied when possible (Table 3).

D. Pathophysiology

The sinuses are air-filled cavities that develop as evaginations of the nasal mucous mem-
branes and are part of the continuos mucosal-lined surface of the upper respiratory tract.
Numerous functions have been ascribed to the sinuses including: (1) lessening the density

Table 3 Predisposing Factors for Sinusitis

Systemic disorders
Ciliary dysmotility syndromes (including Kartagener’'s Syn-
drome)
Cystic fibrosis
Down’s syndrome
Immunodeficiency (including AIDS)
Aspirin sensitivity
Wegener's granulomatosis
Young's syndrome {(bronchiectasis and obstructive
azoospermia)
Pregnancy
Local Disorders
Recurrent viral respiratory tract infections
Dental infections
Swimming
Diving (barotrauma)
Facial trauma
Nasal obstruction
foreign body
septal deviation
polyps
tumors
adenoid hypertrophy
nasogastric or nasotracheal intubation
anatomic intranasal variants {e.g., concha bullosa,
Haller cells, variant uncinate process)
Allergic or nonallergic rhinitis
Rhinitis medicamentosa
Cocaine abuse
Environmental tobacco smoke exposure
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and weight of the skull; (2) improving voice resonance: (3) equalizing pressure differences
in the nasal cavity; (4) aiding olfaction; (5) regulating the temperature and humidity of
the ambient air; and (6) providing an air buffer to concussive effects of trauma (55).
The sinuses are lined by a membranc consisting of pseudostratified, ciliated, columnar
epithelium covered with a 10-15 micron thick mucus blanket. This mucus blanket absorbs
gases and traps microbes and particulate matter as it is constantly propelled toward the
sinus ostia (in an antigravitational manner in the maxillary sinuscs) by ciliary beating at
a rate of 6 mm/min. The mucus enters the nasal cavity, wherc it can either drain and be
swallowed or blown out.

That the sinuses function in such a highly efficient manner is largely dependent
upon the patency of the sinus ostia. Of particular importance is the structure known as
the ostiomcatal complex. This structure 1s the confluence of the anterior ethmoid sinuses.
the ostia of the frontal and maxillary sinuses. and the middle meatus (Figure [). The
obstruction of this complex by mucosal edema. mucus, or structural anomalies is now
believed to be the original event in the cascade that leads to all sinus inflammation. Mucus
stagnation and hypoxemia within the sinuses then predisposes to overgrowth of resident
nasal bacteria. Ciliated cells are damaged. thus disabling the “*mucociliary escalator’ from
its function of secretion clearance. Other factors such as immunoglobulin A, antimicrobial
proteins, and surface enzymes also play a part in sinus homeostasis (56).

Sinusitis is an inflammation of the sinus membranes. Mucosal swelling is an carly
manifestation, tollowed by mucus hypersecretion and fluid accumulation in the obstructed
sinus. This is apparent on the Water's view x-ray as air-fluid levels or complete opacifica-
tion of the maxillary sinuses. When this inflammatory process becomes chronic, the lining

Figure 1 The ostiomeatal complex. (See text for details.)
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(A) (B)

Figure 2 X-rays showing sinusitis. {See text for details.)

mucosa thickens, becomes ‘‘heaped up’’ in appearance, and may proliferate into polyps
(Fig. 2). Polyps complicate rhinosinusitis in about 7% of asthmatics and are seen fre-
quently in aspirin sensitive individuals (discussed below) (57). Other complications of
chronic sinusitis include mucus retention cysts (inflammatory obstruction of seromucinous
glands within the sinus mucosa) and mucoceles (dilated. mucus-engorged sinus whose
ostium is completely blocked). Thickened bone adjacent to the sinuses or frank osteomy-
elitis are occasionally seen in chronic sinusitis but are usually indicative of fungal pathol-
ogy (58).

Bacterial pathogens have been recovered in high density (> 10" cfu/ml) from maxil-
lary puncture in up to 70% of children and 25-59% of adults with acute maxillary sinusitis
(59,60). Although not similarly quantitated, bacteria have also been identified in 93% of
children with chronic, surgically treated sinusitis (61). The failure to recover bacteria in
some cases may, as Gwaltney speculates, be due to involvement of sinuses other than the
maxillary antra, prolonged viral infection. or infection with unusual organisms (62). On
the contrary, eosinophilic infiltration of sinus mucosa has been seen more often in allergic
rhinitis and asthma than in uncomplicated chronic sinusitis, raising the possibility of nonin-
fectious eosinophil toxicity to the tissue as a primary pathogenic factor (62a). The sinuses
are sterile under usual circumstances even though the major bacterial pathogens causing
sinusitis (Table 4) can be normal ‘‘residents’’ of the nose or posterior nasopharynx (62).
It has been speculated that viral colds predispose to sinusitis through inflammatory obstruc-
tion of the ostiomeatal complex and by damage to the lining epithelium, the sum of which
compromises normal sinus drainage and promotes bacterial overgrowth.

E. Diagnosis

Although sinusitis 1s primarily a clinical diagnosis. other tools can be helpful in establish-
ing the presence and extent of disease. These include: nasal cytology, radiographic im-
aging, transillumination, ultrasonography, and bacterial sampling of the sinuses.
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Table 4 Pathogens in Sinusitis {(Generally in Order of Frequency)

Adult® Childhood®
Acute S. pneumoniae S. pneumoniae
H. influenzae M. catarrhalis
Anaerobes H. influenzae

Streptococcal sp.
M. catarrhalis

S. aureus
Chronic  Aerobes Aerobes (38%)

H. influenzae Alpha-hemolytic strep
Coagulase negative S. aureus Group A f-hemolytic strep
Corynebacerium sp. Group F B-hemolytic strep
Alpha hemolytic strep S. aureus
S. aureus S. epidermidis
Other E. coli

H. influenzae

H. parainfluenzae

Anerobes Anaercbes {100%)

Bacteroides
Veillonella

Peptostreptococcus sp.
Hemolytic strep

Sources: ? From Refs. 60, 102, 103; ® from Ref. 104,

1. Nasal Cytology

The cellular milieu within the nose can be sampled by having the patient blow his or her
nose into cellophane wrap, then smearing the mucus on a glass slide and staining it, Normal
nasal mucus is comprised of ciliated and nonciliated columnar epithelial cells, goblet cells,
and basal cells. Neutrophils are sparse and there are usually no basophils or eosinophils
present (63). Large numbers of neutrophils and intracellular bacteria are frequently present
in nasal smears of sinusitis patients. A 79% correlation between radiographic sinusitis and
a positive nasal cytology (defined as a nasal smear showing greater than 6 neutrophils per
high-power field) has been reported (64). In a population of 300 allergic rhinitis patients,
sinusitis was found radiographically more often when the nasal smear showed more than
5 neutrophils or 5 eosinophils per high-power field (65). That nasal eosinophilia closely
reflects active allergic rhinitis has been seen in both children and adults (66,67). The
clinical context is most important to the interpretation of the nasal smear since neutrophils
are present in uncomplicated colds as well. Furthermore, there is no study that correlates
nasal cytology to bacterial aspirates of the sinuses so this procedure has yet to be validated
against the ‘‘gold standard.”’

2. Radiographic Imaging

Three plain x-ray views of the sinuses have been the traditional standard for diagnosing
sinusitis. Lateral, occipitomeatal (Water’s), and anteroposterior (Caldwell) views are ob-
tained to visualize the sphenoid, maxillary, and ethmoid and frontal sinuses respectively.
The presence of an air-fluid level, complete opacification of the sinuses, and mucosal
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thickening of greater than 4 mm correlates with bacterial recovery trom the sinuscs nearly
75% of the time (16.68). Plain sinus films are readily available, relatively inexpensive,
and do not require much patient cooperation or sedation.

Despite long experience with plain radiography. there are numerous disadvantages:
(1) inadequate specificity in infants less than one year of age in whom crying, sinus asym-
metry and underdevelopment. or redundancy of sinus mucosa may manifest as sinus opaci-
fication (69); (2) frequent false positives and false negatives in both children and adults
(70,71); and (3) supcrimposition of sinus structures preventing adequate visualization of
the posterior cthmoids. the ostiomeatal complex and the sphenoid sinus. A recent task
force report from the American College of Radiology suggests that the usefulness of plain
sinus radiography in acute sinusitis of all ages is marginal and should be discouraged (72).

CT imaging demonstrates fine sinus detail and is the technique of choice in evaluat-
ing sinusitis. Multiple, thin section images (approximately 5 mm thickness at 3—-5 mm
intervals) in the coronal plane are typical (Fig. 3). Axial plane images may be casier to
obtain in children although they are not as uscful in evaluating the ostiomeatal complex.
A screening sinus CT involves tewer cuts at greater intervals and has the advantage of
less cost (often similar to that of plain radiography). less radiation dose, and shorter study
time. The screening study 1s not particularly helpful in children because it does not obviate
the need for sedation and because it frequently misses the ostiomeatal complex and thus
gives suboptimal information.

Accepting sinus CT as the gold standard is complicated by the frequent overestima-
tion of clinical sinusitis. Incidental maxillary and/or cthmoid abnormalities have been

Figure 3 Computed tomographic (CT) imaging showing sinusitis. {See text for de-
tails.)
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reported in 14-55% of children less than 13 years of age undergoing CT scanning of the
head for nonrespiratory reasons (73). The common cold is known to cause CT-evident
sinus inflammation that is self-limited in both adults and in infants younger than one ycar
of age (51.69). The clinical context is essential in the proper ordering and interpreting of
sinus CTs. They are rarely necessary in the management of acute sinusitis (72).

Magnetic resonance imaging (MRI) uses radiofrequency waves in a magnetic field
to produce sinus images. MRI gives superior soft-tissue imaging and is the technique of
choice if tumor or extensive infection of the paranasal sinuses is suspected. The expense,
long examination time. need to sedate pediatric patients, and poor resolution of bony struc-
tures, especially the ostiomeatal complex, limits the usefulness of MRI in sinus disease.

For the emergency physician, sinus imaging of any sort is rarely indicated. except
when acute complications of sinusitis are a concern (see Table 5). Patients who fail medical
management of their acute or chronic sinusitis in the ED should probably be referred to
an otolaryngologist for further diagnostic evaluation.

3. Transillumination

This technique consists of examining the patient in a darkened room and shining a light
(usually from an otoscope) against the inferior orbital ridge. Transmission of light through
the hard palate is assessed at the open mouth of the patient (74). A failure of transillumina-
tion 1s interpreted to mean fluid or mucosal swelling of the respective maxillary sinus,
Unfortunately, this technique is not sensitive enough nor used often enough to be of any
value to most practitioners, including those in the ED.

4. Ultrasound Evaluation

A-mode ultrasonography of the sinuses has the advantages of being radiation-free, rapid,
and not requiring sedation in pediatric patients. This technique was reported on in Scandi-
navia in the 1980s and was found to correlate well with the presence of maxillary fluid
on puncture (75,76). However, as reviewed by Druce, there are other reports that are
conflicting as to its usefulness (77). Ultrasonography appears to be highly specific (93%)
but not very sensitive (29-61%) (78,79). It is not useful for evaluating frontal disease
and, indeed, ultrasound cannot provide the detailed view of intranasal and sinus structure
that is needed in the evaluation of chronic sinusitis. At present, the only reasonable clinical

Table 5 Indications for High Resolution CT Imaging of the
Sinuses in Children and Adults

1. Persistent symptoms after two 3-week courses of antibiot-
ics and adjunctive treatments
2. Evidence of complications of sinusitis
orbital celluitis
intracranial abscess
osteomyelitis
toxic shock syndrome
3. Preoperative assessment of anatomy
4. Difficult-to-treat asthma with persistent rhinosinal symp-
toms
5. Unilateral symptoms or suspicion of a tumor




102 Brugman

application for ultrasound is in diagnosing sinusitis in pregnant women in whom avoidance
of ionizing radiation is prudent. The need for this in the ED would be quite unusual.

5. Sinus Puncture

This technique is truly the gold standard for diagnosing infectious sinusitis. A trocar is
passed transnasally into the maxillary sinus and fluid is either directly aspirated or else
sterile saline in injected and aspirated. Aerobic and anaerobic cultures and Gram'’s stain
of the fluid is undertaken. A finding of one bacterial organism per high-power field on a
Gram's stain correlates with growth of bacteria >10* colony-forming units per milliliter
{74). Sinus puncture is usually reserved for the patient with evidence of complications.
severe facial pain, associated immunosuppression, or disease unresponsive to repeated
treatment. This technique usually requires sedation in the pediatric patient and should only
be done by a skilled operator.

F. Childhood Sinusitis

There 1s a common misconception that young children cannot have sinusitis because they
do not have sinuses. Although there is wide variability among children, most have aerated
maxillary and ethmoid sinuses at birth with later development of the sphenoid and frontal
sinuses (see Table 6) (Fig. 3) (80). There appears to be a predilection among younger
children for chronic sinusitis. Among 58 children with chronic sinusitis by CT imaging,
489% were 2-6 years of age and 34% were 6-10 years of age (81). In fact, young age
was the single most significant risk factor for sinusitis in children presenting with chronic
respiratory symptoms (81).

Purulent nasal discharge has often been referred to as “‘bacterial” or ‘‘purulent™
rhinitis or ““adenoiditis.”” The publication in 1981 of Dr. Wald's first treatise on bacterial
sinusitis in children allowed this diagnosis to be legitimately entertained in place of the
less precise ones mentioned above (82). Sinusitis has become the fifth most common
diagnosis for which antibiotic therapy is prescribed among adults (83), a trend that is no
doubt similar for children as well. There is debate, however, as to whether sinusitis is being
overdiagnosed and overtreated in children (84). Diagnosis by symptom constellation is
difficult, given the overlap with viral upper respiratory tract infections. The symptom
duration parameters are inexact in that some uncomplicated URIs may last three weeks
or more (17). As discussed previously, radiographic diagnosis is expensive, sometimes
technically complicated (i.e., requiring sedation) and too sensitive to be the gold standard
(see Section III. E. 2). Treatment of suspected sinusitis with antibiotics raises issues of

Table 6 Development of the Paranasal

Sinuses

Sinus Present Developed
Ethmoid Birth 3yr
Maxillary Birth 3yr
Sphenoid 3yr 12 yr
Frontal? 8 yr 12 yr

2 Absent in approximately 10% of the population.
Source: Ref. 80.
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expense, uncertainty as to duration of therapy, only modest improvement in cure rate, and
the risk of generating more or different strains of resistant bacterial pathogens. On the
other hand, one could argue that complications from sinusitis, while infrequent. can be
severe and costly. With a huge proportion of children in out-of-home daycare, treatment
of bacterial sinusitis will likely hasten their return to daycare and their parents’ return to
the workplace. For the asthmatic child, there is the important potential for ameliorating
asthma symptoms, restoring normal sleep patterns, decreasing medical utilization, and
enhancing quality of life by effectively treating the sinusitis.

G. Medical Treatment

Once the diagnosis of sinusitis is made in the acute asthmatic, treatment for both disorders
should be instituted promptly. Follow-up is advisable in 2-3 days if there is no improve-
ment in either asthma or sinusitis symptoms; otherwise it should be arranged for two
weeks hence.

1. Antibiotics

Antibiotics are the cornerstone of medical management of sinusitis in both adults and
children. Studies in adults using sinus puncture and culture before and after antibiotic
therapy have shown successful eradication of bacteria along with symptomatic improve-
ment (74). Similar documentation in pediatric patients is lacking although numerous stud-
ies have shown resolution of clinical symptoms of sinusitis with antibiotic treatment (74).
The choice of antibiotic follows from the bacteriology of acute and chronic sinusitis (Table
6). Since there is a 45% spontaneous cure rate for acute sinusitis in all age groups, the first
rule of therapy should be safety (85,86). Thus, amoxacillin is the preferred first-line antibi-
otic for adults and children (Table 7). In spite of a high rate of beta-lactamase producing
Hemophilis influenzae in most communities, the clinical cure rate for amoxacillin is 93—
100% in adults and 67-100% in children (74). Whether the emergence of penicillin-resis-
tant pneumococci will alter this success rate for amoxacillin remains to be seen.

The first choice antibiotic for patients hypersensitive to penicillin is trimethoprim-
sulfamethoxasole or erythromycin-sulfasoxazole. In the setting of severe, acute sinusitis
(high fever, periorbital swelling, and systemic toxicity), a broader spectrum, beta-lacta-
mase resistant drug such as amoxacillin/clavulanate or a second- or third-generation ceph-
alosporin (cefuroxime or cefprozil) should be initially instituted. Likewise, a lack of clini-

Table 7 Antibiotics for the Treatment of Sinusitis

Drug Pediatric dosage Adult dosage
1. Amoxacillin 40 mg/kg/d in 3DD 1500 mg/d in 3DD
2. Amoxacillin/clavulanate 40/10 mg/kg/d in 3DD 750/1500 mg/d in 3DD
3. Trimethoprim- 8/40 mg/kg/d in 2DD 320/1600 mg/d in 2DD
sulfamethoxazole
4, Cefaclor 40 mg/kg/d in 3DD 2000 mg/d in 4DD
5. Cefuroxime axetil 250 mg/d in 2DD (<2 yr) 500-1000 mg/d in
500 mg/d in 2DD (2-12 yr) 2DD
6. Cefprozil 30 mg/kg/d in 2DD 500 mg/d in 1 dose
7. Erythromycin/sulfasoxazole 50/150 mg/kg/d in 4DD —

DD = divided doses.



104 Brugman

cal response within three days in any patient should also prompt a return visit to the ED
and a change in antibiotics.

The first-line agents for chronic sinusitis are the same as for acute sinusitis with the
proviso that a second, three-week course of a broader spectrum antibiotic should follow
if there is a suboptimal response to the initial treatment,

The newer macrolide antibiotics (azithromycin, clarithromycin) have excellent anti-
microbial coverage for usual sinusitis organisms. Only clarithromycin has approved for
acute sinusitis.

The optimal duration of therapy has not been systematically studied. For acute sinus-
itis, significant improvement is usually seen within four days and a 10-14 day course of
treatment is recommended (74). However, at least one study found comparable efficacy
from a threc-day vs. a 10-day course of trimethoprim-sultamethoxasole in acute sinusitis
(87). It has been argued that entry criteria for this study were vague and that many individu-
als with common colds were included, thus casting doubt on the conclusions (87a). For
chronic sinusitis, there are no studies determining the ideal duration of therapy. It is gener-
ally agreed that 21 days of antimicrobials is indicated (88). Multiple short (7-10 days)
courses of different and increasingly expensive broad-spectrum antibiotics have no advan-
tage over more prolonged therapy with a first-line antimicrobial.

2. Saline Nasal Lavage and Steam Inhalation

Salutary effects of steam inhalation and nasal irrigation have been touted as folk remedies
for sinusitis although the scientific prootf is not robust (88,89). Steam generated in a hot
shower or inhaled from a pan of boiling water with a towel draped around the head are
two methods of inhalation. The addition of astringents or aromatics (pine oil, menthol,
oil of cucalyptus) may enhance the sensation of nasal patency. Saline nasal lavage can
be accomplished by one of several methods (Table 8). Both of these techniques allow for
removal of adherent, dried mucus, and blood; moisturization of the nasal mucosa; and
cleansing of the mucus membrane prior to instilling intranasal decongestants or topical
steroids. The soothing and symptomatic relief provided by these methods may be enough
to recommend them in spite of little data proving their etficacy.

Table 8 Techniques for Saline Nasal Lavage

1. Mix a solution of one-fourth to one-half teaspoon of noniodized table salt and a
pinch of baking soda with 8 ounces of tepid tap water. Thi