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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 disease, 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 Bany 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 initially 
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 P-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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V i  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 risk 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 dealt 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. 
I 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 is 
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 asthma usually is not subtle, but the effective disposition and optimal 
long-term management strategy often are. Decisions 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? 

I 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, 
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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 in 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, I 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. 

I t  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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~~~~~~~ 

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 illnesses 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 Samhita, a two-volume medical 
book written in Sanskrit from at least the first century A.D. 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, Datum (see section later on belladonna 
alkaloids), and herbal ointments (5) .  

Asthma is a Greek word meaning panting. It was first used in Homer’s Iliad 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 (1 3 1-201 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. 

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 (1 138”- 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 Institute 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 A1 Afdal Nur ad Din Ali, when the Prince assumed the throne 
at age 40 in 1 193.j- 

Maimonides was requested to write dietary advice on asthma for the Prince. This 
resulted in a Treatise on Asthma (1 1) 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 common 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 modem: “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 modem 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. 

111. 

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 

t There in Egypt he wrote his prodigious compilation of Jewish law, Mishneh Torah (finished in 
1 168), 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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Figure 2 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) (162 1 - 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 ( 17 10- 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 ( I  8). 

In 1786, William Withering, the physician who established foxglove treatment, re- 
sponded to a colleagues’ questions concerning asthma (l9,20). 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 I816 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 low 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 i t  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. 

t Leannec’s treatise is famous for the description of the use of the stethoscope. He described his 
auscultation through the stethoscope as mudiute auscultcition (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, riles, 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 i t  
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Charles B. Williams (1 805-1 889) 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- 187 l), 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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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 modem times it had been placed into the paper of 
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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 tip0 Laennec megafonico. Brevettato. Doctt Corradino Mallol i  
Faligno Bevagna. (Courtesy o f  the Philip Reichert Collection, Library o f  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 demonstrating 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 (1 860- 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 187 1 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 (29,30). 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 Muller 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 anaphylaxis 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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Figure 6 Curschmann spirals formed from mucus and eosinophilic debris. (From Ref. 
29.) 

trician, introduced the term allergy, from the Greek word allos (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 (1 892), standards in internal medicine were being 
established. Sir William Osler wrote a single authored textbook, The Principles and Prac- 
tice of Medicine (Figs. 7A, 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 O F  MEDICINE 

DESIGSED FOR THE CSE OF 
I’RACTITIONERY AND STUDENTS OF NEDICINE 

BY 

WILLIAM OSLER, M.D. 
FELLOW OF THE ROYAL COLLEOE Or PI’IY8ICIAWI, LOXDON 

PROFEBPOR OF YEDICINE IN THE JOHN8 HOPKIN8 UNIVXRCIIT‘T A m  
PHTIICIAI-IN-CHIEF TO THE JOHN8 HOPKIN8 HO8PITAL, BALTIYORL 

FORMERLY PROFEBEOR OF T H E  INBTITLTXB OF MXDICINS, MC GILL UXIVLPllITY, MONTREAL 
A X D  PROFEIIWE OF CLISICAL YLDICINE 

I S  THE CNIVERBITY OF P E X N I Y L Y U I A ,  PHILADELPHIA 

N E W  Y O R K  
D. A P P L E T O N  A N D  C O M P A N Y  

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 so 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 Duturu 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 reeked of 
smells and fumes of burnt niter paper, stramonium. and lobeline (43). 

PRESENTATION COPY 

This as Nurnber-s$-- 

of the first r oj,ooo copies printed 

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 Montefiore 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 subcutaneously at doses from 0.15 to 0.3 mg (1: lOOO 
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, 
ephedrine, was isolated in 1884 in Japan but introduced into the western hemisphere in 
1924 (46). 

In the early 190Os, 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 Illustrated 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 19OOs, 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; potter’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 riles. 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 r2es 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* (5 1,52). After a 14-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 aminophylline 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 welfare 
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 self-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 P-agonist without any a 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 a- and P-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 p- 
receptor, p1 and p.. When stimulated the PI- receptors cause lipolysis and a chronotropic 
and inotropic effect on the heart. p?-receptors cause vasodilation, bronchodilation, skeletal 
muscle tremor, and muscle glycogenolysis (68). Pharmaceutical companies endeavored to 
make MDIs and aerosolized solutions with as much p2 and as little P I  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 episodes 
as their use was associated with increased risks for intubation and fatality (7 1,72). 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 p 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 burn 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 oxvgeiz 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 1952,3 1 
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. 
Bjgm 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 initially 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 Pcoz and oxygen saturation (81,82) (Figs. 12-14).? The need for positive pres- 

* Dr. Ibsen and two other colleagues manually “bagged” this patient for another 18 hr. She survived 

t The students had the advantages of early technology with a continuous Pco2 monitoring. Bromthy- 
the hospitalization, succumbing 19 years later to an unrelated condition. 
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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 Pcoz. 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 Pco2 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 Ibsen, 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. lbsen 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 early 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 Olsen, patient manually ventilated a t  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 P-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 



History of Acute Asthma 25 

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. 

VII. 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 emergencies, 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, Brooklyn, 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 fulfil1 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 risky 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 p 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 to 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 P2-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. 
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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)] (1 1). 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 (P-agonists, inhaled 
corticosteroids, 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 (1 3 ) .  
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Asthma Production and 
Biochemistry 

Phillip 1. Rice Jr. 
Kings County Hospital Center, Brooklyn, New York 

1. 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. Our 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, 
Histamine Histamine 

Tryptase Interleukin-5 
Throm boxane 

Leukotriene LTC, + LTB, 

Prostaglandin D, GM-CSF 

Prostaglandins F2a, D,, E, 
Kinins 
Eosinophil cationic 
Protein 
Major basic protein 
Eosinop h i I 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 = n;r4(AP)/8qL, where L is the length of the tube and q 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 mRNA 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 (1FN)-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- 
lial-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 (1L)-4, a cytokine released by mast cells, 
stimulates the expression of vascular cell adhesion molecule- 1 (VCAM- I ), 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 
(291 1 ). 

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 (PG12), 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 (1 2,13). 

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 puzzle. 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 lipid 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 LTC4, 
LTD4, 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, 12-1ipoxygenase, 5-lipoxy- 
genase (5-L0), 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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Phospholipid pathways producing leukotrienes, thromboxanes, and Ii- 

Chemotaxis is an important step in the migration of inflammatory cells from the 
circulation to the site of inflammation. LTB4 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. LTC4 is further acted upon by a-glutamyltrans- 
peptidase to form LTD4 and LTE4 (formed from LTD4 by dipeptidase). LTD4 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). LTC4 synthase resides in mast cells and eosino- 
phils, but also in endothelial cells and platelets. Being distributed among different cell 
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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 LTCj (22). 

The liver is the main organ for the metabolism of leukotrienes. Its metabolic byprod- 
ucts are excreted in bile. Unmetabolized LTE4 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 application of 
LTC,, LTD,, and LTEJ produces a flare-and-wheal reaction. Increased urinary measure- 
ments of LTE4 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). 

LTBj is also liberated in asthma but has only weak effects on smooth muscle. Most 
of the LTB, is derived from alveolar macrophages and neutrophils accumulated in asthma- 
tic lung tissue, as well as from bronchial epithelia1 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 LTBJ levels (24). 

Table 2 Biological Effects of Leukotrienes 

Cysteinyl leukotrienes LTB 4 

Vasoconstriction 
Increase of vascular permeability in 

postcapi I lary ven u les 

Bronchoconstriction 

Stimulation of mucus secretion 

lntestional contraction (ileum) 

Plasma extravasation 
Reduction of myocardial contractility 

Decrease of renal flow and GFR 
Proliferation of glomerular endothelial 

Release of LH-releasing hormone 
Stimulation of prostacyclin synthesis 

and coronary blood flow 

cells 

(endothelium) 

Aggregation; chemokines 
Chemotaxis; release of lysosomal en- 

zymes; stimulation of superoxide 
anion production 

Adhesion and transendothelial migra- 
t ion of neutrophils 

Increase of vascular permeability (in the 
presence of PGE, 

Enhancement of C3b receptor expres- 
sion and complement-dependent cyto- 
toxity 

Modulation of lymphocytic function 
Affector of the production and action of 

Increase of CAMP and cGMP synthesis 
cytokines 
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II. 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 
5-lipoxygenase activating protein (FLAP) can be inhibited, thereby blocking production of 
leukotrienes. Other strategies along that line involve blocking the LTCj 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 little 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 P-agonist use, increased FEV I. 

and decreased night asthma attacks. LTEj 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. LTBJ 
synthesis was almost completely blocked and LTE4 urinary excretion was reduced 8096, 
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 10096, 
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 (Zyflo8). 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-2 138, MK-059 1, and BAY-X- 1005, FLAP inhibitors) ( 19,20). There 
have been no trials where the efficacy of both FLAP inhibitors and 5-LO 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 I 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 LTCj, LTD4, and 

Studies have shown the receptor antagonists to have clinical benefit. In several stud- 
ies, these antagonists inhibited exercise induced asthma by 50%. In allergen-induced 

LTEj (19). 
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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 (AccolateB 20 mg bid) 
and montelukast (SingulairB 10 mg bid). The other, pranlukast, is still in phase I11 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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1. 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 Fg/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 all 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 (lO), as well as fatal and near-fatal episodes of asthma (1 1). 
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 P-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. 

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. 
Immune system ontogeny and differentiation have been reviewed extensively ( 14- 16). 

Key features of immune system function (14- 18) include specijcity: 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 nmplijcntion: 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 I Immediate hypersen- IgE Anaphylaxis, asthma, rhin- 

Type I1 Cytotoxity Autoantibody Hemolytic anemia 
Type Ill Immune complex Ag/Ab Serum sickness 
Type IV Delayed hypersensitivity Cellular Allergic contact dermatitis 

sivity itis 

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 (a, p, 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, IL-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 (rheumatoid 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. 

111. IMMEDIATE HYPERSENSITIVITY: IgE AND MAST 
CELLS 

Type I (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 192 1 by Prausnitz and Kustner that accounted for allergic 
sensitization, but it was not until 1967 that IgE was identified by Ishizaka and Ishizaka 
(2 1 ). 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) immunodeficient 
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 IgE 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 (2 l ,23,29,3 l) .  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-C4 (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 1. 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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Mediators released from human lung mast cells. (From Ref. 29, wi th permis- 
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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 epithelia1 damage and bronchial 
hyperresponsiveness. (From Ref. 59.) 

flammatory effects (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 lute 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). Mediators 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 dampei 
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 beer 
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 slun. Eosinophils develop into a fully differentiated granulocytf 
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 thii 
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. IL-: 
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 eosinophil 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, eosino- 
phi1 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 bronchoconstriction. Another eo- 
sinophil granule protein, eosinophil peroxidase (EPO) catalyses the conversion of H202 
to the tissue toxic hypochlorous acid (HOCI). Eosinophil granules contain numerous other 
enzymes that may also contribute to airway damage in asthma. 

How eosinophils (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 eosinophil 
chemotaxis includes newly synthesized lipid mediators (PAF, LTBJ, 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 
(CD I 1 a/CD 1 S), MAC- 1 /CR3 (CD 1 1 b/CD 1 8), and p I50,95 (CD I lc/CD 18). These eosin- 
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 VLA-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-la, MCP-3, and LCF (IL-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 eosino- 
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 
eosinophils (49). Eosinophils are a rich source of leukotriene-C4 (LTC,), which is a potent 
bronchoconstrictor (503 1 ). 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- 
phi1 development. Glucocorticoids suppress production of cytokines responsible for in- 
creasing endothelial adhesion molecules such as VCAM- 1 ,  and recently i t  has been shown 
that glucocorticoids induce eosinophils to undergo apoptosis (55) .  Eosinophils express 
surface P?-adrenergic receptors, that, when activated, result in an increase in CAMP levels 
(56). Agents that increase CAMP, such as theophylline, inhibit eosinophil 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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1. 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. 

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, 
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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 (1 0). 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 multiple indicators 
increases the probability of asthma. To establish a diagnosis of asthma, the expert panel 
requires formal spirometric testing (e.g., FEV I 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 ( 1  1,12). Clinical 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 ( 1 3 ,  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 seasonal variation of their 
asthma. By contrast, intrinsic asthma usually 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 (493.91, asthmatic bronchitis NOS (493.91, 
bronchitis due to  fumes and vapors (506.0) 
Chronic bronchitis: excludes chronic obstructive asthma (493.2) 491 

492 Emphysema 
493 Asthmaa 

493.0 

493.1 
493.2 

493.9 

Estrinsic asthma (e.g., allergic asthma with stated cause, atopic 
asthma, childhood asthma): excludes allergic asthma NOS (493.91, 
wood asthma (495.8) 
Intrinsic asthma (e.g., late-onset asthma) 
Chronic obstructive asthma (with obstructive pulmonary disease): 
excludes chronic asthmatic bronchitis (491.2), chronic obstructive 
bronchitis (491.2) 
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) 
Chronic airway obstruction, not elsewhere classified [e.g., chronic nonspe- 
cific lung disease, chronic obstructive lung disease, chronic obstructive pul- 
monary disease (COPD) NOS] 

496 

a 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, 9th revi- 
sion; NOS, not otherwise specified. 
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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 (Le., clinic visits, ED visits, and hospitaliza- 
tions). The particular strengths and weaknesses of using these pre-existing datasets are 
discussed in Section VI. 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 hidher 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); 1 1 % 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 (1 3); subbasement membrane fibrosis may underlie this sub- 
group’s persistent abnormalities in pulmonary function (38). 

V. ASTHMA PREVALENCE IN 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- 
ies 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 
(40,4 1 ). 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 8-1096, while the overall point prevalence of 
asthma is approximately 4-896. The latter estimate translates into approximately 10-20 
million clinically active patients in the United States. Approximately 5 million of these 
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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 o\lerull 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 (lO), 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 adults. 

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 
7 I%, 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. .--., New 
Zealand; 0-0, England and Wales; A-A, Australia; A-A, West Germany; 0-0, 
Canada; 0-0, 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). 

VII. 

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; 0 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). 

VIII. 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 rise 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 

Country 
Recent Lifetime 

Year Age (years) asthma (%) asthma (%) 

Australia 
general 
aborigines 

China 
Denmark 
England 
France 

Paris 
Tahiti 

Germany 
Indonesia 
Kenya 
New Zealand 

Papua New Guinea 
United States (multiple studies) 
Wales 

1991 
1991 
1988 
1987 
1980 

1982 
1984 
1990 
1981 
1991 
1989 
1989 
1985 
1990s 
1989 

8 t o  11 

11 to 17 
7 to 16 

NA 

7 to 12 

21 
13 

9 t o  11 
7 to 15 
9 to 12 

12 
12 to 18 
6 to 20 

all ages 
NA 

10 
0 
2 
5 
8 

- 
4 
1 
3 
8 

0 
4-8 
5 

- 

31 
0 
2 

5 
14 
8 
2 

11 
17 
34 
0 

8-10 
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- 1 1, revealed an almost 60% 
increase in lifetime asthma prevalence for 197 1 - 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 1 1-20, 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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Figure 4 Annual asthma hospitalization rate (per 10,000 persons) among persons 
age 0-24 years, by age group and year-United States, 1980-1993. (From Ref. 43.) 

Figure 5 Number of asthma admissions by age for males (dotted line) and females 
(solid line)-southeastern Pennsylvania, 1986-1989. (From Ref. 74; 0 1992, American 
Med ica I Association .) 
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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 1982-1991 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 difference 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-I11 (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 11) resulted in a dramatic l-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 P-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). 

XI. 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. 

XII. 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 acule 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 varies 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 difficult, 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. 

Dr. Camargo is supported by grant HL-03533 from the National Institutes of Health, 
Bethesda, MD. 
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Allergic Asthma 

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

1. 

It is estimated that 9-12 million Americans currently have asthma and that the incidence 
has increased by about 60% in the past decade (I) ,  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. 

2. Airway inflammation 
3. 

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

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/mm3) 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 borne 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). 

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 (1L)-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 (1 1).  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 (1 1). 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' (1 2), 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 
MCt, type, while the epithelia1 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-a 
Endothelin-1 
Arylsulfatase A 
Exog lycosidases 

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

Heparin, chondroitin sulfate E 
Tryptase 
Chymase 
Cathepsin G 
Ca rboxypeptidase 
Peroxidase 
Arylsulfatase B 
Inflammatory factors 
Superoxide dismutase 

Interleukins-1, 2, 3, 4, 5, 6 
Granulocyte-macrophage colony-stimulating factor 
Macrophage inflammatory proteins 1 and 1p 
Monocyte chemotactic and activating factor 

Mediators closely associated with the granule matrix 

Cytokines transcribed after activation 

TN F-a 
TCA-3 
Endothelin-1 

Source: Modified from Refs. 12 and 16. 

111. 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 

Mucosal edema 

M ucosa I i nf I am mati on 

Mucus secretion 

Bronchial smooth-muscle con- Histamine 
traction Leukotrienes C,, D,, E, 

Prostaglandins and thromboxane A, 
Bradykinin 
Platelet-activating factor 
Histamine 
Leukotrienes C,, D,, E, 
Prostag landi n E 
Bradyki n i n 
Platelet-activating factor 
Chymase 
Reactive oxygen species 
Inflammatory factors 
Cytokines 
Eosinophil and neutrophil chemo- 

tatic factors 
Leukotriene B, 
Platelet-activating factor 

Histamine 
Prostag landins 
HETEs 
Leukotrienes C,, D,, E, 
Chymase 

Proteolytic enzymes 
Inflammatory factors and cytokines 

IL-1, IL-6, TNF 

Desquamation Reactive oxygen species 

~~~~~~~~~ 

Source: Modified from Ref. 5. 

60 pm 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 time-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 
is 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. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Nelson C, McLemore T. The National Ambulatory Care Survey, United States, 1975-81 and 
1985 Trends. Vital and Health Statistics, Series 13, No. 93. HHS pub. no. (PHS)88-1754. 
Washington DC: US GPO, Oct. 88. 
Sears MR: Epidemiological trends in bronchial asthma, In: Kaliner MA, Persson C, 
Barnes P, eds., Asthma: Its Pathology and Treatment, New York: Marcel Dekker, 1990; 1- 
49. 
Weiss KB, Gergen PJ, Hodgson TA. An economic evaluation of asthma in the United States, 
N Engl J Med 1992; 326:862-866. 
Sheffer AL, Bailey WC, Bleeker ER, et al. Guidelines for the diagnosis and management of 
asthma. U.S. Department of Health and Human Services, National Institutes of Health, Publi- 
cation No. 91-3042, Bethesda, MD, Aug. 1991. 
Kaliner MA, Lemanske R: Rhinitis and asthma, JAMA, 268;2807-2829 (1992). 
Spector SL. Antigen inhalation challenges, In Spector SL, ed., Provocative Testing in Clinical 
Practice, New York: Marcel Dekker, 1995, 325-368. 
Kaliner MA. Allergy care in the next millennium: Guidelines for the specialty. J Allergy Clin 
Immunol 1997; 99:729-734. 
Murphy S, Bleecker ER, Boushey H, et al. Guidelines for the diagnosis and management of 
asthma, expert panel report 2, U.S. Dept of Health and Human Services, National Institutes 
of Health, NIH Publication 97-4051, April 1997. 
Platts-Mills TAE, Pollart S, Chapman MD, Luczynska CM. Role of allergens in airway hyper- 
responsiveness: Relevance of Immunotherapy and allergy avoidance, In: Kaliner MA, 
Persson C, Barnes P, eds., Asthma: Its pathology and treatment, New York: Marcel Dekker, 

Evans R. Epidemiology and natural history of asthma, allergic rhinitis, and atopic dermatitis, 
In: Middleton E, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, Busse WW, eds., Allergy: 
Principles and practice, 4th Ed., St. Louis: CV Mosby CO, 1993, 1109-1 136. 
White MV, Kaliner, MA. Mast cells and asthma, In: Kaliner MA, Persson C, Barnes P, eds., 
Asthma: Its Pathology and treatment, New York: Marcel Dekker, 1990, 409-440. 
Scott T, Kaliner MA. Mast cells in asthma, In: Kaliner MA, Metcalfe DD, eds.. The mast cell 
in health and disease, New York: Marcel Dekker, 1992, 575-608. 
Dvorak AM, Human mast cells: Ultrastructural observations of in situ, ex vivo, and in vitro 
sites, sources, and systems, In: Kaliner MA, Metcalfe DD, eds., The mast cell in health and 
disease, New York: Marcel Dekker, 1992, 1-90. 
Schwartz, LB. Heterogeneity of human mast cells, In: Kaliner MA, Metcalfe DD, eds.. The 
mast cell in health and disease, New York: Marcel Dekker, 1992, 219-236. 
Igarashi Y, Goldrich MS, Kaliner MA, Irani AMM, Schwartz LB, and White MV. Quantifica- 
tion of inflammatory cells in the nasal mucosa of allergic rhinitis and normals subjects. J 
Allergy Clin Immunol 1995; 95:716-725. 
Costa JJ, Metcalfe DD. Mast cell cytokines, In: Kaliner MA, Metcalfe DD, eds., The mast 
cell in health and disease New York: Marcel Dekker, 1992, 443-466, 

1990, 595-632. 



Allergic Asthma 89 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

Bradding P, Feather IH, Howarth PH, Mueller R, Roberts J, Britten K, Bews JPA, Hunt TC, 
Okayama Y, Heusser CH, Bullock GR, Church MK, Holgate ST. Interleukin 4 is localized 
to and released by human mast cells. J Exp Med 1992; 176:1381-1386. 
Gauchat JF, Henchoz S, Mazzei G, Aubry JP, Brunner T, Blasey H, Life P, Talabot D, Flores- 
Romo L, Thompson J, Kishi K, Butterfield J, Dahinden C, Bonnefoy JY. Induction of human 
IgE synthesis in B cells by mast cells and basophils. Nature 1993; 365;340-343. 
Marsh DG, Norman PS. Antigens that cause atopic disease, In: Samter M, ed., Immunological 
diseases, 4th Ed., Boston: Little Brown & CO, Inc, 1988, 981-1008. 
Solomon WR, Platts-Mills TAE. Aerobiology of inhalant allergens, In: Middleton E, Reed 
CE, Ellis EF, Adkinson NF Jr, Yunginger JW, Busse WW, eds., Allergy: Principles and prac- 
tice, 4th Ed., St Louis: CV Mosby CO, 1993, 469-528. 
Platts-Mills TAE, Heymann PW, Longbottom JL, et al. Airborn allergens associated with 
asthma: Particle sizes carrying dust mite and rat allergens measured with a cascade impactor, 
J Allergy Clin Immunol 1986; 77:850-857. 
Nelson HS, Oppenheimer J, Buchmeier A, Kordash TR, Freshwater LL. An assessment of 
the role of intradermal skin testing in the diagnosis of clinically relevant allergy to timothy 
grass. J Allergy Clin Immunol 1996; 97: 1 193- 1201. 
Rosensteich DL, Eggleston P, Kattan M et al. The role of cockroach allergy and exposure to 
cockroach allergen in causing morbidity among inner-city children with asthma, N Engl J 
Med 1997; 336: 1356- 1363. 
Nelson HS, Clinical application of immediate skin testing, In: Spector SL, ed., Provocation 
testing in clinical practice, New York: Marcel Dekker, 1995, 703-728. 
Westley CR, Spiecher B, Starr L, et al. Cost effectiveness of an allergy consultation in the 
management of asthma, Allergy Asthma Proc 1997; 18: 15- 18. 



This page intentionally left blank 



7 
~~~~~~~ ~ 

Rhinitis, Sinusitis, and Acute 
Asthma 

Susan M. Brugman 
University 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. 

I. 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 UFUs (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. 

97 



92 Brugman 

In adults, viral infections appear to precipitate asthma exacerbations only about 1 1 %  
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 etiologic 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 Pz-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 
diseases are sparse, the best treatment for viral-induced asthma in the ED setting is vigor- 
ous antiasthma medications. 

M YCOPLASMA/CHLA M YDIA INFECTIONS 

Other nonbacterial causes of acute asthma deterioration have been recognized and may 
be causative in the patient presenting emergently. Myoplasmrr piieumonine is a motile, 
filamentous, free-living organism without a cell wall that constitutes 20% of the nonviral 
or “walking” pneumonias in children and adults ( 1  1) .  In two studies of acute asthma, 
M .  piieiinzoizicie infection accounted for 20-25% of the wheezing episodes in adults com- 
pared with an isolation rate of 5.7% in normals ( I2,13). M .  pneiinzoizine 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, musculoskeletal. 
dermatologic, cardiac and neurologic organ systems. 

Chlarziydin pneunzoniae (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. pneumonine infection ( 14). Of 
these patients, four had their first attack of asthma and four had exacerbations of underlying 
asthma precipitated by C. pneumonine. In another study of 74 adult outpatients with acute 
attacks of asthma, 9% were found to have C. pneiiiizunine infection by seroconversion 
(l4a). Symptoms with this organism mimic those seen with M .  przeunzoniau infection 
although extrapulmonary involvement is not a feature. 

If either of these organisms is 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. 

SINUSITIS 
A. Prevalence 

Sinusitis is a common disorder, affecting 14.7% of the U. S. population overall ( IS)  and 
complicating O.S-S% 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 ( 1  8). The financial burden of sinusitis is substantial, estimated at 
$2 billion dollars in over-the-counter drugs and $150 million in prescription medications 
( 1  8a). 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. I9a). 

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 (20.2 1 ). 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 SO-87% (24,2S). 

The demonstration of a nasobronchial reflex 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 
(29-3 1).  That this reflex arc is vagally mediated is suggested by its obliteration with vagal 
sectioning (28,32) and with anticholinergics (3 1,32). 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 

~ ~~~~~~ 

1. Coprevalence of asthma and sinusitis and/or rhinitis 
2. Abnormal sinus radiographs in asthma patients 
3. Demonstration of a nasobronchial reflex 
4. Demonstration of postnasal drip in association with lower airways 

5. Improvement in airways hyperresponsiveness following nasal 

6. Improvement in asthma following medical and/or surgical treat- 

hyperresponsiveness 

treatment 

ment of sinusitis 
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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 in 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 (54%), and 
a substantial reduction in hospitalizations (75%) and ED visits (8 1%). 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 ( 5  1). 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 panel 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). 

1. 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 edemaa 
Headacheb 
Facial painb 
Tooth painb 
Earache 
Sore throat 
Foul breath 
Increased wheeze 
Fever 

Diagnostic Tests 
Major criteria 

Waters' radiograph with opacification, air fluid level, or  

Corona1 CT scan with thickening of mucosa or opacifica- 
thickened mucosa fill ing 2 50% of antrum 

t ion of sinus 
Minor criteria 

Nasal cytologic study (smear) with neutrophils and bac- 

Ultrasound studies 
teremia 

Probable Sinusitis 
Signs and symptoms: 2 major criteria or 1 major and z 2 

Diagnostic tests: 1 major = confirmatory. 1 minor = sup- 
minor criteria 

portive 

a More common in children. 
More common in adults. 

Source: From Ref. 53, with permission. 
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2. 
3. 

Sirhacute: indeterminate period of mild to moderate symptomatology. 
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 
from 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 
lmmunodeficiency (including AIDS) 
Aspirin sensitivity 
Wegener's granulomatosis 
Young's syndrome (bronchiectasis and obstructive 

Pregnancy 
Local Disorders 

Recurrent viral respiratory tract infections 
Dental infections 
Swimming 
Diving (barotrauma) 
Facial trauma 
Nasal obstruction 

foreign body 
septal deviation 
POIYPS 
tumors 
adenoid hypertrophy 

azoosperm ia 1 

nasogastric or nasotracheal intubation 
anatomic intranasal variants (e.g., concha bullosa, 
Haller cells, variant uncinate process) 

Allergic or nonallergic rhinitis 
R h i n it is med ica men tosa 
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 membrane 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 sinuses) by ciliary beating at 
a rate of 6 mm/min. The mucus enters the nasal cavity, where 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 ostiomeatal complex. This structure is the confluence of the anterior ethmoid sinuses, 
the ostia of the frontal and maxillary sinuses, and the middle meatus (Figure 1). 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 early 
manifestation, followed 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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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- 

Bacterial pathogens have been recovered in high density (> l O P 4  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. 

ogy (58 ) .  

E. Diagnosis 

Although sinusitis is 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) 

99 

Adulta Child hood 

Acute S. pneumoniae 
H. influenzae 
Anaerobes 
Streptococcal sp. 
M. catarrhalis 
S. aureus 

H. influenzae 
Coagulase negative S. aureus 
Corynebacerium sp. 
Alpha hemolytic strep 
S. aureus 
Other 

Chronic Aerobes 

Anerobes 
Bacteroides 
Ve i I lone1 la 
Peptostreptococcus sp. 
Hemolytic strep 

S. pneumoniae 
M. catarrhalis 
H. influenzae 

Aerobes (38%) 
Alpha-hemolytic strep 
Group A P-hemolytic strep 
Group F P-hemolytic strep 
S. aureus 
S. epidermidis 
E. coli 
H. influenzae 
H. parainfluenzae 

Anaerobes (1  00%) 

Sources: a 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 epithelia1 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 lmaging 
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 from the sinuses 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 
(70,7 1); and (3) superimposition of sinus structures preventing adequate visualization of 
the posterior ethmoids, 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 corona1 plane are typical (Fig. 3). Axial plane images may be easier to 
obtain in children although they are not as useful in evaluating the ostiomeatal complex. 
A screening sinus CT involves fewer 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 is 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. lncidental maxillary and/or ethmoid abnormalities have been 

Figure 3 
tails.) 

Computed tomographic (CT) imaging showing sinusitis. (See text for de- 
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reported in 14-5596 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 year 
of age ( 5  1,69). 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 is 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 lmaging of the 
Sinuses in Children and Adults 

1. Persistent symptoms after two  3-week courses of antibiot- 

2. Evidence of complications of sinusitis 
ics and adjunctive treatments 

orbital celluitis 
intracra n ial abscess 
osteomyelitis 
toxic shock syndrome 

3. Preoperative assessment of anatomy 
4. Difficult-to-treat asthma with persistent rhinosinal symp- 

5. Unilateral symptoms or suspicion of a tumor 
toms 
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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 > 104 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 is 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, 
48% 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 (8 1). 

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 111. E. 2). Treatment of suspected sinusitis with antibiotics raises issues of 

Table 6 Development of the Paranasal 
Sinuses 

Sinus Present Developed 

Ethmoid Birth 3 Yr 
Maxi I la ry Birth 3 Yr 
Sphenoid 3 Yr 12 yr 
Frontala 8 Yr 12 yr 

a 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 injluenzae 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 
2. Am oxaci I I i n/c lavu I a n ate 
3. Trimethoprim- 

su If a met hoxazole 
4. Cefaclor 
5. Cefuroxime axetil 

6. Cefprozil 
7. Erythromycin/sulfasoxazole 

40 mg/kg/d in 3DD 
40/10 mg/kg/d in 3DD 
8/40 mg/kg/d in 2DD 

40 mg/kg/d in 3DD 
250 mg/d in 2DD (<2 yr) 
500 mg/d in 200 (2-12 yr) 
30 mg/kg/d in 2DD 
50/150 mg/kg/d in 4DD 

1500 mg/d in 3DD 
750/1500 mg/d in 3DD 
320/1600 mg/d in 2DD 

2000 mg/d in 4DD 
500-1000 mg/d in 

500 mg/d in 1 dose 
2DD 

- 

DD = divided doses. 
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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 three-day vs. a 1 0-day course of trimethoprim-sulfamethoxasole 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 proof 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 eucalyptus) 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 efficacy. 

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. This solution should be 
prepared fresh with every treatment. 

2. Fill a 2-ounce bulb syringe (available at most pharmacies) with saline and, while 
leaning over a sink or bathtub, squeeze the contents into one side of the nose 
under pressure. Saline will drip down the back of the throat and from both 
sides of the nose. Alternate in opposite nares until saline is gone. Blow nose 
afterwards to evacuate all the liquid (nose may drip for up to 10 min after la- 
vage). 

nately several times while sniffing the saline, then blow nose. 

and snuffing it up one nostril a t  a time. 

CA) is especially helpful in paients who have had sinus surgery. Saline is 
washed ito each nostril at the lowest Water PikB pressure. 

3. Bottled saline nose spray may be used as an alternative. Spray each nostril alter- 

4. The "snuffing" technique consists of pouring the saline solution into the hand 

5. A Water PikB device fitted with a nasal adapter (Hydro Med Inc., Los Angeles, 
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3. Decongestants and Antihistamines 
Decongestants are vasoconstrictors that are the mainstay of over-the-counter cold and 
sinus remedies. Oral formulations have been shown to enlarge sinus ostia in chronic sinus- 
itis by as much as 50% (90). One study of the effectiveness of phenylpropanolamine in 
acute sinusitis found a poorer outcome in patients in whom this drug was added to the 
regimen (91). Controlled studies are unavailable to corroborate or refute this finding. De- 
congestants are remarkably well tolerated for extended periods of time in adults but hyper- 
tension may be a significant concern. In children, hyperactivity and insomnia are frequent 
adverse effects. Topical decongestants are very effective in relieving nasal mucosal swell- 
ing but must be limited to 3-5 days to avoid serious rebound rhinitis. These agents are 
indicated for acute colds, as prophylaxis for barometric pressure changes during air travel, 
and as short-term adjuncts to intranasal steroids. 

Oral decongestants are often combined with antihistamines for a dual effect. Hista- 
mine-mediated symptoms include sneezing, watery rhinorrhea, and nasal itching in addi- 
tion to nasal obstruction. Antihistamines are only beneficial in the setting of allergy-associ- 
ated sinus inflammation and should be reserved for those specific patients. Newer, 
nonsedating, selective H 1 -antihistamines are preferable because they are less likely to 
result in dried, inspissated secretions. The caution that antihistamines may dry lower air- 
way secretions and thus should not be used in asthma has not been substantiated (92). 

4. In tra nasal Steroids 
Applying topical steroids to the nasal mucosa has the theoretic advantage of subduing 
inflammation at the critical ostiomeatal complex. These agents (beclomethasone, triamcin- 
olone, budesonide, flunisolide, dexamethasone) have gained wide usage in allergic rhinitis 
and in patients with nasal polyposis (93). There are recent data to support their use as 
adjunctive treatment of sinusitis (94). Typically, intranasal steroids are added after nasal 
decongestion has been achieved with topical vasoconstrictors for 3-5 days. There is no 
prohibition to the long-term use of intranasal steroids and they may be prophylactic in 
patients prone to recurrent or chronic sinusitis. The risk of septal perforation is minimal. 
especially when patients are instructed to deliver the spray to each nostril with the opposite 
hand, thereby directing the drug away from the septum. Intranasal steroids can be used 
safely in young children although they are labeled for use only over the age of 5 years. 

5. Oral Corticosteroids 
Oral prednisone or methylprednisolone provides potent anti-inflammatory therapy for the 
patient failing other therapy or for the patient with severe, obstructive polyposis. Treatment 
should be limited to 1-2 weeks. 

6. Prevention 
Allergically mediated sinusitis should be investigated with history and prick skin testing to 
determine what allergens can be eliminated or avoided in the environment. Viral-induced 
sinusitis may be decreased by close attention to viral vectors (children, especially in day- 
care settings; hands and surfaces in home, school, and work environments) and by timely 
influenza vaccination. 

H. Surgical Treatment 

Referral of an ED patient for surgical treatment of sinusitis would be an unusual occur- 
rence. The primary acute indication for sinus surgery is an infectious complication. particu- 
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larly orbital cellulitis, intracranial abscess, osteomyelitis, or toxic shock syndrome. Other 
surgical indications are not emergent and include: (1) chronic sinusitis that has failed 
prolonged medical therapy; (2) coexistent, severe, steroid-dependent asthma, especially 
if improvement in asthma is demonstrable when the sinus disease is controlled; (3) severe 
polyposis unresponsive to oral or topical steroids; and (4) obstructive anatomic variants 
within the nose that are surgically remediable. The understanding of the critical role of 
the ostiomeatal complex in sinus pathophysiology has revolutionized sinus surgery. Thus, 
radical procedures (e.g., Caldwell-Luc) that stripped sinus mucosa and created artificial 
maxillary ostia have given way to endoscopic techniques that preserve the mucous mem- 
brane and open existing ostia to improve natural drainage (95). The role of sinus surgery 
in improving underlying asthma has been addressed above. 

I. Associated Upper Respiratory Tract Conditions 

1. Aspirin Sensitivity and Nasal Polyps 
Sinusitis is so integral a part of typical “triad asthma” (asthma, nasal polyposis, and 
aspirin intolerance) that it has been suggested this syndrome be called “tetrad asthma’’ 
(57). Nasal polyposis is rare in childhood and its presence in anyone under age 20 should 
prompt an evaluation for cystic fibrosis where the incidence is 6.7-2796 (96). Tetrad 
asthma predominantly affects adults over age 40 years and is often associated with severe, 
usually nonallergic, and steroid-dependent asthma. Other characteristics of these patients 
include a normal serum IgE level, peripheral and nasal eosinophilia, and acute broncho- 
spasm, rhinorrhea, and sometimes anaphylaxis with the ingestion of aspirin, indomethacin, 
ibuprofen, and other nonsteroidal antiinflammatory medications. A predilection to sinusitis 
is thought to result from both the obstruction of the ostiomeatal complex by the nasal 
polyps as well as by the toxic effects of eosinophilic mediators that retard ciliary clearance 
within the nose and sinuses (57). 

In addition to standard sinusitis treatment, oral corticosteroids in decreasing doses 
over 7- 10 days should be considered and may be repeated. Intranasal steroids are a main- 
stay over the long term and intrapolyp injection of systemic steroids may be helpful in 
selected cases (97). Polypectomy is effective in the short term but is rarely a permanent 
cure. Of 143 patients undergoing polypectomy, 40% had three or more procedures to treat 
recurrent disease (98). Another form of therapy is aspirin desensitization that may benefit 
both the sinusitis and asthma. The 1-3 day, medically supervised protocol involves ingest- 
ing increasing doses of oral aspirin until a reaction occurs or until the patient tolerates 
the maximum dose of 650 mg. The patient must continue to take aspirin daily to maintain 
the desensitization or risk recurrent aspirin intolerance (99). 

2. Vocal Cord Dysfunction 

Among other upper airway abnormalities is vocal cord dysfunction (VCD), a functional 
disorder of the larynx that is frequently mistaken for asthma (100). Patients present to the 
ED with acute, often severe, respiratory distress along with inspiratory and/or expiratory 
wheezing. They complain of choking, suffocating, “not getting enough air in,” 
hoarseness, and throat or chest tightness (100a,101). VCD results from a paradoxical clo- 
sure of the vocal cords, primarily on inspiration, with consequent obstruction of the upper 
airway. VCD is frequently seen in conjunction with asthma, although the rapid onset of 
attacks, the inspiratory stridor, and the normal pulse oximetry in the face of apparent severe 
distress helps to differentiate these two entities. Upper airway inflammation is thought to 
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predispose certain individuals to attacks of VCD, presumably because of the laryngeal 
irritation brought on by postnasal drip of secretions and possibly by the breathing of cold, 
dry air due to nasal obstruction. The importance of recognizing VCD cannot be overem- 
phasized. Asthma medications are usually ineffective and the mistaken diagnosis of an 
organic upper airway obstruction has resulted in inappropriate intubation and even crico- 
thyrotomy to treat this functional disorder (100,100a). Treatment of VCD in the ED starts 
with a calm, reassuring manner and breathing exercises coached by a speech therapist if 
this is available. Inhalation of a helium-oxygen gas mixture (7040% helium, 20-30% 
oxygen) by face mask at 6-10 LPM may abort the upper airway obstruction by decreasing 
the resistance in an area of turbulent airflow (100,101a). Because heliox also overcomes 
lower airways obstruction in a like manner, a response to this therapy alone will not 
differentiate asthma from VCD. The inhalation of nebulized lidocaine (2 cc of 2% liquid 
lidocaine) has been used anecdotally to anesthetize laryngeal afferents but this therapy 
has never been studied. It is paramount that underlying conditions that may result in an 
irritable upper airway (e.g., rhinitis, sinusitis, gastroesophageal reflux) as well as psychoso- 
cial stress and anxiety be recognized and treated appropriately as well. 

J. Conclusion 

Upper airway processes are frequently comorbid with asthma and may contribute to the 
severity of disease in patients who present to the ED. Viruses constitute a common provo- 
cation for attacks of asthma and, of themselves, require only symptomatic treatment. 
Mycoplasma pneumoniae and Chlamydia pneumonie are less well studied but potential 
causes of acute asthma exacerbations and should be considered and treated. Bacterial 
sinusitis, either acute or chronic, is linked to poorly controlled asthma. A high index of 
suspicion can guide appropriate historical questioning that can lead to a clinical diagnosis 
and treatment. Follow-up is important to determine resolution of both the acute asthma 
and upper airway symptoms. 
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Respiratory Infections 
The Major Cause 

Jill M. Baren 
University of Pennsvlvania School of Medicine, Philadelphia, Pennsyl\iania 

1. INTRODUCTION 

It has long been recognized that respiratory infections are closely associated with exacerba- 
tions of asthma (1). Patients that present to the ED with acute exacerbations of asthma 
often give a history of antecedent cold symptoms, which has lead many investigators to 
try to determine a causal link between acute respiratory infections and the development 
of acute symptoms of asthma (2,3,4). The etiology of acute respiratory infections may be 
either viral or bacterial, and range from a simple “cold” to a consolidated lower airway 
pneumonic process. Viral respiratory infections have been shown to be far more important 
in provoking exacerbations of asthma than bacterial infections. In the pediatric population. 
viral infections are the most important trigger for acute asthma, and although studies have 
shown conflicting results, this is likely to be true for adults as well ( 5 ) .  This chapter will 
review the historical and epidemiological data that have established viral infections as a 
leading precipitant of acute asthma attacks and will discuss mechanisms and theories for 
viral provocation of attacks. 

II. HISTORICAL FACTORS 

Initially, observations by investigators in the 1950s showed that certain illnesses like 
mumps, chicken pox, or measles caused an exacerbation of “bronchial allergic diseases” 
(6,7). It was also noted that the resolution of these illnesses corresponded to the resolution 
of the symptoms of allergic disease, both of which were facilitated by the use of antibacte- 
rial medications. This perpetuated the concept that the exacerbation of asthma was due 
to a bacterial allergy (6). In all likelihood, these investigators were describing viral respira- 



Baren 114 

tory infections possibly complicated by bacterial superinfection. Later, careful prospective 
studies of adults (8) and children (9-1 1) with chronic asthma showed that the incidence 
of bacterial infection during wheezing exacerbations was not increased over the incidence 
of bacterial infections during asymptomatic periods. Although potential bacterial patho- 
gens, such as Hemophilus inyuenzae and S. pneumoniae were cultured frequently from 
the respiratory tracts, there was no correlation with wheezing episodes. The authors con- 
cluded that the respiratory tract in some asthmatic patients may be colonized with patho- 
genic bacteria, but this did not produce an increased frequency of asthma exacerbations 
(8). These results give little justification for the use of routine antibacterial treatment in 
acute asthma as is noted in general practice today. 

The first reports implicating viral infections, specifically influenza, as triggers of 
asthma attacks appeared in the 1950s (12,13). This was coincident with the discovery of 
the respiratory syncytial virus (RSV) in the oral cavity of infants with bronchiolitis and 
bronchopneumonia (14). Throughout the 1960s and 1970s a series of investigations began 
to delineate which viruses were responsible for exacerbations of wheezing or asthma when 
the role of bacteria in triggering exacerbations became less important (15-27). 

111. VIRAL INFECTIONS AND ASTHMA 
A. Epidemiology 

1. Overview 
There is a great deal of evidence that links respiratory virus infections with acute exacerba- 
tions of asthma but, to fully understand this relationship, several questions must be an- 
swered: Which viral etiologic agents are responsible for acute respiratory infections? 
Which etiologic agents produce a greater frequency of obstructive symptoms (i.e., wheez- 
ing)? What is the viral identification rate during acute asthma exacerbations or acute 
wheezing illnesses? Do asthmatic patients have a higher frequency of respiratory virus 
infections than non asthmatics? How does respiratory virus infection cause an acute exac- 
erbation of asthma symptoms? 

This topic has been studied most intensively in the pediatric population. Epidemio- 
logical studies of children have attempted to answer many of these questions and can be 
broadly divided into two categories. The first category includes studies of children with 
acute respiratory infections that define the spectrum of viral etiologies for acute respiratory 
infections and document the presence of symptoms of airway obstruction along with infec- 
tion. The second category includes studies that look at viral identification rates in patients 
already diagnosed with recurrent wheezing or chronic asthma. 

2. Etiology of Acute Respiratory Infections in Children and the 
Occurrence of Wheezing 

General epidemiological studies of children with acute lower respiratory infection are 
important, because subjects are not selected based on the presence or absence of atopic 
disease or known asthma. They describe the influence of age, sex, and etiologic agent on 
the occurrence of wheezing in all children with respiratory infections. Host factors such 
as age and its relationship to airway size are important because they may influence the 
frequency and severity of airway obstruction in children (15). If acute viral illnesses in 
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young children are antecedent events of chronic asthma, which many authors have sug- 
gested (28), it is still unclear which children will go on to develop recurrent wheezing 
episodes (29,30). 

To answer the first several questions it is useful to review some early studies. A 
large population based study of 3000 clinically defined lower respiratory illnesses in a 
pediatric practice, viral pathogens were isolated in 28% of cases (25). Seventy-five percent 
of the isolates were either RSV, parainfluenza virus (PIV), or Mycoplasma pneumoniae 
(MP). All isolates were associated with a range of clinical illnesses, but RSV was associ- 
ated with bronchiolitis and pneumonia more often than other agents (25) .  Subsequent 
studies confirmed these results with varying percentages ( 18-3496) and added rhinovirus 
(RV), adenovirus (AV), influenza (IFV), and coxsackie virus (CSV) to the list of etiologic 
agents (18,23,24). In addition, RV infection was highly associated with episodes of wheez- 
ing as well as RSV infection (18,23). 

In a large 1 1-year prospective study of the causes and patterns of occurrence of 
wheezing in children seeking care for acute respiratory infection showed that wheezing 
was present in 1851 of the 6165 episodes of acute respiratory disease, most of them single 
episodes by individual children ( 15). The incidence of wheezing associated infection was 
highest in the first year of life, with the highest proportion of cases between 2 and 10 
months (15). Male children experienced wheezing associated infections 1.25 times as fre- 
quently as female children across all age groups but this eventually equalized after age 
9 years (15). Viral pathogens were isolated during wheezing episodes 21% of the time, 
and the etiologic agents did not vary markedly amongst age groups (15). RSV, PIV, AV, 
RV, and MP accounted for 87% of the pathogens isolated (15). RSV was again the most 
important agent isolated from infants and preschool children with wheezing, and MP the 
most common agent isolated from school aged children. The seasonal occurrence of 
wheezing was related to the seasonal occurrence of infections with the various causative 
agents (15). 

3. 

There are numerous prospective studies of asthmatic children that have enabled us to learn 
about the viral identification rate during asymptomatic and symptomatic periods. Despite 
technical difficulties with viral isolation and inconsistencies in the selection of patients 
and controls, most studies show a viral identification rate ranging from 14% to 63% dur- 
ing acute episodes of wheezing compared with 1% to 23% during nonwheezing periods 
or in nonwheezing controls with symptoms of acute respiratory infection 
(1 0, 1 1,19,2 1,22,26,3 1-34). When a decrease in baseline forced expiratory volume in 1 
sec (FEV,) or peak expiratory flow rate (PEF) were used in addition to clinical exam 
findings of wheezing to define an acute episode of asthma, the viral identification rates 
in several studies were even higher at SO-S9% (35,36). 

The profile of viral isolates from acute asthmatic subjects is very similar to that 
found in studies of children with acute respiratory infections. The most common isolates 
in most studies were RSV and RV in varying proportions, with IFV and PIV also noted 
(1 1,19,21,22,3 1-36). The range of viruses uncovered shows that acute asthma is not asso- 
ciated with a specific virus or a small range of viruses, but with many of the recognized 
respiratory viral pathogens (33). Overall, the low isolation rates of viruses in asthmatics 
during asymptomatic periods supports the role of viruses as triggers of acute asthma. 

Viral Identification During Episodes of Acute Asthma in 
Children 
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4. Temporal Relationship Between Acute Viral Infection and Onset 
of Wheezing in Children 

Viruses have not only been simply identified in relation to acute exacerbations of asthma 
in children but have been shown to have a distinct temporal relationship to the onset of 
wheezing symptoms. Seasonal variations in wheezing among asthmatic children have been 
shown to correspond to identifiable peaks of various viruses (1, lO), particularly with RSV 
infection (15). Once an acute respiratory infection has subsided, viral identification rates 
tend to decrease making it less likely that virus identification during acute wheezing epi- 
sodes is occurring by chance (1,ll). Other studies have shown that virus identification 
during wheezing coincides with the need for additional asthma medication, higher ratings 
of asthma symptoms, and decreases in baseline pulmonary function performance 
(10,22,36). One group of investigators described a characteristic pattern of wheezing asso- 
ciated with an acute respiratory infection amongst their subjects. Wheezing began at a 
mean of 43 hours after respiratory symptoms began and lasted for a mean of 3.8 days in 
those patients who were ultimately proven to have viral infections (31). This pattern of 
wheezing is clearly different from that seen with the more abrupt onset of wheezing that 
occurs with allergen challenge and again supports the role of viruses in the provocation 
of asthma attacks ( I ) .  

5. 

Very few studies have examined the relative importance of viruses as triggers of asthma 
when compared to other precipitants. There was no correlation found in a prospective 
study of 80 children-40 asthmatic and 40 nonasthmatic-between hospital admissions 
for asthma and meteorological changes, changes in pollen counts, or known allergen expo- 
sure (37). However, a strong correlation existed between admission and viral infection 
(37). Similarly, there was no significant correlation between asthma attacks in patients 
with known allergies and known exposure to the offending agents in a study of 169 chil- 
dren over a two year-period. However, the single most important precipitating factor for 
acute asthma in this study was respiratory virus infection (34). An investigation of yearly 
admissions for asthma over an 1 1-year period showed a repeated yearly pattern with a 
large autumn peak and a small spring peak. The large autumn peak was preceded by a 
late summer trough. The peaks and troughs in admissions coincided with the timing of 
school holidays. The authors postulated that holidays disrupt the spread of viral infections 
throughout the community and synchronized subsequent attacks (32). All of these studies 
support the hypothesis that viral infections play a major role in exacerbations of asthma 
in children. 

The Role of Viral Precipitants in Acute Asthma Compared to 
Other Precipitan ts 

6. 

In addition to documenting the association of viruses to acute asthma exacerbations, some 
studies have examined the relationship of viruses to the severity of the exacerbation. Al- 
though they classified acute asthma episodes retrospectively, Horn et al. found that virus 
isolation rates were higher in episodes that were classified as severe (63%) compared to 
episodes that were classifies as mild (17%) or moderate (54%) (1 1). In episodes that 
required corticosteroid treatment, the viral identification rate was 64% ( 1  I ) .  In a more 

Correlation Between Acute Viral Infection and Severity of 
Wheezing in Children 
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recent study, Johnston et al. found a very high viral detection rate in all patients with 
wheezing (77%) but the highest detection rate occurred in patients who reported a combi- 
nation of more severe symptoms including wheezing, cough, and upper respiratory symp- 
toms, and a decrease in baseline PEF (35). 

7. 
While the preceding evidence clearly establishes the role of viruses as precipitants of acute 
asthma attacks in children, the exact same conclusions cannot be drawn based on literature 
regarding adult asthma patients. First, there is a paucity of data compared to the pediatric 
population, and second, studies have shown conflicting results. Several studies support 
the role of viruses in the development of wheezing exacerbations. For example, 19 adult 
asthma patients were examined for organisms during acute wheezing episodes and on a 
routine monthly basis when asthma was under control. In this study only 8 viral infections 
were identified during 243 routine visits (3.3%) and 8 during 84 wheezing exacerbations 
(1 1 %), a statistically significant greater incidence (8). In a study of similar design, 3 1 adult 
asthma patients were followed prospectively. There were 178 exacerbations of asthma over 
6 months and 28 were classified as severe. Viruses were identified on 30 occasions, 18 
associated with wheezing exacerbations and 10 of those during severe wheezing exacerba- 
tions (38). The authors of both studies conclude that viruses are clearly associated with 
asthma exacerbations despite the low identification rates and stress the importance of the 
association of viral infections and severe exacerbations (38). However, they acknowledge 
the contrast with the data in children and suggest that other factors may account for most 
episodes of asthma in adults (8,38). 

Three additional studies provide data that viruses do not play a major role in trig- 
gering attacks of acute asthma in adults. A study comparing 19 asthmatics and their 
spouses at monthly intervals during one year showed that the asthmatic patients reported 
a larger number of symptoms describing a cold than nonasthmatics but had significantly 
fewer of these episodes confirmed as viral infections (16). In addition, less than 10% of 
the asthma exacerbations experienced were associated with respiratory infections ( 16). 
Viruses were isolated in only 4 of 27 exacerbation sputum specimens provided by 51 
asthmatic patients over 18 months. The study concluded that the great majority of exacer- 
bations of asthma in those patients were not due to respiratory infections (16). Only one 
study to date has looked exclusively at adult asthmatic patients presenting to an emergency 
department for an acute exacerbation to determine the role of viral infections (39). Not 
a single viral culture or rapid antigen detection for IFV, PIV, RSV, AV, or RV was posi- 
tive. Despite the fact that 56% of the 33 patients studied complained of acute respiratory 
infection symptoms, viral pathogens could not be identified (39). These results strongly 
suggest that viral infection may not be as prevalent a precipitant of asthma in adults requir- 
ing emergency department treatment for acute asthma, although additional studies of a 
larger sample size should be done for confirmation. 

Although specific viruses predominate in one study versus another, the spectrum of 
viruses isolated from studies on adult asthmatics are similar to those found in children 
(8,16,17,20,38,40). RV is a frequent pathogen of the “common cold” and seems to be 
the predominant virus in many studies of adult asthmatics. When RV infection was experi- 
mentally induced in 19 asthmatic adults, only a minority of patients had a wheezing exacer- 
bation while 17 of 19 developed typical coryza symptoms (40). Additional studies are 
needed to truly delineate the role of viral precipitants in the adult population. 

Viruses as Triggers of Acute Asthma in Adults 
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8. Do Asthmatics Get More Respiratory Infections Than Their 
Non asthma tic Co un te rpa rts ? 

It is unclear if asthmatics have a greater susceptibility to respiratory infections or if they 
simply manifest infection more overtly (1) .  Based on the evidence presented for children, 
it is obvious that they get more viral infections than adults; however, asthma may be a 
risk factor for more symptomatic infections. For adults with asthma, there is still far too 
little data to draw any conclusions regarding increased susceptibility to viral infections. 

9. Summary 
Viruses are often associated with acute wheezing episodes, especially in children, and are 
far more commonly found in relation to acute exacerbations of wheezing than bacteria. 
Viruses are also unlikely to be isolated in asthmatics during asymptomatic periods. The 
major types of viruses isolated in children during wheezing are RV, RSV, and PIV but 
this profile may vary with age. Adults are less likely to have high viral identification rates 
during acute wheezing episodes although current data is sparse. 

B. Mechanism of Virus-Induced Asthma Exacerbations 

1. Overview 
Epidemiological evidence presented above confirms an association between exacerbations 
of asthma and viral infections. The exact mechanisms by which viruses induce or contrib- 
ute to an acute exacerbation of asthma are currently unknown, but a large body of evidence 
has accumulated to support a growing number of theories (41). Theories proposed thus 
far fall into two categories: ( 1 )  those in which a virus infection involves both the upper 
and lower respiratory tracts, and leads to direct pathophysiologic changes observed in the 
airways, and (2) those in which a virus infection is confined only to the upper respiratory 
tract but, by indirect means, results in changes in the lower respiratory tract (41). I t  is 
likely that there is no single mechanism that can account for all viral induced asthma 
exacerbations and that the effects of viruses are likely to be multifactorial and interrelated 
(42). The most well studied and supported mechanisms are discussed in more detail below. 

2. 

Epithelia1 Damage/lncreased Cholinergic Sensitivity 
Certain viruses can cause severe abnormalities in the lower airways. Influenza A induces 
diffuse inflammation coupled with submucosal edema and cellular infiltrates (43). Dam- 
aged epithelium might result in increased exposure of rapid adapting sensory parasympa- 
thetic fibers that cause bronchoconstriction by a vagal reflex mediated pathway. Direct 
support for this theory comes from a study where healthy volunteers with uncomplicated 
upper respiratory infections showed increased airway resistance to histamine inhalation 
when compared to healthy controls (44). This increased airway resistance was prevented 
by the prior administration of aerosolized atropine (44). Damage to epithelial cells might 
also result in greater penetration of allergen and increased allergic inflammation (4 1). 
Repeated viral infections might cause cumulative epithelia1 damage leading to irreversible 
changes in airway structure and function (45). 

Release of Inflammatory Mediators 
Release of tissue damaging substances from macrophages, neutrophils, eosinophils, and 
mast cells may be another mechanism by which viruses induce airway inflammation. Sub- 

Mechanisms with Direct Effects on the Lower Respiratory Tract 
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stances found to be experimentally released in response to respiratory viruses include 
histamine, interferon, bradykinin, complement, lipoxins, and superoxide (42,46-52). 

Activation of I m m u ne Responses 
Humoral and cellular immune responses have been shown to play a role in an augmented 
response to viral infections in asthmatic patients. Asthmatic subjects have higher baseline 
IgA and IgG and a greater response to influenza infection than normal subjects (53). Viral- 
induced release of cytokines may enhance IgE response and recruitment of eosinophils 
to the bronchial mucosa (54-56). Another study noted increased lymphocyte activation 
in subjects who wheezed compared to subjects who did not wheeze 6 months after an 
acute RSV infection (42,57). 

Decreased P-Receptor Function 
Viruses may exacerbate an already impaired adrenergic function found in asthmatic pa- 
tients creating an imbalance between parasympathetic and adrenergic responses. This ob- 
servation has been primarily confirmed in vitro and as yet has little clinical relevance (4 1 ). 

Synthesis of Viral-Specific IgE 
As previously stated, patients with detectable RSV-IgE after acute infection had a higher 
incidence of wheezing than those with undetectable levels of RSV-IgE (58). Specific IgE 
produced in response to acute PIV infection was detected earlier and in greater magnitude 
in patients with wheezing and croup compared with patients who had upper respiratory 
symptoms alone, suggesting an immunologic mechanism for more severe infection (59). 
If viral infections can trigger enhanced production of IgE, then certain atopic individuals 
may be at considerable risk for an exaggerated and even life-threatening response to a 
routine cold (41). 

3. Selected Mechanisms with Indirect Effects on the Lower 
Airways 

Nasal Blockage and Mouth Breathing 
During an acute upper respiratory infection, patients tend to breathe through the mouth 
because of temporary nasal blockage. Inspired air that does not go through the nasal pas- 
sages is delivered to the lower airways at a lower temperature and humidity and without 
being filtered. The combination of these factors may contribute to increased penetration 
of allergens and increased bronchospasm in sensitized individuals (4 1 ). 

Release of Proinflammatory Mediators into the Circulation 
During an acute viral infection, cytokines may be released into the general circulation 
causing the nonspecific symptoms of fever, fatigue, and malaise. In addition, inflammatory 
cells such as leukocytes are released resulting in an “upregulation” of inflammatory re- 
sponses in general, which may cause a sensitized individual with asthma to have an exacer- 
bation of their disease (41). Hard evidence is lacking to support either of these last two 
theories. 

4. Summary 

Acute respiratory infections of the upper airways frequently trigger a response in the lower 
airways that can lead to increased morbidity in patients with pre-existing airway disease 
(41). Viruses likely induce a sequence of events that ultimately result in airway obstruction 
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in asthmatics but only in a mild cold in nonasthmatic individuals. The inflammatory 
changes brought on by viruses may be both additive and synergistic with inflammatory 
processes inherent in individuals with asthma (41). 

C. Recent Advances with Human Rhinovirus (RV) Infection 

Many respiratory viruses are exceedingly difficult to isolate because of technical problems 
in obtaining, preserving, growing, and identifying them in the laboratory. Overall, this 
contributes to a very low false-positive rate for identification of respiratory viruses in 
general in clinical studies ( I ) .  However, there is also likely to be a significant false negative 
identification rate for the more fastidious viruses, such as RV. RV, as previously noted, 
is one of the top two or three etiologic agents responsible for respiratory infections both in 
asthmatic and nonasthmatic individuals ( 1 ). In a study of children with recurrent wheezing, 
rhinoviruses were actually found to account for half of the episodes of respiratory illness, 
which was six times more frequent than the next most common virus (60). 

Conventional methods for the isolation of rhinovirus have primarily involved cultur- 
ing nasopharyngeal secretions on human epithelia1 cells. For maximal isolation, secretions 
need to be obtained within 1-2 days of the onset of symptoms and even then, under- 
diagnosis is likely (61). Serological tests have also been tried but have not been useful 
because of the large number of distinct RV serotypes (62). Recent advances in molecular 
biology have lead to a greater understanding of the genomic and protein structure of RVs. 
and recent advances in the techniques for RV identification have lead to more rapid and 
accurate diagnosis. Both have enabled the development of potential treatment strategies 
aimed at either prophylaxis or attenuation of infection. Specifically, the polymerase chain 
reaction (PCR) technique has been employed to provide a sensitive and specific method 
for the diagnosis of RV infection and appears to be superior to viral culture techniques 
(63-66). 

IV. TREAMENT AND PREVENTION OF 
VIRAL-INDUCED WHEEZING 

A. Treatment 

Other than symptomatic and supportive therapy, no treatment modality has been routinely 
applied to individuals with viral respiratory infections that trigger acute asthma. A number 
of specific treatments have been attempted in clinical studies; most are not found to be 
universally effective and many are associated with undesirable side effects. In  addition, 
the application of specific therapies may be limited by the ability to diagnose the virus 
in a timely manner (within 1-2 days of symptom onset), so that the therapy has a reason- 
able chance of being successful. 

Specific therapies that have been studied include the following: First, intranasal 
interferon (not yet approved for use in the United States) has effectively prevented RV 
colds if given shortly before or after exposure and is well tolerated for short courses (67). 
If used more long term, bleeding and excess nasal discharge have been noted (68). Second, 
drugs that interfere with different essential steps in the viral replication process have been 
tested in humans but unfortunately drug resistant strains have emerged (62). Other drugs 
that inhibit attachment of RV to cells have been tested in vivo and show promising results 
for anti-RV activity (69). Third, monoclonal antibodies directed against RV receptor sites 
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have been preliminarily studied in humans, showing reduction in clinical illness and infec- 
tion without undesired effects, however, more intensive study is needed (70). Fourth, 
compounds that antagonize the effects of inflammatory mediators have also undergone 
clinical trials with mixed results. Nedocromil sodium, salicylic acid, and acetaminophen 
have all been examined for these properties and for their usefulness in ameliorating the 
clinical effects of RV infection (61). And fifth, corticosteroids are well known for their 
broad spectrum of anti-inflammatory effects. Although the use of nasal and oral steroids 
during viral respiratory infections has been shown to reduce nasal obstruction, mucus 
production, and the concentration of inflammatory mediators in nasal secretions, the appar- 
ently minimal benefits of such use must be weighed against cost and possible adverse 
effects of long term or recurrent steroid administration ( 1,4 1,7 I ). 

In individuals with viral-induced asthma exacerbations, current treatment is there- 
fore aimed at reducing the symptoms of wheezing and dyspnea using the standard regimen 
of bronchodilators and anti-inflammatory medications. 

B. Prevention 

The issue of prevention of viral induced wheezing can be examined in two ways: primary 
prevention of respiratory illness through the development of antiviral vaccines and second- 
ary prevention of severe viral induced wheezing attacks by early identification of infection 
and use of early directed therapy. Antiviral vaccine development, in the case of RVs, for 
example, has been difficult because of the known antigenic diversity of the many serotypes 
of the RV (72). Much more work is needed before an effective vaccine is designed and 
tested. If available, a vaccine might be administered to patients with increased morbidity 
associated with viral-induced asthma exacerbations. 

A number of specific therapeutic strategies for the amelioration of viral-induced 
wheezing were described in the preceding section; none, however, have been applied rou- 
tinely. Corticosteroids are the most frequently used of all the therapies mentioned. A few 
studies examined how inhaled corticosteroids, when applied at the first sign of an upper 
respiratory tract illness, might successfully reduce the symptoms of asthma in children. 
Compared to placebo, both studies showed a decrease in symptoms scores and an increased 
parental preference for the inhaled steroid (61,73). Such studies are logistically difficult 
as they require early reporting of symptoms, accurate diagnostic techniques, and high 
subject compliance to demonstrate efficacy of the treatment. Additional studies are needed 
in both adults and children to define the role of corticosteroid prophylaxis against viral- 
induced wheezing. 

V. RESPIRATORY ILLNESS IN INFANCY AND THE 
DEVELOPMENT OF ASTHMA 

Asthma is a complex clinical problem. Individuals with asthma have a heterogeneous 
presentation and course and a multiplicity of risk factors for the development of disease 
(28). To further complicate this issue, many infants and children experience wheezing 
illnesses that closely resemble asthma but may not ultimately lead to the presence of 
chronic airway hyperresponsiveness (28). Although, the focus of this chapter has been to 
examine the relationship between acute viral illness and acute asthma exacerbations, it is 
worthwhile to explore how respiratory infection in infancy and childhood might contribute 
to the subsequent development of wheezing or asthma. 
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Prospective studies of infants and children with wheezing episodes due to respiratory 
infections have shown that, in some cases, early infection leads to diminished lung function 
and recurrent episodes of wheezing later in life (2); in other cases, there is no relationship 
to subsequent wheezing (28). In addition, some of these studies were able to show that 
other factors, such as family history of atopy, passive cigarette smoke exposure, and bottle 
feeding, all increased the risk of developing asthma independent of prior wheezing associ- 
ated respiratory illness (28,74,75). In an effort to predict which children might be at risk 
for recurrent wheezing after acute infection, many indices have been studied, such as the 
magnitude of IgE responses at the time of infection or the need for hospitalization for 
treatment of bronchiolitis. However, more studies need to be done to determine the chil- 
dren who will subsequently have chronic asthma (28,76). 

A recent study evaluated the effectiveness of inhaled anti-inflammatory therapy on 
subsequent wheezing episodes and admissions for bronchiolar obstruction in 100 consecu- 
tively hospitalized infants with bronchiolitis who were followed for 8 weeks (77). There 
was a 16% and 19% decrease in physician diagnosed wheezing episodes in the groups 
treated with budesonide and cromolyn sodium, respectively, compared to controls, and a 
significant reduction in admissions in the budesonide group and among children with atopy 
in both treatment groups (77). More studies similar to this one need to be carried out to 
ascertain the true value of preventative anti-inflammatory therapy. 

In the last decade there have been enormous strides in the understanding of asthma 
pathophysiology and treatment; it is likely that parallel gains will be made in the under- 
standing of how asthma begins, who is at risk, and how individuals at risk will be identi- 
fied. Viral respiratory infections will continue to be recognized as a major precipitant of 
acute exacerbations of asthma and efforts to reduce the severity and frequency of these 
infections will hopefully lead to decreased asthma morbidity and improved quality of life 
for affected individuals. 
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1. INTRODUCTION 

Why is it so important to further our understanding of the connections between air pollu- 
tion and asthma? Asthma incidence is growing in the general population. Increasing num- 
bers of annual emergency department visits, hospital admissions, and deaths related to 
asthma are being recorded annually (1). One of the etiologies that may be contributing 
to the asthma incidence rate is air pollution, which has been shown to aggravate asthma 
and increase the likelihood of an exacerbation among those who have asthma. Research 
studying the association between air pollution and asthma is needed to determine the 
specific populations most affected and the pathophysiology and biological markers that 
determine patients’ sensitivities to air pollution. Once these aspects are better understood, 
preventative public health and medical care measures may be more effectively instituted. 
These measures might include the following: 

Coordinated efforts through public policy to reduce ambient concentrations of 
key air pollutants 
Intensive educational efforts geared to specific locales and populations 
More effective warnings to especially susceptible individuals to avoid their expo- 
sures to air pollution 
The development of better medications and medication protocols that will reduce 
the effects of air pollution on the asthma patient’s respiratory and immune sys- 
tems 

This chapter discusses the available evidence regarding the epidemiological associa- 
tions between asthma and air pollution, the culpable components of air pollution, the 
especially susceptible populations, and the pathophysiology and mechanisms underlying 
individual susceptibilities to air pollution’s adverse effects. 
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II. WHAT IS THE EVIDENCE OF A RELATIONSHIP 
BETWEEN AIR POLLUTION AND HEALTH? 

A. Background 

Major past pollution episodes have dramatically increased morbidity and mortality in af- 
fected communities. For example, the incidence of both daily hospital admissions and 
mortality increased precipitously during a 4-day pollution-laden London Fog Episode in 
December 1952, with some 4000 premature deaths being associated with this one air 
pollution episode (2). During a 1948 pollution episode in the industrialized valley town 
of Donora, PA, 19 people died, 50 were hospitalized, and thousands became ill in a com- 
munity of 14,000 (3,4). These episodes were each associated with a stagnant air mass, 
caused by a dispersion-inhibiting weather pattern that persists over a region for multiple 
days, causing local air pollution to build up to high levels. 

Patients with underlying cardiopulmonary disease were among those most severely 
affected during the Donora incident (3). Most of the hospitalized people suffered from 
asthma, and 80% of those in the community who had asthma became symptomatic. 
In addition, in Donora asthma was found to play a role in 5 of the 12 deaths for which 
a cause was confirmed. Thus, an epidemiological association exists between extreme air 
pollution and adverse health effects, especially among those with pre-existing respiratory 
diseases such as asthma, but the question has been raised as to whether these kinds of air 
pollution effects occur at present-day ambient air pollution levels. 

B. Present-Day Studies of Air Pollution and Adverse Health 
Effects 

At present, assessment of the effects of air pollution on asthmatics have focused largely 
on particulate matter (PM) and ozone (0,) air pollution. Particulate matter is composed 
of two major components: primary particles, or “soot,” emitted directly into the atmo- 
sphere by pollution sources such as industry, electric power plants, diesel buses, and auto- 
mobiles; and ‘‘secondary particles” formed in the atmosphere from pollutant gases, such 
as sulfur dioxide (SO,) and nitrogen oxides (NO,), emitted by many combustion sources, 
including coal-burning electric power plants. Ozone is a highly irritant gas that is formed 
in our atmosphere in the presence of sunlight from other “precursor” air pollutants, in- 
cluding nitrogen oxides and hydrocarbons. These precursor pollutants, which cause the 
formation of 03, are emitted by pollution sources including automobiles, electric power 
plants, and industry. 

Epidemiological studies that follow a population over time, called time-series stud- 
ies, have provided valuable information relating variations in present-day pollution to 
changes in human health. For example, the epidemiological evidence indicating an associ- 
ation between present-day PM and the increased incidence of mortality and morbidity has 
been documented in the literature by numerous investigators studying populations in vari- 
ous locales. In 1997, Schwartz compared various studies that reported relative risks (RR) 
resulting from an increase of 100 pg/m3 in ambient PMlo (inhalable particles less than 10 
pm in diameter), that is, the ratio of the number of problems reported on days when subject 
populations were exposed to elevated pollution versus the number reported on clean 
days (5).  Examining multiple studies conducted around the globe (e.g., across 17 stud- 
ies of mortality), Schwartz found consistency for all respiratory hospital admissions 
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(average RR = 1.13), chronic obstructive pulmonary disease (COPD) hospital admissions 
(average RR = 1.19), pneumonia hospital admissions (average RR = 1.13) and mortality 
(average RR = 1.09). The fact that these epidemiological pollution-health effect associa- 
tions have been so consistently shown, both across outcomes and from place to place, 
supports the conclusion that ambient particulate matter air pollution and adverse human 
health effects are causally related. 

While specific causal mechanisms (i.e., the “smoking guns”) of the PM-health ef- 
fects associations are not yet known at this time, there are biologically plausible mecha- 
nisms that could account for the associations. For example, PM exposure stresses the lung 
(e.g., by inducing inflammation and/or edema), and places an extra burden on the heart, 
which could induce fatal complications for cardiac patients. Recent animal experiments 
by Godleski and coworkers at Harvard University confirm that exposures to elevated con- 
centrations of ambient PM can result in cardiac related death in animals (6,7). In addition, 
controlled exposure studies of animals have demonstrated significant adverse pulmonary 
effects from combustion-related fine particles (PM2,5, or those particles less than 2.5 pm 
in diameter). These include diminished respiratory defense mechanisms and the opening 
of the lung to illness from other causes. In addition, repeated exposures to acidic fine 
particulate matter, a portion of the fine PM2.5 that the newly promulgated ambient PM 
standards of the Environmental Protection Agency (EPA) will focus on in future control 
strategies (8), has been shown to affect lung clearance in a manner similar to the effects 
of tobacco smoke, suggesting that these fine particles may have analogous long-term expo- 
sure implications to the development of COPD (9). 

Epidemiological evidence has also accumulated over recent years indicating a role 
by O3 in daily human morbidity and mortality, including for asthma. In a summary of the 
published literature, Schwartz showed that O3 has consistently been found to acutely in- 
crease hospital admissions: average RR = 1.06 for all respiratory admissions; average 
RR = 1.10 for COPD admissions; and average RR = 1.07 for COPD admissions, given 
a 50 parts per billion (ppb) rise in daily maximum O3 concentration (5). Such O3 pollution 
increases are common in the summer months, when O3 concentrations rise above 100 ppb 
in many U.S. cities on polluted days. 

The Schwartz ( 5 )  review did not address the potential effects of O3 on mortality, 
perhaps because fewer studies of this were available in the published literature, but evi- 
dence is mounting that O3 can also cause premature deaths. For example, Verhoeff et al. 
(10) used Poisson regression to analyze associations between daily mortality and air pollu- 
tion concentrations in Amsterdam, The Netherlands, during 1986-1992, and found a daily 
mortality RR = 1.10 per 100 ppb I-hr daily maximum 03, even after controlling for 
weather and copollutants. Anderson et al. (1 1) investigated whether outdoor air pollution 
levels in London, England, influenced daily mortality during 1987-1992, finding a daily 
mortality RR = 1.10 per 100 ppb 8-hr O3 (RR = 1.08 per 100 ppb 1-hr O,), even after 
controlling for weather and copollutants. Samet et al. (12) considered total daily mortality 
and environmental data for Philadelphia during 1973- 1980, finding that, when pairs of 
pollutants were considered simultaneously, only the O3 effect consistently remained un- 
changed and statistically significant, with a total mortality RR of 1.02 for a 20 ppb increase 
in 24-hr daily average 03. An evaluation of specific causes of death indicated the largest O3 
RR for respiratory deaths, consistent with biological plausibility. More recently, Thurston 
(13) found that daily mortality also rises after high O3 days in the U.S. cities of New York 
City, Atlanta, Detroit, Chicago, St. Louis, Minneapolis, San Francisco, Los Angeles, and 
Houston, even after accounting for other factors such as season and weather. These studies 
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indicate that the overall population’s risk of death, albeit low on any one day, rises by 
about 6-10% following days having a 1-hr maximum of O3 that is 100 ppb above the 
average (i.e., after high summertime pollution days). 

Time-series studies have shown that present-day pollution can also exacerbate 
asthma. For example, Thurston and colleagues have documented associations between 
ambient summertime haze air pollutants, such as 03, and increased daily numbers of 
asthma and respiratory admissions to the hospital (14). In that work, hourly O7 data were 
recorded by the New York State Department of Environmental Conservation, while daily 
particle samples were collected by New York University at three urban sites in New York 
Sate over three years (1988-1990). The ambient air particle samples were analyzed for 
acidity and for sulfate levels. Hospital admission records were obtained from the N.Y. 
State Department of Health’s Statewide Planning and Research Cooperative System 
(SPARCS). Results indicated that there was a direct relationship between summertime 
respiratory admissions in New York City and both O3 and sulfate levels (14). In this study, 
summer haze pollution was associated with both total respiratory and asthma admissions. 
Even after controlling for temperature, the association remained significant (p 5 0.05). 
Summer haze pollution accounted for 6-24% of adult asthma admissions in Buffalo and 
New York City. Asthma admission relative risks ranged from RR = 1.19-1.43 on the 
highest atmospheric pollution days, relative to an average day, indicating that asthma 
admission rates were raised by on the order of 20-40% by high pollution days. 

On the other hand, in a study done in England by Devereux, comparing an industrial- 
ized section of England (high pollution) with a rural section (low pollution), no real differ- 
ences in the incidence of asthma was found between the two studied populations (15). 
These and several other negative findings regarding air pollution and asthma have cast 
some doubt over the role of pollution in asthma. However, asthma is caused by multifacto- 
rial agents, and there may be interactions required between air pollution and allergens 
that may not have been present at the time of this negative study. Such apparent epidemio- 
logical inconsistencies may be therefore be explained by the fact that air pollution can 
act to enhance the reactivity of asthmatics to other environmental factors, such as allergens, 
which are not always present in the environment at the same time as air pollution. Indeed, 
Koren and Bromberg (16) noted that inflammatory changes in the respiratory tract induced 
by air pollution augment the responses of allergic asthmatics to nasal and inhalation chal- 
lenge by antigens, and that this may explain the findings of air pollution-asthma associa- 
tions by epidemiological field studies. 

Excess hospital admissions and premature deaths are only the tip of the iceberg of 
air pollution’s effects that can be eliminated by cleaning the air. In order to give some 
insight into the much larger numbers of other effects lurking beneath the surface of the 
0, hospital admissions effects noted in Table VI-2(revised) of the Ozone OAQPS Staff 
Paper (17), working estimates have been made of the other documented adverse impacts 
of O3 exposure that will also be reduced in New York City, when the EPA’s recently 
promulgated new O3 standard are achieved (1 8). 

The results of the analyses are presented in Figure 1 (19). Note that the figure could 
not be drawn to scale, because if it were the New York City (NYC) asthma admissions 
triangle would not even be visible, since it accounts for only approximately 0.01% of the 
total number of 0, related impacts noted for NYC. However, despite the fact that it visually 
overstates the relative size of the NYC hospital asthma admissions, and the fact that still 
other O3 effects cannot be considered in these calculations due to a lack of data, this figure 
clearly shows that New York City asthma admissions counts represent only a small frac- 
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Asthma Hospital Ad missions/yr. 
(0.01% of all adverse impact cases) 

increased asthma symptoms, e.g., 
requiting extra medication, are experienced) 

930,000 

\ Restricted Activity Days/yr 
(i.e., person-days on which activities 

are restricted due to illness 

2,000,000 
Acute Respiratory Symptom Daydyr 

(i.e., person-days during which respiratory symptoms such as 
chest discomfort, coughing, wheezing, doctor diagnosed flu, etc. / are experienced) 

Figure 1 Pyramid of New York City annual adverse ozone impacts avoided by the 
implementation of the proposed new standard (vs. "as is"). (Figure section sizes not 
drawn to scale.) 

tion (far less than 1%) of the adverse effects of air pollution which will be avoided after 
implementation of the new U.S. EPA O3 standard. 

This analysis, developed for testimony before Congress (19), used as its starting 
point the 265 New York City asthma admissions estimated to be avoided as a result of the 
implementation of the EPA's standard (i.e., 385 - 120 = 265 admissions), as estimated by 
the U.S. EPA (18). First, as noted above, there are also nonasthma respiratory admissions 
effects. Based upon the average 0, impacts derived from the published 03-admissions 
regression results for New York City and Buffalo, this indicated that the nonasthma respi- 
ratory admissions avoided (for causes such as pneumonia and bronchitis) will be about 
90% of the size of the asthma admissions, or 240/yr (14). Then, based on a report that 
New York City hospital records indicate that 12.6% of pediatric asthma emergency depart- 
ment (ED) visits result in an asthma hospital admission (20), it was estimated that the 
ED visits associated with the 505 0,-related respiratory admissions would amount to ap- 
proximately 3500 03-induced ED visits (i.e., 505 X 1/.126). Furthermore, based on the 
O3 adverse health effect coefficients reported in the published literature, effects for other 
outcomes were also derived (21). In this way, estimated annual effects to be avoided in 
New York City each year were also obtained for: 

Premature mortality 
Asthma attacks 
Restricted activity days (i.e., the total number of person-days during which some 
normal activities were curtailed) 
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Acute respiratory symptom days (i.e., the total number of person-days during 
which additional respiratory symptoms would be experienced) 

Some may quarrel with the specific coefficients chosen here to model the other 
effects, but the overall point remains that these other effects collectively represent large 
multiples of the hospital admissions benefits previously noted for New York City. 
Note that the numbers in this figure have been corrected to avoid double counting of 
adverse health “events.” For example, the number of unscheduled hospital admissions 
has been subtracted from the total number of ED visits, since patients would likely have 
first passed through the ED before being admitted. 

Finally, although there are about 7 million persons in New York City, there are a 
total of some 122 million persons throughout the United States, who now live in areas 
exceeding the EPA’s new O3 standard and will therefore also benefit from that new stan- 
dard (18). Thus, the hospital admissions and mortality effects resulting from air pollution 
are best viewed as an indicator of a much broader spectrum of avoidable adverse health 
effects experienced by the public. 

Prospective epidemiological studies of panels of individuals confirm the epidemio- 
logical asthma-air pollution association. For example, in a recent study of individuals 
with asthma, Thurston and colleagues (22) followed the effects of air pollution on children 
at a summer “asthma” camp in Connecticut over time, rather than focusing on aggregated 
citywide counts of asthma events. This study of a group of moderate to severely asthmatic 
children over three summers (1990-1992) showed that these children experience dimin- 
ished lung function, increased asthma symptoms, and increased use of unscheduled asthma 
medications as O3 pollution levels rose. As shown in Figure 2, the risk of a child having 
an asthma attack was found to be approximately 40% higher on the highest O3 days than 
on an average study day, with these adverse effects extending to below the old 120 ppb 
O3 air quality standard. 

25 

20 
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0 

l0 1 
5 1  I I I 

0 50 100 150 200 
Daily 1 -Hr Maximum Ozone Concentration (ppb) 

Figure 2 Daily asthma attacks in children increase as ozone levels rise. (From Ref. 
23.) 



Asthma and Air Pollution 133 

111. WHAT ARE THE RESPONSIBLE AIR POLLUTION 
AGENTS? 

As discussed above, numerous studies of metropolitan areas have shown associations be- 
tween acute increase in the incidence of asthma exacerbations and levels of air pollution. 
In particular, strong epidemiological associations have been noted between the level of 
outdoor particulate matter smaller than 10 pm in diameter (PM,,), and O3 air pollution 
and the incidence of respiratory morbidity and mortality. The pollutants affecting asthma- 
tics can be thought of as falling into two classes: summertime haze air pollutants formed 
in the atmosphere (i.e., secondary pollutants) and predominantly wintertime pollutants 
emitted directly into the atmosphere (i.e., primary pollutants). 

A. Summer Haze Pollutants: O3 and SO4= 

Probably the largest hospital admissions database analyzed to date came from the series 
of studies by Bates and Sizto (23-26) in which O3 and particulate sulfates (SO,=) in 
southern Ontario, Canada, were most strongly associated with increased asthma admis- 
sions above expected rates for summertime. A re-analysis of this database by Lipfert and 
Hammerstrom indicated that 20% of summertime respiratory admissions were associated 
with outdoor air pollution (27). Burnett and colleagues, also examining the southern On- 
tario area, found significant asthma hospital admissions associations in all four seasons 
for SO4', and for O3 in the summer months only (28). Cody et al. and Weisel et al. also 
showed significant associations between summertime O3 concentrations and ED visits for 
asthma in New Jersey (29,30). Thurston and colleagues reported associations between 
asthma hospital admissions and elevated summertime haze air pollution, especially for 
O3 and particulate aerosol acidity in Toronto, Ontario, during the summers of 1986-1988. 
Stronger associations with admissions were found for fine and acidic particulate matter 
than for coarse particles. Consistent with biological plausibility, no such air pollution 
associations were found for control disease categories (e.g., digestive disease admissions) 
(31). Similar results were found by Thurston et al. for Buffalo, NY, and New York City 
during the summers of 1988 and 1989 (14). Thus, acute increases in summertime haze 
air pollutants, including O3 and acidic SO4', have been found to increase the incidence 
of both daily asthma hospital visits and admissions in metropolitan areas. 

B. Predominantly Winter Pollutants: Black Smoke and SOz 

In a study of adult asthmatics in France over a six-month period, Diakite and colleagues 
found that asthma symptoms in mild and moderate asthmatics increased with increasing 
concentrations of PM (measured as black smoke) and SO2 (32). Forsberg et al. (33) fol- 
lowed a panel of 31 asthmatic patients residing in the town of Pitea in northern Sweden. 
Severe symptoms of shortness of breath, wheeze, cough, and phlegm were recorded in 
an asthma diary together with suspected causes. Daily variations in the concentrations of 
PM had significant effects on the risk of developing severe symptoms of shortness of 
breath (33). 

In a panel study by Ostro and colleagues, conducted during the winter in Denver, 
Colorado, 207 adult asthmatics recorded respiratory symptoms, frequency of medication 
use, and related information in daily diaries (34). Airborne particulate acidity (H') was 
found to be significantly associated with several indicators of asthma status, including 
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moderate or severe cough and shortness of breath. Cough was also associated with in- 
creases in fine particles (PM,,), and shortness of breath was associated with increases in 
SO4-. Incorporating the participants' time spent outside and exercise intensity into the 
daily measure of exposure strengthened the association between these pollutants and asth- 
matic symptoms. 

Pope et al. found, in a 1991 diary study of a group of persons with asthma (8-72 
years of age) living in an industrialized valley in Utah, that the probability of the use of 
asthma medication on the day with the highest concentration of thoracic PM (PM,,,) was 
six times that of the lowest pollution day (35). Roemer et al. found consistent positive 
associations between PMlo and SO2 air pollution and both wheeze symptoms and bron- 
chodilator use by schoolchildren with chronic respiratory symptoms (36). 

Thus, PM, 03, and SO4= are the pollutants that appear to most exacerbate asthma, 
and these effects can occur throughout the year. 

IV. ARE THERE PLAUSIBLE BIOLOGICAL 
MECHANISMS FOR THESE AIR 
POLLUTION-ASTHMA ASSOCIATIONS? 

Although the mechanism(s) by which air pollution causes the aforementioned adverse 
health effects are not fully understood, biologically plausible hypotheses exist that are 
supported by a large body of data from controlled exposure studies. For example, clinical 
studies have demonstrated decreases in lung function, increased frequencies of respira- 
tory symptoms, heightened airway hyperresponsiveness, and cellular and biochemical evi- 
dence of lung inflammation in exercising adults exposed to 0, concentrations at exposures 
as low as 80 ppb for 6.6 hr [e.g., Follinsbee et al. (37) and Devlin et al. (38)]. 

Most hypothesized mechanisms for the induction of an asthma attack by air pollution 
involve an enhancement of an asthmatic's reactivity to environmental antigens, rather than 
a direct triggering by air pollution. Gordon and Fine recently summarized the possible 
physiological mechanisms by which air pollution may enhance the likelihood of an asthma 
attack, including increased lung permeability; altered pollutant clearance; lymphocyte ef- 
fects; and influences on antigen-presenting cells (39). Increased lung lining permeability 
can occur when air pollution exposure causes epithelial cell damage in the lung. This may 
increase the penetration of inhaled antigenic particles to immune system cells located 
beneath the airway epithelial lining and to the lymphatic system serving the lung. Alter- 
ation of lung clearance by air pollution exposure can result in increased retention of inhaled 
antigens, thereby increasing the probability of an antigen-antibody interaction. Air pollu- 
tion-induced changes in the numbers of T lymphocytes in the lung may alter the immune 
system balance, enhancing asthmatic responses to antigens. Air pollution exposure may 
also stimulate antigen-presenting (or accessory) cells, which are involved in the initiation 
of most immune responses. Thus, air pollution affects several aspects of the asthma re- 
sponse to environmental antigens, such as pollens, and may thereby precipitate asthma 
attacks when they would not otherwise occur, or worsen the severity of attacks initiated 
by other causes. 

Air pollution may also act to counteract the intended effects of preventative anti- 
inflammatory asthma medications, such as corticosteroids, reducing their effectiveness. 
Airway inflammation in the lung is among the adverse effects that have been demonstrated 
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by controlled human studies of O3 at typical ambient levels (40). Airway inflammation 
is especially a problem for children and adults with asthma, as it makes them more suscep- 
tible to having asthma attacks. For example, controlled human studies have indicated that 
prior exposure to O3 enhances the reactivity of asthmatics to aeroallergens, such as pollens, 
which can trigger asthma attacks (41). Thus, O3 exposures may exert their greatest effects 
on asthma by increasing inflammation in the lung, which heightens the responsiveness of 
asthmatics’ lungs to all other environmental agents that may cause an exacerbation. 

Combustion-related fine particles (PM,,,) have also been shown by recent controlled 
exposure studies to have significant adverse effects on the lung, including diminished 
respiratory defense mechanisms, opening the lung to illness from other causes. For exam- 
ple, repeated exposures to acidic fine particulate matter has been shown to affect particle 
clearance from the lung in a fashion similar to tobacco smoke, suggesting that these 
fine particles may have analogous long-term exposure effects on the development of 
COPD (9). 

In other work, Li and colleagues (42) conducted bronchioalveolar lavages on rats 
exposed to PMlo. They reported increasing free radical activity that caused lung inflamma- 
tion and epithelia1 injury. These free radicals, they theorized, may be responsible for air- 
way disease in asthmatic patients (42). Scannell and colleagues (43) performed bronchioal- 
veolar lavages on human subjects in order to compare asthmatic and nonasthmatic 
responses to exposure to 03. They found both increased neutrophil and total protein in 
asthmatic patients, as compared to nonasthmatics, when exposed to O3 (43). These two 
studies indicate that enhanced inflammation resulted when asthmatics were exposed to O3 
or PMlo. 

Thus, based on recent clinical studies, there is mounting evidence that air pollutants 
are involved in worsening and exacerbating acute asthma, and there are biologically plausi- 
ble physiological mechanisms for these effects. 

V. WHAT ASTHMA SUBPOPULATIONS ARE MOST 
AFFECTED BY AIR POLLUTION? 

A. Background 

It is well established that both asthma mortality and asthma hospital admissions increased 
during the 1980s [e.g., Buist and Vollmer (44) and Taylor and Newacheck (45)], and that 
the highest rates are associated with inner city residence [Carr et al. (46) and Weiss and 
Wagener (47)], and being of Latino or African-American origin [Carter-Pokras and Gergen 
(48); Coultas et al. (43), and Weiss and Wagener (47)]. In the words of Weiss and Wa- 
gener: ‘‘whatever the reason for the increases, both asthma mortality and hospitalization 
continue to affect non-whites, urban areas, and the poor disproportionately.” For example, 
the hospitalization rate for asthma is higher in New York City than anyplace else in the 
United States (46). 

Pollution-asthma admissions associations were found by Thurston and colleagues 
to be weaker in the less urbanized Albany population area and in the NYC suburbs than 
in the inner city (14). This study employed total citywide daily counts, and did not specifi- 
cally monitor the inner city minority population, which was a limitation in this regard. 
However, the work did suggest that cities with large minority populations (e.g., New York 
City) had the strongest associations between pollution and respiratory admissions. 



136 Thurston and Leber 

Factors that might cause residents of low-income underprivileged urban neighbor- . 

I .  

hoods to be more affected by air pollution may include: 

Enhanced individual susceptibility of minority populations to pollution effects 
(i.e., more compromised health status, due either to greater genetic predetermi- 
nation or severity of underlying disease) 
Exposures to atmospheric pollution that may be greater than those of the general 
population, due to the greater concentration of some types of pollution in the 
center of cities, combined with a lower prevalence of protective air conditioning 
Potentially enhanced exposures to a variety of residential risk cofactors such 
as cockroaches, dust mites, and indoor pollution sources (e.g., gas stoves used 
for space heating purposes) 
A greater likelihood of poverty and resulting reduced access to routine health 
care 

2. 

3. 

4. 

The roles of these various factors in defining who in these urban populations are 
most likely to react strongly enough to air pollution resulting in a visit to an ED are not 
yet understood. 

Children are among those most likely to be adversely affected by pollution, based 
on both their behavioral patterns and physiology (50). With regard to air pollution, young- 
sters spend significantly more time outdoors, especially in the summertime, when O3 air 
pollution levels are the highest. In addition, children spend approximately three times as 
much time engaged in sports and vigorous activities as do adults. This extra activity results 
in breathing in more air, and therefore more pollution being breathed into the lungs. Also, 
during exercise, children and adults breathe with both their nose and mouth rather than 
just their noses. When the nose is bypassed during the breathing process, the filtering 
effects of the nose are lost, thereby allowing more air pollution to reach the lung. More- 
over, because of their larger surface-to-volume ratio, children’s metabolic rates are higher, 
and their air consumption is greater per pound of body weight. Thus, while the average 
adult oxygen consumption is 3.5 ml/kg body weight/min., a 6-month-old child averages 
7 ml/kg body weight/min., or double that of an adult (51). Children’s developing lungs 
may also be especially susceptible targets. For example, it has been found that the growth 
rate of lung function in children exposed to environmental tobacco smoke (ETS) is sig- 
nificantly lower than that of children with no exposure (52). Thus, children can be more 
impacted by air pollution than adults because of their greater pollutant exposure, absorp- 
tion, and target organ susceptibility. 

Available evidence suggests that the aforementioned epidemiological associations 
between air pollution and asthma may be driven by a subpopulation of people with asthma 
who are “pollution responders,” rather than by all asthmatics having been affected 
equally. This phenomena has been demonstrated most clearly for 03, which has been 
shown to elicit responses, in terms of respiratory symptoms and lung function decrements, 
in some persons but not in others. For example, in groups of healthy volunteers who 
underwent multiple O3 exposures (2-hr duration, with exercise) at various time intervals 
ranging from 3 weeks to 14 months, individual physiological responses were reproducible 
at concentrations from 180 to 400 ppb O3 (53). This indicated that high or low reactivity 
to O3 is a persistent biological characteristic of individuals. Silverman (54) exposed 17 
adults with asthma to 250 ppb O3 for 2 hr while they were quietly resting. Paired t-tests 
showed no demonstrable overall changes in lung function, but effects were significant in 
6 of the 17 asthmatics, again indicating that there was a more susceptible sector of the 
asthma population (54). 
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In an effort to further understand individual differences in susceptibility to 03, Linn 
and colleagues exposed 59 adult volunteers from the L.A. area to 180 ppb O3 for 2 hr 
with intermittent exercise in the spring of 1986 (55) .  Not all subjects had asthma, but 
preference was given to selecting subjects who had asthma or who were atopic. Respon- 
siveness was determined on the basis of lung function change and respiratory symptoms. 
Eight of the 12 responders were either atopic or asthmatic. Of the original 59 subjects, 
12 persons who were unusually responsive to O3 and 13 subjects who were unusually 
nonresponsive were retested in the fall and in the spring of the following year. By fall, it 
was found that the responders lost much of their responsiveness, confirming the adaptation 
process known to occur with repeated exposures to 03. However, by the following spring, 
the responders and nonresponders were again distinctly different in their responsiveness 
to 03, indicating that O3 responsiveness as measured by lung function and respiratory 
symptoms is a persistent individual characteristic. 

Sulfur dioxide (SO,), a known bronchoconstrictor at elevated concentrations, has 
also shown individual-to-individual variability in the air pollutant concentration required 
to elicit a response. Linn and colleagues, for example, found that a 15-min exposure to 
600 ppb SO2 elicited a significant (15%) reduction in FEVl,o in most, but not all, mild to 
severe asthmatics in their study, but a reduction was even elicited well below this level 
in some of these subjects (56). Airway responsiveness of reactive subjects were highly 
reproducible over time intervals ranging from 1 to 7 weeks. It is interesting to note that 
variations in individual responsiveness to SO, could not be predicted by asthma status. 
A 1995 World Health Organization (WHO) report concluded that, “a wide range of sensi- 
tivity has been demonstrated, both among normal subjects and among those with asthma, 
who form the most sensitive group” (57). Thus, it has been demonstrated for O3 and SOz, 
and it is also thought to be true for other air pollutants, that certain asthmatics are more 
sensitive than others with asthma to the effects of air pollution. 

B. Atopy and Air Pollution Effects 

Based on available evidence, it is widely held today that air pollution effects in asthmatics 
are largely due to air pollution enhancement of allergic reactions (i.e., in atopics). This 
belief is based largely on the work of Molfino and colleagues (58), who reported that 
atopic asthmatics showed increased sensitivity to inhaled allergens after exposure to 03. 
However, Chen and colleagues (59) exposed 14 atopic asthmatics to doubling doses of 
dust mite allergen (Dermatophygoides Farinae) after exposure to either air or 200 ppb 
03, finding there was a nonsignificant trend (p = 0.42) in the group toward increased 
sensitivity to allergen after O3 exposure, but that individual responsiveness changes varied 
widely among the group. The authors speculated that “a group of asthmatic individuals 
who are more 03-sensitive may be at even greater risk for an increase in allergen sensitivity 
due to ozone” (59). 

VI. HAS AIR POLLUTION CONTRIBUTED TO THE RISE 
IN ASTHMA PREVALENCE OVER THE LAST TWO 
DECADES? 

As discussed previously, asthma incidence has risen in the United States over the past 
decade. This rise is not fully understood, which has led to speculation as to whether envi- 
ronmental factors, including air pollution, might be involved in this trend. However, a 
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report by Lang and Polansky reported that, “the rates of death from asthma have increased 
in Philadelphia, whereas concentrations of major air pollutants have declined, ’ (60). Some 
have mistakenly concluded that these and similar overall trends elsewhere mean that air 
pollution cannot be related to asthma. However, this conclusion would ignore the fact that 
much of this increase in the incidence of asthma hospital admissions and deaths is ac- 
counted for by a rise in asthma prevalence during the 1980s. For example, the prevalence 
of asthma among persons 5-24 years of age was approximately 30/1000 in 1982, but 
rose to approximately 55/1000 by 1992 (61). This nearly doubling in the absolute numbers 
of persons who have asthma would clearly swamp the beneficial effects of the relatively 
modest reductions that have been achieved in air pollution in the United States during the 
past decade (e.g., U.S. O3 levels dropped only 8% between 1982 and 1991) (62). Such a 
relatively small decline in air pollution and, in turn, in the number of exacerbations caused 
by ozone in a year, could not possibly offset a doubling of the overall numbers of people 
with this disease. 

Thus, although it seems clear that air pollution cannot be behind the widely reported 
increased induction of new asthma cases (i.e., the nearly doubling of the number of people 
with asthma), Lang and Polanski’s (60) Philadelphia results are not at all inconsistent with 
air pollution as a causal agent in exacerbating the asthma of persons who already have 
the disease. Moreover, as the number of persons with asthma rises, the pool of persons 
“available,, to be adversely affected by air pollution grows each year, implying that the 
negative impacts of air pollution also grows each year, despite the modest improvements 
we have made in air pollution levels in recent years. Indeed, the extent of the present 
O,-asthma threat was made clear in a recent report finding that 27 million, or 54%, of all 
U S .  children 13 years of age or less were exposed, on four or more occasions during 
1991-1993, to 0, levels above the newly promulgated EPA legal limit of 80 ppb 8-hr 
average 0, (63). 

VII. THE THEORETICAL PATHOPHYSIOLOGY OF 
INDIVIDUAL ASTHMATIC SENSITIVITY TO AIR 
POLLUTION 

Although air pollution has been shown by epidemiological studies and controlled chamber 
experiments to exacerbate asthma, there is no skin-prick or blood test that can test whether 
a person is especially affected by air pollution. Indeed, since air pollution heightens the 
likelihood of atopic subjects reacting to an allergen (i.e., relative to when air pollution is 
not present), it can appear that another cause (e.g., pollen) acted alone in precipitating an 
asthma exacerbation, even though elevated pollution may have contributed to the trig- 
gering of that exacerbation. However, indirect measures of the immune system response, 
such as cytokines, or mixtures of cytokines) may help identify when air pollution has 
been a contributing factor. 

Cytokines include chemicals that modulate and modify a patient’s inflammatory 
response and are thought to influence the individual variation in response to asthmatic 
stimuli. They provide the extracellular signal to stimulate the production and differentia- 
tion of different types of immunocompetent cells. There are basically two different extra- 
cellular signals that can be generated, and each signal is associated with different character- 
istic cytokines. The tissue histocompatibility 2 (TH2) signal is the atopic signal and is 
responsible for urticaria, allergic rhinitis, asthma, and anaphylaxis. The cytokines that 



Asthma and Air Pollution 139 

support the TH2 signal are interleukin-4 (IL-4) and its congeners IL-5, IL-6, IL-9, IL-10. 
and IL-13. The TH1 signal is the cytotoxic signal, and it is responsible for the fever, 
chills, anorexia, and myalgias that are seen in many immune situations. The cytokines 
associated with the TH 1 response include interferon-y (IFN-y), IL-2, and tumor necrosis 
factor-p (TNF-P) (64). The balance between these two cell phenotypes has been thought 
to play an important role in human immune response, especially in asthma (65). 

Important among the candidate cytokines representing the TH 1 and TH2 phenotypes 
of cells in studies examining asthmatics are IL-4 and IFN-y, respectively. In recent work 
with human subjects, the ratio of these two cytokines (IL-4IIFN-y) has been found to be 
a significant predictor of asthma status (66). This is likely to be because the balance be- 
tween IL-4 and IFN-y is important to the regulation of human IgE synthesis in vivo (67). 
While the ratio of IL-4IIFN-y appears to be useful in discriminating between atopics and 
nonatopics, the absolute levels of IFN-y may also help discriminate those most at risk of 
hyperreactivity. Kimura et al. showed that IFN-y plays an important role in the pathogene- 
sis of nonatopic severe asthmatics, finding that IFN-y production in nonatopic severe asth- 
matics was significantly higher than in both healthy subjects and atopic mild to moderate 
asthmatics (68). Furthermore, Tsnoda et al. found that subjects with higher IFN-y levels 
in their serum displayed greater hyperresponsiveness, as indicated by a 20% fall in FEV, 
(PD20) after exposure to methacholine (69). Methacholine is a cholinergic agent that 
causes bronchoconstriction in sensitive asthmatics, and if a patient has a 20% fall in FEV, 
after exposure to methacholine, that is considered a positive test. Tollerud et al. found 
that the rate of decline in the FEV, of asthmatics over time was significantly associated 
with their IFN-y serum levels (70). 

Among asthmatics, and especially in adults (for whom atopy plays a lesser role than 
in children), those subjects with characteristically elevated IFN-y may well prove to be 
those asthmatics manifesting the greatest autonomous responses to nonallergic asthma 
stimuli like air pollution. Thus, attempts to quantitatively discriminate among the various 
types of asthmatics on an individual level should consider incorporating various potential 
biomarkers of asthma status, especially IL-4 and IFN-y, as they may well provide a key 
to identifying asthmatics who are most at risk to air pollution effects. 

VIII. FUTURE PROSPECTS 

The recognition of the role of air pollution in predisposing asthmatics to exacerbations. 
along with an identification of especially at-risk populations and the subsequent prevention 
of pollution-induced morbidity in patients with asthma, could then yield health care cost- 
containment benefits (71). In particular, it is possible that: 

1. Improved recognition of the temporal relationships between exposures to pollut- 
ants and exacerbations of asthma might provide improved physician diagnosis, 
more refined patient education (to avoid or reduce exposures and/or to better 
manage the effects of unavoidable exposures), and. ultimately, reductions in the 
individual health impacts and collective societal costs associated with pollution- 
induced responses. Indeed, recent evidence suggests that certain adverse asthma 
symptoms from air pollution are reduced by asthma medications (72). The ED 
is well positioned to play a leading role in the identification of at-risk individu- 
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2. 

3. 

als, the documentation of the pollutants associated with increased ED visits and 
hospital admissions, and in-patient education management. 
Better identification of those most at risk to the adverse risks of air pollution 
could help focus patient recruitment strategies for future controlled human expo- 
sure studies aimed at better understanding the underlying mechanisms behind 
air pollution effects on the most relevant populations. 
Studies of exposure-response in the particularly susceptible populations may lead 
to the establishment of better targeted, more effective, and more efficient means 
for intervening, via both public policy and improved health care, to better control 
air pollution exposures and their adverse effects among persons with asthma. 

Available epidemiological and clinical research indicates that air pollution exposures can 
have significant adverse effects on patients with asthma, causing them to be more likely 
to display symptoms, experience an exacerbation, need medical attention at an ED, and 
even to be admitted to a hospital for asthma. However, air pollution’s contribution to a 
specific asthma exacerbation is unlikely to be noted by the attending physician because 
of asthma’s multifactorial nature, and because there are no diagnostic skin-prick tests or 
radioallergosorbent tests (RASTs) for sensitivity to air pollutants. Indeed, it now appears 
that air pollution exposures can predispose asthmatics to be more likely to react to ambient 
aeroallergens than they would without air pollution, and, when they have an asthma exacer- 
bation, pre-exposure to air pollution may make that exacerbation more severe. For exam- 
ple, ozone pollution induces inflammation in the lung, which can potentially reduce the 
efficacy of preventative anti-inflammatory drugs, such as corticosteroids, increasing 
the chances of an asthma attack after a pollution exposure. In effect, air pollution expo- 
sures can apparently lower a patient’s “threshold” for having an exacerbation by other 
causes (e.g., pollens), irrespective of that patient’s individual triggers (although all asthma- 
tics may not be affected equally). Thus, patients with asthma are generally more likely to 
experience an exacerbation during, or immediately after, high outdoor air pollution days. 

Of those adversely impacted by air pollution, children and inner city populations 
have been identified as among the most affected. The reasons for greater effects in the 
inner city are not yet clear, but may be related to the higher prevalence of underprivileged 
populations in the urban core. The reasons for enhanced effects among children are better 
understood. Children tend to have greater pollution exposures than adults, per pound of 
body mass, as a result of their greater amount of exercise, greater amount of time spent 
outdoors, and their higher metabolic rates, all of which tend to increase their doses of air 
pollution relative to adults in the same populations. In addition, lung development in chil- 
dren may be adversely affected by pollution. These enhanced impacts of air pollution 
on such sensitive subgroups as children and the disadvantaged make all the more com- 
pelling the need to better understand, diagnose, and address air pollution-induced asthma 
problems. 
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Premenstrual Asthma 

Emil M. Skobeloff 
MCP-Hahnemunn Medical College, Crozer-Chester Medical Center, Philadelphia, 
Pennsylvania 

I. INTRODUCTION 

This chapter presents an area of research that has only recently gained acceptance as an 
important focus of attention in the chronic and emergent management of asthma. For many 
years, asthma had been assumed to be a disease seen in near equal frequency among 
adult males and females. However, new understandings suggest that gender may play a 
significant role in the pathophysiology of adult asthma. 

In 193 1, Frank first introduced the concept of premenstrual asthma as one of several 
symptoms of “premenstrual tension’’ (1).  Since then, several case reports and small, 
mostly retrospective studies have suggested “circamenstrual” worsening of asthma symp- 
toms in adult females (2-6). However, nearly all of the clinical studies were retrospective 
and based on patient-recorded recollections of subjective data without any objective find- 
ing of increased asthma severity. Other investigations have postulated that there may be an 
increase in hospitalizations, greater morbidity, and more frequent intubations, intensive 
care unit admissions, and deaths (7) in females with perimenstrual asthma. Despite these 
various observations, the case for perimenstrual exacerbation is the substance of ongoing 
debate and research. 

Current belief is that 30-40% of asthmatic women experience premenstrual worsen- 
ing of their asthma symptoms. Rees et al. evaluated 81 adult female asthma patients who 
were of reproductive potential and found that 33% demonstrated a “clear tendency for 
attacks during the week to ten days prior to the onset of menses with a peak incidence 
during the two to three days before menses” (6). 

Eliasson reported the results of an analysis of 632 subjects admitted in one year to 
an urban teaching hospital. He found a 1.9: 1 male predominance in asthma admissions 
for patients under the age of 10 and a 2.6: 1 female predominance in asthma admissions 
in subjects between the age of 22 and 40. He also noted a 1.2: 1 female predominance 
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between age 40 and 55. After age 55,  female predominance increased to 2.2: 1. He con- 
cluded that pre- and postpubertal differences in rate of admission and length of stay might 
be a result of hormonal differences between sexes before and after puberty (8). 

Gibbs. et a1 (9) reported the results of their survey of 91 asthmatic adult females 
in 1984. When asked, “Does your asthma ever seem worse before your menstrual pe- 
riod?” 40% answered in the affirmative. Evaluating his objective data, Gibbs noted, “falls 
in peak expiratory flow rate were modest and of a degree that would not be expected to 
result in increased breathlessness.’’ These authors concluded that it was a heightened 
awareness of symptoms and not a significant decrease in peak expiratory flow rates that 
might be the core issue (9). However, Hanley demonstrated statistically significant pre- 
menstrual reductions in peak expiratory flow rates in asthmatic women who said they 
had regular asthma exacerbations during their premenstrual interval when compared to 
asthmatics who had noted no such premenstrual asthma worsening (10). 

On the other hand, Juniper and colleagues examined the influence of menstrual 
cycle timing on changes in airway response to methacholine in 17 stable asthmatics I week 
before and 1 week after the onset of menses. His group found no objective deterioration in 
forced expiratory volume in 1 sec (FEV,), increased response to methacholine, or increased 
medication use during this interval. However, there was a significant increase in the re- 
ported severity of subjective asthma symptoms during the days just prior to and during 
menses ( 1  1). Weinmann et a1 reported no increased pathologic changes in FVC, FEV,, 
or airways response to histamine during the same interval (12). 

To attempt to clarify these conflicting findings, Skobeloff et al. reported the results 
of a retrospective study of 33,576 admissions for acute exacerbations of asthma describing 
demographic data from 67 hospitals in 5 counties of southeastern Pennsylvania over four 
years (1986- 1989). This study found that adult females are more severely affected by 
asthma than age-identical males. In fact, this study demonstrated that both pre- and post- 
menopausal adult females are admitted to hospitals more than age-identical males by 
nearly 3 : 1 with an average length of stay that was nearly 1 day longer for females ( 13). 

A prospective study (14) involving 182 adult female asthmatics, age 13 to meno- 
pause, demonstrated that there is a fourfold increase in emergency department (ED) pre- 
sentations by adult females for asthma during the 7 perimenstrual days of the menstrual 
cycle, when serum estradiol levels fall sharply after a 7-day sustained peak. While that 
study demonstrated a fourfold increase in asthma presentations to the ED during the peri- 
menstrual interval, no difference in objective measurement of disease severity was noted 
among the four menstrual-interval groups that were evaluated (14). That 50% of the 
women asthmatics were seen during a single 7-day window of the estrous cycle, without 
any significant difference in disease severity when compared with the asthmatic women 
seen during the other three 7-day intervals, suggests that far less provocation may be 
necessary to create clinically significant asthma exacerbations during the perimenstrual 
interval. It may be reasonable to conclude that there is a heightened perimenstrual patho- 
logical potential in asthmatic women that may underlie a majority of the asthma presenta- 
tions seen in the ED by the group who account for 75% of adult asthma hospital admissions 
and the associated health care costs that result. 

Brenner et al. (15) examined the records of 190 consecutive adult females present- 
ing to an inner city ED for acute exacerbations of asthma. They found a significantly 
greater number of overall ED visits, a higher incidence of ED asthma presentations, and 
a twofold greater frequency of asthma-related hospitalizations in the preceding two years 
for adult female asthmatic patients presenting during and after the menstrual inter- 
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val associated with rapid decline of serum estradiol levels (perimenstrual and preovula- 

Huovinen and colleagues (16) have also reported the results of a 16-year cohort 
study which was performed to assess the overall survival of adult patients with asthma 
who were also twins whose siblings did not have asthma. Mortality for all causes was 
increased among the asthmatic siblings and significantly higher in females asthmatics 
compared to males (16). 

In summary, research demonstrates that far more than 30-40% of women asthmatics 
have the potential to decompensate their asthma during the perimenstrual window with a 
significantly increased risk of death. As such, this may be a health problem whose magni- 
tude has been significantly underestimated and largely ignored for decades. 

tory) (15). 

II. HORMONAL VARIATION OF ESTROGEN DURING 
THE MENSTRUAL CYCLE 

During the monthly estrous cycle, estrogen and progesterone rise and fall with a brief 
peak in serum estrogen levels during ovulation (days 14 and 15), and a sustained week- 
long elevation between days 19 and 25. Thereafter, serum estrogen levels fall sharply to 
baseline, reaching a nadir just before the onset of menses and remaining at low levels 
until ovulation. In men, there is no such day to day, or week to week, variation in testoster- 
one levels. Rather, testosterone peaks during a boy’s adolescent years and then serum 
levels fall very gradually through adulthood into old age. It is possible that this difference 
between men’s and women’s serum hormone variations may play a significant role in 
making women more susceptible to severe exacerbations of asthma, requiring ED presen- 
tations, hospital admissions, and an increased risk of death. 

To facilitate an evaluation of the clinical and scientific effects of estrogen variation, 
Skobeloff et al. (14) divided the cycle into four 7-day intervals based on dynamic fluctua- 
tions in serum levels of estradiol by 7-day groups during an idealized, normal menstrual 
cycle. The intervals were: preovulatory (days 5-1 I), periovulatory (days 12- 1 S), postovu- 
latory (days 19-25), and perimenstrual (days 26-4) (5). By plotting time of the menstrual 
cycle, without actually measuring serum estradiol levels, a novel concept was proposed, 
not only in the consideration of asthma in adult women, but possibly in the evaluation of 
women’s disease in general. They postulated that it is not the static state of serum estradiol 
levels that may dictate airway responsiveness. Instead, they proposed that it may be the 
dynamic fluctuation of estrogen after a sustained elevation, which may impact adversely 
on airway mediators (14). 

Cydulka and colleagues have confirmed this hypothesis. They prospectively studied 
an observational cohort of 69 women presenting to a university-affiliated county hospital 
ED for asthma. Their investigation found that absolute serum estradiol levels had no corre- 
lation with severity of bronchospasm, response to bronchodilator therapy, or likelihood 
of hospital admission for asthma (17). 

The rise and fall of serum estradiol has other important features as well. The first 
14 days of the monthly estrous cycle, classically known as the follicular phase is fairly 
well conserved among adult women. The duration of the luteal phase may be longer or 
shorter than 14 days. However, once the postovulatory serum estrogen plateau ends. a 
precipitous interval of estrogen withdrawal begins. It is this phenomenon of estrogen with- 
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drawal that appears to be a crux of the pathology that has been heretofore observed in 
connection with the asthmatic process. By applying a four-interval concept of the men- 
s t r~a l  cycle, rather than the traditionaf two-interval menstrual cycle, the evaluation of the 
effects of estrogen withdrawal are easier to conceptualize. 

Ill. THE EFFECT OF ESTROGEN ON IMMUNE 
MEDIATORS AND RECEPTOR SPECIES 

Bronchial hyperresponsiveness observed after estradioi withdrawal may be mediated by 
an agent or agents whose synthesis is affected by estradiol but released from sites outside 
of the genitalia. Several potential sources for such mediators are the adrenals, bronchial 
epithelium, and the immune system. These tissues produce cortisol, corticosterone, proges- 
terone, various interleukks, tumor necrosis factor (TNF), granulncyte monocyte-colony 
stimulating factor (GM-CSF), prostaglandins, leukotrienes, and other solubie regs!ators 
and mediators of inflammation. 

Estradiol has been shown to enhance the production of prostaglandins. In female 
rat lungs, prostaglandin production has been shown to be at a maximum when estradiol 
levels are at maximum (1 8). In the lung, prostag!andin levels increase with hypoxia caus- 
ing pulmonary hyperemia and increased bronchoconstriction (19). It would be expected 
that estradiol withdrawal after prolonged elevatkn may attenuate these effects. However. 
the timing of such changes, if they occur, is unclear. 

Estradio! increases P-adrenergic receptor-sites in rabbit lung tissue. Progesterone, 
a steroid secreted by the adrenak and ovaries, decreases P-adrenergic receptor effects (20) 
but relaxes sixooth muscle and stimulates respiratory drive and the response of centra! 
chemoreceptors to hypercarbia (2 1).  Progesterone is known to cause uprcgulation of lym- 
phocyte P-adrenergic receptors in healthy, normal female subjects when serum estrogen 
levels are maintained at normal leve!s (22). Tan et al. (23) have shown that in adult female 
asthmatics progesterone causes a paradoxical downregulation of P-adrenergic receptors 
OR !ymphocytes. This downregulaticn of receptors is also accompanied by a trend towards 
a lower cyclic adenosine monophosphate responsiveness to isoproterenol. These authors 
pmpose that “this paradoxical effect of progesterone in female asthmatics suggests an 
abnormal regulation of P-adrenoreceptors, and might be a possible mechanism for ‘ premen- 
strial’ asthma when progesterone levels are high during this period of the cycle” (23). 

Corticosterorre is a steroid secreted by the adrenal gland that inhibits the secretion 
of progesterone (24). Inhibition of progesterone secretion is negated by the presence of 
estradiol (25). Estrogen withdrawal through ovariectomy ixreases the concentration of 
corticosterone in plasma (26). 

Other sections of this text will discuss the effects cf endogenous and exogenous 
corticosteroids on asthma, its response, axd therapy. However, we will briefly examine 
the effect of estrogen and its absence on cortisol, a steroid inanufactured by the adrenals. 
It has been shown that cortisol (1) primes P-adrenergic receptors, making them more 
responsive to P-adrenergic agonists; (2) stimulates the conversion of norepinephrine to 
epinephrine in the adrenal medulla; (3) stimulates the production of lipomodulin, which 
blocks phospholipase activity, interfering with arachidonic acid metabolism and the pro- 
duction of bronchospastic agents such as the leukotrienes and some prostagiandins; and 
(4) has primary anti-inflammatnry effects. These anti-inflammatory effects include inhibi- 
tion of lymphocyte, granulocyte, and monocyte populations, decreasing the level of TNF 



Premenstrual Asthma 149 

in serum; interference with chemotaxis and phagocytosis; stabilization of lysosomal mem- 
branes; inhibition of nonlysosomal proteolytic enzyme release; and a vasoconstrictive inhi- 
bition of the effects of histamine and kinins (27). The absence of estradiol does not appear 
to effect the serum level of endogenous cortisol (28). However, estradiol treatment of 
gonadectomized males and female rats causes increased ACTH production and a blunting 
of the deleterious effects of ether-induced stress (29). 

The late-phase asthmatic reaction is accompanied by the influx of inflammatory cells 
(lymphocytes and alveolar macrophages) and into both the proximal and distal airways 
along with bronchial hyperresponsiveness. It has been demonstrated that interleukin- 1 
(IL-1) and TNF cause the release of gonadotropin releasing hormone (GnRH) from the 
pituitary and IL-6 from macrophages, T-lymphocytes, endothelial and epithelia1 cells, and 
fibroblasts. Interleukin-6 also induces cell growth and differentiation of T-lymphocyte 
stem cells into cytotoxic T-lymphocytes (30,31). Production of IL-1, IL-6, and TNF by 
alveolar macrophages has been shown to be elevated when collected 18-20 hr after aller- 
gen challenge (32). Increases in serum estradiol suppresses IL-6 production in vitro 
(33). Conversely, low serum estradiol causes maximal proliferation of IL-1 and TNF 
(3 2,34). 

In animals, estradiol has been shown to increase acetylcholine concentration ( 3 9 ,  
cholinesterase activity (36), mucus secretion (37), prostaglandin production (38), and a-, 
PI-, and P2-adrenergic receptor densities in the lung (39,40). Progesterone decreases 
P-adrenergic receptor density to baseline when given to animals previously treated with 
estradiol (41). The effect of estrogen withdrawal on these manifestations in normal or 
asthmatic animals has never been demonstrated. 

IV. THE EFFECT OF ESTROGEN WITHDRAWAL ON 
WHITE BLOOD CELL POPULATIONS AND 
INFLAMMATORY MEDIATORS OF THE 
LATE-PHASE ASTHMATIC RESPONSE 

The late-phase reaction of the asthmatic response is largely mediated by leukotrienes. 
Asthmatic airways have been shown to have a disproportionate hyperresponsiveness to 
LTEJ (42) as compared to normal airways. Estradiol has been shown to inhibit eosinophil 
mobilization and degranulation while stimulating the release of substances that suppress 
the reactivity of leukotrienes and enhancing suppressor T-lymphocyte function (43). Re- 
cent animal studies have demonstrated that estrogen withdrawal increases the proportion 
of circulating neutrophils and decreases the percent of circulating lymphocytes in blood. 
Estrogen withdrawal increases the neutrophil : lymphocyte ratio in blood and increases the 
percent of circulating monocytes in blood (44). 

V. THE EFFECT OF ESTROGEN WITHDRAWAL ON 

BRONCHOCONSTRICTION 
MUSCARINIC-CHOLINERGIC-INDUCED 

An initial study by Skobeloff and colleagues (46) showed that bronchial rings from intact 
male rabbits treated over 7 days with 70 mcg/Kg per day of 17-P-estradiol demonstrated 
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a greater contractile response to increasing doses of the cholinergic, contractile agonist 
bethanechol when compared to male controls. Comparisons were then made of the contrac- 
tile and relaxation response of bronchial smooth muscle obtained from male rabbit con- 
trols, untreated castrated male rabbits, castrated males treated daily for 14 days with 30 
mcg/kg of estradiol, and castrated male rabbits injected for 7 days with 17-P-estradiol 
with a 1 -, 3-, 7-, or 10-day recovery period. That investigation demonstrated statistically 
significant changes in bronchial smooth muscle contraction and relaxation responses, 
which were observed at 1, 3, and 7 days after cessation of a 7-day continuous interval of 
estradiol injection, when compared to male and female controls, castrated males, and cas- 
trated males injected with estradiol daily for two weeks (45). It is hypothesized that the 
observed variations were mediated through reflex increases in serum and bronchiolar lev- 
els of mediators derived from inflammatory cells of the immune system due to decreasing 
levels of serum estradiol in the 10 days after a sustained elevation as well as estradiol- 
withdrawal mediated changes in postsynaptic receptor densities and intracellular second mes- 
senger system modulations. Subsequent studies in an asthmatic rabbit model demonstrated 
that estrogen-withdrawal caused a similar increase in bronchoconstriction in the asthmatic 
rabbit model that was maximal after 3 days of the cessation of estrogen dosing (46). 

Increased intracellular calcium induces bronchoconstriction by activating calmodu- 
lin. Potassium chloride (KCl) causes increased intracellular influx of exogenous calcium 
into bronchial smooth muscle cells. Estrogen withdrawal causes a significant increase in 
contractile response to equal doses of KCl in the asthmatic model when compared to the 
( 1 )  uncastrated asthmatic rabbits, (2) castrated asthmatic rabbit, and (3) untreated normal 
male controls. Estrogen withdrawal has been shown to cause significant increases in the 
response of bronchial smooth muscle to calcium chloride, but not histamine (47). 

To summarize, in the absence of endogenous sex steroids, estrogen withdrawal in- 
creases bronchoconstriction in both normal and asthmatic animals in response to choliner- 
gic stimulation and calcium. These changes are maximal at 3 days after estrogen with- 
drawal. This in vitro interval coincides nearly identically with the peak of adult female 
asthma presentations to the emergency department during the perimenstrual interval (44- 
50). 

VI. EFFECT OF ESTROGEN WITHDRAWAL 
ON THE DENSITY AND KINETICS OF 
MUSCARlNlC-CHOLINERGIC RECEPTORS 

In the smaller caliber, distal airways, estrogen withdrawal causes a greater increase in total 
contractile muscarinic-cholinergic receptors than that observed in the early generations of 
bronchi. This increased bronchoconstrictive potential creates a milieu in which mucous 
plugging can cause significant atelectasis, air trapping, and loss of surface area for gas 
exchange. The impact of these changes has yet to be explored. Skobeloff et al. have shown 
that. in the asthmatic state, contractile receptors in bronchi are increased compared to 
normal controls. The airway then compensates by decreasing the kinetics of the receptor. 
In the estrogen withdrawal, asthmatic state, contractile receptors are increased more than 
either the normal or asthmatic controls, and the kinetics at these contractile receptors is 
restored to their original, higher level of responsiveness to cholinergic stimulation. The 
end result is a significant heightening of bronchoconstriction due to an increase in both 
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the number and efficiency of muscarinic-cholinergic receptors and a heightened state of 
muscarinic-cholinergic responsiveness (48,49). 

VII. EFFECT OF ESTROGEN WITHDRAWAL ON 
BRONCHODILATOR RESPONSE 

Early investigations by Skobeloff and colleagues showed that in normal, gonadectomized, 
sex-steroid-free rabbits, estrogen withdrawal caused significant increases in the response 
of bronchial smooth muscle to isoproterenol when compared to normal controls (50). 
However, when asthmatic rabbits were exposed to estrogen withdrawal, no increase in 
P-adrenergic responsiveness was observed. This would suggest a down regulation of 
P-adrenergic receptor density and/or kinetics in response to estrogen withdrawal and a 
resulting diminished ability of the airways to respond to P-agonist therapy during the 
perimenstrual interval (51). Brenner et al. (15) noted a one-third less response to iiiirial 
P-agonist intervention during emergency department treatment, observed during the perio- 
vulatory interval of the menstrual cycle, when estrogen levels were elevated. However, 
those authors noted a higher, overall bronchodilation response to subsequent treatment in 
the ED during that high estradiol interval (15). 

Ipratropium bromide is an anticholinergic bronchodilator similar to atropine. Ipra- 
tropium differs from atropine in that it has a quaternary ammonium ion, which prevents 
significant systemic absorption, thus preventing systemic, anticholinergic side effects. Es- 
trogen withdrawal decreases the response to ipratropium bromide 1 O-fold (52). 

Magnesium sulfate is an effective bronchodilator in patients who are refractory to 
nebulized P-agonist therapy. Silverman and colleagues have demonstrated that magnesium 
sulfate is most effective in asthmatics whose FEV, is less than 2 8 7 ~  of predicted (53). In 
vitro studies have shown that estrogen withdrawal increases the bronchodilator response 
to magnesium chloride (54). 

VIII. PRIOR INVESTIGATIONS INTO PREVENTIVE 
THERAPEUTIC INTERVENTIONS 

Investigations into possible therapies for perimenstrual or premenstrual asthma have in- 
volved limited numbers of asthmatic females and have met with varying degrees of suc- 
cess. Benyon et al. (55) described data about three such patients who consistently had 
perimenstrual worsening of their asthma as manifested by a significant decrease in ob- 
served peak expiratory flow rates. Despite the addition of inhaled corticosteroids and ag- 
gressive conventional therapy, none of his reported subjects noted significant clinical im- 
provement. In those patients, Benyon described the successful treatment of their asthma 
with intramuscular injections of Depo-Provera. However, their numbers were limited (55) .  
Chandler and colleagues (56) described the results of a recent small crossover study in 
which 14 adult asthmatic female asthmatic patients were told to record subjective and 
objective measures of asthma severity, including ED visits and hospitalizations. At the 
time of enrollment into the study, only five of the 14 subjects reported premenstrual wors- 
ening of their asthma. However, all 14 had a 20% decrease in peak expiratory flow rate 
(PEFR) and/or increased symptoms premenstrually during the study. Chandler also re- 
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ported that asthma symptoms and PEFR appeared to be best during intervals of high 
estrogen and worst during low estrogen intervals. After a one-month run-in phase, all 14 
were given estradiol therapy from day 23 to day 7 of two successive menstrual cycles. 
Thirteen of the 14 patients in this small study noted statistically significant improvement 
in dyspnea scores and asthma symptoms. A trend towards increases in responsiveness to 
terbutaline, beta-2 receptor density and function, and catecholamine concentrations were 
observed. Although these results are promising, estrogen therapy in women with child- 
bearing potential is fraught with the danger of increased likelihood of endometrial and 
breast cancers (56). To date, no large studies have examined interventions specifically 
targeted towards adult female asthmatics. 

Tan et al. (57) compared airway reactivity to adenosine monophosphate (AMP) 
challenge in female asthmatics with natural menstrual cycles and those who were taking 
an oral, combined contraceptive pill. These authors evaluated lung function during the 
follicular and luteal phases of subjects in both groups by measuring (1) response to AMP 
and (2) AM and PM PEFR. The untreated asthmatics demonstrated a fourfold increase in 
airway reactivity during the luteal phase. The treated group demonstrated no significant 
change in airway responsiveness. The untreated group demonstrated significant diurnal 
variation in AM/PM PEFRs at follicular phase and luteal phase visits. The treated group 
demonstrated no significant diurnal variation in AM/PM PEFRs at either visit (57).  

Other therapies hold promise for the future but are as yet unproven. In vitro studies 
would suggest that magnesium sulfate may be a more effective fail-safe therapy in the 
perimenstrual phase. The observed effect of estrogen withdrawal on leukotrienes C4, D4, 
and E4 also suggests that zileuton (ZyfloB), a leukotriene inhibitor, and zafirlukast (Acco- 
late@), a leukotriene receptor blocker, may also prove effective during the perimenstrual 
phase. To date, however, no clinical trials have demonstrated any conclusive effect. 

THE IMPORTANCE OF ASTHMA EDUCATION 

We have described significantly increased pathological potential for perimenstrual worsen- 
ing of asthma in adult female asthmatics. However, clinicians should not ignore the overall 
lack of knowledge that women asthmatics and their health care providers may have about 
proper day-to-day asthma management. It is imperative that adult women, their physicians, 
and other health care providers be educated about the current state of the art in asthma 
prevention and care, with an emphasis on the knowledge that a significant increased risk 
of morbidity and mortality exists for these patients during the 7 perimenstrual days. Hope- 
fully, a greater awareness of the increased pathological potential during the perimenstrual 
interval will spur both patients and their caregivers to manage asthma more aggressively 
to diminish risk behaviors and remove known asthma triggers to the greatest realistic 
extent possible. Beyond these universal guidelines, which are clearly relevant for all asth- 
matics, the issue of therapy is wide open. 

X. 

This chapter has presented an area of ongoing research, which has only recently gained 
acceptance as an important focus of attention in the chronic and emergent management 
of asthma. New understandings suggest that gender may play a significant role in the 
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pathophysiology of adult asthma in women through changes mediated by the immune 
system and its soluble products and changes in receptor densities and efficiencies. These 
variations lead to increased pathological response to provocation and a decreased response 
to most therapeutic intervention. Prior research into therapeutic and preventive treatments 
has been limited, though promising. Substantial effort into a widened understanding of 
the effect of sex steroids on the pathological basis of asthma and its appropriate treatment 
is essential due to the significantly heightened pathological potential in asthmatic women. 
This potential may be at the root of the majority of asthma presentations seen in the ED 
by that segment of the population, who account for 75% of adult asthma hospital admissions 
and the associated health care costs that result. Because women represent 75% of the adult 
admissions and 65% of the ED visits, this segment of the American asthmatic population 
appears to be a very important focus for asthma prevention, therapy, and education. 

Perimenstrual worsening of asthma may not be limited to a subset of women who 
experience asthma exacerbations solely during one week of their cycle. Rather, it is possi- 
ble that every asthmatic woman has the potential to decompensate her asthma during the 
perimenstrual window. Because nearly 50% of ED visits for asthma occur during a single, 
7-day menstrual interval by a heterogeneous population of adult female asthmatics, it is 
compelling evidence that this is a health problem that should command much greater 
attention for future asthma research. 
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Nocturnal Asthma 

Monica Kraft and Richard J. Martin 
National Jewish Medical and Research Center and University of Colorado Health 
Sciences Center, Denver, Colorado 

1. INTRODUCTION 

Nocturnal symptoms from bronchial asthma were acknowledged as far back as 1698 by 
Floyer (1) and in 1882 by Salter (2). Insightful and interesting statements were made by 
both physicians. Dr. Floyer said, “I have observed the fit always to happen after sleep in 
the night where nerves are filled with windy spirits and the heat of the bed has rarefied 
the spirits and humors!” Dr. Salter felt that, “this fact is that sleep favours asthma-that 
spasm of the bronchial tubes is more prone to occur during the insensibility and lethargy 
of sleep than during the waking hours.” 

Drs. Floyer and Salter are not alone in their observations. Nocturnal worsening of 
asthma has become a recognized and important aspect of asthma, and must be considered 
in the management of the disease process. It is certainly prevalent, as Turner-Warwick 
found in her survey of 7729 outpatient asthmatics in the United Kingdom (3). Ninety- 
four percent responded that they awoke at least one night a month with symptoms of 
asthma. Seventy-four percent awakened at least one night a week, 64% at least three times 
per week, and 39% every night. The occurrence of these symptoms is also reflected in 
mortality statistics. For all age groups, 83 of 168 (53%) asthma mortality cases over a 
1-yr period occurred at night (4). For the population of 168 patients, 79% had premortem 
complaints of asthma affecting their sleep, and this occurred every night in 61 patients 
(42%). Cochrane and Clark found that 68% of all asthmatic deaths occurred between 
midnight and 8 AM, and Hetzel et al. found that 8 of 10 ventilatory arrests occurred between 
midnight and 6 AM (5,6). Bagg and Hughes also found morning decreases in peak expira- 
tory flow rates in 30 of 40 stable asthmatics (7). In a wash-out phase of a pharmacological 
study, 1525 of 1631 dyspneic episodes in 3129 asthmatic patients occurred between 10 
PM and 7 AM (Fig. 1) (8). Storms and colleagues noted a 67% incidence of nocturnal 
asthma in their allergy practice as determined by a questionnaire sent to 2019 patients 
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Figure 1 There is a marked frequency of nocturnal symptoms (SX) in 3129 mainly 
asthmatic patients. (Adapted from Ref. 8.) 

with 560 responders (9). This observation is of unique importance to the emergency physi- 
cian because it is he or she who often takes care of these patients when they present 
during the nighttime and early morning hours. However, Karras and colleagues found no 
difference in time of presentation to the emergency department (ED) for treatment of 
asthma (10). In addition, they found no difference in the time of symptom onset. As the 
authors point out, patients were required to remember when their symptoms began, and 
one-third of patients could not recall this information. Despite these conclusions, 28% of 
asthmatics presented from midnight to 8 A M ,  suggesting that emergency physicians are 
taking care of these patients. Further study is needed in the ED population before this 
conclusion can be drawn. 

The important topic called chronobiology underlies understanding of the pathophysi- 
ology of nocturnal asthma. Chronobiology is the understanding of biological processes 
that have time-related rhythms, and human bioprocesses and functions that manifest pre- 
dictable and recurring variability in time at every level of organization. These rhythms may 
occur yearly, monthly, or on a 24-hr cycle. Many organ functions exhibit chronobiological 
variation, such as heart rate ( I  I ) ,  blood pressure, and gastrointestinal motility ( 1  2). Conse- 
quently, disease processes can also exhibit their signs and symptoms in circadian fashion: 
allergic rhinitis ( 13), angina, myocardial infarction, stroke (14), acid-peptic disease ( 15), 
and arthritis (16). These concepts assist the emergency physician in understanding why 
patients with asthma often present during the nighttime and early morning hours. The 
following discussion will focus upon the concept of circadian rhythms and pathophysio- 
logical mechanisms involved in nocturnal asthma. Also discussed are factors contributing 
to the presentation of nocturnal asthma, which can be recognized and potentially treated 
by the emergency physician. 

II. ClRCADlAN RHYTHMS RELATED TO ASTHMA 

A. Lung Function 

In asthma, the 24-hr cycle is extremely important. For the asthmatic patient, a circadian 
pattern in lung function occurs, with peak lung function occurring at approximately 4 PM 
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NORMAL 

PEFR 

Figure 2 Both normal subjects and asthmatic patients have circadian alterations in 
lung function with nadirs occurring at approximately 4 AM. (Adapted from Ref. 17.) 

and the nadir around 4 AM (Fig. 2). The changes in lung function can be quite significant, 
with peak-to-trough swings as great as 50% (17). The nonasthmatic population also experi- 
ences this circadian change in lung function, but the peak-to-trough swings are generally 
5-8% (17). Cosinor analysis is often used to quantify this circadian change as the best 
model of the circadian rhythm is approximated by a sine or cosine wave (1 8). The variables 
measured include: (1) mesor, the rhythm adjusted mean, a middle value around which a 
temporal change occurs; (2) amplitude, a measure of the within-rhythm variability equiva- 
lent to one-half the peak to trough difference; (3) acrophase, the peak time of the rhythm 
relative to local midnight; and (4) bathyphase, the trough time of the rhythm relative to 
local midnight (19) (Fig. 3). Statistical significance is tested by determining if the ampli- 
tude differs from zero (20). The large circadian amplitude of bronchial patency is a diag- 
nostic feature of obstructive diseases, particularly asthma (1 7). 

B. Bronchial Hyperresponsiveness 

Bronchial responsiveness to inhaled constrictors such as histamine and acetylcholine are 
markedly increased in asthmatic subjects at night (2 1). suggesting that airway smooth 
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Figure 3 Analysis of the circadian variation of the peak expiratory flow rate: 
a = amplitude, m = mean or mesor, p = period, h = highest daily reading, acro- 
phase = highest daily value, and bathyphase = lowest daily value. (From Ref. 19, with 
permission.) 
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muscle may be more sensitive to constrictor influences at night. deVries et al. found in- 
creased airway responsiveness to histamine at night in eleven subjects with asthma (22). 
Martin et al. demonstrated in 20 subjects with nocturnal asthma that the greater the over- 
night fall in peak expiratory flow rates, the larger the circadian change in bronchial reactiv- 
ity (23). The bronchial reactivity was tested at 4 PM and 4 AM with a marked increase in 
reactivity occurring at 4 AM.  Those patients with the greater change in peak flow rates 
demonstrated such increased bronchial reactivity that their absolute forced expiratory vol- 
ume in one second (FEV,) decreased by greater than 20% to inhaled normal saline alone. 
This effect was not seen at 4 PM. There are some inherent problems with interpretation 
of changes in bronchial reactivity to methacholine or histamine, and that differences in 
reactivity may reflect differences only in FEV, prior to beginning the challenge (24,25). 
Others have shown that reactivity does not appear to be related to the FEV, in the asthmatic 
population (26,27). In the study by Martin et al., there was no relationship between the 
bronchial reactivity and the baseline FEV, at 4 PM, but there was a relationship at 4 AM 

(23). However, in four subjects whose baseline FEV, was similar at 4 PM and 4 A M ,  there 
was a greater than threefold increase in bronchial reactivity. Thus, the data suggest that 
there was a true increase in airway reactivity during the night. 

C. Airway Cells and Mediators 

Now that bronchoscopy with bronchoalveolar lavage (BAL) has become a valuable tool 
in the study of asthma, examination of airway inflammatory cells, mediators, and their 
circadian rhythms are now possible. Several studies have shown increased airway eosino- 
phils, neutrophils, superoxide levels, and histamine levels when bronchoscopy with BAL 
is performed at 4 AM in subjects with nocturnal asthma (28,29). Martin and colleagues 
performed bronchoscopy and BAL at 4 PM and 4 AM in two groups of asthmatics: those 
with nocturnal asthma, demonstrating at least a 20% fall in their overnight peak expiratory 
flow rate (PEFR); and subjects with nonnocturnal asthma, demonstrating an overnight fall 
in PEFR less than 10% (28).* They demonstrated that airway eosinophils and neutrophils 
are increased at 4 AM in the lavage fluid from subjects with nocturnal asthma as compared 
to 4 PM.  This change in airway granulocytes was not seen in subjects with nonnocturnal 
asthma. In addition, the increase in eosinophils and neutrophils correlated with the over- 
night fall in FEV, (Fig. 4). Kraft and colleagues evaluated lung tissue inflammation via 
bronchoscopy with proximal airway biopsies and distal alveolar tissue biopsies at 4 PM 

and 4 AM in subjects with nocturnal worsening of asthma (30). They found increased 
inflammation, particularly eosinophils in the alveolar tissue at night in patients with noctur- 
nal asthma, which also correlated with the overnight fall in FEV,. Jarjour and colleagues 
performed bronchoscopy with BAL at 4 PM and 4 AM in subjects with and without noctur- 
nal asthma. They demonstrated spontaneous and stimulated superoxide anion generation 
by airspace cells were significantly greater at 4 A M  compared to 4 PM only in subjects 
with nocturnal asthma (29). Because oxygen radicals can influence airway function chroni- 
cally and acutely (31), it  is possible than the enhanced release of reactive oxygen com- 
pounds is causally associated with airway obstruction in nocturnal asthma. 

* The percentage fall in PEFR is calculated as follows: bedtime PEFR - AM PEFR/bedtime PEFR. 
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Figure 4 The correlation between the bronchoalveolar lavage (BAL) cell neutrophils 
(neut) and eosinophils (eos) and the overnight change in peak expiratory flow rate 
(PEFR) is shown. Neutrophil cell counts are represented by the filled circles, and eosin- 
ophil cell counts are represented by the open triangles. (Adapted from Ref. 28.) 

111. MECHANISMS ASSOCIATED WITH NOCTURNAL 
ASTHMA 

A. Neurohormonal Changes 

Several neurohormones vary in a circadian fashion and are felt to contribute to the over- 
night fall in lung function. Cortisol is known to vary in a circadian fashion, with peak 
levels occurring upon awakening, approximately 6-7 AM, and trough levels noted in the 
early morning hours, approximately 11 PM-12 AM (32). These changes are seen in both 
asthmatic and nonasthmatic individuals, thus alone they are not felt to be responsible for 
the overnight fall in PEFR (32). However, the decreased levels at night certainly contrib- 
ute, because cortisol is felt to exert an anti-inflammatory effect on the chronically inflamed 
airways of asthmatics. 

Epinephrine also varies in a circadian fashion, with peak levels during the afternoon 
hours, approximately 4 PM, and trough levels during the early morning hours, with the 
nadir occurring at 4 AM (32). Patients with nocturnal asthma infused with physiologic 
doses of epinephrine lessened but did not abolish their overnight decline in PEFR (32). 
Epinephrine relaxes airway smooth muscle and inhibits leakage of histamine and other 
mediators from sensitized mast cells. Thus, circadian changes in circulating epinephrine 
promote asthma at night both by reducing bronchodilatation and by contributing to a “per- 
missive” release of spasmogenic mediators from mast cells and other cells, such as eosino- 
phils, that participate in asthma pathogenesis. 

B. Cholinergic Tone 

There is evidence to suggest that cholinergic or vagal tone is increased at night, thus 
contributing to the circadian change in airway function (33). Morrison and colleagues 
(33) administered atropine intravenously to subjects with nocturnal asthma and found 
improvement in the 4 AM PEFR as compared to placebo. Kallenbach and colleagues stud- 
ied the heart rate variations induced by deep breathing, Valsalva maneuver, and standing 
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from the recumbent position in asthmatic and nonasthmatic subjects (34). The asthmatic 
subjects had evidence of enhanced parasympathetic neural drive to the sinoatrial node 
consistent with increased parasympathetic activity, both during the day and night. The 
importance to emergency physicians is that ipratropium bromide therefore may be used 
as a bronchodilator at night, whereas during the day, it may not be as effective. 

C. Glucocorticoid and Beta-2 Receptors 

In addition to circadian changes in neurohormones and cholinergic tone, the density and 
function of specific receptors important to asthma also exhibit circadian variation. Szefler 
and colleagues showed a significant decrease in beta-2 (p2) receptor number and function 
during the night as compared to daytime in patients with nocturnal asthma (31). These 
changes were not noted in asthmatics without nocturnal worsening of symptoms or in 
normal controls. Although this may be a result of previous P2-agonist therapy, a reduced 
density of receptors has also been reported on untreated asthmatics (31). This phenotypic 
downregulation may be related to a polymorphism within the genetic coding block of the 
p2 receptor. Specifically, the placement of amino acid glycine at position 16 (Gly 16) 
imparts an accelerated downregulation of the receptor as compared to arginine at this 
position. The frequency of the Gly 16 is 80% in patients with nocturnal asthma as com- 
pared to 52% in patients with nonnocturnal asthma (35). This significant over representa- 
tion of Gly 16 results in an odds ratio of 3.8 for the presence of nocturnal asthma. 

Furthermore, Kraft and colleagues showed a reduction in the glucocorticoid receptor 
binding affinity at night as compared to daytime in patients with nocturnal asthma (36). 
Thus, the decrements in cortisol and epinephrine along with the loss of function in the 
respective receptors can potentially allow the inflammatory cascade of asthma to begin 
and be maintained in the vulnerable individual. 

D. Plasma cAMP 

Plasma cyclic adenosine monophosphate (CAMP) exhibits a prominent high amplitude 
circadian rhythm with the highest levels at 4 PM and the lowest at 4 AM corresponding to 
the time of highest and lowest airway patency (32). The pattern is similar in both asthma- 
tics and nonasthmatics, although the 24-hr mean plasma cAMP level tends to be somewhat 
greater in nonasthmatics. Changes in plasma cAMP over the day and night probably reflect 
epinephrine-mediated activation of tissue adenyl cyclase. 

E. Plasma Histamine and IgE 

Histamine also varies in a circadian fashion with the peak levels coinciding in time with 
the greatest bronchoconstriction, 4 AM (32). This change is not seen in nonasthmatics. IgE 
also varies in asthmatics with a fivefold greater mean level as compared with nonallergic 
controls (37). In asthmatics, highest serum levels occur around midday and the lowest at 
night and early morning hours. These changes, however, could reflect temporal differences 
in tissue or cell-bound IgE. That is, the lower the IgE serum level the greater the cell- 
bound igE. Cell-bound IgE may play a larger role in mast cell degranulation in the asthma- 
tic airway than circulating IgE. 
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IV. FACTORS CONTRIBUTING TO THE PRESENTATION 
OF PATIENTS WITH NOCTURNAL ASTHMA TO 
THE ED 

A. Gastroesophageal Reflux 

The relationship between gastroesophageal reflux and nocturnal asthma is controversial. 
As gastric acid secretion is increased at night (15) and sleep usually takes place in the 
supine position, it is possible that gastric contents can irritate the esophagus and result in 
reflex bronchospasm via increased vagal tone. In addition, aspiration of small amounts of 
gastric contents occurs physiologically with sleep (38,39). This aspiration of gastric con- 
tents may result in bronchospasm. 

Several surgical reports state that gastroesophageal reflux with possible aspiration 
is a trigger factor in asthma (40-42). The most important mechanism postulated was an 
incompetent lower esophageal sphincter with or without an associated hiatal hernia. The 
medications that asthmatics use, such as bronchodilators and steroids, tend to cause or 
potentiate the decreased tone in the gastroesophageal sphincter. The cause and effect of 
reflux asthma was stated to occur in several of these reports (40-42) when asthmatic 
symptoms were abolished following the surgical restoration of effective lower esophageal 
sphincter function. 

Several nonsurgical studies have been performed to assess the effect of gastroesoph- 
ageal reflux disease (GERD) on nocturnal asthma. Goodall and colleagues (43) studied 
20 patients with nocturnal asthma in a double-blind crossover study using cimetidine. The 
severity of reflux was graded using a symptom score of heartburn and regurgitation, in 
addition to objective evaluation of upper gastrointestinal radiograph, fiberoptic endoscopy 
with biopsy, manometry, pH monitoring of the distal esophagus, and acid infusion testing. 
Significant improvement was seen in reflux and nighttime symptoms with cimetidine. 
Fourteen of 18 patients felt that their nocturnal bronchospasm had improved markedly 
during the period of cimetidine use. 

In a similar study, Martin and colleagues (44) studied two groups of asthmatics, 
one group with esophagitis and the other group without esophagitis based on the results 
of the Bernstein test. These patients were randomly chosen to receive an infusion of 0.1N 
hydrochloric acid or saline into the distal third of the esophagus. The respiratory pattern 
was assessed during sleep using an inductance vest. An inductance vest is a tight fitting 
vest that measures excursion of the chest wall and abdomen. Saline infusion had no effect 
on the respiratory pattern. Hydrochloric acid had an effect on the respiratory pattern, but 
only in those patients with pre-existing esophagitis. They experienced decreased mean 
expiratory flow, decreased ratio of inspiratory to total breath duration, and decreased inspi- 
ratory to expiratory timing. The authors felt that acid in the esophagus alone triggered 
this altered respiratory pattern and was indirectly indicative of bronchoconstriction. How- 
ever, other studies have shown only minimal increase in total respiratory resistance or no 
association between low esophageal pH and worsening of asthma (45-47). 

Unfortunately, the above studies supporting a cause and effect for GERD in asthma 
were inadequate as they lacked reliable, objective, and direct indicators of lower airway 
bronchoconstriction, such as lower airway resistance measurements, and reliable docu- 
mentation of esophageal pH. Tan and colleagues addressed these issues by studying noc- 
turnal asthma patients with and without clinical esophagitis using simultaneous and contin- 
uous measurements of lower airway resistance and esophageal pH (48). Lower airway 
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Figure 5 The effect of acid on overnight fall in forced expiratory volume in 1 sec 
(FEV,) in 10 patients who had positive Bernstein tests (dark bars) and five patients 
wi th negative Bernstein tests (white bars) is shown. There was no difference in per- 
centage fall FEV, between the two  groups on the two  infusion nights. (From Ref. 48, 
with permission.) 

resistance was calculated on a breath-by-breath basis using tidal volume and expiratory 
flow rates via a tight fitting mask attached to a heated pneumotachygraph and esophageal 
pressure obtained from an esophageal balloon. All subjects underwent infusion of acid to 
lower esophageal pH to less than 2 during sleep. In patients with known esophagitis and 
reflux, the mean lower airway resistance was 2.41 t 0.78 cmH,o/L/sec (normal value 
for lower airway resistance in nonasthmatics while awake: 1.80 2 0.74 cmH20/L/sec) 
(49). This was not significantly different from that obtained during the 30 minutes of 
acid infusion, 2.24 * 0.48 cmH20/L/sec. In addition, the increase in lower airway resis- 
tance measured during the night was not affected by the presence or absence of acid in the 
esophagus. The overnight decrement in FEV, stayed constant in the presence or absence of 
esophageal acid in asthmatic patients with and without esophagitis and reflux (Fig. 5) .  
Thus, the study of Tan and colleagues does not support a role for GERD as a direct trigger 
in asthma. However, aspiration was not evaluated, which could play a role in a subset of 
asthmatics. 

Given the conflicting data, treatment of GERD in nocturnal asthma should be based 
on symptoms of reflux and not worsening of asthma. However, if the patient complains 
of a sour taste in their mouth upon arising or has unexplained infiltrates on the chest 
radiograph, then the possibility of reflux with aspiration should be considered. In this case, 
treatment includes elevation of the head of the bed with 4-6 in. blocks and a medication 
such as metoclopramide and propulsid should be given to speed gastric emptying. Protor 
pump inhibitors and H2 blockers may also be of benefit in this situation. These treatments 
can be recommended and carried out in the ED if GERD appears to be an exacerbating 
factor in nocturnal worsening of asthma (Table 1). If significant aspiration is documented, 
strong consideration of a Nissen fundoplication is warranted. 

B. Obstructive Sleep Apnea 

Because sleep apnea occurs in 2-5% of the general population, one would expect to find 
a subset of patients that have both obstructive apnea and asthma. Although there are con- 
cerns about treating an asthmatic patient with nocturnal continuous positive airway pres- 
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sure (CPAP) including airway irritation, reflex mechanisms from the upper airway to the 
lower airway producing bronchoconstriction, and increased exposure to airborne allergens, 
Chan and colleagues revealed that it can be quite effective (50). They evaluated nine 
patients with nocturnal asthma who also had concomitant obstructive sleep apnea. Despite 
a regimen that included maximal bronchodilator therapy and oral corticosteroids, the fre- 
quency and severity of the nocturnal asthma symptoms remained unchanged; three patients 
had a history of respiratory arrest occurring during the nighttime hours. After the diagnosis 
of obstructive sleep apnea was made (apnea/hypopnea index between 5 and 67 per hour), 
these patients were enrolled in a 6-week study, a 2-week baseline evaluation of morning 
and evening peak expiratory flow rates (PEFR), a nasal CPAP period with PEFR measure- 
ments, and then another 2-week period with no nasal CPAP. Nasal CPAP resulted in 
significant improvement of both the morning and evening PEFR (Fig. 6). Clinically, all 
patients experienced a marked improvement in nocturnal and daytime asthma symptoms 
and used their bronchodilators less frequently during both the day and night on nasal 
CPAP. Actually, only one patient needed nocturnal bronchodilator therapy while on nasal 
CPAP, a significant improvement from the pretreatment period. Chan and colleagues pos- 
tulated that the recurrent episodes of upper airway obstruction and snoring act as a chronic 
irritant that, when eliminated by nasal CPAP therapy, improved the asthma. Neural recep- 
tors at the glottic inlet and in the laryngeal region have been shown to have potent broncho- 
constrictive reflex activity ( 5  1). With repeated stimulation from heavy snoring and apnea 
of the oropharynx and glottic inlet or laryngeal receptors during the night, a neural reflex 
arc could be initiated producing bronchoconstriction. 

There are other potential mechanisms by which obstructive sleep apnea and snoring 
could produce nocturnal worsening of asthma. Hypoxia through carotid body stimulation 
could induce reflex bronchoconstriction (52). Mild daytime hypoxemia in asthmatics has 
also been shown to increase bronchial reactivity in mild asthmatic patients without sleep 
apnea (53). Sleep fragmentation seen with sleep apnea may induce mediator release with 
resulting bronchoconstriction. If this actually occurs, then normalization of the sleep pat- 
tern that occurs with nasal CPAP would control the process, thereby stabilizing the airways 
(54). Finally, vagal tone is increased during obstructive apneas (55 ) .  As vagal tone is 
increased at night, as discussed above, elimination of further marked fluctuation in vagal 
tone by treating the sleep apnea may reduce the incidence of bronchoconstriction at night. 

Figure 6 The dark bars represent 2-week periods off nasal CPAP, and the shaded bars 
represent 2-week periods on nasal CPAP. The prebronchodilator percentage predicted 
peak expiratory flow rates (PEFR) in the morning and evening, which improve with 
nasal CPAP. (Adapted from Ref. 50.) 
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Given the improvement seen in nocturnal asthma if the sleep apnea is treated, does 
nasal CPAP have a role in the treatment of the nocturnal asthmatic without obstructive 
sleep apnea? Martin and Pak addressed this issue in nonsnoring, nonapneic asthmatic 
patients with reproducible nocturnal asthma (56). Several observations emerged from this 
study. First, each individual had markedly worse sleep when using nasal CPAP. How 
well the group slept, or sleep efficiency, was 83.1 ? 4.9% on the baseline night and only 
66.4 t 4.3% on the nasal CPAP night. In addition to sleep efficiency, defined as the 
percentage of hours spent sleeping relative to the total number of hours supine, there was 
greater rapid eye movement sleep on the baseline night as compared to the nasal CPAP 
night (14.1 2 1.5% vs. 3.4% 5 1.3%, respectively). To determine if better adaptation to 
nasal CPAP would improve the sleep architecture, two patients used nasal CPAP for one 
week and were restudied. Again, their sleep was poor. 

In the above study, the overnight change in lung function with nasal CPAP was 
variable among patients. Furthermore, the overnight decrement in the FEVl for the group 
was not improved between the baseline and nasal CPAP nights. Using heart rate as an 
indicator of changes in vagal tone, it appeared in this particular patient population that 
nasal CPAP did not decrease vagal input, because the mean heart rates were essentially 
the same on both nights. 

Consideration of obstructive sleep apnea should be made with each asthmatic patient 
so as not to miss an easily treatable factor contributing to nocturnal asthma. If an asthmatic 
patient has a history of loud snoring, observation by the bed partner of pauses in respiration 
during sleep, daytime somnolence, restless sleep, morning headaches, or several of the 
other numerous signs and symptoms of sleep apnea, a full polysomnographic evaluation is 
warranted (Table 1). Spirometric measurements at bedtime, during the night if the patient 
awakens, and in the morning at the end of the study should also be performed. Patients 
in the ED can be observed for these abnormalities, with monitoring of pulse oximetry, 
electrocardiogram and presence of apneas. 

C. Sinusitis/Secretions 

Although discussed in more detail elsewhere, sinusitis can contribute nocturnal worsening 
of asthma in particular. Chronic sinusitis and/or post nasal drip are frequent problems in 
asthmatics. Not only will daytime symptoms improve as the sinuses are cleared, but noc- 
turnal symptoms can dramatically improve. An example of this process is illustrated by 
a 52 yr old female who complained of progressive dyspnea and wheezing over a 6-month 
period. These complaints were associated with postnasal drip and frequent nocturnal awak- 
enings with chest tightness and dyspnea. Her sinus films revealed pansinusitis and her 
FEVI was 50% predicted with the ratio of FEV, to FVC of 62%. After a program of 
inhaled and long-acting oral bronchodilators was initiated, her FEV1 improved to 79% 
predicted during the day, but she still experienced poor sleep, with a morning FEVI of 
50% predicted. She was placed on an intensive program to clear sinus drainage, which 
included oral decongestants, saline nasal washes, and nasal steroids. Within several days 
she slept through the night and the morning FEV, was 75% predicted. 

The mechanisms of sinus disease causing worsening of asthma are not clear. One 
possibility is a nasal or laryngeal irritation reflex producing bronchoconstriction. Another 
possibility is the difference between nasal breathing and mouth breathing in asthmatics. 
Exercise-induced bronchospasm is much greater with mouth breathing than nasal breath- 
ing (57). Thus, if nasal congestion is present and the patient is mouth breathing, worsening 
of nocturnal symptoms may occur. Third, secretions may be aspirated, which can cause 
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direct or reflex mechanisms worsening the asthma. Brugman and colleagues have shown 
that induced sinus inflammation in an animal model does not produce an increase in pul- 
monary resistance by itself, but resistance will increase if aspiration of inflammatory com- 
ponents occurs (58). 

As an emergency physician assessing patients with nocturnal worsening of asthma, 
attention to the sinuses as an exacerbating factor is mandatory. Certainly treatment with 
antibiotics is appropriate if an acute infection of the sinuses is evident, but a program of 
nasal saline irrigation (once or twice daily) and nasal steroids (1-2 sprays in each nostril 
once or twice daily depending on preparation) is also a reasonable recommendation (Table 
1). Decongestants may also be used, but treatment directed at inflammation is mandatory. 

Treatment of the lower airways secretions raises a major problem. Secretions appear 
to be worse during the sleep-related hours, but very little is known about what treatments 
will really improve the depressed clearance mechanisms that are present during sleep. 
Theophylline has been shown to increase ciliary function during the day and may be of 
some benefit during sleep. It is unclear if some asthmatics would benefit from postural 
drainage and percussion at bedtime; in certain asthmatics it could worsen lung function 
(59,60). Mucolytic agents such as acetylcysteine or potassium iodide preparations have a 
theoretical use, but again it is unknown if any benefit or worsening of lung function would 
occur from these agents. 

There is no doubt that secretions, both intra- and extrathoracic, play a role in asthma 
and the nocturnal aspect of this syndrome. However, relatively little is known about the 
problem and, therefore, treatment is limited. 

D. Allergic Factors 

Exposure to bedding or room allergens, particularly house dust, may be an explanation 
for nocturnal asthma in some cases, but not for the vast majority (61). The frequency 
of nocturnal asthma in the hospital environment, which is essentially free of common 
environmental antigens, does not make an allergic etiology plausible. However, exposure 
to certain antigens during the day can result in delayed bronchospasm many hours later 
(62-65). This bronchospasm may occur during the nocturnal hours, depending on the time 
of exposure. 

Mohiuddin and Martin documented that the time of day a patient is exposed to an 
allergen will determine if a late (delayed) asthmatic response will occur (66) (Fig. 7). 
Most asthmatic individuals develop an immediate response to an inhaled antigen to which 
they are sensitive (67). This response is illustrated by a fall in lung function, which is 
usually measured by the FEV,. This response occurs within 15-20 min and resolves within 
an hour. A second or late asthmatic response has been stated to occur in approximately 
40% of these patients 3-8 hr after exposure (67). As is usually the case, the testing times 
have been done only during the day. If an asthmatic is exposed to an allergen during the 
evening hours as shown by Mohiuddin and Martin, the incidence of the late asthmatic 
response is significantly increased (Fig. 7). It appears that the time of day that the patient 
receives the antigen is very important in determining if a late asthmatic response will 
occur. Therefore, patients who present with nocturnal asthma should be asked about aller- 
gies and exposure history. Recommendations to the patient may include avoidance of 
particular triggers such as animal dander, grasses and pollens, and/or more aggressive 
treatment of allergiedallergic rhinitis with antihistamines and nasal irrigation. Also, care- 
ful attention to the home environment can also be recommended if dust mites and mold 
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Figure 7 Ten asthmatic patients were challenged with allergen at 8 AM, shown by  
the white bars (AM), and 8 PM, shown by the dark bars (PM). All patients experienced an 
immediate asthmatic response (IAR). Four of 10 patients experienced a late asthmatic 
response (LAR) when challenged at 8 AM, as compared to nine of 10 when challenged 
at 8 PM. (Reproduced from Ref. 66, wi th permission.) 

are triggers (Table 1)  (see Chapter 6 on allergies and asthma). If atopy appears to be a 
significant trigger of asthma, a discussion with the patients primary care physician is war- 
ranted as he or she may need a referral to an allergist. 

V. CONCLUSION 

Nocturnal worsening of asthma is an important clinical problem that is especially pertinent 
to the emergency physician. An appreciation of chronobiology and contributing factors 
will allow the emergency physician to be a more effective clinician. Additionally, he or 
she may be able to offer particular recommendations, especially in the areas of gastro- 
esophageal reflux disease, obstructive sleep apnea, sinusitis, and allergic factors. Aware- 
ness of the importance of nocturnal asthma may also alter discharge plans from the ED. 
For instance, discharging a patient from the ED at 11 PM who presented with signs and 
symptoms of acute asthma should result in careful consideration of anti-inflammatory 
therapy if such therapy was not all ready given. Therapy may consist of methylpredniso- 
lone or prednisone prior to discharge. As prevention of nocturnal worsening of asthma is 
preferred over treatment of an acute event, it is the observations and therapy of the emer- 
gency physician that may assist in decreasing the prevalence of this potentially life-threat- 
ening aspect of asthma. 
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1. INTRODUCTION 

Despite advances in our understanding and treatment of asthma, the disease is becoming 
more common, more severe, and more deadly. In the United States, asthma prevalence, 
morbidity, and mortality are disproportionately higher in large cities, suggesting that fac- 
tors associated with the urban environment may contribute to the burden of the disease 
on society (1,2). In New York City, the rate of asthma deaths in children and young adults 
is three times that of the United States, and in Cook County, Chicago, the rate is twice 
that of the United States (3). Additionally, in 1986, while New York City housed only 
3% of the nation’s population, it accounted for 6% of all asthma hospitalizations in the 
United States (4). 

Recent studies demonstrate that the high rates of asthma mortality and hospitaliza- 
tions are not evenly distributed among urban neighborhoods. Rather they are concentrated 
in very small “inner-city” areas characterized by extreme poverty. Small-area analysis 
of mortality in Chicago demonstrated that disproportionate numbers of deaths occurred 
within a very few inner-city neighborhoods (5). From 1982 to 1987, asthma mortality 
rates in one very poor New York neighborhood, East Harlem, were nearly 10 times higher 
than the average U.S. rate (4). Additionally, data collected during 1990-1993 from Lincoln 
Hospital in NYC’s South Bronx serving New York’s poorest borough estimate a annual 
mortality rate roughly eight times the national average (6). When data from all asthma 
admissions to New York City hospitals were reviewed between 1989 and 1991, Bronx 
and Manhattan had the highest admissions rates. These areas also contained two zip codes 
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with extremely high rates-East Harlem and the South Bronx (7). Not only does asthma 
appear to be more deadly in the inner city, but inner-city children have the highest preva- 
lence of asthma and asthma-associated hospitalization rates in the United States (3,8,9). 
In the Bronx, for example, the prevalence of childhood asthma is twice the national aver- 

Is the phenomenon of urban asthma experienced in U.S. cities other than Chicago 
and New York? At the present time this question cannot be adequately addressed due to 
a lack of data. In April of 1996, the Council of State and Territorial Epidemiologists, with 
assistance from the Center for Disease Control and Prevention, surveyed state and territo- 
rial public health departments to determine the status of their asthma surveillance and 
intervention programs. Of the 51 health departments that responded to the survey, only 
eight reported that they had implemented an asthma control program within the previous 
10 years. Most states were unable to assess the burden of asthma because they lacked 
data or faced barriers using existing data (10). 

Asthma prevalence, morbidity, and mortality are not only on the rise in the United 
States, but appear to be increasing worldwide, especially in western countries. Over the 
last decade increases in asthma prevalence and rates of asthma deaths have been reported 
in Canada, the United Kingdom, New Zealand, Australia, France, Denmark, Sweden, 
Finland, Germany, Israel, and Japan (1 1 - 17). Similarly, asthma hospitalizations among 
children have increased in England, New Zealand, Australia, and Canada (1 1). Despite 
this global trend, some countries are reporting a decrease in asthma mortality. Mortality 
from asthma in Switzerland during 1969-1993 showed a moderate and steady decline 
(1 8). and in Scotland the mortality rate has remained relatively stable over the last two 
decades (19). Similarly, recent studies are reporting that the rates of death from asthma 
have decreased sharply in New Zealand and Australia since 1989 (attributed to an overall 
decrease in the use of P-agonists and greater use of inhaled corticosteroids), despite contin- 
ued increase in the prevalence of asthma (20). The role the urban environment plays in 
these international trends requires further investigation. Current information on interna- 
tional trends in asthma is not only limited by a lack of data, but lack of a uniform standard 
of data collection. 

Several recent studies from developing countries like Kenya, Zimbabwe, and Ghana 
suggest that asthma in children and adolescents is more prevalent in urban areas compared 
to rural areas (21-23). Similarly, a study from South Australia found asthma prevalence 
among children ages 5-15 higher in urban versus rural environments (24). The relationship 
of asthma prevalence to urban status, however, remains somewhat questionable. For exam- 
ple, a postal survey in Sweden found no difference in the prevalence of asthma between 
urban and rural areas (25). In Finland, the prevalence of asthma was highest in the more 
rural northern areas of the country (26). Similarly, a recent study found that the prevalence 
of asthma in Athens, Greece, is rather low compared to similar European cities (27). 

Whatever the reasons for the general global increases in asthma prevalence, morbid- 
ity, and mortality, it is clear that the urban environment, or particular urban environ- 
ments, in the United States play a major role in contributing to the trend. It is likely that 
multiple influences act together to contribute to this “urban asthma’’ phenomenon. These 
include ethnicity, poverty, family dysfunction, inadequate access to health care and lack 
of quality health care, overcrowded living conditions, exposures to indoor allergens and 
outdoor pollutants, and multiple environmental stressors, which may include violence and 
illicit drug use. 

age (9). 
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II. ETHNICITY AS A RISK FACTOR FOR ASTHMA 

Asthma prevalence, hospitalization, and mortality rates vary by race, being consistently 
higher in blacks and Hispanics than in whites. This suggests that ethnic background may 
be a risk factor for asthma. In the U.S. national health surveys, the National Health and 
Nutrition Examination Survey (NHANES) and the National Health Interview Survey 
(NHIS), African-American children reported higher rates of asthma than white children 
(28,29). In 1993, the percent rise in the number of asthma deaths was analyzed using data 
from the National Center of Health Statistics and compared for African- Americans and 
Caucasians. The rate of increase for African-Americans in the period 1979-1983 was 
nearly twice that of Caucasians (30). The U.S. asthma mortality rate in 1987 for black 
male subjects ages 5-34 years was nearly five times higher than the rate among white 
patients of both sexes (2). The 1987 hospitalization rate for black children under 5 years 
old was nearly three times that of white children (31). Similarly, when race and gender 
differences in asthma prevalence rates were assessed in four U.S. cities, black children 
had higher rates of asthma than white children. Adjustments for socioeconomic factors, 
environmental exposures, and body habitus did not significantly reduce the excess respira- 
tory illness prevalence observed among black children (32). 

New York City has the highest rate of hospitalization and mortality for childhood 
asthma of any area in the United States (2,28), and within the city these rates are three 
to five times higher for African-Americans and Latinos than for the rest of the population. 
The rate of death from asthma in New York City from 1982 through 1987 among blacks 
under 35 years of age was 5.5 times higher than for whites in the same age range. The 
rate among Hispanics was three times that of whites (4). Researchers at the Mount Sinai 
Hospital in New York City, a 1300-bed tertiary care university hospital located on the 
border of East Harlem (an inner-city, predominately Hispanic and African-American 
neighborhood), and Carnegie Hill (an affluent, predominately Caucasian residential area), 
examined patterns of asthma deaths and near-deaths from 1986 to 1992. They found that 
all of the asthma deaths and near-deaths except one occurred in low-income African- 
American and Hispanic patients (33). Another study published in 1992 demonstrated strik- 
ing differences among asthma hospitalization rates in different New York City neighbor- 
hoods. The highest rate, 115 per 10,000 population, occurred in East Harlem, where 93% 
of the population is Black or Hispanic and where the 1979 median household income was 
under $11,000. The lowest rate, 7.2 per 10,000, occurred in Greenwich Village/Soho a 
neighborhood that is 70% white with a 1979 median income that exceeds $19,000 (4). 
When death certificates were reviewed in Pennsylvania for persons younger than 35 years 
who had died of asthma during the period 1978-1987, blacks had nearly a sevenfold 
greater risk of death from asthma than whites. The highest death rates were found among 
black males and residents of the state’s two largest urban areas (34). In Maryland, excess 
hospitalization rates for black children were observed at all ages and were nearly five 
times greater in black than in white adolescents (35). When looking at the trends in the 
prevalence of asthma hospitalizations in the 5- to 14-year-old Michigan Medicaid popula- 
tion during 1980- 1986, black race remained a strong predictor for asthma hospitalizations. 
By contrast, urban residence was only minimally associated with this outcome (36). Pat- 
terns of asthma mortality in Philadelphia from 1969 to 1991 reported the highest asthma 
rates in census tracts with the highest percentage of poor people and minority residents, 
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particularly blacks (1). Out-of-hospital deaths due to asthma in North Carolina during 
1980- 1988 were higher in rural counties than in urban counties, and were over three times 
higher for blacks and American Indians than they were for whites (37). A study of child- 
hood asthma that interviewed 9276 mothers during 1993- 1994 found that physician-diag- 
nosed asthma as reported by mothers was significantly associated with Hispanic ethnicity, 
and was not confounded by socioeconomic factors or active smoking in the home (38). 

111. BIOLOGICAL DETERMINANTS OF ASTHMA (see 
Chapter 17) 

The inner city in the United States is inhabited by impoverished people who are dispropor- 
tionately nonwhite. This raises the question as to whether race/ethnicity or socioeconomic 
status represent the more prominent risk factor in “urban asthma.’’ One study in Philadel- 
phia found that black race was an important risk factor for active diagnosed asthma in 
those urban children, a relationship not explained by social factors. However, this study 
drew a distinction between a finding of unexplained persistent wheeze and the diagnosis 
of asthma. The authors found no association between race and persistent wheeze after 
adjustment for social factors, suggesting that race was more important to the acquisition 
of an asthma diagnosis than to the prevalence of the symptoms (39). One possible explana- 
tion is that in urban areas physicians treating poor children for attacks of wheezing would 
tend to be unfamiliar with them because of the episodic nature of their care, and thus 
would be quicker to label and treat the episode of wheezing as opposed to asthma. 

Nonetheless, there is mounting evidence that differences in biological factors among 
blacks, Hispanics, and whites as well as differences within each ethnic group play a role 
in asthma risk. For example, all Hispanics do not seem to be equally affected by asthma. 
Prevalence, morbidity, and mortality rates for asthma have varied among different His- 
panic populations from very low among Mexican-Americans and Cuban- Americans to 
very high among Puerto Ricans (40). One study found that women from Central and South 
America living in urban environments in the United States may be less at risk for asthma 
than non-Hispanic white women, while Puerto Rican women appear to be at greater risk 
(4 1 ). Nonasthmatic Mexican-Americans have been reported to have higher expiratory flow 
rates than non-Hispanics (42) and black subjects have lower expiratory flow rates than 
white or Mexican-American subjects (43). However, no differences in vital capacity were 
found among these three groups after adjusting for differences in lung size and sitting 
heights (44). Spirometry data from the second National Health and Nutrition Survey also 
demonstrated that black subjects have lower spirometric functions than white persons (45). 
Lung size, however, was again found to be a factor, because the racial differences all but 
disappeared when lung size was controlled by forced vital capacity (46). 

A survey of 393 Puerto Rican and 354 non-Hispanic pediatric patients revealed a 
significantly larger percentage of asthmatic subjects among Puerto Ricans, confirming 
findings of previous studies on adults in New York City (47). Assays of alpha- 1 antitrypsin 
(AAT) concentrations and phenotypes in 61 Puerto Rican asthmatic children revealed a 
significantly larger number with an S or Z variant in AAT phenotype. Also, a family 
history of asthma was more common among asthmatics than control subjects and was 
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most common in variant AAT phenotypes among asthmatics and control subjects. The 
authors speculated that the S or Z variant of AAT affects the inflammatory response in 
such a way as to predispose to asthma (47). In Michigan, a recent study comparing asthma 
prevalence among families in a socioeconomically homogeneous, middle class, multieth- 
nic population of schoolchildren found that, after adjusting for sex and maternal education, 
the prevalence of physician-diagnosed asthma and probable asthma was associated inde- 
pendently with black ethnicity. Since access to medical care and macroenvironmental 
conditions were similar across this study population, the results were consistent with the 
hypothesis that differences in biological factors between blacks and whites distinct from 
socioeconomic factors play a role in asthma (48). Another possible mechanism related to 
ethnic differences lies in the production of serum IgE, the immunoglobulin that governs 
the asthmatic response and appears to be related to an individual’s likelihood of developing 
asthma (49,50). In a study of a large white population in Tuscon, Arizona, a strong relation- 
ship was found between total serum IgE concentrations and the prevalence of asthma (5 1). 
Others have also found a strong correlation between the prevalence and severity of asthma 
and serum IgE levels at all ages (52). Grundbacher and Massie have shown that blacks 
at all ages have higher IgE levels than whites (53). It has been suggested that ethnic 
differences in the production of IgE may contribute to ethnic differences in the prevalence 
of asthma (48). Further studies are needed to evaluate total serum IgE, ethnicity, and 
other biological factors controlling for micro-environmental exposures that may influence 
the risk of asthma. 

SOCIOECONOMIC STATUS AND ASTHMA 

The precise causal relationships producing racial and ethnic differences in asthma have 
not been clearly delineated. However, racial and ethnic groups that experience the highest 
asthma prevalence and morbidity/mortality generally have a lower socioeconomic status 
(SES), which may be the primary underlying cause of these differences. In fact, in the 
United States the recent literature suggests a direct relationship between higher asthma 
prevalence, morbidity, and mortality, and lower SES as opposed to race/ethnicity 
(3,5,10,11,54-57). However, the states of Mississippi, Louisiana, and West Virginia cur- 
rently rank highest in proportions of persons in poverty in the United States (58), yet these 
areas have not been reported as having high asthma mortality or morbidity. In Europe 
and Canada, the association between asthma and socioeconomic factors is less clear. Most 
available studies have failed to disclose an association between prevalence of asthma and 
SES, although some recent studies from Great Britain and Germany have revealed signifi- 
cantly increased severity of asthma among children in families of low socioeconomic 
status (1 5,59,60). However, other studies have not found an association between poverty 
and adverse asthma outcomes among children in Great Britain or Canada (56). These 
latter findings were thought be due at least in part to differences in health care systems (56). 
As previously described, asthma mortality in the United States occurs disproportionately in 
the inner cities of New York City (4), Chicago (3, and Philadelphia (I), suggesting that 
it is the combination of the urban environment, racelethnicity, and poverty that constitute 
the key interaction for asthma mortality in the United States. 

Recent efforts to understand the relationship between asthma and SES have focused 
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on the inner city (3). In 1972, one-third of the poor in the United States lived in the central 
city census tracts with high concentrations of poverty; by 1991, these areas included 60% 
of the nation’s poor (61). Seven out of eight people residing in such areas in 1990 were 
minority group members, most of them African-American. Indeed, the most rapid growth 
in concentrated poverty has occurred in African-American neighborhoods (62). During 
the past decade, the chance of a child being raised in a family with only one parent and 
limited financial resources has increased (63). In 1987, nearly 50% of black children and 
42% of Hispanic children under age six were poor, compared to 10% of white children 
(64). The same year, 46% of all poor children in the United States lived in central cities 
(65). From 1975 to 1987 the proportion of poor children living in areas of the central 
cities where over 20% of the population was poor rose from 54% to 61% (65). Poverty, 
characterized by unemployment, low income, poor housing, inadequate social support, 
and little or no access to quality education, is a significant indicator of urban morbidity, 
mortality, and social malaise 

In his recent book, When Work Disappears: The World of the New Urban Poor (66), 
William Julius Wilson notes that urban poverty has become more concentrated because of 
outmigration of nonpoor African-American families, immigration of poor people, a 
rise in the number of individuals who became poor while living in these areas, and an 
exodus of the nonpoor from adjacent and previously mixed-income census tracts. The 
latter has been a major factor in promoting the growth of concentrated poverty and largely 
accounts for the geographic expansion of poverty areas in large US.  cities (62,66). Wilson 
points out that the nature of concentrated urban U.S. poverty contrasts with Europe, where 
no city includes areas that are as physically isolated, dilapidated, and prone to violence 
(66). Residents of American urban poverty areas suffer economic hardship with few legiti- 
mate employment opportunities and experience social isolation (5,62,66). Inequalities of 
professional status, income, housing, and working conditions are reflected in and rein- 
forced by inequalities in health and well-being. 

A clear example of the phenomenon described above is New York City’s South 
Bronx. The South Bronx is an area made up of 10 zip codes in the borough of the Bronx. 
It is a predominately minority area and is characterized by extreme poverty and poor 
health. The Bronx population in the 1980 census was 1,168,972. Ten years later the pop- 
ulation rose to 1,203,789. During that period, the percentage of whites in the area de- 
clined from 47.2% to 35.8% and the percentage of blacks and Hispanics increased from 
66% to 80.6% (Hispanics are occasionally classified as white and Hispanic) (6). 
Every community district in the Bronx but one experienced a decrease in their white 
population during this time. The South Bronx is overwhelmingly minority with 94% of 
the population being black or Hispanic (6). The total population of the South Bronx 
was 402,250 in the 1990 census. The median age of people living in the South Bronx is 
24.5 years with 50% of the population under 25 years of age and one-third under 18 
years of age. One out of four children born in the South Bronx is born to a teenage 
mother, and one out of three children is born to a mother with late or no prenatal care 
(6). The median annual income is $7,980 (47% of the New York City median income). 
Nearly one-half of the population has an income below the poverty line. Only 3% of the 
population has an income greater that $25,000 a year (6). The epidemiological data for 

asthma in the South Bronx is quite revealing, indicating a very high prevalence and mortal- 
ity rate. These rates are much higher than the average for New York City or the nation 
as a whole. 
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V. FACTORS RELATED TO SOCIOECONOMIC STATUS 
AND ASTHMA 

Multiple influences that likely act in combination to contribute to poor asthma outcomes 
in the inner city include family dysfunction, low birthweight, availability of local medical 
care and health-related resources, quality of health care available, overcrowded living 
conditions, characteristics of housing, and exposure to indoor allergens and various nox- 
ious agents such as noise, stress, pollution, or contaminants. Stress on a personal level is 
common. The multiple environmental stressors, which may include violence and illicit 
drug use, can influence care-seeking behavior among residents of urban poverty areas and 
likely impact upon patterns of therapeutic adherence (3,67-70). 

VI. FAMILY AND SOCIAL ENVIRONMENT AND 
ASTHMA 

Family dysfunction has been related to asthma morbidity and mortality (67,7 1-74). The 
family is thought to play a central role in recognizing, managing, and preventing asthma 
symptoms, particularly in children (75). Maladaptive patterns of family interaction have 
been shown to interfere with adherence to the complicated medical regimes of optimal 
asthma care (73). Strunk et al. identified family dysfunction as an important risk factor 
for asthma mortality (67). Others have demonstrated a relationship between pediatric hos- 
pitalizations for asthma and the breakdown of family functioning through the lack of early 
symptom recognition and poor management of episodes (74). Frequent serious family 
problems were noted among poor families surveyed by Wood et al. (76), including physi- 
cal and sexual abuse of the mother (41%), drug or alcohol abuse by the mate (39%), drug 
or alcohol abuse by the mother (21%), and mental illness in the mate (16%) or the mother 
(8%) in single-parent families. A better understanding of the family environment of the 
inner-city poor may reveal important factors responsible for asthma morbidity in this popu- 
lation. 

An increasingly disproportionate number of families in the inner city are headed by 
young, single, poorly educated women. In 1987, 20% of all children under age six lived 
with single mothers (65); the poverty rate (percentage living in poverty) among these 
children was 61 %. Over one-half of all poor young children lived with mothers who were 
separated, divorced, widowed, or never married. In a 1987 survey of poor Los Angeles 
families, 62% were headed by single women (76). Single mothers on welfare often have 
inadequate social support to help them through the stresses of caring for a chronically 
ill child (77,78). Social support moderates stress and encourages improved coping with 
illness (79,80). The impact of social support on asthma morbidity through the inter- 
vening variables of maternal mental health and family functioning has not been well 
studied. 

The reported prevalence of mental health problems among children exhibits an in- 
verse relationship with SES (81). A recent study found that a low level of social support 
and high or moderate level of asthma symptoms were associated with behavior problems 
in children (82). Another study found that when compared to healthy control groups, 
asthmatic patients had significantly more total anxiety disorders, past school problems, 
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past psychiatric illnesses, and intrafamilial stress (83). There was also more family history 
of emotional problems in the asthma group (83). Weiss et al. (3) and others suggest that 
residence in the inner city may amplify the effects of SES and mental health problems 
disproportionately affecting asthma management behavior. 

Family finances are another important aspect of the family environment in the inner 
city. Several studies highlight the extreme financial burden on poor families in inner cities 
due to housing costs (76,84). In one study, poor families on average spent more than 60% 
of their total family income on rent each month, while 25% spent more than 80% of their 
monthly income on rent (76). These data hint at the disproportionate daily financial stresses 
on poor families, which may affect their ability to cope with the demands of a family 
member with a chronic illness such as asthma. 

VII. CULTURAL ENVIRONMENT AND ASTHMA 

It has also been suggested that the cultural environment of the inner city contributes to 
its problem with asthma (3). For example, the high proportion of asthma morbidity among 
the Hispanic population suggests that language, specifically the lack of ability to speak 
English, may be an important risk factor for poor health status (85) as well as a barrier 
to care in its own right (86). In one survey, Hispanic subjects reported worse access to 
care than non-Hispanic whites and a higher proportion reported fair to poor health status 
(85). Hispanic subjects interviewed in Spanish reported even lower health status and worse 
access to care. Mansion documented that when compared with Spanish-speaking asthma 
patients whose physician spoke their language, patients with non-Spanish-speaking physi- 
cians were more likely to miss appointments and present to the ED and slightly more 
likely to omit medication (86). In inner-city areas like East Harlem and the South Bronx 
in New York City a large percentage of primarily Spanish-speaking residents are being 
cared for by English-speaking physicians. It is not hard to imagine that communication 
is a significant barrier to health care and asthma management in busy EDs and outpatient 
clinics. 

VIII. PREMATURITY, LOW BIRTH WEIGHT, AND 
ASTHMA 

Low birth weight has also been associated with asthma. This is, perhaps, because of its 
association with maternal cigarette smoking (87) or with prematurity and its attendant risk 
of mechanical ventilation. Survivors of neonatal lung disease, especially its sequelae of 
bronchopulmonary dysplasia, have been reported to have increased levels of airway ob- 
struction, hyperinflation, and bronchial reactivity in childhood (88). Low birth weight has 
been associated with decreased flow rates in childhood (89) and with asthma (90). In- 
creased incidence of low birth weight babies has been reported in inner cities in New 
York and Chicago (6,91). The South Bronx, as previously noted, is an area of extreme 
poverty within the poorest congressional district in the United States. Many women in 
this area obtain late or no prenatal care and concomitantly the prevalence of asthma and 
the number of low birth weight infants are quite high with 13% of all births under 2500 
grams (6). In Chicago, a study addressing neighborhood social environments and the distri- 
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bution of low birth weight babies found that after maternal race and ethnicity, the most 
substantial risk factor in the model appeared to be the index of economic hardship (92). 
Based on their findings one can speculate that women in high poverty, high-unemployment 
communities have fewer material resources and therefore run higher risks for malnutrition, 
lower quality health care services, and stress resulting in low birth weight babies. Thus 
the apparently high incidence of low birth weight babies in inner cities may be in part 
responsible for the higher incidence of asthma in these areas. A recent study looking at pre- 
and perinatal risk factors in a poor urban area found the following to be strong predictors of 
asthma in inner city African-American children: lack of prenatal care, history of bronchio- 
litis, positive pressure ventilation at birth, low maternal weight gain, and maternal smoking 
during pregnancy (93). 

Another consideration is that more low birth weight infants are surviving now due 
to technological advances in medicine. From 1971 through 1982, U.S. perinatal mortality 
rates decreased for all birth weights for both black and white babies (94). Are the increas- 
ing numbers of surviving premature babies driving up the asthma rates? This is an intri- 
guing possibility that deserves more study. 

IX. INADEQUATE ACCESS TO HEALTH CARE AND 
SEVERE ASTHMA 

Decreased accessibility to adequate health care has also been proposed as a cause of the 
increased severity of asthma in America’s inner-city populations. Recent studies have 
shown that lack of continuing primary care for asthma is associated with increased levels 
of morbidity in low-income minority children (95). Although effective preventative ther- 
apy is available, many African-American and Latino children receive episodic treatment 
for asthma that does not follow current guidelines (95). Problems such as long waits in 
the ED, inadequate public transportation, and lack of funds may limit the use of medical 
facilities in urban areas (96). Additionally, children in urban areas are at high risk for 
requiring emergency care as a result of both illness and injury. These children inhabit a 
dangerous environment resulting from the problems of poverty, homelessness, over- 
crowded living conditions, and drug abuse. They face America’s highest rates of violent 
injury (intentional and unintentional), immunization delays, and preventable infectious 
diseases such as tuberculosis and measles (97). In addition, they have limited access to 
quality primary health care and suffer the greatest morbidity rates from chronic diseases 
such as asthma. In 1985, among children under age six, 30% of the near poor were without 
health insurance (64). Thirteen percent of those families who were more than 150% above 
the poverty line were uninsured (64). These poor, uninsured children made 38% fewer 
visits to a physician than those with insurance (98). One recent study demonstrated that 
children who lack health insurance are less likely as compared to children with health 
insurance to receive medical care from a physician when it seems reasonably indicated 
and are therefore at risk for substantial avoidable morbidity (99). Poor children are also 
twice as likely to report no regular source of pediatric care and are far more likely to 
receive their care from overburdened hospital outpatient clinics and EDs rather than indi- 
vidual physicians (3). This makes the management of chronic illness like asthma all the 
more difficult to achieve. 

With the advent of Medicaid, access to medical care for poor children improved 
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considerably. However, many families eligible for Medicaid are not covered, and a grow- 
ing number of uninsured families do not qualify for Medicaid because their income is 
above the Medicaid eligibility cutoff (133% to 185% above the poverty line) (65). Between 
1979 and 1987, the percentage of asthma hospitalizations for children reporting either 
Medicaid or self-pay increased (3 1). Moreover, while Medicaid overcame an impor- 
tant barrier to care for previously uninsured children, it established its own less easily 
measured barriers such as bureaucratic paper work, long waiting times, and lack of access 
to office-based physicians. In Maryland, asthma hospitalization rates for children with 
Medicaid were both higher and slightly more likely to be emergent admissions than those 
with other forms of health insurance or payment options (35). Recently, two health care 
professionals from Harvard and Tufts University identified 500 children enrolled in Massa- 
chusetts Medicaid and hospitalized for asthma (100). They reviewed their medical claims 
data for the six-month period after hospitalization. It was found that African-American 
children had significantly fewer primary care visits than their white counterparts, even 
after adjusting for potential confounding variables. The authors concluded that racial dis- 
parity exists in primary care access among children with asthma. Interventions should be 
designed to target poor African- American children who suffer disproportionately from 
this life-threatening yet treatable disease. These reports suggest that at least for asthma, 
Medicaid may not be providing adequate access to good quality primary health care. 

Understanding the differences in the type and quality of health care systems in the 
inner city may help to elucidate one of the causes of the increased morbidity and mortality 
of asthma in these areas. In a survey of children attending Baltimore public schools, 40% 
of whom were receiving public assistance, Mak and co-workers noted that 52% of first 
graders with asthma reported obtaining their asthma care from the ED (3). In New York 
City, 42% of physician visits made by the poor and 33% by the nearpoor are made to 
hospital outpatient departments (ED and clinics), while only 14% of physician visits by 
the nonpoor are made to those settings (101). In other inner cities, such as the inner city 
of Indianapolis, the ED use from 1985 to 1992 by residents of inner-city Indianapolis was 
greater for African-American males than white males. Researchers there concluded that 
inadequate routine primary care among African-American patients may increase their risk 
of asthma exacerbation requiring hospitalization ( 102). Additionally, segments of the pop- 
ulation making 60% or more of their physician visits to hospital-based sites include dispro- 
portionate numbers of near poor black children aged 5 to 17 and nonpoor Hispanic children 
aged 5 to 17 (101). Data from the 1988 NHIS on child health identified the following 
risk factors for ED use as usual source of sick care: black race, single parent, mothers 
with less than high school education, poor families, urban living, and lack of health insur- 
ance (103). 

Many recent studies have addressed the adequacy of EDs in managing patients with 
asthma, particularly with regard to the inner city (104,107). ED care for asthma often does 
not result in an efficient transition to continuity of care. A cross-sectional survey of adult 
patients with asthma admitted to the general medical services at the John’s Hopkins Medi- 
cal Institutes in Baltimore, Maryland, found that the outpatient medical therapy was inade- 
quate for these patients (104). This was the first documentation of multiple problems in 
conforming with the standards of care delineated by the National Asthma Education Proj- 
ect (NAEP) (105) as they relate to the outpatient management of inner-city patients with 
moderate to severe asthma in the United States. In this population of patients with asthma, 
management was characterized by underutilization of anti-inflammatory therapy, inability 
to use inhalation devices properly, inadequate communication between patient and physi- 



Urban Asthma 183 

cian of an action plan to be utilized in the event of an acute exacerbation, and inadequate 
physician intervention during the acute stages of the exacerbation (104). In view of the 
dramatic underuse of inhaled steroids among urban, minority asthmatic patients, increasing 
the use of anti-inflammatory agents is an important and basic goal to achieve. The study 
also documented overutilization of inhaled P-agonists during exacerbations in this popula- 
tion. This is of particular importance since it has been suggested that frequent use of these 
medications is associated with an increased risk of fatal and near-fatal asthma attacks, 
even after adjustment for the severity of illness (106). Another recent study involving the 
EDs of five urban teaching hospitals in the northeast evaluated patient noncompliance 
with medical advice after the ED visit (107). It found that not having an appointment 
made before leaving the ED was an independent correlate of missing follow-up appoint- 
ments. Lack of insurance and dissatisfaction with discharge instructions were indepen- 
dently associated with not filling prescriptions. Finally, a recent prospective survey of 
patients treated for wheezing in the ED of an academic children’s hospital in Pittsburgh 
identified a subset of patients who were known to have recurrent wheezing but lacked 
adequate management to avoid expensive hospital services. Of this subset there was a 
disproportionate number of minority patients from poorer neighborhoods. Very few of 
these patients were followed by asthma specialist and there was a marked underuse of 
anti-inflammatory drugs (108). 

Some studies suggest that poverty is not in itself an impediment to appropriate care 
of asthma when adequate health care resources are available. A recent study explored 
asthma care in an American Indian and Alaskan Native population of children whose level 
of poverty was similar to that of the inner-city black population (109). Despite similar 
socioeconomic parameters the morbidity of their asthma were similar to that of the white 
children. Consistent outpatient care and follow-up of their asthma by the Indian Health 
Service and the universal coverage provided by this service seem to explain this paradox 
(109). Similarly, Rea and co-workers looked specifically at ED care of asthmatic patients 
and its impact upon morbidity (1 10). ED visits for the treatment of asthma were compared 
in two large urban hospitals in Auckland, New Zealand, and Toronto, Canada. Forced 
expiratory volume in 1 sec (FEV,) and peak expiratory flow rate (PEFR) values seemed 
to indicate that patients in Auckland had more severe asthma. These Auckland patients 
used the ED as the primary source of their care, while the Canadian patients were cared 
for by primary care physicians in addition to the ED. Quality of ED acute care for asthma 
was not different in the two settings. This overreliance on emergency care with neglect 
of ongoing preventative care may have led to more severe disease in the New Zealanders. 
The inner city has a disproportionately high number of patients who use the ED as their 
primary care physician. This crisis-oriented form of care appears to lead to poor disease 
control and worsened clinical outcome. 

A recent study evaluated the effectiveness of a specialized asthma clinic in reducing 
asthma morbidity in an inner-city minority population (1 11). The purpose of the study 
was to assess whether an outpatient intervention program specifically targeted at a large 
minority population in East Harlem was successful in reducing asthma morbidity. The 
outpatient intervention program was successful in reducing asthma morbidity and mortal- 
ity in this high-risk minority community. Also, those patients enrolled in the specialized 
asthma clinics made fewer ED and walk-in clinic visits and had fewer hospitalizations. 

A similar study was conducted in the New York City Bureau of Child Health clinics 
and provided continuing, preventative care for asthma to assess whether access, continuity, 
and quality of care could be improved in pediatric clinics serving low-income children 
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in New York City ( I  12). The authors concluded that the intervention substantially in- 
creased the Bureau of Child Health staff s ability to identify children with asthma, involve 
them in continuing care, and provide them with state-of-the-art care for asthma. A prospec- 
tive study of asthmatic patients seen in the ED and referred to allergists and general physi- 
cians for follow-up care found that six months later those followed by the allergists had 
significant reductions in nocturnal asthma and ED visits when compared with those fol- 
lowed by general physicians ( 1  13). Other studies clearly show that care by an allergist 
or chest specialist is superior to generalist care in reducing severity of asthma (1  14.1 15). 
Finally, a study of inner-city patients in New Orleans compared the care of asthma in the 
allergy clinic versus the ED (1 16). In this study the ED patients were not demographically 
or socioeconomically different from the allergy clinic group, but the educational level was 
higher in the patients’ caretakers (family member helping patient manage their disease) 
among the clinic group. This suggests that the ED patients may suffer more severe disease 
due to a failure to utilize medical resources possibly as a result of the lower level of formal 
education in their caretakers. This is consistent with studies that show that a lack of formal 
education is a risk factor for more severe asthma (1  17,118). 

The comprehensive approach to the care of asthma has been shown to be responsible 
for reduced severity of asthma. This entails the identification of triggers for asthma, identi- 
fication of sensitizing allergens, and practical methods of allergen elimination, the aggres- 
sive use of anti-inflammatory medications, home monitoring of asthma, and written, indi- 
vidualized self-management guidelines. The current state of America’s inner cities makes 
this approach difficult if not impossible for the majority of those residents suffering from 
asthma. If inner-city asthma patients continue to receive the bulk of their care from over- 
burdened hospital EDs and outpatient clinics as opposed to primary care physicians or 
allergy-immunology clinics, there is little hope of improving the current morbidity and 
mortality of inner-city asthma. Even if access and quality of care were improved, this 
population would still be at risk due to their inability to adhere to current guidelines. 
Factors such as mental health, family functioning, social support, stress, and personal 
health behaviors such as smoking and alcohol and drug abuse would compromise their 
ability to adhere to complicated asthma regimes. 

X. DRUG AND ALCOHOL ABUSE AS A RISK FACTOR 
FOR ASTHMA 

Not only does alcohol and drug abuse compromise patients’ ability to adhere to compli- 
cated asthma regimes, but recent evidence suggests that specific physiological effects of 
these substances may affect the incidence of asthma and its morbidity and mortality. Co- 
caine has recently been implicated as a cause of new onset wheezing, asthma exacerba- 
tions, pulmonary hemorrhage, pulmonary edema, and numerous other pulmonary abnor- 
malities ( 1  19-121). The role that cocaine plays in asthma deaths is uncertain. However, 
there have been reports of severe asthma exacerbations and death in patients with chronic 
asthma after smoking cocaine ( 122,123). Additionally, it has been reported that smoked 
cocaine causes new onset or recrudescence of asthma in up to 33% of patients ( 1  12,123). 
Smoked cocaine base has been shown to cause acute bronchoconstriction, most probably 
mediated by local airway irritation ( 124). This could account for reports of crack-induced 
wheezing and asthma deaths in nonasthmatic as well as asthmatic individuals ( I  24). The 
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underlying mechanism for increased bronchospasm in asthmatic crack smokers may be 
multifactorial: bronchial hyperreactivity similar to that caused by other nonspecific irri- 
tants (cold air, certain chemicals, stress, exercise), immunologic reactions with specific 
IgE formation against cocaine or its metabolites, direct liberation of bronchoconstrictor 
substances, and possible drug interactions between active cocaine metabolites and asthma 
medications (125). With the high numbers of cocaine users in the inner city, one could 
postulate a possible association of freebasing cocaine and increasing morbidity and mortal- 
ity of asthma in this population. A recent study reported that patients with near-fatal asthma 
had a blunted response to hypoxia and a diminished perception of dyspnea (126). 
The effects of illicit drugs or alcohol on the central nervous system (CNS) could further 
reduce the patients’ abilities to perceive symptoms, initiate therapy, and obtain the appro- 
priate medical care. 

XI. INDOOR AND OUTDOOR IRRITANTS AND 
ASTHMA IN THE INNER CITY (see Chapter 9) 

Many recent studies have looked specifically at the physical environment of the inner city 
and its impact on asthma. Over the past 20 years there has been a steady strengthening 
of evidence linking asthma with sensitization to indoor allergens. One theory is that urban- 
ization has increased our exposure to environmental allergens and irritants. Indoor air 
pollutants show the strongest association with exacerbations of asthma symptoms. Chil- 
dren are sensitized to home allergens early in life, and according to some researchers this 
may be one reason for increased asthma prevalence (1 27- 129). Exposure to household 
allergens such as cockroaches (1 30- 132), dust mites ( 1  33) ,  fungi ( 140), and environmental 
tobacco smoke (134) appear to contribute more to asthma morbidity than outdoor air 
pollutants (1 35- 137). Building more energy-efficient and tighter homes reduces air ex- 
change rates. By using more carpeting, soft furniture, and central heating and air condition- 
ing, it may be that we are providing the opportunity to concentrate pollutants like cigarette 
smoke, pathogens responsible for respiratory infections, and allergens such as dust mites 
and cockroaches. A recent study in Greece supports the theory that modern, urban housing 
contributes to asthma morbidity (27). Researchers found that the prevalence of asthma 
and related symptoms in Athens was low when compared with cities of similar size in 
England, Australia, New Zealand, and the United States. The authors attributed this differ- 
ence to the fact that, in Greece, wall-to-wall carpets are practically nonexistent, pets in 
the house are infrequent, and the climate in Athens is very dry and warm so windows are 
open for most of the year. 

Rented housing in the United States and Europe built since 1945 did not benefit 
from a preliminary consideration of relationship between internal conditions and the wider 
environment. Shortcomings in the designs of the indoor environment are likely to have 
implications for health and well-being because people in the Western world are increas- 
ingly sedentary and spend the majority of their time inside their homes. This is especially 
true of older members of the community and children. Outside walls have poor thermal 
insulation allowing condensation and the growth of fungi. This is of particular importance 
because recent research suggests a strong association between asthma and living in damp 
housing (138-141). Patients living in homes with confirmed dampness experienced more 
airflow obstruction than those living in dry homes. In many high-rise residential buildings 
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with central heating/air conditioning the quality of air cannot be satisfactorily regulated 
by cross-ventilation, increasing indoor air contaminant concentrations. Additional con- 
cerns about inner-city housing result from the deteriorating nature of much of the existing 
housing stock. Leaks and faulty boilers may lead to increased exposures to indoor air 
pollution (including any of the known irritant gases) (142), or to aeroallergens such as 
roaches, mites, cats, and molds. Psychosocial factors like violence, drug abuse, and fear 
cause inner-city residents to spend even more time indoors, leading to increased exposure 
to indoor allergens. Overcrowded inner city neighborhoods and homes may lead to in- 
creased exposure to both indoor and outdoor pollutants. Finally, overcrowding may also 
lead to increases in the numbers of pests such as cockroaches, mites, and rodents. 

A. Respiratory Infections and Asthma 

Weiss and colleagues (3) suggest that crowding, a characteristic of inner-city living, might 
increase susceptibility to respiratory infections. Respiratory infections (e.g., croup, bron- 
chiolitis, pneumonia), especially before age 2, have been associated with the later develop- 
ment of asthma (143- 145). Additionally, these infections are thought to provoke asthma 
attacks. Persistent abnormalities in pulmonary function and increased bronchospasm have 
been associated with respiratory syncitial virus infection ( 146,147). There is extensive 
evidence that viruses of the picorna group can precipitate acute attacks of asthma (148). 
Also, researchers have demonstrated the presence of rhinovirus in wheezing children com- 
ing into a pediatric ED and have found an association between rhinovirus and episodes 
of asthma in children followed over a year (149). Finally, it has been shown that rhinovirus 
infection can upregulate the response of the lungs to allergens (148). In addition, based 
on seasonal patterns, respiratory infection is the major identifiable risk factor for the large 
autumnal increase in asthma admissions among children (150). In one study of poor and 
middle-class pediatric asthma patients in New York City with no difference in reported 
mean family size, poorer patients resided in fewer rooms (15 1). Also having older siblings 
has been postulated to result in more upper respiratory infections at a younger age. Virus 
transmission is likely to be enhanced when susceptible children are crowded together in 
poorly ventilated environments. 

B. Environmental Tobacco Smoke and Asthma 

It is now well established that exposure to environmental tobacco smoke increases the 
severity of asthma ( 134,152- 157). Available data also reveals that maternal smoking con- 
stitutes a clinically significant risk factor for respiratory illness and asthma in children 
( 134,155,158- 163) and that younger children are most affected, especially in the first two 
years of life ( 134,153,159,164). Maternal smoking has been demonstrated to decrease the 
expected growth in pulmonary functions (165). Decreased pulmonary functions put an 
infant at increased risk for wheezing in the first year of life (166). Researchers have noted 
a relative odds of 2 : I for asthma among children 1-5 years of age in mothers who smoked 
more than half a pack a day as opposed to mothers who did not smoke (167). The finding 
that younger children experience the greatest risk from environmental tobacco smoke has 
major clinical and economic significance insofar as younger children are the most likely 
to be treated in EDs and require hospitalization (and, indeed, account for a significant 
portion of the recent increase in asthma hospitalizations) (3 1,168). A recent study evaluat- 
ing maternal smoking and medical expenditures for childhood respiratory illness suggested 
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that exposure to passive smoking increases the likelihood that exposed children will expe- 
rience a respiratory illness for which medical care will be sought, and that the medical 
expenditures incurred for such children will exceed those for their nonexposed but simi- 
larly diagnosed counterparts (167). These findings support the theory that exposure to 
environmental tobacco smoke increases both the period prevalence and the severity of 
childhood respiratory conditions. However, data from the National Center for Health Sta- 
tistics reveal only very minimal reductions in smoking patterns for women aged 18 to 44 
between 1987 and 1992 (170). Data from the 1988 child health supplement to the National 
Health Interview Survey revealed significant differences in smoking exposure by family 
income, poverty, and total years of maternal education (87). Nearly twice as many children 
under five in families with the lowest income and with a mother who had not completed 
high school had been exposed to smoking. Black children were more likely to be exposed 
to cigarette smoke than white children. A recent study in Washington, D.C., and Baltimore, 
Maryland, revealed that among urban, minority, asthmatic children, 56% lived with ciga- 
rette smoke (171). Risk for exposure to environmental tobacco smoke was higher when 
parents had no professional education. 

Although there has been an overall decline in the proportion of people that are 
exposed to environmental tobacco smoke, the rate of smoking has remained largely un- 
changed in some populations, including young women (1 70). If inner-city women ex- 
pose their children to environmental tobacco smoke, especially during the perinatal pe- 
riod, this could be associated with an increase in the prevalence of asthma in the urban 
areas. 

C. Cockroaches and Asthma 

The domestic cockroach has been identified as an important source of indoor aeroallergens. 
Because cockroach populations are highest in crowded urban areas, some have suggested 
that the increased asthma morbidity and mortality rates in inner cities is relate to cockroach 
allergen exposure (1 72,173). Recent studies have, in fact, identified cockroach allergy as 
a significant cause of asthma-related health problems, especially among children in inner- 
city areas (130-132,175). Young children spend a great deal of time on or near the floor 
where these allergens are concentrated in dust. The most definitive study, recently pub- 
lished, followed 476 asthmatic children from eight inner-city areas in the United States. 
The children were evaluated by skin testing for immediate hypersensitivity to cockroach, 
house dust mite, and cat allergens. Among inner-city children, the highest levels of mor- 
bidity due to asthma were associated with the presence of both a positive skin-test response 
to cockroach allergen and the presence of high levels of cockroach allergen in their bed- 
rooms. This data confirmed earlier reports citing that cockroaches are an important urban 
source of allergen (132). Similar studies have found cockroach allergen in dust from 37% 
to 85% of urban homes (130,176). Sensitivity to cockroach allergen has been noted in 23 
to 60% of urban residents with asthma (130,131,176-178), and acute asthma has been 
provoked in allergic persons exposed to cockroach allergen in bronchial-challenge tests 
(179). Moreover, sensitivity to cockroach allergens was shown to be an important risk 
factor for more frequent episodes of asthma in case-controlled studies of patients in EDs. 
A recent stepwise multiple linear regression analysis identified lower socioeconomic sta- 
tus, age greater than l l  years, cockroach exposure, and African-American race as indepen- 
dent risk factors associated with cockroach allergen sensitization ( 172). They concluded 
that African-American race and low socioeconomic status were independent risk factors 
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for cockroach allergen. Thus exposure to cockroach allergen has an important role in the 
increasing morbidity due to asthma among inner-city children. 

Cockroaches that infest houses, such as Blattella germanica and Periplaneta ameri- 
cana, are tropical in origin and require constant warmth. The two determinants of cock- 
roach infestations are continuous heat and food supplies. Overheated and unkempt apart- 
ment houses and projects are particularly susceptible. Thus, it is not surprising that in 
Chicago, Detroit, Philadelphia, New York, and Boston, B. germanica may be the major 
source of indoor allergens associated with inner-city asthma. The problem with cock- 
roaches in low-income areas may be compounded by rules prohibiting pets. Cats, for 
example, will hunt and eat cockroaches. Cats are an important source of allergens them- 
selves, but recent investigations suggest to keep the cat as allergies to cockroaches are 
more common than allergies to cats (132). Finally, in the Dominican Republic it was 
found that sensitization to cockroaches was associated with housing quality. People who 
lived in concrete homes were at increased risk of hypersensitivity to cockroach antigen 
when compared to people living in wooden homes (174). Similarly, in Japan recent in- 
creases in allergic disease and asthma have been linked to a change in life from wooden 
homes to concrete buildings (1 80). This could have important implications when assessing 
the type and quality of housing in America’s inner cities. 

D. Dust Mites and Asthma 

It is well known that the dust mite allergen is an important causative allergen of bronchial 
asthma (1 8 1 - 187). House dust mites were “discovered” by Fritz Spieksma and Reindert 
Voorhorst in 1964. Their studies led to widespread use of dust mite extracts in routine 
skin tests. This was followed by the purification of mite allergens and the development 
of techniques to measure those allergens in house dust. These measurements have provided 
good evidence for a dose-response relationship between the mean concentration of each 
indoor allergen in a community and the prevalence of sensitization to that allergen among 
children with asthma. 

House dust mite allergens play an important role in inducing immunoglobulin E 
(1gE)-mediated sensitization in susceptible populations and the development of bronchial 
hyperresponsiveness and asthma (1 87). Recent data suggest that house dust mite allergens 
are an important cause of childhood asthma and that reducing exposure to these allergens 
could have a large public health benefit in terms of asthma prevention (184). As with 
other allergens concentrated in dust, children who spend a lot of time on or near the 
floor are at increased risk. In Australia, researchers found that the risk of house dust 
mite-sensitized children having current asthma doubled with every doubling of dust mite 
allergen level in the home. In children ages 2-10 years of age living in metropolitan 
Washington, D.C., 72% were allergic to allergens associated with dust mites (173). 

Within the United States, sensitization to dust mites is common in areas of high 
humidity (the Southeast, the Gulf Coast, and the Pacific Northwest). The primary determi- 
nants of mite growth are humidity, temperature, and food supply. Mites flourish in a 
relative humidity greater than 60% and a temperature over 70” F, and their main food 
source in houses is thought to be human skin scales. However, it is likely that mold growth 
on skin scales is essential. Increased indoor temperatures may well have been a major 
cause of the mite population explosion. In many areas of Europe, Australia, New Zealand, 
and North America, it used to be unusual to heat bedrooms, even where indoor tempera- 
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tures could fall below freezing in the winter. Such temperatures kill dust mites and dramati- 
cally inhibit growth of populations. In the United States today, and increasingly elsewhere, 
almost all houses are continuously heated, making the important determinants of mite 
growth humidity and the presence of suitable nests. Mites are sensitive to transient changes 
in humidity and maintain hydration by extruding a hygroscopic gel from their joints. They 
are also photophobic. For both reasons, they require a carpet, chair cushion, mattress, 
pillow, duvet, or blanket that will retain water during transient fluctuations in ambient 
humidity. Changes made in many houses over the past 30 years obviously benefitted mites. 
For example, fitted carpets cannot be thoroughly cleaned or dried. Higher indoor tempera- 
tures and decreased ventilation have also helped. In Atlanta, one recent investigation look- 
ing at risk factors for asthma in inner-city children showed that 86% of the inner-city 
houses sampled had significant levels of either mite or cockroach allergen ( I  30). Most 
children in the study with asthma lived in homes containing levels of allergen previously 
recognized as high enough to induce sensitization (182,188,189). The high levels of dust 
mite allergen found are not surprising given the high mean humidity levels in Atlanta, 
the use of wall-to-wall carpeting in government-subsidized housing, and the lack of a 
vacuum cleaner in many of these dwellings. Living in substandard housing often consti- 
tutes excess exposure to indoor allergens and is probably an important contributing factor 
of inner-city asthma. 

E. Outdoor Air Pollution and Asthma 

Outdoor air pollution has been linked to the observation that subjects living in urban and 
industrialized areas are more likely to have respiratory allergic symptoms and asthma than 
those living in rural areas (137,190-193). (see Chap. 9). This is of particular concern 
in inner-city environments. Exposures to inner-city traffic in urban industrial areas may 
precipitate episodes of wheezing among asthmatic individuals and contribute to inner- 
city asthma. Hardest hit among the urbanites are those members of low-income minority 
communities who live near freeways (194). Additionally, many times dump sites, recycl- 
ing centers, and waste incinerators are often located in inner-city areas characterized by 
high rates of asthma (195). This is known as environmental racism, defined as the inten- 
tional placement of hazardous wastes and polluting industries in low-income, ethnic neigh- 
borhood (196). Poor people pay the price for not having the mobility to escape heavily 
polluted areas. 

Our understanding of the health risks posed by air pollution is based on experience 
with air pollution, occupational health, and controlled human and animal exposures. In 
the outdoor environment, the most important air pollutants are ozone (03), oxides of nitro- 
gen (NOz), sulfur dioxide (SO,), acid aerosols, and particulate matter (PM,,), in particular 
diesel exhaust emissions. Also, latex allergens or latex cross-reactive material present in 
sedimentation and airborne particulate material, derived from tire debris, and generated 
by heavy urban vehicle traffic could be important in producing latex allergy and asthma 
symptoms associated with air pollution particles ( 197). Ambient concentrations of several 
air pollutants, such as SO3, suspended particulate matter, NO2, and 03, regularly exceed 
the recommended air-quality guideline concentrations in many large, urban cities 
(190,197- 199). Increased concentrations of ambient photochemical pollution, in particular 
ozone, are associated with increased ED visits for asthma in many American cities ( 1  94). 
In Sao Paolo, Brazil, mortality due to childhood respiratory disease was influenced by the 
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ambient levels of NOz (137). These pollutants, in addition to acting as irritants and causing 
increased airway hyperreactivity, are thought to modulate the immune response and in- 
crease IgE synthesis (193). Atopic states can be upregulated by environmental influences, 
and some subjects may develop atopic disease in response to these environmental factors. 
Since airborne allergens and air pollutants are often both increased in the same areas (such 
as inner cities), potentiation, either in the degree of acquired sensitization or the response 
to allergens, could explain the increasing frequency of allergic respiratory disease. Studies 
that examine the quality of both indoor and outdoor air will be important in clarifying 
the role of air quality in the increasing rate of asthma morbidity and mortality in urban 
areas. 

In almost no other field of medicine is the gap between diagnostic and therapeutic knowl- 
edge and its general applications so great as it is in asthma. In the United States, asthma 
prevalence has steadily increased during the past decade. Asthma morbidity, as measured 
by physician visits and hospitalizations, appears to have increased as well. Since 1988, 
deaths from asthma in the United States for most ages have stabilized at rates more than 
50% higher than those of 1979 (59). However, there is only a suggestion of stabilization 
of rates at 5-34 years of age. Similarly, available data has documented increasing asthma 
prevalence, morbidity, and mortality worldwide, particularly in western countries. This 
has occurred despite substantial advances in our understanding of asthma and the availabil- 
ity of improved pharmacotherapy to treat it. 

The reported increase in asthma prevalence may be partially attributed to physicians’ 
increased recognition and diagnosis of the disease. During the past decade, the public and 
the U.S. medical community have been exposed to the important message that an unex- 
plained wheeze or chronic cough may be asthma, particularly in children. This enhanced 
diagnostic recognition would clearly affect the self-reported data on asthma prevalence. 
However, it is unlikely that diagnostic recognition can account for all of the reported 
increased prevalence. 

The true cause of the apparent worldwide epidemic of asthma is not yet clear. How- 
ever, in the United States, available epidemiological literature is documenting an emerging 
problem of excess asthma morbidity among racial and ethnic minorities that are both poor 
and residing in certain urban environments known as the inner city. The children of these 
minorities are particularly affected. Recent studies have allowed us to create a profile of 
the asthmatic patient at “high risk” for fatal or nearly fatal asthma. This profile includes 
African- American race or Hispanic ethnicity combined with poverty and urban area of 
residence. 

Because inner-city populations are disproportionately nonwhite, ethnicity has been 
proposed as a risk factor for asthma in this population. There is, in fact, mounting evidence 
that biological differences among blacks, Hispanics, and whites play a role in asthma risk. 
However, recent literature suggests that lower socioeconomic status is the more important 
risk factor. Inner-city risk factors for asthma related to poverty include family dysfunction, 
low birth weight (< 2500g), inadequate access to health care, drug and alcohol abuse, 
and maternal smoking. Additionally, the crowded, substandard housing of inner cities 
results in exposure to high concentrations of cockroach and house dust mite allergens in 
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infancy and increased transmission of upper respiratory tract infections among children. 
The practice of environmental racism (the intentional placement of hazardous wastes and 
polluting industries in low-income, ethnic neighborhoods) leads to increased exposure to 
outdoor air pollution within this population. Stress may also intensify when people live 
in crowded, low-income neighborhoods frequently characterized by high rates of violence 
and crime. These conditions offer little reason for hope and influence care-seeking behav- 
ior and patterns of therapeutic adherence. 

The current evidence regarding some of these urban factors and their relationship 
to asthma is very convincing. More studies, however, are needed to further identify and 
describe the important urban risk factors for asthma and ways to intervene in the causal 
pathways toward morbidity and mortality. Research is needed to define regimes effective 
in reducing exposure to these urban factors. These studies should then be used to carry 
out controlled trials of avoidance measures. Such investigations should lead to the design 
and targeted implementation of public health policies and comprehensive clinical interven- 
tions that can reduce the disproportionate burden of asthma morbidity and mortality borne 
by minorities and the poor, particularly in urban populations. 

The challenge of urban asthma can be overcome. Changes in asthma mortality 
should be especially sensitive to changes in quality of management, since most deaths from 
asthma are avoidable when current guidelines for recognition and treatment are followed. 
Continued increases in asthma mortality at 5-34 years of age, particularly in inner cities, 
suggest continued need for education of patients and physicians regarding optimal man- 
agement and elimination of barriers to care. This should include culturally and linguisti- 
cally appropriate patient education programs to ensure access to and optimal utilization 
of asthma care services. Several studies have confirmed that intensive asthma education 
can improve asthma outcomes in inner-city populations. 

In 1900, about 80% of the world population lived in rural areas. By 2000 this will 
be the proportion living in urban areas. Little has been made of the links between health, 
urbanization, and the environment, yet it is crucial to acknowledge the importance of the 
urban environment in connection with such matters such as asthma. Social, urban, and 
environmental policies should become major components of the domestic agenda in order 
to promote social cohesion and the quality of life in cities. 

In a recent survey of state-level asthma control programs in the United States, only 
eight of the health departments reported that they had implemented any type of asthma- 
control project within the previous 10 years (10). The two most important reasons for not 
having an asthma-control program were lack of funds and shortage of staff. However, 10 
of the responding health departments indicated that they did not regard asthma as a public 
health priority. Starting and maintaining asthma programs may seem costly, yet asthma 
itself-measured in terms of both direct and indirect costs-represent a large economic 
burden. The estimated costs associated with asthma were nearly 1 % of the total U.S. health 
care costs in 1985, increasing from $4.5 billion to $6.2 billion between 1985 and 1990 
(200). Programs to limit the exposure of people with asthma to allergens and irritants 
could potentially result in great savings to society. 

A national strategy is needed to assure that every person with asthma has access to 
state-of-the-art case management and appropriate care. Additionally, programs coordi- 
nated by state and local public health departments should attempt to eliminate environmen- 
tal factors that put people with asthma at risk. In the immediate future, the public health 
sector should focus its limited resources on those at highest risk, namely children living 
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in poverty, especially those in the inner city. With a coordinated approach we should be 
able to reduce the burden of asthma on people with the disease, on their families, and on 
the health care system. 
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1. INTRODUCTION 

The clinical presentation of an acute asthma exacerbation varies considerably, from the 
mildest of perceived symptoms with little objective evidence to the dramatic presentation 
of true “status asthmaticus,” which can frighten the most experienced clinician. The se- 
verity of the episode may change abruptly even during aggressive treatment, and, although 
asthma severity is usually classified to formulate appropriate management plans, the clini- 
cal course of acute asthma may not be predictable. Patients with occasional symptoms 
may experience sudden severe life-threatening episodes. The emergency evaluation of a 
patient presenting with an acute asthma exacerbation, therefore, must be directed towards 
aggressive and immediate therapy. However brief the initial assessment may be, the pre- 
liminary evaluation must be comprehensive enough to diagnose probable asthma and as- 
sess the risk of impending respiratory failure and the need for endotracheal intubation. 

In the emergency department (ED) the history and physical examination should be 
rapid, thorough, and focused on the presenting problem. The importance of a directed and 
specific history and physical examination increases in an acutely dyspneic patient with 
acute asthma, where time is of the essence and treatment must not be delayed. A brief 
initial history must be obtained that is limited in scope. A probable diagnosis of acute 
asthma needs to be established by obtaining what we would term a “primary history” 
similar to the primary survey in trauma patients. This primary history may be difficult to 
obtain. The patient may be agitated, apprehensive, and only speak in broken sentences, 
if at all. “he primary history should establish that the patient probably has acute asthma 
by symptoms of dyspnea or cough and a history of wheezing, use of inhaled P-agonists, 
or physician-diagnosed asthma in the past. In the older child and the adult, measurement 
of peak expiratory flow rate (PEFR) or other spirometric readings may document the initial 
severity and assist in admission/discharge decisions, since some algorithms for admission/ 
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discharge decisions include the initial PEFR. There are disadvantages to performing a 
PEFR initially on an acutely dyspneic asthmatic, since treatment is delayed while at- 
tempting the initial two or three PEFRs. Also, the patient may cough, have increased 
bronchospasm, and, rarely, even suffer a cardiopulmonary arrest (1). With young children, 
despite the fact that the parent can give a more detailed history than the young patient, 
the physician should obtain only a primary history and perform a brief physical examina- 
tion before initiating therapy. The brief examination focusing on the quality of the breath 
sounds and I : E ratio is necessary, because young children cannot report that they feel 
better or perform PEFR monitoring to document improvement. 

During an acute exacerbation, abrupt changes in pulmonary function manifest as 
dyspnea, often accompanied by varying states of anxiety. These abrupt changes in pulmo- 
nary function enhance the likelihood of perceiving an exacerbation; however, if these 
changes occur over a greater period of time (days to weeks), dyspnea may be reduced, 
leading to an underestimation of severity by the patient and physician (2-6). Subjective 
symptoms are not helpful in infants and toddlers who may appear alternately playful or 
irritable despite marked wheezing and tachypnea. School-age children, however, can re- 
port breathlessness. Although dyspnea has been consistently associated with spirometric 
abnormalities, absence of breathlessness does not guarantee that pulmonary function tests 
are normal (7). 

Lougheed et al. (8) elucidated the mechanism for dyspnea in acute asthma. The 
dynamic hyperinflation of inspiratory muscles affect the function of respiration and 
contribute to breathlessness during an asthma attack for any given level of bronchocon- 
striction (8,9). Some asthmatics are more sensitive than others to small changes in lung 
function (lO), and poor perception of asthma symptoms has lead to undertreatment and 
recognition by both patients and physicians. Patients with diminished perception of airflow 
obstruction often do not develop dyspnea (1 1). Dyspnea may be diminished even during 
hypoxia or hypercapnia; diminished sensitivity of chemoreceptors to these states may be 
responsible for some cases of near-fatal asthma ( 1  2). 

Wheezing, although a common manifestation of an exacerbation of asthma, may be 
minimal, as will be discussed later in this chapter. The patient may, however, report wheez- 
ing as part of the history. Symptoms such as exertional dyspnea and coughing may be 
the only early manifestations ( 1  3- 16). Cough in asthma essentially presents in three differ- 
ent ways. In “cough predominant’’ asthma the clinical diagnosis of asthma is obvious 
from common manifestations, such as wheezing, and objective determination of airflow 
compromise (17). “Cough variant” asthma, in which the patient does not have wheezing 
by history or on physical examination, has been hypothesized as the mildest form, the 
true diagnosis being made through demonstration of airway hyperresponsiveness ( 17). The 
third manifestation of cough in asthma is a persistent chronic dry cough despite optimal 
maintenance of asthma control and exclusion of other causes (17). 

After an initial inhalant treatment, most acute asthmatics can give a clinical history, 
and a more comprehensive secondary evaluation may be performed. This secondary as- 
sessment should include: 

1. 

2. 

3. 

Risk of relapse, admission to the hospital [ward vs. intensive care unit (ICU)], 
endotracheal intubation. 
Medication use, compliance, dose, prior use of glucocorticoids, prior use of p- 
agonists in the previous 24 hr as well as in the hour before the ED visit. 
Whether the patient actually has acute asthma or other lung diseases that may 
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mimic asthma, such as cystic fibrosis, bronchiolitis, sarcoidosis, chronic ob- 
structive pulmonary disease (COPD), or bronchopulmonary dysplasia; foreign 
body; or nonlung diseases such as vocal cord dysfunction or hyperventilation 
syndrome; or has ingested a new drug, such as a beta-blocker given for migraine 
headaches. 
The presence of associated medical conditions complicating therapy of asthma 
such as diabetes mellitus, hypertension, or congestive heart failure, in which the 
gluconeogenic or mineralocorticoid effects of prednisone could be detrimental; 
pregnancy where epinephrine should be avoided; or psychiatric conditions that 
mitigate adherence. 
The duration of the present exacerbation which is associated with the expected 
response to therapy. 
Provocative or trigger factors, e.g., upper respiratory infection, allergen expo- 
sure, or ‘‘running out of medications.” 

4. 

5 .  

6. 

A. Risk 

Questions concerning risk of relapse, admission to the hospital (ward vs. ICU), or respira- 
tory failure involve a history of previous endotracheal intubation, the number of previous 
ED visits or hospitalizations in the past year, lability of asthma, and length of time since 
last ED visit. It is useful to ask the acute asthmatic about nighttime symptoms, since 
bronchospasm is often worse at night. Even in the absence of signs of respiratory distress, 
a report by the patient that “they were profusely diaphoretic and thought they were going 
to die last night’’ reflects high risk (see Chapters 11, 17, and 3 1). 

B. Medication Use 

A thorough knowledge of the patient’s present medications, current adherence, and last 
dosages is essential. Among adults, sometimes the list of medications may provide an 
important clue to a diagnosis of asthma in the profoundly dyspneic patient that cannot 
speak. Medications, such as P-agonist inhalers or theophylline, usually indicate that the 
dyspneic patient has acute bronchospasm, even with minimal or no wheezing (see Chapter 
31). Patients who present to the ED because they have run out of their P-agonist inhaler 
may not be able to afford the medication. Alternatively, the patient may simply have a 
less severe form of chronic asthma, i.e., the asthmatic who seldom needs or uses asthma 
medications may allow himself to run out of medication (18). Running out of prednisone 
or too rapid a “taper” from glucocorticoids in adults or in children using oral steroids 
for more than 10 days may result in exacerbations of acute asthma or even adrenal insuffi- 
ciency. 

C. Does the Patient Have Acute Asthma? 

Later in this chapter we will discuss the differential diagnosis of acute asthma. Patients 
with new onset of asthma need a careful evaluation for other etiologies. Among patients 
with recurrent wheezing, asthma is usually readily controlled with moderate doses of daily 
glucocorticoids or cromolyn sodium. Poor control of a patient’s symptoms, despite ade- 
quate doses of glucocorticoids or cromolyn, mandates consideration of other etiologies 
for the patients’ wheezing. 
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D. Other Medical Conditions 

Other medical conditions, apart from simulating acute asthma, may confound treatment. 
A history of tuberculosis or congestive heart failure may affect discharge medications. 
Facial pain, postnasal drip, or a productive cough lasting more than one week may require 
antibiotic therapy for sinusitis. Psychiatric disease in the adolescent or adult patient or 
the parent of a young patient may impair the patient or caretaker’s ability to recognize 
bronchospasm or adhere to therapy and increases the risk of death from an exacerbation 
of acute asthma ( 19,20). Adult asthmatics on antipsychotic medications within the previ- 
ous 12 months had a 3.2 times greater risk of death or near death from asthma than 
asthmatic patients who did not use antipsychotics (21). More than 50% of caretakers of 
inner-city children with asthma studied in the National Cooperative Inner-City Asthma 
Study reported elevated levels of psychologic symptoms (22). 

E. Duration of Present Acute Exacerbation 

The length of time that a patient has had symptoms of airway obstruction affects his or 
her response to therapy. Those symptomatic for less than 12 hr have primarily smooth 
muscle contraction responsible for airway narrowing and respond well to P-agonists in a 
brief period of time. Those who have been symptomatic for 2-4 days respond less well 
to P-agonist inhalers, since the airway narrowing is related more to inflammation than 
smooth muscle contraction (23). These patients require glucocorticoids for resolution of 
inflammation and at least 6 hr-but more often days to weeks-for complete resolution 
of the exacerbation. 

F. Provocative or Trigger Factors 

Elucidating precipitating factors whenever possible, such as drugs and allergens, is impor- 
tant. The cause of the acute exacerbation does not affect therapeutic decisions in the ED 
but may change ED admission/discharge decisions, discharge medications, or instructions. 
The onset of a viral upper respiratory infection is the most common precipitant of acute 
exacerbations and is a major cause of symptoms of wheezing in both children and adults. 
Viruses, predominantly rhinoviruses, and mycoplasma, have been shown to be the predom- 
inant organisms associated with exacerbations of wheezing (2,24,25). (See Chapters 7 
and 8). 

Exercise is a relatively common provocative factor in acute asthma, affecting be- 
tween 50% and 80% of asthmatics (2). McFadden et al. suggest that, given enough inten- 
sity, exercise can affect all asthmatics (26). Exercise-induced bronchospasm (EIB) de- 
scribes the phenomenon of progressive bronchoconstriction typically precipitated 5- 10 
min after the onset of exertion and lasting for approximately 30 min to 1 hr following 
termination of the exercise (2). EIB is affected by factors such as the humidity and temper- 
ature of the inspired air, and the mechanism of this phenomenon may be independent of 
airway hyperresponsiveness and inflammation (27). 

PHYSICAL EXAMINATION 

The physical assessment of a patient with asthma begins from the moment of presentation 
to the ED and continues throughout management. As previously mentioned, the initial 
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portion of the assessment must be rapid and focused on features of the physical examina- 
tion that affect initial therapy. It must also be comprehensive enough to assist in the diag- 
nosis of probable asthma and assessment of the risk of impending respiratory failure and 
need for endotracheal intubation. The patient’s general physical appearance is indispens- 
able to the initial assessment of the severity of the attack and forms the “primary physical 
examination’ ’ complementary to the “primary history” defined earlier. Older children, 
adolescents, and adults with severe exacerbations often stand or lean forward (“tri- 
poding”) in an effort to improve vital capacity. As the severity of the asthma attack in- 
creases, the patient becomes diaphoretic while maintaining the ‘ ‘tripod” position. Infants 
and young children manifest marked abdominal breathing instead of tripoding. With fur- 
ther deterioration hypercarbia and or hypoxia may ensue. With hypercarbia, the patient 
becomes lethargic, diaphoretic, and recumbent. With hypoxia, the patient is agitated and 
cyanotic, and older children and adults may often paradoxically pull off the oxygen mask 
stating that they can not breathe. 

The inability to speak or speech with broken words or incomplete sentences (termed 
“staccato speech”) is also a hallmark of significant distress. In infants this may manifest 
as a diminished or absent cry with difficulty or inability to feed. Accessory muscle use 
as well as bilateral wheezing, coughing and obvious decreases in inspiratory/expiratory 
I : E ratios (> 1 : 2 or 1 : 3) are all important in gauging the level of respiratory compromise. 
Severe distress in an infant may manifest as paradoxic breathing. These findings can all 
be identified by simply observing the chest and auscultating the lungs of the patient. As 
part of the primary physical examination, the physician should quickly auscultate the neck 
for stridor (28) to assess for psychogenic vocal cord dysfunction (VCD), croup, or other 
causes of upper airway obstruction; palpate the upper chest for subcutaneous emphysema 
to assess for pneumothorax or pneumomediastinum; and evaluate leg edema to assess for 
deep vein thrombosis or congestive heart failure. These physical evaluations can assist in 
quickly excluding other causes of wheezing or dyspnea and complications of acute asthma 
(see Chapters 26 and 31). 

The patient’s vital signs are indispensable and correlate well with the degree of 
severity of an exacerbation. A complete set of vital signs also form an essential part of 
the primary physical examination. In a large study on adult acute asthma, respiratory rates 
ranged from 18 to 50 (mean of 31)’ and the heart rate varied from 64/min to 150/min 
(mean of 100) (29,30). In adults, pulse rates greater than 130/min are often associated 
with severe respiratory distress and marked hypoxemia (29,3 1). Of adult patients with in- 
hospital complications of asthma, 75% had pulse rates greater than 130/min in the ED, 
compared to only a 5% incidence of complications if the initial pulse rate was less than 
130/min (32). Young children often may have heart rates above 150 with only moderate 
hypoxemia. Many asthmatics will be tachycardic on presentation. Indeed, toddlers may 
present with heart rates from 160 to 180, and the physician may be reluctant to give p- 
agonist therapy for fear of precipitating tachydysrhythmias. But when p-agonists are given, 
the airway obstruction is relieved, and the heart rate begins to slow, despite the arrhythmo- 
genic effects of P-agonists. 

Pulsus paradoxus refers to an exaggerated decrease in systolic blood pressure during 
inspiration and can be easily obtained depending upon the patient’s stability. Approxi- 
mately 40% of asthmatic patients have an elevated pulsus paradoxus that may range from 
15 to 130 mmHg (33). Pulsus paradoxus in asthma is caused by severe hyperinflation of 
the lungs with mediastinal and pericardial stretching, combined with wide variations in 
intrapulmonary pressure (33), impairing cardiac output with inspiration. Pulsus paradoxus 
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is normally less than 10 mmHg. If greater than or equal to 15 mmHg, pulsus paradoxus 
correlates well with a 1-sec forced expiratory volume (FEV,) of less than 0.9 liters (34,35). 
In one study, one-third of patients who presented to the ED with pulsus paradoxus of 
greater than or equal to 15 mmHg did not respond sufficiently to therapy over 12 hr and 
were admitted to the hospital. Patients admitted to the hospital had an initial elevated 
pulsus paradoxus that subsequently decreased by only 20% or less after therapy, whereas 
those discharged from the ED showed an average pulsus paradoxus decrease of 60% (36). 
Evaluation for pulsus paradoxus may be time consuming, especially in children, and does 
not add information different from the presence of accessory muscle use or the common 
spirometric assessments. For these reasons it is rarely part of the routine evaluation of 
asthma severity. 

Clinical hyperinflation of the chest indicates at least moderate asthma (37,38) and 
is due to persistent intercostal and accessory muscle contraction during exhalation (39). 
Hyperinflation changes quickly with improvement or exacerbation. Improvement with per- 
sistence of hyperinflation may indicate that improvement will be brief. 

McFadden et al. (40) studied 22 patients aged 16-45 years with acute bronchial 
asthma and noted that sternocleidomastoid retraction correlated well with the degree of 
mechanical impairment of the lung, usually with an FEV, of less than 1 liter. The presence 
of dyspnea, subjective wheezing, and expiratory wheezing was uniformly associated with 
airway obstruction, but the extent of obstruction could not be determined from these find- 
ings with any degree of precision. In fact, although 90% of patients became asymptomatic, 
40% were still wheezing. Likewise, Commey and Levison studied 62 children with 
asthma; pulmonary function measures were worst among the 2 1 patients with sternocleido- 
mastoid retractions (7). 

In evaluating 127 ED visits by 102 acute asthmatics age 15-45 years, Kelsen et al. 
(41) found that sternocleidomastoid retraction occurred in 40% of episodes. It was more 
common than hypoxemia (po2 < 60 mmHg) or hypercapnia (pco2 > 45 mmHg), which 
occurred in 20% and 10% of episodes, respectively. As the severity of the obstruction 
increased, the incidence of sternocleidomastoid retraction increased. At an FEV, of less 
than 1000 ml, sternocleidomastoid retraction occurred in 50% of cases, whereas hypox- 
emia and hypercarbia were present in 35% and 15% of episodes respectively. An important 
implication of these findings is that sternocleidomastoid retraction may signify possible 
hypoxemia or hypercarbia and reflect the severity of bronchospasm. However, even this 
reliable clinical sign was absent in half the patients with a severe obstruction. 

Wheezing can be heard during any phase of the respiratory cycle. Inspiratory wheez- 
ing suggests large airways are narrowed, and expiratory wheezing suggests small airway 
involvement. Persistent localized wheezing should focus the examiner on other causes of 
respiratory distress. Exclusive inspiratory wheezing may be due to tumor, foreign body, 
bronchitis, or stridor misdiagnosed as wheezing. Contrary to traditional thinking, the pitch 
of the wheeze is not determined by the size of the involved airway (42), but rather by 
oscillatory characteristics of the mass and elasticity of the bronchial wall. Findings that 
signify the most severe airway obstruction are mild intensity, high-pitched, inspiratory 
wheezes without expiratory wheezing with minimal chest wall movement in a patient 
malung enormous efforts to breathe. An urgent finding is the “silent chest,” indicating 
such severe obstruction that flow rates are too low to generate breath sounds. With im- 
provement, wheezing may increase in intensity and become low pitched and coarse as 
flow rates increase (43,44). Rales are often impossible to hear in asthmatics, because 
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wheezing obscures these sounds. As mentioned earlier, on physical examination the physi- 
cian should check for subcutaneous emphysema or the presence of a mediastinal crunch 
(Hamman’s sign). 

A. The Pediatric Patient 

Although we have tried to address the pediatric perspective on all topics discussed in this 
chapter, the young child who can not provide a history or perform a pulmonary function 
testing is a special challenge. In young children, rate of breathing is probably the most 
sensitive observable indicator of lower airway obstruction. This is because infants and 
young children can effectively increase their minute ventilation only by increasing their 
respiratory rate, while older children and adolescents are able to increase their tidal vol- 
ume. As airway obstruction develops, the respiratory rate increases long before hypoxia 
develops. Despite reports of eupneic hypoxia in children, few children with this condition 
have been diagnosed with asthma (45). 

In many emergency departments, particularly in areas where asthma is prevalent, 
children are treated in an asthma booth, often sitting on their parent’s lap fully clothed. 
Whenever possible it is helpful to undress young children so that their breathing can be 
observed from a distance. Most young children will have moderate tachypnea despite 
little other evidence of airway obstruction. Moreover, although tachypnea is not perfectly 
correlated with the degree of obstruction, in general, the faster the respiratory rate, the 
greater the obstruction and V/Q mismatch. The following is a guide to normal respiratory 
rates in children by age (Table 1).  Often guidelines like these (46) are found to be useful 
in the emergency department asthma treatment area. In infants and children the pulse rate 
also varies with age. In infants less than 1 year of age, a normal pulse should be less than 
160, between 1 and 2 years the pulse should be less than 120, and at 2-8 years of age 
the pulse should be less than 110. As noted earlier, tachycardia is less ominous in young 
children than in adults. Tachycardia due to hypoxia, bronchospasm, or anxiety may quickly 
reverse with the initiation of therapy. 

In the physical examination in the pediatric patient, there are important differences 
between children and adults that must be taken in to account (47). Nasal flaring in the 
infant and child may be the only sign of respiratory distress, although it usually accompan- 
ies tachypnea. The paradoxical movements of portions of the chest and abdominal wall 
in response to increasing respiratory effort manifest as subcostal and intercostal retractions. 

Table 1 Normal Respiratory Rates in Sleeping and Awake Children 

Sleeping Awake Mean difference 
between sleeping 

Age No. Mean Range No. Mean Range and awake 

6-12 months 6 27 22-31 3 64 58-75 37 
1-2 years 6 19 17-23 4 35 30-40 16 
2-4 years 16 19 16-25 15 31 23-42 12 
4-6 years 23 18 14-23 22 26 19-36 8 
6-8 years 27 17 13-23 28 23 15-30 6 

Source: Ref. 199. 
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These are physical findings suggestive of moderate to severe distress and may also occur 
with or without tracheosternal retractions and the use of sternocleidomastoid muscles (48). 
Supraclavicular retractions, referring to the use of the sternocleidomastoid muscles, is a 
feature of respiratory distress in young asthmatics that seldom occurs without the other 
physical findings mentioned. Another distinction is that young children become hypercar- 
bic more readily than adolescents and adults. 

In normal breathing, the expiratory phase is slightly longer than the inspiratory 
phase, but it is only briefly audible so that it appears shorter. The ratio of the audible 
portions of the inspiratory to the expiratory phase of the respiratory cycle, while subjective, 
has two uses. First, determining the ratio and then monitoring it over time provides a 
measure of the direction of change in the patient’s status. If obstruction increases, the 
expiratory phase first sounds as long and then longer than the inspiratory phase. The ratio 
can be characterized as 1 : 1, 1 : 2, 1 : 3, or 1 :4 as the expiratory phase lengthens. If p- 
agonist therapy is successful, the ratio should decrease. The other situation in which the 
I : E ratio is useful is in evaluating the young child with cough (49). Most young children 
are not able to cooperate with a request to forcibly exhale, and it is extremely difficult to 
diagnose mild reactive airway disease in these children in the absence of frank wheezing. 
In many cases, the only clue on physical examination is a prolonged expiratory phase of 
the respiratory cycle. Wheezing on auscultation may be absent. Often young children who 
present to the ED with chronic cough, especially at night or with exertion, but do not 
appear to be in respiratory distress, may develop audible wheezing following treatment 
with a P-agonist (50). 

B. Asthma Severity 

The severity of a given acute exacerbation involves an assessment derived from the history 
and physical examination, including the patient’s general appearance. An objective assess- 
ment must, however, be part of the ED evaluation, since physicians as well as patients 
may underestimate the severity of the exacerbation (4 1 3  1). In most patients other than 
preschool-age children, an examination of PEFR is the most useful objective method of 
assessing severity (see Chapters 14, 18, and 31), although measurement of oxygen satura- 
tion is the simplest and most commonly performed test. 

In a study of 49 adult patients, Brenner et al. (52) showed that pulse rate, respiratory 
rate, and pulsus paradoxus were significantly higher in patients who initially assumed the 
upright, sitting position on admission to the emergency department; arterial pH, PO,, and 
PEFR were significantly lower in the upright patients. All upright patients had sternoclei- 
domastoid retractions. Mean PEFR was 73 liters/min in diaphoretic patients, 134 hers/ 
min in nondiaphoretic, upright patients, and 225 literdmin in recumbent patients (p < 
0.02). No recumbent, nondiaphoretic patient had a PEFR less than 150 literslmin or pco2 
higher than 44 mmHg. Therefore, among adults, the position of a patient in the ED and the 
presence or absence of diaphoresis form a continuum in severity in the initial assessment of 
acute asthma, with recumbency without diaphoresis being the mildest form, upright posi- 
tion without diaphoresis being more severe, and upright position and diaphoresis being 
most severe. As is well known among clinicians and exemplified by one patient in this 
study, recumbent, diaphoretic patients have the most severe bronchospasm and frequently 
hypoventilate, requiring mechanical assistance to breathe. 
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C. Hypoxemia, Cyanosis, and Hypercarbia 

The most ominous physical findings in acute asthma are those signifying hypoxemia or 
hypercarbia. Although agitation may be observed in as many as half of patients with 
asthma, agitation severe enough to halt speech is a sign of severe respiratory distress. In 
most adult patients with asthma so severe that they are unable to speak, the po2 is less 
than 40 mmHg. In some cases thought to be mild, the PO, is as low as 45 mmHg (29). 
Physical signs of hypoxia are not observed until hypoxemia is severe. These signs are 
restlessness, faintness, pallor, and diminished ability to discriminate, which occur at arte- 
rial oxygen saturations of less than 75% (53,54). Immediately before unconsciousness due 
to anoxia, motion of the face and upper body decreases suddenly and the patient seems 
to be staring. There is amnesia for events preceding the arrest (55). 

Hyperventilation, hyperpnea, and tachycardia are all characteristic of hypoxia (54, 
56,57). These findings develop when the patients breathe room air, but not when ventila- 
tion is controlled, or while hypocarbia is prevented with a CO2-enriched atmosphere (53). 

Severe hypoxemia may be reflected in the development of cyanosis, although most 
patients with acute asthma do not become cyanotic despite developing hypoxemia. Pulse 
oximetry has become a common objective method for assessing oxygenation in the patient 
with acute asthma (see Chapter 16). However, for a multitude of reasons including under- 
estimation of the severity of low oxygen saturation or pulse oximeter malfunction, a dis- 
cussion of the observation of cyanosis and its limitations is valuable. 

Cyanosis is due to the presence of unreduced hemoglobin in dermal papillae and 
subpapillary venous plexi of the dermis (58). Based on studies of venous blood, Lunds- 
gaard (58,59), showed that 4.5 g to 5.2 g of reduced hemoglobin is needed to exceed the 
threshold for observing cyanosis. Later Geraci and Wood (60) pointed out that only 3.3 
g of reduced hemoglobin was needed to observe cyanosis in white patients. Polycythemia, 
by providing more hemoglobin for reduction and acidosis by shifting the hemoglobin- 
oxygen dissociation curve to the right, encourages increased amounts of unreduced hemo- 
globin and, thereby, enhances the development of cyanosis. Alkalosis will shift the 
hemoglobin-oxygen dissociation curve to the left, prevent the release of oxygen from 
hemoglobin, and decrease the amount of reduced hemoglobin. If anemia is so profound 
that insufficient reduced hemoglobin is present to generate cyanosis, it will prevent the 
appearance of cyanosis despite severe hypoxemia. 

When cyanosis is present, it is important to decide whether it is peripheral or central. 
Peripheral cyanosis involves the extremities such as nail beds, ear lobes, and nose, and 
it is caused by slowed circulation resulting from hypoperfusion in states of shock, conges- 
tive heart failure, Raynaud’s phenomenon, or acidosis, as mentioned earlier. Slowed circu- 
lation resulting from stasis is also common in peripheral cyanosis and is evident in cases 
of polycythemia, superior vena cava obstruction, and venous thrombosis (6 1). Central 
cyanosis may be recognized by diffuse patterns involving the lips, tongue, and buccal 
mucosa. It may be caused by congenital problems such as right to left shunting (Eisen- 
menger’s syndrome), pulmonary arteriovenous anomaly, tetralogy of Fallot, severe ac- 
quired pulmonary disease, low levels of inspired oxygen, hemoglobinopathies (e.g., 1.5 
g of methernoglobin and 0.5 g of sulfhemoglobin), polycythemia, or marked acidosis 
(58,62). Intermediate between peripheral and central cyanosis is differential cyanosis, in 
which only certain regions, such as the upper half of the body, appear cyanotic, as occurs 
in transposition of the great vessels or coarctation of the aorta. 
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The presence of cyanosis is unreliable in detecting mild to moderate hypoxemia. In 
over 3500 observations in white patients made by 12 staff physicians and 12 medical 
students, Comroe and Botelho (63) noted considerable interobserver variability in the ap- 
preciation of cyanosis which emphasized the highly subjective nature of the assessment 
of this physical finding. Three percent of observers did not note cyanosis when arterial 
oxygen saturation was 71-75%. Ten percent noted no cyanosis when arterial oxygen satu- 
ration ranged from 76% to 80% and 14% of observers noted no cyanosis when saturation 
ranged from 80% to 84%. Twenty-five percent of observers noted “slight cyanosis” de- 
spite arterial oxygen saturations of 96-100%. This study showed that most cases of cyano- 
sis (85%) could be diagnosed when arterial oxygen saturation was less than 85%; however, 
there was a high incidence of false positives. 

Geraci and Wood (60) asked observers to evaluate the degree of cyanosis in 1803 
white patients. No observers noted cyanosis in patients with arterial saturation averaging 
90% (range 69-95%). They observed slight cyanosis at an average arterial saturation of 
84% (range 69-95%), definite cyanosis at an average arterial saturation of 80% (range 
62-95%), and severe cyanosis at an arterial saturation of 67% (range 56-76%). Overall, 
although there was marked overlap in the severity of cyanosis observed between patient 
groups, there was an approximate correlation between the degree of cyanosis and level 
of arterial oxygen saturation. 

In the same study, in 450 observations in black patients, the threshold of arterial 
oxygen saturation for the appreciation of cyanosis was 3-8% lower than for whites. No 
black patients were observed with severe cyanosis. Geraci and Wood concurred with Com- 
roe and Botelho that definite cyanosis was seen by all observers where arterial oxygen 
saturation was less than 75%, but most observers noted cyanosis at less than 85% satura- 
tion (60,63,64). 

In assessing cyanosis, the choice of the site of observation affected the intraobserver 
variability in the detection of cyanosis. The presence of cyanosis may be affected by 
vascularity, pigmentation, and thickness of the skin (58). Lips, tongue, and buccal mucosa 
are highly reliable sites for the detection of central cyanosis but had a 40% incidence of 
false positives in one series. If either the lips, tongue, or buccal surfaces were not observed 
to be cyanotic, it would be rare for arterial oxygen saturation to be less than 75% (65- 
67). Conjunctivae, ear lobes, and nail beds were poor sites to observe central cyanosis, 
because these regions were prone to hypoperfusion. 

In acute asthma, respiratory failure and hypercarbia may occur and must be diag- 
nosed early. The physical findings of hypercarbia are diaphoresis secondary to increased 
cutaneous blood flow (68,69), increased cardiac output (69-7 l), a hyperdynamic cardio- 
vascular system with wide pulse pressure (up to a pco2 of 90 mmHg) (71,72), elevated 
blood pressure (69,71,73), and depression of the central nervous system (68). These find- 
ings suggest hypercarbia even before the results of the arterial blood gas are known. In 
children, central nervous system depression, along with decreasing breath sounds, may 
be the only finding signifying hypercarbia. 

Before obtaining the results of arterial blood gases, meaningful information can be 
obtained from the color of the arterial blood. Morgan-Hughes and Bartlett (74) compared 
arterial samples with standard samples saturated with oxygen by shaking them for 5 min. 
All observers noted that blood with less than 85% saturation was darker than the saturated 
blood. Eighty percent of observers noted that blood with an arterial oxygen saturation of 
85-90% was darker than fully saturated blood, and at 90-94% oxygen saturation, 70% 
of observers noted that the sample was darker than the standard. If the hemoglobin was 
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less than log%, then all observers detected which samples were darker at less than 95% 
arterial oxygen saturation. This technique is superior to the observation of body surfaces 
in the assessment of cyanosis. For a full discussion of arterial blood gases in acute asthma, 
see Chapters 15, 26, and Chapter 31. 

D. Clinical Scoring Systems for Asthma 

Due to the inability of many children to perform P E R ,  pediatricians have sought some 
form of objective criteria by which decisions could be made. To this end, severity indices 
have been established that attempt to transform subjective criteria in pediatric asthma into 
an objective index. In some emergency departments, physical signs are combined together 
into scoring systems to evaluate the patient’s response to therapy. One scoring system 
that is based solely on physical signs is the pulmonary index (PI), developed by Becker 
et al. (75). It includes the respiratory rate, degree of wheezing, inspiratory-expiratory ratio, 
and use of accessory muscles (Table 2). Sternocleidomastoid muscle retractions are used 
to assess accessory muscle use. Each item in the index is scored from 0 to 3, so that the 
scores can range from 0 to 12. The authors studied 40 children between the ages of 6 and 17 
years and compared the pulmonary index to forced vital capacity (FVC), forced expiratory 
volume in one second, and forced expiratory flow rate from 25% to 75% of the vital 
capacity. The mean PI before therapy and 30 min after initial therapy correlated signifi- 
cantly with the mean % FEV,/FVC; six of eight patients with a PI of 6 or more, 30 min 
after initial treatment in the emergency department, required hospitalization, while no 
patient with a PI less than 6 required admission. 

A well-known scoring system that combines clinical parameters with laboratory 
criteria is the Wood-Downes-Lecks score (76) (Table 3). This score combines inspiratory 
breath sounds, accessory muscle use, expiratory wheezing, cerebral function, and arterial 
carbon dioxide tension or the presence of cyanosis to predict impending respiratory failure 
from asthma. More recently, the application of the Wood-Downes-Lecks scoring system 
has been broadened to determination of the severity of an asthma attack and the need for 
hospitalization (77). The five items are each scored from 0 to 2, and a score of 5 or more 
is thought to predict respiratory failure. The disadvantage of this scoring system is that 
it requires an arterial blood gas, though the widespread application of techniques for nonin- 
vasive monitoring of oxygen saturation may circumvent this requirement. However, the 

Table 2 Clinical Scoring Systems: The Pulmonary Index 

Score RR 
Accessory 

Wheeze I:E ratio muscle use 

0 <30 None 512 0 
1 31-45 Terminal expiration 513-514 

with stethoscope t 
2 46-60 Entire expiration 1 11 

with stethoscope ++ 
3 >60 Inspiration and expiration <1/1 

without stethoscope +++ 
Source: Adapted from Becker AB, et al. The pulmonary index, Am J Dis Child, 1984; 138:574- 
576 (Ref. 75). 
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Table 3 Clinical Scoring Systems: The Wood-Downes-Lecks Score 

0 1 2 

Paoz >70 in room air <70 in room air <70 in 40% F102 
Inspiratory breath Normal Unequal Decreased to absent 

Accessory muscles None Moderate Maximal 

Expiratory wheezing None Moderate Marked 
Cerebra I function Normal Depressed or Coma 

sounds 

used 

agitated 

Source: Adapted from Wood DW, Downes JJ, Lecks HI. A clinical scoring system for diagnosis 
of respiratory failure. Am J Dis Child 1972; 123:227-228 (Ref. 76). 

performance of the score has never been evaluated using pulse oximetry. Baker studied 
the performance of the Wood-Downes-Lecks scoring system in children with asthma 
and found that the score was significantly higher for children admitted to the hospital 
with asthma compared to those discharged home (1.7 vs. 0.5) (77). However, the score 
was not helpful in identifying children who required prolonged hospitalization or would 
experience substantial symptoms after discharge including relapse to the emergency de- 
partment. 

E. Formatted or Template Charts 

Much of the history and physical examination is similar in patients with acute asthma. 
This type of repetitive process lends itself to a formatted or template chart. Charts have 
been developed in which boxes can be checked or numbers circled. Additional information 
that does not fit or is not appropriate for the template can still be written by hand on the 
medical record. This type of chart ensures that all questions are prompted and saves time, 
while maintaining completeness. A formatted chart has been used at the Brooklyn Hospital 
Center since 1995 for all patients with acute asthma. The data recorded on the chart is 
subsequently entered into a database (see Appendixes 1 and 2). 

F. Differential Diagnosis of Asthma 

The diagnosis of asthma is clearly not difficult in patients with a long history of reversible 
bronchospasm who present with an acute exacerbation. This diagnosis becomes more chal- 
lenging in older patients with coexisting diseases, and younger patients for whom the 
differential diagnosis of the most common presenting signs and symptoms can be exten- 
sive. Patients who are too dyspneic to give a history or those with their first episode of 
asthma may present a difficult diagnostic problem. 

1. Children 
In infants and children, despite an extensive differential diagnosis, most wheezing is sec- 
ondary to asthma or bronchiolitis (Table 4). In pediatrics, asthma may be difficult to diag- 
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Table 4 Differential Diagnosis of Acute Asthma in Infants and Children 

Upper Airway Obstruction 
a. 
b. 

d. 
e. 
f. 
g - 
h. 

C. 

I. 

j. 
k. 
I. 

Choanal atresia 
Tonsillar hypertrophy 
Laryngotracheal stenosis or laryngeal webs 
Laryngomalacia, tracheomalacia, or bronchomalacia 
Vascular rings 
Foreign bodies 
Vocal cord paralysis or dysfunction (fixed or psychogenic) 
Cleft larynx 
Congenital cysts 
Retropharyngeal abscess 
E pig lottit is 
Laryngotracheal bronchitis (croup) 

Middle Airway Obstruction (from the tracheal bifurcation to the larynx) 
a. Foreign bodies 
b. Tumors 
c. Hemangiomas 
d. Papillomatous growths and cysts 
e. Trac heoesop hageal fistulas 
f. Tracheomalacia 

a. Bronchiolitis 
b. Cystic fibrosis 
c. Bronchopulmonary dysplasia 
d. Bronchostenosis 
e. Bronchiectasis 
f. Congenital lobar emphysema 
g. Bronchogenic cysts 

Extrapulmonary Conditions 
a. Mediastinal masses 
b. Right-to-left cardiac shunts 
c. Myocarditis 
d. Gastroesophageal reflux 

Lower Airway Obstruction (distal to tracheal bifurcation) 

Conditions listed in the adult differential diagnosis may also cause wheezing in children. 

nose with confidence until the child is more than 3 years old. Allergic diseases, including 
asthma, rhinitis and sinusitis, secondary to immunoglobulin E (IgE) responses to allergens, 
rarely present in children until the second or third year of life (80,81). Asthma, however, 
is most commonly provoked by upper respiratory infections and may be suspected at 
earlier ages after multiple episodes of wheezing reversed by bronchodilators, especially 
in the setting of a strong family history of asthma or eczema. Wheezing before the age 
of 1 yr is likely to be bronchiolitis, most often associated with respiratory syncitial virus 
during epidemics in the winter to early spring. Other etiologies include influenza and 
adenovirus, mycoplasma, and chlamydia. Typically there is a prodromal upper respiratory 
tract infection followed by a cough, wheezing, variable degrees of respiratory distress, 
and poor feeding. Although wheezing is a fairly consistent finding, rhonchi and coarse 



214 Brenner et al. 

rales may also be present. Otitis media may accompany one-half of the cases of bronchio- 
litis, and fever is variable, but usually low grade. 

The association between bronchiolitis and asthma is strong but not well elucidated. 
Many children who develop asthma had an episode of wheezing associated with a respira- 
tory illness in infancy, but fewer than half of the infants with bronchiolitis go on to develop 
asthma. At least 60% of children with bronchiolitis and wheezing before the age of 3 will 
have no further episodes of wheezing after 5 years of age (47,78431). 

The anatomic causes of inspiratory and expiratory airflow abnormalities, include 
multiple congenital and acquired abnormalities (82), which, while far less common than 
asthma, are extensive. They include choanal atresia, tonsillar hypertrophy, laryngotracheal 
stenosis, tracheomalacia, laryngomalacia, brochomalacia (83), laryngeal webs, vascular 
rings (84), bronchostenosis, tracheoesophageal fistulas, vocal cord paralysis or dysfunc- 
tion, cleft larynx, congenital lobar emphysema, and bronchogenic cysts (85). With tracheo- 
malacia, which is the most common of these entities, stridor from narrowing of a floppy 
tracheal segment predominates over expiratory wheezing. The symptoms of coughing or 
inspiratory noise may also represent infectious upper airway disorders such as laryngotra- 
cheal bronchitis or retropharyngeal abscess. The clinical presentation of epiglottitis in- 
volves stridor, drooling, fever, and the assumption of the tripod position, and should never 
be confused with reversible bronchoconstriction (86). Adventitious breath sounds are un- 
common. Middle airway obstruction caused commonly by foreign bodies must be consid- 
ered and ruled out, as well as other less common etiologies of middle airway obstruction 
including mediastinal masses, such as lymphoma, papillomatous growths, and hemangio- 
mas (see Adult Differential Diagnosis). 

Vocal cord dysfunction (VCD) in children and adolescents (87,88) presents a diffi- 
cult diagnostic and management challenge, especially because of the psychological com- 
ponent, which is most often denied by the patient. VCD can present with symptoms of 
rapid onset of significant airway obstruction and is predictably resistant to the conventional 
management of acute asthma. The observation of paradoxic motion of the vocal cords, 
abduction with inspiration and adduction with exhalation, during direct laryngoscopy is 
diagnostic. Intervention usually requires psychological evaluation, and speech therapy has 
been shown to be effective in some cases (see VCD in Differential Diagnosis of Adults). 

Infants with a history of prematurity and mechanical ventilation tend to develop 
bronchopulmonary dysplasia (BPD), which can mimic adult COPD. The manifestations of 
exacerbations of BPD in this age group are often indistinguishable from asthma, especially 
because bronchial hyperresponsiveness is often present. Patients with cystic fibrosis may 
have bronchospasm and bronchiectasis which may be misdiagnosed as acute asthma (89). 
These children frequently have clubbing of the digits, malabsorption, excessive salt loss, 
and failure to thrive. 

Cardiac asthma may occur in children with left-to-right shunts, anomalous pulmo- 
nary venous return, or mitral stenosis or, more commonly, from infectious etiologies such 
as myocarditis. Other features on physical examination, such as the presence of a murmur, 
hepatosplenomegaly, or tachycardia, or findings on chest x-ray, such as cardiomegal y or 
pulmonary congestion, suggest a cardiac etiology for wheezing. 

An unusual presentation of acute asthma has been reported in several children in- 
volving persistent vomiting as the major symptom. Cough, tachypnea, and wheezing may 
be minimal or simply masked by this symptom (90-92). A pediatric patient already diag- 
nosed with asthma may develop alternate conditions that may simulate the symptoms of 
an acute asthma exacerbation. In one case, a child with cardiac asthma secondary to acute 
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myocarditis was initially considered to have had an acute exacerbation of asthma, in part 
because the child had a history of chronic asthma (93). 

2. Adults 
The differential diagnosis of asthma in the adult is also extensive (Table 5). The diagnosis 
of the disease in the elderly is increasing in frequency and presents special challenges to 
the clinician because it coexists with a daunting number of complicating presentations 
and underlying diseases (94,95). 

COPD is an important differential when dealing with the adult and elderly patient. 
This disease is often indistinguishable from asthma, and certain components of acute bron- 
chospasm and chronic bronchitis can exist simultaneously. A chronic productive cough 
usually favors COPD, and there is usually a significant smoking history. Classic physical 
findings, such as body habitus (barrel chest, pink puffer, blue bloater), clubbing, cyanosis, 
laboratory evidence of polycythemia and chronic hypercarbia, and radiological hall marks 
of hyperexpanded lung fields or intrinsic lung disease suggest underlying lung disease 
(96). 

Extrathoracic obstruction refers to common conditions such as head and neck tu- 
mors, vocal cord dysfunction, polyps that may present as symptoms of wheezing, or stri- 
dor, which may often be mistaken for acute bronchospasm (97) or even an anomalous 
right aortic arch presenting as exercise-induced bronchospasm (98). Intrathoracic airway 
obstruction refers to any pathology disease that may cause intermittent airway obstruction 
and wheezing, such as tracheal or bronchogenic tumors, chronic infections (99), or granu- 
lomatous disease (100). A high index of suspicion must always be maintained in such 
settings to avoid a misdiagnosis or complication. Tracheal, laryngeal, or bronchial tumors 
(1 0 1 - 106) or inhaled foreign bodies (107- 1 1 1) may also cause localized inspiratory (large 
airway, e.g., subglottic ) or expiratory (small airway) wheezing or transmitted upper airway 
sounds erroneously interpreted as wheezing in both adults and children. In adults, mechani- 
cal lesions of the airway, such as expiratory collapse of the distal trachea, may present 
as acute asthma refractory to treatment (1 12). 

Acute bronchitis is both a common condition and frequent discharge diagnosis in 
the ED. There is frequent wheezing and airway hyperreactivity with postviral bronchitis, 
which may last up to seven weeks. Due to improvement in symptoms of cough and wheez- 
ing and improved expiratory flow rates with P2-agonists post-viral bronchitis may be con- 
fused with new onset asthma ( 1  13). Mild hyperreactive airways may even be a normal 
variant in up to 10% of normal subjects. Whether this represents “subclinical” asthma 
among normal subjects is unclear (1 14). 

Vocal cord dysfunction is a common presentation of refractory acute asthma in 
adults (1 15,116). VCD refers to the paradoxical voluntary abduction of the vocal cords 
during inspiration andlor adduction during exhalation phases of the respiratory cycle and 
is an important cause of extrathoracic obstruction. As will be discussed in Chapter 7, there 
is a significant psychological component to this disorder, and some proponents suggest 
that it is a form of conversion disorder (1 16-1 18). The majority of patients presenting 
with this syndrome are young women, often in medically related fields, between the ages 
of 20 and 35 (1 18,119). Some may present with VCD even during vigorous exercise 
which may be either functional or structural (120-122). The history is one of repeated 
episodes of highly refractory acute asthma, and the patient is often ingesting relatively 
large doses of chronic glucocorticoids. In a review of 95 cases of VCD, 53 had an incorrect 
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Table 5 Differential Diagnosis of Acute Asthma in Adults 

1. 

2. 
3. 
4. 
5. 
6. 

7. 
a. 

9. 
10. 

11. 

12. 

13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 

Cardiac asthma 
a. occult mitral stenosis 
b. myocarditis 
c. cardiogenic pulmonary edema 

COPD with exacerbation 
Allergic bronchopulmonary aspergillosis 
Loeffler's syndrome 
Chronic eosinophiiic pneumonia 
Occupational asthma 

Organic particle exposure 
a. cotton (byssinosis) 
b. detergent manufacture 
c. red cedar 
d. grains 

a. toluene diisocyante 
b. metal fumes 
c. colophony 

Extrinsic allergic alveolitis (e.g., farmer's lung) 
Chemical irritants 

Non-organic exposure 

a. chlorine 
b. sulfur dioxide 
c. smoke inhalation 

Noncardiogenic pulmonary edema 
Infectious causes 

a. bronchitis 
b. bronchopneumonia 

Upper airway obstruction 
a. head and neck tumors 
b. fixed vocal cord dysfunction 
c. laryngeal polyps 
d. subglottic stenosis (post-intubation) 
e. tracheal collapse 

a. hyperventilation syndrome and panic attacks 
b. Munchausen's syndrome 
c. psychogenic vocal cord dysfunction 

Psychogenic 

Bronchial tumors 
Bronchial foreign body or aspiration 
Pulmonary embolism (4% of cases only wheeze) or foreign body embolism 
Carcinoid syndrome (20-30% of cases) 
invasive worm infestation 

a. Ascaris or Toxocara canis (visceral larva migrans) 
b. hookworm 
c. Strongyloides 
d. filariasis (Wuchereria or Brugia) 

Allergic angiitis or vasculitis 
Allergic or anaphylactic reactions 
Atypical chest pain 
Angiotensin converting enzyme inhibitor 
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diagnosis of asthma. VCD had been misdiagnosed as asthma for an average of 5 years. 
The average daily prednisone dose of those taking prednisone was 30 mg per day. Of 
those patients diagnosed as asthma, 28% had been intubated in the past. These patients 
used emergency services often with an average of 10 ED visits and six admissions to the 
hospital in the previous year (123). Three-fourths of the cases present as acute asthma 
but occasionally VCD may simulate recurrent anaphylaxis (1 24). This clinical syndrome 
is exacerbated by significant psychosocial stressors, and it is not unusual for anxiety and 
somatoform disorders to present with symptoms suggestive of reversible airway obstruc- 
tion. Anxiety disorders tend to manifest typically as panic disorders or hyperventilation 
syndrome, and there is much overlap between VCD, panic disorder, and hyperventilation 
syndrome (125,126). Some cases of psychogenic asthma have even presented as profound 
agitation, apprehension and hyperventilation followed by bradycardia, respiratory arrest, 
and requiring cardiopulmonary resuscitation despite normal arterial blood gas values. One 
patient self-induced the latter findings with a prolonged Valsalva maneuver. The airway 
difficulties resolved with sedation (127,128). Terms such as psychogenic upper airway 
obstruction, Munchausen’s stridor, functional laryngeal stridor, factitious asthma, emo- 
tional laryngeal wheezing, and psychogenic cough have all been used to describe this 
mimicry of acute reversible airway obstruction (1 29,130). Patients most often complain 
of obstruction of airflow in their upper chest (1 18). Similar to asthma, the symptoms of 
VCD may be exacerbated by reflux (1 3 1) and upper airway infections. Physical findings 
that distinguish an acute bronchospastic episode from VCD are derived from careful exam- 
ination for stridor or “wheezing” more prominent over the neck (28); however, symptoms 
may be dramatic enough to force the clinician to consider intubation for impending respira- 
tory failure. After intubation, the patient dramatically has no more wheezing and is remark- 
ably easy to mechanically ventilate. Noteworthy in the clinical diagnosis of VCD is that 
flow volume loops during pulmonary function testing almost never show evidence of 
expiratory obstruction. Inspiratory abbreviation and flattening of the inspiratory flow vol- 
ume loop are characteristic of VCD, although it would be unusual for this form of pulmo- 
nary function testing to be available in an ED. If there is coexistent asthma plus VCD, 
even these results may be equivocal (132). The diagnosis is suspected in cases of refractory 
asthma, especially if a normal pulse oximetry or alveloar-arterial oxygen gradient is pres- 
ent. Occasionally even hypoxia may occur, however (133). Usually the diagnosis is accom- 
plished efficiently with laryngoscopy showing paradoxic motion of the cords with respira- 
tion. The emergency physician may notice the paradoxic vocal cord motion during a 
nonparalyzed intubation and, after the intubation, appreciate that wheezing has disap- 
peared and the patient is easily ventilated with a bag-valve mask. Also Heliox (80% helium 
and 20% oxygen mixture), a less dense gas, will markedly reduce the degree of stridor 
and often reassure the patient. Fixed vocal cord defects, such as laryngospasm or bilateral 
abductor paresis of the vocal cords (134,135), may also be noted at the time of intubation 
in the ED, and these conditions may simulate acute asthma. 

Chest pain as a predominant symptom in the absence of wheezing is an ill-defined 
presentation of acute asthma. In one study, all patients had an improved clinical response 
to bronchodilator therapy or a positive methacholine challenge (1 36,137). There may be 
much overlap between acute asthma and other causes of chest pain, however. For example, 
chest pain is common in both hyperventilation syndrome and panic disorder (138,139). 
In 38 patients that presented with hyperventilation syndrome, 36 had asthma documented 
subsequently by methacholine challenge (140). Thus, patients that present with chest pain 
as the main manifestation of acute asthma may have a strong component of anxiety which 
is responsible for their presentation. 
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In the adult patient, cardiac asthma, defined as congestive heart failure with wheez- 
ing as a predominant manifestation ( 141,142) may initially seem like bronchial asthma 
(143). As in COPD there is often evidence of right-sided heart failure in addition to evi- 
dence of peripheral edema and compromise of venous return. Both cardiac asthma and 
COPD with exacerbation must be distinguished from bronchial asthma. In both cardiac 
asthma and COPD with exacerbation, epinephrine should not be used (143). The distinc- 
tion is important, since in patients with COPD with exacerbation, high-flow oxygen by 
nasal cannula may depress the CO2 respiratory drive and result in respiratory failure. When 
these patients present in extremis, rapid physical examination, laboratory studies, and chest 
roentgenograms must be relied on for diagnosis. Cardiac asthma is favored by an absence 
of leukocytes in the sputum and left ventricular hypertrophy on ECG and chest radiograph. 
Auscultatory findings other than very loud murmurs are usually obscured by wheezing. 
Cardiac asthma in a young patient is rare but may result from occult mitral stenosis or 
my ocardi t i s. 

In patients presenting with asthma, pulmonary infiltrates, and peripheral eosinophilia 
of more than 10%, several major diagnostic possibilities must be considered including 
allergic bronchopulmonary aspergillosis (APBA). The patient has wheezing, cough, and 
dyspnea along with pulmonary infiltrates ( 144). Aspergillus precipitins, positive aspergil- 
lus skin tests, and elevated IgE levels may be found in this condition (145,146). IgE levels 
vary with severity and may be elevated even before clinical complaints are noted (147). 
The characteristic saccular bronchiectasis of APBA is the most common pulmonary se- 
quela. Patients with APBA usually do respond to bronchodilators, although the cornerstone 
of treatment involves the use of moderate daily doses of corticosteroids or inhaled cortico- 
steroids ( 148). 

Loeffler’s syndrome, parasitic pulmonary diseases ( 149), and other eosinophilic dis- 
eases can also present with peripheral eosinophilia, pulmonary infiltrates, and symptoms 
of bronchospasm. In Loeffler’s syndrome, pulmonary infiltrates with eosinophilia (PIE 
syndrome) result in minimal symptomatology. The syndrome lasts less than 6 weeks. 
Chronic eosinophilic pneumonia also may present as asthma, classically in middle-aged 
women with chronic pulmonary infiltrates simulating the photographic negative of pulmo- 
nary edema (150), peripheral eosinophilia, and marked constitutional symptoms (15 1). 
These patients respond dramatically to steroids ( 152,153). 

Occupational exposures to allergens and chemical irritants are important to ascertain 
since prevention results from simple avoidance. Offending agents include cotton fibers in 
byssinosis, and Actinomyces spores in farmer’s lung. Chemicals such as toluene diisocya- 
nate may result in symptoms of chest tightness, dyspnea, and fever ( 154- 156). The diagno- 
sis can often be narrowed by eliciting the pattern of symptoms experienced by the patient. 
Symptoms usually begin in late afternoons, become worse at night, improve upon awaken- 
ing, and are usually progressive during the work week with improvement on weekends 
and holidays ( 157,158). Colophony fumes (released during soldering) cause broncho- 
spasm, which becomes progressively worse during the week ( 159). 

Other considerations not difficult to distinguish from bronchial asthma are acute 
chemical injury to the lungs by such agents chlorine or sulfur dioxide (160), smoke inhala- 
tion in which carbon monoxide levels may be elevated, and carbonaceous sputum and 
singed nasal hairs are present ( 16 1 - 164). Other causes of noncardiogenic pulmonary 
edema with marked or rapidly progressive pulmonary infiltration must be considered. Viral 
or bacterial pneumonia may precipitate or simulate asthma, but radiographic and sputum 
findings usually provide rapid distinction. 
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Pulmonary embolism presenting with sudden wheezing (4% of cases) and hypoxia 
may be quite difficult to distinguish from acute asthma (165-172). In one case history a 
young women with frequent ED visits for acute asthma presented with dyspnea, minimal 
wheezing, a pH of 7.71, a Pco2 of 9 mmHg, and a Hco3 of 12 mEq/l (173). She had no 
tetany and her chest x-ray was normal. Initially she was considered to have acute, severe 
asthma. With her lack of improvement with P-agonists, however, she was considered to 
have a psychogenic origin to her dyspnea, but sedation did not improve her symptoms. 
She was admitted to the intensive care unit, suffered respiratory fatigue, and was intubated. 
During ventilation her lungs were noted to be particularly compliant and only minimal 
wheezing was heard. One day later she was extubated. Since she had been on birth control 
pills, she was evaluated for thromboembolic disease. She had a V/Q scan and an angio- 
gram that documented pulmonary embolism. In this case, the extremely low Pcoz was a 
clue to the diagnosis of pulmonary embolism. A history of previous pulmonary embolism, 
deep vein thrombophlebitis, or strong risk factors (postpartum or recent long bone fracture) 
may lead directly to a pulmonary angiogram, since ventilation-perfusion scans may be 
abnormal in acute bronchial asthma (174) as well as in chronic asymptomatic patients 
(175,176). Septic emboli and foreign body emboli, as may occur with intravenous drug 
abuse (1 77), also cause wheezing and bronchospasm and should be aggressively pursued 
if the appropriate risk factors are present. Inhaled cocaine can also cause bronchospasm 
( 178). 

Carcinoid syndrome is associated with wheezing in 20-30% of cases. This syndrome 
results from the presence of either endobronchial tumor or tracheal or metatstatic disease, 
usually of gastrointestinal etiology . The symptoms arise from high circulating levels of 
serotonin and other bronchoconstricting mediators. Often these tumors are treated for years 
as asthma. Flushing, frequently postprandial, and a murmur of tricuspid stenosis or insuf- 
ficiency may suggest this diagnosis. Nausea, vomiting, and often explosive diarrhea may 
also be present. Octreotide improves symptoms both acutely and chronically ( 179- 182). 

Invasive phases of worm infestation may mimic a first bout of bronchial asthma. 
Hookworm, filariasis, Strongyloides, Ascaris, or dog round worm [ Toxocara canis (com- 
monly known as visceral larva migrans)], which may infect 25% of the world’s population, 
are associated with bronchospasm, fever, and eosinophilia from 4 to 16 days after inocula- 
tion until years later. The diagnosis may be made definitively by detecting the larvae in 
the sputum ( 1  83- 188). 

In allergic angiitis (Churg-Strauss Syndrome), described by Churg and Strauss 
(1 89,190), and other types of vasculitis, patients may present with intractable bronchial 
asthma and marked peripheral eosinophilia. Upper respiratory symptoms and abnormali- 
ties on chest roentgenograms are frequent. Subsequent development of polyarteritis nodosa 
or vasculitis in other organs and rapid clinical deterioration is diagnostic; in patients with 
vasculitis, respiratory disease accounts for 50% of all deaths ( 19 1 - 194). 

The mechanisms of an anaphylactic response may result in isolated episodes of 
severe bronchospasm secondary to exposure to a known or unknown allergen. The clinical 
diagnosis, as such, is imperative, and intervention must be suitably aggressive. Anaphy- 
laxis with shock and urticaria, sometimes giant urticaria, may occur, and is the hallmark 
of idiopathic urticaria (1  95- 197). 

Patients on angiotensin converting enzyme (ACE) inhibitors often have the side 
effect of a chronic cough or angioedema. If a history of ACE inhibitor use is not consid- 
ered, the patient could be misdiagnosed as having either cough variant or acute asthma 
(1 98). 
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APPENDIX 1 GLOSSARY 

Patient Information, Patient History, Physical Exam: Variable 
Definitions 

Definitions only given for variables that may possibly be unclear. 

Patient Information 
MR#: 
BE/CE#: 

Medical record number-this is unique identifier for the patient. 
This is the unique identifier for the visit. BE is a unique identifier for a 

Brooklyn Hospital visit. CE# is a unique identifier for a Caledonian Hospital 
visit (this is the second site for the Brooklyn Hospital Center). 

If the patient has a peak flow meter and uses it at home, then his 
best reading goes here. This is not the patient’s best peak flow in the emer- 
gency department during previous acute visits. 

This value is obtained from a nomogram. We use the one 
published in the 199 1 National Institutes of Health (NIH) guidelines. 

Best peak flow: 

Predicted peak flow: 

Patient History 
Left-column variables: 

Duration of asthma: 

Oral steroid use (burstdyr): 

Number of years that the patient has asthma. This is not the 
duration of the patient’s present episode of acute asthma. 

During an acute asthma exacerbation, many patients 
are placed on a few days of oral prednisone, sometimes for two weeks. We 
would term such an administration of prednisone a burst of prednisone. The 
number of these burst that occur per year is the answer that is put in the blank 
space. If the patient is on chronic steroids and receives periodic increases in 
prednisone during an exacerbation, simply list this as chronic under this oral 
steroid use variable. 

# months ago: This is how long ago was the most recent admission 
to the hospital. # times per year: This is the number of times in the least 
year the patient was admitted to the hospital, excluding the present ED visit. 

This list running down the page vertically refers to whether these 
precipitants exacerbate the patient’s asthma in general. Running horizontally 
across the page are current precipitants. This is the factor(s) responsible, in 
the patient’s opinion, for the current episode. If the patient has run out of any 
of his medications for asthma and that is the reason, in the patient’s opinion, 
for this exacerbation, circle 8 under currentprecipitants. If there is no known 
reason for this exacerbation, write the word unknown under #10 of precipi- 
tants, and circle 10 under current precipitants. We agree the logic for the “run 
out of meds” and “unknown” could be improved. It will be improved in the 
next version. 

Last admission: 

Precipitants: 

Duration of present symptoms: This is the duration of the current exacerbation. 

Right-column variables: 

H/O intubation: Number of times intubated due to asthma exacerbation in the 
patient’s entire life. 
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Last ED visit: 
No. ED visits/YR: 
PMH: 

Duration of time since the last ED visit. 
the number of ED visits in the last year related to acute asthma. 

Past medical history with hypertension (Is the patient on a beta blocker 
exacerbating his asthma?), diabetes mellitus (Is the patient’s glucose control 
a consideration affecting the administration of oral or systemic glucocorti- 
coids?), heart disease (Is this really cardiac asthma, congestive heart failure, 
or recurrent pulmonary embolism?), or lung disease (Is this really COPD, 
sarcoid, HIV or pneumocystis, lung CA, pulmonary embolism, or other 
chronic pulmonary disease simulating asthma). If there is no past medical 
history, fill in the space with none. Therefore, we would know that there were 
no other known illnesses , and would not think that the question was left blank 
or inadvertently missed. 

Note that after each of the medications it states Y, N, I, D, S. This 
refers to increased usage, decreased usage, or same usage in the three to four 
days preceding this ED visit. In most cases where the asthmatic is on a medica- 
tion, the correct answer would require circling Y and circling S (for same 
usage). After each medication that the patient is currently using, put the name 
and dosage of the medication. Note the answer With Spacer does not require 
the I, D, S response after it. Under the field Any New Me&, circle yes or no 
and write in the name of this new medication. We are interested in whether 
the patient may have recently had erythromycin added to theophylline or His- 
manole, or whether a beta-blocker was inadvertently instituted. 

Borg SOB: This is a visual analogue score of how dyspneic the patient perceives 
him/herself to be. (See chart-Appendix 3). 

Ambulance: Did the patient arrive by ambulance or walk in. After this include the 
number of prehospital nebulizations received in the ambulance in the last hour. 

Walk in: Did the patient arrive by ambulance or walk in. After this include the 
number of pre-hospital nebulizations received at home in the last hour. 

Signature: AI stands for asthma intern. The asthma intern should sign here if they 
obtained the patient history. This signature must be cosigned by a physician 
who is attesting to the accuracy of the patient history and signing his physical 
examination, which follows. 

Medications: 

Physical Examination 
These variables were derived based on consensus within our faculty in the emergency 
department at the Brooklyn Hospital Center concerning which of these variables to include 
and which to exclude for the initial directed physical examination of an asthmatic. We 
feel that overall this represents a thorough but brief list. 

Air Entry: This is scored 0-4 with the scoring system. 0 equals no problem and 
4 equals absenthear absent air movement 



Acute Asthma 

Appendix 2 

223 



224 Brenner et al. 

APPENDIX 2 GLOSSARY: BROOKLYN HOSPITAL 
PEDlATRlC ACUTE ASTHMA ASSESSMENT SHEET 

Patient Information, Patient History, Physical Exam 

I will only note the differences between the adult and the pediatric forms, since they are 
essentially identical. In the Patient Information area there are two new fields: WrAb (weight 
in pounds) and Parent/Guardian. 

Patient History includes pregnancy and LMP since some of the patients are adoles- 
cents. Under PMH are included two pediatric diagnoses: bronchiolitis and bronchopulmo- 
nary dysplasia (the pediatric equivalent of COPD). Physical examination includes Nasal 
Flaring. 

APPENDIX 3 MODIFIED BORG SCALE USED TO RATE 
DEGREE OF DYSPNEA (200) 

0 
0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Nothing at all 
Just noticeable 
Very slight 
Slight 
Moderate 
Somewhat severe 
Severe 
Somewhere between 5 and 7 
Very severe 
Somewhere between 7 and 9 
Very, very severe (almost maximal) 
Maximal 
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Pulmonary Function Testing in the 
Emergency Department 

Robert Silverman and Steven M. Scharf 
Albert Einstein College of Medicine, Bronr, and Long Island Jewish Medical Center, New 
Hyde Park, New York 

1. INTRODUCTION 

Upon arrival to the emergency department (ED), the patient with acute asthma should be 
assessed for illness severity and treatment should be initiated (1). The continuation of 
therapy and decision for admission or discharge will in part be based upon response to 
the initial treatments. If hospitalization is required, the determination to admit to a general 
medical service or a more closely monitored unit is made in the ED. For patients dis- 
charged from the ED, medication and follow-up instructions are given. 

To determine illness severity the clinician assesses the patients general appearance, 
vital signs, degree of breathlessness and wheezing, use of accessory muscles, duration of 
acute illness, and past asthma and medical history. Even after performing a thorough 
history and physical examination, the degree of airway obstruction often cannot be accu- 
rately determined by the clinician (2-4). Pulmonary function testing with a peak flow 
meter or spirometer indicates the degree of obstruction in the clinical setting and provides 
valuable information to the clinician. In this chapter the role of pulmonary function testing 
in the ED will be discussed. 

II. PHYSIOLOGY 

There are a number of methods used to assess pulmonary function. Some of these involve 
the use of maximum voluntary maneuvers, such as forced expiration or the assessment 
of gas exchange using arterial blood gas tensions, and can be performed in the ED. Other 
techniques available to assess lung function are more suited for the pulmonary function 
lab. Included are volume measurement techniques such as helium dilution, nitrogen wash- 
out and body plethysmography, various measurements of gas diffusion in the lungs, and 
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exercise or chemical provocation tests to assess airway responsiveness. Since these tests 
are not practical to perform in the ED, only techniques involving forced expiration will 
be described here (blood gas measurements are described in Chapter 15). A basic under- 
standing of lung physiology and mechanics provides a foundation for discussing pulmo- 
nary function testing and its potential utility in assessing the acutely ill patient. 

For the purposes of discussion, the lungs can be viewed as consisting of two areas: 
(1) the parenchyma, which contains most of the volume of the lungs and is where gas 
exchange occurs, and (2) the airways that are responsible for conducting flow to the 
gas exchanging areas. Based on aerodynamic properties and the type of flow regime (turbu- 
lent, transitional, and laminar), airways are categorized as being of large, medium, and 
small size. Pulmonary function is generally assessed in terms of lung volumes, flow rates, 
and gas exchange. The relationship of flow rates to lung volume provides an evaluation 
of airway function. 

Lung volume is maximized through deep inspiration. Inspiration is caused by con- 
traction of a number of respiratory muscles including the diaphragm, the intercostals, 
the scalenes, and the sternocleidomastoids. Diaphragmatic contraction will increase lung 
volume by extending into the abdominal cavity, and the other muscles will increase vol- 
ume by expanding the lateral and anterior-posterior thoracic diameter. During inspiration 
the maximal rate of airflow varies directly with the inspiratory effort (5) .  Expiration is 
usually passive and is achieved by the relaxation of the respiratory muscles. During times 
of distress expiration can become dynamic by the contraction of the abdominal as well 
as the internal intercostal muscles. 

Factors that influence maximum airflow during expiration include airways resistance 
and the elastic recoil of the lung. The smaller the caliber of the airways, the greater the 
resistance. In airways in which flow is laminar, resistance is proportional to l /r4,  where 
r is the airway radius. Since resistance increases by the inverse of the fourth power of 
radius, with critical airway narrowing, relatively small changes in airway caliber lead to 
large changes in airflow resistance. In patients with asthma, airway caliber can be narrowed 
by contraction of bronchial smooth muscle, edema of the airways due to inflammation, 
and blockage by mucus. 

The driving pressure to maximum airflow is determined in part by alveolar pressure. 
When alveolar pressure is higher than atmospheric pressure, for example, exhalation can 
occur. Alveolar pressure is dependent on the muscular effort expended during a forced 
expiration as well as the elastic recoil of the lungs. At some point however, the driving 
pressure ceases to be determined by muscular effort and is entirely a function of elastic 
recoil. The point in a forced expiration at which flow becomes independent of muscular 
effort is determined by a number of factors, including lung volume and the stiffness of 
the airways themselves. In practice, in severely obstructed patients the point at which 
airflow is relatively independent of muscular effort occurs after approximately 30% of 
the vital capacity has been exhaled ( 5 ) .  For most of the expired maneuver, airflow is 
therefore independent of the effort applied and is determined by elastic recoil and airways 
resistance. The higher the initial lung volume, the greater the elastic recoil, and subse- 
quently the greater the flow. The flow-volume loops described below demonstrate the 
relationship between lung volume and flow (Fig. 1). 

A number of lung volumes and capacities can be subdivided from the total lung 
volume. Total lung capacity (TLC) is defined as the volume of air in the lungs after a 
maximum inspiratory effort. The total lung capacity is the largest possible volume of gas 
in the lungs, and residual volume (RV) is the smallest amount of gas possible in the lungs. 
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Figure 1 
after only a small volume of air is exhaled. 

Flow volume loop in a healthy individual. Note that flow is greatest (arrow) 

The residual volume cannot be measured directly by spirometry as it is the amount of 
total air left in the lungs after a maximum expiration. The vital capacity (VC) is defined 
as the difference between total lung capacity and residual volume and is essentially the 
largest volume that can be exhaled from total lung capacity. The tidal volume (TV) is the 
amount of air that is moved during normal breathing. 

In the ED setting, lung function is generally evaluated using a maximum forced 
expiration from the total lung capacity. The patient takes a deep inspiration followed by 
a forced expiration through a mouthpiece connected to a measuring device. A number of 
measures of airways function based on the forced expiration are available for use in the 
ED setting, including peak expiratory flow rates, forced expiratory volume over time, and 
forced vital capacity, as well as other indices of lung function derived from spirometry. 

A spirometer is a device for measuring the volume of air exhaled over time. The earliest 
spirometers simply measured volume during the forced exhalation plotted as a function 
of time, otherwise known as a spirogram or volume-time plot (Fig. 2). A number of useful 
parameters are obtained from the volume-time plot. The first is the vital capacity. When 
measured using maximum expiratory force it is called the forced vital capicity (FVC). 
Normal individuals can exhale their vital capacity almost entirely within a few seconds. 
However, individuals with substantial obstruction to airflow may take considerably longer 
to expire their full vital capacity. It is important to recognize that the FVC represents the 
difference between two lung volumes, and while it is certainly a function of overall lung 
volume, it does not actually measure the volume of the lungs per se. 

The second parameter derived from simple volume-time plots, and the most useful 
for characterizing severity of obstruction, is the forced expired volume in 1 sec (FEVI) 
(Fig. 2). The FEV1, as the name implies, is measured in the first second of forced expiration 
and normally accounts for over 75-80% of the total exhaled volume. The FEV, is propor- 
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Figure 2 Time-volume plot in a healthy individual. The FEV, is the volume forceably 
exhaled over the first second and the FVC is the maximum amount of air that can be 
exhaled forceably from the lungs. Both the FEV, (3.72 L) and the FVC (4.9 L) are easily 
identified. 

tional to the maximum voluntary ventilation (MVV), which is the maximum air volume 
that can be “moved” by an individual per minute (FEVI X 35 is equal to the MVV) (5) .  
The greater the degree of airflow obstruction, the lower the FEV,. Thus, the FEV, is an 
index of the ventilatory capability of the individual and is used to define the severity of 
ventilatory compromise. 

There are a number of other variables measured from the volume-time plot that are 
used in routine pulmonary function testing and epidemiological studies. However, these 
are not considered as useful in the emergency setting and the reader is referred to a text 
on pulmonary function testing for further discussion. 

A. Flow-Volume Loops 

Another way of depicting the spirogram is to plot flow directly as a function of volume. 
It should be emphasized that while there is no more information to be extracted regarding 
airways function from a flow-volume (FV) plot than from the volume-time plot, flow- 
volume loops enable easy visualization of lung function and simplify the assessment of 
adequacy of efforts. 

Figure 1 shows a flow-volume loop corresponding to the volume-time plot in Figure 
2. The FVC is easily detected. The FEVl is not directly measurable from the FV loop 
since time does not appear as an axis. However, a number of directly measurable flows 
used to characterize lung function can be taken from the plot. The flow index most often 
used is the peak expiratory flow rate (PEF), which is the highest flow reached during the 
FVC maneuver. PEF is sustained for a brief period of time, usually 10 ms. It cannot be 
read from the volume-time plot, since it is a measure of instantaneous flow, but is clearly 
seen on the flow-volume loop. The peak flow reflects the caliber of primarily the larger 
conducting airways such as the lobar bronchi ( 5 ) .  Optimally it occurs very early in expira- 
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tion and is highly dependent on the strength of the expiratory muscles as well as the effort 
made by the patient. Like the FEV, it is also strongly influenced by lung volume, with 
the highest peak flows occurring at total lung capacity ( 5 ) .  

8. Reasons for Measuring Lung Function 

Studies of pulmonary function are important in assessing degree of airflow obstruction in 
patients with acute asthma and tests of forced expiration are important surrogates for 
severity of illness (3,6). This is important because both the patient and clinician’s evalua- 
tion of illness severity may not correlate well with the actual degree of lung obstruction 
(2). Some patients may complain of severe symptoms when their lung function is only 
mildly diminished. Conversely, other patients may delay treatment because of difficulty 
perceiving their severity of obstruction. Clinicians may either underestimate or overesti- 
mate illness severity, which could lead to inappropriate treatment or disposition decisions. 
Patients with airway obstruction may not manifest wheezing, including those with very 
severe or very mild respiratory compromise, and this may lead to a missed diagnosis (4). 
Other patients with asthma may complain primarily of chest discomfort or heaviness, 
which represent muscle fatigue due to obstructed airways and may be mistaken for other 
diseases (see Chapter 13). Performing pulmonary function testing may be useful in de- 
termining if the complaints are consistent with obstructive airways disease, especially if 
the complaints resolve and pulmonary function improves with bronchodilator use. 

In patients who present to the ED with acute asthma, knowledge of pulmonary func- 
tion is important for management and disposition decisions. More aggressive or novel 
therapies, such as higher dose or continuous nebulization of P-agonists, intravenous mag- 
nesium, inhaled anticholinergics, or breathing a helium-oxygen mixture have been re- 
ported beneficial primarily in patients with severely restricted air movement (7- 10). 
Knowledge of pulmonary function would help to identify those more likely to benefit 
from these treatments. In addition, the response to initial P-agonist therapy is an important 
marker for overall ED improvement (1 1,12). The clinician may modify treatment and 
disposition decisions based on the progression of pulmonary function values. It has been 
demonstrated that COz retention, which indicates ventilatory failure, is found more fre- 
quently in patients with peak flow values < 25% predicted (13). In these patients, admis- 
sion to a monitored unit must be considered. Finally, a number of consensus guidelines 
have suggested that certain threshold values of pulmonary function should be used to help 
make a disposition decision (1,14) (see Chapters 31 and 34). 

C. Measurement of Pulmonary Function: The Equipment 

I .  Spirometer 
A spirometer is a tool that measures the flow and volume of air as it leaves the lungs. 
There are two basic types of spirometers commonly used: the volume displacing and the 
flow sensing. Volume-sensing spirometers obtain flow by electronically differentiating 
change in volume with time. Flow-sensing spirometers obtain volume by electronic inte- 
gration of flow over time. The flow-sensing spirometers have the advantages of smaller 
size and portability and are more suitable for ED use. Because they are usually computer- 
ized, manual calculations of results are not needed. There are many different models avail- 
able on the market, ranging in size from hand-held models to laptop-size portable devices 
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Table 1 Spirometric Values Often Displayed Using Commercially Available 
Spirometers 

FVC 
FEV1 
FEV,/FVC 

PEF, PEFR 
FEV.5 
FEV2.3 
FEF25-75 

Forced vital capacity 
Forced expired volume in 1 sec 
Ratio of FEV, to FVC [this is also sometimes called FEV1% or FEVl%/ 
VC (not to be confused with percent predicted)] 
Peak expired flow rate 
Forced expired volume in first 0.5 sec 
Forced expired volume in the second or third second, respectively 
Mean forced expired flow between 25% and 75% of the FVC [also 
called MMFR (maximum mid-expiratory flow rate)] 
Maximum expired flow rate between 200 and 1200 mL of the FVC 
Forced expired flow at 75% of FVC (from FV loop) 
Forced expired flow at 50% of FVC (from FV loop) 
Forced expired flow at 25% of FVC (from FV loop) 
Forced expiratory time 

to larger free-standing units. Most models allow the observer to assess the flow-volume 
loop in real-time during the actual maneuver, although many hand-held units do not have 
this capability. Some spirometers will display a variety of information and provide feed- 
back on adequacy of technique, show a programmed interpretation of results, and store 
information for later retrieval. Many models will have printing capabilities allowing docu- 
mentation for medical or study records and quality assurance. 

The most useful measures obtained by standard spirometry are, as noted above, 
FVC, FEV,, FEV,/FVC, and PEF. Most units also present numerous other indices whose 
role in the ED setting has not been well-studied or are of questionable value. They are 
listed in Table 1. 

2. Peak Flow Meter 
While the PEF can be obtained with a spirometer, hand-held devices such as a Wright or 
mini-Wright peak flow meter provide the clinician a simpler method of measuring peak 
flow rates (15). Peak flow measures can also be taken at home, where the patient can use 
the meter to monitor trends in peak flow measures and initiate therapy as part of a treatment 
plan. A number of relatively inexpensive devices are commercially available with prices 
ranging from approximately $15 to $35. Results of studies comparing various commer- 
cially available meters indicate that while reproducibility is not an issue, the accuracy of 
different devices can vary, with the reliability of results differing according to flow rates 
(16-18). 

IV. TECHNIQUES FOR PERFORMING TESTS OF 
PULMONARY FUNCTION 

A. Spirometry 

1. Background 
The American Thoracic Society (ATS) has published recommendations on measurement 
procedures and acceptability of results for spirometry (19-2 1). These include end-of-test 



Pulmonary Function Testing 239 

criteria as well as quality assurance criteria. However, these criteria were not intended 
for use in the acutely ill patient and some of them, such as the need for the expiratory 
effort to be at least 6 sec in duration, can be difficult to achieve in the ED. Indeed, given 
the dependence of spirometric indices on patient cooperation and the difficulty of testing 
naive subjects who are acutely ill, the performance of lung function testing in the ED 
presents special challenges. 

If the effort appears maximum and is sustained for at least 1 second, the FEVl can 
be used to assess pulmonary function. This is fortuitous since the FEV,, as noted earlier, 
is a direct measure of the ability of the patient to ventilate. A strong effort that lasts at 
least several seconds provides additional assurance that the FEV, can be reliably measured. 
Although the FEV, is far less effort dependent than the PEF, the maneuver is more in- 
volved than the peak flow measure. The dependence of spirometric values on proper coach- 
ing and patient cooperation means that the performance of spirometry in the ED setting 
should be done only by operators with adequate training in the required techniques and 
experience doing it in acutely ill patients. Further, the spirometer used should display the 
flow-volume loop so that the operator can visually assess patient effort. Since expiratory 
efforts may not be extended long enough to accurately measure the FVC, this measure 
of lung function has not been used by most in assessing acutely ill asthmatic patients. 

2. Technique 
When testing the asthmatic patient in the ED, the concept of spirometry should be briefly 
introduced to the patient. The patient should preferably be sitting up with the feet on the 
floor but in a relaxed position. Occlusive clothing around the neck should be removed. 
The use of a nose clip, which many acutely ill patients find extremely uncomfortable, can 
be avoided if nasal exhalation is discouraged. The mouthpiece is placed behind the teeth, 
the tongue should not occlude the opening and the lips should be sealed tightly. Since 
the patient may be fatigued and anxious, the instructions should be brief and directed. 
Explaining the procedure through demonstrable body language is important and examiners 
may wish to first demonstrate the maneuver on themselves. The patient is instructed to 
place the mouthpiece into the mouth, take a few normal breaths, and become accustomed 
to the equipment. When ready to proceed, the patients chest wall must be carefully watched 
to properly time instructions. The patient is then told to take a deep a breath as possible 
and “blast” the air out as fast and hard as possible and keep on blowing until asked to 
stop. Encourage at least 3-5 sec of expiration; in many patients a 6 sec or longer expiration 
is possible, especially if this is a repeat measurement. The clinician should be watching 
the effort of the real-time screen as well as the patient to determine if the maneuver was 
adequate. It is possible the flow-volume loop may appear reasonable, but the patient is not 
giving his or her best effort and the results may still underestimate the patients pulmonary 
function. 

B. Peak Expiratory Flow 

As noted earlier, the PEF reflects the interaction between the caliber of the larger airways 
and the strength of the expiratory effort. Factors that decrease PEF include airways ob- 
struction, weak respiratory muscles, and suboptimal patient cooperation with the maneu- 
ver. The ability of the patient to respond to instructions and cooperate with the examiner 
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Table 2 Summary of Suggested Spirometry Acceptability Criteria 

At least three efforts recorded 
The two best efforts at each time point are within 10% of each other 
Back extrapolation (V extract) less than 5% of the FVC 
Expiratory time at least 2-3 sec 
A sharp peak flow is present on the flow volume loop 
The peak flow occurs less than 120 msec after the exhalation starts, and optimally 

Lack of glottic closure in the first second, including that due to  cough 
in less than 85 msec 

and the vigilance of the evaluator in obtaining the best effort will strongly influence the 
peak flow results, more so than the FEVI. 

Patients are asked to take as deep a breath as possible and blow as quickly and hard 
as they can into the mouthpiece. The expiratory effort is focused and brief with the well- 
performed peak flow occurring within the first 85-120 msec of expiration. The patient is 
asked to perform at least three adequate maneuvers and the best is recorded. The patient 
must be in a comfortable position and adequately coached to ensure the best effort. Patients 
may be standing or sitting, although subsequent efforts should be measured in the same 
position, since results may be higher if standing. For practical purposes, acutely ill patients 
usually have their measures performed while sitting. Flow rates are provided by the hand- 
held meter in L/min, while the spirometer will typically give results in L/sec. 

C. Acceptability Criteria 

At present there are no established guidelines for validating adequacy of effort or reliability 
of either peak flow or FEVl values in acutely ill patients. Still, since pulmonary function 
testing is the best way to measure airway obstruction, and these tests have become an 
important part of patient assessment, the clinician should have an appreciation of whether 
the results obtained appear dependable. 

Using methods such as back extrapolation, the time to peak flow, and the shape of 
the flow volume loop, it can be determined if the initial effort was forceful enough to be 
considered reliable. Anything that interrupts the flow of air during the important first 
second, such as a cough, may cause the FEVl to be underestimated. Any effort less than 
1 sec in duration, or where a good effort was not sustained for at least a full second, will 
not provide valid results. To best approximate the patients pulmonary function while tak- 
ing into consideration the difficulties of performing pulmonary function tests in the ED, 
we have used the criteria listed in Table 2. They provide the technician with bedside 
guidelines for obtaining optimal efforts and allow for quality assurance. The optimal goal 
is to obtain a minimum of three maneuvers at each time point with at least two “accept- 
able” ratings. Figures 3-7 are examples of spirograms and flow volume curves in acutely 
ill asthmatics, showing good efforts and some with commonly encountered problems. 

The back extrapolated volume (%back extrapolation, or V-extract) is a measure of 
performance quality and is useful, since many patients do not start their maximum effort 
as soon as the operator gives the signal. An unsatisfactory start of expiration or air leak 
may lead to an underestimation of the FEVI, and this can be identified by calculating the 
back extrapolated volume. A typical method of calculating this measure is to identify 
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Figure 3 Flow-volume loops in a 27-year-old patient with acute asthma: (a) measure 
on ED arrival (FEV, 1.03 L; 30% of predicted); (b) measure after two P2-agonist treat- 
ments (FEV, 1.7 L; 51% of predicted); (c) measure after 4 hr of therapy (FEV, 2.42 L; 
72% predicted). All of the efforts were considered adequate. 
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Figure 4 An acutely ill patient who coughed during expiration. Note (a) the glottic 
closure on the flow-volume loop. By itself, the flow volume loop does not indicate 
the time at which the cough occurred. The small notch on (b) the time-volume graph 
indicates the cough occurred during the first second (arrow). This is seen more clearly 
on (c) the time-flow plot. 



Pulmonary Function Testing 243 

1 2 3 4 

(a) Volume (L) 

V 41 
0 

I 

m 
e 

U 

L 

1 2 3 4 5 6 7 

Time (sec) 

Figure 5 (a) In this poor effort, note the lack of a sharp peak in the flow-volume loop. 
(b) In the time-volume graph, note that the volume continues to significantly rise after 
1 sec, indicating a weak initial effort and therefore the potential to underestimate the 
FEV,. FEV, = 1.2 L, PEFR = 156 L/min, time to peak = 353 msec, and back extrapolation 
= 6.7%. 

the steepest portion of the spirogram during expiration, and draw a line intersecting the 
slope with the time axis. This point becomes the “extrapolated” or new time 0 value. 
The volume from the actual start of exhalation up until the new time 0 point is divided 
by the forced vital capacity, and this is called the back extrapolated volume. If the back 
extrapolated volume is excessive, for example greater than 5% of the FVC, the maneuver 
should be repeated with an emphasis on a stronger effort without any initial hesitation 
(see Fig. 8). 

Although acceptability criteria have not been developed for the performance of spi- 
rometry in the ED, experience has shown that a properly trained clinician or technician 
can obtain reproducible results, even in very ill patients. In a recent multicenter study 
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Figure 6 Hesitation at the start of the effort as indicated by the lack of a sharp rise 
in volume (see arrows). The back extrapolation is 14.7%. 

spirometry was performed in patients presenting to the ED to identify those with an FEV, 
< 30% predicted (22).  Among these very ill patients enrolled in the protocol, the quality 
of the data was considered adequate in over 95% of efforts. For study purposes, this meant 
that for each set of spirograms the two best FEV, values were within 10% of each other 
and the set contained at least one effort that met the other criteria listed in Table 2. For 
the spirometric assessment of the acute asthmatic on ED arrival, 92% had spirometry that 
was considered adequate. In this 4-hr protocol that consisted of six sets of assessments, 
spirometry quality improved greatly over time as patients became more familiar with 
technique and pulmonary function improved; marked improvement in quality of effort 
was noted even by the second set of readings at 30 min. For the final 4-hr reading, almost 
every set of spirograms met criteria for reproduciblity and contained at least one effort 
that was considered adequate by study standards. 

In some patients coughing may occur during the first second and lead to an underesti- 
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Figure 7 Flow-volume loops from two efforts in an acute asthmatic 30 min after ar- 
rival in the ED. Note the sharp and well-defined peak in effort A (peak flow 154 L/min; 
42% of predicted), as compared to the poorly defined peak from the weaker effort B 
(peak flow 84 L/min; 23% of predicted). Note that although there were large differ- 
ences in peak flow, the FEV, from the two efforts were almost identical (0.88 L, 30% 
of predicted compared to 0.84 L, 29% of predicted). This is an illustration of the greater 
effort dependency of the peak flow measurement as compared to the FEV,. Inciden- 
tally, there is also some glottic closure noted in both efforts. 

mation of the FEV,. If coughing is a problem, encourage the patient to give an effort just 
below the threshold of cough and avoid a lengthy expiration. The clinician must then 
determine if the efforts are reasonable and the overall quality acceptable. 

There are any number of reasons that unreliable spirometry test results will be ob- 
tained in the acutely ill patient in the ED setting. This includes inability to obtain full 
patient cooperation due to acute illness, improperly trained personnel, or poor maintenance 
of equipment. It can be very difficult to perform a test that requires time and effort in a 
busy environment. An abbreviated exhalation will not allow measurement of FVC and 
various other measures related to exhalation. Nonetheless a systematic attempt to improve 
the quality of pulmonary function testing will lead to results that better approximate the 
patients severity of airway obstruction and therefore allow the most reliable data to be 
obtained for clinical and research purposes. 

Regarding the performance of peak flow measures with a hand-held peak flow meter, 
it is difficult to offer any specific guidelines for acceptability and reproducibility. This is 
in part related to the high variability of peak flow measures seen in patients with acute 
or uncontrolled asthma as well as the limitations of the instrumentation. Optimally, the 
results of the two best efforts should be within 10% of each other and the patient should 
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1 Sec ' Back extrapolation 

Figure 8 Volume-time graph demonstrating back extrapolation. See text for discus- 
sion. EV = extrapolated volume. 

appear to be offering a best effort. The clinician can otherwise only rely on the general 
appearance of patient effort to determine if the maneuvers are adequate and whether the 
results should be accepted. 

V. WHICH TO CHOOSE: FEVl OR PEAK FLOW 
MEASURES? 

A. Advantages of FEV, 

There are a number of reasons for obtaining spirometry in the acutely ill asthmatic. The 
FEVl is linearly related to the severity of illness from the range of mild obstruction to 
life-threatening asthma episodes and is the most reliable measure of pulmonary function 
available in a clinical setting (3). The FEV1 measure has much less variability than PEF 
(23-25). As noted earlier, the FEVI is independent of effort once a moderate effort has 
been made (5) .  This is important in the ED setting where the patient may be fatigued or 
unable to fully cooperate. Measuring the FEVl also allows assessment of airways smaller 
than the peak flow measures and overall FEVl is a more sensitive indicator of airway 
obstruction (23). 

It should be noted that while excellent correlations between FEVl and PEF have 
been found in both the acute and chronically ill population (23,26-29), these observations 
must be interpreted with caution. The tight correlations suggest only that as the value of 
one marker moves in one direction, the value of the other does likewise. This is important 
information, but it does not mean the PEF and FEV1% predicted values are equal (30). 
In fact, in studies of patients with either acute or chronic asthma, the FEV,% predicted 
is typically lower than the corresponding PEF% predicted, and relying on the PEF can 
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lead to an underestimation of the severity of airway obstruction. In a study of ED patients 
with acute asthma, when FEVI% predicted was plotted against PEF% predicted, the PEF 
appeared to be higher than the corresponding FEVl (27). In a more recent study of patients 
with acute asthma, the average FEVI% predicted was 12 percentage points lower than the 
PEF% predicted before any treatment, and 17 percentage points lower after treatment (28). 
These differences were present in patients regardless of their degree of airway obstruction. 
For example, if the mean posttreatment FEVI was 35% of predicted, the corresponding 
PEFR in the same patients was 52% of predicted. If the average FEVl was 55% of pre- 
dicted, the corresponding PEF was approximately 72% of predicted. To complicate matters 
further, in some patients the FEVI% predicted was actually higher than the PEF. The 
precise reasons for all these differences are unclear. Needless to say, they may influence 
treatment and disposition decisions and the clinician must be aware that the FEVl and 
PEF% predicted values are not equivalent and therefore not interchangeable. 

Other reasons for choosing FEV, are related to the benefits of certain features of 
the spirometer, such as the ability to visualize the efforts in real time and identify measures 
useful for quality assessment. The use of a spirometer allows the clinician to immediately 
determine adequacy of effort, assess the reliability of the maneuvers and decide if the 
results are acceptable. If there is poor reproducibility or the tracings suggest poor efforts, 
the maneuver may be repeated, or the clinician may accept the results with the understand- 
ing that they may not best represent the patients ventilatory capability. 

B. Limitations of Spirometry 

There are a number of obstacles to measuring the FEVI in the acute care environment. 
Performing spirometry requires specialized equipment that must be maintained in good 
working order. The spirometer generally requires daily calibration. The person performing 
spirometry needs to be trained on equipment use, performing the maneuver in acutely ill 
patients, understanding the acceptability criteria, and interpreting results. Some patients 
will be unable to perform the maneuvers even after adequate instructions and some will 
refuse to perform the procedure because of added discomfort. Others may be too ill to 
offer adequate efforts. The clinician may not have the time in the setting of a busy ED 
to perform spirometry. 

C. Advantages of Peak Flow 

Since the peak flow device is relatively easy to use by both the staff and patient, peak 
flow measurements have typically been used in the ED to measure degree of airflow ob- 
struction. The lower costs, less amount of training necessary to use the device, lack of 
need for specialized equipment, and ease of use by the patient are all advantages the peak 
flow meter has as compared to the spirometer. Although a peak flow measure at a given 
point in time may offer limited information, the high correlation between results of PEF 
and FEV, indicate that peak flow rates are very useful in following changes in pulmonary 
function over time. 

D. Limitations of Peak Flow 

There are a number of potential limitations to use of the peak flow meter. The results of 
peak flow measures represent air expulsion from larger airways, although asthma fre- 
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quently affects smaller airways (3 I) .  Therefore the patient can have compromised airways 
but still present with a relatively normal appearing peak flow rate. A relatively high peak 
flow measure combined with the lack of wheezing in some patients may also mislead the 
clinician into believing the airways are normal. The peak flow measure is far more variable 
than the FEV, measure. Results are obtained during a very effort-dependent portion of 
the expiratory cycle and are therefore highly dependent on patient effort, far more so than 
FEV, (3 I ) .  This is demonstrated in Figure 7, where a patient with acute asthma gave two 
efforts, the first better than the second. The two FEV, values were relatively close in 
number, whereas the two peak flow values differed greatly. 

Since peak flow meters do not allow graphic visualization of the maneuvers, it may 
be difficult to gauge the intensity and adequacy of the effort or the accuracy of the record- 
ing. Peak flow meters are prone to breakdown over time, and in many departments where 
the meter is used for extended periods of time the clinician may be unaware of mechanical 
difficulties. Since there is no graphic recording of the effort, adequate quality control 
cannot be assured. Finally, the ease of use and accessibility of the device may actually 
in some ways be a disadvantage. It is possible that inexperienced examiners will obtain 
unreliable results and this misinformation could lead to inappropriate clinical decisions. 

VI. REPORTING OF RESULTS 

A. Normal or Predicted Value 

Lung function values are not the same for all individuals. The most important factors 
responsible for variation are sex, size, and age (race is discussed below). The first three 
factors contribute 30%, 22%, and 8% of the interindivual variability in lung function (32). 
The large football player clearly will have a larger FVC, FEV,, and PEF than a smaller 
individual. In general, spirometric values decrease with a decrease in body size as mea- 
sured by height. For the same height, women have smaller lungs (hence lower FVC, FEV, 
and PEF) than men. This is probably because the ratio of thorax size to body height is 
smaller in women, who have relatively longer legs than men. For the same gender and 
body size, spirometric indices decrease with age, starting around age 20-25 years. Using 
techniques of multiple regression in studies on large populations of nonsmoking normal 
individuals, prediction equations have been developed by various investigators that allow 
for predicting the mean value of a given index of lung function. Among the reference 
equations more commonly used in the United States are those by the groups of Morris, 
Crapo, and Knudsen for FEV, and Nunn and Gregg for PEFR, and for adults these are 
based on height, age, and gender (33-36) (see Chapter 18). Other equations also account 
for body weight, although this may be more relevant in extremely thin or obese subjects 
(37.38). The indices most often used to assess airway function in the ED, FEV,, and PEF 
are generally less dependent on body weight. 

There are some adjustments that have been recommended for race or ethnicity as 
well. Most of the commonly used equations were done on Caucasian populations of Euro- 
pean descent. Many other races, however, have relatively smaller lung volumes and FEV, 
values ( 5 ) .  In the African-American, for example, these differences are in part related to 
the relationship of the thorax size to body height, with blacks on the average having a 
smaller trunk to leg ratio than whites (39). Regression equations in white subjects typically 
overestimate FEV, predictive values relative to black subjects. Estimates for correcting 
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FEVl and FVC in blacks have ranged widely, although the ATS refers to a 12% correction 
and OSHA suggests a 15% reduction relative to whites (5,19,39,40,4 1-43). This single 
race adjustment, however, may not be accurate for all age, sex, height combinations 
(37,44) and recently proposed polynomial regression equations may provide better norma- 
tive values. The need for peak flow correction based on racial and ethnic background has 
received less attention than FEVI. Although it is generally accepted that there is some 
peak flow variation among populations, it appears to be less than for FEVI, and there is 
not enough current data available to recommend a correction factor. 

B. What Is ”Normal“? 

Pulmonary function values are generally expressed as percent of the predicted value. For 
normally distributed values, 95% of the population exists within two standard deviations 
of the mean. For FVC and FEV, this is roughly between 80% and 120% of the predicted 
values, while the “normal” range for PEF is greater. 

The advantage of using percent predicted is that it allows the clinician to have a 
reference point for comparing illness severity. In the event that patients are not aware of 
their “best” peak flow values, it allows the clinician to approximate where the patient’s 
pulmonary function falls relative to the population. It gives clinicians the ability to tailor 
therapy based on severity of illness and to make disposition decisions on the basis of a 
final pulmonary function. It is again important to point out that FEV,% predicted is not 
equivalent to the peak flow% predicted, and the measures should not be substituted for 
each other. 

According to the ATS, for chronic obstructive airways diseases like asthma, FEVl 
greater than 80% of predicted is considered in the normal range (although not necessarily 
normal for that individual patient), 60-80% of predicted are labeled as “mild” obstruc- 
tion, 40-60% of predicted are labeled as “moderate” obstruction, and less than 40% of 
predicted are labeled as “severe” obstruction. FEVl values less than 30% of predicted 
are sometimes labeled as “very severe” obstruction. Importantly, patients with chronic 
asthma who are considered “under control” may not have a best measure equivalent to 
100% of predicted. For some patients their best effort may be far lower and, if available, 
the best number a patient can achieve would be useful information for the clinician. 

VII. CONTRAINDICATIONS AND COMPLICATIONS 

Relatively few serious complications have been reported in the literature in patients under- 
going pulmonary function testing, with articles generally limited to case reports. One 
report identifies two patients with asthma who had cardiopulmonary arrests following 
performance of peak flow maneuvers (45). Other rare complications reported from perfor- 
mance of pulmonary function testing include incarceration of existing inguinal hernia (46) 
and mediastinal emphysema (47). Syncope has been noted during prolonged expiration. 
In some patients bronchospasm may occur during performance of spirometry (48). A tran- 
sient drop in oxygen saturation may occur during pulmonary function testing and caution 
must be exercised when testing patients with baseline hypoxia. In our ED we will not 
perform prolonged forced maneuvers in patients with recent surgery or in the later stages 
of pregnancy. In recent ED studies utilizing spirometry as an outcome variable (22). there 
have not been any reports of serious complications, although if the procedure becomes 
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more commonly used in the acutely ill asthmatic, it is always possible that complications 
will be identified. 

VIII. SUMMARY: CURRENT USES FOR SPIROMETRY 

Pulmonary function testing provides information regarding illness severity that may not 
be otherwise obtainable in the ED. While the ED is not the optimal environment to perform 
pulmonary function tests, a thorough understanding of what these tests indicate and how 
to best perform them will greatly increase their value as surrogate markers of illness. The 
clinician may choose to use a peak flow meter or a spirometer to assess degree of airway 
obstruction. The peak flow meter has advantages in ease of use and cost while the benefit of 
measuring FEV, with a spirometer includes better sensitivity and reliability. Still, outcome 
studies have not been performed in the ED comparing the utility of peak flow to FEV, 
measures and for general clinical purposes one test cannot yet be considered superior to the 
other. For purposes of clinical research, measuring FEV, with a spirometer has significant 
advantages including reliability and reproducibility, quality control, maintenance of rec- 
ords, and values that are more physiology specific. If the use of a specific treatment or 
disposition protocol is eventually found to be dependent on a specific FEV, value, and 
this value is found to be a more reliable diagnostic or prognostic index than a peak flow 
measure, then it may be necessary to use the spirometer more routinely. Until then, clini- 
cians should understand the strengths and limitations of these valuable tools when evaluat- 
ing acutely ill patients and choose the one that best fits their practice. 
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1. INTRODUCTION 

Patients with acute exacerbation of asthma who present to an emergency department (ED) 
may vary widely in the degree of airflow obstruction. The assessment of the severity of 
airway obstruction and its response to treatment is of paramount importance for the emer- 
gency physician. The National Asthma Education and Prevention Program (NAEPP) 
strongly emphasizes the use of objective measures to determine severity and guide therapy 
(1) .  This chapter will discuss various laboratory studies available to the emergency physi- 
cian to assist in the clinical evaluation of patients with acute asthma exacerbation. 

II. SPIROMETRY 

During severe asthma attacks, patients may manifest certain physical findings that are 
useful clinical clues to the severity of the attack; however, the severity of airflow obstruc- 
tion is best assessed by direct measurement using spirometry or peak flow determination 
(2,3 94). 

The NAEPP guidelines, first released in 199 1, emphasized the use of objective mea- 
sures of pulmonary function in the ED management of acute asthma because the physician 
and the patient tend to underestimate the severity of the abnormalities that contribute to 
asthma morbidity and mortality (1). The measurement of pulmonary function documents 
the severity of airway obstruction and response to therapy. Carden et al. (5) demonstrated 
that clinical parameters, such as pulse rate, respiratory rate, and pulsus paradoxus, are 
unreliable in predicting the degree of airway obstruction in acute bronchial asthma. Their 
study revealed that 7 1 % of patients with persistent severe airway obstruction, as defined 
by posttreatment FEV, < 1.6L, had no pulsus paradoxus. They found that clinical parame- 
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Table 1 
Graded by  % Predicted FEVl 

Baseline Severity of  Asthma as 

FEVl% predicted Severity 

70- 100 
60-69 
50-59 
35-49 
< 35 

Mi ld  
Moderate 
Moderately severe 
Severe 
Very severe 

ters, such as pulse, and respiratory rate, tend to normalize with minimal improvement in 
airway obstruction (5). 

Spirometry is used to measure the volume of air expired in 1 sec from maximum 
inspiration (FEVI) and the total volume of air expired as rapidly as possible (FVC) (6). 
The most important spirometric abnormalities noted in acute asthma are slowing of the 
expiratory flow rate, reflected in reduction of FEV,, peak expiratory flow rate (PEFR), and 
maximal midexpiratory flow rate. Other abnormalities include reduction in vital capacity, 
increase in functional residual capacity, and, in chronic cases, an increase in total lung 
capacity (6). 

The FEV, is the most reproducible pulmonary function parameter and is linearly 
related to the severity of airway obstruction (7). It is the internationally accepted measure 
of severity of airway obstruction in countries including Canada, Australia, New Zealand, 
United Kingdom, and South Africa. The results of spirometry, as roughly correlated to 
clinical severity based on the guidelines established by the American Thoracic Society 
(ATS), are defined in Table 1 (8). 

The Canadian Thoracic Society Emergency Asthma Management guidelines pub- 
lished in 1994 established pre- and posttreatment criteria using pulmonary function tests 
(PFTs) or PEFR values to estimate severity of airflow obstruction. During pretreatment 
assessment, patients were divided into three subgroups: (1) those with impending or actual 
respiratory arrest; (2) those with severe exacerbation, i.e., FEV,/PEFR < 50%; and (3) 
those with FEV,/PEFR > 50%. Initial treatment is stratified based on clinical assessment 
and results of PFTs. Posttreatment severity of asthma, as determined by the posttreatment 
PFTs, is as shown in Table 2. 

Nowak et.al. demonstrated the usefulness of pulmonary function tests in predicting 
the need for hospitalization (9). This study, conducted before the routine use of steroids 
for the ED treatment of acute asthma exacerbation, revealed that a pretreatment FEV, < 
0.6 L or a posttreatment FEV, < 1.6 L was associated with the need for hospitalization 

Table 2 Posttreatment Severity of Asthma as 
Graded by  % Predicted FEV,/PEFR 

FEVJPEFR % predicted Severity 

61-100% Mild 
40-60% Moderate 
< 40% Severe 
Exhaustion, cyanosis, ,confusion Near-death 
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or a high relapse rate after discharge from the ED. In fact, 90% of patients with pretreat- 
ment FEVl < 0.6 L and posttreatment FEVl < 1.6 L required hospitalization. In another 
study, utilization of PFTs changed ED management in over 20% of patients ( I  0). Emerman 
and Cydulka (10) demonstrated that physicians tend to underestimate the degree of airway 
obstruction in patients with acute asthma. Only 39% of the physicians’ estimates were 
found to be within 5.0 percentage points of the actual percentage of predicted PEFR (10). 
Shim and Williams reported similar findings (13). They found that only 44% of physician 
estimates of peak flow rates in patients presenting with acute asthma exacerbation were 
within 20% of measured PEFR (3). 

111. PEAK EXPIRATORY FLOW RATE 

Peak expiratory flow rate, as measured by the mini-Wright peak flow meter, is the maxi- 
mum flow rate that can be generated during a forced expiratory maneuver with fully in- 
flated lungs. It is an extremely valuable guide to detect severity of airway obstruction and 
disposition of the asthmatic patient. The peak flow meter is a simple portable device, easy 
to use, inexpensive, and reliable. However, it requires good patient cooperation, as its 
accuracy is effort dependent, and it measures only large airway flow. PEFR does not 
require full expiration, which may itself provoke bronchoconstriction and worsening of 
symptoms, and it can be measured repeatedly. Nowak demonstrated good correlation be- 
tween PEFR and FEVl at all stages of treatment with r-values ranging between 0.7370 
and 0.8615 (1 1). Despite its limitations, PEFR is a useful index of airway obstruction. 

IV. ARTERIAL BLOOD GAS 

Patients with moderately severe bronchospasm, but not in status asthmaticus, only rarely 
show any significant abnormality of the arterial oxygen saturation or carbon dioxide ten- 
sion. Most severe attacks of asthma are characterized by mild hypercapnia and hypoxemia. 

Arterial blood gas (ABG) determinations help reflect the severity of an acute asthma 
exacerbation and help elucidate the ventilatory status. Seventy-five percent of patients 
with acute asthma demonstrate mild to moderate hypoxemia and respiratory alkalosis ( 12- 
16). Arterial oxygen tension drops below 55 mmHg in only 5 1 0 %  of patients (12,17). 
The hypoxemia usually results from ventilation-perfusion mismatch, which in turn results 
from variable degrees of airway obstruction (12). The mismatch improves with therapy, 
but may paradoxically worsen with administration of bronchodilator treatment, probably 
secondary to mucous plugging ( 18-22). Alveolar hyperventilation with respiratory alkalo- 
sis is the usual response of the ventilatory control center to acute airflow obstruction, the 
patient may be unable to maintain the required alveolar ventilation as airway obstruction 
progresses. 

The arterial CO2 tension rises as respiratory muscles fatigue, as reflected in develop- 
ment of respiratory acidosis. A Paco, of approximately 40 mmHg in the dyspneic patient 
with acute asthma, although a normal value, signals impending ventilatory failure (23). 

In severe asthma, acidosis may be a result of both ventilatory and metabolic compo- 
nents. Roncoroni et al. described a large group of patients in status asthmaticus who had 
lactic acidosis (24). Appel et al. (25) reported 12 patients with severe asthma and lactic 
acidosis. The exact mechanism for the development of lactic acidosis in adults with acute 
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severe asthma remains unknown, although current theories propose that lactic acidosis 
results from increased respiratory muscle activity causing lactate production, plus lactate 
underutilization secondary to hypoperfusion of skeletal muscle and liver (25). 

ABGs are not routinely indicated if patient responds appropriately to the initial treat- 
ment and FEV, is > 1 L (26). ABG determination is indicated for patients with persistent 
respiratory distress, especially if FEV, or PEFR is < 25% predicted (27). PEFR may be 
used to eliminate unnecessary ABGs (27). Martin et al. demonstrated that patients with 
a PEFR > 25% did not require arterial blood gas sampling as no patients with a PEFR 
> 25% predicted had a Paco, > 45mmHg or pH < 7.35 (27). 

Oxygen saturation (S,O,), as measured by pulse oximeter, is an accurate means of 
following patient oxygenation noninvasively during treatment (28). However, pulse ox- 
imetry is not a substitute for arterial blood gas as one of the primary purposes of the blood 
gas determination is to assess the adequacy of alveolar ventilation, as reflected by the 
pco,. Patients with a pco2 of approximately 40 mmHg or greater should be admitted to 
the hospital, and in many cases treated in an intensive care unit (ICU) (16,26). 

Hedges et al. (29) evaluated oxygen saturation as measured by pulse oximeter for 
early identification of patients needing prolonged therapy for acute bronchospasm. They 
concluded that as isolated variables, S,Oz at baseline and at peak drop following bronchodi- 
lator therapy were not useful predictors of outcome, although patients with S,02 < 92% 
at presentation were not evaluated (29). 

Usually arterial sampling is unnecessary in patients with oxygen saturation > 92%, 
since respiratory failure is unlikely in this group of patients. However ABGs must be 
pursued if these patients demonstrate FEVI or PEFR < 25% predicted, deterioration, or 
lack of objective improvement (30). 

V. X-RAY 

Although chest X-ray is often performed as part of the evaluation of acute asthma managed 
in the ED, the yield of diagnostically useful information is low (31). The main features 
on a chest X-ray include pulmonary hyperinflation and peribronchial cuffing, particularly 
in patients with chronic symptoms. Radiographic findings manifested as complications of 
asthma and their frequency are as listed in Table 3 (32-39). 

In fact, radiographs are normal in most patients (33,40). Zieverink et al. (41) found 
only 2.2% abnormal radiographs of the 997 X-rays studied over a 4-yr period. Abnormali- 
ties included presence of infiltrates, atelectasis, pneumothorax, and/or pneumomediasti- 
num. He concluded that chest X-rays in adults are unnecessary unless the patient was 
unresponsive to bronchodilators and hospitalized (4 1 ). In a retrospective review by Sher- 

Table 3 Radiographic Findings on Chest X-ray 

Findings Frequency 

Normal 
Hyperinflation 
Infiltrate 
Pneumothorax 
Pneumomediastinum 

55-82 
22-12 

1-16 
0.5-2 

5-10 



Clinical Evaluation 257 

man et al., only 3% of 135 patients required alteration in treatment due to radiographic 
abnormalities (42). Petherman et al. found abnormalities that influenced management in 
9% of 117 adults with severe acute asthma who were admitted to the hospital (36). Findley 
and Sahn demonstrated that chest X-ray findings have no significant correlation with need 
for hospitalization (32). Chest X-rays seem warranted for the following indications: clini- 
cal suspicion that one of the complications listed in Table 3 is present and may alter care; 
ventilatory failure, as defined by a Paco2 > 40mmHg; or persistent hypoxemia, as defined 
by oxygen saturation < 92% or Pao2 < 60 mmHg; failure to improve despite aggressive 
therapy in ED; and, occasionally, newly diagnosed asthma (23). Therefore, most ED pa- 
tients do not require radiographic evaluation. 

On the other hand, White et al. discovered 34% of admission X-rays to be abnormal 
(34). Abnormalities included focal parenchyma1 opacities, increased interstitial markings, 
enlarged cardiac silhouette, pulmonary congestion, pneumothorax, and a new pulmonary 
nodule. A retrospective review in Great Britain of 1016 admission chest radiographs con- 
ducted over a 4-yr period revealed an incidence of 15% of clinically significant radio- 
graphic abnormalities, most common being infection and atelectasis. A study from Singa- 
pore revealed that of the 116 admission chest radiographs reviewed, 23% were abnormal. 
In this study, chest radiographs were considered an important investigation tool since 
most were helpful in detecting complications of asthma or coincidental conditions (44). 
Although most current literature review supports obtaining an admission chest radiograph, 
some studies recommend selective ordering of chest X-rays especially in the subgroup 
with complicated asthma (43-46). 

VI. EKG 

The most common abnormality noted on an electrocardiogram (EKG) is sinus tachycardia 
(47-49). As the airway obstruction improves, tachycardia resolves despite the use of sym- 
pathomimetics (50). Other EKG findings include p-pulmonale, present in up to 50% of 
the patients depending on severity of airway obstruction and right axis deviation, which 
is less common (48). Premature ventricular contractions are observed in a small number 
of patients. Atrial arrhythmias are very uncommon (47,49). Other reversible EKG changes 
include right bundle-branch block (RBBB) and right ventricular strain pattern. 

VII. BLOOD TESTS 

Utilization of complete blood cell count and chemistries is limited and nonspecific. Sig- 
nificant leukocytosis may be present, as a result of stress from repeated injections of epi- 
nephrine or corticosteroids (6). Blood eosinophilia > 4% or 300-400/mm3 may be noted, 
regardless of the presence of an associated allergic or atopic component, but its absence 
does not rule out asthma (5 1,52). The count generally falls within 24-36 hours after admin- 
istration of corticosteroids (53). The presence of eosinophils is recognized as a major 
cellular participant in late-phase allergic airway disease. However, much remains unknown 
in understanding bronchial inflammation and the role of eosinophils in this process (54). 
Presence of eosinophila is considered an indication for steroid use, however, in some 
patients asthma remains severe despite eosinopenia. A more rational approach to manage- 
ment is therefore based on spirometry rather than the eosinophil count. 
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Serum potassium may be temporarily diminished by 0.6-0.8 mEq/L secondary to 
the effect of frequent or continuous albuterol aerosols (55-58). Measurement of serum 
potassium level is appropriate if the patient is on digitalis preparations or arrhythmias are 
observed. 

Serum theophylline level must be monitored in patients exhibiting signs of theophyl- 
line toxicity or with recent changes in dosing. Furthermore, some medications for coexist- 
ing conditions may affect theophylline elimination and hence serum theophylline level. 
The target serum concentration should be between 8 and 12 pg/mL and should be moni- 
tored routinely, especially in the elderly (5 1). 

VIII. 

Clinical evaluation of patients presenting to the ED with acute asthma requires objective 
measures to determine the degree of airway obstruction. Several studies indicate that phy- 
sicians vary greatly in their assessment of the severity of asthma and their assessment 
correlates poorly with lung function (2,3,5,10). Hence, it is essential to determine severity 
of exacerbation using spirometry or PEFR. 

Arterial blood gas determination is most valuable when patients are hypoxemic, i.e., 
when their O2 saturation < 92%, they fail to improve, or they rapidly deteriorate after 
initial treatment. 

Initial evaluation of an asthmatic in the ED rarely requires chest X-ray, EKG, and 
blood tests. Chest X-ray should be considered for all patients requiring hospitalization. 
Performance of ancillary studies, such as EKG and blood tests, should not be permitted 
to delay initiation of treatment. 
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1. INTRODUCTION 

The use of objective measures of lung function in asthma is recommended by the National 
Institutes of Health (NIH) because the patient’s report of symptoms and physical examination 
findings frequently do not correlate with the variability and severity of airflow obstruction (1). 

The quantitative assessment of bronchospasm and its use in measuring the effective- 
ness of therapy is important in the treatment of the acute asthmatic (1). The most com- 
monly used method to assess airflow obstruction in patients with acute asthma is measure- 
ment of either the peak expiratory flow rate (PEFR) or the 1-sec forced expiratory volume 
(FEV,) technique using spirometry (2). Because both of these techniques require signifi- 
cant effort and cooperation by the patient, these measurements may be highly variable in 
acute settings (3,4). Additionally, patients who cannot cooperate as a result of age or 
severity of disease are unable to perform spirometry for measurement of PEFR and FEV,. 

Other noninvasive methods for monitoring the severity of asthma and the reponse 
to treatment are now available. This chapter will evaluate current and proposed modalities 
for the objective assessment of asthma. 

II. VITAL SIGN MONITORS 

A. Heart Rate 

Isolated tachycardia is a common, albeit nonspecific, sign of acute asthma. Tachycardia 
in the patient with acute asthma may be due to numerous factors including fever, dehydra- 
tion, chest pain, sympathetic discharge, pharmaceuticals (including P-agonists) or hypoxia 
(2). The mechanism of tachycardia in asthma is thought to involve a central reflex loop 
responding to hypoxia. It is important to note that a normal heart rate with hypoxemia 
suggests severe myocardial oxygen deprivation (2). 

26 1 
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B. Respiratory Rate 

Respiratory rate alone is influenced by multiple factors that may be associated with acute 
exacerbations of asthma. Some of the factors that influence respiratory rate include hyp- 
oxia, hypercarbia, anxiety, fever, sepsis, or metabolic acidosis. Also between patients with 
acute asthma, there is much intersubject variability (2). However the relationship between 
respiratory rate and hypoxia is not well established. As shown in Figure 1, respiratory 
rate does not appear to correlate with arterial oxygen saturation (5) .  Tachypnea is found 
with oxygen saturations ranging from poor to normal. Likewise, bradypnea is associated 
with a wide range of saturations. Because of the independence of the respiratory rate and 
oxygen saturation, it is likely that two different aspects of the asthma attack are being 
measured and, as a result, both variables should be independently evaluated (5,6). 

Deegan and McNicholas (8) found that as an asthma attack progresses, a patient's 
chest wall movements first gradually changes from normal concurrent rib cage and abdom- 
inal expansion to predominantly abdominal breathing (associated with an inspiratory in- 
drawing of the rib cage and excursion of the abdomen). With further progression, the 
pattern evolves to predominantly thoracic breathing exhibiting increased rib cage excur- 
sion (expansion of the rib cage on inspiration prior to expansion of the abdomen) (8). 
However, detection of these thoracic movement disorders has not been routinely incorpo- 
rated into respiratory monitoring. 

A. Background 

In 1935, Matthes and Millikan discovered a technique that enabled them to evaluate oxy- 
gen saturation in vivo by transilluminating tissues. This discovery was advanced by Aoy- 
agi in the mid-1970s with the discovery that by analyzing only those light absorbencies 
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Figure 1 Variability between respiratory rate and Sao, in pediatric asthma patients. 
The respiratory rate is shown along the vertical axis in breaths per minute and the 
percentage arterial oxygen saturation (Sao,) is on the horizontal axis in pediatric pa- 
tients with asthma. Respiratory rate does not appear to  correlate with Sao,. (Adapted 
from Ref. 5.) 
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Figure 2 Tissue absorption in pulse oximetry. Pulse oximetry is based upon the 
changes of light absorption in living tissue during pulsatile flow. The AC signal is due 
to  the pulsatile component of the arterial blood while the DC signal is composed of 
all the nonpulsatile absorbers in the tissue: nonpulsatile arterial blood, venous and 
capillary blood, and the other tissues. (Adapted from Ref. 9.) 

that were pulsatile (Fig. 2), it was possible to evaluate arterial oxygen saturation quickly 
and easily. This discovery was refined by Wilber in the late 1970s to incorporate light 
emitting diodes and photodiodes making pulse oximeters the lightweight and maneuver- 
able equipment currently in widespread use (9). 

Pulse oximetry is based on the principle that human blood is made of four compo- 
nents of hemoglobin including oxyhemoglobin (HbOz), reduced hemoblobin (HbR), met- 
hemoglobin (HbMet), and carboxyhemoglobin (HbCO). Each displays unique light absor- 
bencies allowing one to transmit light in the red (680 nm) and infrared (940 nm) ranges 
through blood and then measure the relative attenuations of the wavelengths to determine 
the concentrations of each hemoglobin moiety (Fig. 3). This yields a fractional hemoglobin 
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Figure 3 Light absorbance spectra of hemoglobin derivatives. Transmitted light ab- 
sorbance spectra of four hemoglobin species: oxyhemoglobin, reduced (deoxy-) he- 
moglobin, carboxyhemoglobin, and methemoglobin. (Adapted f rom Ref. 9.) 
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saturation defined as: 

x 100 Hb02 x loo= HbO2 Fractional Hb Sat (Sao2) = ~ 

Total Hb Hb02 + HbR + HbMet + HbCO 

Most commercially available pulse oximeters evaluate the wavelength absorbencies 
of only Hb0, and HbR and thus do not detect HbMet or HbCO, which may potentially 
erroneously elevate the arterial oxygen saturation (Sao,) in those situations (i.e, poison- 
ings) in which HbMet or HbCO may be present. In addition, inaccurate readings can be 
experienced in those conditions in which there is poor light transmission (motion, bright 
ambient light, intravenous dyes or nail polish) or in low blood-flow states as seen in 
hypotension (MAP < 35 mmHg), hypothermia < 35”C, vascular disease, or vasopressor 
therapy (9). 

B. Clinical Applications 

The most common use of pulse oximetry is simply as a tool to detect hypoxemia indepen- 
dent of the cause. The familiar “beeping” tone of the pulse oximeter has become ubiqui- 
tous in the emergency department (ED), intensive care unit (ICU), and operating rooms. 
The pulse oximeter alerts physicians and nurses to changes in the heart rate as well as 
arterial saturation by the rate and pitch of the tone. Additionally, pulse oximetry has been 
applied to monitor hyperoxia in premature neonates because elevations in PO, have been 
linked to retinopathy and retrolental fibroplasia (9). 

C. Clinical Use in Asthma 

Since the consequences of asthma should ultimately result in hypoxemia, it stands to 
reason that pulse oximetry would be a rational and effective manner of evaluation of 
asthmatics. However, due to the shape of the oxygen dissociation curve (Fig. 4), pulse 
oximetry does not necessarily reflect desaturation at a Pao2 greater than 80 mmHg or in 
the presence of respiratory alkalosis due to hyperventilation (10). As a result, hypoxemia 
with airway obstruction may not be detectable by pulse oximetry during acute asthma 
exacerbations. Furthermore, because pulse oximetry is dependent on appropriate light 
transmission and blood flow, it is recommended by multiple researchers that pulse oxime- 
try only be used in conjunction with clinical assessment and other modalities of evaluation 

Still, several studies support the role of arterial oxygen saturation in the evaluation of 
acute asthma. Carruthers and Harrison studied 89 adult patients with acute severe asthma 
admitted to a respiratory care unit and showed that asthmatics with an initial pulse oxime- 
ter Sao, reading of greater than 92% could be spared arterial blood gas evaluation because 
respiratory failure in these patients is extremely unlikely (14). However, those asthmatics 
with a pulse oximeter Sao, reading of less than 92% are at significant risk for experiencing 
respiratory failure and should receive arterial blcod gas analysis and close observa- 
tion (14). 

Geelhoed and colleagues (13) studied 52 pediatric patients presenting to the ED 
with acute asthma. They found that an initial Saoz of greater than 91% was able to predict 

(5,ll-13). 
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Figure 4 Oxyhemoglobin dissociation curve. The percentage of arterial oxygen satu- 
ration (%Sao,) is shown on the vertical axis and the partial pressure of arterial oxygen 
(Pao,) is shown on the horizontal axis in millimeters of mercury pressure (mmHg). A 
shift of the dissociation curve to  the left is associated with a reduction in tissue oxygen 
availability and is caused by alkalosis (increased pH), hypothermia (decreased tem- 
perature), hyperventilation with hypocapnia (decreased Paco,) and reductions in 2,3- 
diphosphoglycerate (decreased 2,3-DPG). Shift of the dissociation curve to  the right 
is associated with increased tissue oxygen availability and is caused by acidosis (de- 
creased pH), hyperthermia (increased temperature), hypercapnia (increased Paco,), 
and increases in 2,3-diphosphoglycerate (increased 2,3-DPG). 

high parent satisfaction with treatment and low rates of ED recidivism at five days (1 3). 
In addition, they demonstrated that the initial saturation is more predictive of outcome 
than is the overall change in Sao, with therapy in the ED (13). 

Initial Sao, less than 91% has predicted a poor response to first line therapies in 75 
pediatric patients admitted for asthma exacerbations (12). While the Sao, only weakly 
correlated with asthma severity score, the Sao, was found to be superior to standard clinical 
assessments in predicting the need for more aggressive interventions (1 2). 

Milhatsch and colleagues (15) found that in 47 patients admitted for acute asthma 
exacerbations, Sao, readings did not recover as rapidly as PEFR measurements. The au- 
thors suggest that Sao, may better reflect the effects of uneven distribution of airway 
narrowing caused by inflammation. Interestingly, they also found that children younger 
than five years tended to recover Sao2 faster with P-agonist therapy than did older children 
(15). 

Indeed, another study suggests that Sao, may be a better predictor of patient outcome 
than PEFR. Geelhoed et al. found that Saoz was superior to PEFR in predicting relapse 
in pediatric patients discharged home from the ED (16). 
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IV. CAPNOGRAPHY 

A. Background 

Capnography, the measurement of respired COz, allows one to indirectly detect abnormali- 
ties of metabolism, circulation, and ventilation by measuring the output of CO2 in expired 
gas (17). Capnography has been used for over 50 years with use of the earliest CO, ana- 
lyzers were on submarines to detect dangerous buildup of CO2 while on prolonged patrol 
during World War I1 (18). Modern developments have allowed capnographs to be adopted 
as standard monitoring devices during anesthesia. 

While the level of CO2 can be determined using either mass spectrometry or infrared 
absorption characteristics, infrared capnography is more practical for clinical use. Two 
forms of infrared capnography are currently in use (Fig. 5) .  “Mainstream” (or “in-line”) 
capnography uses a sample chamber setup that is within the breathing circuit with a large 
diameter tube that allows for response times of < 0.5 sec. “Sidestream” infrared capnog- 
raphy uses a diverting system and a small diameter tube that is more prone to obstruction 
by secretions and water vapor condensation yielding a 2- to 3-sec transit time. 

A normal capnogram is demonstrated in Figure 6 (19). The PQ segment represents 
initial expiration as rapidly exchanging alveolar gases mix with gas in the anatomic dead- 
space. In the alveolar plateau phase (QR segment), exchange of the remainder of gases 
slows as expiration concludes, representing predominantly gas exchange from uniformly 
ventilated alveoli. Finally, the capnogram returns to a baseline CO2 level of zero during 
the initial stages of inspiration (RS segment). 

B. Clinical Applications 

Capnography is currently used in acute care medicine to assess endotracheal tube location 
and function after intubation (20). An esophageal intubation would yield an abnormally 
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Figure 5 Capnographic analyzers. (A) The mainstream analyzer has the sample 
chamber within the breathing circuit as close to  the patient‘s airway as possible. Most 
currently available infrared carbon dioxide (CO2) analyzers are of  this type. (6) The 
sidestream analyzer has a distant sample chamber. (Adapted from Ref. 20.) 
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Figure 6 Capnogram of normal and asthmatic patients. The pressure of expired car- 
bon dioxide (CO,) in millimeters of mercury (mmHg) over time are shown for both 
normal and asthmatic conditions. P represents the onset of expiration. The PO seg- 
ment represents the mixing of dead space and alveolar gases exhibiting a rapid in- 
crease in expired CO,. Segment QR is the plateau phase representing alveolar gas 
delivery. Point R is the end of expiration. Segment RS represents the beginning of 
inspiration and point T is the end of inspiration. In the asthmatic, the slope of the 
plateau phase (QR segment) is decreased when compared to a normal subject due 
to a prolongation of expiration. (Adapted from Ref. 19.) 

low CO2 output as the gastric space is continuous with ambient air. Kinks, cuff leaks, 
accidental extubation, and obstruction of the endotracheal tube would also be apparent. 
Adequacy of mechanical ventilation and weaning can likewise be evaluated. Because 
blood flow is required for elimination of CO2, capnography serves as a tool to evaluate 
blood flow. Hemodynamic parameters can similarly be monitored including assessment 
of perfusion in cardiopulmonary resuscitation (CPR) and other low-blood-flow states such 
as shock (21). Finally, capnography is useful in establishing the end-tidal CO, (22), a 
measure of the maximum CO2 concentration at the end of an expiratory cycle, which is 
helpful in evaluation of asthma as well as a variety of pulmonary disease states including 
sleep apnea (23). 

C. Clinical Use in Asthma 

Recent studies have demonstrated that bronchospasm, much like ARDS and pneumonia, 
produces a characteristic change in the capnogram (19). The ordinarily near-horizontal 
alveolar plateau phase (QR segment; Fig. 6) becomes more vertical in response to broncho- 
spasm resulting in an increase in dco2/dt (slope). This effect is due to more rapid emptying 
of the normal-resistance hyperventilated airways resulting in lower initial CO2 concentra- 
tions. Bronchospasm then results in a delayed rise in CO2 as gases from poorly ventilated 
alveoli empty. As a result, slope and the Q angle are increased (Fig. 6). This capnographic 
finding has been correlated to both FEV, (24) and PEFR (19) and the changes may precede 
clinical findings of bronchospasm (25). 

You and colleagues measured the slope of the QR segment and compared it to usual 
spirometric measurements (FEV,) in 21 control and 24 asthmatic pediatric patients. In 
asthmatic subjects, they found that the slope correlated with FEV, (r = 0.83) before and 
after inhalation of P-agonists (24). 
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Recently, our research group demonstrated that the end-tidal CO2 correlated with 
PEFR in adult asthmatic patients in the ED both before and after P-agonist therapy (19). 

Obtaining an expiratory capnogram in asthmatics has several advantages over spi- 
rometry (19). Capnography is noninvasive and is independent of height, age, and weight. 
Additionally, capnography is effort-independent. Spirometry requires an awake and coop- 
erative subject and therefore necessitates obtaining the average of three successive trials. 
Small children and some elderly patients are often unable to understand or appropriately 
operate spirometric equipment. These patients, as well as individuals on mechanical venti- 
lation can be evaluated using capnography, but not spirometry. 

v. NEAR-INFRARED SPECTROSCOPY 
A. Background 

In 1977, Jobsis first described a near-infrared instrument capable of measuring oxyhemo- 
globin, reduced hemoglobin, and cytochrome a,a3 redox state (26). Near-infrared spectros- 
copy (NIRS) offers the potential for noninvasive, continuous monitoring of tissue oxygen 
delivery and oxygen utilization (27-29). Similar to pulse oximetry and mixed venous 
oxygen saturation monitors, NIRS utilizes differences in light transmission and absorbance 
between oxyhemoglobin (HbO,) and deoxyhemoglobin (HbR) to gauge the concentrations 
of those moieties (29). NIRS directs light of wavelengths 700-1000 nm into tissue via 
fiberoptic cable and the amount of reflected light is quantified. Trends in HbOz, HbR, total 
hemoglobin (Hb02 + HbR), tissue saturation of oxygen (StO,) and the cytochrome a,a3 
are then determined. Thus, NIRS can be used as a direct monitor of tissue oxygen delivery. 
Because near-infrared wavelengths are longer than those of visible light, NIRS is well- 
transmitted through bone, muscle, and other tissue, allowing it to be utilized in evaluation 
of deeper visceral organs and cerebral blood flow (26). 

In addition, NIRS can be used to detect the redox state of mitochondrial cytochrome 
a,a3 (also known as cytochrome c oxidase). The cytochrome a,a3 redox action accounts 
for over 90% of all cellular oxygen utilization (26). Normally, the a,a3 redox state closely 
follows oxygen availability. With falling tissue oxygen tensions, the redox state reduces, 
and as oxygen tensions rise, the redox state oxidizes (30). 

However, the redox state is also dependent upon the availability of high energy 
electrons within the electron transport chain (30,3 1). Almost all cellular substrates are 
converted by dehydrogenases to the high energy electron carriers, NADH and FADH2, 
which are transported within the mitochondria to the electron transport chain (30). If elec- 
tron transport is inhibited proximal to cytochrome a,a3, then the redox state becomes oxi- 
dized. This decoupling of the redox state from oxygen availability may result in anomalous 
electron transport and could potentially lead to free radical formation and damage (32). 

Direct NIRS monitoring of the coupling relationship between tissue oxygen avail- 
ability and mitochondrial oxygen utilization may provide more direct insight into patho- 
physiological states and treatment strategies (3 1,33,34). 

B. Clinical Applications 

Potential clinical applications for NIRS are vast. At the present time, studies are underway 
to determine exactly for which conditions NIRS is best suited. Previous studies have used 
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NIRS to evaluated tissue oxygenation in the setting of ischemia of various anatomic struc- 
tures, cerebral blood flow in the preterm infant, blood flow in peripheral musculature, and 
blood flow during cardiac bypass (35). Likewise, NIRS has been used to predict multiple 
organ failure in severely injured trauma patients (36,37). It has been further hypothesized 
that NIRS may be useful in delineating anatomical injury, for instance in intracerebral 
bleeds, and multiple recent studies have utilized NIRS in the evaluation of intracerebral 
blood flow in both adults and neonates. 

C. Clinical Use in Asthma 

Although further studies need to be performed, recent data suggest that NIRS may have 
practical applications to asthma. Recently, our research group has demonstrated that in 
nocturnal asthmatics, oxygen saturation has been demonstrated to drop in conjunction 
with a reduction in cytochrome a,a3 redox state during an attack, suggesting that reductions 
in peripheral tissue oxygen delivery and cellular oxidation are both associated with bron- 
chospasm (38). These peripheral changes were independent of changes in Sao, measured 
by pulse oximetry. 

VI. OTHER TECHNOLOGIES 
A. Transcutaneous ABG 

When heated to a temperature between 40 and 45OC, the structural characteristics of the 
stratum corneum are modified, thus allowing oxygen to readily diffuse. Based upon this 
principle, transcutaneous oxygen monitors are able to approximate peripheral tissue PO, 
which follows the trend established by Pao2 and is a more representative measure of end- 
organ oxygenation than arterial Sao, (Fig. 4). As a flow-dependent parameter, transcutane- 
ous PO, (Ptco,) may be more useful than Pao2 in the evaluation of tissue oxygenation 
(39). 

Uses of Ptco2 have included neonatal ICU monitoring of hyperoxia, multiorgan fail- 
ure, anesthesia, and in-shock states (39). In the asthmatic, Ptco, has been found to correlate 
well with arterial oxygen values under a variety of conditions, most importantly assessing 
the efficacy of bronchodilator therapy (40). In addition, falls in Ptco, have been found to 
closely follow the deterioration found in obstructive airway disease in young children 
(41). To date, the bulk of the data on transcutaneous monitoring has involved neonates 
and very young children, therefore the generalizability to older populations is unknown. 

B. Optodes 

Optodes, or optical gas electrodes, provide continuous pH, PO,, and Pco, measurements 
through the use of a fluorescent dye at the tip of an optical fiber (42). This fiber is connected 
to a light source that activates electrons to a higher energy state and measures decay as 
the electrons return to baseline. The photons emitted from these activated electrons from 
the dye are increased by CO2 and H+ and are decreased by 0, via competitive inhibition 
(43). Since the photons are absorbed by the CO2, H', and 0, molecules, the dyes will 
emit fewer photons when higher quantities of those molecules are present (42). The pri- 
mary advantage of optodes over conventional arterial blood gas (ABG) laboratory evalua- 
tion is cost and elimination of blood loss in repeated evaluation. 
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Potential uses of optodes include extracorporeal monitoring during acute resuscita- 
tions, surgery, ICU monitoring of mechanical or borderline ventilation, and other situations 
in which ABGs might be obtained repeatedly. Benefits and risks of invasive serial ABG 
analysis in the asthmatic patient is discussed elsewhere in this book (see Chapter 15). 
Repeated ABGs are more useful than single values in the evaluation of the asthmatic (2) 
and a noninvasive method of ABG analysis may prove useful in monitoring acute asthma 
attacks. This may be especially true in the younger asthmatic in which arterial needle 
sticks may be anxiety-provoking and could potentially lead to deterioration of the clinical 
state (2). 

C. Conjunctival Pop 

Conjunctival monitoring of PO, (Pcjo,) involves the attachment of a miniature CIark elec- 
trode to the inner surface of the palpebral conjunctiva. Unlike the transcutaneous PO, 
monitor, the conjunctival unit does not require the tissue to be heated to 40-45°C due to 
the small number of cells between the capillaries and the surface probe (29). Like Ptco, 
monitors, the Pcjo, monitor is related to cardiac output and reflects changes in regional 
blood flow from the carotid artery (29). It may prove useful as a minimally invasive 
measure of central organ oxygen delivery in patients with asthma. 

VII. CONCLUSIONS 

No single clinical or laboratory finding alone is predictive of the degree of obstruction 
that an asthmatic experiences (44). Thus, noninvasive assessment modalities must be used 
in combination with clinical signs and symptoms in order to evaluate and effectively treat 
patients with acute asthma. The noninvasive modalities discussed in this chapter may 
provide unique physiological information that could guide the therapeutic response in 
acute asthma (45). 
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Kim Guishard 
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Medicine, New York, New York 

I. INTRODUCTION 

We understand the disease process: near fatal and fatal asthma are now problems of physi- 
cian communication and patient compliance. 

A. Definitions 

Fatal asthma: Patients that have succumbed to acute asthma. 
Rapidly fatal asthma: Patients that have succumbed to acute asthma within three 

Slowly fatal asthma: Patients that succumbed to acute asthma greater than 3 hr after 

Near fatal asthma: An acute asthma attack that results with respiratory arrest or 

hours of the onset of symptoms. 

the onset of symptoms. 

Paco, greater than 50 mmHg (6.7 pka). 

B. History 

At the turn of the century, nearly fatal and fatal asthma were felt not to exist (1). A 
common belief was that fatal asthma was a real but rare occurrence (2). There has been 
a steady increase in mortal asthma since its nadir in 1977 (3,4). Despite better knowledge 
of the pathophysiology of acute asthma, mortality incidence continues to increase (5). A 
greater understanding of the multiple processes involved in patients with near fatal asthma 
is needed. Environmental (6), socioeconomical (7), and other risk factors (8), as well as 
access to health care all have a role in the anatomy of fatal asthma (9). The most sobering 
and disturbing fact is that most deaths from asthma are preventable (10). Asthma mortality 
is frequently the result of patient noncompliance and not failure of therapy. If improvement 
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can be made in patient compliance with medication and the physician’s ability to commu- 
nicate with their patients, then asthma mortality should decrease. Subsequently, effective 
therapeutic modalities for asthma will be discussed. Unfortunately, suboptimal implemen- 
tation of these regimens has had significant impact on the increase in asthma mortality. 

II. INCIDENCE 

Fatal asthma affects African-Americans more commonly than Hispanics, who are affected 
more frequently than Caucasians ( 1 1). African-Americans predilection for fatal asthma 
may be explained by increased genetic atopy, which is the strongest marker for asthma. 
A more plausible explanation for the increased incidents found in African-Americans can 
be better explained in socioeconomic terms. The less-affluent have higher incidences of 
asthma (12). Their access to health care is limited and exposure to antigens is higher. A 
larger number of women die from asthma than men. This might be attributable to diurnal 
hormonal variation. Skobeloff et al. (13) found women to be more susceptible to asthma 
just prior to and during menses. The exact mechanism that progesterone and estrogen 
have in near fatal asthma remains to be clarified. 

Fatal asthma in children, up to 14 years old had the greatest increase in incidence 
from 1980 to 1989 than any other age group (5) .  Greater allergen exposure might be a 
plausible explanation for the increase in mortality found in this young age group. O’Hal- 
laren et al. (14) found young asthmatics that tested positive for Alternaria alternata, a 
commonly found spore, had a 200-fold increase in respiratory arrest when compared to 
asthmatics that tested negative. Deaths from the spores were seasonal, occurring mostly 
in June to November. In New York City, deaths occur most frequently in the winter 
months. Death from asthma seems to be an urban problem (see Chapter 12). New York 
City and Chicago account for 21% of the national death rate from asthma (3). City air 
pollution could be the cause of the increase in urban fatal asthma; this, however, does 
not seem to be the case. Lang and Polansky (7) showed decreasing concentrations of the 
outdoor air pollutants, ozone, carbon monoxide, nitrogen dioxide, particulate matter, and 
sulfur dioxide in Philadelphia from 1965 to 1990 despite a steady increase in asthma 
mortality. The outdoor air pollutants that Lang and Polansky studied are probably not the 
cause of the increased incidents of near-fatal asthma. Indoor pollutants seem to be associ- 
ated with near-fatal asthma (15). Within the indoor environment can be cockroaches and/ 
or tiny insects termed bed mites. Increased concentration of mites in the midwest (16) 
and cockroach allergens in the northeast (17,18) have been noted to cause asthma. 

A. Who Are the Patients That Develop Near-Fatal Asthma? 

Most patients that succumb to asthma are outside or en route to the hospital. Death from 
acute asthma tends to occur at night and within 24 hr of the onset of symptoms. Mortality 
from asthma is more frequent among urban residents (Table 1). In 1952,76 cases of fatal 

Table 1 Fatal Asthma 

Who Black > Hispanic > Whites 
Where Inner City > Suburbs 
When Night > Day 
Mortality rate 15-34 > 35 > 
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asthma were recorded nationally (19). In 1991, 5102 deaths from asthma were reported 
(3). The increase in asthma fatality has prompted studies to identify patients that are at 
risk for fatal asthma. Many of these patients had prior episodes of near-fatal asthma. 

B. Slow vs. Rapid Onset Asthma 

Recently, patients have been grouped into two categories; slow and rapid near-fatal asthma 
(20). Patients with slow near-fatal asthma are more refractory to treatment. Their deaths 
are more avoidable than patients with rapid near-fatal asthma. In slow near-fatal asthma, 
symptoms occur over days, whereas in rapid near-fatal asthmatics, severe symptoms de- 
velop within hours. 

Kesten et al. (21) studied patients with near-fatal asthma. He found no difference 
between patients with near-fatal asthma and hospitalized patients with less severe asthma. 
Others have found real differences between patients with near fatal asthma and mild asth- 
matics (22-23). Patients with potentially fatal asthma are 300 times more likely to die 
from asthma than asthmatics with less severe disease (24). Death rates among hospitalized 
patients with near-fatal asthma varied from 0 to 16.5% during their hospitalization (25). 
Hospitals’ death rate from acute asthma vary. The wide range in death rates between 
hospitals is probably attributable to the varying degree of asthma severity in the patient 
population that they serve. There is also interhospital variation in the level of care of an 
acute asthmatic. These differences may also contribute to the wide range in death rates 
for patients hospitalized with acute asthma. Out-of-hospital death rates of patients with 
nearly fatal asthma over a study period of 6 yr were as high as 41% (26). 

PATHOPHYSIOLOGY 

A. Fatal Asthma 

The pathology of near-fatal and fatal asthma are the same. With the progression of the 
attack, inflammation and mucous plugging become more prominent. There are three major 
components involved in asthma: airway hyperreactivity , bronchial obstruction, and in- 
flammation (27-29). Airway hyperreactivity and bronchospasm occurred early on in the 
course of acute asthma. The early asthma response (EAR) is easily reversed by P2-agonists. 
As patients progress from bronchospasm to inflammation, response to therapy with P2- 
agonists and other treatments becomes blunted. Early pharmacological interventions will 
help to stop the cascade of cellular events, which progress from EAR to late asthma re- 
sponse (LAR). Patients with rapid-onset asthma die from asphyxiation. Sur et al. (30,3 1) 
found patients with rapidly fatal asthma (died within 2.5 hr) to be distinctively different 
from patients that died greater than 2.5 hr after manifestation of their symptoms. Autopsy 
showed patients with rapidly fatal asthma had a neutrophil cellular predominance. Patients 
with slow onset had eosinophil predominance. These latter patients died from mucous 
plugging, resulting in suffocation. These data might suggest the existence of two distinct 
entities, or more plausibly, that we are viewing the same process during different stages 
of the cellular and molecular cascade of events. 

B. Near-Fatal Asthma 

Wasserfallen et al. (20) studied rapid near-fatal asthma in patients whose attacks lasted 
less than 3 hr before endotracheal intubation. They were more hypercapnic on presentation 
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than the slow-onset near-fatal asthmatic. The patients’ duration on mechanical ventilation 
was reduced and their hypercapnia was more readily reversed in rapid-onset asthma. Kal- 
lenbach et al. (32) also found a positive correlation between the duration of the acute 
attack and the duration of mechanical ventilation. The more acute attacks had higher risks 
of a near fatality but were more readily reversed into stable asthma (Fig. 1). No serious 
cardiac arrhythmias were found during the resuscitation. Therefore, deaths from early and 
late onset asthma were not due to medication induced arrhythmias (32). Asthmatics die 
from suffocation and asphyxiation. Deaths are more avoidable in slow-onset asthma possi- 
bly because the patient has more time to seek medical intervention. 

C. Nocturnal Asthma 

Deaths from asthma occur mostly at night. The pathophysiological mechanism for noctur- 
nal asthma has been elucidated (33) (see Chapter 1 1 ) .  Endogenous steroids and catechol- 
amines are at their lowest point during the evening and early morning hours. The vagal 
influences have maximal activities during these hours. Low levels of endogenous steroids 
and catecholamines, increased airway hyperresponsiveness, and vagal activity are ideal 
conditions to facilitate bronchospasm and nocturnal asthma. 

IV. RISK FACTORS 

There are five major categories in which risk factors can be placed. They include the 
patient * s past medical history, behavioral dysfunction, economic status, physician factors, 
and the milieu in which the patient lives (Fig. 2). 

A. Past Medical History 

Past medical history can help physicians recognize some of the patients at risk for fatal 
asthma. Two of the best indicators that a patient has suffered near-fatal asthma and is at risk 
for fatal asthma are (1) their history of prior endotracheal intubations and (2) admissions to 
the hospital within the previous 12 months (34). More accurate methods of identifying 
patients that are in risk for fatal asthma are needed. Emergency physicians can easily and 
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quickly identify some of the patients that are at an increased risk of dying from asthma 
by just obtaining the aforementioned two historical facts. Other risk factors, active smok- 
ing, history of atopy, and low economic status are less predictive of near-fatal asthma 
(discussed below) (35). 

B. Behavior 

Profound emotional upsets and psychosocial problems have been linked to fatal asthma 
(36). Levenson et al. (37) also found that on autopsy 31% of the patients dying from 
asthma in Chicago had traces of recreational drugs. The most common substance of abuse 
was alcohol. 

Many patients overly rely on their medication, which can result in delays in seeking 
medical attention. Other patients may understand the instructions on how to use their 
medication, but they may not believe that the medication actually helped to improve their 
wheezing. A salient reason that patients do not use steroid inhalers is that these inhalers 
do not provide immediate relief from their breathlessness, so the inhaler is perceived as 
ineffective. Some patients are habitually noncompliant. Clearly, if an asthmatic has lost, 
refuses, or minimizes use of the p2 inhaler, then severe bronchospasm and even death 
may ensue. Treating patients with potentially fatal asthma is complicated by many prob- 
lems that are not reconcilable by merely manipulating medications. 

C. Socioeconomics 

Low socioeconomic status may be more of a risk factor for near-fatal and fatal asthma 
than ethnicity (38). Less-affluent patients are exposed to more allergens, have less access 
to health care, and are less likely to be seen by the same physician on a regular basis. 

D. The Physician 

The physician’s ability to communicate with a patient is more important in the outpatient 
setting than during the patients’ inpatient stays. During hospitalization, the physician’s 
orders are acted upon by the nurse and are less patient dependent. In an outpatient, setting 
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the physician’s orders become only recommendations that are now made to the patients. 
Compliance is now entirely patient dependent. The patient’s level of compliance is af- 
fected, in part, by the physicians’ ability to communicate with them concerning the “when 
and why” of the medications they are supposed to use. 

Most of the care given to the asthmatics is in an outpatient setting. Some of the most 
important changes in their regimens occur in the acute outpatient setting of the emergency 
department (ED). During this time, it is important for the emergency physician to commu- 
nicate with the patient so that the patient can understand the changes in their medication 
regimen that are being recommended because of their acute presentation with broncho- 
spasm. Making arrangements for follow-up care is a necessity. Ninety-one percent of 
relapses occur even before the patients see their primary care physician (39). 

E. Environment 

Outdoor (6),  indoor (40), and occupational pollutants all have had a causative link to fatal 
asthma. Outdoor pollutants have seasonal variations that can be attributed to multiple 
allergens and pollen. Seasonal and weather changes can precipitate acute asthma attacks. 
Deaths in patients less than 35 yr occur between June and August, the time period that 
ED visits for acute asthma are lowest. In the elderly, mortality is most frequent from 
December through February (5) .  Indoor pollutants, cigarette smoke, and mite and cock- 
roach allergens have also contributed to fatal-asthma death rates. 

v. 
A. &-Agonists 

Pz-agonists are the rescue medications of choice for acute asthma. There has been much 
debate as to whether these medications were the treatment or the cause of fatal asthma 
(41,42). Greater use of P2-agonists are associated with asthma fatalities, because the pa- 
tients that use them have more severe asthma. Whitelow (43) aptly stated that we give 
more medications to the most acutely ill patient, not less. Purported mechanisms by which 
P,-agonists could exert their direct toxic effects include malignant arrythmias (44), para- 
doxic bronchospasm (43 ,  and possible inhibition of anti-inflammatory (46) effects. Wan- 
ner (47) and Sears (48) have presented excellent arguments concerning the use of sched- 
uled versus PRN P2-agonist use. P2-agonists were once thought to be the cause of 
increasing asthma mortality. The patients that died from asthma were found to use a more 
potent P,-agonist, e.g., fenoterol; the larger dosages were also thought to have a causal 
relationship with asthma deaths. The general consensus presently is that sicker asthmatics 
use P2 agonist inhalers more frequently and that the greater use of P2-agonist inhalers is 
not causing fatal asthma but only a manifestation of the severity of the patient’s disease. 

It is possible that there is a small subset of patients with fatal and near-fatal asthma 
that are sensitive to P2-agonists. Robin and Lewiston (49) described healthy patients that 
died in seconds to minutes after using Pz-agonists prior to being apparently well. Thus 
there seemed to be a small subset of asthmatics that were at risk for P,-agonist-induced 
sudden death. This group might be identified by electrocardiographic screening for P2- 
agonist induced QT prolongation (50). Screening the 10 million asthmatics for QT prolon- 
gation would be costly. pz-agonist toxicity alone cannot explain the increased incidence 
of asthma mortality since the nadir in 1977. In New Zealand during the 1980s, asthma 
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mortality fell as P2-agonist metered dose inhaler (MDI) consumption increased. In En- 
gland, prescription usage of MDI tripled without a corresponding increase in mortality 
(51). No correlation has been found between inhaled P,-agonists and mortality in the 
United States. 

The increase in asthma mortality cannot be solely or partially explained by P,-ago- 
nist toxicity. Perhaps some of these patients that succumbed to asthma after apparent 
wellness died from rapidly fatal asthma, which is primarily a respiratory event. 

B. Steroids 

Steroids are recognized as the most important medication in treating airway inflammation 
in asthmatics. The earliest beneficial effect takes 6 hr (52). In the ED, steroids should be 
given immediately to expedite the onset of therapeutic effects. The efficacy of inhaled 
corticosteroids in treating newly detected (53), stable, and mild asthma (54) has been 
proven. Ernest et al. (55) found patients that were dispensed one or more steroid inhalers 
had a statistically significant decrease in near-fatal and fatal asthma. Littenberg et al. (56) 
showed a 60% reduction in admission for patients given 125 mg of intravenous methyl- 
prednisolone. Interestingly, there was no statistical difference in objective data, such as 
peak expiratory flow rate (PEFR), between the groups of patients that did and those that 
did not receive the steroids. Nevertheless, the current standard of care in emergency medi- 
cine is to give 125 mg of methylprednisolone to acute asthmatics (see Chapter 22). The 
cardinal feature of late asthma response is inflammation. Deaths due to late asthma are 
caused by suffocation that is secondary to mucous plugging. The mucous plugs are cellular 
debris caused by the inflammatory reaction. Decreasing the inflammatory response will 
help to abate plug formation. The remaining plugs are coughed up by the patient, phagocy- 
tized and reabsorbed. Glucocorticoids need to be prescribed to all ED presentations of 
near-fatal asthma, providing that there is no contraindication to their use. 

C. Magnesium 

Magnesium, a bronchodilator, is involved in over 350 qnzymatic reactions. Magnesium 
is effective in treating children (57) and severe asthmatics, as defined by an FEV, of 
< 25% of predicted on presentation to the ED (58) (see Chapter 24). The risk-benefit 
ratio is low, in that there are no side effects to using magnesium in the therapeutic dose 
of 2 g over 30 min. Intravenous magnesium may be useful in aborting fatal asthma, con- 
verting it to near-fatal asthma. 

VI. EDUCATION 

Question: When are the best and worst asthma treatment regimens equal? When is 
the medication regimen prescribed by the best physician equal to that pre- 
scribed by the worst physician? 

Answer: When the “rate-limiting step” for the cascade of events leading to success- 
ful treatment is the noncompliance of the patient, especially when this non- 
compliance is due to a lack of knowledge of their disease and medications. 

The above exchange illustrates that the medication prescribed by physicians can 
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only be effective if the patient takes the medication. Increasing patient adherence is of 
critical importance, especially in the near fatal asthmatic whose nonadherence may result 
in death. Many therapeutic protocols to treat the asthmatic patient have been developed 
(59,60). What remains elusive is improving the communication between the physician 
and the asthmatic patient. Nonadherence to these therapeutic protocols have been com- 
monplace. Noncompliance both behaviorally and with medication regimens has ranged 
from 30 to 70% (61,62). Behaviorally noncompliant patients may use recreational sub- 
stances that further exacerbate delays in their seeking health care. Other patients may 
believe their medications have no effect on their disease. Noncompliance with medication 
can vary from nonusage, to delays in taking them, to a lack of knowledge about how to 
modify and vary therapeutic regimens (63). The noncompliant patient increases health care 
expenditures. In the last 10 years there has been a marked change in both our knowledge of 
asthma and the medical armamentarium that can be used to combat the disease. With the 
many changes, one principle has remained the same and in fact become more apparent. 
The physiciadpatient relationship is of paramount importance. There are levels of 
achievement that patients have to reach in order to really understand their disease. The 
first level must be physiciadpatient communication. Emergency physicians must be good 
communicators. The episodic patient encounter in the ED requires a physician to develop 
rapid rapport with patients. The patient needs to understand the instructions concerning 
how and when to take each medication and their disease process. Asthmatics also need 
general information concerning their disease; the nature of bronchospasm and inflamma- 
tion needs explanation for the lay person. Doctors should ensure that the patient not only 
comprehends the instructions but retains them and understands how to implement the self- 
evaluation and treatment protocols (Fig. 3). Over 50% of asthmatics use the ED as their 
source of primary care when they have a problem with their asthma. For acute asthma, 
emergency physicians have been thrust into the role of a primary care physician (PCP). 
All PCPs should be excellent communicators to engender an excellent relationship be- 
tween the physician and the patient (see Chapter 5). 

VII. LOCATION 

Deaths from asthma occur in two settings: hospitalized and nonhospitalized (Fig. 4). 

A. In the Hospital 

Slightly less than 50% of all deaths from asthma occurred in the hospital (64). 

1. Peak Expiratory Flow Rate 
Hetzel et al. (65) published an interesting study in which consecutive asthma hospital 
admissions were reviewed. The more severe asthmatics were managed in a special care 
area. The mild asthmatics were admitted to the wards. Nine of the patients admitted to 
the wards suffered respiratory arrest; three of them died. One patient in the special care 
unit required ventilatory support. The patients admitted to the wards did not have severe 
asthma (as defined by PEFR > 100 L/min, pulse rate < 120, and pulsus paradoxus < 20 
mmHg). They found that the risk of respiratory arrest and sudden deaths was not related 
to the severity of the initial attack but related more to the presence of excessive diurnal 
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variations in PEFR. Measurements of PEFR variations might help to reduce hospital 
asthma death rates. Some asthmatic deaths result from the physician’s failure to recognize 
the severity of the attack, complications from ventilatory support, or an inability to secure 
the patient’s airway (66,67) (see Chapters 26 and 30). 

2. Physician Training 
Asthma morbidity and mortality could be significantly decreased by training physicians 
to reduce errors of commission and omission. Severe asthmatics should be placed in moni- 
tored settings, so that any deterioration in their respiratory status could be rapidly recog- 
nized and treated (see Chapter 31). Barotrauma can be avoided by hypoventilating patients 
on mechanical ventilation (25) .  Prompt use of antibiotics should be encouraged if pneumo- 
nia is present. 

B. Non hospital 

The majority of deaths from asthma occur in a nonhospital setting. These deaths can be 
decreased by better educating the patient about acute asthma. Socioeconomic status has 
been documented as a risk factor for fatal asthma. Psychological characteristics have also 
been found. Psychological disturbances in children that have been identified are depres- 
sion, adjustment problems, disregard for symptoms of asthma and suicidal ideation (68). 
The manifestations of psychological disturbances in the adults varies. One example is 
recreational drug use (37). There are many barriers that are obstacles to the patients’ 
understanding what the physician is trying to communicate. They can range from language 
barriers, the patient’s inability to understand the physician’s medical terminology; the 
patient’s nonretention of information, and the physician’s time constraints limiting the 
physicians’ ability to educate the patient. Emphasis must be placed on training physicians 
to better communicate with their patients. “It is difficult to avoid the conclusion that 
improved education of both patients and physicians is needed” (68) (Table 2). 

The more things change the more they stay the same. 
Our knowledge base about asthma is constantly changing and growing. With this 

growth in knowledge, important aspects of asthmatics care have remained unchanged. In 
the late 1950s, the adverse effects of overly aggressive use of sedatives became apparent. 
In England and Wales during the 1960s’ an increased incidence of fatal asthma was noted 
(69). At that time, it was felt to be caused by excessive use of Pz-agonists. In the early 
1980s, Sly (70) and Paulozzi et al. (71) found asthma deaths to be increasing. Some be- 

Table 2 Barriers to Patient Communication 

Patient Physician 
~~~ ~ ~~ 

1. Lack of comprehension 
2. Lack of retention 2. Teaching skills 
3. Language barrier (natural tongue) 

1. Time constraints 

3. Language barrier (terminology) 
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lieved the increased death might be caused by overuse of asthma medication. P2-agonists 
again were thought to increase deaths by the arrhythmogenic effects. In the 199Os, Kallen- 
bach et al. (32) helped to disprove the hypothesis that P2-agonists induced cardiac arrhyth- 
mias. Now it is believed that P2-agonists increase fatal asthma by their indirect effect of 
“lulling” the patient into a false sense of security, thereby delaying when the asthmatic 
would seek medical attention. 

Today the medications that are debated have changed-we now are focusing on the 
therapeutic effects of glucocorticoids-but the debate is the same: is the medication, in this 
instance steroids being under- or overutilized? In the 1980s, the primacy and importance of 
the inflammatory response found in asthma was reported, and by the early 1990s the 
underutilization of glucocorticoids was publicized and increased usage advocated. Pres- 
ently the debate on overutilization of steroids has begun (72). Over the last 40 years, 
discussion of asthma mortality and morbidity has concerned excessive utilization of seda- 
tives and P2-agonists to glucocorticoids. But one feature has remained constant and is 
becoming more apparent: preventive measures are of great importance. The merits of 
prevention were never in doubt, but the emphasis placed on increasing prevention has 
been suboptimal. We have gone full circle and rediscovered what we all ready knew, that 
“the focus should remain on prevention” (73). We should not concentrate our efforts in 
treating but instead on preventing the asthma attack by educating the patient about their 
disease. In the ED the focus at the time of discharge should be more education of the 
patient rather than manipulating their medications. 

THE FUTURE 
A. Therapeutics 

Steroids should be used liberally, especially in patients that have experienced near-fatal 
asthma. The emergency physician must be aggressive in prescribing steroids to the patients 
that are being discharged. Hartert and colleagues’ hospital-based study showed that moni- 
toring and use of steroids was suboptimal. 

Age Specific. Some treatments might be better suited for different age groups. 
Ipratropium might be more efficaciously used in older patients. 

Hospital Specific. Slightly less than half of the patients who succumb to asthma 
are in a hospital environment. Each hospital must analyze how they can improve health 
care delivery to their asthmatic patients (75). Deaths from asthma are preventable and 
hospital-specific policies, such as community education, timely and ‘ ‘physician-specific’ ’ 
prompt referrals, will bring about a greater reduction in asthma fatalities. Continuous nebu- 
lization might be beneficial in EDs, where health care providers are not readily available 
to give nebulization treatments in a timely fashion. 

1. 

2. 

B. Delivery 

1. Age Specific. The adolescent has specific problems that should be addressed; 
adjustment reactions and difficulties with the family unit are but a few. Adults specifically 
should have the problem of recreational drug use addressed. Smoking cessation programs 
for the asthmatic smoker should be beneficial. 

Hospital Specific. Hospital-specific policies will be effective in decreasing inpa- 
tient and outpatient hospital fatalities. For example, some hospitals might find it more 

2. 
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cost effective to dispense prednisone rather than giving prescriptions that the patient might 
not have filled. 

3. Patient Recognition. The patient at risk for fatal asthma should be identified and 
every attempt should be made to avoid the occurrence of a mortal event. A comprehensive 
program to increase communication, retention, and implementation of treatment modal- 
ities should be instituted in all fatally prone patients. 

There is no one cure that will singularly decrease asthma fatalities. A concerned 
attempt to address the multifactorial processes that are involved in near-fatal and fatal 
asthma should be undertaken. Improvement physician communication, patient education, 
allergen avoidance, and therapeutic protocols and a more aggressive use of steroids should 
be undertaken to bring about a decrease in asthma. 

X. 

Fatal asthma has evolved from a nonexistent occurrence to an uncommon event. There 
is no single cause that can be attributed to the increase in asthma mortality, but instead 
multiple causal relationships that are interwoven. Patient behavior, social milieu, airborne 
pollutants, and the physician’s communication skills and ability to evaluate the patient 
form complex relationships that can potentiate or attenuate the risks for both fatal and 
near-fatal asthma. Emphasis should be placed on encouraging the generous use of both 
inhaled and oral steroids. The efficacy of glucocorticoids in reducing asthma mortality 
has been proven. Magnesium used on the pediatric population is especially effective (57), 
its utility in the severe asthmatic adult with FEV, < 25% predicted has been established 
(58). P,-agonists have not increased the incidence of fatal asthma. They should be used 
as needed and not on a regular set time basis. Future emphasis will shift from stressing 
the manipulation of therapeutic modalities to concerted efforts to make the physicians 
better able to communicate with their patients and to enhance patient understanding and 
increase compliance of the medication regimen. The emphasis should be focused more 
on the patients than on their medications! 
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18 
National and International 
Guidelines for the Emergency 
Management of Adult Asthma 

Richard M. Nowak 
Henry Ford Health Systems, Detroit, Michigan 

Many have felt that the education of health care professionals, public health officials, and 
patients themselves will result in better management strategies for asthma with the hope 
of reducing the morbidity and mortality associated with this disease. As part of this effort 
to educate, many guidelines for asthma management have been developed, both interna- 
tionally and by individual countries. There have been, to date, approximately 21 separate 
published asthma management protocols. The input to the development of these guidelines 
has generally been quite broad with an attempt to incorporate as many appropriate individ- 
uals, organizations, and government officials as possible to insure their accuracy and appli- 
cability. A major focus of these guidelines has been to recommend appropriate approaches 
to prevention and control of the disease. In the United States, there have been further 
guidelines developed that address specific aspects of management of the disease. These 
include reports on managing asthma during pregnancy (l) ,  in the elderly (2), and in minor- 
ity children (3), and others that have outlined specific roles for individuals such as pharma- 
cists (4) or institutions such as schools (5,6). Most of the asthma management guidelines 
have documented information on the nature and extent of the disease and have recom- 
mended appropriate approaches to its prevention and control. A few have outlined the 
management of the acute attack in the emergency department (ED). 

1. EMERGENCY MEDICINE-SPECIFIC GUIDELINES 

In 1995, the National Institutes of Health (NIH) published the “Global Strategy for 
Asthma Management and Prevention NHLBI/WHO Workshop Report” (7). This global 
initiative for asthma was the product of workshops convened by the National Heart, Lung 
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and Blood Institute (NHLBI) and the World Health Organization (WHO). Twenty-one 
workshop participants from 17 countries met three times to generate this report, which 
was additionally reviewed by consultant contributors and reviewers and international 
organizations. The summary figure for the “Management of Exacerbation of Asthma: 
Hospital-Based Care” is detailed in Figure 1. It describes treatment in the ED for the 
patient with acute asthma. It is the same algorithm that was published in the “International 
Consensus Report on the Diagnosis and Management of Asthma,” published by the 
NHLBI in June 1992 (8). This latter international report was the result of a working group 
of I8 physicians and scientists representing 1 1 nationalities committed specifically to 
develop an international consensus statement on the diagnosis and management of this 
disease. 

The second guideline to be presented is the algorithm for the “Management of 
Asthma Exacerbations: Emergency Department and Hospital-Based Care’ ’ that is 
contained in the 1997 National Asthma Education and Prevention Program (NAEPP) 
Expert Panel Report on “The Guidelines for the Diagnosis and Management of 
Asthma” (9). This is an NIH initiative that was first published in 1991 (10) and subse- 
quently updated by a second expert panel in 1996. The 1997 document was generated by an 
expert panel representing many disciplines and points of view, including that of emergency 
medicine. It has been reviewed by over 25 experts and organizations with the intent of 
presenting a broad consensus on the diagnosis and management of this disease including 
the emergency assessment and therapy of acute exacerbations. The specific guideline rec- 
ommended for the assessment and care of acute asthma in the ED is found in the algorithm 
in Figure 2. 

The third guideline to be reviewed is that produced by the Canadian Association 
of Emergency Physicians and the Canadian Thoracic Society Asthma Advisory Committee 
and endorsed by the Canadian Association of Emergency Physicians, the Canadian Tho- 
racic Society, and the Association des Midecins d’Urgance du Quibec. These “Guidelines 
for Emergency Management of Adult Asthma” have recently been published in the Cana- 
dian Medical Association Journal (1 l )  but have for a few years been distributed in poster 
format (12) for EDs throughout Canada (Fig. 3). It is this latter format that has been 
reproduced in this chapter as it provides specific recommendations concerning assessment 
and treatment that is relevant for emergency medicine. 

The Thoracic Society of Australia and New Zealand published the “Asthma Man- 
agement Plan, 1989“ in the Medical Journal of Australia (13). This plan was widely 
promoted through the National Asthma Campaign in those countries, but did not have 
specific recommendations for the assessment and management of acute exacerbations in 
the ED. However, in 1992, in the Thoracic Society News, the Australasian College of 
Emergency Medicine published the national asthma campaign, “Acute Asthma Manage- 
ment” (14). The initial management component is shown in Table I in this chapter. 

In 1990, the British Medical Journal published guidelines for the management of 
asthma in adults, which were the result of initiatives by the British Thoracic Society, the 
Research Unit of the Royal College of Physicians, the King’s Fund center, and the National 
Asthma Campaign (15). They were the first national guidelines for the management of a 
specific condition in the United Kingdom and they were intended to be reviewed and 
revised after two years. The revision of these guidelines, published in 1993 in the British 
Medical Journal (16) and Thorax (17), have benefited from the input of the British Associ- 
ation for Accident and Emergency Medicine, the Royal College of Practitioners, and the 
General Practitioners in Asthma Group. The summary chart that is relevant to emergency 
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Repeat Amessment 
PE, PEF, O2 saturation, 
other tests as needed 

Initial Assessment 
History (hx) physical examination (auscultation, use of accessory muscles, heart rate, respiratory rate, 
PEF of FEV,, oxygen saturation, atterial Mood gas of patient in extremis, and other tests as indicated) 

+ 
Moderate Episode 

PEF 60-80% predictedpersonal best 
Physical exam: moderate symptoms, accessory 

Inhaled beta,-agonist every 60 minutes 
Consider corticosteroids 
Continue treatment 1-3 hours, provided there 

muscle use 

is improvement 

4 
Severe Episode 

PEF c60Yo predictedlpemal best 
Physical exam: severe symptoms at rest. chest 

Hx: high-risk patient 
No improvement after initial treatment 
Inhaled beta,-agonist, hourly or continuous 

Oxygen 
Systemic corticosteroid 
Consider subcutaneous, intramuscular, or 

retraction 

i inhaled anticholinergic 

intravenous beta,-agonist 

1 
Good Response 

Response sustained 60 minutes 

Physical exam: normal 
PEF >70% 
No distress 
O2 saturation >90% (95% children) 

after last treatment 

1 
Discharge Home 
* Continue treatment with inhaled 
beta,-agonist 
Consider, in most cases, oral 
corticosteroid 
Patient education: 
Take medicine correctly 
Review action plan 
Close medical followup 

1 
Discharge Home 

If PEF >70% predicted/ 
personal best and sustained 
on oraVinhaled medication 

1 
Inoomp&te ROSpon.0 Wlthln 

Hx: high-M-patient 
Physical exam: mild to moderate 

PEF >50% but ~70% 
O2 saturation not improving 

Admit to Hoapltal 
*Inhaled be@-agonist f inhaled 

anticholinergic 
Systemic corticosteroid 
Oxygen 
Consider intravenous 

Monitor PEF, O2 saturation, pulse, 

1-2 HOUM 

symptoms 

1 

aminophylline 

theophylline 
I 

I 1 

Improve Not Improve 
I I 

Poor Rosponw Withln 1 Hour 
Hx: high-risk patient 
Physical exam: symptoms severe, 

PEF 40% 
PCO2 A5mm Hg i PO, <Wmm Hg 

drowsiness, confusion 

I A 
Admlt to lnlen8lve CHO 

Inhaled beta,-egooist f anticho- 
Unergic 

intramuscular, or intravenous 
beta,-agonists 

ventilation 
1 

Admit to intensive Care 
If no improvement within 6-12 

I I 

Figure 1 Management of exacerbation of asthma: hospital-based care. (From Ref. 8.) 
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Repeat Assessment 

l nhkd  kla,-rgonist by mctercddosc inhalcr or 
ncbulizcr, up 10 h c c  doscs in fin hour 
Oxygen to achieve 4 saiunlion 29046 
Onl systemic coriiccsteroids if no immediate rapon.% Or 

Admit to Hospital Intrusive CM 

Inhaled highdosc beu, agonin and 
anucholinergic by nebulization cvc? 
20 min or continuourly for 1 hour 
Oxygen to achieve 0, saturation > 90% 
Oral rysicmic conicostcro~d 

Intubalion and mechuucal veaihmn 

Ncbulizrd betafigonis and mucbolm~c 
Ininvenou contcnstcrord 

Moderate EucerbrUon 
PEFSO-8O%pfCdiCWFClSXlllksl 
Physical exam: modcnle symptoms 
lnhrlcd Sboft-acIing every 60 minurer 
Systemic conicrmemid M increased dose of inhaled mn~mncroid 
Continue Imment 1-3 hours. provided then U impmvemcnt 

Severe Exacerbation 
PEF ~50% pediacd/perrod bat 
Physical exam vvere symptom II rest, 
Hisory: high-nsk p i c o t  
No impmvemcni aftcr initial tratmmi 

muscle use, c h a  r a n d o n  

Inhaled shon-aatng bcuragonnt. hourly or ca~lhruwr t W .DlrcboliruryC 
Oxygen 
Sysicmic conicorteroid 

I 
1 J 

Incomplete Response Poor R a p o w  
PEF >SO% but <70% 
Mild.to-rnodentc symptoms 

PEFdOQ,  
PCO, A2 mm Hg 
Physical exam: sympoms sevcrc. 

Response sustained 60 m’n after last 

Good Responre 
PEF S l O Q  

lrealment 
Nodarcss 
Phytiol cxm: normal 

drowsiwtinag ODafUrioa 

Individualized decision rc: 

hospitalization (see text) 

Continue Irtlll)lent with inhrkd &u,rgonist 
Continue owrx of on1 systemic conicostcroid 
P Ih lCducu iM 
- Review medicine use 
- Rcvrewhithw d o n  p h  
- Rccommcnd dost medid  followup 

, 
Admit to Hospital Ward 

Inhaled betiz-agonisl + inhaled 

Systemic (onl M ininvenous) 

Oxygen 
Monitor PEF. 0, wturalion, pulse 

inhcholinergic 

conicosteroid 

I I 
I 

Improve 

i 

Continue irutmcni with inhaled bcta,-agonist 
Conrtnuc couly of oral systemic contmsccroid 
Palm1 education 
- Review medicine uv 
- RevKw/initJalC anion plan 

~ 

Admit to HospiW loltnsivc CM 
Inhaled betarigonin hourly w 

Lntnvuroprcmicoauoi 
Oxygen 

*Po%ibkiatubuimuui ’ ‘ J  

continuously + inhdcd antiddinergic 

ventilation 

Figure 2 Management of asthma exacerbations: emergency department and 
hospital-based care. (From Ref. 9.) 
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Figure 3 Guidelines for emergency management of adult asthma. (From Ref. 12.) 

medicine is reproduced in Figure 4 and is entitled ‘‘Asthma in Accident and Emergency 
Departments. ’ ’ 

Lastly, a worlung group of the South African Pulmonology Society has published 
guidelines (1 8) for the care of acute asthma to encourage a uniform approach to the man- 
agement of exacerbations, whether of rapid or gradual onset, mild or severe. The summa- 
tion document, entitled “Management of Exacerbation of Asthma in Practice Rooms, 
Clinics and Hospitals,” is shown in Figure 5 .  
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Figure 3 Continued 

II. COMPARISONS BETWEEN EMERGENCY 
MEDICINE - RE LATE D G U I DE LI N ES 

Overall. there are some common themes that run through all of these guidelines. The 
initial assessment is very brief and treatment is instituted as soon as is possible after arrival 
in the ED. Adequate oxygenation is reflected by ensuring, when appropriate, supplemental 
oxygen to maintain a pulse oximetry oxygen saturation of greater than 90%. In the absence 
of pulse oximetry, the recommendations suggest supplemental oxygen be used in all cases. 
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Virtually all guidelines have as an integral part of the assessment of severity of disease 
and response to therapy, objective measurements of airflow (FEV,, PEFR). This reflects 
the underlying belief that more subjective assessments of airflow obstruction by either 
the patient or the physician are inadequate and often underestimate the severity of the 
exacerbation. 

It is also clear that inhalation of P2-agonist bronchodilators, in dosages proportionate 
to the severity of the obstruction, are the agents to be used initially. Their continued use 
in terms of both dosage and frequency is driven by the response or lack thereof to therapy. 
Systemic corticosteroid medications are recommended for virtually all acute exacerbations 
of the disease reflecting the belief that the uncontrolled nature of the exacerbation reflects 
increasing airways inflammation. Lastly, the guidelines reflect the need for some attempts 
at educating patients regarding their disease and to provide a discharge plan that includes 
continuing aggressive therapy and close outpatient supervision by the ongoing care prac- 
titioner. 

The comparative differences in the guidelines presented in this chapter are summa- 
rized in Table 2. It is of interest to comment on some of the differences in approaches. 
First, four of the six determine aggressiveness of therapy on the presenting pulmonary 
function testing (PFT) while the remaining two treat all patients the same initially, regard- 
less of PFT, and determine aggressiveness of therapy on the response or lack thereof to 
initial treatment. Which approach is better is currently unclear as there are no clinical 
studies addressing this issue. 

Although all guidelines recommend the use of PFTs, only two give absolute flow 
recommendations while all recommend the use of predicted or personal best values. Only 
one gives predicted values within the pictorial display of the guideline. The uniform inclu- 
sion of predicted values all guidelines would increase the likelihood of practicing emer- 
gency physicians to utilize them in the decision-making process. The actual values given 
to define a severe attack or when patients can be discharged home vary somewhat from 
guideline to guideline. There is clearly the need for clinical studies to better define these 
parameters. 

P-agonist therapy tends to be aggressive in all the approaches in terms of dosage 
and frequency. However, there is generally a preference for use of nebulization to deliver 
these agents, especially in severe cases. Use of a metered dose inhaler (MDI) with spacer 
seems to be increasingly popular, especially in mild to moderate exacerbations. For life- 
threatening exacerbations of acute asthma, five of the six guidelines recommend the use 
of intravenous P2 agonists, especially salbutamol (albuterol). The U.S. guidelines uniquely 
do not recommend use of intravenous therapy because of a lack of studies showing benefit 
when compared to aggressive inhalation treatment and a concern for toxicity. More studies 
are needed to better define the type, dose, and route of administration of p2 agonists for 
varying degrees of acute airways obstruction. 

All guidelines recommend p2 agonists to be combined with anticholinergics (ipra- 
tropium bromide) in severe cases with the understanding that the benefit varies from pa- 
tient to patient and is generally small. Yet dose and frequency of administration remains 
varied. 

Although all guidelines recommend very liberal use of systemic corticosteroids for 
exacerbations, the type, frequency, and route of administration varies in the six approaches. 
This necessitates further study, especially in more severe cases where undermedication 
could be a potential problem. 

In general there is agreement that aminophylline therapy is not a helpful in most 
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Table 1 

Treatment Mild Moderate Severe and life threatening 

Admission necessary Probably not Probably Yes-consider ICU 
Oxygen 

Initial Management of Acute Asthma in Adults 

High flow of at least 8 L/rnin to achieve an inspired oxygen concentration of about 50%. Monitor ef- 
fect by oximetry. If oxygen saturation remains abnormal, use a nonrebreathing mask with a res- 
ervoir bag with 15 L 0,lmin. 

1 mL 0.5% salbutamol + 3 rnL Nebulized B2 agonist, e.g., sal- 
butamol or terbutaline, with saline 
8 L/min O2 

Nebulized ipratropium bromide Not necessary 

Oral corticosteroids, e.g., pred- Yes (consider) 

Intravenous steroids, e.g., Not necessary 
nisone 

hydrocortisone (or equiv- 
alent) 

2 m l  0.5% salbutamol + 2 mL 2 mL 0.5% salbutamol + 2 mL 
saline every 15-30 min. Give 
IV when no response to aero- 
sol, e.g., 250 pg IV bolus and 
then 10 pg/kg/hr. 

bromide with p2 agonist 
hourly 

IV 

then review 

saline 1 to 4 hourly 

Optional 2 mL 0.025% ipratropium 

Yes 

200 rng stat 

Yes, 30-60 mg/day initially, or 

200 mg  6 hourly for 24 hr, 
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Theophylline/aminophylline Uncertainty exists regarding the benefits of this drug: reserve for those unresponsive to maximal 
doses of p2 agonist. 

IV aminophyline 5 mg/kg then 
0.5 mg/kg/hr IV. Use up to 
half of this loading dose of 
aminophylline if the patient 
is maintained on regular oral 
theophylline. 

Adrenaline 0.5 mg IM for ana- 
phylaxis or IV (diluted to 10 
mL with saline) for cardio-re- 
spiratory arrest. 

Necessary if no response to ini- 
tial therapy or suspect pneu- 
mothorax. 

Observations Regular Continuous Continuous 
Other investigations Not required Not required Check for hypokalemia. 

Not indicated Adrenaline Not indicated 

Not necessary unless focal Not necessary unless focal Chest X-ray 
signs present signs present 
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Figure 4 Asthma in accident and emergency departments. 

Nowak 



INITIAL ASSESSMENT AND TREATMENT 
History, physical examination 

PEF or FEV , artenal Mood gas or S a  
Inhaled highdose Rragonist every 20 mtn for 1 hr 
Oxygen to achieve Paa, > 10 kPa or !h > 90% 

Systemic corticosteroids 
Sedation IS contraindicated - 

Good mponsa-  Ifall are found 
Respanw sustained 60 rnin after last 
treatment 
Physical emm: normal 
PEF 75% 
No distress 
Pao, L 10 or Saa, 2 90% 

NOTE 
doses and modes 
of edministration 

Incomplete msponn In 1 - 2 hm - 
If any o n  prnont 
History: high-risk patient 
Features of mild or moderate attack 
persistent 
PEF 50% but c 75% 
Paoa or Saol not improving 

REVIEW DURlNO FIRST 2 HOURS 

PEF at 30 min and 2 hr 
Pao, and other tests as needed 

Assess physical sans at 15 or 80 min 

t 
Poor rooponu In 1 - 2 h n  - It any 
w. pruont 
Symptoms or signs of severe or life- 
threatenlng asthma: drowrineas, confu- 
sion, exhaustion, rilent chest, absent 
wheeze, cyanosls, bradycardia 
PEF c 50% 
Paca 6 kPa or Paa, < 8 kPa 

outline 

Ic i or if available 
DISPOSAL 

Ic 
DIochwg. honw 

Continue inhaled Bragonist via MDI 
Oral corticosteroid booster dose. 
prednieolone 40 mg daily for 7 days 
after symptom disappear 
Patknteduclrtbn - takes medicine correctly - review action plan for 
Relapeea 

Lener to doctor 
PEF chart (if possible) 
Avoid precipitating factors 

Arrange medical follow-~p 

Inhaled DragOOist 2 - Chrly preferably 
via nebuliser 
Oxygen 
Systemic mtkosteroid: oral or IV 
Add inhald mtichdirnrgic: ipntropium 
bromide 0,5 mg (1 ml) nebulised or 

Consider IV theophylline andlor IV 
I%-agonist 
Monitor PEF. Paol or Sacn. pulse, theo- 
phylline levels 

t 
Admh to Intonolvo can 
Continuous inhaled RI-agonist via 
nebullser 
Oxygen 
Intfa~nOuS mrtlcosterdd 
Add inhaled antkholinergic via nebu- 
llser 
Add intravenous theophylllne 
Consider IV Ot.gonist 
Possible intubation and mechanlcal 
ventilation 

II 
SYNOPSIS OF DRUGS AND DOSES IN ACUTE ASTHMA 

OXYGEN I Use highest concentration mask (60°,0 or higher) I 
BETA-2-AGONISTS - INHALED 

U N F E U L  I= (preferably oxygen-driven) 
dose: fenoterol 1 mg 

frequency: initially every 20 minutes for 1 hour 
2 - 4-hourly while in hospitaUsurgery 

dose: fenoterd 100 pg/puff several deep breaths 

1 ml in 4 ml sterile normal saline 
hexoprenaline 0,25 mg 
salbutamol 5 mg 

and SPACER 

hexoprenaline 100 @puff from spacer after 
salbutamol 100 pg/puff each 2 puffs to total 
torbutallno 250 w p u n  I d 20 to 50 pulh 

frequency: inkially every 20 mnutm for 1 hour 

spacers: minimum volume 500 ml 
2 - Chourly while in hospital 

Volumatic (Albn & Hanbury) 
W h a l e r  (Astra) 
plastic bottle with base removed to M snugly onto face 

CORTlCOSTEROlDS 
Initial dose: prednisone, methylprednisolow or 

or hydrocortisone 2OOmgIV 
or rnethylpntdnieolone 125 mg IV 

prednisdone 30 mg onl 

further doses: 
Initial g m d  response: continue dally oral dose for 7 dayr after 

complete fecomy. No tapeting necuaaary 
unless on long-term oral dose 

Partial response: continue daily oral dose or hydrocottime 
200 mg IV 4 - 6-hourly or methylpred- 
nirolone 125 mg IV twice dally 

Poor response: continue IV doses 

IPAATROPIUM BROMIDE 
(preferably oxygen-dnven) 

dose: 
frequency: 4-hourly 

dose: 
frequency: 4-hourty 

0.5 mg (2 ml in 3 ml sterile normal saline) 

20 pg/puff, up to 20 puffs 

~~ ~~~~ 

AMINOPHYLLINE - INTRAMNOUS 
loading dose 6 m m g  over 30 minutes 

(10 ml ampable = 250 mg) 

on oral U w q t y W m  
maintenance dose 0,6 mg/k@mur (* 1 OOO mgn4 hours) 

Increase by one-third (0,O n@q#hw) 

Decreaae by one-lhrrd in Cuqmthm cardiec 
failure, eldetly, liver dl#ase, tfutment wim 
macrok%antl#otioqdprc4bxachtn 
cimeudine. 
blood levels dally and adjust dooe~ 

mmd o r ~ o n l y h n b ~  

In-rs.ndpedknb-Phwoh 

monitor: 

BETA-2-AGONISTS - INTRAVENOUS 
Initial dose: salbutamOlO,25 mg Iv J0W)y 
maintenance dcee: salbutemol3 - 20 llomJnute (S mg UMed h 

500 ml dextrose water or mmal reline) 
duration: until sustainsd improwment (uoually leu 

than 24 hours) 
monltor: serum K. dally 

Figure 5 Guidelines to  management of asthma exacerbations and synopsis of drugs 
and doses used to  treat acute asthma. 
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Table 2 Comparative Analysis of Six Different National and International Guidelines for the Management of Exacerbations of Adult 
Asthma 

~~ 

NHLBliWHO United States Australia/ 
Canada New Zealand United Kingdom South Africa global initiative NHLBI 

Supplemental oxy- 0, sat 290% 
gen guidelines 

Pulmonary function PEFR or FEV, 
testing (PFT) 

Predicted values No 
provided? 

I n i t i a l  therapy 
strategy 

Severe attack 
(PIPB) by PFT after initial 

Same for a l l  

PFT < 60% P/PB 

therapy. 

Initial P,-agonist One dose q 20 min 
therapy x's 3 (dose un- 

specified). Neb- 
ulization pre- 
ferred over MDI. 

0, sat 290% 

PEFR or FEV, 

O2 sat 292% 

PEFR or FEV, 

Monitor O2 sat by 
oximetry 

PEFR or FEV, 

Oxygen 40-60% in 

PEFR 
all cases 

O2 sat >90% 

PEFR or FEV, 

No 

Stratified by PFT 
and assessment. 

PFT < 50% P/PB 
on arrival or 
after initial 
therapy . 

Inhaled high-dose 
(albuterol 5 mg) 
by nebulization q 
20 rnin or contin- 
uously for 1 hr 
for severe. 

Inhaled by MDL 
(per protocol) or 
nebulization (al- 
buterol 2-5 mg) 
up to 3 doses in 
the first hour for 
nonsevere. 

No No 

Stratified by PFT Stratified by PFT 
and assessment. 

or PEFR < 200 L/ 
min or FEV, < 
1.6 L on arrival. 

PFT < 40% P/PB, 

Nebulized salbuta- 
mol 5 mg q 15- 
20 min x's 3 for 
severe, contin- 
uous if neces- 
sary, MDI with or 
without spacer 
for all but pre- 
ferred for mild to 
moderate at- 
tacks (multiple- 
dose protocol). 

and assessment. 

dicted, or PEFR 
< 100 Limin or 
FEV, < 1.0 L on 
arrival. 

Nebulized salbuta- 
mol 5 mg  q 15- 
20 min as 
needed. 

PFT < 40% pre- 

Yes 

Stratified by PFT 
and assessment. 

on arrival ( ~ 3 3 %  
P/PB is life- 
threatening). 

Nebulized salbuta- 
mol 5 mg or ter- 
butaline 10 mg  q 
15-30 rnin as 
needed. 

PEFR < 50% P/PB 

No 

Same for all. 

PEFR < 50% P/PB 
after initial 
therapy . 

Nebulized pre- 
ferred, fenoterol 
1 mg  or hexo- 
prenaline 0.25 
mg or salbuta- 
m o l 5  mg  q 20 
min x's 3. MDI 
with large spacer 
(multidose pro- 
tocol) if nebulizer 
not available. 
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Intravenous B2 ago- Parenteral delivery 
nists for life- if no response to 
threatening nebulized (type 
asthma and dose not 

specified). 

Anticholinergic Add to p2 agonist 

Type and dose 
not specified. 

therapy for severe cases. 

Corticosteroids If no immediate re- 
sponse, severe 
episode, re- 
cently on ste- 
roids. Oral (pre- 
ferred) or 
intravenous 
route. Dose and 
type unspecified. 

Not recommended. 

Add on for severe 
cases. Nebulized 
ipratropium 0.5 
mg q 30 min x's 
3, then q 2-4 hr 
as needed. 

If no immediate re- 
sponse, severe 
episode, re- 
cently on ste- 
roids. Oral (pre- 
ferred) or 
intravenous. 
Prednisone, 
methylpredniso- 
lone, or predniso- 
lone 120-180 
mgiday in 3-4 di- 
vided doses. 

Salbutamol 4 pgikg 
load over 2-5 
min, then 0.1-0.2 
pg/kg/min infu- 
sion. 

Adrenaline 4-8 pg/ 
min infusion. 

Add for severe, con- 
sider for moder- 
ate. Nebulized 
ipratropium 
0.25-0.5 mg  q 
15-20 min x's 3. 
MDI with spacer 
(multiple-dose 
protocol). 

For all but mild at- 
tacks. Methyl- 
prednisolone 125 
mg IV or hydro- 
cortisone 500 mg  
IV or prednisone 
40-60 mg  p.0. 

Salbutamol 250 
mcg bolus, then 
10 mcglkgihr. 

Add on for severe 
cases. Nebulized 
ipratropiurn .5 
mg  q 2 hr. 

Prednisone orally 
for all but mild- 
est, use 30-60 
mg. For moder- 
ate or severe use 
intravenous 
equivalent of hy- 
drocortisone 200 
mg. 

Salbutamol or ter- 
butaline 250 pg 
over 10 min. 

Add on for life- 
threatening. 
Nebulized ipra- 
tropium 0.5 mg  
q 6 hr. 

For all but mildest, 
use predniso- 
lone orally 30-60 
mg  or intrave- 
nous hydrocorti- 
sone 200 mg, or 
both if very ill. 

Salbutamol 0.25 
mg  load slowly, 
then 3-20 kgi  
rnin infusion. 

Add on for severe 
cases. Nebulized 
ipratropium 0.5 
mg  q 4 hrs or by 
MDI with spacer 
(multiple-dose 
protocol). 

For all cases. Oral 
prednisone, 
methylpredniso- 
lone, or predniso- 
lone, 30 mg. In- 
travenous 
hydrocortisone 
200 mg  or meth- 
ylprednisolone 
125 mg, for se- 
vere attacks. 
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Table 2 Continued 

NHLBI/WHO United States Australia1 
global initiative NHLBI Canada New Zealand United Kingdom South Africa 

Aminophylline Not recommended 
in first 4 hr. May 
have role if ad- 
mitted. 

therapy 

lntubation and me- Indication only 
chanical ventila- 
tion 

PFT discharge from PFT > 70%, pre- 
ED criteria dicted and sus- 

tained. 

Discharge planning Instructions, educa- 
tion, and follow- 
up described. 

Evidence-based No 
Cost analysis No 

PiPB = predictedipersonal best. 

Not recommended 
in ED. Role in ad- 
mitted is contro- 
versial. 

Indications and ven- 
tilator strategy 
(permissive hy- 
percapnia) 

PFT 2 70% PiPB or 

PB without high 
risk factors 

>50% but <70% Pi 

Instructions, educa- 
tion, and follow- 
up described. 

No 
No 

Not recommended 
in first 4 hr. 

Indications and in- 
tubation agents 

PFT > 60% P/PB or 
> 40% but < 60% 

P/PB without 
high risk factors. 

Instructions, educa- 
tion, and follow- 
UD described. 

Yes 
No 

For those not re- 
sponsive to maxi- 
mal P2-agonists. 
Give 5 mg/kg, 
then 0.5 mg/kg/ 
hr IV (If not tak- 
ing oral theophyl- 
line). 

Manage in ICU in 
most cases 

Mild cases ( S O % ) ,  
generally home, 
moderate cases 
(40-60%) gener- 
ally admitted. 

Minimal discussion 
of instructions, 
education, and 
follow-up. 

No 
No 

For life-threatening, 
give 250 mg IV 
over 20 min fol- 
lowed by infu- 
sion of 750 mg/ 
24 hr if small 
and 1500 mgl24 
hr if large. No bo- 
Ius if on oral the- 
ophylline. 

Indications, man- 
age in ICU in 
most cases 

PEFR > 75% PIPB 
or > 60% PiPB 
after more pro- 
longed therapy. 

Instructions, educa- 
tion, and follow- 
up discussed. 

No 
No 

Consider for severe 
cases. Give 6 
mg/kg over 30 
mins, if not tak- 
ing, then .6 mg/ 
kg/hr (adjust ac- 
cordingly). 

Indications, man 
age in ICU in 
most cases 

PFT > 75% P/PB or 
> 50% but < 
75% PiPB with- 
out high risk fac- 
tors. 

Instructions, educa- 
tion, and follow- 
up discussed. 

No 
No 
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cases of acute asthma, yet three of the six guidelines recommend considering its use in 
severe nonresponding cases. Whether aminophylline therapy in severe acute asthma is 
truly beneficial needs further study. 

For the management of the asthmatic patient who requires intubation and mechanical 
ventilation, the guidelines are uniformly disappointing. Although all give indications for 
this intervention, only one discusses the pharmacological agents to be used and another 
discusses ventilator strategies. Three imply that this intervention should be accomplished 
in the intensive care unit whenever possible. It seems that deteriorating asthmatics should 
be managed/stabilized in the ED according to all the guidelines. An expanded discussion 
of this management should be included in all future guidelines. The specific role of the 
intensivist and the interface between the ED and the intensive care unit (ICU) in these 
cases should be clearly addressed. 

Only the Canadian guidelines can claim to be evidence based. They were developed 
using the evidence-based approach recommended by the Canadian Medical Association 
(19). Thus these recommendations are graded A through C based on the strength of the 
clinical trials (levels 1 to 3) referenced or whether a recommendation was simply a consen- 
sus opinion. Some have expressed concerns about the impartiality of the other guidelines 
and whether they have been able to improve clinical practice (20,21). A critical appraisal 
of published asthma management guidelines using criteria based on clinical decision mak- 
ing has shown major deficiencies with the assembly of evidence that formed the basis of 
the guidelines (22). Future guidelines should systematically evaluate the evidence, grade 
the strength of this evidence by the tools of clinical epidemiology, and include these analy- 
ses in the guidelines (22). 

While specific drug therapies are suggested, there is no report on the magnitude of 
expected benefits or any potential side effects of treatment. None of the guidelines has 
evaluated the cost implications of their recommendations. Although there are difficult 
issues to address, in today’s cost-conscious health care environment, attempts must be 
made to incorporate the cost/benefit of instituting therapy based on guidelines (23). 

111. DlSSEMlNATlON/UTlLlZATlON OF EMERGENCY 
MEDICINE GUIDELINES 

In general the dissemination of the guidelines has been through mailings to EDs and 
emergency physicians (24), publications in relevant journals or periodicals, discussions 
and debates at national and international meetings, and general public educational opportu- 
nities. What is the best way to disseminate guidelines is unclear. In a recent survey of 
emergency physicians in the United States, only 33% of respondents reported receiving 
information regarding asthma management from the NHLBUNAEPP guidelines (25). 
Why this number is so low requires further study (25). 

Some studies have been completed to assess the success of guidelines in different 
countries. In the United States, Emerman has reported that emergency physicians use p2 
agonists and steroids at least as often as the guidelines suggest but a majority do not use 
PFTs in the recommended manner (25). Two studies in the United Kingdom have shown 
high (97%, 82%) (27,28) compliance with the emergency use of PFTs but much poorer 
compliance with the suggested use of nebulized bronchodilators and corticosteroids (57%). 
In two studies in New Zealand and Australia, compliance with the use of PFTs in the ED 



304 Nowak 

was better (7996, 95%) (29,30) than the compliance with the use of corticosteroids (22%). 
Thus different countries seem to have different acceptances by emergency personnel of 
different aspects of their guidelines. 

Is the deficient utilization of the guidelines related to inadequate or ineffective dis- 
semination? Do emergency physicians disagree with the suggestions in the guidelines 
because of limited evidence to support them? Is the fact that there is little evidence to 
support improved ED outcome by following the guidelines a reason not to incorporate 
them into practice? All of these questions need to be answered by clinical studies if overall 
improvement in guidelines’ utilization and outcomes is the goal. 

IV. SUMMARY 

Guidelines for medical care, including emergency medicine assessments and treatments, 
will continue to be part of health care as we attempt to more standardize our therapies 
based on the strongest scientific data available. Evidence-based guidelines should mini- 
mize the discrepancies among different countries and allow greater acceptance by the 
practicing physician. In addition, outcome changes based on the guidelines will need to 
be proven to reinforce the importance of these guidelines. This chapter has reviewed the 
current status of the available guidelines for the emergency care of the acute exacerbation 
of asthma in adults. 
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Management with Inhaled 
p2-Ago n i s ts  

Theodore J. Gaeta 
Newt York Methodist Hospital, member of New York-Presbyterian Hospitals, Weill 
Medical College of Cornell University, Brooklyn, New York 

1. INTRODUCTION 

Bronchodilator therapy with adrenergic agents continues to be the mainstay of the symp- 
tomatic treatment of acute asthma. Although recent guidelines have stressed the impor- 
tance of anti-inflammatory medications, bronchodilators are still an essential component 
of all phases of asthma care (1). Beta-adrenergic agonists have an established advantage 
over both methylxanthines and anticholinergics for the treatment of acute, severe asthma 
(2-4). More specifically, short-acting Pz-receptor agonists are critical in the treatment of 
acute asthma and for providing the most immediate improvement in airflow dynamics. 
While controversy exists regarding their chronic use, P,-agonists remain the most neces- 
sary part of the emergency department (ED) armamentarium. 

The following chapter will provide a brief overview of the history and evolution of 
P-agonist therapy and highlight the physiological actions and pharmacodynamics of the 
p-receptor. A summary of routes of administration, dosing, and adversehoxic effects and 
a discussion of areas of controversy follows. Special considerations for the use of p- 
agonists in children, pregnancy, and the elderly patient, as well as the use of intravenous 
beta agonists is provided elsewhere (see Chapters 25, 27, and 28). 

II. HISTORY AND EVOLUTION 

In the early 1900s, adrenaline (epinephrine) was extracted and synthesized and quickly 
replaced anticholinergic agents for the acute management of bronchospasm (see Chapter 
1). Unfortunately, while considered extremely valuable, in its native form epinephrine 
produced many undesirable cardiovascular effects. Manipulation of epinephrine’s chemi- 
cal structure [replacement of the terminal methyl group with an isopropyl group unveiled 
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isoprenaline (isoproterenol)] led to the development of agents that had less vasodilatation 
and less pressor effects (5). In fact, the concept of dual alpha and beta-adrenergic receptors 
was established as a result of this research (6). 

It was not until 1967 that Lands proposed the theory of distinct PI-  and P2-receptor 
subtypes (the former primarily present in the heart and the latter in the bronchi, vasculature, 
and uterus) (7). Attempts at synthesizing compounds with longer half-lives and selected 
p2 activity were fraught with difficulty. The compound orciprenaline (metaproterenol) was 
one of the first agents to achieve a prolongation of action, and despite its weak or nonexis- 
tent p2 selectivity, this agent became one of the widely used bronchodilators throughout 
the 1970s and 1980s. P2 selectivity was attained with the creation of the following three 
compounds: salbutamol (albuterol), terbutaline, and fenoterol. All three are highly potent 
P2-agonists with somewhat limited activity at the P,-receptor. 

PHYSIOLOGICAL ACTIONS 

An understanding of the physiological changes related to acute, severe asthma and the 
pharmacology of the bronchodilators will help explain the efficacy of beta-adrenergic 
agonists. The changes that occur with asthma are primarily the result of inflammatory 
events within the airway. These events include cellular infiltration and release of inflam- 
matory mediators (such as histamine; prostaglandins D2 and F2a; thromboxane; leuko- 
trienes C4, D4, and E4; platelet activating factor; bradykinin; adenosine; substance P; 
neurokinin A; and serotonin) (8). These substances all produce bronchoconstriction. Many 
of these mediators produce their effect by directly acting on bronchial smooth muscle, 
while some produce at least part of their bronchoconstriction through stimulation of affer- 
ent cholinergic receptors (9). P-agonists are functional antagonists of bronchoconstricting 
mediators in that they reverse smooth muscle contraction regardless of the stimulus (3). 

In general, stimulation of the P2-adrenergic receptors produces relaxation of bron- 
chial, vascular, and uterine smooth muscle. Additional actions include enhancement of 
water output from bronchial mucous glands and improvement of mucociliary clearance 
(10). Evidence supporting an anti-inflammatory effect produced by the use of P-agonists 
continues to grow (1 1-14). The most likely mechanism whereby P2-agonists exert anti- 
inflammatory effects appear to be inhibition of discharge of mediators from sensitized 
mast cells and reduction in inflammatory mediated microvascular permeability. In vitro, 
p2 stimulation causes inhibition of histamine release from mast cells, antibody production 
by lymphocytes, and enzyme release from polymophonuclear leukocytes ( 15). Clinically, 
it is presumed that these actions augment the actions of inhaled or systemic corticosteroids. 

On the cellular level, stimulation of the P2-adrenergic receptor activates the enzyme 
adenyl cyclase, which converts intracellular adenosine triphosphate (ATP) to cyclic adeno- 
sine monophosphate (CAMP). Through phosphorylation, cAMP activates several intracel- 
lular proteins (16). Relaxation is thought to be caused by a reduction in myoplasmic cal- 
cium due to the effects of increased cAMP on binding of intracellular calcium to the cell 
membrane and endoplastic reticulum ( 17). 

Beta-adrenergic receptor agonists have a wide spectrum of physiological effects 
(Table 1) .  Despite their beneficial effects on the airways, in large doses even P2-agonists 
carry some risk for adverse metabolic and cardiac events. A detailed description of poten- 
tial adverse effects, as well as a description of potential areas of controversy. will be 
discussed in a later section. 
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Table 1 Therapeutic Actions of P,-Agonists 

Pulmonary effects Bronchial smooth muscle relaxation 
Inhibition of cholinergic transmission through airway 

Reduction in bronchial edema 
Improved mucoci I ia ry clearance 
Cardioacceleration 
Vascular smooth muscle relaxation 
Reduction of pulmonary hypertension 
Improvement of right ventricular ejection fraction 
Uterine smooth muscle relaxation 
Improvement in diaphragmatic contractility 
Inhibition of cell mediator release 
Decreased capillary permeability 

ganglia 

Card iovascu la r effects 

Musculoskeletal effects 

Immune effects 

IV. 

A. Choice of Agents: Nonselective vs. Selective P,-Agonists 

The choice of aerosol P-agonist agents may be considered academic. A review of the 
literature comparing nonselective and selective P,-agonist aerosol administration con- 
cluded that the selective P2-agonists produce less cardiac stimulation than do nonselective 
agents ( 18). Unfortunately, despite selectivity, in sufficient doses even these medications 
may cause cardioacceleration ( 19). The two mechanisms proposed for cardioacceleration 
are response to a fall in systemic vascular resistance and stimulation of P2-receptors in 
the sinoatrial (SA) node and right atrium. 

In addition, airway obstruction and the resulting hypoxemia causes excessive cardiac 
stimulation. It is not uncommon to have a resulting tachycardia with or without atrial and 
ventricular premature contractions (20). Relief of the underlying pathophysiology often 
results in a decrease in heart rate and an improvement in the patients cardiac rhythm. 

However, with equivalent success of bronchodilation and evidence of less risk of 
cardiac stimulation, many physicians err on the side of caution and treat empirically with 
selective P2-agonists. 

B. Administration of Beta-Adrenergic Agonists 

There are currently four classes of beta-adrenergic agonists available for use in the Unites 
States: catecholamines (epinephrine, isoetharine, isoproterenol), resorcinols (metaproter- 
enol, terbutaline), saligenins (albuterol), and a prodrug (bitolterol). 

In general, medications used for the treatment of asthma can be administered directly 
(by the inhaled route), or indirectly (by the oral, subcutaneous, intramuscular, intravenous 
route). Controversies exist concerning the most efficacious and safest means of administra- 
tion of these agents. Chapters 20 and 25 discuss the risks and benefits of subcutaneous 
and intravenous P-agonists, respectively. The following section will critically concentrate 
on the inhaled route. 

1. Inhaled Administration 
Historically, many clinicians felt that parenteral administration of bronchodilators was the 
preferred route initially in the management of severe lung obstruction. This was primarily 
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based on the concerns about adequacy of delivery of aerosolized medication to the airways 
in the face of severe obstruction. However, ED-based clinical trials in the late 1970s 
and early 1980s clearly demonstrated that the aerosol route was as effective as systemic 
administration and often produced less toxicity (21 -32). 

Although it is difficult to compare individual studies due to differences in drug doses, 
dosage intervals, delivery systems, and patient populations, the evidence overwhelmingly 
implies that aerosol administration produces as effective bronchodilatation as parenteral 
with fewer adverse events. 

Pharmacoki netics 
Inhalation has the clear advantage of delivering the drug directly into the lungs. Higher 
concentrations can be delivered more effectively to the airways and the systemic side 
effects can be minimized (33). A variety of devices are available for the delivery of inhaled 
medications, or aerosols, to the lung. There is a growing pool of literature discussing the 
safety (34), efficacy (35-38), and patient satisfaction/compliance (39) associated with the 
various devices. 

Particle size is an important characteristic of inhalation therapy. Aerosol deposition 
is dependent upon the size of the droplets, which varies according to the delivery device 
(40). Particles too large do not reach the lower respiratory tract, whereas particles too 
small (< 1 micron) are subject to Brownian motion and tend to be exhaled without being 
deposited. Droplets between 1 and 5 microns in diameter are ideal for penetration to the 
small airways. In contrast, droplets in the range of 5-10 microns deposit primarily in the 
central airways, as well as the oropharynx (41). Studies suggest that adrenergic receptors 
are present in high concentrations in the small conducting airways and that cholinergic 
receptors are present predominantly in the larger airways (42). It is therefore therapeuti- 
cally advantageous to target P-agonists to their principle site of action. Although both 
larger and smaller particles may have clinical benefit, the acceptable range for particle 
size has been suggested to be between 1 and 5 microns for inhaled P-agonist therapy. 

Updraft nebulization is used for inhalation therapy in 
many EDs throughout the United States. Nebulizers are used for delivery of relatively large 
(or continuous) doses of bronchodilator drugs (43), for patients who cannot coordinate the 
use of metered-dose inhalers (MDIs) (44), and for delivery of drugs that cannot conve- 
niently be given by MDIs. 

Important characteristics of nebulizer systems for clinical applications include the 
drug output, the aerosol particle size generated, and the amount of drug delivered to the 
patient. Nebulizer function is also affected by diluent volume, flow rate of the driving 
gas, the nebulization time, and nebulizer brand (45). Increasing the diluent volume (3-5 
mL) decreases the amount of the drug trapped in the unit (dead volume), increases the 
nebulization time, and increases the amount of drug delivered to the patient. The clinical 
efficacy of the nebulized aerosol is dependent on the amount of aerosol in the respirable 
range that is available to the patient for their defined breathing pattern. Differences in 
drug availability varied fourfold depending on nebulizer, medication, or flow rate (46). 
Hess et al. suggest that a flow rate between 8 and 10 L/min increases the mass of particles 
at the respirable range of 1-5 microns and decreases the nebulization time (offsetting the 
effect of a larger diluent) (45). 

Although further work is needed to evaluate the effect of different breathing patterns, 
when patient performance is suspect and high doses are required, nebulized P-agonists 
have a clear advantage over other delivery systems. 

Updraft Nebulization. 
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Intermittent Positive Pressure Breathing. Intermittent positive pressure breath- 
ing (IPPB) can be used as a technique for the administration of aerosolized pharmacologi- 
cal agents. In fact, in the 1970s and early 1980s, it was most common for patients with 
acute asthma exacerbations to be treated in the ED with aerosol therapy driven by IPPB 
(47-49). With the risk of barotrauma in mind, IPPB had fallen out of favor because a 
number of studies had failed to demonstrate any substantial, reproducible benefit from its 
use compared to passive nebulization (50-52). 

Metered Dose Inhalers (with Spacer). Authors have suggested that a metered 
dose inhaler attached to a spacer device is an acceptable alternative to updraft nebulization 
for the delivery of P,-agonists in acute, severe asthma (53). Conventional updraft nebuliz- 
ers have inherent inefficiencies; the most dramatic is the loss of medication to the sur- 
rounding atmosphere during exhalation. Metered dose inhalers with the addition of a 
spacer have been proposed to help overcome the deficiencies of nebulization. Spacing 
devices by design eliminate the need for hand-breath coordination and reduce the deposi- 
tion of large particles in the upper airway. A review of the literature comparing nebulizers 
and MDIs in the acute setting of the ED reveal contrasting results (54). A wide range of 
efficacious doses and dosing frequencies have been described. Even with this in mind, 
the data strongly suggest that in the acute care setting MDIs are as effective as nebulizers 
in the treatment of acute asthma (55-59). 

Alternative Drug Delivery Systems 

Noninvasive 
inspiratory ventilatory support has been used with limited success in patients with acute 
bronchospasm (60,6 1 ). The combination of inspiratory pressure and continuous positive 
airway pressure, as is delivered with nasal bilevel positive airway pressure (BiPAP) circuit, 
has been shown to be effective in the treatment of acute bronchospastic exacerbations of 
obstructive pulmonary disease (62,63). In 1995, Pollack et al. performed the first clinical 
trial comparing the efficacy of P-agonist aerosol delivered by BiPAP to jet nebulization 
(64). In their study, patients treated with BiPAP improved faster and were well tolerated 
in the ED. Further investigation is warranted (see Chapter 25). 

Heliox is a blend of helium and oxygen with a gas density less than that 
of air. Several studies have shown that this mixture decreases airway resistance in patients 
with upper, as well as lower airway disease (65,66). In one study, Heliox led to significant 
increase in peak expiratory flow rates when compared to placebo (air) (67). This study 
found both a decrease in inspiratory and expiratory airway resistance in those treated with 
Heliox. It is suggested that Heliox improves laminar flow in the most turbulent airways. 
Flow dynamics and particle deposition parameters suggest improved delivery of particle 
to the lower airway of asthmatics when the solution is aerosolized with a helium-oxygen 
mixture (68). Clinical trials evaluating the efficacy of Heliox as a driving gas for P-agonist 
nebulization are in progress (see Chapter 25). 

Nasal Bilevel Positive Airway Pressure Circuit (see Chapter 25). 

Heliox. 

Optimal Dose and Frequency 
In acute asthmatic exacerbations, the optimal dose and frequency of administration of 
inhaled P-agonists is poorly defined. Few studies have compared different dosing intervals 
while total dose administered was maintained constant. It is suspected that the duration 
of effect following inhaled P-agonists is considerably shorter during the acute attack than 
it is in chronic stable asthma. The question of dosing frequency was first raised by Robert- 
son et al., who showed that, after an initial dose of nebulized P-agonist, patients responded 
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better to dosing every 20 rnin than every 60 rnin using the same total dose (69). In fact, 
after each 60 rnin dose, there was a peak response followed by a decline, suggesting that 
under conditions of severe bronchospasm rapid dissipation of drug from the site resulted 
in more spasm and less access to the next dose. 

In the ED, P-agonists can be given with a frequency dictated in part by the severity 
of the symptoms. Routinely, this schedule involves nebulization treatments every 20-30 
rnin during the first hour and hourly thereafter while the patient remains in the ED. If a 
standard dose of medication is used with each treatment (2.5 mg albuterol in 3 mL diluent), 
side effects are generally acceptable and serious complications are few (70). 

Dose Response and Continuous Nebulization. The response to a given dose of 
inhaled P-agonist is unpredictable. There appears to be great individual variability (7 1 ), 
yet there is a correlation between total dose administered and the response for the group 
as a whole. Schuh et al. showed that, in children, 0.15 mg/kg of albuterol delivered every 
20 rnin for six doses produced a more rapid response than 0.05 mg/kg per dose (72). 
Considerable variability of plasma levels were noted, reflecting interindividual differences 
in absorption and hence drug delivery to the lung. 

Both the intensity and duration of action of aerosolized P2-agonists are dose-depen- 
dent. An increased contractile stimulus will not only shift the bronchodilitation curve but 
will result in a shorter duration of action (73). Thus, aerosolized P?-agonists should be 
given in higher doses more frequently for optimal results in acute severe asthma. 

Studies evaluating continuous nebulization using a continuous flow nebulizer in line 
with a face mask system have revealed results that have been generally been comparable 
to those achieved with frequent repeated nebulizer administration when equivalent doses 
of P-agonists were given. However, there is some evidence (on post-hoc analysis) that 
the advantage to continuous nebulization is in the most severely ill asthmatic patients. In 
the subgroup analysis of patients with PEFR < 200 L/min or FEV, < 50% of predicted, 
continuous nebulization appeared to be more effective in relieving airflow obstruction, 
decreasing admission rate, and shortening respiratory therapy time and hospital stay 
(58,74,75). It is speculated that continuous nebulization is more effective than intermittent 
nebulization because it provides sustained stimulation of pulmonary P?-receptors, thereby 
preventing the potential rebound bronchospasm that can occur when aerosols are delivered 
intermittently. In a busy ED, administration of P?-agonists every 20 rnin by inhalation 
may be desirable, but in actuality it may not occur. Continuous nebulization offers a more 
reliable medication delivery system. 

There are few potential disadvantages to continuous nebulization, including the pos- 
sibility of tachyphylaxis and facial skin irritation underneath the center points of the mask 
needed to provide this mode of delivery. Hence, it appears that continuous nebulization 
should be considered for the patients with severe obstruction if the proper nebulizer setup 
is available and close follow-up and monitoring of the patients is provided. 

In discussing dosing and frequency of administration one 
must consider the alternative methods of delivery of inhaled P-agonists, specifically, me- 
tered dose inhalers. Clinical trials involving MDIs together with spacers have yielded 
impressive results. Despite the much smaller dose of medication per treatment (i.e., 2-4 
mg of metaproterenol by MDI vs. 15 mg by updraft nebulizer), the bronchodilitation 
achieved with the two delivery systems were equivalent (54,76-79). A variety of doses 
and dose schedules have been utilized, with anywhere from 3 to 8 inhalations from the 
MDI being considered equivalent to one nebulizer treatment. The dose of albuterol con- 
tained in a single activation of an MDI is 0.09 mg ( 1 /25th the dose given via nebulization). 

Metered Dose Inhalers. 
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There are only a few groups of patients in which MDIs cannot be used effectively. 
Patients who cannot generate a sufficient inspiratory flow to achieve proper deposition of 
the medication (i.e., infants, very small children and the severely dyspneic or fatigued) 
are unlikely to benefit from pressurized MDIs with or without spacers. 

The choice of a specific delivery method should be determined on an individual 
basis, taking into account the issues of cost, timeliness of administration, and personnel 
availability. When an MDI is used patient performance is a major determinant of aerosol 
delivery. With the updraft nebulizer, it appears that the performance of the nebulizer is 
the major determinant of aerosol delivery. 

Whether given by interrupted or continuous nebulization, or by MDI, the optimal 
total dose of inhaled P2-agonist for acute asthma is poorly defined. It is uncertain where 
on the bronchodilitation dose-response curve the currently recommended dose (i.e., albu- 
terol 7.5 mg by nebulizer during the initial 60-90 min) is positioned. Additional studies 
are needed to define more clearly the optimal dose of P,-agonists as well as to assess 
interindividual variability in responsiveness. 

V. TOXICITY/ADVERSE EFFECTS 

A. Systemic Effects/Side Effects 

Oral and parenteral routes of administration of beta-adrenoreceptor agonists produce the 
greatest adverse consequences. Inhalation of these drugs seldom present a clinical 
problem. 

When large doses of P-agonists are used to treat status asthmaticus even selective 
P2-agonists carry some risk for adverse metabolic and cardiac events. Systemic events 
such as tachycardia, hypokalemia, and hypoxia may occur during intensive therapy. 

As mentioned earlier, even P2-selective-agonists can produce a rise in heart rate. 
The tachycardia is generally mild and easily monitored in the ED setting. The greatest 
degree of tachycardia generally occurs in the first 60-80 min of therapy and then dimin- 
ishes despite continued administration (80). This probably reflects cardiac P2-receptor 
downregulation as well as improvement in airways obstruction. 

Hypokalemia, hyperglycemia, and worsening hypoxemia are common P-agonist ef- 
fects, but the degree of change is small and usually clinically insignificant with the inhaled 
route of delivery. Stimulation of the sodium-potassium pump on cell membranes causes 
intracellular shift in potassium and a decrease in serum potassium. With inhaled P-agonists 
the average fall in serum potassium is approximately 0.4 mEq/L (81). Stimulation of the 
P-receptors in the pancreas leads to inhibition of insulin release and a resultant rise in 
blood glucose. Although poorly quantified, the resultant hyperglycemia is also thought to 
be transient and clinically insignificant. 

The vasodilator properties of P2-agonists may increase ventilation-perfusion mis- 
matching, producing or worsening hypoxemia. However, this has not been a consistent 
finding or proved to be a significant effect. Using oxygen as the driving gas for the nebu- 
lizer seems to obviate any potential problem (82). 

Careful monitoring and reasonable prophylactic measures can prevent most of the 
potential adverse effects to high-dose inhaled P2-agonists. In general it is prudent to use 
the smallest therapeutic dose in older, compromised patients but inhaled P,-agonists can 
be administered safely in the elderly and persons with known coronary disease (9). 
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B. Mortality and Shadows of Doubt (see Chapter 17) 

Recent published epidemiological studies have suggested that regular use of P2-receptor 
agonists may actually worsen asthma and are a risk factor for near death from asthma. 
The long running controversy of P-agonists and asthma deaths stretches back to the 1960s. 
In 1968, reports from the United Kingdom strongly indicated a connection between 
P-agonist sales (specifically, isoprenaline) and an increase in mortality from asthma in the 
5-35 years of age group (83,84). Further investigations revealed that epidemics in asthma 
deaths only occurred in the six countries where isoprenaline forte had been sold (85). 

In the late 1970s, there was new epidemic of asthma deaths in New Zealand. The 
high mortality rate was correlated specifically to inhaled treatment with fenoterol in several 
epidemiological studies (86-89). Fenoterol was introduced in New Zealand in 1976. The 
increase in death rate started at about the same time and continued as the market share 
for inhaled fenoterol increased. One study revealed that the odds ratio for death for patients 
using fenoterol was 2.7 compared to 0.5 for salbutamol. These data, along with the tempo- 
ral relationship between death rates and the introduction of fenoterol in New Zealand, 
strengthened the association between fenoterol and asthma mortality. 

Epidemic increases in asthma deaths were observed in the 1960s and 1970s; a tangi- 
ble increase in death rate was correlated with the introduction of more potent asthma 
inhalers. This has been attributed to the lack of effect in reducing inflammation, masking 
of ongoing deterioration in lung function by relieving symptoms almost continuously, and 
possibly an increase in exposure to allergens and environmental toxins. With widespread 
publicity an alarm was raised and education and treatment of patients improved. There 
was an elimination of nonprescription P2-agonists, earlier admission to the hospital, more 
general prescription of corticosteroids, and a decrease in the mortality rate (90,9 1). 

The Saskatchewan Asthma Epidemiology Project (1992) was developed in order to 
validate or refute the earlier findings (92). The authors began by examining the computer- 
ized files of the Saskatchewan Prescription Drug Plan, which held prescriptions for drugs 
for asthma listed in the Saskatchewan formulary that had been dispensed to eligible resi- 
dents of the province aged 5-54 years during 1980-1987. The Canadian study found 
increased odds ratio for death and near-death events for most drugs used in asthma treat- 
ment. This effect was most impressive for inhaled fenoterol, but was also obvious for 
inhaled salbutamol. A dose-response effect on the odds ratio for fatal events was found 
with both drugs. However, unlike the earlier studies, there was not an increase in asthma 
death rate in Canada when these agents were first introduced. In fact, the asthma death 
rate was very low in that region during the study years. The authors also investigated the 
possibility that the association of fenoterol with asthma death was due to confounding by 
severity (selective prescribing of fenoterol to patients with more severe asthma). It was 
determined that there was little evidence in their study group linking selective prescribing 
and the association of fenoterol with asthma deaths (93). 

A more recent publication by the Saskatchewan group reported that the increase in 
death rate in the earlier study was restricted to patients who used more than 150-200 
inhalations per month (94). This usage may reflect scheduled administration of P,-agonists 
(e.g., two puffs fours times per day equals 240 puffs per month) or a marker of undertreat- 
ment of asthma. Clearly the more severe asthmatics have a higher mortality risk. Since 
the severe asthmatics have more bronchospasm than mild ones, their use of inhaled p- 
agonists would likewise also be higher. The question concerns whether excessive P-agonist 
use is an independent risk factor for fatal asthma, especially in individuals who would be 
sensitive to inhaled beta agonists (see Chapter 17). 
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Many authors feel that the media coverage following the Spitzer’s original report 
was misguiding and misleading. An analysis of six case-control studies of P,-agonists and 
asthma deaths failed to reveal an obvious relationship between life-threatening asthma 
and either oral or inhaled P-agonists by metered dose inhaler (95). This study did find an 
association between nebulized P2-agonist use and increased mortality. 

It appears that there is no convincing study showing any relationship between in- 
haled P2-adrenoreceptor agonists (except nebulized and high-dose fenoterol) in currently 
recommended doses and increase in asthma death. Confirmation and reproduction of the 
findings with respect to nebulized P-agonists may play an important role in the choice of 
route of administration of these agents. 

VI. CONCLUSION: THE FUTURE 

With the increased emphasis on anti-inflammatory therapy of asthma, bronchodilators are 
assuming a subsidiary role as “mop-up” operation. However, there is no substitute for 
their vigorous use in the acute attack, nor in the management of residual bronchospasm. 
Constricted airways still kill patients. Understanding and identification of airway receptor 
phenotypes and receptor pharmacology may lead us towards a better understanding of the 
role of the present classes of P2-agonists. We can anticipate more developments in the 
mode of delivery, the philosophy of their use and their combinations, and an increased 
understanding of their adverse effects. 
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Epinephrine 

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

In the doses used to treat asthma, it is possible to categorize the effects of epinephrine 
into three major clinical actions: a-adrenergic vasoconstriction; PI-inotropic, chronotropic, 
and increased speed of atrioventricular conduction; and Pz-bronchial smooth muscle relax- 
ation (see Chapter 19) (1-3). The effects of epinephrine vary with the dose (4). Subcutane- 
ous or intravenous injection of low doses of epinephrine causes tachycardia, increases 
systolic pressure, and usually decreases diastolic pressure, mean arterial pressure, and 
peripheral vascular resistance. High doses, however, will induce a marked peripheral vaso- 
constriction and will elevate blood pressure and peripheral resistance (3,5). Physiologic 
doses of epinephrine, but not norepinephrine, are effective in ameliorating bronchospasm 
(6,7). In adults with asthma, epinephrine traditionally has been injected at a dose of 0.3- 
0.5 mL of a 1 : 1000 solution subcutaneously every 20-30 min for three doses. In children, 
the dose is 0.01 mL/kg (8,9). Although the dose is typically given in three subcutaneous 
injections, if the patient does respond, the response would occur within two injections in 
the vast majority of children (10). Epinephrine in these doses and schedules is clearly 
effective in acute asthma (1 1-15). In 484 children presenting with acute asthma, 61 were 
well enough to be sent home after a single dose of epinephrine, 101 after two injections, 
and 166 after three injections (0.01 mL/kg to a maximum of 0.3 mL of 1 : 1000 aqueous 
epinephrine at 20-min intervals). Therefore, 328 (76%) of children with acute asthma 
improved progressively and sufficiently with each injection of epinephrine to be dis- 
charged from the emergency department (ED) after only epinephrine therapy. No informa- 
tion was available on the number of patients whose symptoms recurred during the immedi- 
ate follow-up period or ED relapse (16). 

However, epinephrine has clearly waned in popularity for the treatment of acute 
asthma due to the fact that P2-agonist inhalants have been equally effective and not inva- 
sive; this latter fact was much appreciated by the children, their parents, and the nurses 
who would have to administer the subcutaneous epinephrine injections ( 17,18). In fact, 
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nausea, vomiting, headache, and pallor occurred exclusively in 50% of the children receiv- 
ing the injections of epinephrine and none in the children receiving the P2-agonist inhalants 
( 17). Long-acting slow-release preparations of epinephrine (Sus-phrineB) were standard 
in the 1970s to the mid-1980s at the time of discharge from the ED in children. But these 
injections were shown also to be equally effective as P2-agonist inhalants (19) and their 
use also has virtually disappeared. 

Epinephrine is considered a nonselective P-agonist with potential for producing ar- 
rhythmias. As the dose of epinephrine is increased from 0.1 to 0.5 mg, there is a progres- 
sive response in the degree of bronchodilation with either insignificant or small degrees 
of tachycardia even at the 0.5 mg dose. No dysrhythmias were noted in these studies, 
although Holter monitoring was not utilized ( I 1 - 16,20). When patients receiving both 
epinephrine and intravenous aminophylline received Holter monitoring during therapy of 
an acute asthmatic episode, complex dysrhythmias were noted, especially in the patients 
older than 40 years of age (2 1). Thus 40 was considered the age above which epinephrine 
was contraindicated. Others have found no difference in the incidence of ventricular ar- 
rhythmias by Holter monitoring between epinephrine, aminophylline, or their combina- 
tion. However, the risk of giving these medications to an acute asthmatic with occult heart 
disease remains unclear (22). In view of the side effects, the possible adverse consequences 
of epinephrine in the treatment of asthma will be reviewed. 

1. ARRHYTHMOGENIC EFFECTS 

Epinephrine is one of the most potent arrhythmogenic drugs, perhaps second only to iso- 
proterenol. During a continuous intravenous infusion of 2 pg/kg/min of epinephrine in 
dogs. a large decrease in the threshold for ventricular fibrillation is observed during the 
first 1-5 min. The more rapid the infusion, the greater the lowering of the threshold for 
ventricular fibrillation (23,24). This effect is related to the P-agonist effects of epinephrine 
(25-27). During this infusion an inhomogeneous distribution of epinephrine in adjacent 
myocardial cells occurs, termed increased “temporal dispersion,” and the cells are no 
longer excited in a programmed, orderly sequence. Therefore, a normally conducted beat 
meets an inhomogeneous myocardium, where some fibers are excitable and other fibers 
remain in the refractory state. Ventricular re-entry rhythms may occur, bringing about 
ventricular fibrillation (28,29). Such mechanisms may be involved in cardiac arrests due 
to the administration of epinephrine through a central intravenous catheter or rapid admin- 
istration of large doses of epinephrine (30-35). 

This effect of epinephrine on the threshold for ventricular fibrillation is independent 
of an initial elevation in systolic blood pressure. Verrier et al. (36) carefully studied the 
effects of phenylephrine or aortic occlusion, which elevate blood pressure, on the threshold 
for ventricular fibrillation with epinephrine. They could not obtain a decrease in the thresh- 
old for ventricular fibrillation with either method (36). Similar results were noted by Papp 
and Szekeres who further demonstrated that only in the presence of heart failure does an ele- 
vation in blood pressure lower the threshold for ventricular fibrillation by epinephrine (37). 

Opie et al. (38,39) have reviewed the probable mechanisms for the arrhythmogenic 
action of epinephrine, of which three are most likely to account for the lowered threshold 
for ventricular fibrillation observed during early infusions of epinephrine. The first is cate- 
cholamine stimulation, especially in the presence of hypoxia which, may cause a localized 
inhomogeneous distribution of potassium secondary to leakage of potassium from myocar- 
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dial cells. If the local hyperkalemia is severe, phase 0 sodium entry into myocardial cells 
is blocked, and the calcium-mediated slow channel inward current predominates, which 
results in asynchrony and re-entrant rhythms. The second is that catecholamines shorten 
the duration of the action potential, and, if inhomogeneous, may result in re-entrant 
rhythms. Finally, catecholamines increase the activity of spontaneous pacemakers by caus- 
ing a more rapid outward current of potassium and, therefore, increasing the rate of sponta- 
neous diastolic depolarization (phase 4) and encouraging ectopic pacemaker rhythms (38- 
40). 

These effects of epinephrine may be mediated by cyclic adenosine monophosphate 
(CAMP). In the perfused heart, cAMP levels, either added exogenously to the perfusate 
or generated by the addition of theophylline or epinephrine, correlate closely with a low 
threshold for ventricular fibrillation. Furthermore, this correlation is much closer with 
cAMP than with levels of potassium or high energy phosphates (4 1,42). In a different 
study, intramyocardial cAMP concentration correlated well with the presence of ventricu- 
lar fibrillation produced by sympathomimetics (43). 

In the presence of severe asthma, epinephrine may precipitate arrhythmias. Severe 
acute respiratory disorders predispose to arrhythmias (44) and severe asthma is character- 
ized by hypoxemia and respiratory acidosis. Respiratory acidosis with hypoxemia lowers 
the threshold for ventricular fibrillation. Respiratory acidosis alone or hypoxemia alone 
does not lower the threshold in normal hearts. Furthermore, metabolic acidosis produced 
either by lactic acid or by hydrochloric acid infusion lowers the threshold for ventricular 
fibrillation once bicarbonate values of 10 mEq/L are attained; this lowered threshold in 
metabolic acidosis is unaffected by normalization of the low serum pH by hyperventilation 
(45-47). In other studies, respiratory acidosis alone with a pH of 7.15 diminished the 
threshold for ventricular fibrillation (48). Also, the threshold for ventricular fibrillation 
was lowered dramatically with severe degrees of hypoxia with an arterial saturation of 
40-50% (49-5 1). More severe hypoxia produces T-flattening and inversion, hypotension 
(52-54), and slowing of cardiac rate with idionodal and idioventricular pacemakers domi- 
nating (55-57). Ectopic beats, asystole, and ventricular fibrillation are well known in 
terminal electrocardiograms in patients with asphyxia (58). 

Therefore, asthmatics in severe respiratory distress have a tendency to develop unsta- 
ble cardiac rhythms. Epinephrine may accelerate this process. The survival of dogs that 
were rendered hypoxic by breathing a mixture of 9% oxygen in nitrogen was shortened 
from 93 min to 43 min by the administration of epinephrine. Furthermore, hypoxic dogs 
survived a significant 11 1 min when treated with propranolol (59,60). Other P-adrenergic 
agonists also potentiate the arrhythmogenicity of hypoxia (60). In hypoxic dogs with a 
PO, of 40 mmHg, cardiac toxicity was produced to doses of isoproterenol that in dogs 
breathing room air produced only normal responses (61). In addition, acute asthmatics with 
hypercapnia have markedly elevated increase in endogenous plasma epinephrine levels; 
however, this elevation in epinephrine levels strikingly does not occur in the usual cases of 
acute asthma (62-65). Therefore, the addition of exogenous epinephrine may predispose to 
severe arrhythmias in acute asthmatics with respiratory failure. 

Epinephrine, in doses used for asthma, may cause arrhythmias and many cases of 
sudden death have been reported (66-75). In presumably healthy hearts, p agonists have 
produced myocardial necrosis or ischemia under clinical (68,76-79) and experimental 
(80,81) conditions. Novey and Meleyco reviewed much of this literature on epinephrine 
toxicity (82) and noted that syncope and arrhythmias, at times fatal, occur in children as 
well as adults (67,83). In view of the potentiation of arrhythmias by hypoxia or respiratory 
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acidosis with epinephrine, this drug is probably too arrhythmogenic to use under these 
conditions even in patients with normal hearts. In patients with heart disease, especially 
masquerading as cardiac asthma, epinephrine may produce arrhythmias (7 1 $4-87), an- 
gina (88-90), or cardiomyopathy with cardiogenic shock (91). Patients over age 40 may 
be particularly predisposed to develop arrhythmias with epinephrine (21). Based on 39 
patients over the age of 40 that received three doses of subcutaneous epinephrine, Cydulka 
et al. concluded that arrhythmias did not occur more in the older than younger age groups 
(92). In fact in the older age group, blood pressure, heart rate, and respiratory rates de- 
creased more in the over 40 group than in the under 40 group. These findings are in contrast 
with the numerous case reports of cardiac difficulties with epinephrine cited earlier. The 
discrepancies between the case reports and the series by Cydulka et al. may arise from 
different routes and doses of epinephrine as well as the fact that the study by Cydulka et 
al. may not have had sufficient power to detect the deleterious effects noted above. Relative 
contraindications to the administration of epinephrine include hyperthyroidism and pheo- 
chromocytoma that may predispose to arrhythmias after the administration of epinephrine 
(83). Patients given tricyclic or monoamine oxidase inhibitor antidepressants may develop 
hypertensive crisis with epinephrine, best treated with a-adrenergic blocking agents 
(84,93). Epinephrine and anesthetics, for example, halothane, cyclopropane, and methoxy- 
flurane, interact to produce severe arrhythmias (94). 

II. EFFECT OF pH 

Metabolic or respiratory acidosis with arterial pH of 7.1-72 inhibit the chronotropic and 
inotropic responses to epinephrine (95-107) and other sympathomimetics (108,109). This 
inhibition varies with the dose and choice of sympathomimetic; although in extremis with 
severe acidosis, irreversible hypotension and arrhythmias invariably ensue (58). Acidosis 
also inhibits the bronchodilator effects of epinephrine and other p agonists (1 10,111). 
These effects have led to the recommendation for the administration of 1-2 mEq/kg of 
sodium bicarbonate to be given over 3-5 min to asthmatics in respiratory failure. Bicar- 
bonate may be useful to counterbalance the necessary respiratory acidosis from permissive 
hypercapnia (see Chapter 30). This dose of bicarbonate should increase serum bicarbonate 
at most 5 mEq/L and should increase sensitivity to the bronchodilator effects of p agonists 
( 1 12,113). During bicarbonate therapy, the ventilation-perfusion defect increases as a re- 
sult of an increase in blood flow to regions that are poorly ventilated, bringing about a 
decrease in PO* as much as 10 mmHg (114). Similar decreases of PO, and increases in 
ventilation-perfusion mismatch have been observed with epinephrine, aminophylline, iso- 
proterenol, and other inhaled p agonists (1 15- 1 19). 

111. SIDE EFFECTS 

Besides arrhythmias, many problems unique to the administration of epinephrine are the 
result of a-adrenergic effects of epinephrine. The decongestant a-adrenergic effect of 
epinephrine may be desirable with bronchial mucosal edema, especially in children and 
in anaphylaxis, but most a-adrenergic receptor stimulation is undesirable. Alpha receptors 
cause bronchoconstriction in vitro and in vivo in human subjects (120,121). This effect 
is magnified several thousand times by bacterial endotoxins, perhaps explaining the aggra- 
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vation of bronchospasm by infections (1 22). Alpha-adrenergic stimulation also enhances 
the effects of histamine and plays a role in exercise-induced asthma, and the a effect offer 
no advantages clinically ( 124). Alpha-adrenergic agents increases the release of cytokines 
(see Chapters 3 and 4). Epinephrine (0.3 mg) also causes hypokalemia of about 0.6 mEq/ 
L and hyperglycemia of 25 mg/dL (125). Even lactic acidosis has been described in young 
patients with acute asthma receiving parenteral or subcutaneous epinephrine ( 126). 

In the initial therapy of the acute asthmatic, subcutaneous epinephrine was the gold 
standard but has waned in favor of the noninvasive P2-inhalant bronchodilators which have 
different and more selective sites of action (127-131). In the First Multicenter Research 
Collaboration during the fall of 1996, epinephrine was used in only 0.9% of 585 ED visits 
for acute asthma (personal communication, C. Camargo, M.D., 1997). Epinephrine therapy 
has diminished due to concerns about (1) arrhythmias; (2) P2-receptor defects found after 
injection of epinephrine; and (3) toxicities associated with the alpha receptor effects of 
epinephrine. The onset of action did not favor one agent over the other. In all studies the 
onset of action of both subcutaneous epinephrine and inhaled P agonists demonstrate iden- 
tical onset of action in 2-5 min (127,131). This “third class status” of epinephrine we 
feel is undeserved, and emergency physicians have been shelving a medication for acute 
asthma which has been efficacious and familiar after over 70 years of use. 

Appel et al. (132) have well-demonstrated certain advantages of epinephrine. They 
studied 100 patients with severe acute asthma, all presenting with peak expiratory flow 
rate (PEFR) less than 150 L/min. Patients gave consent, were untreated for the first 10 min, 
and divided into two groups. One group received inhaled metaproterenol and subcutaneous 
placebo (at both 30 and 60 min) and the other group received inhaled placebo and subcuta- 
neous epinephrine (both agents at 30 and 60 min). At 120 min the groups were crossed, 
each group then treated with the missing active agent and corresponding placebo to each 
group (both agents at 120, 150, and 180 min). Lack of initial improvement was defined 
as failure to improve 2 20% above baseline and PEFR > 120 L/min. This initial improve- 
ment was measured at 120 min. Lack of crossover improvement was defined as failure 
to improve 2 20% above baseline and PEFR > 120 L/min. This crossover improvement 
was measured at 240 min. The final PEFR at 240 minutes was considered their maximum 
improvement during the study period. The percent maximum improvement that was 
achieved was calculated as: 

Observed flow rate - baseline flow rate 
Maximum flow rate - baseline flow rate 

As has been shown in other studies (see Chapter 19), there was no difference be- 
tween the two groups (P-agonist vs. epinephrine) in PEFR, either initially or at crossover, 
throughout the 240 rnin duration of the study. The noteworthy findings are that 89% of 
the patients responded to epinephrine compared to 61% with metaproterenol (p < 0.01). 
Also during the crossover treatment phase, of the six patients that failed to respond to 
epinephrine, only one improved with metaproterenol, whereas of the 18 patients who failed 
to respond to metaproterenol, 13 improved after epinephrine. Changes in flow rates during 
the first 2 hr of treatment were calculated for each patient as the percent of their maximum 
improvement. Patients who did not improve after initial metaproterenol therapy had symp- 
toms for a significantly longer duration of time than patients who did improve after initial 
metaproterenol therapy. The bronchodilator response to epinephrine among the metapro- 
terenol patients that did not respond was less than responses of the metaproterenol and 
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epinephrine groups that did respond to their respective treatments. Patients who did im- 
prove with metaproterenol had more bronchospasm than the nonresponders who had more 
bronchial edema, inflammation, and mucous plugging impairing the response to metapro- 
terenol. Significantly higher percentages of improvement occurred in the group during 
treatment with epinephrine (p < 0.05). Tremor, nervousness, and sensation of palpitations 
occurred more frequently in the epinephrine group, but arrhthymias (all minor) occurred 
with equal frequency between metaproterenol and epinephrine groups. This study has 
demonstrated that although PEFRs between the two groups were not different, three times 
as many patients failed to improve after inhaled metaproterenol than after epinephrine 
and almost 75% of the metaproterenol patients that failed to improve did improve after 
treatment with epinephrine. Changes in PEFR were more rapid in the patients treated 
with epinephrine as compared to the metaproterenol-treated patients. Since admission and 
discharge criteria are dependent on how much time the physician is allowed before being 
obligated to decide (see Chapters 31 and 33), a more rapid improvement in PEFR would 
reduce admissions to the hospital by separating the patients who could readily respond 
to bronchodilators from those who will need several days of inpatient therapy. The decline 
in epinephrine therapy for acute asthma may be a factor in the increased hospitalization 
of those patients over the last 15 years. 

In Chapter 19 on P agonists, the effects of epinephrine, terbutaline, and aminophyl- 
line were contrasted in their roles as the initial therapy of the acute asthmatic. 

HEMATOLOGICAL EFFECTS 

Epinephrine affects the white cell count and differential. Leukocytosis of approximately 
200% occurs after epinephrine administration in a biphasic fashion with onset at 5 min 
and a maximum effect at 20 min for phase 1. During this phase, neutrophils increase 4596, 
lymphocytes 13096, and eosinophils 50%. These values return to normal and are followed 
by phase 11, in which there is an increase in leukocytes of 50% with an 85% increase in 
neutrophils. 3-6% increase in band cells, and reduction in lymphocytes and eosinophils 
of 15% and 40% respectively with maximum effect at 1.5-2 hr (133-136). Since these 
effects have been observed in splenectomized patients, the spleen plays no essential role 
in response to epinephrine (137); if the spleen is intact, however, there is an efflux of 
granulocytes from the spleen in human subjects during epinephrine infusion ( 138). The 
lymphocytosis of phase I can be reproduced with either an a- or P-adrenergic agent ( 139). 
The lymphocytosis is not due to an increase in lymphocytes entering the venous system 
from the lymph nodes (140). The increase in neutrophils has been shown to be due to 
release of marginated neutrophils (141) from the lungs (142). These changes in the margin- 
ated neutrophils cannot be explained simply as the a and P effects of epinephrine. The 
a- but not the P-adrenergic stimulants cause the increase in neutrophils (1  39). However, 
both a and P blockers singly do not impede the increase in neutrophils in response to 
epinephrine. But when a and P blockers are administered together, no increase in neutro- 
phils is observed ( 143,144). 

Long-term administration of P agonists decreases the number and responsiveness 
of P-agonist receptors termed “downregulation” ( 145). Physical exercise or stressful cal- 
culations increases the P-agonist receptor number and responsiveness of P-agonist recep- 
tors (146,147). This increase in P-agonist receptors is demonstrated by infusion of P epi- 
nephrine and not norepinephrine (148,149) and is blocked by propranolol ( 150). This 
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increase in density of P-agonist receptors is caused by release of lymphocytes from the 
spleen or exchange between the spleen and the circulation (149). This provides some 
of the mechanisms behind “tachyphylaxis’ ’ to P agonists. particularly epinephrine, and 
mechanisms for augmenting P-agonist responsiveness. 

Epinephrine is an effective drug in acute asthma, but is no longer the first line agent. 
It is useful in acute asthmatics that have not responded to inhaled P2 agonists and may 
respond quite well to subcutaneous epinephrine. Its parenteral use in acute asthmatics in 
extremis carries significant potential risks. 
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I .  INTRODUCTION 

Aminophylline has been used for many disorders since the beginning of the 20th century. 
It has been advocated for use in congestive heart failure, sleep disordered breathing, neona- 
tal apnea, and cerebral infarction, and as a nonspecific analeptic ( 1 ). The use of aminophyl- 
line for the management of acute asthma has been advocated for almost 60 years (2,3). 
Although its role in this setting has been eclipsed in recent years by the popularity of the 
selective P-agonists, it still has a role in selected patients. The emergency physician needs 
to be familiar with this medication since a number of patients still use it. The precise 
indications for the use of aminophylline in acute asthma remain controversial in spite of 
numerous studies. Because of the narrow therapeutic index and potential for drug interac- 
tions, caution should be used when employing this agent. 

Successful use of aminophylline in the treatment of status asthmaticus began in the 
1930s, although the lack of convenient methods to monitor theophylline levels complicated 
its use (4-8). The role of aminophylline in the treatment of patients with status asthmaticus 
came into question with reports of significant morbidity and even death, particularly fol- 
lowing injection of the agent over short periods of time (9,lO). A series of studies in the 
1980s called into question the use of aminophylline in the emergency department (ED) 
treatment of asthma. Many of these studies were limited by small sample size and their 
relevance to modern therapy may be questioned in light of the changes in accepted treat- 
ment of acute asthma since that time. 

Theophylline is a methylated xanthine derivative found in plants widely distributed 
throughout the world (1  1). Chemically, theophylline is a 1,3-dimethylxanthine (12). Meth- 
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ylxanthine solubility is low and greatly enhanced by the formation of complexes with 
numerous compounds. For example, aminophylline is the 1 : 1 complex of theophylline 
and ethylenediamine (1 1). These complexes dissociate to yield the parent form in aqueous 
solutions. 

The methylxanthines are rapidly absorbed after parenteral or oral administration of 
uncoated tablets ( 13,14). Rectal solutions are completely absorbed; rectal suppositories 
are often erratically and incompletely absorbed. Enteric coated and slow release formula- 
tions can result in incomplete or unpredictable absorption (13,15). Food generally slows 
the rate of absorption of theophylline, but not the completeness (1 1,13). TheoDur, UniDur, 
and SloBid are completely absorbed in the presence or absence of food (15,16). Some 
formulations, such as The024 and Uniphyl, have increased absorption in the presence of 
food (13). 

Once absorbed, theophylline is approximately 40% protein bound, the remaining 
free drug distributes in the extracellular water (1 1,15). The volume of distribution (V) is 
a measure of the apparent space in the body available to contain the drug (V = amount of 
drug in body/concentration of drug in blood). The volume of distribution for theophylline 
averages 0.5 L/kg in both adults and children. The peak serum concentration after a single 
loading dose is that dose divided by the volume of distribution; therefore, 1 mg/kg will 
increase the serum concentration by roughly 2 Fg/mL ( 17). Theophylline freely crosses 
the placenta and is found in breast milk but no major adverse reactions have been reported 
in infants receiving the drug in this manner (1 1). 

Theophylline is eliminated from the body via several pathways. The kidney ex- 
cretes 10-20% of administered drug unchanged in the urine. The majority is eliminated 
as metabolites formed by the hepatic cytochrome P-450 isoenzymes (18). Genetic factors, 
environmental factors, and other drugs alter the activity of these isoenzymes and thus the 
elimination of the drug. Theophylline clearance, the ability of the body to eliminate the 
drug, in otherwise healthy adults averages 0.04 L/h/kg (18). There is marked interin- 
dividual and intraindividual variation in the rate of elimination of theophylline neces- 
sitating close monitoring of serum levels and specific formulations during treatment 
( 15,18,19). 

The elimination half-life of theophylline varies in individuals based on age, genetic, 
and environmental factors. The range varies from approximately 24 hr in neonates to 2- 
10 hours (mean 4 hr) in 1-9 year olds (15). In adults, the average half-life is 8-9 hr (1 1). 
Children therefore require weight-adjusted doses that may be significantly higher than 
adult doses (per/kg). There is some recent evidence that theophylline clearance rates are 
lower than those previously reported, implying that daily dosage needs are 25% lower 
than some published guidelines (20). 

Because absorption of theophylline can be influenced by individual variation, those 
products with complete and consistent absorption are preferred. Predicted fluctuations in 
serum concentration for patients with defined rates of metabolism must be considered 
when choosing a drug and dosing regimen. The initial dosing should allow tolerance to 
develop to the minor side effects of therapy (caffeine-like symptoms). This can be accom- 
plished by the utilization of low initial doses with slow clinical titration over 1-2 weeks 
to achieve the final therapeutic dose. Once the final dose is established, there is generally 
little change in dosage requirements unless environmental or clinical changes occur affect- 
ing absorption or elimination. Final dosage should be guided by serum levels drawn at 
peak concentration time, 3-7 hr post dose, when the dosage has been reliably maintained 
for at least 48 hr (1 1,12,15,18). 
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111. PHARMACOLOGICAL EFFECTS 

Theophylline has a number of potentially beneficial properties for the patient with acute 
asthma. In the 1960s, the action of theophylline inhibiting cyclic adenosine monophos- 
phate (CAMP) phosphodiesterase was first discussed (21,22). The inhibition of the cAMP 
phosphodiesterase leads to an elevation of cAMP with subsequent bronchodilation. This 
proposed mechanism of clinical activity was questioned by the demonstration by Polson 
that therapeutic doses are insufficient to significantly inhibit phosphodiesterase (23,24). 
Alternatively, some have proposed that theophylline blocks adenosine receptors (25). 
Adenosine acts as a bronchoconstrictor, probably by decreasing cAMP levels. Adenosine 
administration, however, does not antagonize the action of theophylline in smooth mus- 
cles. Furthermore, clinically active theophylline analogs such as enprophylline do not 
demonstrate adenosine inhibitory activity (26). Other theories have suggested that theoph- 
ylline acts by augmenting the activity of P-adrenergic receptors (27), blocks the inflamma- 
tory response (28), modifies immune activity (29), and reduces airway response to bron- 
choconstriction (29). 

Low-dose theophylline has been demonstrated to reduce activated eosinophils dur- 
ing chronic treatment in asthmatic patients (30). Theophylline has been shown to have a 
serum concentration-related effect on leukotriene by levels associated with nocturnal 
asthma (3 1). Clinical studies have demonstrated an effect on T-lymphocyte activation 
(32,33). Even at subtherapeutic doses, theophylline appears to modulate the late asthmatic 
response with effects on CD4 and CD8 counts (34). All of these effects may serve to 
modulate the inflammatory cascade in asthmatic patients (see Chapter 4). 

Clinically, aminophylline clearly leads to bronchodilation both in patients with acute 
and stable asthma. Mitenko and Ogilvie demonstrated a log dose relationship between 
serum theophylline levels and improvement in the FEV, (35). Although the therapeutic 
range for theophylline is typically given as 10-20 pg/mL, data indicate that bronchodila- 
tion begins to occur at around 5 pg/mL (36). In 1995, the Food and Drug Administration 
(FDA) altered the labeling guidelines for theophylline products. The new guidelines state 
that physicians may wish to consider a decrease in the dosage in patients with a theophyl- 
line level of 15-20 pg/mL in order to provide a wider margin of safety (37). Continued 
augmentation of bronchodilation occurs even as the level rises above the “toxic” level 
of 20 pg/mL. 

Both theophylline and other methylxanthines, such as caffeine, improve respiratory 
muscle strength. Theophylline improves the pressure generated by the human diaphragm 
by roughly 15% (38). Theophylline also improves the recovery from respiratory muscle 
fatigue. Similar effects have been demonstrated in patients with chronic obstructive pulmo- 
nary disease (39). 

Theophylline has effects on cardiac function. Theophylline increases cardiac con- 
tractility and increases heart rate (40). In addition, as is the case with other P-adrenergic 
agents, theophylline leads to a reduction in pulmonary vascular resistance (4 1,42). These 
affects account for the beneficial use of theophylline in patients with acute decompensated 
congestive heart failure. Theophylline may be beneficial in patients with chronic obstruc- 
tive pulmonary disease (COPD) who may have concomitant cardiac disease or right ven- 
tricular failure. The same effects however, are also partly responsible for theophylline 
toxicity. 

Theophylline has a proven clinical efficacy in patients with stable asthma. Theophyl- 



338 Emerman and Stewart 

line has been demonstrated to protect against histamine-induced bronchoconstriction (29). 
There is a dose-response relationship between the serum theophylline concentration and 
the dose of histamine or methacholine required to induce bronchospasm. Theophylline 
has been demonstrated to inhibit exercise induced bronchospasm, even at subtherapeutic 
levels (43). Some studies, however, have not found theophylline useful in protecting 
against exercise-induced asthma (44). 

Theophylline may be particularly useful in the management of patients with noctur- 
nal asthma. Several studies have found that once daily administration of sustained release 
theophylline can decrease the signs and symptoms of nocturnal asthma (45-47). Studies 
of preparations with moderate or prolonged duration of action have also shown this benefit. 

The use of theophylline for the management of patients with chronic asthma has 
been demonstrated in a number of studies (48,49). Theophylline has been shown to provide 
greater control of asthma than cromolyn (50). Theophylline may also be useful in patients 
requiring steroids for maintenance of their asthma (51). On the other hand, it is clear that 
the P-adrenergic agents have a much greater bronchodilator effect than theophylline, with 
a lower risk of side effects. A number of studies have demonstrated that the combination 
of theophylline and P-adrenergic agents provides additive bronchodilation (52-54). Some 
studies demonstrate an advantage to oral theophylline over oral albuterol therapy for 
asthma management in children (55) .  

IV. THEOPHYLLINE IN ACUTE ASTHMA 

The indications and uses of theophylline in acute asthma is not well defined. A series of 
studies by McFadden and colleagues in the early 1980s questioned the use of theophylline 
in acute asthma (4,5,56). In the earliest study, 48 patients were followed for 60 min after 
receiving either subcutaneous epinephrine, inhaled isoproterenol, or an infusion of amino- 
phylline ( 5 ) .  Treatment with the two adrenergic agents provided threefold greater improve- 
ment in FEV, than did the treatment with aminophylline alone. In the next study, 89 
patients were again followed for 60 min after receiving either subcutaneous epinephrine 
alone, epinephrine with an infusion of aminophylline, or aerosolized isoproterenol plus 
aminophylline (56). The patients treated with either combination had greater improvement 
in FEV, than those treated with epinephrine alone. This effect was most marked in those 
patients with an initial FEV, less than 1 L. In the last study in the series, 102 patients 
were followed for 60 min after receiving inhaled isoproterenol, inhaled isoproterenol with 
intravenous aminophylline, or inhaled isoproterenol with theophylline elixir (4). There was 
no significant advantage to the administration of the combination of agents. A reasonable 
interpretation of these results is that inhaled sympathomimetics are as or more effective 
than injected agents, and that the addition of aminophylline to these more potent agents 
does not offer any significant advantage. 

Other studies have been performed, evaluating the effects of the combination of 
aminophylline with either epinephrine or inhaled P-agonist. Josephson found no advantage 
to adding aminophylline to a group of patients who received between 0.3 and 0.5 mL of 
subcutaneous epinephrine every 30 min for a total of three doses (6). A companion article 
found that the combination treatment increased the incidence of arrhythmia, generously 
defined as any extraventricular beats over the course of 30 min. Similarly, Appel et al. 
followed 37 patients over the course of 1 hr treated with either epinephrine, aminophylline 
or the combination of the two agents (7). Again, no significant advantage to the combina- 
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tion of aminophylline and epinephrine was found. Epinephrine either alone, or in combina- 
tion with aminophylline, produced significantly greater improvement in pulmonary 
function compared to patients treated with aminophylline alone. Siege1 et al. (8) evaluated 
40 patients treated initially with inhaled metaproterenol and then given additional doses 
of metaproterenol either with or without aminophylline infusion. Some patients in this 
study received steroids (8). Once again, there was no significant advantage to the combina- 
tion treatment although there was a marked increase in theophylline side effects. More 
recently, Carter et al. evaluated the advantage of adding theophylline to nebulized albuterol 
and methylprednisolone in children hospitalized with severe asthma (57). No significant 
advantage to the addition of aminophylline was found over the course of 36 hr. Other 
studies of both adult and pediatric patients treated either in the ED or as inpatients have 
failed to demonstrate a beneficial effect with combination treatment (58-62). 

An advantage to aminophylline treatment has been suggested by several other stud- 
ies. A study in children evaluated the use of intravenous aminophylline in children who 
had failed treatment with epinephrine (63). These children additionally received intrave- 
nous fluids, corticosteroids, oxygen, and treatment with nebulized phenylephrine and intra- 
venous isoproterenol. There was a significant advantage to administration of aminophyl- 
line both at one hour and at 24 hr. More recently, Huang et al. (64) evaluated the effects 
of intravenous aminophylline in hospitalized adults who were treated additionally with 
nebulized albuterol and methylprednisolone. There was a significant improvement in FEV, 
at 3 hours which persisted to 48 hr (64). Finally, Wrenn et al. evaluated 133 adult patients 
treated with aerosolized metaproterenol and intravenous methylprednisolone, and random- 
ized to receive either aminophylline or placebo (65). There was no significant change in 
the peak expiratory flow rate after 120 min of treatment; however, the hospital admission 
rates in patients treated with aminophylline was threefold lower (21% vs. 6%; p = 0.016) 
than those treated with placebo. Although there is some conflicting data about the effect 
of aminophylline in acute asthma, the therapeutic effect is greatest when used in combina- 
tion with inhaled p agonists in patients with FEV, less than 1 L (5) .  

V. TOXICITY 

The incidence of theophylline side effects is difficult to assess but is estimated at an 
overall rate of 21% in patients taking theophylline (66). There is significant overlap of 
the therapeutic and toxic serum ranges for theophylline. As a result, symptoms of toxicity 
can be seen at levels within the conventional therapeutic window of 10-20 pg/mL. In 
1995, the American Association of Poison Control Centers reported 2338 cases of theoph- 
ylline toxicity, with 19 fatalities (67). 

At therapeutic dosage, drug levels follow first-order kinetics in which a constant 
fraction of drug is eliminated per unit of time. In the high therapeutic and toxic ranges, 
mixed first- and zero-order kinetics can occur resulting in lengthened half-lives. Zero- 
order kinetics occurs when normal mechanisms of elimination are saturated and rather 
than eliminate a constant fraction of total drug, a constant amount of drug is excreted. This 
amount may be a progressively smaller fraction of the total drug, resulting in decreased 
elimination over time (1 1). Half-lives of up to 20 hr have been reported (12,15,68). It is 
important to recall those factors that may lead to alterations in the metabolism of theophyl- 
line and closely follow serum levels in their presence (see Table 1). 

Symptoms of minor toxicity include nausea, vomiting, diarrhea, abdominal pain, 
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Table 1 

Factors decreasing theophylline 
elimination by 20% or more 

Environment 

Factors Altering Theophylline Clearance 

Factors increasing t heop hyl line 
elimination by 20% or more 

Ciga rette/ma ri j ua na smo ki ng 
Adolescents with cystic fibrosis 

Prolonged fever 
He pat it is/c h o lest as is 
Cirrhosis Hyperthyroidism 
Cardiac decompensation Eating charcoal-broiled meats 
Cor pulmonale 
Septic shock 
Viral infections 

Alopurinol (600 mg/d) 
Ci met i di ne 
Ciprofloxin 
Clarithromycin 
Disulfiram 
Erythromycin 
Estrogen/oral contraceptives 
I n t e rfe ro n 
Met hotrexate 
Mexi leti ne 
Nortriptyline 
Propranolol 
Thiabendazole 
Ticlopidine 
Troleandomycin 
Vera pam iI 

Drugs 
Carbamazepine 
lsoproterenol (IV) 
lsoniazid 
Phenobarbital 
Phenytoin 
Rifampin 
Sulfinpyrazone 
Ter buta I i ne 

headache, irritability, and insomnia. These are commonly seen by the time drug levels 
exceed 15-20 pg/mL, but may occur at levels as low as 5 pg/mL. When these symptoms 
are seen during initial therapy, they are usually transient and can be prevented with gradual 
increments to the desired dose (69). 

Major toxicity includes such events as cardiac dysrhythmias, cardiovascular col- 
lapse, and seizures and have been reported at a variety of drug levels. Although there is 
a tendency toward more serious events/toxicity with increased drug levels, these events 
may occur at any measured level. Once seizures or cardiac events have taken place, they 
are often intractable and death may ensue. Importantly, these events may occur without 
any preceding minor toxicity symptoms, especially in patients with chronic intoxications. 
Severe cardiac dysrhythmias and seizures are more frequently seen, and at lower serum 
levels, in patients with chronic intoxication compared to acute ingestions. However, pa- 
tients with acute ingestions are more apt to suffer severe hypotension, hypokalemia, hyper- 
glycemia, and lactic acidosis presumably due to intracellular shifts. Patients over the age 
of 60 are at greater risk for major toxicity (1 1,12,15,66,68,69). 

The exact mechanism of toxicity is unknown. Theophylline is known to inhibit phos- 
phodiesterase and increase intracellular CAMP ( 1 1,12). It causes release of endogenous 
catecholamines at toxic levels and may stimulate P-adrenergic receptors (68,70). 

Symptoms of minor toxicity may be seen at “normal” serum levels of 10-20 pg/ 
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mL or less. Levels in the 20-40 pg/mL range or greater may be associated with symptoms 
of major toxicity. An acute oral ingestion of 50 mg/kg or more may potentially result in 
a level greater than 100 pg/mL and significant toxicity. Symptoms may be delayed 12 hr 
or more following ingestions of slow-release formulations. Some commercial assays may 
be falsely elevated in the event of acute caffeine toxicity, which may present with a similar 
clinical picture. 

Initial management in suspected theophylline overdose should focus on preventing 
further administration or absorption of the drug. Gastric lavage should be performed in 
acute ingestions when the patient presents less than four hours after ingestion and has not 
been vomiting (68). There may be some benefit to lavage after 4 hr in ingestions involving 
slow release forms. 

Administration of activated charcoal is of great benefit as it avidly binds to theophyl- 
line still in the gut. It has also been shown to decrease serum levels after parenteral admin- 
istration of aminophylline; thus it not only decreases absorption but also increases clear- 
ance (68,69). Clearance is increased due to interruption of the enterohepatic cycle and 
passive trapping of theophylline in the gut. Initial doses should be 50-75 g in adults and 
repeated doses are recommended at approximately 10 g/hr, which can be given continu- 
ously or as single doses every 1-2 hr (71). A cathartic such as sorbitol should be added 
to prevent constipation and enhance elimination of the theophylline/charcoal complex 
(12). Nasogastric administration may be required with concomitant use of antiemetics or 
ranitidine. The patient’s airway patency must be considered and the airway secured and 
protected during this procedure as indicated. Forced diuresis is not useful (68). 

Serum theophylline levels should be closely followed, every 2-4 hr for 16-18 hr 
or until a nontoxic level is reached. This is especially important with intoxication of slow- 
release preparations as there may be ongoing absorption. 

Hypotension, tachycardia, and ventricular dysrhythmias are predominantly the result 
of excessive P-adrenergic stimulation. These symptoms may be treated with low doses 
of propranolol (0.01-0.03 mg/kg IV) or esmolol (25-50 pg/kg/min IV). Beta blockers 
should be used cautiously in these patients and the risk of bronchospasm cannot be ignored. 
Ventricular dysrhythmias may be treated with lidocaine as necessary (66,68,70). 

Hypokalemia is the result of intracellular movement of potassium and does not usu- 
ally indicate significant total body depletion. This is found in nearly all patients with acute 
theophylline overdose but less than half of those with chronic toxicity (64). In most cases, 
this spontaneously resolves without aggressive management (68) and is not felt to be 
related to vomiting or diuresis (64). 

Seizures are associated with severe theophylline toxicity and are generally focal 
with secondary generalization (68). They are often very difficult to control and may be 
refractory to common anticonvulsant therapy. Diazepam, phenytoin, or clonazepam should 
be given initially. If these agents are unsuccessful, general anesthesia with thiopental 
should be considered ( 1 1,12). 

Extracorporeal hemoperfusion is the elimination technique of choice when needed 
for theophylline elimination. Clearances of 150-300 mL/min may be achieved; charcoal 
hemoperfusion is somewhat more effective than resin hemoperfusion. Hemodialysis is 
less effective but can achieve clearances of 100-120 mL/min (68). There is significant 
variability in the literature concerning the indications for hemoperfusion. Established ma- 
jor toxicity in the form of intractable seizures, persistent hypotension, or refractory dys- 
rhythmias are considered criteria by most authors regardless of the serum level (68). Clini- 
cal circumstances known to decrease theophylline clearance such as age greater than 60, 
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cardiac decompensation, and hepatic disease also warrant consideration of hemoperfusion. 
Theophylline levels greater than 60 pg/mL in chronic intoxications or greater than 100 
pg/mL in  acute ingestions are also criteria for hemoperfusion by most authors. Serum 
levels less than 30-40 pg/mL generally do not justify the use of hemoperfusion (66.68). 

VI. 

Some drugs interact with theophylline in ways that do not alter pharmacokinetics. Oral 
P-adrenergic antagonists potentiate adverse side effects because they are synergistic with 
theophylline ( I5,66,72). Ketamine may lower the seizure threshold and fluorinated volatile 
anesthetics such as halothane may cause ventricular dysrhythmias (73). Theophylline may 
antagonize the effects of adenosine, benzodiazepines, and nondepolarizing agents such as 
pancuronium ( 15). 

SUMMARY 

Interpretation of the studies regarding aminophylline is complicated by the facts that most 
of them had small numbers of patients, treated patients in a manner that is not consistent 
with the current management of asthma, and only followed patients for short periods of 
time. Most of these studies did not use the frequent dosing of albuterol that is typical 
today, and some did not routinely administer corticosteroids. A review of the results of 
these studies demonstrates that many of them found a small advantage to combination 
treatment with aminophylline, although in any one study, these results did not reach statis- 
tical significance. Littenberg compiled 13 relevant studies evaluating the use of aminophyl- 
line in the treatment of acute asthma to perform a meta-analysis (74). Pooling all of the 
studies together, Littenberg found that there was a slight advantage to the addition of 
aminophylline to treatment with other sympathomimetic agents. They note that, given the 
size of the studies they were able to evaluate, they had only a 25% chance of detecting 
a 20% difference in treatment with aminophylline compared to control. Littenberg con- 
cluded that there were inadequate data to determine whether or not aminophylline should 
be added to treatment with other adrenergic agents. 

Given the information available to date on the use of theophylline for both acute and 
chronic asthma, some suggestions can be made with the caveats that reasonable alternative 
strategies exist. Theophylline generally should not be considered as first-line therapy for 
acute asthma. Patients with mild to moderate asthma are best managed with inhaled p- 
agonists and inhaled corticosteroids acutely and with inhaled corticosteroids for more 
persistent symptoms. Theophylline may be considered for patients with moderate to mod- 
erately severe asthma when adequate control can not be achieved with inhaled p agonists 
and inhaled corticosteroids. Theophylline may also be considered for patients who are 
unable or unwilling to utilize inhaled P agonists or in children who can not tolerate oral 
albuterol syrup. In addition, theophylline may be useful for control of exercise-induced 
asthma or nocturnal asthma. The relative efficacy of oral theophylline as compared to 
long acting p agonists (such as salmeterol) in the treatment of nocturnal asthma has yet 
to be established. When used for nocturnal asthma, the pharmacokinetics of theophylline 
should be taken into account so that peak levels are achieved at the time of nocturnal 
symptoms. Theophylline should also be considered in patients with moderately severe to 
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severe asthma in whom adequate control was not obtained with regular doses of inhaled 
p agonists, inhaled corticosteroids, and short courses of steroids. The use of theophylline 
may also allow a decrease in oral steroids in patients with moderately severe to severe 
asthma. 

When used for chronic asthma, theophylline should be administered initially in low 
doses. A total initial adult starting dose of 400 mg per day in divided doses may minimize 
adverse effects. Theophylline doses may be increased based on serum levels (see Table 
2). Patients should be cautioned not to self-adjust their theophylline. In addition, patients 
should be cautioned about the variety of factors that may affect the theophylline clearance 
including medications such as cimetidine or erythromycin, viral illness, smoking cessation, 
or the occurrence of congestive heart failure or liver disease. 

The role of aminophylline in the treatment of acute asthma appears to be more 
limited. Standard therapy for acute asthma should initially be used for patients, consisting 
of frequent administration of nebulized albuterol and early administration of corticoste- 
roids in patients who are unresponsive to initial treatment. Aminophylline may be consid- 
ered for patients who are resistant to this therapy, although there are few data to suggest 
it will be effective in these circumstances. When administered, the dose of aminophylline 
should be based on a measured theophylline level. Using an empiric formula to gauge the 

Table 2 Dosing of Intravenous Aminophylline 

Dosing variable 
Maximal dose 

(weight adjusted) Comments 

Intravenous dosing Load: 5 mg/kg over 20-30 
min followed by mainte- 
nance dose: 
initial maintenance dose 
0.4 mg/kg/hr in adult non- 
smokers 

Measure serum level 4-6 hr 
after initiating treatment 

0.6 mg/kg/hr in smokers 
0.2 mg/kg/hr in CHF or 

0.8 mg/kg/hr in children 

0.6 mg/kg/hr in children 

I iver disease 

1-9 years old 

>9 years old 
Oral dosing 

Initial 10-12 mg/kg/d max. 300- Adults and children > I  yr 

First increase 13-16 mg/kg/d max. 450- If tolerated, increase no 

Second increase 

400 mg/d 

600 mg/d 

800 mg/d 

sooner than 3 days later. 
Measure serum level after 3 

days at max. dose. 
16-22 mg/kg/d max. 600- 

Serum concentration Directions 

<I0 pg/mL 
10-20 pg/mL 
20-25 pg/mL 
>25 pg/mL 

Increase 25% 
Maintain dose if tolerated 
Skip dose and decrease 10-25% 
Skip next two doses and decrease 50% 
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loading dose for aminophylline is likely to lead to errors in drug administration. Additional 
bronchodilation may occur by targeting a theophylline level in the high therapeutic range. 
This should be done cautiously, based on repeated theophylline levels and carries with it 
an increased risk of side effects. Aminophylline may be given by continuous infusion for 
patients requiring prolonged treatment for acute asthma. The dosing must take into account 
the patient’s smoking status, ideal body weight, and complicating factors such as conges- 
tive heart failure or liver disease. Theophylline levels should be monitored. The switch 
from intravenous therapy to oral therapy should be made by discontinuing intravenous 
aminophylline at the time the first oral dose is given (see Table 2). 

In spite of years of experience with aminophylline, its mechanism of action and role 
in the treatment of asthma continue to be debated. Ready availability of drug levels and 
a better understanding of pharmacokinetics afford safer means of dosing aminophylline. 
Although more potent and selective agents exist, aminophylline still has a role in the 
treatment of asthma. 
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Steroids 
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Hjjde Park, New York 

1. INTRODUCTION 

Asthma is a chronic illness characterized by inflammation of the lungs and airways. The 
inflammation can cause edema and production of mucus, which leads to airway narrowing 
and plugging. As the airway diameter becomes reduced, patients will have difficulty venti- 
lating and develop increasing asthma symptoms. Steroids are highly effective pharmaco- 
logical agents that were first used around 1950 for controlling the inflammation associated 
with asthma (see Chapter 1). Steroids have since become the mainstay of therapy. Potent 
inhaled agents are now the treatment of choice for controlling chronic asthma and systemic 
steroids are used to treat patients with worsening symptoms, acute episodes and asthma 
that cannot be controlled by other inhaled or oral agents. This chapter will address issues 
related to steroid use for acute or uncontrolled asthma that requires urgent evaluation. 

II. MECHANISMS OF ACTION 

The mechanisms of action of steroids in asthma, while not fully elucidated, are becoming 
better understood. Glucorticoids are potent anti-inflammatory agents whose beneficial ef- 
fects do not appear linked to any single pathway (1). Steroids decrease activation and 
recruitment of inflammatory cells, as well as inhibit the release of inflammatory mediators. 
Inhibition of the inflammatory process appears to occur at a number of different cellular 
sites with overall beneficial effect due to modulation of new protein synthesis. This in- 
cludes the decreased production of proinflammatory mediators as well as the increased 
production of proteins that help to control the inflammatory response (1) .  A number of 
cells that actively participate in the cycle of inflammation are also directly inhibited by 
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Figure 1 Effect of glucocorticoids on target cells. (From Ref. 1.) 

the actions of glucorticoids (Figure 1). By controlling various aspects of the inflammatory 
process, steroids have proven to be a valuable tool for treating asthma. 

Molecular actions of the glucocorticoids can be explained by modulation of protein 
synthesis at the site of the gene. Glucocorticoids bind to specific receptors on the cell 
membranes of airway epithelium or a variety of inflammatory cells. Activated glucorticoid 
receptors are transported into the cell cytoplasm and nucleus and may (1) upregulate tran- 
scription and therefore increase protein synthesis by linking to specific DNA receptors in 
the promoter region of the gene, (2) bind to a site that represses gene transcription and 
therefore directly suppress protein synthesis or, more likely, (3) interfere with the tran- 
scription factors AP-1 and NF-KB and thereby downregulate gene expression. AP-1 is a 
sequence specific transcriptional activator that promotes gene induction and is induced 
by a variety of stimuli, including cytokines (2). NF-KB is a particularly important transcrip- 
tional factor that is responsible for the activation of a wide variety of immunoregulatory 
genes, including IL- 1 p, TNF-a, IL-2, IL-6, IL-8, GM-CSF, IL-2 receptor, ICAM- 1 *, 
MCP- 1 T ,  RANTEST, and E-selectin* (3-5) (see Chapter 4). Glucocorticoids interfere 
with the transcriptional activity of both AP-I and NF-KB, and this may explain most of 
the antiinflammatory effect. 

Proteins synthesized in response to glucocorticoids include a variety of enzymes 
and regulators such as lipocortins, P2-adrenergic receptors, and specific cytokines that 
regulate inflammation. Lipocortin- 1 inhibits phospholipase A2, resulting in a decreased 
production of leukotrienes, prostaglandins and platelet-activating factor ( 1 ). Glucocorti- 

* Molecules that cause the adherence of leukocytes. 

t Chemokines that cause the chemotaxis of leukocytes. 
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Figure 2 Various mediators or environmental triggers activate NF-KB, which results 
in the induction of multiple inflammatory genes. A "unifying" hypothesis places the 
role of glucorticoid as blocking the activation of NF-KB, leading to control of inflam- 
mation from the surface of the airway. (From Ref. 1.) 

coids increase the rate of production of P2-receptors (6). In laboratory animals, steroids 
prevent the downregulation seen with the prolonged use of P-adrenergic agents (7). Ste- 
roids can also cause induction of an IL-1 decoy receptor, which can neutralize the proin- 
flammatory cytokine IL-1 (8). 

The effects of glucorticoids are noted in a variety of cells that participate in the 
inflammatory process. Circulating eosinophils are reduced either as a result of diminished 
bone marrow production or the influence on cytokines that affect eosinophil survival time 
(9). Mast cells will be decreased in number as a result of steroid treatment, and the influx 
of eosinophils and T lymphocytes into the lung will be reduced. 

A hypothesis that attempts to establish a link between NF-KB , various asthma trig- 
gers or inflammatory mediators and steroids has been proposed by Barnes (1) (Figure 2). 
Viral infections, atmospheric pollutants, superoxide anions and proinflammatory cytokines 
activate NF-KB found in airway epithelia1 cells which in turn stimulates a number of 
proinflammatory genes. Glucocorticoids, by interfering with the activity of NF-KB, block 
the synthesis of a number of inflammatory mediators. If this proves to be a key step, then 
the development of agents that specifically block NF-KB may help to control asthma. 

PHARMACOLOGY 

Preparations of glucorticoids differ in their anti-inflammatory properties, sodium retention, 
and biological half-life (10). (Table 1). Prednisone and prednisolone are the most com- 
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Table 1 Properties of Corticosteroid Preparations 

Anti-inflammatory Plasma half-life Biological half-life Equivalentdose Sodium-retaining 
Steroid relative potency (hr) (hr) (mg) potency 

Short acting 
Hydrocortisone 1 2 12 20.0 2+ 
Cortisone 0.8 0.5 -a 25.0 2+ 

Prednisone 3.5 1 -a 5.0 I +  
Prednisolone 4 2-3.5 12-36 5.0 1+ 
Triamcinolone 5 2-3.5 12-24 4.0 0 
Methylprednisolone 5 2-3.5 12-36 4.0 0 

Betamethasone 25-30 5 24-28 0.6-0.75 0 
Dexa met haso ne 

Intermediate acting 

Prolonged acting 

a Prednisone and cortisone must be first converted to prednisolone and hydrocortisone before being active; the half-lives are then compared 

Source: Ref. 10. 
to the initial compound. 
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monly prescribed oral agents and the tablet preparations are bioequivalent (15). In the 
emergency department (ED) there are sometimes reasons to choose one preparation over 
another. In patients prone to hypertension, hypokalemia, or congestive heart failure, meth- 
ylprednisolone may be superior to prednisone due to the mineralicorticoid effects associ- 
ated with prednisone. Prednisone must first be converted in the liver to the biologically 
active compound prednisolone although the presence of severe liver disease does not ap- 
pear to significantly impair this conversion (1 1). The bioavailability after oral administra- 
tion of prednisolone or prednisone ranges from 50 to 90% in a variety of populations with 
significant individual variability noted (1 1). The large interindividual variability may be 
related to differences in absorption, first-pass metabolism, or a combination of both effects 
(12). Substantial serum levels of prednisone are found one-half hour after oral ingestion 
with peak levels occurring approximately 1 hr after ingestion ( 13,14). When prednisone 
or prednisolone is given intravenously, the time to maximum serum concentration ranges 
from several minutes to half an hour (13,14). The maximum serum concentration is up 
to several times greater for the same amount of steroids given intravenously when com- 
pared to oral administration (14,15). 

IV. ADRENAL AXIS 

Suppression of the hypothalamic-pituitary-adrenal axis is a potential complication of sus- 
tained glucorticoid use. The adrenal cortex hypofunction results from loss of endogenous 
adrenocorticotropic hormone (ACTH) and is termed secondary adrenocortical insuffi- 
ciency. Depending on the duration of exogenous corticosteroid administration, the adrenals 
may produce less cortisol but still enough to maintain homeostasis, even during times of 
stress. With prolonged suppression severe adrenal atrophy may result with the body unable 
to produce adequate amounts of cortisol even to meet the needs of acute medical problems. 
An adrenal crisis can occur and replacement with stress doses of glucorticoids and volume 
is needed to reverse severe systemic symptoms or shock. 

Patients with chronic asthma who have not used systemic steroids have normal hypo- 
thalamic-pituitary-adrenal function ( 16). The endogenous production of glucorticoid is 
equivalent to approximately 7.5-10 mg of prednisolone daily and, if doses higher than 
this are administered, adrenal suppression may result. Adrenal function typically becomes 
suppressed days after the administration of corticosteroids. After short-term glucorticoid 
treatment (e.g., 3 weeks or less) full recovery of adrenal function occurs 5-10 days after 
steroids are stopped. This has been demonstrated in several studies, including healthy 
individuals and asthmatic children and adults. Among healthy adults given 50 mg daily 
of prednisolone for 5 days, adrenal suppression was noted 2 days after the steroids were 
stopped, and almost full recovery was noted 5 days after the steroids were stopped (1 7). 
Among asthmatic children given 2 mg/kg/day of prednisone for 5 days, blunting of peak 
corticosteroid responses occurred 3 days after completion of the steroid course ( 1  8). At 
10 days after steroids were discontinued, adrenal function returned to normal. In another 
study patients with chronic airflow obstruction were given a 3-week course of predniso- 
lone, 40 mg per day, and adrenal function fully recovered 5 days after stopping corticoste- 
roids (19). In an attempt to determine if periodic bursts of steroids influenced adrenal 
function, children with chronic asthma who did not recently receive systemic steroids 
were studied. Those who received three or fewer bursts of steroids in the past 12 months 
had normal adrenal function. Among the children who received four or more bursts of 
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steroids in the past year, there were some who had a subnormal adrenal stress test, although 
the number of patients in this latter group were too few to draw general conclusions (20). 

Chronic steroid use may prolong recovery of the hypothalamic-pituitary-adrenal axis 
with an impaired response to adrenal stimulation as long as one or more years after steroids 
have been discontinued. In several asthmatic patients on 5-20 mg of daily prednisone for 
2- 17 years, evidence of adrenal suppression was found even 36 months after stopping 
therapy (21). In a group of patients with either adrenocortical tumors or ingesting exoge- 
nous corticosteroids for more than one year, adrenal function took up to 9 months to 
recover after the sources of the increased steroid were removed (22). Among children on 
large daily doses of steroids for 0.5-5 years, weaning of steroids over a 4- to 8-week 
period led to improved adrenal responses (23). Normal cortisol responses were seen 1- 
2 weeks after complete discontinuation of corticosteroid treatment. It is not clear if this 
more rapid restoration occurred because the adrenals of children have shorter recovery 
times than adults. 

Although adrenal suppression is a concern, clinical signs of adrenal insufficiency 
in patients presenting with severe asthma is uncommon, and deaths in asthmatics due to 
adrenal suppression are considered rare. Still, patients who have been treated with long- 
term systemic steroids should be considered at risk for adrenal insufficiency and coverage 
for stress instituted even up to several years after glucorticoids are discontinued. Among 
patients given short bursts of steroids, replacement therapy should be considered if a sig- 
nificant stress occurs within 5- 10 days of discontinuation. 

V. GENERAL ACUTE CLINICAL EFFECTS OF STEROIDS 

Steroids are effective in the treatment of chronic asthma, reducing inflammation, lessening 
symptoms, improving pulmonary function, and decreasing the need for ED visits or hospi- 
talizations. Studies of the use of steroids in acutely ill ED patients, however, have provided 
conflicting results. Some trials have demonstrated benefit several hours after administra- 
tion, prompting recommendations for ED asthmatics to receive steroids as soon as possi- 
ble. Based on these studies, clinicians could expect to see improvement in pulmonary 
function while the patient is treated in the ED, thereby decreasing the need for hospitaliza- 
tion or even an intensive care unit (ICU) admission in more severely ill patients. Unfortu- 
nately not all studies have demonstrated a rapid (e.g., 6 hr or less) benefit from systemic 
steroids. Some studies even question the efficacy of steroids within 12 hr or more after 
administration. An overview of some of the published clinical trials can help to better 
understand the issues, and why the reported time to achieve a clinically meaningful im- 
provement from steroids has varied. 

VI. WHEN DO STEROIDS BEGIN TO WORK? 

The question of when steroids begin to improve acute asthma remains largely unanswered. 
Three clinical trials in adults have not demonstrated any benefit occurring within approxi- 
mately 6 hr of ED steroid administration (24-26) while two studies reported some benefit 
(27,28). In a study by McFadden et al., 38 patients were given placebo or intravenous 
hydrocortisone in doses ranging from 250 to 1000 mg, and there was no improvement in 
pulmonary function at 6 hr (24). Stein and colleagues gave 81 patients either placebo or 
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125 mg of intravenous methylprednisolone, and a disposition was made by 12 hr (25). 
No difference in admission rate was noted, although results may have been influenced by 
the relatively high baseline peak expiratory flow rate (PEFR) in the study population, as 
well as the administration of steroids to any patient who was not admitted by 6 hr. In a 
study by Rodrigo and Rodrigo, 98 patients with an FEV1 < 50% predicted on ED arrival 
received either 500 mg of intravenous hydrocortisone or placebo (26). After up to 6 hr 
of treatment there was no difference in admission rate, pulmonary function or use of 
p agonists, suggesting that severity of pulmonary obstruction did not influence response 
to steroids (Figure 3). 

Among the studies in adults demonstrating benefit, Littenberg and Gluck reported 
a reduction in hospital admissions of 44% in patients receiving 125 mg methylprednisilone 
as compared to 9% among patients receiving placebo (27). In this study there was no 
reported time limit to the ED stay, and although the final FEV, was greater in the steroid 
group, the differences did not reach statistical significance. In a trial by Schneider et al., 54 
patients received either 30 mg/kg methylprednisolone or placebo as part of a standardized 
treatment protocol (28). Fewer patients receiving steroids required admission ( 19%) when 
compared to placebo (44%), although these differences did not reach statistical signifi- 
cance (p = 0.08) 

ED studies evaluating the early efficacy of steroids in children with acute asthma 
have generally shown favorable results. In a pediatric trial of 140 patients, 3% of those 
receiving oral prednisone were admitted compared to 30% of children receiving placebo 
after several hours of treatment (29). In a post hoc analysis, the beneficial effect of steroids 
was noted several hours after dosing (Figure 4). The dose of prednisolone was 30 mg in 
children under 5 years, otherwise it was 60 mg. In another pediatric study of 75 ED patients 
the 4-hr admission rate in the placebo group was 49% versus 3 1 % in the patients receiving 
2 mg/kg of oral prednisone (p = 0.10) (30). When a subset of children with more severe 

0 30 End 0 30 End 
0 

Min Min 

Figure 3 Pulmonary function after up to 6 hr of treatment with 125 mg methylpred- 
nisolone (A) or placebo (0). Mean values for peak expiratory flow rate (PEF) and 
forced expiratory volume in 1 sec (FEV,) are expressed as percentage of predicted. 
(From Ref. 26, with permission of W.B. Saunders Co.) 
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H o o t s  frorrr administration of placebo or prednisolone 

Figure 4 The mean onset and duration of effect of prednisolone in children receiving 
placebo or prednisolone. Patients were retrospectively paired t o  obtain these data, 
and pairs were excluded i f  patient was discharged or received further steroids. There 
were 29 pairs initially, 20 at 5 hr and 10 at 10 hr. SE is indicated at 3, 5, and 7 hr. 
(From Ref. 29.) 

asthma was analyzed, prednisone appeared to significantly reduce the need for hospitaliza- 
tion. In another trial of infants and toddlers aged 6 to 60 months, treatment with 4 mg/ 
kg of intramuscular methylprednisilone was associated with a significant reduction of 
admissions at 3 hr (31). 

A number of studies evaluated the effects of steroids in acutely ill patients 12 hr or 
more after administration and benefits could not be consistently demonstrated. Four clini- 
cal trials noted improvement from steroids while two did not. Fanta and colleagues admin- 
istered 2 mg/kg hydrocortisone or placebo to a total 20 adults and found statistically 
significant improvement in pulmonary function after 12 hours (32) (Figure 5). In an outpa- 
tient study of 16 children, greater improvement in pulmonary function as compared to 
placebo was noted at 12 hr, the first time point measured (33). In 49 children hospitalized 
for asthma, those receiving 1 mg/kg of methylprednisolone every 6 hr had improvement 
in a clinical index at 24 hr, but not 12 hr, after admission (34). The results of pulmonary 
function testing were, however, not significantly different at 24 hr after admission. Another 
study in children did not demonstrate any benefit from intravenous methylprednisolone 
after 48 hr of inpatient treatment (35). Evaluation of single-dose treatment in pediatric 
outpatient populations also had varying results. In a study of 86 outpatient children, a 
single dose of 2 mg/kg prednisone or placebo was given at home early during an asthma 
attack. The use of prednisone was actually associated with an increase in outpatient visits 
relative to placebo (36). In a second study of 72 children who presented to the clinic with 
mild to moderate asthma episodes, patients receiving prednisone had greater improve- 
ments in clinical criteria at 24 hr, which was the first time point measured (37). 
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Figure 5 The effect of hydrocortisone 2 mg/kg bolus followed by 0.5 mg/kg/h for 24 
hr on 20 adults hospitalized with acute asthma, as compared to  placebo. Solid line 
indicates hydrocortisone; dashed line indicates placebo. The relative percentage of 
improvement f rom baseline forced expiratory volume in 1 sec (FEV,) was recorded 
every 6 hr. Statistically significant differences were noted in this small group of pa- 
tients at 12, 18, and 24 hr after the initial bolus. (From Ref. 32.) 

A number of study design issues may contribute to the inconsistent findings among 
acute asthma trials, including sample size (relatively few patients were included in many 
studies, leading to chance observations), different treatment protocols ( including dose, 
route of administration and types of steroids used), differences in patient assessment and 
study endpoints, as well as the wide spectrum of illness severity. Another important factor 
to consider is that any early beneficial effects may be masked by the more robust and 
immediate responses to p agonists. In observational studies where bronchodilators were 
not given, steroids improve pulmonary function in chronic asthma within 2 hr and in 
acute asthma within 6-8 hr (38,39). Even when bronchodilators are given, the maximal 
improvements from steroids are best measured over days and not hours (Figure 6). 

Factors influencing the time to beneficial effects include the mechanisms of steroid 
action. Steroids cause synthesis of new proteins to be modulated, and this may require 
some time. Even if the production of proinflammatory mediators can be rapidly decreased 
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Figure 6 Peak flow measures (L/min) for morning (am) and evening (pm) evaluating 
3 different doses of prednisolone treatment in 10 patients during three separate exac- 
erbations. Low dose prednisolone (---) equals 0.2 mg/kg; medium dose (-) equals 
0.4 mg/kg; high dose ( ) equals 0.6 mg/kg. Treatment with steroids began at day 3. 
(From Ref. 50.) 

by the administration of steroids, the airway swelling and mucous plugging would take 
some time to resolve, and this would vary from patient to patient. It is also possible that 
there are patients who are more steroid responsive and benefit early, but in studies of 
limited sample size it is difficult to identify them. Given all of these conditions it is not 
that surprising that results from clinical studies vary greatly, and, when evaluating the 
literature, it can be difficult to assess the acute benefits of steroid administration. 

In summary, the time of onset for steroid action is not certain but may prove to be 
as variable as the patient population. The earlier steroids are given, the sooner they will 
have their effect; whether this is hours after administration for some patients or days later 
for others. It is important to remember that steroids are potent anti-inflammatory agents, 
and, although when they begin to work continues to be debated, there is no question 
they are important therapeutic agents and should be used routinely in patients with acute 
asthma. 

VII. ORAL VS. INTRAVENOUS STEROIDS 

There have not been any published studies that directly compare the efficacy of oral to 
intravenous steroids in the first few hours of ED asthma care. Ratto and colleagues did 
find that FEV, was similar in patients receiving oral or intravenous methylprednisolone 
at 6 hr after ED treatment and up until 72 hr or hospital discharge (40). Since absorption 
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of the oral agent is fairly rapid, the standard ED dose is relatively large, and steroids 
likely require at least hours to cause any clinical benefit, there does not appear to be a 
need for most patients to receive steroids intravenously. It is possible, however, that some 
patients do not absorb oral agents effectively and the decreased bioavailability may not 
allow maximum benefit. As the optimal dose of steroids is not known and much serum 
higher levels are reached when the agents are given intravenously, some asthmatics may 
benefit more from intravenous (IV) steroids. Since studies have not addressed these issues, 
in situations where the clinician needs to be certain that maximal levels are reached as 
soon as possible, such as in the critically ill patient, intravenous rather than oral agents 
may be warranted. 

VIII. INITIAL DOSE 

The optimal initial dose of steroids administered to acutely ill patients has not been well 
studied. A typical oral dose in the United States would be 40-80 mg of prednisone and 
a typical IV dose would be 40- 125 mg methylprednisolone. Giving higher systemic doses 
has not been shown to be useful, as Emerman and Cydulka demonstrated that 500 mg 
methylprednisolone was as effective as 100 mg methylprednisolone (4 1). Although higher 
doses in the ED are not more beneficial, it is still unclear what is the lowest appropriate 
dose, as dose-response curves for this population has not been established. 

IX. WHO SHOULD RECEIVE STEROIDS IN THE ED? 

Any patient with airway inflammation associated with an acute asthma episode should 
receive steroids in the ED. Of course, the clinician cannot accurately assess the degree 
of inflammation, and there is evidence that almost all cases of acute asthma are associated 
with some degree of acute inflammation. Because of this, many clinicians will give sys- 
temic steroids to every patient presenting to the ED with acute asthma. An argument can 
be made for withholding steroids in patients that present with acute onset of mild illness 
and that respond completely to one or two bronchodilator treatments. The rationale is that 
these patients do not have significant inflammation, although this has not been well studied. 
There should be no question about giving steroids early on to the vast majority of ED 
patients with asthma. This includes patients with significant risk factors, such as severe 
airway obstruction, inadequate response to initial P-agonist treatment, frequent ED visits 
or hospitalizations, past history of endotracheal intubation, and prolonged acute illness, 
and those asthmatics presently receiving outpatient steroids. 

X. 

Although patients presenting to the ED with acute asthma may improve enough to be 
discharged, this does not mean they have recovered from the episode. Often symptoms 
will persists for days or weeks after ED discharge. Relapse, or the need for urgent asthma 
treatment or hospitalization after an acute episode, is fairly common. Relapse rates of 
10% 7 days after ED discharge and up to 31% within the first 10 to 21 days after ED 
discharge have been reported (42-45). It should be noted that while relapse is common 
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Figure 7 Kaplan-Meier Survival Curve showing the probability o f  remaining relapse- 
free after ED treatment for patients receiving prednisone (solid line) and those receiv- 
ing placebo (dashed line). Values shown are numbers of  subjects remaining relapse- 
free at the beginning of  the days on  which a relapse occurred. (From Ref. 48, @ 1991 
Massachusetts Medica I Society.) 

it is likely that there are many discharged patients whose condition has either not improved 
or even worsened but do not seek medical care. In a small series of patients followed for 
up to 2 months after ED discharge, half the patients had their highest FEV, recorded in 
the ED, and one-third of patients had an FEV, <50% predicted 1 month after leaving the 
ED (46) (see Chapter 31). 

Up until the 1980s, steroid treatment for most patients presenting to the hospital 
with acute asthma was limited to inpatient therapy, and patients were often not sent home 
from the ED on steroids. Short courses of systemic steroids have since shown to decrease 
relapse rates in patients discharged from the ED. An 8-day tapering dose of prednisone 
lowered the incidence of relapse at 10 days from 24% in the placebo group to 6% in the 
treatment group (48) (Figure 7). In another study, an 8-day tapering course of methylpred- 
nisolone had 1 0-day relapse rates of 2 1 % in the placebo group as compared to 6% in the 
methylprednisolone group (49). The subgroup of patients who have an immediate and 
almost complete recovery from one or two Pagonist treatments in the ED would seem to 
be the group least likely to need a burst of steroids, but this has not been studied. 

XI. DURATION OF STEROIDS TREATMENT ON ED 
DISCHARGE 

Although oral steroids are routinely prescribed to patients discharged from the ED, the 
optimal dose or duration of therapy is not known. It takes approximately 8 days for patients 
with chronic asthma to achieve maximum benefit from oral steroid use (47). It is likely 
that patients with acute asthma, many who may have mucous plugging and worsening 
inflammation, would also need at least this long a course. The shortest course of ED 
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discharge steroids tested in clinical trials of adults was 8 days (48,49). Chapman and 
colleagues discharged patients on an &day dose tapering from 40 to 0 mg of prednisone 
and Fie1 and colleagues discharged patients on oral methylprednisolone, starting at 32 mg 
twice a day and decreasing to 0 mg over 8 days. Other data suggests that it takes 14 days 
of oral steroid treatment to reach a plateau in PEFR following an asthma exacerbation 
(50) (see Figure 6). In this small study dose response was also evaluated. Doses approxi- 
mating 14, 28, or 42 mg daily of prednisolone were given, and patients receiving the 
higher doses had greater improvement in pulmonary function at the end of 2 weeks. 

The clinician discharging the patient has several goals, including preventing relapse, 
optimizing therapy so the patient will have a more speedy recovery, and allowing the 
patient to reach a plateau of improvement. For some patients a very short course of steroids 
may be sufficient, and it is possible that there are patients who would do well without 
any steroids at all. For others, a more prolonged course of treatment may be needed to 
optimize therapy and prevent relapse. This may include patients who have prolonged 
symptoms, incomplete responses to P-agonists, frequent past ED visits or hospitalization 
for asthma, or a past history of severe attacks. Still, it is difficult if not impossible to 
predict the optimal regimen of outpatient steroids for any individual patient, and this can 
only be determined through follow-up evaluation. It would seem reasonable to discharge 
most patients on at least 7 days of systemic steroids and to urge a follow-up visit before 
the course is completed to determine whether steroids are required for a longer (or shorter) 
duration. It is possible that the addition of inhaled steroids would decrease the need for 
more prolonged courses of systemic agents, and several ongoing clinical trials are ad- 
dressing this issue. 

XII. OUTPATIENT TAPERING OF ORAL STEROIDS 

The issue of whether steroids should be tapered after ED discharge has not been resolved. 
Tapering steroids is the practice of administering higher amounts initially and gradually 
decreasing the dose, either over days or weeks. The rationale for tapering, the practice of 
which began in the mid-l950s, was the concern that abrupt withdrawal of steroids may 
precipitate an asthma exacerbation or, even worse, an adrenal crisis. There is, however, 
no substantial evidence in the literature of either occurring when steroids are prescribed 
for short periods of time. Recovery in adrenal function is rapid even after a 3-week course 
of oral steroids is given (19). 

Several studies have addressed the need for outpatient tapering although the selec- 
tion of subjects was from an inpatient population. After hospitalization for acute asthma, 
a 7-day oral steroid taper was similar in efficacy to a 7-week taper (51). In this study 
patients received 8 days of high-dose inpatient steroid treatment before entering the ran- 
domized outpatient portion of the trial, and, therefore, even the “short” taper group had 
already received substantial amounts of steroids. Similarly, in two studies that found outpa- 
tient tapering unnecessary, substantial doses of inpatient steroids were given for 6- 10 
days, and patients discharged on placebo also received continued outpatient treatment with 
inhaled steroids (52,53). 

The argument for not tapering is that patients will receive a larger dose of steroids 
for a longer period of time and that compliance to medication is potentially greater with 
simpler dosing schedules. Given the lack of published evidence in the ED population, the 
general question of whether of tapering is necessary remains unanswered. 
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XIII. THE IM ROUTE 

Studies have suggested that the intramuscular (IM) injection of repository steroids is effec- 
tive in improving asthma symptoms and preventing relapse after an acute asthma episode. 
In one trial, patients were discharged from the ED receiving either IM saline placebo or 
240 mg methylprednisolone acetate suspension (54). Of the 56 patients who were con- 
tacted on 7-day follow-up, relapse occurred in 7% of patients who received IM steroids 
and in 31% of placebo recipients. A study involving 154 patients found 7-day relapse 
rates among patients receiving 40 mg triamcinolone diacetate IM similar to those receiving 
5 days of oral prednisone (55) .  In an outpatient study of patients with severe chronic 
asthma, a total of 360 mg of triamcinolone given intramuscularly over 3 days was more 
effective than low dose daily prednisone given for 3 months in decreasing ED visits and 
hospitalizations (56). 

A single 1M injection of steroids is not dependent on patient compliance and may 
be a reasonable alternative to oral therapy for some patients, especially those with difficulty 
adhering to outpatient regimens. The clinician should be aware of the disadvantages to 
IM treatment, which include the inability to alter doses in the case of adverse reactions. 
Also, the long-term steroid induced side effects are not known when repeated injections 
of IM steroids are given. As with all steroid regimens, further study is needed to determine 
optimal dosing. 

XIV. INHALED STEROIDS 

Presently, oral steroids remain the treatment of choice for acute episodes of asthma al- 
though there is evidence that inhaled steroids may eventually have a role in the manage- 
ment of acute asthma and actually work faster than systemic steroids. Rodrigo and Rodrigo 
found that patients with acute moderate to severe asthma had significant benefits from 
very large doses of the potent inhaled steroid flunisolide, and this effect was seen 2 hr 
after administration (57). If further study confirms this observation, then it raises the possi- 
bility that other mechanisms than those previously described are responsible for the acute 
beneficial effect of inhaled corticosteroids. 

For patients with chronic asthma, inhaled steroids have been shown to improve 
pulmonary function and decrease the need for hospitalization, urgent asthma visits, and 
rescue with oral steroids. The use of inhaled steroids can also reduce the need for pro- 
longed systemic use, Based on their benefits in chronic asthma, consensus guidelines rec- 
ommend that inhaled steroids be prescribed to patients discharged from the ED (58,59).  
This brings up other issues, including inadequate outpatient treatment of patients present- 
ing to the ED. Only 30-40% of asthmatics presenting to the ED with asthma have been 
taking inhaled steroids as part of a long-term management strategy, and far more should 
have been using these agents (60,61). This is further complicated by the observation that 
many patients consider the ED their source of primary asthma care and may not seek 
further follow-up care after discharge (60,61) (see Chapter 37). To avoid the dilemma of 
providing chronic care to patients-a situation that the ED is not set up to handle-while 
assuring proper short and long-term treatment, the discharging physician should either 
provide inhaled corticosteroids with arrangements for follow-up care or recommend 
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prompt outpatient follow-up care so that inhaled corticosteroids can be started before the 
course of oral steroids are completed. 

XV. STEROID RESISTANCE 

Although most patients with symptoms of asthma will respond to treatment with steroids, 
there are a small number of patients who have been characterized as “steroid resistant.” 
Assuming the label is correctly applied, these patients may improve only when given very 
large doses of steroids, and some may prove unresponsive at any dose. In the ED, the 
lack of response to steroids may simply represent the known delayed onset of the drug 
and not “steroid resistance.” If a patient known to have steroid resistance becomes acutely 
ill, the management will be more complicated. The patient may need very high doses of 
steroids, as well as aggressive management with bronchodilators, and is more likely to 
require hospitalization. Long-term management may involve trials of other anti-inflamma- 
tory agents and maximization of bronchodilator treatment to reduce the dose of daily 
steroid intake. Steroid resistant asthma may also indicate that the diagnosis of asthma is 
not correct and other diagnoses should be considered, such as vocal cord dysfunction (see 
Chapter 13). 

XVI. COMPLICATIONS 

Treatment with steroids results in a leukocytosis that is first noted a few hours after admin- 
istration and reaches maximal intensity within 2 weeks of continued treatment (62-64). 
Steroids cause a granulocytosis by decreasing the egress of cells from the blood granulo- 
cyte pool, as well as increasing the influx of cells from the bone marrow (62). A shift to 
the left or appearance of toxic granulocytes is more likely to be seen in infection rather 
than steroid-induced leukocytosis (64). 

An acute necrotizing myopathy has been described in severely ill asthmatics that 
required mechanical ventilation and received corticosteroids (65-67). Clinical findings 
range from mild diffuse weakness to complete paralysis. Cranial nerves are sometimes 
involved and recovery could take up to 6 months (68). The use of corticosteroids combined 
with a neuromuscular blocking agent is far more likely to be associated with this syndrome 
than patients who received steroids alone. In one study diffuse weakness occurred in 20 
of 69 patients who received both agents (7 1). Neuromuscular blocking agents suspected 
of causing a myopathy include vecuronium, as well as pancuronium, atracurium, and doxa- 
curium (65,69-7 1). Aminoglycosides also potentiate neuromuscular blockade and may 
contribute to the weakness (72). It has been suggested that ventilated patients with acute 
severe asthma who require neuromuscular blocking agents should be given intermittent 
boluses rather than constant infusions, be weaned, if possible, from the ventilator within 
48 hours, and be given the lowest therapeutic doses of steroids possible (69). For prolonged 
muscle relaxation, alternative methods including propofol or a combined benzodiazepine- 
narcotic or propofol-narcotic infusion have been suggested (7 1). 

Steroids are soluble in cell membranes and readily cross the blood brain barrier 
(73). A variety of psychiatric symptoms have been reported, ranging from alterations of 
mood to frank psychotic states. Among patients given 75-125 mg of IV methylpredniso- 
lone daily for 8 days, 18/50 (36%) fulfilled Diagnostic and Statistical Manual of Mental 
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Disorders (DSM) I11 criteria for organic mood disorders (74). Most of the affective disor- 
ders occurred within the first three days with 13/ 18 patients exhibiting mild manic symp- 
toms and 5/18 symptoms of mild to moderate depression. A number of other studies also 
found that corticosteroids cause a variety of mood disorders 3-5 days after starting, includ- 
ing euphoria, sadness, restlessness, and anxiety (75-77). For most of these studies, the 
first observational point was 3 days after initiation of steroids, and the onset of symptoms 
was not timed before that. In one study where mood was assessed 24 hr after 4 mg of 
dexamethasone was administered to healthy volunteers, subjects felt more “activated” 
and less fatigued (78). 

There appears to be a dose-response relationship for prednisone and acute psychiat- 
ric reactions. Among hospitalized patients, 1.3% experienced acute psychiatric reactions 
after receiving 5 40 mg daily prednisone, 4.6% of patients after receiving 41 to 80 mg 
prednisone, and 18% of patients who received >80 mg prednisone daily had acute psychi- 
atric side effects (79). There have been also reports of acute psychotic behavior after 
steroid administration. These severe reactions occur infrequently, 2% of patients in one 
study and less than 1% in another, and are more likely to occur within the first 5 days of 
treatment (77,79). 

Patients with chronic obstructive pulmonary disease (COPD) who received 30 mg 
of prednisone daily for 14 days had generalized improvement in mood states within 3 
days that was not associated with improvement in FEV, (80). It would be of interest in 
patients with acute asthma to determine if these mood-altering effects occur concomitantly 
with objective measures of asthma improvement. In an ED study of acutely ill asthmatics, 
admission rates and subjective symptoms significantly improved after IV steroids, but the 
improvement in FEV, did not reach significance (29). Whether the mood altering effect 
of steroids may have in part influenced the admission rates for this and other studies 
warrants further investigation. 

A number of other steroid-induced side effects have been noted. Although corticoste- 
roids are often used to treat allergic reactions, allergies to the steroids have been reported 
(81,82). Short courses of steroids of less than 5-7 days duration appear to pose little risk 
for infection, while patients treated for more than 3-4 weeks may be at higher risk (83,84). 
After treatment with prednisone or methylprednisolone followed by prednisone, stomach 
upset (45% of patients), facial flush (17%), sleep disturbance (49%), or weight gain (mean 
1 to 1.5% increase from baseline) is noted 4-15 days after initiation of treatment (77). 
The causal relationship between steroid use and the development of peptic ulcer or GI 
hemorrhage continues to be debated, although, if a relationship exists, the risk is probably 
small (85-89). 
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1. INTRODUCTION 

Since the time of the ancient Greeks, patients with “wheezing” disorders have been 
treated with the inhalation of various anticholinergic alkaloids. Patients were literally ad- 
vised to inhale smoke from the leaves of plants containing atropine or similar alkaloids 
(1) (see Chapter 1). Although popular for centuries, this form of therapy was largely 
abandoned with the advent of other classes of bronchodilators, such as P-agonists and 
methylxanthines. As these latter medications had more clearly defined therapeutic win- 
dows, and therefore fewer adverse effects, atropine and its derivatives were forgotten until 
the 1970s. At that time, there was a new understanding of the important role that the 
parasympathetic system played in maintaining airway tone. Additionally, synthetic 
quartenary anticholinergic compounds were developed, which were not systemically ab- 
sorbed and therefore did not result in serious adverse effects. 

As a result, academic interest in redefining the role of anticholinergic medications 
in treating obstructive airways disease emerged. The use of anticholinergic medication 
for patients with asthma and chronic obstructive pulmonary disease (COPD) has been 
extensively studied in many clinical trials. Although there is consensus that anticholiner- 
gics are first line medications for patients with COPD, either in the emergency department 
(ED) or for chronic therapy (2-7), their use in asthma has remained controversial (8). 

In the following discussion, we will review the current literature concerning the use 
of anticholinergics for asthma. 

A. Physiology 

Asthma is currently thought to be primarily an inflammatory disease that secondarily in- 
volves airway bronchoconstriction, edema, and mucus production. However, airway tone, 
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which is increased in asthma, is predominantly under the control of the parasympathetic 
(vagal) nerves, which cause contraction of smooth muscle when acetylcholine is released 
from motor nerve terminals (9). Thus, stimulation of the muscarinic receptors by acetyl- 
choline results in bronchconstriction and increased mucus production, the clinical hall- 
marks of asthma. 

Atropine and its related compounds effectively block acetylcholine at the receptor 
level. However, anticholinergics do not block the effect of other inflammatory mediators, 
such as histamine and the leukotrienes, and consequently do not have anti-inflammatory 
properties. Furthermore, to the extent that noncholinergic mechanisms are responsible for 
bronchoconstriction and mucus production, P-agonists may be more effective therapy for 
asthma. However, some degree of cholinergic bronchoconstriction is responsible for air- 
way narrowing in acute asthma, and therefore anticholinergics could be effective in pre- 
venting or reversing this component. Therefore, clinical investigations into the precise 
role of anticholinergic therapy in treating asthma has been a subject of much interest. 

B. Muscarinic Receptors 

Although as many as five distinct muscarinic receptors have been identified, it is currently 
believed that only three are involved in maintaining airway tone (10) (Figure 1). 

The MI receptor is found in autonomic ganglia and has high affinity for the musca- 
rinic antagonist, piperazine (1 1). MI receptors may be found in human cholinergic nerves 
in airways, but their role in maintaining airway tone is not yet defined, and the current 
available anticholinergics, such as ipratropium bromide, have little blocking effect on this 
receptor. 

The M2 receptors are present in the gut, and are located prejunctionally on the post- 
ganglionic parasympathetic nerves. M2 receptors are also found in human airway smooth 
muscle. They can inhibit acetylcholine release and it has been postulated that this may 
be due to a functional defect in these M2 receptors that would result in reflex cholinergic 
bronchoconstriction. Currently available anticholinergics are nonselective. Therefore, it 

Pa rasym pa t hetic Postganglionic Airway smooth 
ganglion cholinergic nerve muscle , 

M l  

AGONIST McN A-343 Pilocarpine 

ANTAGONIST Pirenzepine Gallamine 
Telenzeptne AF-OX 116 4-DAMP 

Me thoc tr am ine HHSiF 

Figure 1 Three subtypes of muscarinic receptor can be distinguished pharmacologi- 
cally: M,, M2, and M,. 4-DAMP = 4-diphenyl-acetoxy-N-methyl-piperidine methiodide. 
HHSiF = hexahydrosiladifenidol. (Adapted from Ref. 55.) 
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is possible that more acetylcholine could be released during cholinergic nerve stimulation 
(prejuctionally) and this might not be sufficient to overcome postjunctional blockade (M3 
receptor), resulting in less bronchodilatation (or possibly paradoxical bronchoconstriction) 
(10,ll). A more selective anticholinergic drug that is specific for the M3 receptor would 
theoretically avoid this problem. 

The M3 receptors are found in the walls of both large and small bronchial smooth 
muscles of airways and submucosal glands (10,ll) and are postjunctional. The develop- 
ment of new drugs that would be selective for the M3 receptor would be clinically impor- 
tant because they would be more potent and not result in paradoxical bronchoconstriction 
and other adverse effects that have occurred with nonselective blockade of M2 and M, 
receptors. One such drug, tiotropium bromide, is currently under investigation. In the 
future, more M3 selective drugs may provide more effective treatment of obstructive air- 
ways disease. 

PHARMACOLOGY 

The anticholinergic drugs are antagonists of acetylcholine and other muscarinic agonists. 
They block the muscarinic receptors mentioned above, and by altering cholinergic tone 
can result in bronchodilatation and decreased mucus production. 

Atropine, the prototypic agent, is a tertiary ammonium compound. It is available in 
several forms, the most common being 1% atropine sulfate. It is extracted from the night- 
shade plant. 

When given systemically, atropine’s usefulness as a bronchodilator is limited due 
to its well-known adverse effects including dry mouth, blurred vision, tachycardia, flushed 
skin, urinary retention, confusion, and delirium. In an attempt to limit these unpleasant 
and potentially serious adverse effects, several investigators nebulized atropine solution 
and delivered it locally to the airways. When inhaling atropine sulfate bronchodilating 
effects may be seen within 15 min and persist up to 4-6 hr. The adverse effects encoun- 
tered will depend on the route of administration and dose. Most have reported that 1 mg 
of atropine sulfate is well tolerated when nebulized (12). In a study by Karpel and col- 
leagues (13), nebulized atropine sulfate (3.2 mg nebulized twice at 30-min intervals; total 
6.4 mg) was administered to patients with acute asthma exacerbations in the ED. No 
serious adverse effects were noted, but the majority of the patients complained of dry 
mouth, blurred vision and/or headache (13). Furthermore, atropine is only available as a 
solution and requires a nebulizer to deliver the medication as there is no metered dose 
inhaler (MDI) available. 

To summarize, the major disadvantages of atropine sulfate are that: (1) it is rapidly 
absorbed from the bronchial tree when inhaled and so has the potential to cause significant 
systemic toxicity, (2) it is only available as a nebulizer solution, and (3) it is less potent 
than the synthetic anticholinergic compounds that have been developed or are under devel- 
opment. As such, atropine sulfate solution should no longer be used to treat obstructive 
airways disease. 

The synthetic anticholinergics that are currently available include ipratropium bro- 
mide, oxitropium bromide, atropine methonitrate, and glycopyrolate. Tiotropium bromide 
is a newer, longer-acting, more selective anticholinergic that is currently under investiga- 
tion. Additionally, Combivent, which is a combination of ipratropium bromide and, the 
P-agonist, albuterol, has recently been approved by the Food and Drug Administration 
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Table 1 Anticholinergics 

Drug Form 
Duration 

Dose (hr) 

Atropine sulfate N Sa 
lpratropium bromide NS 

Combivent (ipratropium MDI 
MDlb 

NS (not available bromide and albuterol) 
in U.S.) 

Atropine methonitrate NS 
Glycopyrronium bromide NS 
Oxitropium bromide MDI 

~ ~ 

0.025 mg/kg 6-8 
500 pg 4-6 
36- 120 pg 4-6 
36 pg of ipratropium 4-6 

bromide and 90 
pg albuterol sul- 
fate 

1.5 mg 6-10 
0.21-1.0 mg 6-12 
0.0-0.5 mg 8-10 

a Available as wet nebulizer solution. 
Available as metered-dose inhaler. 

(FDA) for the treatment of COPD. Only ipratropium is available as both an MDI and 
nebulizer solution. In the United States, the only FDA approved anticholinergic for the 
treatment of obstructive airways disease is ipratropium bromide. The dosages, duration 
of action, and formulations of these anticholinergics are noted in Table 1. 

Ipratropium bromide is the drug that has been the most widely studied for treatment 
of obstructive airways disease. When using the nebulizer solution, 500 pg (only 10-30% 
of which is actually delivered to the patient) appears to provide maximum bronchodilata- 
tion (Figure 2) while 2-4 puffs (36-72 pg) are recommended by most investigators when 
the drug is administered via MDI (14). We have given three puffs via an MDI and spacer 
to patients with COPD in the ED and found excellent results (5,6). The duration of action 
is approximately 6 hr. The time to peak bronchodilatation may be up to 90 min in patients 

c 
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Figure 2 Dose-response curve for nebulized ipratropium bromide in acute asthma. 
Values are mean 2 SEM. (Adapted from Ref. 4.) 
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with severe COPD, but effects as early as 15-30 min have been reported for patients with 
asthma (5,6,11). 

Adverse effects associated with the inhalation of ipratropium are clinically insig- 
nificant and rarely necessitate discontinuing the medication. However, when administering 
ipratropium with the MDI, patients should be warned not to spray into the eye, and, when 
using nebulizer solution, the face mask should fit tightly. This is to avoid the potential 
risk of precipitating glaucoma. Additionally, physicians should be aware of the extremely 
rare occurrence of paradoxical bronchoconstriction, which can worsen cough and symp- 
toms. As with any treatment, the medication should be discontinued if patients appear to 
worsen following treatment. 

Although the continuous use of P-agonists may result in tachyphylaxis, with a dimin- 
ished bronchodilator response, ipratropium bromide has not been reported to induce toler- 
ance at the receptor level. In long-term studies (90 days), the bronchodilator response 
appears to be well preserved for patients with COPD (4,15). 

In the upper respiratory tract, ipratropium can cause drying of the mucosa, with 
some nasal discomfort. Rarely, does this result in discontinuation of the medication. Al- 
though atropine itself can slow mucociliary clearance and depress ciliary beat frequency, 
ipratropium bromide does not alter lower airway mucus secretion, velocity, or viscosity 
(16). Importantly, it does not result in mucous plugging, which could potentially cause 
exacerbations of obstructive airways disease. 

Although it has been postulated that anticholinergic bronchodilators would predomi- 
nantly have their major effect on large airways while P-agonists would affect small, periph- 
eral airways, studies have not substantiated this finding when pulmonary function data is 
analyzed (FEV, compared to midflow rates) for patients with either acute exacerbations 
of COPD or asthma or when clinically stable (5,6,17). 

In conclusion, the inhaled synthetic anticholinergic compounds have predominantly 
local effects on the airways, with virtually no systemic adverse effects. They have a wide 
therapeutic margin, are extremely well tolerated, and are safe. 

111. CLINICAL EXPERIENCE 

Three types of clinical studies have been conducted with anticholinergic medications and 
asthma patients. These include provocative challenge studies, pulmonary function labora- 
tory studies with stable patients, and ED or hospital studies conducted during acute exacer- 
bations of asthma. 

A. Provocative Challenge Studies 

Anticholinergics are obviously very effective in blocking the deterioration in pulmonary 
function that would be induced by all types of cholinergic agents. In contrast, their effec- 
tiveness in blocking the bronchoconstrictor response to histamine, exercise, and various 
allergens has varied as addressed by different investigators (1 8). Of clinical interest, anti- 
cholinergics can be useful in reversing bronchospasm induced by beta-blockade (1 8). 

B. Stable Patients with Asthma 

The majority of these studies were performed by having patients withhold their routine 
bronchodilator medications and then inhaling anticholinergic drugs, P-agonists, or some 
combination of the two in the pulmonary function laboratory. 



374 Karpel and Nowak 

Early studies by Altouynan and Snow and coworkers compared isoproterenol and 
atropine and reported them to be equally effective bronchodilators, but atropine had a 
later peak onset and longer duration of action (19,20). Further studies comparing ipratro- 
pium bromide with isoproterenol reported equal bronchodilatation, but longer duration of 
action with ipratropium (21-23). One problem with some of these early studies, such as 
Altouynan, was that they did not differentiate between patients with COPD and asthma. 
As such, some of their findings may not be comparable to later studies, which clearly 
separate these different groups of patients. 

When comparing anticholinergics to more selective P-agonists in stable patients, 
two studies reported equivalent bronchodilatation of ipratropium and salbutamol (24,25). 
In contrast, several other studies found ipratropium to be a less effective bronchodilator 
than the selective P-agonists, but with a longer duration of action (21-23). 

The additive and/or synergistic effects of anticholinergics administered concurrently 
or sequentially with P-agonists has also been investigated (19-23,25,26). The majority 
of these have demonstrated either improvement in pulmonary function or greater dura- 
tion of action when combination therapy was used (19-23,25,26). Theoretically, the p- 
agonist provides rapid relief of airway obstruction while the anticholinergic increases the 
magnitude and/or duration of the bronchodilator response. 

Areas of continuing controversy include whether or not older patients with more 
fixed airway obstruction respond better to anticholingerics, whether atopic individuals 
respond differently, and whether the degree of airway obstruction correlates with anticho- 
linergic responsiveness ( 19,26,27). 

Consensus among investigators has been that anticholinergics are not as effective 
bronchodilators for chronic asthma as P-agonists and should not be used alone to treat 
chronic asthma. Specific recommendations concerning chronic asthma therapy and anti- 
cholinergic drugs are the following: anti-inflammatory medications, usually inhaled corti- 
costeroids, are first line medications, while P-agonists are to be used on an as needed 
basis (28). In a stepwise fashion, if symptoms are not controlled, pulmonary function 
remains abnormal, or the patient is requiring systemic corticosteroids, then a trial of anti- 
cholinergic medication could be initiated as a third step or as a fourth step following other 
drugs, such a long-acting P-agonist, theophylline, or cromolyn sodium. We recommend 
following pulmonary function [home peak expiratory flow rates (PEFRs) and spirometry] 
along with the patient’s asthma symptoms to document the efficacy of the anticholinergic. 
If there is no improvement, the anticholinergic should be discontinued, as it adds additional 
complexity and expense to the patient’s asthma regimen. 

C. Acute Exacerbations 

Although increased vagal tone plays an important role in acute exacerbations of asthma, 
and theoretically anticholinergic medications should be quite effective in treating the asso- 
ciated bronchospasm, the results of numerous clinical studies have yielded conflicting 
results. 

Initially, investigators compared anticholinergic medications directly to P-agonists 
for the acute treatment of asthma, and the majority found the P-agonist to be superior 
(8,13,14,17,29-33). In an ED study by Karpel et al., high-dose atropine sulfate (6.4 mg) 
was not as effective a bronchodilator as metaproterenol sulfate (30 mg) when administered 
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Figure 3 Changes in FEV, (mean 2 SEM) versus time from baseline after initial treat- 
ment with nebulized AS (6.4 mg) or nebulized MP (30 mg) for phase 1 and after cross- 
over (phase 2) with AS (3.2 mg) or MP (15 mg). Asterisks indicate significant differ- 
ences between the groups (p < 0.05). (Adapted from Ref. 13.) 

by wet nebulizer solution (Figure 3) to patients with moderate to severe airway obstruction 
(1 3). In fact, 40% of the patients did not respond to atropine, whereas all responded and 
improved their flow rates after inhaling metaproterenol ( 13). Furthermore, we did not 
demonstrate any synergy after the sequential administration of the two drugs. 

In six additional studies comparing a P-agonist to ipratropium bromide alone, all 
but one found that the P-agonist produced superior bronchodilatation to ipratropium 
(14,17,29-32). Additionally, ipratropium had a slower onset of action. The one study that 
differed found that 0.5 mg of ipratropium resulted in equivalent bronchodilatation to 10 
mg salbutamol (14). 

In a meta-analysis by Ward (Figure 4) analyzing the same six studies, he concluded 
that the P-agonist produced significantly more bronchodilatation than ipratropium alone. 
The effect size was 0.28 with 95% confidence interval (CI) of +0.28 to +OS4 (8). 

Although anticholinergics may result in bronchodilatation in some patients with 
acute asthma, they should not be used alone. They are clearly not superior bronchodilators 
to traditional P-agonists. 

Given these findings, investigators questioned whether there might be synergistic 
actions when concurrently administering an anticholinergic with a P-agonist to patients 
experiencing acute exacerbations of asthma. This led to nine initial clinical trials compar- 
ing ipratropium bromide and a P-agonist to P-agonist alone ( 14,17,29-35). 

Two separate meta-analyses analyzed these clinical trials and both found a small 
advantage to combination therapy (8,33). Higggins and coworkers reported the results of 
their own clinical trial, which found no difference in response to either nebulized salbuta- 
mol alone or salbutamol and ipratropium (33). However, they also defined acceptable 
clinical responses and found that more patients responded to combination therapy than to 
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Figure 4 Diagram showing the effect size and its 95% confidence interval for studies 
comparing ipratropium with a P,-agonist in acute severe asthma. The pooled result 
is also shown. Reference numbers are given on the right. (Adapted from Ref. 8.) 

salbutamol alone. When they performed a meta-analysis that included their study and 
several others, they reported a 12.5% improvement in pulmonary function for combination 
therapy versus P-agonist alone (33). 

Ward performed a later meta-analysis (Figure 5 )  and again reported a statistically 
significant, but clinically small, advantage for combination therapy when treating acute 
exacerbations of asthma (8). He suggested that combination therapy with ipratropium and 
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Figure 5 Diagram showing the effect size and its 95% confidence interval for studies 
comparing ipratropium and a P,-agonist alone. The pooled result is also shown. Refer- 
ence numbers are given on the right. (Adapted from Ref. 8.) 



A n tic h oline rg ics 377 

P-agonist conferred an additional 0.55 standard deviation units (PEFR or FEVI) compared 
to P-agonist alone (8). This represented an additional mean increase in PEFR of approxi- 
mately 44 L/min during the various ED studies for a duration of up to 4 hr. 

Two studies also have demonstrated that for patients with severe airways obstruction 
as defined by FEVl < 1 .O L or PEFR < 140 L/min, combination therapy with ipratropium 
and salbutamol or fenoterol resulted in greater improvement than the P-agonist adminis- 
tered alone (14,34). The mean increase in FEVl was 55.6% for combination therapy vs. 
38.9% with fenoterol alone (14). Both of these studies involved small numbers of patients. 

The study by Ward et al. that demonstrated an advantage for combination therapy 
(salbutamol 10 mg and ipratropium 0.5 mg) also showed that patients experienced less 
adverse effects (specifically tachycardia and tremor) compared to high-dose salbutamol 
alone (20 mg) (14). 

In both COPD and asthma, the inhalation of an anticholinergic drug has not been 
associated with oxygen desaturation as has been demonstrated for P-agonists (5). The 
explanation(s) and the clinical significance of this finding remains unexplained. 

As the results of these meta-analyses showed only small, but statistically significant 
benefits for combination therapy compared to P-agonist alone, there still remained an 
important issue as to whether combination therapy is truly advantageous or of real clinical 
benefit. To address this issue, three recent clinical trials have been performed comparing 
ipratropium bromide and albuterol (Combivent) to albuterol alone (36-38). 

The first of these to be published was performed in three university-affiliated hospi- 
tals, including our own (36): 380 patients presenting to the ED with acute exacerbations 
of asthma were randomized to receive either 3 mL of nebulized 0.02% ipratropium bro- 
mide (2.5 mL) and 0.5% albuterol (0.5 mL) or 0.5% albuterol (0.5 mL) and 2.5 mL of 
normal saline. Patients received initial treatment at entry into the study and at 45 min 
following the first treatment. The two groups of patients began the study with similar 
pulmonary function (initial FEV, was approximately 1.22 and 1.25 L, respectively), asthma 
medications, and other demographics. There was no significant difference in improvement 
in FEVl at the end of the 90-min study between the groups treated with combination 
therapy versus albuterol alone (Figure 6). 

Additionally, when data were analyzed by subdividing both treatment groups into 
those patients with FEVl greater than 1 .O L and 1 .O L or less, no advantage for combination 
therapy could be demonstrated even among the most obstructed patients. This was in 
contrast to the two studies mentioned above (37,38). 

A positive finding was that at 45 min, the proportion of responders, as defined as 
those patients with a 15% improvement in FEV1 above initial baseline, was significantly 
greater for the group receiving combination therapy compared to albuterol alone (85% 
vs. 78%, respectively). At 90 min, this difference was no longer significant. There was 
also no significant difference in the number of patients requiring additional therapy in the 
ED or hospitalization. Thus, in this population of inner city asthmatics, no additive benefit 
could be demonstrated for combination therapy. 

Two other publications have also investigated this issue. While the Canadian Combi- 
vent Study confirmed our findings, the New Zealand Combivent Study favored combina- 
tion therapy with albuterol and ipratropium (37,38). The study design of the latter two 
studies differed from ours, as all the patients received hydrocortisone during the study, and 
only one treatment with albuterol or albuterol and ipratropium was administered during the 
study. 

In an effort to reconcile the differences in these data, a pooled analysis of all 1064 
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Figure 6 The median change from baseline FEV, at 45 min following the first dose 
and 45 min following the second dose of nebulized ipratropium and albuterol (IB/A) 
or albuterol and saline solution (A/P). (Adapted from Ref. 36.) 

patients with acute asthma enrolled in these three trials is being conducted. The data 
suggest a trend for improved pulmonary function (47 mL mean improvement in FEV, from 
initial baseline, 95% confidence interval = -28,122) with the combination of ipratropium 
bromide and albuterol compared to albuterol alone (39). The difference in the proportion 
of patients having at least a 20% improvement in FEV, was 7.4% (p = 0.02) in favor of 
combination therapy. Patients receiving combination therapy also had 17% lower risk of 
relapse with hospitalizaton 24 hr after treatment (relative risk = 0.83, 95% confidence 
interval = 0.63, 1.1). Interestingly, a subgroup of patients with recent history of upper 
respiratory infection appeared to have an even greater improvement in FEV, with combina- 
tion therapy (130 mL; p = 0.02) (39). 

In conclusion, when treating adult patients with acute exacerbations of asthma in 
the ED, combination bronchodilator therapy with a P-agonist and ipratropium bromide 
may confer a small improvement in pulmonary function and other secondary outcomes 
compared to monotherapy with a P-agonist alone. In this age of cost-effective care, the 
cost of combination therapy should be factored into the decision to treat patients with 
acute asthma with combination therapy. Pulmonary function should be monitored in the 
ED, and if the patient is not responding to combination therapy, then P-agonist treatment 
alone might be continued. Additionally, systemic corticosteroids should be started early 
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for any patients responding poorly to either P-agonists or combination therapy. Previous 
studies have targeted this group of nonresponders as those asthmatics most likely to require 
systemic steroids, more frequent P-agonist treatments, and hospitalization (40-42). 

Finally, the National Asthma Education and Prevention Program (NAEPP) Expert 
Panel Report I1 (1 997) has stated that ipratropium bromide may provide some additive 
benefit to inhaled P-agonists in severe asthma exacerbations and may be considered an 
alternative bronchodilator for patients who do not tolerate inhaled P-agonists. These rec- 
ommendations for the use of inhaled anticholinergic medication as “quick relief” bron- 
chodilators is new compared to the original 1991 guidelines. 

IV. PEDlATRlC ASTHMA AND ANTICHOLINERGICS 

As with the adult population, ipratropium bromide has been found to be quite safe for 
pediatric patients. However, several investigators have demonstrated the optimal dose to 
be 250 pg of ipratropium bromide (43-45). Ipratropium can be administered either as a 
nebulized solution or with an MDI attached to a holding chamber or spacer device. For 
infants, the holding chamber can be fitted with a face mask for ease of administration. 

The majority of studies in children have compared combination therapy with ipra- 
tropium bromide and a P-agonist to P-agonists alone. Beck and coworkers studied 25 
children age 6 or older with initial FEV, less than 50% predicted and demonstrated that 
adding ipratropium bromide 60 min after initial treatment with salbutamol resulted in 
additional improvement compared to those children given placebo and additional salbuta- 
mol (45). 

In a similar population of asthmatic children presenting to the ED with FEVl less 
than 50% predicted, Reisman and coworkers compared treatment with the combination 
of salbutamol and ipratropium and salbutamol alone administered at entry, 40, and 80 
min. They found superior bronchodilation with combination therapy compared to salbuta- 
mol alone (46). 

In a more recent ED study by Schuh and coworkers, 120 children ages 5- 17 years 
old with FEVl < 50% predicted normal were treated with either three doses of nebulized 
ipratropium (250 p/dose within 60 min), one dose of ipratropium at 60 min or placebo. 
All of the patients received three doses of nebulized albuterol(O.15 mg/kg per dose) within 
60 min (47). The study demonstrated that repeated doses of ipratropium added to albuterol 
resulted in significantly greater bronchodilation than did albuterol alone (48). This was 
amplified further in patients with FEV, < 30% predicted normal. Additionally, for those 
patients with FEVl < 30% predicted normal, the number of patients hospitalized was 
reduced in the high-dose ipratropium and albuterol group compared to albuterol alone 
(48). The authors concluded that the combination of high-dose albuterol and repeated 
doses of ipratropium bromide for pediatric patients with acute severe was superior to 
treatment with albuterol alone. No significant adverse effects were associated with the 
ipratropium therapy. 

Of note, two dissenting studies found no benefit from combination therapy (48,49). 
The study designs of these investigations have been questioned, and the majority of opin- 
ion supports the use of combination therapy for pediatric patients with acute asthma. One 
could postulate that pediatric patients have significantly more cholinergic tone during acute 
attacks of asthma than do adult asthmatics. This might possibly explain the different re- 
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sponse to anticholinergic medications between these two groups of patients with acute 
asthma. 

V. CHRONIC PEDlATRlC ASTHMA 

As with adult asthmatics, studies with asthmatic children have yielded conflicting results 
concerning the role of anticholinergics in chronic therapy. Although some studies have 
not documented any benefit to adding ipratropium to regimens of inhaled corticosteroids, 
P-agonists, and theophyllines, one study did suggest a longer duration of bronchodilator 
effect (50-53). The recommendations from a consensus committee concerning anticholin- 
ergic therapy and chronic pediatric asthma were that ipratropium bromide could be added 
as a third-line medication when additional bronchodilatation was required or when maxi- 
mum bronchodilatation could not be achieved with P-agonists without adverse effects 
(54). 

VI . CONCLUSIONS 

Although anticholinergic medications are the oldest form of pharmacological therapy for 
treating obstructive airways disease, its role in asthma therapy remains controversial. Prac- 
tical suggestions concerning the use of this class of medications are as follows. First, 
nebulized atropine sulfate should no longer be used as the anticholinergic of first choice, 
as i t  is easily absorbed from the bronchial tree and has the potential for greater systemic 
toxicity. It is also less potent than the newer, synthetic compounds. Ipratropium bromide, 
which is available either as an MDI or nebulizer solution, is the only anticholinergic 
currently approved by the FDA for the treatment of obstructive airways disease and is 
therefore the drug of choice in the United States. In other countries, oxitropium bromide 
is commonly used. 

When treating adult patients with acute asthma, anticholinergics should not be used 
alone, as P-agonists have clearly been proven to be the superior bronchodilator. Should a 
patient be unable to tolerate P-agonists due to adverse effects, then a trial of anticholinergic 
therapy should be considered with pulmonary function monitoring to demonstrate signifi- 
cant bronchodilator response. 

For adult patients with acute asthma, combination therapy with ipratropium bromide 
and albuterol produces a small trend towards superior improvements in pulmonary func- 
tion and other important secondary outcomes compared to P-agonists alone (39). As there 
are no significant adverse effects associated with combination therapy, patients presenting 
to the ED with acute asthma may safely be treated with combination therapy. The true 
clinical benefit of combination therapy remains to be defined. 

In contrast to adults, pediatric patients appear to obtain significant benefit from com- 
bination therapy, as reflected in improved flow rates and reduced hospitalizations. 

Future directions in anticholinergic therapy include the development of newer, more 
potent drugs, which may prove to be more effective bronchodilators. As clinical investiga- 
tion continues to refine the role of these medications for asthma therapy, recommendations 
concerning the acute (and chronic) management of asthma may change. At present, we 
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can fairly state that anticholinergics are efficacious and safe adjuncts to asthma therapy 
for both adult and pediatric patients. 
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Magnesium 

Robert Silverman 
Albert Einstein College of Medicine, Brow, and Long Island Jewish Medical Center, New 
Hyde Park, New York 

1. 

The increasing morbidity associated with asthma has focused attention on methods to 
improve treatment of the acutely ill emergency department (ED) patient. Hospitalization 
of patients with asthma is common with approximately 20% of adults presenting to the 
ED with acute episodes requiring admission (see Chapter 5) .  In addition asthmatics with 
especially severe airway compromise may require intensive care unit (ICU) admission or 
endotracheal intubation. The present mainstay of treatment in the ED consists of P-agonists 
and systemic steroids, although steroids may take a number of hours or longer to improve 
pulmonary function. The clinician is constantly searching for additional treatments that 
will improve the patient’s condition, prevent hospitalization, or further clinical deteriora- 
tion. Magnesium is an agent that has clinical promise as an adjunct to standard care in 
the acutely ill patient. 

PHARMACOLOGY 

A. Background 

Magnesium, the second most common cation found in intracellular fluid and the fourth 
most common cation in the human body, has many important metabolic roles in humans 
(1). The majority of the estimated 21-28 g (approximately 2000 mEq) total body magne- 
sium is found in the bones and muscle, with an estimated 1% found in the extracellular 
space (1,2), Serum magnesium is 32% protein bound, 13% complexed to anions, and 55% 
found in the free ionized or diffusible form (3). Magnesium is absorbed primarily in the 
small intestine, and gastrointestinal absorption is in part dependent on the amount of mag- 
nesium in the diet as well as total body stores. Magnesium excretion is primarily regulated 
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by the kidney. The kidney retains magnesium in the presence of deficiency by increasing 
tubular reabsorption. High serum levels of magnesium are difficult to sustain in the pres- 
ence of normal renal function, since renal excretion increases in proportion to the amount 
filtered through the kidney ( I ) .  

Intracellular magnesium is a crucial cofactor in many cellular enzymatic reactions 
including those involving the production and utilization of ATP. Biological processes as 
diverse as glycolysis, deoxyribonucleic acid (DNA) transcription, and protein synthesis 
require magnesium. In addition to acting as a enzymatic cofactor for energy producing 
reactions, magnesium influences nerve conduction, maintains the integrity of cell mem- 
branes, and helps to operate cellular transport channels. 

B. Proposed Mechanisms of Action in Asthma 

The clinical manifestations of asthma are the results of inflammatory mediators acting on 
cells in the airway, neural transmission, and smooth muscle constriction (see Chapters 3 
and 4). A variety of experimental evidence offers explanation for the potential benefits of 
magnesium in the treatment of asthma. Magnesium causes relaxation of bronchial smooth 
muscle in vitro (4). Magnesium has been found to decrease the amount of neurotransmitter 
released at motor nerve terminals, diminish the depolarizing action of acetylcholine at the 
neuromuscular end plate, and depress excitability of smooth muscle membranes ( 5 ) .  There 
is evidence that prostaglandin mediated smooth muscle contraction is magnesium depen- 
dent (6). In neutrophils taken from patients with asthma, magnesium decreases superoxide 
radical production, suggesting a possible anti-inflammatory effect (7). Magnesium is nec- 
essary for the binding of the P-agonist/receptor complex with GS protein, a step that leads 
to activation of adenyl cyclase and smooth muscle relaxation (8,9). Increasing concentra- 
tions of magnesium in vitro has also been found to overcome P-adrenergic desensitization 
of lymphocytes, suggesting a complimentary role of P-agonists and magnesium ( 10). This 
may have clinical importance given the decrease in serum magnesium noted after treatment 
with P-agonists ( 1  I ) ,  as well as the common finding of magnesium deficiency in patients 
with asthma (35). 

Any consideration of the role of magnesium in pulmonary health or illness must 
also consider the important role of calcium (12,13). Calcium is a cation essential for 
smooth muscle contraction by binding to calmodulin and activating myosin light chain 
kinase. Reactions involving inflammatory pathways, mast cell release of histamine, nerve 
impulse initiation, and conduction of vagal fibers are also calcium dependent ( 13). Magne- 
sium plays an important role in the regulation of calcium. At the cellular level, magnesium 
may act as a calcium antagonist by influencing the movement of calcium across the cell 
membrane. Magnesium limits calcium bioavailability by causing a redistribution of cal- 
cium within the sarcolemma ( 14,l5). In smooth muscle, magnesium may also compete 
with calcium for nonspecific binding sites and therefore limit maximal tension ( 1  6). 

111. CLINICAL EXPERIENCE IN ASTHMA 

In 19 12, Trendelenberg noted that magnesium caused relaxation of isolated cow bronchial 
smooth muscle. It was not until 1936 that magnesium was first reported as a potential 
treatment for asthma (17). A patient hospitalized with severe acute illness was not re- 
sponding to the commonly used therapies of the time, including belladonna and epineph- 
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rine. After the patient’s condition further worsened and shaking of the extremities started, 
magnesium sulfate was given as a treatment for presumed seizures. Shortly after magne- 
sium was injected, the patient’s respiratory condition markedly improved. In 1940, Haury 
also reported two hospitalized patients whose asthma was worsening despite epinephrine 
therapy ( 18). After a dose of intravenous (IV) and intramuscular (IM) magnesium sulfate. 
the respiratory symptoms ‘ ‘immediately” improved. 

For many years there was little further mention of magnesium in the literature, possi- 
bly as a result of the widespread use of bronchodilators, such as adrenergic agents and 
aminophylline. The next reports of magnesium as a treatment for asthma came in 1987 
when Okayama and colleagues found intravenous magnesium to transiently improve pul- 
monary function in 10 asthmatics presenting to an outpatient clinic with moderate obstruc- 
tion (19). Rolla in 1988 noted a transient bronchodilating effect of MgSO, in a crossover 
study of 10 outpatients with asthma (20). Noppen and colleagues in 1989 found 3 grams 
of MgSO, produced bronchodilatation in hospitalized patients with asthma and the effects 
were additive to P-agonist treatment (2 1). A number of case reports subsequently reported 
magnesium prevented intubation in severely ill ED patients (22,23). 

The first placebo controlled trial of patients with acute bronchospasm was performed 
in 1989, when Skobeloff and colleagues studied 38 ED patients with moderate to severe 
asthma (24). After a treatment period that included P-agonists and steroids, patients were 
given 1.2 gm MgSOj or placebo and observed for 45 min. Patients receiving magnesium 
had significant improvements of peak flow and had a reduction in admission rates. Green 
and Rothrock conducted a larger trial in which 120 ED patients with airway obstruction, 
ranging from mild to severe, were given 2 g MgSOJ or placebo as part of a treatment 
protocol (25). In this single-blinded study, no improvements in pulmonary function or 
admission rates were seen in the magnesium group. Tiffany and colleagues randomized 
48 ED patients into one of three treatment groups that included either placebo, 2 g magne- 
sium, or 2 g MgSO, with a 4 hr infusion and found that magnesium was not beneficial 
(26). Of interest, there was a trend toward improved pulmonary function in patients with 
lower initial FEV, (personal communication, Brian Tiffany, 1998). 

In 1994, Bloch and colleagues studied 145 acutely ill ED asthmatics with an FEV, 
< 75% of predicted both before and after a single P-agonist treatment was administered 
(27). Two grams MgSOj were given as part of a 4-hr standardized treatment protocol. 
Overall, magnesium did not change FEV, or admission rates (Figure 1). When the 35 
patients with severe asthma, defined as an initial FEV, < 25% predicted, were analyzed 
separately, this group had significant improvement in pulmonary function as well as de- 
creased admissions (Figure l). These results suggested that magnesium was effective only 
in patients with acute severe asthma and helped to explain some of the conflicting data 
found previously. 

A study to validate the observations that patients with severe pulmonary obstruction 
respond to magnesium was recently completed (28). In a multicenter clinical trial, 245 
patients with acute severe asthma, defined as an FEV, < 30% predicted on ED arrival, 
were given 2 g MgSOJ or placebo as part of a standardized assessment and treatment 
protocol. In this 4-hr protocol, which included early administration of IV steroids and 
frequent administration of nebulized P-agonists, improvements in FEVl were noted at all 
time points following the infusion of magnesium. At 4 hr. patients who received magne- 
sium had an FEV, of 49% predicted versus 43% in those receiving placebo (p = 0.017). 

When the data were further stratified, the greatest improvements in pulmonary 
function were found in the patients with an initial FEVl < 25% predicted, similar to the 
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Figure 1 FEV,, percent predicted as a function of time, where time 0 is ED arrival 
and magnesium or placebo is given at 30 min. Albuterol is given at 0,30, 60, 120, and 
180 min. Steroids were also administered (27). (a) All patients; (b) severe = patients 
with FEV, less than 25% of predicted at time 0; and (c) moderate = patients with FEV, 
25-75% of predicted at time 0. Results are expressed as mean t SEM. (From Ref. 27.) 

study by Bloch et al. Among the 90 patients with an initial FEV, between 25 and 30% 
predicted, very little improvement in pulmonary function was noted. Only patients with 
an FEVl < 25% predicted had significant improvements in FEV1, and further analysis 
revealed that the lower the baseline FEVl the greater the improvement in pulmonary func- 
tion. This further confirmed the hypothesis that patients with the most compromised pul- 
monary function were more likely to respond to magnesium. 

Several observations can be made from the literature. Magnesium is a bronchodilator 
as demonstrated by the immediate improvement in pulmonary function when used as the 
sole agent. However, when used as part of a treatment protocol in patients with acute episodes, 
clinical benefit is demonstrated only in patients with severe illness as defined by pulmonary 
function testing. Two grams of magnesium sulfate does not appear to improve pulmonary 
function when given with P-agonists in patients with mild to moderate asthma episodes. 

Among severely ill patients there is an overall improvement in pulmonary function, 
which is greater in patients with the lowest FEVI. Even among the more severely ill, some 
will respond better than others, and some patients do not respond at all to magnesium. 
This individual variability in response to magnesium may be related to the mechanisms 
of action of magnesium or the fact that significant airway swelling and mucous plugging 
limits the rapidity of improvement. 

Based on the current literature, magnesium should not be viewed as a “magic bul- 
let” but as an agent that has potential benefit to some patients with severe acute asthma. 

IV. INHALED MAGNESIUM 

The use of nebulized MgS04 as a therapy has been studied. Pretreatment with MgS0,- 
attenuated histamine or methacholine-induced bronchospasm in stable asthmatics (29- 
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31). Another study, however, found doses of 3 mL MgS04 (268 mmol/L) had a minimal 
effect on reversing methacholine induced bronchospasm. Yet another study of stable asth- 
matics found that inhaled doses ranging from 90 to 360 mg MgSO, did not cause bronchod- 
ilation (32,33). It is not clear why magnesium was not uniformly effective in preventing 
bronchospasm given the clinical evidence that magnesium is a bronchodilator when given 
intravenously. As there have not been adequate clinical trials in acutely ill patients, MgSOj 
cannot presently be recommended for inhaled use. 

V. USE FOR COPD 

In a placebo-controlled study of patients with chronic obstructive pulmonary disease 
(COPD), 1.2 g MgS04 was found to improve pulmonary function during acute exacerba- 
tions when the initial peak expiratory flow rate (PEFR) was less than 250 L/min (34). 
The magnesium infusion was not given at the same time as the albuterol treatment in this 
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study. and therefore it is not known whether patients would have had the same benefit 
from magnesium had they received simultaneous treatment with P-agonists. 

VI. SERUM LEVELS 

I t  is not known whether the benefits of magnesium are due to replacement of deficient 
stores, a direct pharmacological effect, or both. In the study that evaluated magnesium 
efficacy in patients with severe asthma, serum levels did not predict response to treatment 
(28). However, it should be pointed out that determining magnesium deficiency is difficult, 
since serum levels may not reflect intracellular or total body stores, and a patient with a 
normal serum level may actually be magnesium deficient (1). One study that measured 
intracellular magnesium levels found that patients with asthma are more likely to be mag- 
nesium deficient (35). Another investigation that measured total body stores of magnesium 
in stable asthmatics, using intravenous magnesium infusions, found that magnesium defi- 
ciency was common in mild asthmatics, although the prevalence did not differ from the 
healthy controls (36). 

VII. WHO SHOULD RECEIVE MAGNESIUM? 

Patients with acute severe airway obstruction, specifically when FEVl < 25% predicted on 
ED arrival, should receive magnesium. It is possible that other indices of disease severity, 
including poor response to multiple P-agonist treatments, may also predict response to 
magnesium, but this has not been well studied. Since the patients clinical appearance may 
not be indicative of the degree of airway obstruction, the peak flow or FEVl should be 
measured on arrival to the ED, and magnesium administered to those with severe obstruc- 
tion (see Chapter 14). If peak flow or FEVl cannot be obtained, and clinical signs of severe 
obstruction are present, then the patient should also be considered for magnesium. Without 
performing objective measures of air movement and only relying on clinical assessment, 
some patients with severe obstruction will not receive magnesium when they may possibly 
benefit. Likewise, many other patients with less severe airway obstruction but who appear 
to be uncomfortable will receive magnesium and probably have no clinical improvement. 

VIII. HOW SHOULD IT BE GIVEN AND AT WHAT 
DOSE? 

The only clinical trials that demonstrate efficacy used doses of 1.2 or 2.0 g magnesium 
sulfate, with the greatest number of patients having been enrolled in protocols that used 
2.0 g. The rates of infusion studied varied from 10 to 20 min and the MgSOJ was adminis- 
tered in 50-100 cc of NS or D5W. A dose-response curve in the acutely ill population 
has not been performed, and the optimal dose is not known. It is also unknown whether 
repeat doses or constant infusions are beneficial in selected populations. The recommenda- 
tions are to administer 2 g of MgSOJ in 50-100 mL D5W or NS over 10 min. 
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IX. SIDE EFFECTS OF MAGNESIUM 

The downside of administering magnesium is usually limited to the time, additional costs, 
and discomfort to the patient of intravenous cannula placement. Relatively minor side 
effects of magnesium infusions are common and include flushing, lethargy, nausea, and 
burning at the site of IV infusion. There are two cases in the literature of patients who 
developed urticaria during the infusion of magnesium (37). The rash resolved soon after 
the magnesium was discontinued. It is not clear whether it  was the magnesium compound 
that caused these reactions or a carrier used in the preparation of the solution. Serious 
side effects in the healthy population are rare when 2 g magnesium are administered over 
5-10 min or longer and have not been reported in any of the clinical trials. 

Hypermagnesemia may cause serious neuromuscular, central nervous system, and 
cardiac complications. Normal serum levels are between 1.5 and 2.5 mEq/L. At serum 
levels of 7- 10 mEq/L, deep tendon reflexes are lost, hypotension may occur, and lethargy 
or stupor can be noted. With serum levels of 12-15 mEq/L or higher, respiratory paralysis 
and malignant arrhthymias can appear, and death has been reported at levels of 15-25 
mEq/L (1,323). High doses of magnesium when given rapidly are more likely to cause 
respiratory failure or cardiac arrest than an overdose involving a slow infusion. 

There have been anecdotal reports of patients with extremely severe asthma quickly 
improving when rapid “boluses” of magnesium sulfate are given (39). Caution when 
infusing magnesium too rapidly is warranted, as it has been the experience of the writer 
that some patients will develop a transient sensation of extreme fatigue or faintness when 
even 2 g of magnesium are given over 2-3 min. These symptoms will rapidly resolve, 
although in a severe asthmatic it can sometimes be difficult to distinguish them from 
impending respiratory failure. Another note of caution is warranted for patients with renal 
failure and pre-existing hypermagnesemia, as parenterally administered magnesium is ex- 
creted almost exclusively by the kidneys. 

X. UNANSWERED QUESTIONS 

A number of important questions regarding the use of magnesium remain unanswered. 
These include the optimal dose, speed of administration, use as a continuous infusion, or 
the benefits of treatment with repeated doses. To date there have not been any dose- 
response studies performed in patients with acute illness. Patients with more moderate 
illness did not benefit from 2 g of magnesium, and perhaps a different dose would provide 
benefit. Reasons why magnesium appears to be most beneficial in patients with more 
severe illness need to be understood. Importantly the variables that will allow the clinician 
to determine which patients truly benefit from magnesium needs to be further investigated. 
A greater understanding of the therapeutic actions of magnesium will help to identify 
patients most likely to benefit. 

There have not been any studies evaluating the role of magnesium in preventing 
endotracheal intubation or decreasing the time on a respirator. The use of magnesium in 
hospitalized patients to improve pulmonary function and decrease length of stay should 
be considered. Studies evaluating the potential use as an inhalant in the severely ill patient 
also need to be done, although determining the appropriate doses to test also poses a 
difficult challenge. 
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XI. SUMMARY 

Magnesium sulfate appears to benefit asthmatic patients with acute, severe airway compro- 
mise. The lower the FEV1, the greater the improvement. Magnesium has not been shown 
to improve pulmonary function in patients with more moderate disease when used as an 
adjunct to standard therapy of P-agonists and steroids. It is possible that magnesium will 
show benefit when other markers are used, such as lack of response to aggressive bron- 
chodilator therapy, but this has not been well studied. Given the low risks associated with 
intravenous magnesium therapy and the potential benefit in the sickest population, its use 
should be strongly considered in patients with acute severe asthma. 
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Acute severe asthma (ASA) is characterized by severe bronchospasm refractory to the 
usual outpatient treatment. “Status asthmaticus” is generally used in reference to those 
episodes in which the degree of airflow obstruction is severe and not relieved by aggressive 
therapy within 30-60 min (1). The discussion of the standard therapy of acute asthma 
occurs in Chapters 18 and 19. This chapter concerns treatment of ASA and “refractory 
status asthmaticus,” a term generally reserved for those cases in which the patient’s condi- 
tion further deteriorates despite aggressive pharmacological interventions. Approximately 
5-10% of the general asthmatic population will experience an episode of status asthma- 
ticus at some point (2). Of those who require intubation and admission to an intensive 
care unit (ICU), the mortality rates can approach 10-20% (3) .  Increases in the general 
prevalence of asthma have been recognized with a corresponding increase in cases of 
ASA, refractory asthma, and asthma deaths (4). Most asthma deaths are due to underrecog- 
nition and poor patient education, but some are also due to undertreatment in the acute 
setting ( 5 ) .  

The natural history of ASA symptoms varies from hours to weeks. Generally there 
are two types of ASA; type I, or slow-onset asthma; and type 11, or sudden-onset asthma. 
Sudden narrowing of the airways with mucus plugging appears to be a feature of the 
type I1 group (6). The more common presentation is type I, i.e., a gradual deterioration 
superimposed on a background of relatively chronic and poorly controlled asthma. Though 
less common, type I1 is the relatively more dangerous group. 

This chapter will review the evaluation of a patient with ASA and discuss the man- 
agement strategies for adults with ASA up to the point of intubation. Two points deserve 
early and repeated emphasis. First, initiating therapy should not wait until the evaluation is 
completed. Patient assessment and initial interventions should occur concurrently. Second, 
these patients can be extremely ill and can suddenly deteriorate. The management strategy 
should start with standard therapies initiated in all patients with ASA. Those who do not 

395 



396 Panacek and Pollack 

Table 1 The Therapy of Acute Severe Asthma 

I. Routine Care 
Inhaled P2-agonists at continuous or high doses 

e.g., albuterol (5-15 mg/hr) 
Early steroid administration (PO, IM, or IV) 

e.g., prednisone (260 mg, or equivalent) 
Inhaled anticholinergics 

e.g., ipratroprium (0.5-1 .O mg) 
I I .  Second-Line Therapies 

Magnesium 
Aminophylline 
Systemic catecholamines 

I l l .  Third-Line Therapies 
Heliox 
Ketamine 
CPAP/BLPAP 

quickly respond to those therapies or who deteriorate should have second-line therapies 
added. However, some patients simply will not respond to the first-line or second-line 
interventions. In such cases, there should be a fallback plan to try to prevent the need for 
intubation, or even patient death. Which of the “third-line options” preferred as the fall- 
back plan will depend on individual physician experience, combined with the constraints 
existent within an individual institution. Discussion of management strategies in this chap- 
ter are organized along these lines (Table 1). 

1. PATIENT ASSESSMENT 

There is usually little doubt about the clinical diagnosis of acute severe asthma. These 
patients generally carry an established diagnosis of asthma and have already tried their 
regular treatment before presenting to the emergency department (ED) or other acute care 
setting. The patient is usually sitting upright, profusely diaphoretic, with obvious and 
marked respiratory distress, and able to speak only a few words at a time or not at all. 
The respiratory rate can be variable but most patients are hyperventilating in proportion 
to the severity of the attack. Hypoventilation is a poor sign and worrisome for imminent 
respiratory arrest (5,6). 

The initial examination generally shows hyperinflation of the lungs, accessory mus- 
cle use in both inspiration and expiration, and widespread wheezes. A relatively “silent 
chest” is another worrisome sign, because it represents the patient’s inability to generate 
enough airflow to produce wheezing. Tachycardia, hypertension, and various levels of 
pulsus paradoxus are also relatively common. 

Objective measures of asthma severity, such as forced expiratory volume in 1 sec 
(FEV,) and peak expiratory flow rate (PEFR), are usually reduced to less than a quarter 
of the expected values or less than 120 L/min for the PEFR in an adult. Severely distressed 
patients (those who can barely speak) do not need to undergo these tests; their flow rates 
are assumed to be very low and in the “severe” range. 

Arterial blood gases (ABGs) are also rarely necessary, as the severity of these pa- 
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tients is clinically evident. If checked, they may initially show respiratory alkalosis with 
a low Pacoz, but the Pcoz will rise as the severity of the asthma increases. Trends in the 
Paco2 may be more important than a single isolated level that does not always correlate 
well with severity of the asthma itself (7). However, a “normal” Pacoz is not normal in 
a patient in the midst of a severe attack, It represents COz retention and correlates with 
a worse prognosis and possible need for intubation. 

Initiation of therapy should not await completion of history or physical exam, but 
rather should be concurrent. Important points in history include previous hospitalizations, 
particularly ICU admissions, and history of medications recently used, started, or discon- 
tinued (e.g. steroid use). History of prior intubations also can correlate with predicted 
severity (8). 

Further diagnostic investigations in patients with ASA generally include a chest X- 
ray to exclude other causes for their dyspnea including pulmonary barotrauma or pneumo- 
nia. However these are best done as a portable exam or deferred until the most acute phase 
of bronchospasm has resolved. Basic serum chemistries are appropriate in patients in 
which admission is anticipated, but commonly only reveal hypokalemia, secondary to the 
P-agonist use. A 12-lead electrocardiograph (EKG) may occasionally reveal other causes 
for the patients symptoms, but generally just shows sinus tachycardia and sometimes right 
heart strain. Patient assessment is described in further detail in Chapter 13. 

Because of their severity, patients with ASA should be on continuous EKG monitors and 
pulse oximetry and receive frequent estimations of their respiratory rate, blood pressure, 
and mental status. They should all immediately receive supplemental oxygen. 

Part of the initial management of patients with acute severe asthma involves reassur- 
ance. These patients can become very anxious, and confidence in their treating physician 
is important. An experienced, organized, prepared medical team should ideally direct the 
care and evaluate the effects of treatment in such patients. There should be a systematic 
plan of treatment that begins with routine care involving the use of agents that have clearly 
established efficacy in the treatment of ASA. Many patients will respond to these first- 
line agents. However, many others will not respond and will require the rapid application 
of more aggressive (second-line) measures. Such therapies are those that have generally 
shown benefit in the care of such patients, although their efficacy is not as firmly estab- 
lished. When both routine (first-line) and second-line therapies are unsuccessful and the 
patient’s condition continues to deteriorate, third-line options should be considered in 
an effort to prevent intubation. Each of these options (and others listed as “special or 
unconventional therapies’ ’) can also be applied after intubation when there are ongoing 
problems with adequate ventilation. Plans for these contingency options are best consid- 
ered and organized in advance. The smooth coordination of the necessary resources at 
the time of an absolute emergency can be difficult, and sometimes impossible. 

111. ROUTINE CARE 

The following are first-line therapies that should be used immediately in all patients pre- 
senting with ASA. They have a proven efficacy when used appropriately. They are similar 
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to the medications used in patients presenting with less severe asthma symptoms; the 
difference is the aggressiveness with which they are used. 

A. P,-Agonists 

I t  has been suggested that P,-adrenergic agonist use in chronic asthma may be detrimental 
(9). However, this association appears to be weak, if at all, and does not apply to the 
treatment of acute asthma. There is no question that inhaled P,-agonists remain the primary 
mainstay of immediate treatment of acute severe asthma (10). Despite agreement on the 
importance of inhaled P2-agonists in this setting, there is not clear consensus on the route 
of administration or the optimal dose. Importantly, recent P, agonist administration by the 
patient should not affect the dose or frequency of further drug administered in the ED or 
other acute care setting. Even when their home inhalers are not providing benefit, most 
patients with acute severe asthma respond to increasing doses of P,-adrenergic agents at 
the hospital. This may be due to the unpredictability of home nebulization systems or the 
patient use of empty or near empty metered dose inhaler (MDI) canisters. However. more 
commonly it is related to reduced sensitivity of P,-receptors in severe asthma, and probable 
downregulation of those receptors. There is some evidence that steroids can upregulate 
those same receptors. Continuous nebulization of the P,-agonist dose is as effectikre as 
intermittent doses in both the ordinary dose range as well as at higher doses ( 1 1,12). The 
newer P,-agonists are surprisingly safe drugs, even when used in high doses. No maximum 
dose limit for inhaled albuterol has been established. The side effects of P2-agonists are 
similar regardless of route and appear to plateau despite increasing doses. These common 
side effects include tachycardia, nausea, vomiting, and tremor. They are discussed in fur- 
ther detail in Chapter 19. 

Continuous nebulized albuterol has shown advantages over intermittent administra- 
tion in those patients who have an FEV, less than 50% (12) or adults with a PEFR less than 
200 ( 13). Some investigators have reported that MDIs are more efficient than nebulizers in 
the treatment of acute asthma (14). However, proper use of the MDI in the acute setting 
requires patient concentration and cooperation, which is not always possible in individuals 
with ASA. Proper use of the MDI in the acute setting requires the continuous bedside 
presence of a nurse or respiratory therapist. Even with that assistance, some patients are 
so severe they simply cannot use an MDI, even with a holding chamber. Therefore, for 
the most severe patients continuous nebulization is preferable. 

There are a number of different inhaled P-adrenergic agonists. They vary slightly 
in terms of their pharmacokinetics, but also in terms of their relative p, selectivity. This 
selectivity may be important in terms of minimizing cardiovascular and central nervous 
system (CNS) side affects. Albuterol and salbutamol appear to be more P, selective than 
earlier agents such as terbutaline and metaproterenol and are commonly preferred. Albu- 
terol is generally given as a dose of 2.5-5 mg nebulized every 20 min as needed. Continu- 
ous albuterol treatments have been shown to be safe and well tolerated. The most common 
dosages are 5-15 mg over 60 min, diluted in up to 70 mL of saline (13.15). Of note, 
intermittent positive pressure ventilation (IPPB) administration of P-agonists has not been 
shown t o  be advantageous over simple nebulization (16). However, particularly in chil- 
dren, there is experience with giving albuterol in dosages much higher than the Food and 
Drug Administration (FDA) approved dose range, without problematic toxicity ( 17). 
Again, it  should be emphasized that there is no known maximum acceptable dose for the 
use of agents such as albuterol. Patients with severe acute asthma exacerbations should 
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receive aggressive intermittent or continuous albuterol at a dose of at least 7.5 mg/hr until 
improved. 

B. Corticosteroids 

These medications are discussed in greater length in Chapter 22. It is worth noting here 
that although bronchodilators are directed at the symptoms of acute asthma, corticosteroids 
primarily treat the cause. Inflammation is central to the pathogenesis of asthma and cortico- 
steroids are the most effective treatment ( 18). Several studies have demonstrated the effec- 
tiveness of steroids in acute severe asthma (19-21). Though occasional studies have sug- 
gested slightly earlier effects (22), generally the response to steroid administration occurs 
6-12 hr after a dose (23). Because of this delay, steroids should be given as early as 
possible in the course of treatment of ASA. The route by which the steroids are given is 
not important, but it must be reliable. If there is any question regarding the effectiveness 
of oral administration, they should be given intramuscularly or intravenously. In those 
patients who already have an IV, the preference is intravenous administration. 

There is no evidence that higher doses (greater than 80 mg of prednisone every 6 
hr) are more effective than moderate doses (23). In addition, the higher doses can be 
associated with an increased incidence of side effects. The use of inhaled steroids for 
acute exacerbations is an intriguing area of investigation but is not yet proven in the 
treatment of acute severe asthma. It is best avoided outside of an investigational protocol, 
due to risks of inducing paroxysms of coughing and acutely worsening bronchospasm. 

C. Anticholinergic Agents 

Anticholinergic agents block muscarinic receptors, inhibit vagal tone, and thereby promote 
bronchodilation. This is discussed in greater detail in Chapter 23. The effect of these 
drugs in acute asthma treatment is not as clearly established as for P,-agonists or steroids. 
However, the majority of studies have shown that ipratroprium, and perhaps other anticho- 
linergic agents, has a small additive benefit, especially in children (24-26) (see Chapter 
27). As a result, they warrant use in the routine care of acute severe asthma. 

Three anticholinergic agents have been used in asthma: atropine, glycopyrrolate, 
and ipratropium bromide. Ipratropium has shown the most consistent benefits in asthma. 
It has very little systemic absorption and is often considered to be the “topical anticholiner- 
gic.” Anticholinergic agents generally have a slower onset than P-agonists but a more 
prolonged effect (24,27). With ipratropium, bronchodilation begins in approximately 20 
min and maximal effect is seen in 60-120 min. The cholinergic receptors are primarily 
located in the larger and more proximal airways, while the P2 receptors are generally 
found more distal in the smaller airways. Therefore, the effects of anticholinergics would 
logically be supplemental to the P-agonists. Anticholinergic agents have shown greater 
benefit in the management of chronic obstructive pulmonary disease (COPD) than in 
asthma. The distinction between acute exacerbations of asthma and COPD, however, is 
not always clear, particularly in older patients or smokers. As such, anticholnergics warrant 
use in the routine care of patients with ASA. Additionally, i t  has been shown that ipratrop- 
ium can safely be mixed with albuterol (data on file, Boehringer Ingelheim, Ridgefield. 
CT) so their administration need not delay or interfere with the administration of inhaled 
P,-agonists. 
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IV. SECOND-LINE THERAPIES 

When a patient with ASA deteriorates or fails to quickly improve in response to routine 
measures, a more aggressive therapeutic approach is necessary. This involves the addition 
of one or more second-line therapies, which are summarized in Table 1. These are thera- 
pies which are not as consistently efficacious for the treatment of ASA as the routine care 
measures, but have generally shown benefits that exceed their toxicity or side effects. 

A. Magnesium 

Trials with magnesium sulfate (MgSO,) have been inconsistent. Some have shown im- 
provement in flow rates in asthma after p-agonist treatments have failed (28). However, 
generally it has not shown benefit in patients with mild, moderate, or moderately severe 
asthma (29,30). The greatest benefit appears to be in those patients with the most severe 
symptoms, e.g., with an FEV, 5 25% of predicted (31). It is established that magnesium 
relaxes smooth muscle and dilates bronchial rings, perhaps in addition to other effects. 
However, its effects as a smooth muscle relaxant are relatively short lived (perhaps only 
30 min) and best seen at relatively higher dosages (at least 2-5 g) than was used in many 
of the comparative trials. Though the true benefits of magnesium have not been clearly 
defined, it has been established as a relatively safe adjunct to first-line therapies in the 
treatment of asthma. The effect of magnesium on bronchodilation is likely modest, tempo- 
rary, variable, and most commonly seen only with severe exacerbations. This is discussed 
in much greater detail in Chapter 24. 

B. Aminophylline 

Once a part of the standard treatment of all patients with recurrent asthma symptoms, the 
value of aminophylline in ASA has been questioned. Its exact mechanism of action is an 
area of some debate. At therapeutic concentrations, the inhibition of phosphodiesterase is 
minimal and it is a relatively weak bronchodilator (32,33). It has a low therapeutic index 
and a high incidence of side effects, including serious cardiac dysrhythmias and seizures. 
It has been suggested that the addition of aminophylline to high dose p-agonist therapy 
is more likely to increase side effects than to achieve bronchodilation. However, this was 
most evident in patients already on theophylline (34). The risk-benefit ratio may be differ- 
ent for those not already on the medication. Whether the other actions of aminophylline, 
including enhanced diaphragmatic contractility, pulmonary and systemic vasodilation, car- 
diac stimulation and diuresis, have any clinical relevance in ASA treatment remains specu- 
lative. Nonetheless, if the patient is not responding to standard care measures, aminophyl- 
line may be used. Its efficacy may be more likely in older patients with underlying 
congestive heart failure or whose asthma has elements of COPD (35). In these patients, 
the nonbronchodilator effects of the drug may be the source of benefit, e.g., via enhanced 
diuresis. The loading dose is 5-6 mg/kg if the patient is not already taking theophylline. 
Otherwise obtain a “stat” theophylline level and administer 1 mg/kg to raise the serum 
level by 2 pg/ml. The maintenance dose varies between 0.2 and 0.8 mg/kg/hr. There 
are wide variations in the elimination of aminophylline in individual patients, so serum 
concentrations should be checked regularly, and dosing adjusted. Toxicity and efficacy 
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are related more closely to the serum concentrations (goal 10-15 mg/dL) than to the 
administered dose. 

C. Systemic Catecholamines 

It is theorized that, in some patients, air flow is so compromised that inhaled bronchodila- 
tors cannot reach the most important areas, but perhaps systemic catecholamines could 
reach those receptors. Multiple studies have demonstrated the advantages of inhaled over 
systemic P-agonists individually (36,37). However, the value of systemic catecholamines 
added to optimal inhaled treatment is less clear (38). In the United States, administration 
of systemic catecholamines to patients with ASA generally means the subcutaneous use 
of epinephrine (0.3-0.5 mg, 1 : 1000 solution) every 20 min, up to 3 doses, or terbutaline 
(0.25-0.5 mg). Epinephrine has a wide range of P I ,  P2, and also a-stimulatory effects. 
Cydulka et al. showed that the use of subcutaneous epinephrine was safe, even in older 
adults (up to the age of 96) and without adverse effects (39). However, there remain 
concerns regarding increased myocardial ischemia when used in patients with underlying 
coronary disease. As such, its use has generally been superseded by the more specific P2- 
agonist agent, terbutaline. However, epinephrine may increase airway diameter not only 
through P2-agonist activity, but through other mechanisms, including possible alpha medi- 
ated vasoconstriction of vessels in the bronchial mucosa. This is controversial (see Chapter 
20). 

The intravenous use of epinephrine in treating severe life-threatening asthma is much 
more common in Australia and in Europe. There, it is administered as intermittent boluses 
(2-10 mL of 1 : 10,000 concentration solution over 5 min) or more often as an infusion 
(1-20 pg/min) if there is felt to be benefit after the initial bolus dose (40). 

Most of the clinical experience with intravenous P-agonist agents comes from the 
pediatric population, where the majority of studies support efficacy in that age group. 
Early reports of the use of intravenous (IV) isoproterenol indicated that children normally 
requiring intubation showed improvement with the infusion and avoided intubation. There 
were no reported drug-related deaths. However, others have reported evidence of myocar- 
dial injury and elevation in cardiac enzymes after the use of intravenous isoproterenol for 
the treatment of ASA, and have strongly cautioned against its use, even in children (41). 
In addition, a death in an adult asthmatic has been directly been attributed to the use of 
IV isoproterenol (42). 

The more P2-selective agent salbutamol is available in an intravenous form in Eu- 
rope. Comparative trials there have again demonstrated efficacy in the pediatric population 
with ASA (43). Specifically, investigators reported that salbutamol produced less effect 
on heart rate, more lasting bronchodilation, and sustained reduction in carbon dioxide 
levels. They used a loading dose of 1 pg/kg over 10 min, followed by a 0.2 pg/kg/min 
infusion. They also did not see the same tachyphylaxis reported with the intravenous use 
of isoproterenol. The British Thoracic Society recommends the use of intravenous P2- 
selective agonists in adults with refractory asthma (e.g., IV salbutamol 200 pg or terbuta- 
line 250 pg over 10 min, then infusion of 3-12 pg/min) (44). 

v. THIRD-LINE THERAPIES 

When ASA patients continue to deteriorate or simply fail to respond to both first-line and 
second-line therapies, third-line or “fall-back” therapies should be implemented. These 
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are therapeutic options that are either investigational in nature or involve complicated 
logistics, making them more difficult to administer in the emergency department setting. 
The “investigational” agents in this category have either theoretical or anecdotal support 
for their use. In general, these should be considered alternative therapies used in a last 
effort to prevent intubation. Instituting these measures is most effective when they are 
thought about and planned in advance. Mobilizing the necessary resources in an absolute 
emergency is not always possible. 

A. Heliox 

The clinical use of helium mixtures was described as early as 1935 (45). Subsequently, 
numerous reports have indicated that the inclusion of helium, a low-density gas, as part 
of inhaled gas mixtures lowers airway resistance and decreases respiratory work (46-48). 
Inhalation of helium-oxygen mixtures has resulted in temporary improvement in patients 
with airway obstruction due to a number of obstructive lesions, including asthma, COPD, 
bronchiectasis, and even pulmonary fibrosis. In asthma treatment, studies performed in 
patients after intubation have consistently shown improvements in peak airway pressures 
and effective ventilation (45.47). More recently there have been reports of the benefits of 
Heliox used in nonintubated patients with ASA. These have been relatively small reports 
and generally focused in the pediatric population. Kudukis et al. showed significant im- 
provements in pulsus paradoxus, dyspnea scores, peak flow rates, and need for intubation 
in 18 patients with ASA, aged 16 months to 16 years (48). However, Carter et al. had 
less success with the use of a 30/70 Heliox mixture in children 5-18 years of age with 
acute severe asthma requiring hospitalization (49). All patients received standardized ther- 
apy and the Heliox mixture, or air, for 15 min in random order. He found no significant 
differences in most parameters, except for the FEF 25-75, and those differences were 
relatively small. 

There have been a few reports of an impressive response to Heliox therapy in adults, 
both intubated and nonintubated. Austan reported the case of a 28 year old woman in 
extremis who refused oral tracheal intubation and was placed on Heliox by nonrebreathing 
mask. Within 2 hr of treatment the patient’s condition improved and Heliox was discon- 
tinued without further incident (50). Kass reported a case series of 12 adults who all 
presented to the ED with acute respiratory acidosis. Five patients received Heliox through 
the ventilator and seven via face mask. Eight of the 12 responded to therapy. They tended 
to be patients who had a shorter duration of their ASA symptoms and a lower baseline 
pH on ABG. Three of the four nonresponders reported prolonged duration of symptoms 
(2 96 hr). Responders showed improvement within 1 hour (5 1). Some investigators have 
used the Heliox mixture as the carrier for the nebulized bronchodilator treatments. More 
commonly, it was simply applied during, or in between bronchodilator treatments. Such 
use is not so much a “treatment” of asthma as a means to “buy time” while medications 
can exert their effects. The helium percentage in these mixtures varies from 50%-80%, 
though the most common combination is a 30% oxygen, 70% helium mixture. As the 
oxygen concentration rises, it  is expected that the helium effectiveness declines. This is 
a therapy very much in need of large prospective randomized clinical trials. However, the 
existing literature to date demonstrates absolutely no adverse effects from the use of Heliox 
and supports its empiric use as a second-line therapy. It also has a role in the intubated 
patient who is extremely difficult to ventilate. It is commonly available in most hospitals 
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and the cost is only modestly higher than a tank of oxygen. The current infrequent use 
of Heliox appears to be largely due to lack of physician familiarity. 

B. Ketamine 

Ketamine is a parenteral dissociative anesthetic that was structurally derived from phency- 
clidine in 1963. It has been reported, in anecdotal cases, to prevent the need for intubation 
and mechanical ventilation (52,53). Ketamine has multiple effects and all of its activities 
in asthma may not be fully understood. Its mechanism as a bronchodilator is generally 
thought to be mediated through two effects; potentiation of catecholamines (which then 
are bronchodilators), as well as a more direct effect on bronchial smooth muscle (54). 
However, ketamine also increases cerebral blood flow and intracranial pressure and is a 
myocardial depressant, which could cause problems in some patients with ASA. In addi- 
tion, its use in adults has been modulated by its potential to increase airway secretions and 
cause emergence reactions (54). Benzodiazepines are useful in preventing the emergence 
problems (55) .  Because of its effect on increasing bronchial secretions, ketamine is best 
administered in combination with an anticholinergic agent, preferably given systemically. 
Most of the reports supporting the use of ketamine are case series in intubated patients 
(56-58). One prospective, randomized, comparative study in nonintubated adults with 
ASA showed improved symptom scores, but not improvement in other objective measures, 
with use of IV ketamine (59). They used a dose of 0.1-0.2 mg/kg bolus, then an infusion 
of 0.5 mg/kg/hr, for 3 hr. In intubated patients, the doses of ketamine most commonly 
used are 0.5-1.5 mg/kg as an initial bolus. This bolus can either be repeated in 20 min 
or followed by a 1-5 mg/kg/hr infusion. The upper limit on hourly infusion rates is less 
clear. 

C. Pressure Support and Noninvasive Ventilation 

In the patients with inadequate ventilation but intact airway, noninvasive ventilation may 
avoid endotracheal intubation. Clearly when endotracheal intubation is indicated (see 
Chapter 26), such as patients with apnea, airway patency difficulty. or altered mental 
status, it should not be delayed. Endotracheal intubation of the patient with acute asthma, 
however, is fraught with risk both in the ED as well as in the ICU. In the ED complications 
of a difficult intubation, hypotension, paralysis, or barotrauma may be immediately life- 
threatening. Once the patient is intubated in the ED, the length of hospitalization and cost 
of care is increased, as well as the risks of nosocomial infection, barotrauma, hypotension, 
endotracheal tube plugging, kinking, or respirator malfunction in the intensive care unit. 
In addition noninvasive ventilation has been considered a good method for administering 
inhalant medications in asthmatics in general, since the devices may reduce respiratory 
muscle fatigue. 

Earliest efforts to employ pressure support for the treatment of bronchospasm uti- 
lized intermittent positive pressure breathing via face mask or mouthpiece. With IPPB, a 
pressure-cycled ventilator would deliver positive pressure flow, triggered by patient inspi- 
ratory efforts. It was usually given to deliver bronchodilator treatments, arguing that the 
aerosol particles were driven deeper into the distal airways by the IPPB pressure (60,61). 
It was also argued that IPPB decreased the work of breathing (62) and reduced the volume 
and tenacity of airway secretions in acute asthma (63). However, there were occasional 
reports of IPPB treatment causing decreased cardiac output and barotrauma (63.64). In 
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Figure 1 (a) Continuous high-flow full-face nasal CPAP mask. (b) Full-face CPAP with 
option to provide volume-cycled pressure support. (Photographer Francis Dayrit, 
M.D.) 

addition, the cost of establishing and maintaining an IPPB therapy program was felt to 
be quite expensive (63). More importantly, there was lack of proven efficacy for IPPB 
and evidence that it did not actually result in deeper deposition of the aerosolized particles 
(65,66). It also seemed counterintuitive to use positive pressure breathing to treat a prob- 
lem already characterized by hyperinflation, air trapping, and a propensity toward baro- 
trauma. 

The use of continuous positive airway pressure (CPAP) in asthma has also been 
reported. CPAP provides a constant “background” positive pressure beyond which the 
pressure in the patient’s upper airway is not allowed to drop. Theoretically, CPAP im- 
proves oxygenation by increasing the functional residual capacity (FRC) and lung compli- 
ance (67). CPAP can be applied noninvasively via nasal or facial masks (Figures l a  and 
b). Similar to IPPB, concerns have been raised that CPAP could decrease venous return 
and thereby decrease cardiac output (67). In addition, it is possible that CPAP could induce 
or exaggerate dynamic hyperinflation of the lungs. However, it has also been suggested 
that CPAP could supply some of the inflating pressure needed during inspiration, poten- 
tially ‘ ‘off-loading ’ ’ the inspiratory muscles and reducing fatigue (68). Studies of adults 
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with acute severe asthma requiring hospitalization noted a maximal breathing comfort at 
a CPAP of 5.3 2 2.8 cmH,O, but nonwheezing control subjects were most comfortable 
at a CPAP of 1.6 2 2.5 (69). Evaluation of a simple positive expiratory pressure device, 
which provided no inspiratory flow pressure, however, showed no benefit in asthma (70). 
This again suggested that CPAP assisted inspiratory muscles and lessened fatigue in 
asthma. Additionally, it was postulated that any additional inspiratory benefits of higher 
levels of CPAP might be offset by reduced peak expiratory flow rates. CPAP may also 
have beneficial effects separate from mechanical airway pressure itself. A study of 16 
asthmatic patients with methacholine-induced acute bronchospasm showed that nasal 
CPAP at 8 cmH,O reduced bronchial reactivity and bronchial sensitivity and improved 
the bronchodilatory effects of P2-agonist therapy (7 1). 

In summary there is clinical evidence that suggests that noninvasive CPAP may be 
beneficial in acute asthma exacerbation. Levels of CPAP below 10 cmH20 appear to im- 
prove inspiratory muscle efficiency and reduce bronchial sensitivity and subjective dys- 
pnea sensation. There has been no large randomized trial that has measured each of these 
outcomes in patients with acute asthma. Until this is accomplished, CPAP support should 
be utilized with caution, and only as an adjunct to other aggressive therapies. Further 
investigation is needed. 

A recently developed similar modality is that of bilevel positive airway pressure 
(BLPAP), which is similar to a combination of IPPB and positive end expiratory pressure 
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Figure 2 
Francis Dayrit, M.D.) 

(a) Nasal BLPAP mask. (b) Nasal BLPAP applied to subject. (Photographer 

(PEEP). It provides higher airway pressures during inspiration than during expiration, but 
always applies some positive pressure. In addition, the higher positive inspiratory support 
is generally applied for a longer duration than was true with IPPB. Its use may avoid 
endotracheal intubation and help reduce respiratory muscle fatigue in the acute asthmatic. 
One study investigated the use of BLPAP for delivery of inhaled p,-adrenergic agents 
versus conventional aerosol therapy. In the study, the BLPAP circuit was set at an inspira- 
tory pressure of 10 cmH,O and an expiratory airway pressure of 5 cmH,O, thereby provid- 
ing a pressure support of 5 cmH,O. These settings are equivalent to standard ventilator 
setting of 10 cmH,O for inspiratory pressure and 5 cmH,O for PEEP. Subsequent increases 
in absolute PEFR were greater in the BLPAP group, and this effect was clinically signifi- 
cant (72). This same group also reported on a small set of patients in status asthmaticus 
who were successfully supported noninvasively with BLPAP, rather than receiving intuba- 
tion (73). With CPAP and BLPAP facial-skin necrosis with prolonged use was considered 
a problem. But with soft cushions and stoma paste, this has no longer been a problem. 
BLPAP can be given nasally adding to patient comfort and ease of access for airway 
secretions (Figures 2a and b). Also BLPAP is highly leak tolerant and therefore can be 
used in less-cooperative patients with good results and for longer periods of time without 
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a significant risk of facial skin necrosis. Typically therapy is initiated with inspiratory 
positive airway pressure (IPAP) of 8- 10 and expiratory positive airway pressure (EPAP) 
of 3-5 cmHzO, respectively, resulting in a pressure support of 5 cmH,O. Changes to IPAP 
and EPAP should be made concomitantly. Asthmatics need higher inspiratory pressure 
and in one study the final IPAP and EPAP for acute asthmatics was 16 and 5 cmH20, 
respectively (73). Though intriguing, more experience with this modality must be accrued 
before it can be recommended for ED asthma management. 

SPECIAL OR UNCONVENTIONAL THERAPIES 

Table 2 lists other potential therapies that could be employed in patients with acute severe 
asthma not responding adequately to the more conventional therapies. These options may 
have an application in certain patients, or at individual institutions. Generally these are 
only a consideration after the patient has been intubated. In the future some of these 
options may have a more established role in the therapy of ASA, but they require further 
study. Ideally, most of these should not be employed outside the setting of an investiga- 
tional protocol. However, it may be helpful for the emergency physician to be familiar 
with these options for use in particularly desperate situations. 
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Table 2 The Therapy of Acute Severe Asthma: Special or Unconvenlional 
Therapies 

1. Inhaled anesthetics 
2. Glucagon 
3. Bronchoscopy 
4. Leu kotriene in hi bitors 
5. Nebulized lidocaine 
6. Nitroglycerin 
7. Nebulized clonidine 
8. Nebulized calcium channel blockers 
9. External chest compression 

10. Extra corporeal membrane oxygenation 
11. Induced hypothermia 

A. Inhaled Anesthetic Agents 

Volatile inhaled anesthetic agents work by relaxing bronchial smooth muscle directly as 
well as modulating histamine-induced bronchospasm. Unlike ketamine, they do not in- 
crease respiratory secretions, induce laryngeal irritation, or increase intracranial pressure. 
However, they can cause myocardial depression and induce cardiac dysrhythmias, particu- 
larly in the settings of acidosis and hypoxia which are common in ASA (74). Inhaled 
anesthetic agents have been used as a “last resort” treatment for severe asthma for over 
100 years (see Chapter 1). Several studies have demonstrated their successful use in ASA, 
though essentially all the experience has been in intubated patients (75-77). The greatest 
volume of reported experience has been with inhaled halothane at a 1-2% concentration. 
However, cases have also been reported of status asthmaticus unresponsive to halothane 
at 2’31, but responding dramatically to diethyl ether inhalation (78). Enflurane is less potent 
than halothane. Isoflurane and desflurane cause greater airway irritation and should be 
avoided. Sevoflurane is a newer agent that may be as effective as halothane with fewer 
cardiac side effects (79). The general efficacy of inhaled anesthetic agents is fairly well 
established and accepted. However, their use in nonintubated patients is essentially limited 
to induction in preparation for intubation. More importantly, inhalational anesthesia gener- 
ally cannot be administered in the emergency department and requires specialized equip- 
ment found only in the operating room. Mobilizing those resources can be time consuming. 
As such, the emergency physician should plan on implementing third-line or other thera- 
pies even while attempting to mobilize the resources for inhaled anesthetics. 

B. Glucagon 

Though the data supporting its use in ASA are extremely limited, most emergency physi- 
cians are already familiar with using glucagon for other disorders. As such, it warrants 
mention as a potential agent in the treatment of acute refractory severe asthma. In a study 
reported in 1990, 1 mg of intravenous glucagon was shown to reverse acute severe bron- 
chospasm in 8/14 (57%) of patients treated (80). This was accompanied with an increase 
within 10 min in the measured mean PEFR of over 100 L/min; there were no reported 
complications. It is deserving of further study. 
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C. Bronchoscopy 

In many patients with ASA, a major cause of airway obstruction is mucus plugging. For 
this reason, therapeutic bronchoscopy with lavage has been used as an additional support- 
ive measure in patients on mechanical ventilation (8 1). However, no controlled studies 
exist demonstrating clear benefit. It is not done routinely in ASA because worsening bron- 
chospasm, i.e., refractory to conventional therapy, is a recognized complication. The pro- 
cedure involves use of a fiberoptic bronchoscope with a large suction channel and the 
patient must be heavily sedated prior to the procedure. Airways that are heavily coated 
or blocked with thick secretions then undergo repeated saline lavage. In some cases, acetyl- 
cysteine is cautiously added to the lavage as a dilute (less than 1%) solution. Though this 
drug can also induce bronchospasm in asthmatics, it is felt to be beneficial in dissolving 
specific mucus plugs when used in this manner in selected cases (82). There are other 
potential complications from this procedure, and it should only be performed by prac- 
titioners skilled in the technique. 

D. Anecdotal or Theoretical Therapies 

There are some alternative therapies that have a theoretical basis, or that have been re- 
ported as anecdotally useful when all other conventional therapies have failed. Most of 
these would truly be considered “last-ditch” efforts or areas for development of an investi- 
gational protocol. 

Lidocaine is well known as a local anesthetic. It is known to effectively blunt cough 
reflexes in the airway prior to tracheal intubation, and most commonly prior to fiberoptic 
bronchoscopy . In a study of fluids obtained by bronchoalveolar lavage from symptomatic 
patients with asthma, a potent inhibitor of eosinophils was noted and subsequently identi- 
fied as the lidocaine used for topical anesthesia (83). Subsequent studies showed that 
lidocaine appeared to inhibit cytokine-induced eosinophil survival and in many ways mim- 
icked the effects of glucocorticoid administration (84). Hunt and colleagues prospectively 
studied the effects of nebulized lidocaine (40-160 mg) four times daily in 20 patients 
with severe chronic asthma requiring high dose corticosteroids (85). These patients did 
not have acute exacerbations of their asthma. Three patients had no response, four achieved 
significant reduction in their corticosteroid requirement, and 13 were impressively able 
to discontinue all use of corticosteroid despite prolonged corticosteroid dependence (mean 
6.6 years). There have been numerous anecdotal reports of the effectiveness of nebulized 
lidocaine in treating refractory, severe coughing disorders of multiple etiologies (86). 
There is also a case report of preventing the need for intubation in a 40 year old man 
who presented to an ED with ASA. The patient had severe, intractable coughing that 
became worse with albuterol treatment. The patient then became lethargic, cyanotic, and 
hypoxic and attempts at nasotracheal intubation were initiated. However, prior to passing 
the tube through the cords, 50 mg of lidocaine was injected into the patient’s larynx. Within 
seconds, the coughing abruptly stopped, oxygen saturation improved and intubation was 
no longer necessary (87). There is also evidence that intravenous lidocaine has effects as 
a suppressant of coughing during tracheal intubation in some patients (88). There are no 
reports of complications and further investigation is warranted. 

Nitroglycerin has been shown to produce bronchodilation in acute asthma (89). 
Prostacyclin production in endothelial cells and stimulation of adenyl cyclase have been 
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proposed as possible mechanisms for the bronchodilation (90). Induced hypotension may 
be a prohibitive side effect (91). 

Calcium channel blockers prevent the entry of calcium into the smooth muscle cells 
via voltage-dependent channels, thereby relaxing smooth muscle, and may therefore be 
of benefit in asthma (92). Nifedipine and verapamil are the agents that have been most 
widely reported, but there have been no formal comparisons between agents. Nifedipine 
does not modify the basal bronchial tone in patients with asthma but does prevent exercise- 
induced asthma (93). Verapamil, when used via inhalation in high doses (10-20 mg), can 
dilate the bronchi of both asthmatics and normal subjects (94). One limitation in the use 
of calcium channel blockers in acute asthma is the appearance of side effects, including 
hypotension. 

Clonidine, an agonist of central and peripheral a2-adrenergic receptors has shown 
promise as an aerosol adjunct in the early treatment of status asthmaticus (95). In asthmatic 
subjects, inhaled clonidine (75 pg via DeVilbiss #40 nebulizer) improved the basal respira- 
tory function and reduced the inflammatory reactions induced by allergens in subjects 
with extrinsic asthma (96). Like calcium channel blockers. the hypotensive effect of this 
medication limits its use. 

The leukotrienes, especially LTC4, LTD4, and LTE4, have been strongly implicated 
in the pathophysiology of asthma and have been demonstrated to have multiple harmful 
effects, including the promotion of bronchoconstriction, mucous secretion, and airway 
mucosal edema (97). Agents that provide leukotriene-receptor blockade have been shown 
to improve both bronchospasm and subsequent inflammatory responses (98,99). Two of 
these agents have been extensively studied in clinical trials and have recently been ap- 
proved for the chronic treatment of asthma. Zileuton. which inhibits the 5-lipoxygenase 
pathway, was shown to substantially improve the FEV, and decrease the need for P-agonist 
treatments in adults with mild to moderate asthma ( 100). Zafirlukast, a leukotriene receptor 
antagonist, was also shown to improve asthma symptom scores and pulmonary flow func- 
tions and decrease the need for P-agonist therapy in patients with mild to moderate asthma 
(101 ). In addition, adult and pediatric subjects presenting to the ED with acute asthma 
exacerbations have been shown to have elevated urinary levels of LTE4 compared to nor- 
mals ( 102,103). This suggests that leukotriene-antagonizing drugs may play an important 
role in the treatment of acute asthma exacerbations in some subjects. There are currently 
active trials involving both zileuton and zatirlukast. examining their roles in ED treatment 
of ASA. In addition, such agents may play a particularly important role in the treatment 
of patients with aspirin-sensitive asthma ( 104). 

One report described the use of induced hypothermia to manage a particularly severe 
patient with ASA (105). The intention was to lower the metabolic rate substantially, re- 
sulting in decreased carbon dioxide production. This permitted adequate ventilation using 
smaller tidal volumes with resultant lower airway pressures. The patient survived. Another 
report described a case of status asthmaticus with severely elevated airway pressures and 
severe respiratory acidosis that was successfully treated with extracorporeal membrane 
oxygenation ( ECMO). The patient was already refractory to sodium bicarbonate adminis- 
tration. The intention was to provide relatively short-term support to the patient until 
airway inflammation would respond to corticosteroids, and other therapies. This patient 
also survived ( 106). 

In particularly severe cases of ASA, one of the problems with pulmonary mechanics 
is an inability to achieve adequate expiration. Manual compression of the chest and rib 
cage during expiration has been occasionally reported as a useful and potentially life- 
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saving technique (107,108). In theory, manual expiratory compression of the rib cage 
could reduce the marked hyperinflation that exists in these patients, by increasing expira- 
tory air flow. However, there have been only anecdotal or brief reports and no clear evi- 
dence that the technique is beneficial. There is also no clear evidence that expiratory air 
flow is actually increased through this maneuver. In theory, external thoracic pressure 
could actually worsen the patient’s condition by further increasing intrathoracic pressure 
and causing hemodynamic impairment. The published reports describe manual expiratory 
rib cage compression in spontaneously breathing patients with severe acute asthma. They 
describe increased expiratory gas volume and suggest improved aerosol delivery. One 
laboratory investigation suggests that expiratory abdominal compression may be as effec- 
tive and preferable due to improved cardiac effects (109). 

E. Therapies to Use Cautiously and Not at  All 

In addition to therapies that are advocated in the treatment of ASA, there are also some 
therapies to be avoided. Historically, it was recommended that all patients with ASA 
receive aggressive IV fluids. It was thought that IV fluid administration would thin bron- 
chial secretions and assist with their clearance. This effect of fluids on bronchial secretions 
is now known not to be true ( I  10). Additionally, a subset of asthmatic patients are poorly 
tolerant of the additional IV fluids and can theoretically develop pulmonary edema through 
a combination of negative intrapleural pressures, hydrostatic forces, and hypo-osmolarity 
(1 1 1). In children, approximately 5% dehydration is common producing an appropriate 
secretion of antidiuretic hormone (1 12-1 14). Children who were dyspneic for more than 
24 hr had more evidence of dehydration (1 13). Rehydration did not affect the rate of 
recovery from acute asthma, however. In children, the fluid infusions should be at 50 mL/ 
kg/24 hr (1 14). At least in adults, IV fluids should only be provided at maintenance rates 
in patients with ASA, unless there is compelling evidence that they are dehydrated or 
develop hypotension. Dehydration theoretically could produce decreased perfusion, and 
asthma is characterized in part by areas of the lung that are ventilated but not perfused, 
which constitutes part of the dead space of the lung. Intravenous fluid infusion of only 
250-500 mL has reduced the dead space by approximately 5% in mechanically ventilated 
severe asthmatics. Therefore, judicious treatment of dehydration even in adult severe asth- 
matics may be beneficial (1 15). 

The use of mucolytic agents has presently no place in the acute treatment of severe 
asthma. These agents, such as n-acetylcysteine, can actually be irritating to the airways 
and cause increasing bronchoconstriction, as well as inducing nausea and vomiting ( 1 16). 
Similar precautions apply to the acute use of cromolyn. Some medications, such as mor- 
phine, promote histamine release and, in theory, may worsen asthma. 

Sedatives also have no place in the ED treatment of patients with ASA, up to the 
point of intubation. Despite appearances of patient anxiety and the presence of tremors, 
sedatives have no benefit in acute severe asthma. Instead, they are more likely to cause 
respiratory depression and increase the frequency of intubation. At least one sedative 
agent, midazolam, has actually been shown to increase total pulmonary resistance, provid- 
ing further evidence that sedative drugs are contraindicated in this setting (1  17). 

F. Disposition 

Most patients presenting to the emergency department with ASA will require subsequent 
admission to the hospital (see Chapter 31). A minority will demonstrate substantial im- 
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provement both subjectively as well as by objective measures after receiving routine care 
measures in the emergency department. Patients having flow rates in the “mild” range 
and remaining stable during a period of observation after completion of all bronchodilator 
treatments, can be discharged if they have a reliable home situation, including the ability 
to fill prescriptions and a means of return transport. Patients showing mild to moderate 
improvement to routine care therapies in the emergency department will generally require 
admission to an unmonitored hospital floor bed. However, those patients that persist with 
severe symptoms despite routine care therapies, or who require second- or third-line thera- 
pies, are safest admitted to a monitored bed. It must be a setting where the patients respira- 
tory status can be monitored closely and frequent bronchodilator therapy reliably provided. 
The majority of patients, even in the most severe group, will show improvement over a 
24 hr period. For those emergency departments with the option, admission to an ED obser- 
vation unit may be just as effective for patients not deteriorating or approaching intubation. 

Patients whose symptoms remain very severe or deteriorate, are best cared for in 
an ICU. These patients can require sudden intubation. They must be in a setting where 
respiratory monitoring is routine and the necessary resources for intubation immediately 
available. Failure to provide rapid intubation, when needed, is an identified cause of pre- 
ventable mortality in ASA patients. 
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26 
Intubation of the Asthma Patient 

Martin S. Kohn 
The Brooklyn Hospital Center, member of New York-Presbyterian Hospitals, Weill 
Medical College of Cornell University, Brooklyn, and New York University School of 
Medicine, New York, New York 

In most cases of life-threatening respiratory distress, endotracheal intubation is a rapid 
and appropriate way of avoiding catastrophe with relatively little adverse consequence. 
In the case of the asthmatic patient, however, endotracheal intubation creates its own set 
of difficult problems. The decision to intubate the asthmatic patient in the emergency 
department (ED) requires a refined judgment of risks and benefits that is, essentially, 
unique. Controversy exists with respect to the decision to intubate, the method of intuba- 
tion, and postintubation management. 

Fortunately, the vast majority of asthmatic patients can be managed without endotra- 
cheal intubation. Aggressive therapy will reverse even very severe bronchospasm in most 
patients. Numerous series indicate that only small percentages of asthmatic patients need 
to be intubated. Braman and Kaemmerlen reported that of 2094 patients admitted for 
asthma over a 10-yr period (1978-1987), 80 were admitted to the intensive care unit 
(ICU), and only 24 required mechanical ventilation (1). Mountain and Sahn, in reviewing 
patients that presented with hypercapnia, noted that only 5 of 61 required intubation (2). 
Clearly, the intubation of an asthmatic patient is, and should be, a rare event. 

The purpose of this discussion is to review airway management principles in asthma, 
specifically with respect to indications for endotracheal intubation, potential adverse con- 
sequences of intubation, the intubation process itself, and the immediate postintubation 
period. Generally the indications for intubation of the asthmatic patient fall into four cate- 
gories, which are listed Table 1.  The first two categories are obvious and demand no 
clinical judgment. The latter two categories are the ones that are the challenge. 

In the past, it was argued that the development of respiratory acidosis, or a rising 
Paco,, was an indication for intubation. As was the case with many “standards,” when 
the axiom was actually studied, it did not hold up. Most asthmatics with respiratory acido- 
sis can be managed without intubation (3). Even a very high Paco,, in and of itself, may 
not require intubation, as long as the patient has a normal mental status and is responsive 
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Table 1 Categories for lntubation Indications 

1. Cardiac arrest 
2. Respiratory arrest or profound bradypnea 
3. Physical exhaustion 
4. Altered mental status 

to therapy. Progressively increasing Paco,, unresponsive to therapy, and usually associated 
with a changing mental status, is an indication for intubation. 

Numerous efforts have been made to codify the criteria for intubation, resulting in 
lengthy arrays of indications. The sets compiled by various authors usually have several 
indications in common, and then several unique ones. The lengthy lists of criteria seem 
to be an effort to quantitate the general categories 3 and 4 from Table 1. Examples typical 
of the list of indications are present in Table 2 and Table 3. 

As can be seen, some of the criteria, such as “persistent lactic acidosis,” by virtue 
of both time frame and practicality, are not applicable to the ED. Inherent in the nature 
of EDs is the tenet that an asthma patient’s tenure will be relatively brief. A patient will 
arrive, and either improve and be discharged within a few hours, or not improve and be 
admitted to the hospital within about 4-6 hr. The style of previous decades, when an 
asthma patient might frequently spend 12 or 24 hours under the care of the emergency 
physician, is much less common. 

For most patients with bronchospasm in the ED, blood gases are not necessary. If 
a patient is sick enough to merit a blood gas, the question of intubation has probably been 
considered. In such a patient, the observation of the patient’s clinical condition is more 
valuable than laboratory testing (6). In the more recent literature, the role of clinical assess- 
ment and observation of the patient’s course, as indicators for intubation, rather than spe- 
cific criteria, have begun to dominate (7,8). Although blood gases continue to have a role, 
such as in a patient who is overtly hypoxic (po2 < 60 mmHg) despite maximum oxygen 
delivery, clinical observation will likely be the determinant in intubating the asthma pa- 
tient. With the hypercarbic patient, intubation is appropriate only if the patient does not 
respond to maximal pharmacological therapy, as most patients will reverse a respiratory 
acidosis within 2-4 hr (2). 

All the indicators in Table 4 are inherently subjective, and although different authors 

Table 2 Indications for Mechanical Ventilation (1990) 

Respiratory rates climbing > 40 
Inability t o  speak 
Pulsus paradoxus climbing or falling in the exhausted patient 
Patient subjective sense of exhaustion 
Altered sensorium 
Barotrauma complicating status asthmaticus 
Unresolving lactic acidosis 
Diaphoresis in the recumbent position 
Silent chest despite respiratory effort 
Elevation of pco2 with progressive dyspnea 

Source: Ref. 4, Table 4. 
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Table 3 Indications for lntubation and Mechanical Ventilation (1984) 

CI i n ica I f i nd i ng sa 
Diminished level of consciousness 
Diminished response to pain 
Progressive exhaustion 
Absent breath sounds and wheezing 
Fixed chest 
Pulsus paradoxus 

pH less than 7.2 
Carbon dioxide pressure 

Arterial blood gas levels 

Increasing by more than 5 mm Hg/hr 
Greater than 55 to 70 mm Hg 

Oxygen pressure less than 60 mm Hg 

Pneumothorax 
Pneumomediastinum 

Forced expiratory volume in 1 second less than 500 ml or vital capacity less than 
1000 ml and failing to improve with bronchodilators. 

Evidence on chest X-ray films 

Results of spirometric tests 

a Combined with decreasing arterial blood gas levels. 
Source: Ref. 5, Table 1. 

may propose threshold values for some of the laboratory-based criteria, there is little, if 
any, support in the literature for any firm cutoff value. The clinical criteria need to be 
invoked with care. For example, under appropriate circumstances an asthmatic patient 
who was comfortable in the recumbent position could indicate that symptoms are minimal. 
Most patients in acute respiratory distress will want to sit up. Recumbency, with diaphore- 
sis or other signs of discomfort, may represent progressive exhaustion, because the patient 
is too tired to sit up (9). Other manifestations of physical exhaustion, could include de- 
creasing respiratory effort, head nod, or the patient’s complaint of feeling tired. Altered 
mental status may manifest as confusion, inability to follow instructions or respond to 
questions, agitation, or combativeness. Such changes could result from a combination of 
hypoxia, acidosis or fatigue. What is clear, no matter how difficult or ambiguous the 
criteria might be, is that once a patient demonstrates the need for intubation delay is 
dangerous. Since so few asthmatic patients ever need to be intubated, few emergency 

Table 4 Consensus Indicators for lntubation 

Clinical 
Cardiac arrest 
Respiratory arrest 
Altered mental status 
Progressive exhaustion (3) 
Silent chest (3) 

Severe hypoxia with maximal oxygen delivery 
Failure to reverse severe respiratory acidosis despite intensive therapy 

Laboratory 
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physicians will have a substantial experience with the situation, which makes decision 
making more difficult. Some authors have grouped critically ill asthmatic patients (those 
who were candidates for intubation) into categories that may give some guidance in the 
clinical decision-making area. 

It has been observed that the asthmatic who gets into serious trouble shows one of 
three temporal patterns (10-12). First, there is the group that comes to the ED with a 
sudden and extremely severe bout of bronchospasm. The second is a group that shows 
gradual, persistent deterioration. The third is a group that presents to the ED with relatively 
severe, and perhaps labile bronchospasm, that may respond minimally to therapy and then 
experiences an abrupt deterioration. Such a classification meets most of our intuitive feel- 
ings about the presentation of acute asthmatic patients. 

In the first group, the time between onset of symptoms and intubation was reported 
as averaging three hours (10). Breath sounds were either absent or markedly diminished, 
and mental status was altered. Fortunately, this group of patients also responded well to 
intubation, and corrected more quickly than patients in the other two groups. The other 
two groups were characterized by patients who had previous history of similar severe 
episodes of asthma with similar patterns of deterioration. The experience in such groups 
of patients emphasizes the value of clinical history. If a patient describes previous episodes 
of deterioration, either abrupt or progressive, the patient could be in group at high risk 
for needing airway management. 

There has been some effort to identify risk factors associated with the increased 
likelihood of a patient needing intubation. Although it is possible to identify factors that 
are associated with intubation, they seem to be similar to the factors that are generally 
associated with more severe asthma (3,13- 17). Factors that contribute to increased risk 
of intubation include, not surprisingly, history of prior intubation, admission to the hospital 
for asthma, prior ED visit for asthma, respiratory infection, steroid dependence, and smok- 
ing. In younger patients, second-hand smoke seems be a precipitant (13). In addition, the 
existence of psychosocial problems or family dysfunction represent substantial risks ( 15). 
Curiously, LeSon’s work seems to indicate that the likelihood of intubation is lower in 
the winter, when acute asthma is often more prevalent, than it is in the summer (13-16). 
Using his data in adults (age greater than 20, N = 375), for example, a statistical calcula- 
tion shows the likelihood of intubation in the summer is greater than in the winter with 
a significance of p < .004 (16). The number of intubations was larger in the summer both 
in absolute terms and as a fraction of total patients. One possible explanation is that pa- 
tients that have asthma symptoms in the summer have more severe disease than other 
patients, who usually improve during the summer. Although risk factors may provide 
some insight into the nature of severe asthma, the factors are a population statistic. Individ- 
ual patients with none of the risk factors may still require intubation. Thus, close clinical 
observation of patients who either arrive in the ED in a serious state, or deteriorate in the 
ED, is still the most reliable method (3,6,7). 

Once the decision to intubate has been made, controversy surrounds the method to 
achieve intubation. The literature reveals strong, but contradictory, preferences. The 
choices appear to be: 

1. Nasotracheal intubation 
2. Awake orotracheal intubation 
3. Orotracheal intubation with sedation 
4. Orotracheal intubation with sedation and neuromuscular blockade 
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The authorities who prefer nasotracheal intubation cite the minimal need for sedation, 
rapidity of preparation, greater postintubation comfort for the awake patient and the main- 
tenance of semiupright posture, maintenance of spontaneous respiration, and decreased 
likelihood of aspiration as compelling advantages (3,8). However, they generally advocate 
orotracheal intubation in the most critical situations. Contraindications to nasotracheal 
intubation are nasal polyps, which may occur in up to one-third of asthma patients (1  8). 
coagulation disorder or thrombocytopenia or abnormal nasal anatomy. In addition to topi- 
cal anesthetics and vasoconstrictors in the nose, topical hypopharyngeal anesthesia is nec- 
essary to minimize reactive bronchospasm. 

The advocates of orotracheal intubation prefer the advantages of a larger sized endo- 
tracheal tube, direct visualization, and the relative ease of obtaining pharyngeal anesthesia 
(4,5,19). They also express concern about the complications of nasotracheal intubation, 
including profuse epistaxis and purulent sinusitis. There have not been any direct compari- 
sons between the two techniques in the asthmatic patient, and given the infrequency with 
which asthma patients must be intubated, it is unlikely that there will be such a study. 

The issue of sedation and/or neuromuscular blockade is similarly marked by strong 
advocates of opposing positions. Bellomo prefers “awake” intubation, i.e., without seda- 
tion, either orally or nasally, with only local anesthesia (1  1). An underlying concept for 
advocates for intubation without sedation is the concern about rendering a patient apneic. 
If the patient can then not be intubated, you are left with supporting ventilation by bag- 
valve-mask in an apneic patient with severe bronchospasm, which is a difficult task. 

On the other hand, once you have decided that the patient needs intubation, sedation 
often allows for a more rapid, less traumatic control of the airway. If sedation is advisable, 
an intravenous benzodiazepine (midazolam or diazepam), ketamine (often in concert with 
a benzodiazepine, to minimize the disassociative reaction that may follow use of keta- 
mine), is commonly recommended (4,5,11,19,20). Midazolam has the advantage of being 
shorter acting than diazepam, which gives some measure of protection if the intubation is 
difficult. The recommended doses for midazolam vary, with some authors recommending 
repeated 1 to 2 mg boluses, and others advocating initial doses of up to 5 mg. Initial doses 
for diazepam are generally 5-10 mg, with increments of 2.5 to 10 mg as needed. On 
occasion large doses may be necessary (4-6,21). 

Ketamine is valuable in the critically ill asthma patient because it is known to reduce 
bronchospasm both directly, by a possible effect on bronchial smooth muscle, and indi- 
rectly, by increasing levels of catecholamines (20). Ketamine has been reported to relieve 
bronchospasm in mechanically ventilated patients when the patients were not responding 
to other therapy (20,22). Since ketamine may induce bronchorrhea in children, premedica- 
tion with atropine (0.01 mg/kg, with a minimum of 0.1 mg) is used. 

Walls is a strong advocate of rapid sequence intubation, using succinylcholine [ 1.5 
mg/kg intravenous (IV) push], followed immediately by ketamine (1 .O- 1.5 mg/kg IV) to 
obtain optimal intubation conditions (23). The use of lidocaine (1 .O mg/kg IV immediately 
before giving succinylcholine) may help reduce airway reactivity and can be supplemented 
with topical anesthesia. Alternatively, lidocaine may be administered via the endotracheal 
tube. He further argues that, since most intubated asthmatic patients will be sedated and 
likely paralyzed, there is no contraindication to sedation and paralysis for the intubation 
process. 

The authorities who recommend neuromuscular blockade sometimes prefer a nonde- 
polarizing blocker (such as vecuronium) to a depolarizing blocker (succinylcholine) be- 
cause of a concern that succinylcholine causes more histamine release, with the potential 
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for worsening bronchospasm ( 5 ) .  Despite the widely expressed concerned about histamine 
release precipitated by succinylcholine, there is no recent report of any adverse conse- 
quence from the use of succinylcholine in an acute asthmatic patient. Succinylcholine also 
may cause an increase in vagal tone, particularly in children. Therefore, in young patients 
prophylactic treatment with atropine (0.1 mg/kg, with a minimum of 0. I mg) is frequently 
given. 

Assessment of the risk of succinylcholine as a precipitant of bronchospasm is diffi- 
cult because every aspect of airway intervention can irritate the airway. The tube itself. 
or airway manipulation, may be irritants that trigger bronchospasm (3-5.24). Wheezing 
has been associated with sedative-hypnotic agents and, in the operative environment, with 
inhalation anesthetics (24,25). Studies comparing the response of both asthmatic and non- 
asthmatic patients to anesthesia induction determined that bronchospasm can occur in both 
groups of patients (24,25). Thus, it has to be assumed that although the use of neuromuscu- 
lar blockers may carry a risk of increased bronchospasm, that risk is small, and needs to 
be balanced against the need for rapid, atraumatic airway control. 

The risk-benefit decision could be made easier by the use of an additional medication 
that could reduce or eliminate the risk of worsening bronchospasm. Pizov et al. reported 
on wheezing in asthmatic and nonasthmatic patients given succinylcholine and one of 
three sedatives prior to intubation for surgery (25). Fifteen of 59 asthma patients developed 
wheezing during induction, while six of 96 nonasthmatics wheezed. The patients had been 
given either a barbiturate or propofol as sedative. None of the 48 patients receiving propo- 
fol (2.5 mg/kg), either asthmatic [ 161 or nonasthmatic [32], developed wheezing, whereas 
15 of 33 patients receiving a barbiturate developed wheezing, suggesting possible value 
for propofol as the sedative agent for asthmatics. In all cases, the wheezing was mild, and 
even those patients treated with P-adrenergic inhalants resolved with 5 min. In a group 
of 41 asthmatic patients undergoing bronchoscopy, 21 sedated with propofol and 20 se- 
dated with midazolam, none developed bronchospasm or hypotension, and the incidence 
of desaturation was similar with the two drugs. Propofol was found to be a safe and 
effective sedative agent for bronchoscopy in asthma (26). Propofol was given at 60 to 80 
mg per min, up to 2 mg per kg. while midazolam was given in an initial dose of 2 mg 
over 30 sec. Thus, ketamine and propofol may well be favored sedative agents for airway 
management in the acutely asthmatic patient (6,25,26). 

The rapid onset and short duration of action of succinylcholine (paralysis generally 
achieved within 60 sec, resolution usually about I0 min) are compelling advantages. lead- 
ing to its use in many centers (1  1,22,23). Even some of those who are concerned about 
the issue of histamine will use succinylcholine in the most critical situations (19). 

For vecuronium, when it is used to prepare the patient for intubation, the dose is 
0.15 mg/kg IV. It may take up to 3 min to get adequate paralysis, and the paralysis will 
last up to 30 min. If large-dose vecuronium is used (0.3 mg/kg), paralysis occurs in about 
90 sec, but may last 2 hr or more, which could be problematic if the intubation is difficult. 

The controversy over intubation, and the optimal method for intubation, will un- 
doubtedly continue. Review of the literature suggests that the complications resulting from 
the use of neuromuscular blockade are few and rarely serious. The advantages of sedation 
and controlled respiration are substantial, especially considering that many patients are 
sedated and paralyzed postintubation. In the author's experience, the use of neuromuscular 
blockade in the critically ill asthmatic patient is valuable and appropriate, subject to the 
usual caveats inherent in the use of neuromusclar blockers in any patient. For example, 
if the patients airway anatomy suggests a very difficult intubation (e.g., inability to widely 
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open the mouth, large overbite, etc.), then the relative contraindication to pharmacologi- 
cally induced apnea exists irrespective of bronchospasm. The concern about worsening 
bronchospasm applies to all patients, both with and without known asthma. The incidence 
of bronchospasm appears to be limited by the use of ketamine, and now, propofol. 

Postintubation sedation is frequently provided by a benzodiazepine, and pancuro- 
nium is commonly advocated for paralysis. Pancuronium is a nondepolarizing blocker 
(with less likelihood of histamine release). Given at a dose of 0.05-0.10 mg/kg, the para- 
lytic effect will last 1-2 hr. 

Because of the prolonged expiratory phase in severe asthmatics, and the concern 
about overpressure injury, mechanical ventilation must be managed carefully. If a patient 
abruptly deteriorates during mechanical ventilation, pneumothorax, hypovolemia, and dy- 
namic hyperinflation must be considered. Dynamic hyperinflation is the name given to the 
phenomenon of progressively increasing pulmonary inflation and intrathoracic pressure as 
the result of air trapping in an asthmatic patient receiving mechanical ventilation. It is 
typically the result of insufficient exhalation time (3,27-29). It is important to control 
tidal volume and time for exhalation, and the ventilator parameters listed below will allow 
dynamic hyperinflation to be limited. As a result of the high pressures sometimes used 
to achieve ventilation, pneumothorax-which can evolve to a tension pneumothorax-is 
a constant risk. Immediate intervention to identify and deflate the pneumothorax is essen- 
tial. Since many critically asthmatics will have been ill for hours, if not days, with concom- 
itant decrease of fluid intake, hypovolemia is likely. In the face of increased intrathoracic 
pressure from mechanical ventilation, decreased venous return and reduced cardiac output 
is always a risk. If hypotension occurs shortly after the initiation of mechanical ventilation, 
the rapid infusion a bolus of crystalloid (500 cc) may be helpful. Some authorities recom- 
mend briefly disconnecting the patient from the ventilator, to see if cardiac output im- 
proves when intrathoracic pressure is reduced. If blood pressure rises during the test, then 
volume resuscitation is appropriate. Since most such patients will be at least marginally 
volume depleted anyway, preemptive hydration without the stress of separating the patient 
from the ventilator seems justified. If the patient does not respond to fluid, look again for 
pneumothorax. 

Low respiratory rates (8- 12/min), modest tidal volumes (5-8 cc/kg), with high flow 
rates with decelerating wave forms (60-70 L/m) to provide adequate exhalation time, 
would be a reasonable initial effort. Peak inflation pressure initially should be limited to 
50 cmH20, to reduce the chances of pulmonary barotrauma (4,8,19,29,30). If ventilation 
is not adequate and auto-PEEP is greater than 15 mmHg, then high flow rates (60 L/min) 
with a square wave pattern should be instituted. Peak inflation pressures may be allowed 
to rise quite substantially in this circumstance (see Chapter 30). 

Since intubating the patient does not resolve the bronchospasm, continued pharma- 
cological therapy is required. Inhaled bronchodilators can be given to the intubated patients 
by several methods. Nebulized albuterol(O.5 mL of 0.5% solution, diluted in 3 mL saline) 
is effective (3 1). The successful use of direct endotracheal administration of albuterol has 
been reported, with an initial dose of 0.5 mL albuterol diluted with 2.5 mL of saline placed 
in the endotracheal tube and diffused with five forceful insufflations ( 3 2 ) .  A second dose 
of 1.0 mL diluted in 3.0 mL of saline was given. A metered dose inhaler can also be used. 
One description requires three puffs from the inhaler, 1 min apart. Each puff is distributed 
by slow manual lung inflation with increased volume maintained for several seconds ( 3  1) .  

The resistance to air flow that is inherent in severe asthma has prompted some to 
consider the use of helium-oxygen mixtures for ventilation (3334). Since helium is less 
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dense than nitrogen, it will flow past obstruction more readily then a nitrogen-oxygen 
mixture. The reports claim improvement attributable to the use of helium, but the small 
numbers of patients and the absence of controls leave the role of helium-oxygen option 
intriguing but ill-defined. A more extensive discussion of helium-oxygen therapy appears 
in Chapter 25. 

Endotracheal intubation for the asthmatic patient clearly can be life-saving. The 
fundamental issues-when to intubate and how to intubate-remain controversial and 
will probably remain so. The final decision will be one of clinical judgment, based on the 
individual’s skills and interpretation of the literature. 
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Asthma is one of the most common diseases for which children seek care in the emergency 
department (ED). The management of acute asthma is ever-evolving as research advances 
allow clinicians to fine tune treatment strategies. This chapter will serve to discuss options 
in the emergency treatment of acute asthma in children with an emphasis on newer ap- 
proaches such as metered dose inhalers (MDIs) with holding chambers, nebulized dexa- 
methasone, ipratropium bromide, continuously nebulized albuterol, and magnesium sul- 
fate. 

1. PATIENT ASSESSMENT 

Patient assessment should begin with a brief and focused history. The clinician should 
ascertain the duration of symptoms and their severity compared to previous exacerbations. 
Also, inquiries about recent medication use should be made. A more comprehensive his- 
tory should be delayed until after treatment has been initiated. Points of the past medical 
history that are particularly important include prior ED visits and hospitalizations for 
asthma, previous admissions to an intensive care unit (ICU) or need for intubation, and 
other medical conditions, especially pulmonary or cardiac. 

Decisions about therapeutic options should be made on the basis of the severity of 
the asthma exacerbation. Several asthma scoring systems exist to aid the practitioner in 
assessing degree of illness including the complete respiratory assessment score developed 
by the National Institutes of Health (NIH), as well as scores developed by Woods-Downes 
and Becker (1-3). None of these scores is universally accepted and each has drawbacks. 
For example, the complete respiratory assessment score includes variables such as pulsus 
paradoxus and peak expiratory flow (PEF), which may be difficult to measure in young 
children and which have not been systematically studied (1); while the Becker score has 
only been validated in those under age 6 (3). 
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An alternative to using a formal scoring system in assessing degree of illness is to 
evaluate the child for specific signs and symptoms indicative of respiratory distress. The 
exam should begin with an assessment of mental status and recording of vital signs. In 
addition, the phase(s) of respiration during which wheezing is heard should be noted as 
well as the use of accessory muscles, inspiratory-to-expiratory ratio, and the oxygen satura- 
tion in room air. The sum total of this information will allow the clinician to determine 
the severity of the exacerbation, provide a starting point from which management can 
begin, and help insure that appropriately aggressive therapy is administered to the most 
severely ill patients. Of course, during the ED stay, the degree of illness may change, so 
frequent examinations to assess response to therapy are critically important. 

Presenting signs and symptoms of mild bronchospasm in children may be subtle and can 
include decreased activity, poor feeding, or persistent coughing. Undoubtedly, many chil- 
dren with a mild exacerbation of asthma do not seek medical care because the problem 
is not recognized by caretakers or appropriate therapy is initiated at home. A mild exacer- 
bation is characterized by alertness, slight tachypnea, expiratory wheezing only, minimal 
accessory muscle use, an inspiratory-to-expiratory ratio of 1 : 1, or an oxygen saturation 
of 97% or greater in room air. 

The initial therapy for a mild exacerbation is a short-acting P2-agonist, usually albu- 
terol. The NIH Expert Panel has stated that “the repetitive or continuous administration 
of inhaled short-acting beta2-agonists is the most effective means of reversing airflow 
obstruction” (4). Albuterol is a selective P2-agonist that provides clinically significant 
improvement in pulmonary function in less than 5 min and has become the drug of choice 
for the initial treatment of acute asthma. 

Considerations in the use of albuterol include the delivery system, optimal dose, 
and frequency of administration. Traditionally albuterol has been delivered by hand-held 
jet nebulizers. These have a reservoir for the drug, an “in-port’* for flow of air or oxygen, 
and an “out-port’* through which aerosolized drug is inhaled. Schuh has found that a 
nebulized dose of 0.15 mg/kg (max 5 mg) is more effective and as safe as lower doses 
(5,6). Several studies have shown that the volume of drug aerosolized increases with in- 
creasing diluent volumes and nebulizer flow rate (7-1 I ) .  In general, a total solution vol- 
ume (drug plus diluent) of 3-4 mL driven at a flow rate of 6-8 L/min seems to optimize 
drug delivery (12). In addition, it is preferable to employ a mouthpiece rather than a face 
mask for children who are old enough to use the mouthpiece. This helps avoid nasal 
deposition of the drug and creates a more closed system, thus decreasing the amount of 
drug lost to the environment (13). 

Several studies from the adult literature have demonstrated the effectiveness of de- 
livering albuterol by MDIs with a holding chamber or spacer (14-23). There is a growing 
experience in children as well (24-28). Kerem et al. found no difference in objective and 
subjective outcomes among mild to moderately ill children treated with albuterol either 
by nebulization or via MDI with a spacer (24). In that study, the dose ratio for albuterol 
by MDI-spacer versus nebulizer was 1 : 5.  Advantages to MDI-spacer include lower costs 
and decreased administration time. 

It is imperative to utilize a holding chamber/spacer since children have difficulty 
coordinating the delivery of mist from the MDI with the inhalation phase of respiration. 
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In addition, for children who are too young to hold the holding chamber in their mouths, 
a face mask should be employed to achieve a seal over the mouth and nose. The medication 
is delivered into the chamber and several breaths are taken by the child. Precise coordina- 
tion between the administration of drug into the chamber and the phase of respiration is 
not needed and the chamber decreases the deposition of large aerosol particles in the upper 
airway. The optimal dose to administer via MDI has not been precisely defined, but the 
NIH Expert Panel recommends 4-8 puffs per dose every 20 min, 90 pg per puff (4). 

Whether the delivery system is a hand-held jet nebulizer or a MDI with holding 
chamber, albuterol should be administered every 20 min (4). After each treatment, the 
patient should be reassessed, and a decision should be made regarding the need for addi- 
tional treatments. The child should be observed for 30-40 min after the most recent albu- 
terol treatment before disposition decisions are made to assure that wheezing and respira- 
tory symptoms do not recur. If after 1-3 treatments there has been a good response, as 
evidenced by a decreased respiratory rate, no retractions, no dyspnea, and alertness with 
good color, then the episode can be considered mild and arrangements can be made to 
send the child home. The ability of the child to perform a peak expiratory flow rate (PEFR) 
value > 80% of predicted or personal baseline value would confirm therapeutic success. 

After discharge from the ED, patients should continue to receive albuterol every 3- 
4 hr for 3-5 days and resume taking their other asthma medications. The initiation of oral 
corticosteroids at home should be considered for patients who had been already receiving 
daily P2-agonists on arrival to the ED, have frequent relapses or hospitalizations (29), or 
have been on corticosteroids in the past after asthma exacerbations. A usual course is 2 
mg/kg/day for 5 days, with no need to taper the dose since there will not be significant 
adrenal suppression (30). Contact with the primary care physician should be encouraged 
not only if symptoms recur but for decisions regarding the need for long-term medication. 

111. MODERATE EXACERBATION 

Children who are experiencing a moderate asthma exacerbation usually have several of 
the following clinical characteristics. Typically, they are somewhat breathless and tachy- 
pneic, with inspiratory and expiratory wheezing, moderate suprasternal and intercostal 
retractions, an inspiratory-to-expiratory ratio of 1 : 2 or an oxygen saturation of 92-97% 
in room air. Oxygen should be administered to maintain a saturation above 92%. 

The general management scheme for these patients is outlined in Figure 1 .  As with 
the child having a mild exacerbation, a more moderately ill patient should receive albuterol 
either by nebulization or via MDI with a holding chamber. The NIH Expert Panel Report 
recommends that corticosteroids be given to any asthmatic child who does not improve 
after one hour of P2-agonist therapy (4). However, for moderately ill children we favor 
administering corticosteroids immediately following the initial albuterol treatment. Clini- 
cal benefits from steroids are delayed (31-34) and all moderately ill children will require 
steroids whether or not they require hospitalization. Therefore, it seems more prudent to 
administer steroids soon after ED arrival in an attempt to hasten clinical improvement 
and perhaps prevent the need for hospitalization (3 1-35). 

We favor treating moderately ill asthmatic children who do not require intravenous 
access for some other reason with 2 mg/kg of oral prednisone (max 60 mg). The NIH 
Expert Panel has advised that oral prednisone is preferred because it is less invasive with 
effects equivalent to parenterally administered corticosteroids (4). We have shown that 
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V 
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'Consider IM methylprednisolone or nebulized 
dexamethasone if the child vomits prednisone 

Figure 1 General management scheme for patients wi th moderate exacerbations. 

oral prednisone reduces the need for hospitalization among a subset of moderately to 
severely ill children treated aggressively with P,-agonists (those with an initial pulmonary 
index >10); this benefit was achieved within four hours of the administration of predni- 
sone (Table 1 ) .  Oral prednisone is rapidly and completely absorbed, and advantages in- 
clude the potential for prehospital administration and decreased frequency of minor com- 
plications associated with parenteral therapy. Most importantly, routine use of prednisone 
for all moderately ill children in the ED will avoid delays in corticosteroid delivery pend- 
ing the insertion of an intravenous line. It follows then that oral administration would 
result in an increased utilization of corticosteroids among children in the ED. 

For patients who have been vomiting at home prior to the ED visit or who vomit 

Table 1 Hospitalization Rates 

P value Predisonea Placeboa 

All patients 11/36 (31) 
Patients wi th 7/22 (32) 

initial PI > 10 

19/39 (49) .I0 
13/18 (72) < .05 

a Values expressed as number hospitalized/total (%). 
PI = pulmonary index. 
Source: Ref. 31. 
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the oral prednisone within 15 minutes of its administration, options include single doses 
of either 4 mg/kg of intramuscular methylprednisolone (32) or 1.5 mg/kg of nebulized 
dexamethasone (35). We found that a subset of moderately ill children who received dexa- 
methasone sodium phosphate solution delivered by nebulization were able to be dis- 
charged home from the ED sooner than those receiving prednisone (Figure 2). 

Albuterol treatments should be continued every 20-30 min with clinical reassess- 
ment preceding each nebulization. For the second nebulized treatment, we favor adding 
250-500 pg of ipratropium bromide to the albuterol. Alternatively, ipratropium may be 
administered via MDI with spacer immediately after the second albuterol is given by MDI. 
Ipratropium has local anticholinergic effects with little systemic absorption. Bronchodila- 
tion is achieved within 20 min and peaks at 60-120 min (36). Several studies in children 
have found that its use in combination with albuterol results in a degree of bronchodilation 
above that achieved with albuterol alone (37-40). In the largest of these studies, the addi- 
tion of repeated doses of 250 pg of nebulized ipratropium to frequent high-dose albuterol 
among moderately ill asthmatic children resulted in significant objective benefits (37). 
However, children in this study were not treated concurrently with corticosteroids. In a 
more recent study, two 500 pg doses of ipratropium along with frequent nebulized albu- 
terol and oral corticosteroids was compared to albuterol and steroids alone for moderately 
ill asthmatic children. The ipratropium group experienced a significant improvement in 
pulmonary function at 120 min (40). 

As yet, the optimal dose and frequency of ipratropium treatments are not well estab- 
lished. As more experience with the use of ipratropium accumulates, its niche in the treat- 
ment of acute asthma will become clearer. The available data seem to support its use for 
moderately to severely ill patients either as a single dose or given repeatedly with each 
albuterol treatment. 

Once therapy has been initiated for moderately ill children, decisions about labora- 
tory studies can be made. The presence of fever, respiratory rate above 60, an asymmetric 
pulmonary examination persisting after therapy, or a concern about foreign body aspiration 
or pneumothorax would all be reasonable indications for a chest radiograph to be obtained 
(41). 

Figure 2 Patient outcomes among moderately ill children. (From Ref. 35.) 



434 Scarfone and Fuchs 

If this is the first episode of wheezing in an infant, a chest radiograph may be ob- 
tained to look for other etiologies of wheezing such as congestive heart failure, pneumonia, 
congenital airway or lung abnormalities, foreign body aspiration, cystic fibrosis, or tumor. 
Routine acquisition of chest radiographs for older children who are wheezing for the first 
time is not recommended (41). 

Other studies, such as complete blood count or serum electrolytes rarely provide 
useful information in managing the asthmatic child. For patients receiving theophylline 
prior to presentation, a measurement of serum theophylline concentration is warranted. 

Much has been written about the role of aminophylline in the ED treatment of acute 
asthma. A meta-analysis of 13 trials found no difference between the aminophylline- 
treated and control groups (42). While the data do not allow one to conclude that a child 
who is unresponsive to conventional therapy will not benefit from aminophylline, the 
preponderance of evidence suggests that aggressive use of inhaled P2-agonists and cortico- 
steroids obviates the need for aminophylline (43). As stated by the NIH Expert Panel, 
“There is no evidence that theophylline adds to the bronchodilation achieved with beta2- 
agonists in the first 4 hours in the ED” (4). Given this, as well as the narrow therapeutic 
window of aminophylline, it is not recommended as a routine component of therapy for 
those presenting with a moderate exacerbation. 

The clinician should use the patient’s clinical response to decide the duration of ED 
therapy as well as the disposition. Those who show prompt improvement early in their 
ED management may be discharged home. However, it is wise to delay a disposition 
decision until 30-40 min after the most recent albuterol treatment so that a clinical relapse 
may be noted. Albuterol should be prescribed for all such patients, as described earlier. 
In addition, 5 days of oral prednisone is recommended for all children who present with 
a moderate exacerbation, even if they were readily responsive to albuterol in the ED or 
had not been receiving albuterol prior to their ED visit. 

On the other hand, 90-120 min after arrival in the ED, most children should have 
received 3-4 albuterol treatments, corticosteroids, and ipratropium. When subjective and 
objective measures reveal that the degree of respiratory distress is unchanged at this point, 
then hospitalization is warranted. One should have a lower threshold for admitting those 
children who have had numerous previous admissions, severe prior exacerbations, inexperi- 
enced caretakers at home, or difficulty returning in case of relapse (see Chapters 32 and 35). 

Perhaps the group of patients for which clinicians can have the greatest impact is that 
subset of moderately ill children who experience some degree of clinical improvement at 
this stage, but are not quite well enough to be sent home. We tend to continue to treat such 
children with albuterol every 30 min for a total of .3-4 hr. We found that among prednisone- 

Table 2 Outcome for Patients with a Preliminary Disposition (PD) of “Admit” 

PD of 
”admit“ 

Final disposition 
for those with 
PD of “admit” 

Prednisonea 
Placeboa 
P value 

20/36 (56) 
18/39 (46) 

.42 

9/20 (45) 
15/18 (83) 
<.05 

a Values expressed as number (%). 
Source: Ref. 31. 
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treated children who would have been hospitalized after 2 hr of ED therapy, less than half 
were actually hospitalized when aggressive P2-agonist therapy was continued for an addi- 
tional 2 hr (Table 2). Presumably, the onset of the effects of prednisone allowed these 
children to avoid hospitalization. Thus, if staffing and space allows, moderately ill children 
showing slow and steady improvement should continue to be treated for up to four hours. 

IV. SEVERE EXACERBATION 

A severe exacerbation is characterized by breathlessness, agitation or lethargy, extreme 
tachypnea, loud wheezing audible without a stethoscope, significant use of accessory mus- 
cles with suprasternal and intercostal retractions, a markedly prolonged expiratory phase 
or an oxygen saturation <92% in room air. Some children with a severe exacerbation 
may have a slowed respiratory rate because of a prolonged expiratory phase, and wheezing 
may not be audible if aeration is markedly decreased. 

The general management scheme for these patients is outlined in Figure 3. Continu- 
ous monitoring of heart and respiratory rates, pulse oximetry, and blood pressure should 
be performed. Supplying oxygen and promptly administering a P2-agonist are the initial 
steps to take in the treatment of severely ill children. To achieve an oxygen saturation of 
92% or greater, it may be necessary to employ a nonrebreathing face mask. Ipratropium 
bromide should be administered soon after the initial albuterol treatment with consider- 
ation given for repeat doses. 

For children with poor inspiratory flow or who are extremely agitated and uncoopera- 
tive, inhaled albuterol will not be effectively delivered to the small airways; thus, subcutane- 

Monitor Pulse, Reapiratory Rate, Oxygen Saturation 

J. 
Supplemental Oxygen 

Albuterol and ipratropium bromide by nebulization 

Poor Response 

Continue with approach 
to moderately ill patient 

S u bcu ta n e o u a te rb u ta li n e 

IV methylprednisolone 
1 
$. 

J. 
j ,  

Continuously nebulired albuterol 

IV magnesium sulfate 

IV terbutaline infusion 

Figure 3 General management scheme for patients wi th severe exacerbations. 
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ous epinephrine or terbutaline may be used in this setting. Terbutaline is a selective P2- 
agonist and an appropriate dose is 0.01 mL/kg with a maximum of 0.5 mL in adolescents. 

An intravenous line should be established as soon as possible and 2 mg/kg methyl- 
prednisolone administered. An arterial blood gas will be helpful to evaluate arterial carbon 
dioxide tension in a patient suspected to be hypoventilating. 

Based on the response to these initial therapeutic interventions, the emergency physi- 
cian must decide on the degree of escalation of care. Children who demonstrate consider- 
able improvement may be managed as moderately ill children, as discussed previously. 
For those who are poorly responsive, therapeutic options include albuterol delivered by 
continuous nebulization, the intravenous administration of magnesium sulfate, and sympa- 
thomimetics administered by continuous intravenous infusion. 

Studies in adults evaluating the efficacy of continuously nebulized albuterol versus 
intermittently nebulized albuterol in the ED have shown that the continuous route was as 
safe and as effective as the intermittent route with fewer side effects (44-46). Two of 
the studies demonstrated that continuously nebulized albuterol was more beneficial than 
intermittently nebulized albuterol in those patients with more severe distress (44,45). How- 
ever, in each of these studies there has been a wide variability in the doses used for 
continuous nebulization as well as the frequency with which intermittently nebulized albu- 
terol was delivered. 

Continuously nebulized albuterol has been used in the pediatric intensive care setting 
for children with impending respiratory failure for several years. One of the initial studies 
in the ICU setting demonstrated that patients receiving continuously nebulized albuterol 
improved more rapidly, had shorter hospital stays, and required less respiratory therapy 
time at the bedside then those children receiving intermittently nebulized albuterol (47). 
Another study found that continuously nebulized albuterol reduced the need for mechani- 
cal ventilation and the use of intravenous P-agonist infusions (48). Regarding side effects, 
creatinine phosphokinase (CPK) levels were monitored in two pediatric ICU-based stud- 
ies, and were elevated in three of 17 and three of 19 patients. Although a total of three 
patients had elevated CPK-MB fractions, no patients had electrocardiogram (ECG) evi- 
dence of ischemia or dysrhythmias during treatment including those with isoenzyme eleva- 
tions (47,4950). Although there is a theoretical concern for hypokalemia after long-term 
use of continuous nebulization, this was not demonstrated in the Pap0 study. 

A recent study assessed the use of continuously nebulized albuterol to treat children 
in the ED with moderate to severe asthma. Compared were 0.3 mg/kg/hr of albuterol 
versus 0.15 mg/kg/dose delivered every 30 min. Although there were no differences in 
admission rates or side effects, there was a greater reduction in asthma score and in respira- 
tory therapy time for those patients receiving continuously nebulized albuterol (45). In 
addition, similar to the studies in adults, among a subpopulation with more severe disease, 
there was a trend toward a reduced admission rate among those receiving continuously 
nebulized albuterol. 

Potential advantages of using continuously nebulized albuterol include greater bron- 
chodilation occurring with smaller, more frequently nebulized doses of P,-agonists, better 
drug distribution, a wide therapeutic index compared to the intravenous route, diminished 
respiratory therapy time, and cost savings (45,51). Potential disadvantages of its use in- 
clude young children not being able to tolerate wearing a face mask for a prolonged period 
of time and physicians failing to assess children who are receiving ongoing therapy (45). 

For severely ill asthmatic children who have a suboptimal response to initial thera- 
peutic options, we advocate the use of continuously nebulized albuterol at a dose of 0.5 
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mg/kg/hr (max 15 mg). These patients require frequent assessments to ensure that there 
is not a deterioration in their respiratory status while they are receiving this therapy. There 
are several methods of delivery, but a simple and readily available one uses a HEART 
(high-output extended aerosol respiratory therapy) nebulizer (B&B Medical Technologies. 
Inc., Orangevale, CA), which has a large reservoir and can hold several hours of medica- 
tion (44,45,5 l). Another delivery method is a small-particle aerosol generator (Spag unit. 
ICN Pharmaceuticals, Costa Mesa, CA), often used for the administration of antiviral 
aerosol medication (5  1). While patients are receiving continuously nebulized albuterol, 
they should continue to be monitored closely for dysrhythmias or blood pressure changes. 

Currently, there are few large clinical trials assessing the use of magnesium sulfate 
in children. In one double-blinded and placebo-controlled trial, moderately to severely ill  
asthmatic children treated with intravenous magnesium sulfate demonstrated significant 
improvements in pulmonary function studies and rate of discharge from the ED compared 
to the placebo group (52). Studies performed in adults have had conflicting results, most 
likely due to wide variability in both degree of illness of patients and magnesium dosing. 
Okayama et al. and Rolla et al. each demonstrated modest improvements in pulmonary 
function studies among adult asthmatics treated with intravenously administered magne- 
sium sulfate (53,54). Skobeloff et al. found that among adult asthmatics refractory to initial 
beta-agonist therapy, there was a demonstrable improvement in peak expiratory flow rates 
as well as hospitalization rates among those treated with magnesium sulfate ( 5 5 ) .  On the 
other hand, a larger study failed to identify a magnesium benefit among adults with status 
asthmaticus (56). 

When magnesium sulfate is reserved for use in only the most severely i l l  patients, 
perhaps mild degrees of bronchodilation brought about by the drug are not discernible. In 
addition, since very ill asthmatics are treated concurrently with many forms of aggressive 
therapy, it may not be possible to distinguish which component of the patient’s therapy 
is leading to a clinical benefit. 

Magnesium sulfate has been shown to be safe. The side effects are mild and, if they 
occur, are more pronounced immediately during the infusion (57). This includes transient 
sensation of facial warmth, flushing, nausea and vomiting, dry mouth, and malaise (57). 
Early signs of more significant magnesium toxicity such as hypotension do not appear 
until serum levels of greater than 8 mg/dL are achieved. Yet. at doses of 50-75 mg/kg. 
levels of 2-4 mg/dL are usually achieved (57). We are currently studying the use of 75 
mg/kg (max 2.5 g) of intravenous (IV) magnesium sulfate administered over 20 min for 
severely ill children. We continuously monitor heart rate and blood pressure and none of 
the 30 subjects enrolled to date have had significant adverse effects. 

At this time magnesium sulfate cannot be recommended as a routine therapy for all 
asthmatics. However, given that there are data demonstrating its efficacy in children and 
adults treated with aggressive Pz-agonist therapy and given its wide therapeutic window, 
the risk-benefit ratio favors its use for severely ill children with status asthmaticus who 
are not responding to more conventional therapy. 

A small subset of children treated with continuously administered albuterol and a 
bolus of magnesium sulfate will continue with significant respiratory distress and may 
require intravenous sympathomimetics to stave off the need for mechanical ventilation. 
Studies comparing nebulized and intravenously administered sympathomimetics have had 
conflicting results. Some have demonstrated the nebulized route to be either greater (58.59) 
or equal (60-62) in efficacy to the parenteral route, while others have had more success 
with intravenous administration (63). It is difficult to draw conclusions from these studies 
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because of variability in particular agents compared, degree of illness of patients, and 
dosages selected. 

Bohn found that in 11 of 16 children admitted to an ICU with severe asthma, the 
use of intravenous salbutamol averted the need for mechanical ventilation (64). This ther- 
apy reduced the group’s mean Pacoz from 60 to 50 after 1 hr and to 42 after 2.5 hr. 

To date, there are limited data comparing continuously nebulized albuterol alone 
versus albuterol and intravenous sympathomimetics. Based on the existing literature, be- 
cause of the concern for toxicities, there is no justification for initiating therapy with 
intravenous sympathomimetics, even for severely ill children. However, for those who 
are poorly responsive to the aggressive treatment outlined previously, the risk-benefit 
ratio shifts toward the use of intravenous therapy. For these children with tight broncho- 
constriction, theoretically, the drug will be delivered by the systemic circulation to distal 
airway sites. 

Isoproterenol had been the drug of choice in the past. However, its use was associ- 
ated with frequent and severe complications such as dysrhythmias, hypertension, and myo- 
cardial ischemia. The selective P2-agonist terbutaline should be used in this setting. A 
recommended dose is 10 pg/kg over 30 min followed by an infusion of 0.1 pg/kg/min 
(65). The dose can be increased in 15 to 20 min intervals by increments of 0.3-0.5 pg/ 
kg/min to a maximum of 4.0 pg/kg/min. This dose is largely empiric however since there 
are few dose-response studies correlating bronchodilating effects with plasma levels in 
children (66). In one such study, 4.5 pg/kg/hr was found to be the optimal dose producing 
maximal bronchodilation. However, just I0 children were studied and the plasma level 
correlating with maximal bronchodilation varied widely among subjects. Therapeutic 
doses will result in side effects such as tachycardia, increased systolic and decreased dia- 
stolic blood pressures, flushing, headaches, and tremors. Patients should be monitored for 
dysrhythmias, hypokalemia, hyperglycemia, and hypophosphatemia. Children with a se- 
vere asthma exacerbation should, of course, be admitted to the intensive care unit. 

Asthma is a potentially serious disorder seen commonly in the pediatric ED. The 
clinician is called upon to rapidly assess a child’s degree of illness and institute appropriate 
therapy. This chapter has provided an overview of assessment and management recom- 
mendations with an emphasis on some of the newer treatment options available. It is only 
through more effective preventative measures and timely and appropriate institution of 
treatment that we can hope to reverse the current trends in morbidity and mortality. 
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Acute Asthma in Pregnancy 

Richard Sinert, Karen 1. Stavile, and jin H. Han 
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Center, Brooklyn, New York 

1. INTRODUCTION 

The pregnant patient with an exacerbation of asthma presents many challenges to the 
emergency physician. Alterations in respiratory physiology during pregnancy and the addi- 
tional concerns for preventing fetal hypoxia requires increased vigilance. The risks of 
asthma therapy to the developing fetus must be balanced with the risks of maternal and 
fetal hypoxia. Patient education and appropriate outpatient follow-up aimed at preventing 
recurrent attacks takes on an added importance in this patient population. 

Asthma occurs in 1-4% of all pregnancies, representing one of the most common 
serious medical complications of pregnancy (1,2). Many large studies during pregnancy 
have established that mild (2-4) and even well-controlled steroid dependent asthma (5,6) 
have little untoward effects on either the mother or fetus. Yet, status asthmaticus, which 
occurs in 0.05-0.2% of all pregnancies, is associated with significantly higher frequencies 
of maternal death, fetal loss, prematurity, and intrauterine growth retardation ( 1,7-9). 

I I .  RESPIRATORY PHYSIOLOGY WITH PREGNANCY 

Progesterone elevation during pregnancy results in maternal hyperventilation ( 10). By 
term there is a 40% increase in minute ventilation, from 6.6 L preterm to 9.2 L by 39 
weeks (1 1 ). Respiratory rate remains unchanged (10) but tidal volume increases from 0.4 
L in the nonpregnant state to 0.6 L at term (10). Decreases in total lung volume (4- 
6%), residual volume and functional residual capacity ( 15-25944 cannot be completely 
accounted for by the mechanical effects from a gravid uterus (12). 

Airway mechanics, FEV,, and closing volumes remain unchanged during pregnancy 
(1  3). Predicted peak expiratory flow rates in pregnancy remain in normal ranges between 
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380 and 550 L/min (14). Pulmonary diffusion capacity increases during pregnancy, which 
is not explained by alterations in hemoglobin concentration, alveolar volume, or estrogen 
concentration (15). 

Arterial blood gas (ABG) measurements are consistent with a compensated chronic 
respiratory alkalosis reflecting maternal hyperventilation. Normal blood gases during preg- 
nancy reveal a normal range pH (7.40-7.45) a decreased pco, (28-30) and a higher PO, 

These changes in respiratory physiology have important implications in the emer- 
gent treatment of the pregnant asthmatic. Maternal hyperventilation is often interpreted 
by the patient as shortness of breath, leading to the condition known “dyspnea of preg- 
nancy,” which has been reported by up to 76% of nonasthmatic pregnant patients (19). 
The differentiation of an early acute exacerbation of asthma versus “dyspnea of preg- 
nancy’ ’ may present a clinical challenge to the emergency department (ED) physician. 

Bronchospasm is accompanied by an increase in minute ventilation in order to main- 
tain an adequate oxygen exchange. A pregnant patient with baseline chronic hyperventila- 
tion may have less of a respiratory muscle reserve during an asthmatic attack. Since mater- 
nal pco. is normally less than 30 mmHg, physicians must readjust their normal ranges so 
that a pco. of 40 mmHg represents severe hypoventilation in these patients. In the example 
below, I have attempted to give a typical scenario of ABGs during an asthma attack in 
a pregnant patient. Early in the course of an acute asthma attack acute respiratory alkalosis 
adds to pregnant patient’s chronic respiratory alkalosis. If alveolar hypoventilation occurs, 
the typical rapid fall in arterial pH and rise of pco. may not be seen and respiratory failure 
must be diagnosed on the basis of this very normal appearing ABG. Clinical correlation 
with the knowledge of changes in respiratory physiology will aid the ED physician in 
correctly identifying respiratory failure in the pregnant patient (Figure 1 ). 

Although airway resistance and mechanics are unchanged during pregnancy, alter- 
ations in body position has been shown to have significant respiratory effects in the full- 
term pregnant patient. FEVl was found to be significantly lower in the supine compared 
to sitting position (20). The alveolar-arterial oxygen gradient also increased by changing 
position from the sitting to supine (21). The ED physician is recommended to always 
maintain the pregnant asthmatic in a sitting and never a supine position. 

(100-106) (16-18). 

Baseline 3rd Trimester: 
Chronic Respiratory Alkalosis 

pH 7.45 / pC0230 / PO, 106 / HCO, 20 . 

-A 

Early Asthma Exacerbation: Acute and 
Chronic Respiratory Alkalosis 

pH 7.53 / pC0,20 / PO, 106 / HC03 18 

Respiratory f aiture: Chronic Respiratory Alkalosis 

pH 7.34 / pC0,40 / PO, 90/ HC03 20 
and Acute Respiratory Acidosis A 

Figure 1 ABGs in pregnant asthmatics. 
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111. MATERNAL FETAL OXYGEN EXCHANGE 

The urteroplacental circulation is a countercurrent exchange system resulting in significant 
arteriovenous oxygen shunting (22). The fetus thrives in a continual state of hypoxia, with 
an umbilical artery PO, (1 1 mmHg) and vein PO, (32 mmHg) while the woman breathes 
room air (23). This low fetal arterial PO, combined with the rightward shift of the fetal 
hemoglobin-oxygen dissociation curve leaves the fetus with only a 2-min oxygen reserve 
(24). Compensations to prevent fetal hypoxia include: (1) fetal shunts (i.e., ductus arterio- 
sus, venosus, and foramen ovale), which direct the majority of blood flow to vital organs; 
(2) fetal oxygen-hemoglobin dissociation favors more oxygen uptake and release in the 
normally acidic fetal environment; and (3) the ability to increase blood flow rates from 
fetus to placenta (25).  

A high degree of correlation exists between maternal and fetal PO, (23). This leaves 
the fetus extremely vulnerable to hypoxia during an asthma attack, and has led to the 
recommendation for monitoring maternal oxygen saturation in these patients. Since in- 
creasing maternal Po2 has been shown to increase fetal PO, (23), supplemental oxygen 
should be given to all pregnant patients with an asthma exacerbation. 

Fetal hypoxia can also occur independently of maternal hypoxia as result of only 
an exacerbation of maternal hyperventilation (23,26-28). This hypoxia has been ascribed 
to the decreasing pco2 by itself (23). An increasing pH can decrease uterine blood flow, 
and increase maternal hemoglobin affinity for oxygen compared to the fetus, leading to 
fetal hypoxia (26-28). 

These increased risks to fetal hypoxia have led to the recommendation for fetal heart 
rate monitoring in the ED in severe asthma attacks (29). Fetal heart rate decelerations or 
absent variability would then provide for an early warning of fetal hypoxia and point to 
a more aggressive approach to maternal oxygenation. 

IV. HOW PREGNANCY AFFECTS ASTHMA 

Physiological changes during pregnancy may have significant effects on the course of 
asthma. These effects can be divided into factors that have the potential to improve or 
exacerbate asthma during pregnancy. 

A. Factors That May Improve Asthma During Pregnancy 

During pregnancy an increase in P-agonist reactivity has been ascribed to increased levels 
of estrogen and progesterone (30). Plasma free-cortisol levels are increased in pregnancy, 
secondary to a combination of decreased clearance by estrogen (31) and displacement of 
cortisol from transcortin by progesterone (32). Serum histamine levels decrease during 
pregnancy as a result of its increased enzymatic breakdown (33). Increases in cyclic adeno- 
sine monophosphate (CAMP) during pregnancy have also been reported (34). 

Decreases in cell-mediated immunity with pregnancy occur as evidenced by a reduc- 
tion in maternal lymphocyte response to phytohemagglutinin (35). Immunoglobulin E 
(IgE) levels have been shown to decrease during pregnancy (3). The failure to decrease 
IgE levels during pregnancy has been shown to be associated with a higher frequency of 
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asthma exacerbations (3). The prostaglandins, PGE (36) and PGI, (37), which decrease 
bronchospasm, are also increased with pregnancy (38). 

B. Factors That May Exacerbate Asthma During Pregnancy 

As with the other prostaglandins, PGF, also increases with pregnancy (38). Unlike PGE 
and PGI:, PGF, has been linked to bronchconstriction (39). 

Gastrointestinal reflux, a common complication of pregnancy, is highly correlated 
with asthma exacerbations (40). A prospective study that decreased reflux in asthmatics 
reported significant decreases in FEV, and Asthma Severity Scores (41). 

Sinusitis, another condition associated with asthma exacerbations (42), occurs more 
frequently during pregnancy. Sinusitis was estimated in one study to occur in 1.5% of all 
pregnancies, a six-fold increase in incidence as compared to the general population (43). 

A number of medications occasionally used during pregnancy have been reported 
to cause bronchospasm. Ergonovine, used to stimulate uterine contraction to reduce post- 
partum or postabortion bleeding, has been reported to cause bronchconstriction in asthma- 
tics (44). Prostaglandins used in second-term abortions and to induce labor in incomplete 
abortions have also been known to exacerbate asthma (45). It is recommended that Ergono- 
vine and prostaglandins should be avoided if possible in all patients with a history of 
asthma. 

C. Clinical Studies of the Effects of Pregnancy on Asthma 

The final analysis of the effects of pregnancy on the course of asthma must rely on clinical 
observations. Many large studies of asthma during pregnancy have confirmed the general 
rule that one-third of patients remain unchanged, one third deteriorate, and one third im- 
prove (3,46). Yet other studies have reported large variations in asthma improvement from 
18% to 69%, and deterioration in 6% to 42% during pregnancy (47,48). 

These variations in outcomes of asthma during pregnancy can be explained by varia- 
tions in study populations, in the choice of measures of asthma severity. and in study 
design. Demographic variations are very significant because of the reported higher asthma 
severity in the adolescent (49) and African-American populations (50). 

A common theme in many studies is that women with more severe asthma prior to 
their pregnancies tend to have an increased frequency of attacks during their pregnancies 
(3,46,48). Changes in asthma severity with pregnancy are also consistent in individual 
women during successive pregnancies (46). 

The timing of asthma improvement and deterioration during the course of the preg- 
nancy has also been studied. As a general rule, asthma improves during the second half 
of the pregnancy (3.46). In patients who suffered a deterioration of their asthma, weeks 
24-36 were the most common time for asthma exacerbation (46). During weeks 37- 
40, improvement is asthma symptoms occurs iicross all groups of patients (46). Asthma 
exacerbations are rarely reported during labor and delivery (46). 

v. HOW ASTHMA AFFECTS PREGNANCY 

Several historical studies reporting on the effects of asthma in pregnancy conducted prior 
to the 1980s showed an increased incidence of low birthweight and increased frequency of 
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perinatal mortality (7,9). Adverse maternal outcomes included hyperemesis, hemorrhage, 
preeclampsia, chronic hypertension, complicated labor, hypoxia, hypocapnia. and alkalosis 
(4,9). The poor maternal and fetal outcomes frequently cited in these studies was probably 
the result of lack of steroid treatment for asthma. 

Published data from the Collaborative Perinatal Project by Gordon et al. in 1970 
reviewed outcomes in a cohort of 277 pregnant asthmatics compared to 30,861 controls 
(7). A significant increase in perinatal mortality (5.9% vs. 3.2%) was found among preg- 
nant asthmatics, but no difference in prematurity rates or low birthweights was found. 
There were six maternal deaths, five attributed to asthma. Gordon concluded that severe 
asthma was a high risk for both mother and fetus. 

In 1972, a retrospective study of pregnancy outcomes in 381 asthmatics compared 
to 112,530 patients without disease found an increased incidence of prematurity, low 
birthweights, and neonatal mortality (9). There also was noted an increased incidence 
of hyperemesis, hemorrhage, and preeclampsia in the asthmatic patients. Malformation, 
stillbirths, and perinatal mortality were not increased in their study. 

In more recent studies, with continued advances in asthma therapy. control of dis- 
ease, and good prenatal care, complications from asthma appear to have become less 
problematic than previously reported. Asthmatic women treated aggressively during preg- 
nancy have shown improved maternal and fetal outcomes. There is compelling evidence 
to support the fact that prevention of repeated asthma exacerbations and status asthmaticus 
during pregnancy promotes favorable maternal-fetal outcomes ( 5  1.52). 

In a prospective study by Fitzsimmons et al. in 1986, a statistically increased inci- 
dence of low birthweight and small-for-gestational-age births were found among eight 
infants born to women who experienced status asthmaticus during pregnancy compared 
with 41 infants born to women who did not experience status asthmaticus (5 I ). There 
were no malformations, neonatal deaths, or maternal deaths. Thus the prevention of status 
asthmaticus resulted in a more favorable outcome for the fetus. 

A prospective study by Stenius-Aarniala et al. in 1988 found no difference in gesta- 
tional age, birthweight, or perinatal mortality among 18 1 pregnant asthmatics during 198 
pregnancies compared to 198 controls (47). Elective cesarean sections were increased 
particularly in the most severely affected asthmatic women. Emergency cesarean sections 
were performed with equal frequency in asthmatic and control patients. Severe asthma 
and/or systemic corticosteroid treatment appeared to increase the incidence of mild pre- 
eclampsia in the mother and hypoglycemia in the infant. The authors concluded that close 
monitoring of asthma during pregnancy and labor is warranted and should prevent the 
most serious maternal and fetal complications. 

In a recently concluded prospective case-controlled study of 486 asthmatic women 
and 486 controls followed over the course of 12 years by Schatz et al. found chronic 
hypertension to be significantly more common among asthmatics than controls (53). There 
were no statistical differences in the incidence of perinatal mortality, low-birthweight in- 
fants, intrauterine growth retardation, congenital malformations, or maternal preeclampsia. 
Cases and controls were matched for such variables as age, smoking status, parity, and 
year of delivery. Schatz et al. concluded that “the overall prognosis for women with 
well managed asthma during pregnancy is comparable to that found for the nonasthmatic 
population.’’ 

Serious complications due to uncontrolled asthma in pregnancy have reportedly been 
associated with numerous adverse outcomes to both the infant and mother. With the current 
armamentarium of asthma medications available, most pregnant asthmatics can be man- 
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aged with minimal complications. Close monitoring and aggressive treatment of the more 
severe cases in collaboration with careful obstetrical management should preclude many 
of the adverse outcomes typically associated with pregnant asthmatics in the majority of 
cases. 

VI. MANAGEMENT OF ASTHMA IN PREGNANCY 

A. General Principles 

Clark (54) has summarized a set of general principles for the treatment of the pregnant 
asthmatic from The National Institutes of Health (NIH) Working Group on Asthma: (1) 
monitoring of maternal lung function and fetal well being; (2) avoidance of environmental 
triggers; (3) pharmacological treatment; and (4.) patient education ( 14). 

B. Pharmacological Management 

The generally accepted philosophy of avoiding unnecessary medications during the first 
trimester of pregnancy also applies to the asthmatic. Avoiding environmental triggers as 
in all asthmatics is the first line therapy in preventing exacerbations. Once an asthma 
attack occurs the emergency physician should not be hesitant to use pharmacological inter- 
ventions as the benefits clearly outweigh the potential risks. A recent NIH study on asthma 
during pregnancy found that physicians and mothers often have unwarranted fears of these 
drugs’ teratogenicity resulting in under treatment and noncompliance ( 14). 

The pharmacological management of asthma in pregnancy is almost identical to that 
in nonpregnant patients. The Use-in-Pregnancy Ratings of the Food and Drug Administra- 
tion (FDA) (see Table 1) classifies drugs according fetal risk based on animal and human 
data. The FDA considers no antiasthma drugs absolutely safe during pregnancy and in- 
cludes none in Category A. Most asthma drugs are classified as Category B or C .  Drugs 
in Category B can be used with less fear, since these agents do not have evidence of risk 

Table 1 Federal Drug Administration Use-in-Pregnancy Ratings 

Category Interpretation 

A 

B 

Controlled studies show no risk. Adequate, well-controlled studies in 

No evidence of risk in humans. Either animal findings show risk, but 
pregnant women have failed to  demonstrate risk t o  the fetus. 

human findings do not; or i f  no adequate human studies have been 
done, animal findings are negative. 

Risk cannot be ruled out. Human studies are lacking, and animal stud- 
ies are either positive for fetal risk or lacking as well. However, po- 
tential benefits may justify the potential risk. 

Positive evidence of risk. lnvestigational or  postmarketing data show 
risk to the fetus. Nevertheless, potential benefits may outweigh the 
potential risk. 

Contraindicated in pregnancy. Studies in animals or human, or investi- 
gational or postmarketing reports have shown fetal risk that clearly 
outweighs any possible benefit to the patient. 

C 

D 

X 
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in humans. Category C drugs have been shown to have teratogenic effects only in animals 
at supratherapeutic dosages ( 5 5 )  and thus may not be relevant to humans. The final deci- 
sion to administer Category C drugs should be based on published clinical experiences. 
Category D drugs have evidence of risk to both animals and humans. No asthma medica- 
tion in Category D is so exceptionally effective so as to be currently recommended for 
pregnant patients. Category X drugs show definite risk but little benefit and have no ratio- 
nal use in pregnancy. 

VII. OVERVIEW OF ASTHMA MEDICATIONS IN 
PREGNANCY 

A. P-Agonists 

As in the nonpregnant patients, the use of P-agonists are first line therapy for acute asthma 
exacerbations in pregnant patients. P-agonists, especially terbutaline, have been exten- 
sively studied clinically in pregnant patients as tocolytic agents. This long-term experience 
with terbutaline has earned P-agonists an FDA Category B rating for safety in pregnancy. 
The tocolytic as compared to the bronchodilator dose of P-agonists is much higher and 
should assure an extra margin of safety for the asthmatic mother and her fetus. It should 
be remembered, however, that tocolytics are prescribed exclusively in the third trimester 
and extrapolating their high degree of safety to other intervals of gestation may be an 
overstatement. 

P-agonists may be administered in oral, parenteral, and inhaled formulations. The 
use of parental administration have been advocated by some physicians for severe attacks, 
because, theoretically, severe obstruction may prevent some of the drug from entering 
smaller airways (56). However, studies have not shown subcutaneous administration to 
be anymore beneficial than inhalation (57,58). Inhaled bronchodilators have been found 
to be safe in pregnancy (59). The inhaled route is recommended over parental administra- 
tion because of a more rapid onset of action, higher peak effects, lower plasma levels, 
with less side effects (60). For the lactating mother, although it is unknown if inhaled p- 
agonists are found in breast milk, oral and parenteral administration result in detectable 
levels (61). 

The majority of clinical reports of complications with P-agonists have occurred at 
tocolytic not asthma dosages. Subcutaneous and intravenous administration of P-agonists 
for tocolysis has been linked to noncardiogenic pulmonary edema (62-65), hypokalemia 
(66,67), and neonatal hypoglycemia (68). When used to treat asthma, P-agonists have 
been associated with hypotension (69) and cerebral ischemia (70). 

Epinephrine, because of its a-agonist properties, deserves special note. Epinephrine 
given parenterally has been reported to cause marked decreases in urteroplacental blood 
flow after low doses of epinephrine in cows, rabbits, and monkeys (7 1-73). Although this 
vasoconstrictive effect of epinephrine has not been reproduced in humans further studies 
seem warranted (74). In rodents, epinephrine has been linked to intrauterine growth retar- 
dation (75), fetal survival (76), emotional lability, and learning deficits (77,78). In humans 
maternal epinephrine has been associated with a statistically higher incidence of congenital 
defects (79). 
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B. Corticosteroids 

As in nonpregnant asthmatics, the importance and effectiveness of corticosteroids in preg- 
nancy is well established. Corticosteroids reduces the risk of acute asthma attacks during 
pregnancy (80) and when given at discharge reduces serious exacerbations (8 1). 

The FDA has given steroids a Category C rating. Though, animal studies have shown 
teratogenic risks such as cleft-palate formation in rabbits, there is little evidence to support 
teratogenicity in humans (82). Recent studies have shown the safety of corticosteroids in 
pregnancy and congenital malformations were similar to the general population when 
asthmatic symptoms were well controlled (5 1,47). In fact, chronic maternal pulmonary 
function and not corticosteroid usage were found to determine infant birthweight (83). 

For the lactating mother oral and parenteral administration of corticosteroids results 
in transfer of steroids into breast milk, inhaled formulations have yet to be well studied 
(84). 

Chronic corticosteroid administration may lead to hypothalamic-pituitary-adrenal 
suppression in both the mother and fetus. This becomes clinically significant only during 
periods of stress, such as during labor and delivery. Mothers receiving long-term cortico- 
steroids should be given a stress dose of steroids (100 mg hydrocortisone intravenously) 
during labor. The neonate should then be observed very carefully for signs and symptoms 
of hypoadrenalism. 

C. Methylxanthines 

The methylxanthines (aminophylline and theophylline) have be given an FDA Category C 
rating. Although some animal studies with methylxanthines have demonstrated congenital 
defects (85,86) recent studies have shown no significant increase in risk (87-89). How- 
ever, it has been recommended reducing theophylline dosage in the first trimester during 
fetal organogenesis (47). 

Efficacy remains the same during pregnancy, however plasma levels may change 
during gestation. There appears to be a marked decrease in theophylline clearance (90) 
in the third trimester secondary to decrease in protein-binding to albumin (9 I ,92). If the- 
ophylline is to be given during pregnancy, plasma levels must be carefully monitored. 

Theophylline is found in breast milk and may cause may cause irritability or other 
signs of toxicity in the infant (93). Because there is a potential for serious adverse reac- 
tions, caution must be taken when nursing. 

D. Anticholinergic Agents 

Ipratropium bromide is rated by the FDA in Category B.  Though well-controlled, human 
studies have not been done, there have been no reported teratogenic effects in animals 
(94). Safety in lactating mothers has not been reported; we recommend caution in use in 
these patients. 

E. Cromolyn Sodium 

There is no evidence of teratogenic effects in both humans and animals, and thus has been 
given a Category B rating. It is not known whether or not cromolyn sodium enters the 
breast milk. It should be used with caution. 
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VIII. SUMMARY 

Changes in respiratory physiology with pregnancy complicate the diagnosis and clinical 
evaluation of asthma. Pregnancy requires ED physicians to concern themselves with both 
the maternal and fetal consequences of an asthma exacerbation. Fetal hypoxia can be 
caused by decreases in maternal PO, or Pco2 alone. Poorly controlled asthma is associated 
with higher incidences of preeclampsia and maternal and fetal death. After the introduction 
of steroid therapy for asthma, aggressively treated pregnant asthmatics should now expect 
a complication rate no different from the nonasthmatic population. Risks of fetal hypoxia 
from undertreated asthma should always be balanced with the knowledge that no asthma 
medication is completely safe in pregnancy. Patient education and close follow-up are the 
cornerstone of effective therapy for the pregnant asthmatic. 

IX. CONCLUSION 

Although the pregnant asthmatic patient presents challenges to the ED physician, knowl- 
edge of respiratory physiological changes with pregnancy and the safety of asthma thera- 
pies provide for successful treatment of these complex patients. 
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Out-of-Hospital Asthma Care 

Samuel J. Stratton 
Los Angeles County EMS Agency, Los Angeles, and Harbor-UCLA Medical Center, 
To rran ce, California 

1. INTRODUCTION 

Actions taken in the out-of-hospital (field) setting help determine the success in ongoing 
acute asthma management. Objectives for management of asthma in the field are efficient 
assessment, patient stabilization, initiation of efforts to interrupt bronchospasm, and safe, 
rapid transport to emergency center care. Excessive assessment time, use of unproven 
treatments, and high risk-low benefit maneuvers are to be avoided in the uncontrolled 
out-of-hospital environment. With these principles as a basis, rational approaches to the 
out-of-hospital management of acute asthma are discussed in this chapter. 

Out-of-hospital data on the management of acute asthma is minimal. Therefore, this 
chapter relies on emergency department (ED) and other studies as well as out-of-hospital 
data resources. Because there are so few published studies focused on such a common 
disease, the out-of-hospital management of acute asthma is an area that presents ample 
opportunity for future research. 

II. OUT-OF-HOSPITAL ASSESSMENT 

Emergency personnel responding to a victim with acute asthma can add unique informa- 
tion to the patient assessment (Table l). A quick survey of the scene can provide caregivers 
with information that otherwise may not be available. Reporting smoke, fumes, dust, or 
air pollution at the scene can be helpful for those receiving the patient from the field. 
Patient medication bottles should be gathered and brought to the ED. A quick overall 
assessment of patient psychological factors may prove helpful for those treating the pa- 
tient’s acute attack. Finally, an assessment of the patient’s living or working conditions 
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Table 1 Out-of-Hospital Acute Asthma Scene Evaluation 

Environment 
Dust or pollutants noted 
Fumes (paint, gasoline, solvents, etc.) 
Tobacco smoke or fireplace-heater smoke 
Pets and/or plants noted 
Housecleaning in progress 
Condition of  carpet, furniture, and window coverings 

Emotional stress level 
Evidence of alcohol and/or drug use 
Evidence of tobacco use by patient 

Social 

The out-of-hospital scene evaluation can provide information that cannot be obtained elsewhere. 
Documentation of possible precipitants of the acute asthma attack help primary care providers 
develop treatment plans for the prevention of future asthma attacks. 

can be extremely helpful for identifying possible causes of exacerbation of a patient's 
asthma. 

At the scene, a directed asthma history should be obtained and documented. The 
field history should be focused to determine the length of time for the present attack, any 
atypical aspects of the attack, precipitating factors, and current therapy including doses 
and frequency of use of medications. Previous hospitalizations and intubations as a result 
of asthma and recent use of steroids are also important facts to obtain in the field history. In 
addition, history of medical problems other than asthma (particularly cardiac) and known 
allergies and past drug reactions should be obtained. 

Tachypnea and appreciation of wheezing on lung auscultation are the primary signs 
for field recognition of acute asthma. In addition to the primary signs, the secondary signs 
of accessory muscle use, breathlessness causing inability to speak, diaphoresis, posturing 
to augment breathing, tachycardia, and palpable pulsus paradoxus are important for the 
field recognition of acute asthma. The prolongation of the expiratory phase of breathing 
is also valuable for field recognition of acute asthma. Fever, cough, vomiting, and other 
signs of illness complicating asthma should also be noted. Documenting and reporting 
the initial signs of severe asthma are important because the signs may abate as treatment 
of bronchospasm is started in the field. 

Severe bronchospasm with minimal breath sounds and loss of the primary sign of 
wheezing presents a difficult field assessment situation. History of asthma is often most 
helpful in decreasing confusion in this situation. Hyperinflation and recognition of the 
secondary signs of bronchospasm also allow for rapid out-of-hospital identification of 
acute asthma presenting with minimal breath sounds. 

It is essential that those managing acute asthma in the out-of-hospital environment 
be familiar with the physical signs of respiratory failure. A shallow, labored breathing 
pattern, central cyanosis, bradypnea, staring facies, diaphoresis, a recumbent position be- 
cause of exhaustion from the work of breathing, and poor perfusion secondary to hyperin- 
flation causing decreased right heart filling are important field signs of impending respira- 
tory arrest. It has been this author's field observation that uncontrolled head bobbing or 
relaxation of the neck allowing the head to lean forward while a patient is being moved 
on a stretcher or during ambulance transport signals exhaustion and impending respiratory 
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arrest. Mental status changes-either as agitation, confusion, or somnolence-also should 
rapidly be recognized as important signs of hypoxia and impending respiratory arrest. 

Pulse oximetry may add to the field assessment of the acute asthmatic. A 1989 
survey of United States revealed that pulse oximetry was used in 6% of out-of-hospital 
systems (1). Despite risks of inaccuracy because of motion artifact and ambient light 
interference, pulse oximetry has been shown to be reliable for determination of hypoxia 
in the out-of-hospital setting (2-4). Reliability of pulse oximetry has also been shown 
when used in helicopter transports (5) .  A prospective study comparing ED admission 
oximetry with field assessment found that in 27 of 30 patients. hypoxia identified by 
pulse oximetry was not recognized by field physical assessment (6). Treating hypoxia is 
important, but it is of note that in-hospital pediatric studies show oximetry to be limited 
to identification of hypoxia and not necessarily indicative of the severity of an acute asthma 
attack (7-10). There are limitations to the accuracy of pulse oximetry from poor extremity 
perfusion, such as vasoconstriction secondary to cold ambient temperatures, and obstruc- 
tion to the monitoring light beam, such as fingernail polish. Anemia has also been associ- 
ated with erroneous pulse oximetry readings (1 1) .  (see Chapter 16). With recognition of 
its limitations, pulse oximetry can detect hypoxia in the field. Hypoxia identifies patients 
with severe asthma and risk of death and it is recommended that pulse oximetry be used 
in out-of-hospital asthma monitoring. 

Measurement of peak expiratory flow rate (PEFR) is not widely used in out-of- 
hospital emergency medical service systems. PEFR measurements have been used without 
difficulty in field studies of asthma (1 2). In research of acute asthma. researchers should 
consider making initial pulmonary function measurements in the out-of-hospital setting 
because therapy begins in the field. Inexpensive, disposable PEFR meters are available 
and medical directors of out-of-hospital systems should consider using these devices to 
add to the field assessment information used for management of acute asthma patients. 

111. OUT-OF-HOSPITAL TREATMENT 

This section focuses on out-of-hospital treatment of acute asthma and its integration into 
the overall care of the patient. Discussion is directed toward the unique aspects of the 
field environment with recognition that more detailed treatment information is addressed 
in other chapters of this text. The primary goal in the out-of-hospital treatment of acute 
asthma is reversal of bronchospasm to provide normalization of pulmonary gas exchange. 
Bronchodilator therapy is therefore the primary field approach to management of acute 
asthma. Oxygen administration is also a standard field procedure. Anti-inflammatory ther- 
apy, such as oral or intravenous corticosteroids, are not known to be of immediate benefit 
in the field setting. With prolonged field times, as in the rural out-of-hospital setting, 
corticosteroids are sometimes included in treatment protocols so that there is not delay 
in initiation of anti-inflammatory therapy (13). 

P2-agonists are the agents of choice for the initial management of acute asthma and 
studies have shown that inhaled P?-agonists are safe and effective in the out-of-hospital 
setting ( 14-17). Pz-agonists are the preferred initial bronchodilator because of fewer side 
effects when compared to other bronchodilators and a short onset of action within 5 min 
(18). The inhaled route is preferred because it has a more rapid onset of action when 
compared to oral administration and is as effective as the subcutaneous route (17.19- 
22). Pl-agonists are relatively safe when administered by inhalation, but out-of-hospital 



460 Stratton 

providers should be aware of the complications of the use of these drugs, which include 
cardiovascular stimulation, anxiety, and skeletal muscle tremor (19). There has not been 
a maximum dose established for P2-agonists when used in the treatment of acute asthma, 
and they can be administered continuously by inhalation with discontinuation if adverse 
effects develop (23-28). Cardiac monitoring for dysrhythmias is important when aggres- 
sive continuous P2-agonist therapy is used in the field for the management of acute asthma 
patients with known or potential cardiac disease. Studies, though, have not associated 
inhaled P2-agonists use in acute asthma with increased ventricular ectopy (29,30). 

The method of delivery of inhaled bronchodilators is of interest in out-of-hospital 
care. The field environment is a unique setting that requires safe, compact, and portable 
methods of delivery for treatments. With this in mind, there is question of whether a 
metered dose inhaler (MDI) or nebulizer is best. for use in the field. Numerous studies 
have shown that bronchodilator delivery by metered dose inhaler with a spacer device is 
as effective as delivery by continuous nebulizer (31-42). With both techniques of aerosol 
delivery being equal, most out-of-hospital systems are left to choose the most cost effective 
and practical method. Interestingly, the literature bias is for MDIs with spacers, but in 
the out-of-hospital setting the nebulizer is commonly used. This is explained by the com- 
parative low cost and compactness of the disposable plastic nebulizer. Disadvantages of 
the nebulizer include the need for concomitant oxygen delivery to drive the nebulizer 
because most out-of-hospital transport units do not carry compressed air. This concomitant 
supplemental oxygen delivery with nebulized therapy can result in potential respiratory 
depression for those with acute asthma complicated by chronic lung disease or carbon 
dioxide retention. Nebulizers also disperse aerosol into the closed environment of an am- 
bulance and expose others to the drug. Metered dose inhalers, even with spacer chambers, 
are sometimes difficult for young and old patients to use. MDIs may have unpredictable 
aerosol delivery patterns at the extremes of temperatures that are encountered in the out-of- 
hospital environment and rarely have also been associated with paradoxical bronchospasm 
related to chlorofluorocarbons used to propel the drug from the canister (43,44). 

Subcutaneous injection of epinephrine, terbutaline, or other adrenergic agents is used 
in many out-of-hospital systems as secondary therapy when aerosol therapy has failed 
to provide relief of acute asthma. Studies have shown that subcutaneous epinephrine or 
terbutaline are effective bronchodilators in acute asthma (17,45,46). It is also reported 
that subcutaneous injection of epinephrine improves expiratory flow rates for those pa- 
tients who fail to respond to inhaled p-agonists (47). Although there is concern for causing 
serious cardiac side effects when using subcutaneous adrenergics for patients more than 
40 years old, it has been reported that with caution these agents can be used in older 
patients (48). (see Chapter 20). 

Oxygen is considered a mainstay in the field treatment of acute asthma and generally 
recommended in all but mild cases. When pulse oximetry is available, oxygen is recom- 
mended if the saturation is below 95%. Hypoxia is difficult to assess in the field and 
correlates poorly with severity of airflow obstruction (49). High flow (40% Fioz or greater) 
oxygen is usually used to supplement room air for acute asthma. Supplemental oxygen 
should be used with caution for those acute asthmatics who also have chronic lung disease. 
Whether using high- or low-flow oxygen for the management of acute asthma complicated 
by chronic lung disease, field personnel must be alert to the potential for oxygen to sup- 
press respiratory drive. 

There is little literature regarding the use of anticholinergics in the out-of-hospital 
setting. Ipratropium, available in MDIs, has minimal systemic absorption and proven bron- 
chodilator effect (19). But studies of the benefit of adding anticholinergics to P-agonist 
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in the ED setting have yielded conflicting results (50,51). Anticholinergics act on the 
parasympathetic system to provide secondary bronchodilation and clinical trials have 
shown inhaled anticholinergics to be inferior to a P2-agonist in treating status asthmaticus 
(52). Therefore, anticholinergics have a secondary role to P2-agonists if they are to be 
considered for use in the out-of-hospital setting. 

Before the introduction of inhaled P2-agonists, aminophylline was used extensively 
in the out-of-hospital setting. Concomitant with the introduction of P-agonists, the field 
use of aminophylline has become controversial due to the low therapeutic index for the- 
ophyllines. Although somewhat effective bronchodilators, several studies have questioned 
the benefit of theophyllines in the emergency setting (53-56). A primary concern is the 
risk of serious side effects and toxicity with the use of aminophylline in the relatively 
uncontrolled out-of-hospital environment. Aminophylline has a narrow therapeutic-toxic 
range and has multiple potential undesirable effects, including cardiac dysrhythmias and 
seizures (57-60). In addition, there is increased risk for complications when aminophylline 
is administered to patients already receiving maintenance theophylline preparations 
(59,61). This can complicate management of patients in the out-of-hospital setting who 
are taking unknown medications. With P2-agonists available as effective out-of-hospital 
bronchodilators, the use of aminophylline in the field setting is questionable. 

Systemic steroids are used in some out-of-hospital systems for the treatment of acute 
asthma (13). Steroids are currently the most effective method of reducing inflammation 
of the bronchi and are mainstays of treatment of acute asthma. A problem with the out- 
of-hospital use of steroids is that the anti-inflammatory effect takes hours, not minutes 
(52). Although steroids are safe and effective in the treatment of the acute asthmatic, it 
is unlikely that they have an immediate effect in the field setting. In situations of prolonged 
field treatment and transport times, such as occurs in rural out-of-hospital systems, the 
administration of oral or intravenous corticosteroids may be advantageous for overall pa- 
tient management (see Chapter 22). 

Magnesium sulfate produces bronchodilation and has been suggested by some to 
be effective in the management of acute asthma (62-64). Initial enthusiasm for magnesium 
in the treatment of acute asthma has decreased with further study (65,66). Intravenous 
magnesium sulfate has been shown to decrease hospital admission rate in patients with 
severe acute asthma but has not been shown to cause significant improvement in patients 
with moderate acute asthma (67). Side effects of magnesium include nausea, vomiting, 
and hypotension. Because of questionable efficacy when used in the routine treatment of 
acute asthma, the use of magnesium in the out-of-hospital management of acute asthma 
is unproven except in severe cases (see Chapter 24). 

Past acute asthma management has encouraged early hydration based on the theory 
that increased respiratory rate and physical stress causes a relative state of dehydration 
resulting in thickened bronchial secretions that are difficult for a patient to clear. This 
theory is unsupported for adults or children who have usual access to oral fluids. In the 
out-of-hospital setting, fluid therapy is best based on the presence of circumstances and 
physical signs of dehydration and not on unproven theory of alteration in bronchial secre- 
tion viscosity (see Chapter 25). 

IV. PEDlATRlC CONSIDERATIONS 

The out-of-hospital management of acute asthma in children is similar to that already 
discussed in this chapter. Objective and subjective assessment parameters for children are 
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subtle, making field assessment difficult in comparison to that of the adult. In general, 
tield assessment of the asthmatic child is based on respiratory rate, degree of work in 
breathing. accessory muscle use, overall activity level, response to environment, pulse 
rate, palpable pulsus paradoxus, and assessment of breath sounds. 

Respiratory rates in children can be difficult to assess because of age-related varia- 
tion in normal breathing rates. Commonly in the out-of-hospital setting, a respiratory rate 
of greater than 35-40 per minute for a child over 1 year old is considered abnormal. 
Ideally, a reference chart of normal respiratory rates should be available in the field. A 
slow or irregular respiratory rate is a very serious sign of respiratory failure in the acutely 
ill child or infant. In addition to respiratory rate as an indication of breathlessness, the level 
of respiratory distress for a child who is able to verbalize can be assessed by determining if 
the child can speak in sentences or count to 10 without pausing to breathe. 

Accessory muscle use in breathing correlates well with respiratory distress in child- 
hood asthma (68). Because accessory muscle use is a reliable sign and quickly noted, it 
is a valuable assessment tool in the out-of-hospital setting. Palpable pulsus paradoxus is 
less valuable for field asthma assessment of children as compared to adults because the 
underlying respiratory and heart rate for children is often very rapid (see Chapter 13). 

A decreased response to stimulation by parents and the environment is useful in 
determining level of fatigue. Decreased environrnental response can also be an indication 
of hypoxia or poor cerebral perfusion. Fatigue, hypoxia, or poor cerebral perfusion causing 
abnormal environmental and parent response is a serious out-of-hospital sign that requires 
prompt stabilization and transport to an emergency center. Pulse oximetry on ambient air 
may help define hypoxia as a problem in the setting of decreased environmental response, 
but should not be relied upon to rule out respiratory fatigue and circulatory failure (7). 

Wheezing indicates partial obstruction of small airways, but is of low sensitivity 
for the degree of obstruction (68). Auscultation of the child in the out-of-hospital setting 
is made more difficult than usual because of ambient noise. In severe airway obstruction, 
minimal airflow may result in absence of breath sounds. Because of these challenges, 
auscultation is often suboptimal and accurate field assessment of acute asthma in the child 
is based on a combination of assessment parameters. 

Asthma, frequently related to respiratory syncytial virus, occurs in infants. and field 
assessment in this age group is particularly difficult. In addition to the parameters that 
are sought in assessing the older child, an infant may have poor feeding or suckling, weak 
cry. or interrupted sleeping patterns as manifestations of acute asthma. Out-of-hospital 
auscultation for lung sounds is particularly difficult in infants. Respiratory rates above 60 
per minute should be considered abnormal in the field evaluation of the child from 1 - 12 
months of age. Out-of-hospital management of infants with possible acute asthma should 
be conservative because of several anatomic and physiological differences that place them 
at risk for respiratory failure. These differences include increased peripheral airway resis- 
tance, spiral smooth muscle that extends into the peripheral airways, and decreased elastic 
recoil pressure within the airways and chest (69,70). 

The basic out-of-hospital management of pediatric acute asthma is outlined in Table 
2. As discussed in the general management of asthma earlier in this chapter, field pharma- 
cological management of acute pediatric asthma is primarily inhaled P,-agonists 
(25.28,7 1-73). Supplemental oxygen is also considered standard in moderate to severe 
asthma or for presence of signs of hypoxia. It is important to use a properly fitting mask 
when administering aerosols or oxygen to a child. If a child is in severe distress or has 
decreased mental status and is unable to adequately inhale P,-agonists, it is recommended 
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Table 2 Out-of-Hospital Management of Pediatric Acute Asthma 

Assess severity of attack 
Airway patent? 
Alert, aware of environment? Normal response to parents? 
Rapid respiratory rate (use age-based reference chart) 
Breathing slow or irregular? 
Using accessory muscles? 
Able to  speak in sentences or count t o  10 without breathlessness? 
Tachycardia, palpable pulsus paradoxus? 
Breath sounds = wheezing, decreased, absent? 
Pulse oximetry < 95%? Central cyanosis? 

Continuous 0,-agonist via nebulizer or inhaler with spacer 
Supplemental oxygen (40% Fio,) 
Subcutaneous adrenergic if unable to inhale P,-agonists (may repeat to total of 3 

Bronchodilator therapy and oxygenation 

doses given every 20 min) 
Considerations 

Consider corticosteroids in prolonged field transports (> 1 hr) 
Also assess infants for decreased feeding or suckling, weak cry, or restlessness 
Assess for evidence of other complicating illness (fever, vomiting) 

that subcutaneous adrenergic be administered immediately ( 1 8). Anticholinergics add in- 
cremental bronchodilator effect when used in combination with P,-agonists but should be 
considered as second line therapy to the P2-agonists in the initial field management of 
pediatric acute asthma (74-76). A number of studies have shown that theophyllines are 
of little benefit and of high risk for adverse side effects in the initial phases of treatment 
of childhood acute asthma (77-79). Corticosteroids, as previously discussed, have a de- 
layed onset of action and it is doubtful that they have an effect in other than circumstances 
of prolonged field transport times. Hydration of children with severe asthma to decrease 
viscosity of bronchial secretions and treat assumed dehydration from the stress of asthma 
has not been shown to be necessary (80). 

It is reported that fewer than 2% of ED visits for asthma result in admission to medical 
ICUs and even fewer require endotracheal intubation (52). Although rare, out-of-hospital 
intubation is sometimes required to stabilize the acute asthma patient. The indications for 
intubation of the acute asthmatic are acute respiratory failure or arrest and not different 
from other ventilatory emergencies, but there are some important aspects of mechanical 
ventilation of the asthmatic that must be considered. 

For a complete discussion of endotracheal intubation of the acute asthmatic, refer 
to Chapter 26 on endotracheal intubation. Out-of-hospital intubation of the asthmatic is 
frequently difficult because the patient is usually semiconscious with increased jaw and 
facial muscle tone. Endotracheal tube placement in acute asthma may stimulate the airway 
and increase bronchospasm that can make ventilation more difficult (52). After intubation. 
the asthmatic airway poses further challenges. Overinflation of alveolar units can lead to 
local rupture, alveolar tissue damage, and-in extreme situations-to pneumothorax and 
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Table 3 General Out-of-Hospital Management of Acute Asthma 

Assess severity of attack 
Airway patent? 
Increased respiratory rate, using accessory muscles? 
Central cyanosis, abnormal skin perfusion? 
Awake, alert? 
Diaphoretic, able to speak in sentences? 
Tachycardia, palpable pulsus paradoxus? 
Breathsounds = wheezing, decreased, absent? 
Pulse oximetry < 95%? 

Continuous P2-agonist via nebulizer or inhaler 
Supplemental oxygen (caution in COPD) if: 

1. Pulse oximetry 95% saturation or below 
2. Moderate or severe attack 

total of 3 doses given every 20 min 

Bronchodilator therapy and oxygenation 

Subcutaneous adrenergic if no response to inhaled P2-agonist, may repeat to 

Considerations 
Consider corticosteroids in prolonged field transports (> 1 hr) 
Constantly assess for need to assist ventilation or intu bate 
Cardiac monitor if risk of cardiac disease 

Summary of the basic out-of-hospital assessment and treatment of the acute asthmatic. Physical 
assessment is focused to determine the stability of the patient and need for field intervention. 
Field treatment is based on bronchodilator therapy with inhaled P2-agonists, the preferred initial 
i ntervent i on. 

pneumomediastinum (52). Air trapping from flow limiting segments of airways can lead 
to hyperinflation of the thorax and decreased ventilation. Because of air trapping, it is 
important for the out-of-hospital caregiver to provide an increased expiratory time as com- 
pared to inspiratory time to allow for adequate exhalation through partially obstructed 
airways. Considering the potential complications. intubation of the acute asthmatic in the 
out-of-hospital setting is dangerous and should only be considered in the most extreme 
of circumstances (see Chapter 30). 

Theoretically, epinephrine, terbutaline, or other P2-agonists can be administered en- 
dobronchially by instillation of the drug into an endotracheal tube when a severe asthmatic 
has been intubated. This technique for administering adrenergics has been adopted by 
some out-of-hospital systems (1 3). Further research is needed to establish the efficacy of 
this practice. 

Air transport of the acute asthmatic introduces the risk of barotrauma. Theoretically, 
with rapid atmospheric pressure changes, hyperinflation can become extreme and lead to 
increased risk for pneumothorax and pneumomediastinum. Severe hyperinflation of the 
lungs can also lead to decreased right heart filling with resulting loss of cardiac output. 
There are few published data available regarding aerotransport of acute asthma victims. 
Because of potential complications, acute asthmatics being transported by rotary or fixed 
wing aircraft must be monitored closely by personnel trained in advanced life support and 
air transport procedures. 

Helium-oxygen therapy has been suggested by some as potentially useful in the 
management of the out-of-hospital severe acute asthmatic. Preliminary studies have shown 
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helium-oxygen to be possibly effective for short-term management to avoid intubation of 
the acute asthmatic (8 1,82). Although costly with limited indications, helium-oxygen may 
have application in the out-of-hospital setting and further study of this therapy is war- 
ranted. 

VI. SUMMARY 

The out-of-hospital management of acute asthma is based on rapid, efficient assessment 
of the patient and scene; ventilatory stabilization; initiation of treatment to interrupt bron- 
chospasm; and safe transport to definitive medical care. Therapy (Table 3) is primarily 
adrenergic agents, usually P2-agonists delivered by inhalation. The out-of-hospital care- 
giver must always be aware of the potential for rapid deterioration of the acute asthmatic 
and be prepared to act to stabilize the patient. Out-of-hospital situations that can lead to 
changes in atmospheric pressure are high risk and require particularly close monitoring. 
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1. INTRODUCTION 

As discussed elsewhere in this book, the decision to intubate the asthmatic requires careful 
clinical assessment. The intubation process has its own risks; once intubated, the patient 
presents formidable management problems, including the possibility of mortality and mor- 
bidity from the complex interaction between the patient and the ventilator. In a real sense, 
the ventilator is a potentially lethal weapon. This discussion will focus on safe use of the 
ventilator in these critically ill patients. The first section discusses the physiology of 
patient-ventilator interaction, and the second emphasizes specific clinical management 
issues. 

In 1977, Petty et al. reported that following intubation, 39% of asthmatics died (1). 
Using newer management strategies, the risk of death is now reported as less than 1 %  
(2-4). The use of permissive hypercapnia has evolved into standard medical intensive 
care unit (MICU) practice since it was first reported by Darioli et al. (2) in 1983, and 
subsequently refined in landmark articles by Tuxen et al. (5-7). 

II. PHYSIOLOGY OF THE INTUBATED ASTHMATIC 

The hallmark of severe asthma is expiratory air flow obstruction. Severe obstruction results 
in hyperinflation, which leads to very specific physiological effects: 

1. Significant hyperinflation decreases respiratory system compliance. As the chest 
wall and lungs hyperinflate, they progressively resist further inflation by virtue 
of their elastic recoil characteristics. This is much like the way a rubber band 
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2. 

3. 

4. 

becomes progressively more difficult to stretch as it is stretched from its resting 
length. 
As compliance decreases with hyperinflation, the inspiratory work of breathing 
increases. Simultaneously, passive recoil of the respiratory system increases, 
which may permit more rapid exhalation of tidal volume. 
Significant hyperinflation increases the dead space fraction. Therefore, the pro- 
portion of each tidal volume (TV) that is wasted ventilation increases with in- 
creasing hyperinflation. 
Hyperinflation decreases airway obstruction. Airway resistance is inversely re- 
lated to the fourth power of the radius of the airway. At higher lung volumes, 
airway diameter increases due to radial traction by surrounding lung tissue. 
The clinician commonly views hyperinflation as deleterious, but in fact it may 
influence airflow obstruction favorably. 

The challenge that faces the emergency physician is to defend the intubated patient 
against dangerous aspects of hyperinflation while recognizing that some degree of hyperin- 
flation is acceptable-and perhaps desirable-because of its positive effect on airway 
resistance. 

In the intubated asthmatic, hyperinflation exists when the respiratory system does 
not return to its normal resting volume (functional residual capacity, or FRC) before the 
next tidal breath. Rather, at the end of a passive exhalation, the next breath is initiated 
from an end-expiratory lung volume (EELV) that is above the individual’s normal FRC 
(Figure 1). There are several ways that EELV might be elevated above FRC independent 

LUNO 
VOLUME 

TLC:total lung capacity 

EELV:end expiratory lung volume 

TV:tidal volume 

FRC:functional residual capacity 

Vei:VOlUme at end inspiration 

mild moderate seven severe 
on ventilator 

HYPERINFLATION 

Figure 1 Lung volumes and capacities in asthma. As the patient develops more se- 
vere asthma, they hyperinflate. This results in a progressive increase in end-expiratory 
lung volume (EELV). During spontaneous breathing the degree of hyperinflation is 
limited by the reduction in system compliance that becomes maximal at total lung 
capacity (TLC), i.e., the patient cannot inspire above the TLC point, and EELV cannot 
be greater than TLC. If the patient is intubated with inappropriate settings (high rate, 
high TV), EELV may actually rise above normal TLC. The ventilator so over distends 
the respiratory system that TLC rises above that achievable during spontaneous effort. 
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of airflow obstruction. For example, very high respiratory rates in normal individuals, or 
the application of positive end-expiratory pressure, can result in an EELV elevated above 
FRC. In the asthmatic, hyperinflation results from slow emptying of the lungs due to 
airway obstruction. The degree of hyperinflation above FRC at the end of exhalation may 
be several liters of retained air, depending on ventilator settings and degree of airway 
obstruction (5) .  

Once the asthmatic patient is attached to the ventilator, a TV enters the patient's 
lungs. During exhalation, there is insufficient time for the TV to exit. and another TV is 
forced into the patient and so forth. This process, sometimes called breath stacking, may 
result in severe hyperinflation. Eventually, the patient reaches a steady state as the hyperin- 
flation increases airway caliber and increases elastic recoil (see above) sufficiently for full 
TV exhalation to occur. 

111. HYPERINFLATION AND AUTO-PEEP 

In the intubated asthmatic, hyperinflation has other physiologic effects. Normally, end- 
expiratory alveolar pressure is atmospheric at the end of exhalation. Retained volume in 
the asthmatic results in positive alveolar pressure at end exhalation, called auto-PEEP 
(AP). Auto-PEEP is pressure that is associated with an EELV elevated above normal FRC. 
Depending on its severity, AP may cause severe cardiovascular dysfunction, just as high 
levels of applied PEEP may in intubated patients. PEEP and AP may reduce cardiac output 
to dangerous levels by impeding venous return to the heart. By elevating right ventricular 
(RV) afterload, they may also result in RV dilatation and ventricular septal movement 
that encroaches on left ventricular (LV) filling. This too may reduce cardiac output. Very 
high levels of auto-PEEP may result in shock from systemic hypoperfusion (8.9). The 
other major adverse effect of hyperinflation is barotrauma. such as pneumothorax ( 5 ) .  
Recognizing, measuring, and controlling hyperinflation and AP in the intubated asthmatic 
is essential to good outcome. 

IV. REDUCTION OF HYPERINFLATION AND 
AUTO-PEEP 

Three strategies may be used to reduce hyperinflation and AP in the intubated asthmatic: 

Reduction of respiratory rate (RR), permitting more complete exhalation before 
the next breath. 
Reduction of TV, so that less volume must be exhaled before the next breath. 
This is effective only up to a certain point. If TV is reduced too far, dead space 
fraction will start to rise dramatically with consequent escalating disturbance 
of ventilatory function. 
Shortening of inspiration to allow greater time for exhalation with each respira- 
tory cycle. Each respiratory cycle may be subdivided into an inspiratory phase 
and an expiratory phase. Increasing inspiratory flow rate will decrease inspira- 
tory time and increase expiratory time per breath cycle. This may be achieved 
by using high peak inspiratory flows with square wave pattern. Reduction in 
TV also shortens inspiratory time. 

1 .  

2. 

3. 
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In selecting ventilator settings, changes in respiratory rate will have the greatest effect on 
auto-PEEP. Simple arithmetical principles explain this: Assume that a patient is on respira- 
tory rate of 20/min with TV of 1.0 L with inspiratory flow of 1 L/sec (60 L/min) in 
square wave configuration. Inspiratory time is 1 sec and expiratory time is 2 sec, with a 
total breath cycle time of 3 seconds. These settings are completely inappropriate for an 
intubated asthmatic, and the operator wishes to correct the situation. The operator seeks 
to permit a far longer expiratory time per breath delivered in order to reduce auto-PEEP 
and hyperinflation. The operator may choose to reduce TV to 0.5 L and increase peak 
flow to 1.5 L/sec (90 L/min). The total cycle length remains 3 sec, but now inspiratory 
time is decreased to .33 sec and expiratory increases to 2.67 sec, a minimal change that 
is not likely to impact much on auto-PEEP risk. Alternatively, the operator may choose 
to reduce the respiratory rate to lO/min. Total breath cycle length increases to 6 sec, while 
inspiratory time remains at 1 sec. The patient now has 5 sec to exhale. Clearly, manipula- 
tion of the respiratory rate has a much greater effect than does shortening inspiratory time. 
In this example, tidal volume should be decreased, peak flow increased, and respiratory 
rate decreased in unison, of course, but the reduction in respiratory rate is proportionately 
more effective in reducing auto-PEEP and hyperinflation. 

Modem ventilators permit the operator to select both peak inspiratory flow rate and 
flow configuration. In general, inspiratory flow of 60 L/min with decelerating wave form 
configuration is a reasonable initial setup for the intubated asthmatic. However, if reducing 
respiratory rate is insufficient to reduce auto-PEEP to acceptable levels due to unacceptable 
hypercapnia, the inspiratory time may be shortened to permit a proportionately longer 
time for exhalation per respiratory duty cycle. Reduction of tidal volume is appropriate 
but is limited by its progressive effect on dead space fraction. Both using a square wave 
flow pattern and increasing flow rate will shorten inspiratory time. High flow rates in 
square wave pattern will predictably result in high peak inspiratory pressures. This is not 
a dangerous situation. It will not increase the risk of barotrauma, and in fact will decrease 
it if auto-PEEP and hyperinflation are reduced as a result. Some clinicians fear that high 
pressures in this case may be dangerous to the patient. This is a false assumption. The 
entire concept that high peak pressures are directly injurious to the lung can be called 
into question (10,ll). In addition, peak pressures are measured outside of the patient, and 
do not reflect alveolar pressures due to the elevated airway resistance, endotracheal tube 
resistance, and turbulent flow characteristics of the air entering the system at high flow 
rates. It is common for respiratory therapy personnel to express concern over the high 
peak pressures resulting from square wave high inspiratory flow rates that may be needed 
when ventilating the intubated asthmatic. It is important to be prepared to fully justify 
the physiological basis of their ventilator strategy to the respiratory therapy service in 
order to maintain the high level of cooperative effort needed to safely manage these diffi- 
cult patients. 

V. PERMISSIVE HYPERCAPNIA 

Reduction in RR and TV may result in elevation of Paco2. Asthmatics generally have an 
elevated deadspace fraction, which further predisposes them towards hypercapnia. In this 
case, the clinician permits hypercapnia in order to reduce deleterious hyperinflation. Hy- 
percapnia is usually well tolerated and far more preferable to dangerous levels of hyperin- 
flation (12). The only absolute contraindication to permissive hypercapnia is a coexisting 
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disorder that causes elevation of intracranial pressure. Otherwise, hypercapnia and its re- 
sultant acidosis are well tolerated, especially in asthmatics who are generally without 
significant comorbid illness (1 2). The acceptable level of hypercapnia and acidosis differ 
among published guidelines, but, in general, Paco, of up to 80 mmHg and pH as low as 
7.15 are considered acceptable (13). Administration of sodium bicarbonate remains an 
option should severe acidosis supervene, but the clinician must consider the complex meta- 
bolic effects of this therapy. 

VI. MEASUREMENT OF HYPERINFLATION AND 
AUTO-PEEP 

Since a goal of ventilator management is to avoid dangerous levels of hyperinflation and 
auto-PEEP, emergency physicians must be able to measure these endpoints accurately. In 
a research setting, hyperinflation may be assessed by respiratory inductance plethysmo- 
graphy, computer tomography (CT) scanning and gas dilution techniques. Tuxen et al. 
proposed a simple index of hyperinflation, the end-inspiratory volume, or V,, (6). The 
passive intubated patient receives the set TV, and the ventilator is then shut off for a 
period of time. During this prolonged exhalation, the TV will be exhaled, followed by 
the additional volume of air accounted for by hyperinflation. V,, is the total exhaled volume 
(TV plus the difference between EELV and FRC) (Fig. 1). In intubated asthmatics, the 
rate of complications increases with V,, of > 1.4L (7). This measurement emphasizes the 
often dramatic difference between EELV and the FRC following prolonged exhalation. 
Modern ventilators are capable of measuring expiratory flow and volumes, although even 
those with advanced generation models may have limited ability to accurately assess V,,, 
due to difficulties in measuring low flow rates following prolonged expiratory times. In 
that case, an additional expiratory flow-volume sensor is required, making this measure- 
ment impractical in a busy emergency department (ED). This, as well as concerns that 
the measurement has not been indexed to ideal body weight or to tubing expansion factors, 
suggest that V,, measurement is not applicable in the ED environment. 

The alternative to measuring hyperinflation volume above FRC is to measure AP 
directly. Auto-PEEP may be measured in several ways. Methods that require esophageal 
balloon insertion and placement of a flow sensor at the airway opening permit estimates 
of auto-PEEP by simultaneous examination of flow and pressure curves at the onset of 
inspiration. This approach is impractical for emergency medicine where this equipment 
is not available. A far simpler method is needed. 

Unlike set-PEEP, which is determined by the physician and is readily visible on the 
manometer of the ventilator, auto-PEEP may be present but not evident by simple observa- 
tion of the ventilator manometer. All ventilators in current use measure airway pressure 
continuously. Airway pressure, the designated pressure at airway opening (Pao), is mea- 
sured outside of the patient, typically at the connection between the inspiratory and expira- 
tory tubing, or even at the end of the expiratory tubing. In any case, it is measured well 
away from the alveolar compartment. During exhalation, Pao falls rapidly to 0 (unless 
set-PEEP is present) as Pao equilibrates rapidly with downstream atmospheric pressure 
upon the opening of the expiratory valve. 

Auto-PEEP is not measurable by simple examination of the ventilator manometer. 
The manometer measures system pressure in the ventilator tubing outside of the patient. 
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and not at the alveolar level. As soon as the expiratory valve opens, the tubing pressure 
rapidly falls to atmospheric (or to pre-set PEEP level) regardless of the alveolar pressure 
(Figure 2). Measurement of auto-PEEP requires closing of the expiratory valve or manual 
occlusion of the expiratory port in order that alveolar pressure may equilibrate with tubing 
pressure and the manometer sensor (Figures 2, 3A, and 3B). To measure end expiratory 
alveolar pressure, the operator must occlude the expiratory tubing at the end-expiratory 
point. This requires that the occlusion occurs instead of the next breath (Figures 2, 3A, 
and 3B).  Either the ventilator rate must be temporarily turned down to a very low rate. 
or, if available, the ventilator may have design features that permit auto-PEEP measure- 
ment by microprocessor control. Advanced generation Puritan Bennett 7200 or Servo Ven- 
tilators have such auto-PEEP measurement capability. The clinician should not be discour- 
aged if such a command is not available on their ventilator. Satisfactory auto-PEEP 
measurements can be easily performed by manually occluding the expiratory port at end- 
expiration (Figure 4), provided the occlusion is not interrupted by a subsequent breath 
and observing the buildup of pressure on the manometer (Figure 2). In measuring auto- 
PEEP it is essential to hold the occlusion for a sufficient time to permit equilibration of 
the Pao with alveolar pressure. In ventilator systems with nonhomogeneous time constants, 
it may take 20 sec or longer for the auto-PEEP occlusion maneuvers to reach steady state. 
The patient must be passive, otherwise respiratory effort will interrupt the measurement. 
Table 1 summarizes in detail how to measure auto-PEEP. 

md expkltay 
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Figure 2 Airway pressure curve and manometer readings during measurement of 
auto-PEEP. The airway pressure curve graphically shows an auto-PEEP measurement. 
Ventilator settings are CMV at 10/min (respiratory cycle 6 sec), tidal volume 1.0 L, and 
inspiratory f low rate 60 L/min square wave. Instead of delivering the next breath as 
scheduled, the expiratory tubing is occluded for 5 sec. It is important t o  note that it 
takes several seconds for alveolar pressure to  equilibrate wi th the manometer that is 
measuring system pressure outside of the patient. At the end of  this technically ac- 
ceptable auto-PEEP measurement, the machine cycles on to deliver the set tidal vol- 
ume. It is evident that the patient must be passive, otherwise the end expiratory hold 
would be interrupted by the patient triggering the ventilator. In the absence of airway 
pressure graphics, the manometer readings can be used to  give accurate measure- 
ment of auto-PEEP. From a management standpoint, the tidal volume should be im- 
mediately reduced in order to  reduce auto-PEEP to  acceptable levels. 
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Figure 3a Schematic of ventilator circuit and manometer at end expiration without 
end-expiratory occlusion. In this example, the patient has an end-expiratory alveolar 
pressure of 20 cmH,O. The manometer has equilibrated with atmospheric pressure 
due to its close proximity to the expiratory port of the ventilator. The manometer 
cannot detect the presence of auto-PEEP as long as the expiratory tubing is open to 
atmosphere. In order to measure auto-PEEP, the operator must occlude the expiratory 
port and allow equilibration of the alveolar compartment with the manometer. (See 
Figure 4b.) 

Another way to assess hyperinflation and auto-PEEP in the passive intubated asth- 
matic is to follow plateau pressures (Ppl) (14). The Ppl is measured by blocking expiration 
immediately following TV injection. Ventilators in common use have an end-inspiratory 
plateau command available. The end-inspiratory Ppl is inversely related to respiratory 
system compliance and directly related to set-PEEP or auto-PEEP levels. Ppl of less than 
30 cmH20 is considered a reasonable target range, although literature does not validate 
this value as a therapeutic end point. Ppl is not an entirely satisfactory measurement of 
AP or hyperinflation, as factors other than AP may cause it to be high, e.g.. acute respira- 
tory distress syndrome (ARDS), pneumonia, chest wall disease, mainstem intubation, ten- 
sion pneumothorax. 

The authors favor repeated measurement of auto-PEEP level to track hyperinflation 
in intubated asthmatics. It is simple and safe to perform, reproducible, and easy to under- 
stand. This has major advantages in an ED situation. V,, is less intuitively obvious as a 
concept and may not be easily measured on all ventilators. Unlike V,,, there is no clear 
literature that defines a safe level of auto-PEEP. Auto-PEEP levels of 10- 15 cmH,O are 
generally well tolerated and do not carry risk of hernodynamic or barotrauma effect. More- 
over, with severe asthma, it may not be possible or desirable to achieve lower levels even 
with high levels of permitted hypercapnia. In fact, some degree of hyperinflation may be 
beneficial due to its positive influence on airway resistance. Like V,, and Ppl, auto-PEEP 
is not a perfect measurement. For example, it is quite likely that severely obstructed pa- 
tients may have areas of air trapping and auto-PEEP that do not communicate with the 
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Figure 3b Schematic of ventilator circuit and manometer at end expiration wi th end- 
expiratory occlusion. In this example, the expiratory circuit has been occluded at end 
expiration. The alveolar pressure is 20 cmH,O, and is readily detected by the manome- 
ter. Occlusion of the expiratory circuit permits equilibration of the alveolar compart- 
ment with the tubing circuit and manometer. Auto-PEEP is 20 cmH,O. 

central airway compartment (15). High levels of auto-PEEP in passive intubated asthma- 
tics are of great concern. However, low or absent measured levels do not exclude the 
possibility of noncommunicating areas of auto-PEEP and hyperinflation that may hold 
danger for the patient. 

VII. CLINICAL MANAGEMENT STRATEGY 

Even in a busy ED, asthma that requires intubation is an uncommon event. When it hap- 
pens. the complex physiological problems require a sophisticated management strategy. 
The emergency physician usually directs care for 30 min up to a few hours, and then turns 
responsibility over to the intensive care unit (ICU) team. The following discussion will 
therefore emphasize the pragmatic clinical challenge and pitfalls in the management of 
these difficult patients in the hours following intubation in the ED. 

VIII. IMMEDIATE POSTINTUBATION PERIOD 

The clinician must determine immediately whether the endotracheal tube (ET) is in proper 
position. Simple auscultation may not suffice. as the chest in the acute asthmatic may be 
silent due to reduced airflow; bilateral breath sounds may not audible even with correct 
ET tube placement. Expiratory return of condensate within the ET tube is a useful clue, 
as is palpation of the balloon in the suprasternal notch. For definitive check, an end tidal 
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carbon dioxide detector is ideal. If available, an oximeter reading of 100% also supports 
successful intubation. A chest film should always be obtained to document appropriate 
depth of ET tube placement. The operator usually meets significant resistance in bagging 
the intubated patient with acute asthma due to high airway resistance. If not, proper infla- 
tion of the endotracheal tube balloon must be determined immediately by reinflation and 
cuff pressure check by palpation of the side arm balloon. Occasionally, the ET tube balloon 
may have been damaged by the patient’s teeth, particularly if repeated attempts at intuba- 
tion have been made. If the ET tube is correctly placed and the cuff balloon is properly 
inflated, absence of significant resistance to bagging suggests that the original diagnosis 
of asthma is incorrect and that intubation has bypassed an upper airway obstruction (e.g., 
functional stridor syndrome, tumor, foreign body) that is mimicking an acute asthma exac- 
erbation. 

The patient should always be bagged with 100% O2 and pulse oximetry should be 
maintained. Saturation should be 100%. If not, the operator must immediately check that 
the bag is connected to a high flow O2 source to assure high FIO~.  

DESATURATION IN THE INTUBATED ASTHMATIC 

Asthma alone cannot explain persistent oxygen desaturation if the patient is receiving a 
high FIO:. The hypoxemia of asthma is due predominantly to V/Q mismatch physiology 
and, therefore, should respond readily to a high FIO~.  Right mainstem intubation and pneu- 
mothorax should be considered immediately. Because there is generally some delay in 
obtaining a chest film, rapid assessment of tube position may require fiberoptic exam to 
document that the ET tube is above the carina. As a fiberoptic scope is not available in 
most EDs, the clinician should make sure that the ET tube is placed at the 21 ciiz riinrk 
on the incisors. This will generally exclude right mainstem bronchial intubation in adults 
but may be inaccurate in smaller persons. 

Another cause of persistent oxygen desaturation may be pneumothorax. In the newly 
intubated asthmatic this diagnosis may be deceptive: the chest may be silent, the patient 
may be hypotensive due to auto-PEEP, visible chest wall hyperinflation is the rule in 
almost all the acute asthmatics, and the chest film is not usually immediately available. 
If the clinician is an experienced sonographer, immediate chest wall sonography may 
exclude pneumothorax (16). This resource is becoming more commonly available in the 
ED. Faced with this clinical situation, the emergency physician may be tempted to insert 
pleural drains, initially by accessing the pleural space with a small-diameter 16- 18 g 
needle/cannula, followed by a chest tube. However, the clinician must always consider 
the possibility of massive auto-PEEP buildup due to severe airway obstruction with a 
resulting profound shock state. Unless there is unequivocal evidence of tension pneumo- 
thorax, i.e., unilateral chest wall expansion with obvious contralateral tracheal shift or 
subcutaneous emphysema, the first response should always be to stop ventilating the pa- 
tient. If the silent chest and hypotension is due to auto-PEEP, permitting deflation of the 
system results in rapid improvement in blood pressure (8). Insertion of a pleural drain 
would have catastrophic consequence in a patient who did not have pneumothorax, since 
the visceral pleura of the hyperinflated lung would possibly be punctured, causing a pneu- 
mothorax. The operator may not realize that this has happened. Puncture of the lung will 
yield a release of air under pressure through the catheter just as would occur with relief 
of a tension pneumothorax. The resultant pneumothorax would likely be under tension, 
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as it would occur while on positive pressure ventilation with coexisting AP. Again, the 
most common cause of hypotension in the newly intubated asthmatic is AP effect (com- 
bined with sedatives used during recent intubation), not tension pneumothorax. 

The clinician must instruct the person “bagging” the patient to use a very slow 
respiratory rate. Often the bagger, aware of preintubation hypercapnia, will attempt to 
hyperventilate the patient. This may also cause severe auto-PEEP with its untoward conse- 
quences. Bagging rates as low as 6-8/min are appropriate as long as the patient is ade- 
quately oxygenated and hypercapnia is not severe. 

X. URGENT PLEURAL DRAINAGE OF AIR 

If there is strong clinical or radiographic evidence of tension pneumothorax in the intu- 
bated asthmatic, pleural drainage may be life saving. A variety of rapid pleural access 
devices are commercially available, but immediate access may be provided by a simple 
device, such as a 16-gauge catheter with simple water seal for evacuation of pressure. 
The insertion should be in the second intercostal space in the midclavicular line. Two 
errors occur commonly (in the authors’ experience): 

1. The operator may inadvertently angle the insertion medially, with resulting cata- 
strophic damage to mediastinal vascular structures. Great care needs to be exer- 
cised to insert the needle perpendicular to all axes of the chest wall. 
The operator may tend to insert the needle catheter assembly too deeply, thereby 
penetrating both the parietal and visceral pleura with resultant placement of the 
catheter into lung tissue. The assembly is best passed slowly. With the first 
burst of air through the water seal attachment or into the air, no deeper insertion 
of the needle should occur, but rather advancement of the catheter should follow 

2. 

Figure 4 Expiratory port occlusion on Puritan-Bennett 7200 ventilator in order to 
measure auto-PEEP. The expiratory port is located on the underside of the control 
panel. By watching the manometer on the machine, the operator can identify the ap- 
propriate moment to occlude the expiratory port, thereby permitting equilibration of 
end-expiratory alveolar pressure with the system manometer (see text). Individuals 
with small digits may not be able to fully occlude the orifice; an exam glove wrapped 
around the middle finger may permit a complete occlusion. Some modern ventilators 
have a command that permits auto-PEEP measurement by the ventilator. Many older 
models do not have this option, and so the clinician must be able to conveniently 
perform a manual end-expiratory auto-PEEP measurement. By way of example, the 
accompanying photographs demonstrate how to occlude the expiratory port on a PB 
7200 ventilator. As a generic concept, all ventilators in common use have an end- 
expiratory port that can be briefly occluded at the end of expiration in order to mea- 
sure auto-PEEP. Emergency physicians should be familiar with the ventilator design 
at their facility. The PB 7200 is in widespread clinical use and is therefore a suitable 
example. The same maneuver can be easily done on ventilators of a different design. 
(a) Manual occlusion of expiratory port of Bennett Puritan 7200 ventilator. Finger is 
off the expiratory port. (b) Manual occlusion of expiratory port. Finger has occluded 
the expiratory port as would occur during auto-PEEP measurement. 
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Table 1 How to Measure Auto-PEEP 

Mayo and Radeos 

1. 

2. 

3. 

4. 

5. 

6, 

Determine if the ventilator has a specific auto-PEEP or end-exhalation hold com- 
mand. Advanced generation Puritan Bennett and Siemens ventilators may be so 
equipped. During machine controlled measurement, observe carefully to make 
sure that the auto-PEEP level reaches a sustained steady value, either on the 
manometer or with airway pressure graphics. If the patient actively fights the 
maneuver, the value may be inaccurate. If irisufficient end expiratory hold time 
is used, there may not be full equilibration of the manometer with the alveolar 
space, and auto-PEEP will be underestimated. 
If the ventilator does not have a specific auto-PEEP command, identify an appro- 
priate point to manually block exhalation at the end of a breath cycle. Figure 4 
identifies an appropriate site in a common ventilator, the Puritan Bennett 7200 
series. As a generic concept, all ventilators have an expiratory port that can be 
occluded at an appropriate time. 
Turn the ventilator rate to one breath per minute. Following the last breath, 
manually occlude the expiratory circuit at the time the next breath would be 
due. For example, at a set rate of 10/min, occlusion would be 6 sec following 
the onset of the previous breath. Because the machine rate is l /min and the pa- 
tient is not triggering, any auto-PEEP present will register on the machine 
manometer. Occlusion too early in exhalation will overestimate auto-PEEP. If 
the machine rate is not temporarily reduced, the auto-PEEP occlusion maneuver 
will be interrupted by a machine cycled breath. 
It is important to maintain the occlusion for a sufficient period to permit equili- 
bration of alveolar pressure with the patient's tubing. This may take many sec- 
onds to occur. If the occlusion is of insufficient duration, auto-PEEP will be un- 
derestimated. The presence of set-PEEP still permits an independent 
measurement of auto-PEEP. 
During the manual auto-PEEP measurement, occlusion of the expiratory circuit 
must be complete and distal to the manometer connection to the ventilator tub- 
ing circuit. Individuals with small finger size may not be able to fully block the 
expiratory port of the Puritan Bennett ventilator. In that case, a rolled up exami- 
nation glove may be used. 
Always return ventilator rate to the previous value following the auto-PEEP 
measurements. 

using the needle as a guide. Any simple needle catheter drainage system must 
always be quickly replaced by a more stable pleural drainage system. 

VENTILATOR MANAGEMENT 

The next step in management involves attaching the patient to the ventilator. By this time, 
"peri-intubation" medication may be wearing off, and the patient may be combative and 
extremely uncomfortable due to the ET tube. The patient must be well sedated at the time 
of connection to the ventilator, or the patient runs the risk of accidental extubation, airway 
damage due to ET tube movement, and rapid accumulation of potentially lethal auto-PEEP 
as the patient triggers the ventilator at high respiratory frequency. If sedation is not suffi- 
cient to allow a passive "ventilator-patient" interaction, a brief period of paralysis with 
neuromuscular blocking agents (NMBs) may he required. The patient must be deeply 
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sedated before use of NMBs to avoid the grave psychological stress of paralysis without 
adequate sedation. The only way to achieve permissive hypercapnia is to have a passive 
patient. An awake combative patient will resist this strategy by triggering the ventilator 
at high rates, coughing violently, and developing other dangerous elements of ventilator- 
patient dysynchrony . Heavy sedation reduces central respiratory drive, but transient neuro- 
muscular blockade may still be necessary to ablate ventilator-patient dysynchrony. The 
duration of NMB use must be limited to avoid the debilitating muscle weakness syndrome 
of concomitant steroid and NMB use (17- 19). This association between corticosteroid 
use, nondepolarizing NMBs, and prolonged muscle weakness appears to occur with all 
presently available NMBs: pancuronium, vecuronium, and atracurium have all been impli- 
cated. Following exposure, creatinine phosphokinase (CPK) levels rise, electromyograms 
(EMGs) reveal myopathy , and pathological study of affected muscles demonstrates muscle 
cell necrosis and disruption. The syndrome may yield profound muscle weakness, but, 
following a prolonged recovery phase, the patient generally recovers full function. The 
precise cause remains enigmatic. In some way, a prolonged neuromuscular blockade may 
dramatically accelerate steroid myopathic effect. A reasonable guideline is to avoid NMB 
of greater than 24-hr duration. Generally, deep sedation suffices past this point. An addi- 
tional positive side effect of completely passive patient-ventilator interaction is that CO2 
production falls rendering the patient easier to ventilate. 

INITIAL VENTILATOR SETUP 

Initial ventilator settings in the newly intubated adult asthmatic are summarized in Table 
2. Following connection the ventilator will typically alarm immediately because the peak 
pressure limit is exceeded. Modern ventilators are designed to terminate TV injection 
when a preset peak pressure is reached. Due to high airway resistance, peak pressures 
may be very high in intubated asthmatics with resultant limitation of TV injection. In 
order to assure the patient receives the set TV, the operator may have to respond by 
increasing the peak pressure limit alarm, often to very high levels (e.g., 100 cmH20). 
Unless the peak pressure results from auto-PEEP, endotracheal tube kink or blockage. or 
other mechanical obstruction to inspiratory air flow, high peak pressures are predictable 
and completely acceptable in the intubated asthmatic. The clinician must then observe 
ventilator function to assure that TV is actually entering the patient. Once the peak pressure 
issue has been resolved, the operator should then rapidly assess for auto-PEEP, and, if 
appropriate, further reduce respiratory rate and TV while accepting hypercapnia. If the 
auto-PEEP is greater than 15 cm, the set respiratory rate should be turned down. Tidal 
volume may also be reduced. If this does not suffice to reduce auto-PEEP, the peak flow 
should be increased further to shorten inspiration. The initial target should be auto-PEEP 
between 10 and 15 cmH20 if tolerated according to perfusion status. Until there is docu- 

Table 2 Initial Ventilator Settings for the lntubated Asthmatic 

1. Controlled mechanical ventilation at 10 breaths/min 
2. TV at 5-8 cc/kg (ideal body weight) 
3. Peak flow at 60 L/min with square wave 
4. Fio2 at 1.0 



482 Mayo and Radeos 

mentation of adequate O2 saturation by ABG or oximetry, the initial F I O ~  should be 1.0. 
Fio? is then reduced as tolerated under continuous oximetry control. Characteristically, 
uncomplicated asthma does not require very high FIO? levels for adequate oxygenation 
function. 

In the initial phase of management, frequent ABGs should be the rule. This is ini- 
tially to document that oximetry is accurate, but subsequently to follow the Paco,. We 
favor a volume cycled ventilator (CMV) mode, as opposed to a pressure control mode 
(PC). Unless there is a strong institutional preference backed by extensive clinical exper- 
tise, pressure control is not appropriate for busy ED use. Although it is an effective ventila- 
tor strategy, its operation and troubleshooting is more complex than CMV. Also, the TV 
delivered with PC depends on airway resistance and respiratory system compliance, both 
of which may change rapidly in the intubated asthmatic. Volume cycled ventilator setup 
is intuitively obvious in its operation, and is therefore intrinsically safer and easier to use 
in the ED. 

It may take up to 30 min for the patient’s Pacoz to equilibrate at a steady state 
following machine connection or subsequent ventilator changes (Paoz will equilibrate 
much more rapidly). In the hours before MICU transfer, the clinician will be balancing 
auto-PEEP level, perfusion status, and Paco2 letel, seeking an appropriate level of hyper- 
capnia and tolerable hyperinflation. Continued passive “ventilator-patient” interaction is 
absolutely critical and requires ongoing sedation and possible paralysis to allow safe venti- 
lator use with permissive hypercapnia. 

A common clinical scenario results when a patient is inadequately sedated and trig- 
gering the ventilator at high rates, or when the ventilator strategy is targeted at achieving 
a normal Paco?. Massive hyperinflation and dangerous auto-PEEP levels may accumulate, 
and the clinician will be called to the bedside urgently due to profound hypotension. A 
silent chest is noted, and pneumothorax or other causes of shock considered. Before vol- 
ume challenge, pressors, blind pleural invasion, or other responses to shock, the astute 
clinician may simply disconnect the ventilator for a period of time while closely following 
the pulse oximetry, and allow exhalation of retained volume and auto-PEEP. There will 
be a return of normal perfusion status. and the ventilator can be adjusted to more acceptable 
settings. 

XIII. BARRIERS TO SAFE VENTILATOR MANAGEMENT 

The emergency physician may have difficulty when using a strategy of permissive hyper- 
capnia in a facility that does not have regular experience with the critically ill asthmatic. 
Medical, nursing, and respiratory therapy personnel are generally trained to run ventilators 
in order to achieve normal Paco2 levels. Respiratory therapists are trained to avoid high 
peak pressures when running ventilators, due to prevalent but erroneous belief that high 
peak pressure itself may cause barotrauma (10,ll). The emergency physician must be 
vigilant in the hours before MICU transfer. Often, to reduce peak pressure, well-inten- 
tioned staff will place the patient on lower peak flows with decelerating wave form. This 
will lengthen inspiration, and cause further hyperinflation. Justification of the general ap- 
proach of permissive hypercapnia and education of their colleagues, nurses, and respira- 
tory therapy staff may be necessary. 
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XIV. MEDICAL TREATMENT OF THE INTUBATED 
ASTHMATIC 

The challenge of the intubated asthmatic lies in the great danger of ventilator-induced 
injury. Once these issues have been addressed, the medical treatment of the patient is 
straightforward. Systemic corticosteroids are the mainstay of treatment. There has been 
ongoing controversy regarding dose. A definitive review of the literature suggests 40 mg 
Q 6 H of methylprednisolone or its equivalent is sufficient for the sickest asthmatic and 
higher doses are not more efficacious (20). Inhaled P-agonists are also indicated, their 
frequency and dose remaining an area of ongoing debate. Providing a well-designed reser- 
voir system is used and sufficient puffs delivered, delivery of P-agonists via a metered 
dose inhaler (MDI) is as effective as nebulizers in intubated asthmatics, and is less expen- 
sive (2 1). Specific guidelines for MDI and nebulizer use in intubated patients are summa- 
rized in Tables 3 and 4 (21). It is extremely important to follow these guidelines, 
as bronchodilator deposition in the intubated patient is critically dependent on detailed 
technical issues. The optimal dose and frequency of bronchodilators for intubated asthma- 
tics has yet to be determined. Four puffs of MDI-delivered albuterol appear to be maxi- 
mally effective for at least 60 min in stable intubated patients with chronic obstructive 
pulmonary disease (COPD) (22). Patients with acute exacerbation of asthma who are intu- 
bated may benefit from higher doses. Eight sequential puffs would be a reasonable initial 
dose range with frequency determined by clinical response (2 1). Intravenous (IV) theoph- 
ylline does not appear to improve outcome in hospitalized asthmatics ( 2 3 ) ,  so its use in 
intubated patients is questionable. 

The intubated asthmatic is often a high-profile patient in the ED and MICU. Young 

Table 3 Technique for Using MDls in Mechanically Ventilated Patients 

1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

Assure VT > 500 mL (in adults) during assisted ventilation. 
Aim for an inspiratory time (excluding the inspiratory pause) > 0.3 of total 
breath duration. 
Ensure that the ventilator breath is synchronized with the patient’s inspiration. 
Shake the MDI vigorously. 
Place the canister in actuator of a cylindrical spacer situated in inspiratory limb 
of the ventilator circuit.a 
Actuate MDI to synchronize with precise onset of inspiration by the ventilator.b 
Allow a breath hold at end inspiration for 3-5 secc 
Allow passive exhalation. 
Repeat actuation after 20-30 sec until total dose is delivered.d 

a With MDls, it is preferable to use a spacer that remains in the ventilator circuit to avoid discon- 
necting the ventilator circuit for each treatment. Although bypassing the humidifier can in- 
crease aerosol delivery, it prolongs each treatment and requires disconnecting the ventilator 
circuit. 
In ambulatory patients with an MDI placed near the mouth, actuation is recommended briefly 
after initiation of inspiratory airflow. In mechanically ventilated patients using an MDI and 
spacer combination, actuation should be synchronized with the onset of inspiration. 
The effect of a postinspiratory breath hold has not been evaluated in mechanically ventilated 
patients. 
The manufacturer recommends repeating the dose after 1 min. However, MDI actuation within 
20-30 sec after prior dose does not compromise drug delivery. 

Source: Adapted from Ref. 21. 
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Table 4 Technique for Using Nebulizers in Mechanically Ventilated Patients 

1. 

2. 
3. 
4. 

5. 

6. 
7. 
8. 

9. 

Place the drug solution in nebulizer, employing a fill volume (2-6 mL) that 
ensures greatest aerosol-generati ng eff icacy.a 
Place the nebulizer in inspiratory line at least 30 c m  from the patient Y.b 
Ensure airflow of 6-8 L/min through the nebulizer.c 
Ensure adequate tidal volume (>500 m L  in adults). Attempt t o  use duty cycle 
> 0.3 i f  possible. 
Adjust minute volume t o  compensate for additional airflow through the nebu- 
lizer, if required. 
Turn off flow-by or continuous-flow mode on ventilator. 
Observe nebulizer for adequate aerosol generation throughout use 
Disconnect nebulizer when all medication is nebulized or when no more aerosol 
is being produced. 
Reconnect ventilator circuit and return to  original ventilator settings. 

a The volume of solution placed in the nebulizer, i.e., fill volume, that achieves maximal efficiency 
varies among nebulizers. 
Bypassing the humidifier has been suggested as a means of improving aerosol delivery in 
mechanically ventilated patients. However, administration of dry gas may lead to drying of the 
airway mucosa; therefore, administration with humidified gas is preferred for routine bron- 
c hod i lato ry therapy . 
The nebulizer may be operated continuously or only during inspiration; the latter method is 
more efficient. Some ventilators provide inspiratory gas flow to the nebulizer; alternatively, the 
nebulizer can be powered by continuous gas flow from an external source. 

Source: Adapted from Ref. 21. 

and otherwise healthy, they are appropriately considered highly salvageable patients. The 
staff may come under pressure to use modalities of treatment that are unnecessary. For 
example: systemic P-agonists do not appear more effective than inhaled P-agonists in very 
i l l  asthmatics (24), and their risks clearly are not worth their benefit once the patient has 
been intubated. Heliox has specific beneficial effects on airflow abnormality (25-27). and 
may have efficacy in avoiding an intubation decision. Once intubated, HeIiox use has not 
been shown to improve clinical outcome. It is expensive and many ventilators are not 
designed with flow sensors calibrated for its use. Unless there is strong institutional prefer- 
ence and resource, its use should be discouraged once the patient is intubated. 

General anesthesia has been advocated for patients who are intubated (12). Its use 
remains anecdotal and there are major logistical issues implicit in delivery. As it has not 
been shown to improve survival and is hazardous, its use should be limited to research 
based effort. Bronchoalveolar lavage has been advocated for severe asthma (28). in order 
to remove the mucous plugs so common in this condition. Its use remains unproven, and 
the procedure has substantial risks in the intubated asthmatic. Magnesium has been advo- 
cated for asthma, and although there is debate about its efficacy in severe asthmatics (29- 
3 1 ), its benefit in intubated asthmatics is unproven. Antibiotics are also not required for 
severe asthma ( 3 2 ) ,  unless there is strong independent indication for their use (i.e., pneu- 
monia). 

Using a simple medical regimen and permissive hypercapnia ventilator strategy, 
acute asthmatics that have been intubated should have an excellent outcome. Additional 
techniques appear unnecessary, expensive, and occasionally hazardous. 

The main responsibility of the emergency physician is to stabilize the intubated 
asthmatic until transfer to the MICU. This chapter will not discuss issues peculiar to 
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include: 

1. 

2. 

3. 
4. 

treating these patients in an MICU environment, such as timing of extubation. However. 
occasionally an asthmatic has dramatic and rapid improvement of airflow obstruction fol- 
lowing appropriate intubation. These patients often present with abrupt severe asthma that 
progresses to severe respiratory failure very rapidly without antecedent history of severe 
chronic asthma (33). The more standard patient typically presents with severe poorly con- 
trolled chronic disease and progressive unstable illness in the days before intubation. This 
patient requires a long period of treatment before extubation. The sudden onset asthmatic, 
on the other hand, may resolve airflow obstruction as rapidly as it commenced. It is possi- 
ble that this subset of patients has pathophysiology related to anaphylaxis rather than 
progressive severe generalized bronchial inflammation with airway edema and mucous 
impaction. If the intubated asthmatic improves markedly while waiting for MICU transfer, 
the opportunity should be taken to extubate the patient. It is advisable to confirm physio- 
logical improvement sufficient to warrant extubation by measuring indices of airflow and 
airtrapping. Unfortunately, it is unusual for patients to clear their airflow obstruction so 
rapidly as to permit early extubation; nevertheless, this occasionally does occur. 

The ED management of the critically ill asthmatic is crucial to good outcome, in- 
cluding, as it does, two very dangerous treatment processes: the intubation sequence and 
the initial ventilator setup. To summarize, the emergency physician is a key partner with 
the MICU in assuring excellent outcome for the intubated asthmatic. Steps to achieve this 

Vigorous early use of sedation and paralysis (if needed) in order to achieve safe 
passive patient-ventilator interaction. 
Ventilator setup with low respiratory rate, low tidal volume, and high inspiratory 
flow (i.e., short inspiratory time) with permissive hypercapnia, in order to avoid 
life threatening hyperinflation. 
Targeting auto-PEEP level < 15, VCi < 1.4 L or plateau < 30. 
A simple medical regimen including systemic cortico- steroids and inhaled p- 
agonists. 
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The decision to admit or discharge a patient is a cornerstone of emergency medicine, and 
one we make many times each day, often with little data upon which to base our opinion. 
Fortunately, in most cases we are right or the nature of the disease allows the patient to 
return if they are not improving. However, asthma, like ischemic heart disease, has all 
the ingredients for a bad outcome if an incorrect decision is made. Acute asthma has the 
potential to be a life-threatening disease and a propensity for rapid deterioration. How 
can we best differentiate those patients that will do well from those that will not? In 
addition, can we select those patients that will need admission early to best use our re- 
sources? 

The importance of these decisions is further underlined by an appreciation of the 
scale of the problem. In the United States, over 1 million adult emergency department 
(ED) visits are made each year for asthma (1). In addition for the last 20 years the inci- 
dence, morbidity, and mortality associated with asthma have continued to increase (see 
Chapters 5 and 17). The decision is made more difficult by the lack of clearly defined 
end points for the therapy of asthma in the ED, either clinical or spirometric. 

1. CLINICAL PARAMETERS (Table 1) 

Traditionally physicians have used patients’ history to predict whether they will need 
admission. A previous history of frequent admissions (greater than two in the previous 
year), frequent ED visits (greater than three in the previous year), or previous intubation 
does increase the chances of admission (2,3). In addition, a patient with attacks of rapid 
development, changing from mild to severe bronchospasm in < 3 hr, is at greater risk of 
respiratory failure, lowering the threshold for admission to the hospital (4). In contrast, 
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a patient with a slowly developing asthma attack over several days is also more likely to 
be admitted, partially because of the failure to respond to P-agonists that have already 
been heavily used at home (5) .  Although the presence of any one of these factors increases 
the chances of admission, none predicts the outcome for the individual patient. 

The physical exam and vital signs have been used to define the severity of an asthma 
attack, and indeed the degree of dyspnea does generally correlate with the degree of bron- 
chospasm (3,6). However, patients presenting without significant shortness of breath may 
still have severe airway obstruction and have an impairment in perceiving bronchospasm 
(see Chapter 13). Those asthmatics presenting with a pulse greater than 130 bpm generally 
having a higher incidence of in-hospital complications (7). The other, often quoted physi- 
cal sign of severe airway obstruction is the presence of a pulsus paradoxus > 15 mmHg 
together with sternocleidomastoid retraction. Both of these findings result from the need 
to generate large negative intrapleural pressures to overcome the increased airway resis- 
tance. A pulsus paradoxus over 15 mmHg and sternocleidomastoid retraction are associ- 
ated with FEVl < 1 L, suggesting the need for hospital admission (8-10). However, if 
a patient is breathing only small tidal volumes, then they may not generate a large negative 
intrapleural pressures, and these signs can be absent. In fact, in one study only 64% of 
patients with a peak expiratory flow rate (PEFR) < 100 L/min had pulsus paradoxus ( 1  1 ) .  
Although if it  is present, pulsus paradoxus does have some discriminating value. In 
the study of Rebuck and Reed, pulsus paradoxus was absent in all those whose FEV, was 
> 40% of predicted and elevated in all those whose FEV,was < 20% of predicted (12). 
In summary the absence pulsus paradoxus does not exclude severe asthma. In fact, pulsus 
paradoxus may only regularly appear when the FEVl is < 20% of predicted. Many patients 
with severe bronchospasm may not develop pulsus paradoxus. Pulsus paradoxus is also 
notoriously difficult to measure accurately and a source of constant confusion as to how 
it is measured. Fortunately, accessory muscle use as explained above reflects the same 
pathophysiological process as pulsus paradoxus (e.g., high negative intrapleural pressures) 
and is much easier to evaluate and follow ober time. Pulsus paradoxus and accessory 
muscle use may help in the assessment of the acute asthmatic when used together with 
other physical findings, particularly if the quality of spirometric data is in doubt. Marked 
tachycardia, pulsus paradoxus, or accessory muscle use, when present, suggest that a pa- 
tient needs to be admitted to the hospital on presentation to the ED. 

INDICATIONS FOR ADMISSION 

Sometimes the decision to admit a patient can be fairly easy when there is an absolute 
indication (see Table 1). These are usually the occasional complications of asthma re- 
sulting from significant barotrauma, e.g., pneumothorax, pneumomediastinum, or pneumo- 
pericardium. Simple pneumonia in an acute asthmatic should also be considered a strong 
indication for admission. The presence of pneumonia acts as a continuing stimulus to 
bronchospasm and aggravates pre-existing hypoxia and ventilation/perfusion problems. 
Severe hypoxia (< 50 mmHg) is rarely present in acute asthma as an isolated finding, 
but, when present, suggests severe bronchospasm, profound ventilation/perfusion mis- 
match, and/or another coexistent pulmonary disease (e.g., multiple pulmonary emboli), 
which necessitate admission. 

Salient psychiatric disturbances, poor access to medications, poor educability, drug 
abuse, fear of steroids, and evening dischaqes will predispose to relapse after discharge 
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Table 1 Admission Guidelines for Acute Asthma 

Historical 
Both abrupt and prolonged duration of symptoms 
Frequent ED visits (> 3 per year) 
Frequent hospitalizations (> 2 per year) 
Endotracheal intu bation 

Pulse rate L 130 

See Table 4 

Barotrauma such as pneumothorax 
Pneumonia 
Hypoxia I 50 mmHg rare in asthma, suggests other diagnoses, e.g., pneumonia, 
CHF, multiple pulmonary emboli 

Psychiatric iI lness 
Poor educability 
Fears of steroids 
Discharge of patients during the evening 
Chronic glucocorticoid use 
Glucocorticoids stopped or tapered abruptly 
Dysr h yt h m ias 

P h ys ica I 

Spirometric 

Complications Indicating Admission 

Other 

Source: Ref. 51. 

from the ED (2,4,5) (see Chapters 34, 36, and 37). Lastly, patients on glucorticoids or 
those who have recently stopped taking glucocorticoids should be strongly considered for 
inpatient therapy. 

111. PULSE OXIMETRY AND SPIROMETRY 

A. Pulse Oximetry 

In children, pulse oximetry has been useful to discern asthmatics that need admission to 
the hospital from those that can be safely discharged (see Chapters 32 and 34). In adults, 
however, pulse oximetry alone has not been shown to be helpful in predicting the course 
of acute asthma. In one study of 28 patients on a nonstandardized therapeutic regime, 
those that presented with an O2 saturation 5 95% plus a change in PEFR 5 100 L/min 
either relapsed or required admission (13). The sensitivity was 73% and specificity was 
88%. 

B. Spirometry 

Spirometry in the form of FEV, or PEFR has become the gold standards by which asthma 
is evaluated in the ED and outcome decisions are made. Before the utility of such measures 
was realized, patients were evaluated clinically and discharged when ‘‘wheeze free and 
asymptomatic.’’ The history of this reliance on spirometry in the ED will be reviewed. 

Kelsen et al. (14) studied 107 patients with acute asthma obtaining FEV, values at 
regular intervals and blinding the treating house officers in the ED from the results. Patients 
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were treated and dispositions made on the usual clinical grounds of “wheeze free and 
asymptomatic” (14). They found that severe obstruction was present in 50% of asthmatics 
despite no accessory muscle use. Ten percent were discharged from the ED as sufficiently 
improved on a clinical basis, but these patients had no change in their FEV,. In addition 
if the FEVl changed less than 400 mL, then 66% relapsed within 2 days. This study 
successfully demonstrated that clinical findings alone were unreliable in the decision to 
admit or discharge the acute asthmatic from the ED. 

Shortly afterwards a study was published by Nowak et al. on the spirometric findings 
in 82 patients (15) during 85 ED visits. Again, the treating house officers were blind to 
the results and treated the patients according to the prevailing standards. The patients were 
followed up at 24-48 hr later in person or by telephone. Of these patients, 31% were 
admitted to the hospital, 26% were discharged and relapsed or had significant symptoms 
at follow up, and the remainder were discharged without problems. Thirty-five percent of 
the patients studied had an initial FEV, < 0.6 and a FEV, after treatment of < 1.6 L. Of 
these patients, 90% were admitted to the hospital or had a poor outpatient course, either 
relapsing or suffering significant symptoms. This study was the first to give spirometric 
criteria suggestive of poor outcome. 

This was closely followed by a second study from the same group on a further 90 
patients with over 109 ED encounters (16). Similar to the previous study, these patients 
were treated with a uniform treatment protocol for an average of 4.7 hr and then follow- 
up was performed at 48 hr. The treating physicians were not blind to the spirometric 
results that consisted of both FEVl and PEFR; however, the author notes that most of the 
physicians chose not to use the spirometric data in  their decision making, since spirometric 
data were not yet accepted as valuable in decision making for patients with acute asthma. 
Those patients admitted to the hospital had an average predicted PEFR of 43% 2 19%. 
Those who were discharged and had a poor outcome, either relapse or continued symp- 
toms, had an average predicted PEFR of 55% 2 21%. Those discharged with a successful 
outcome had an average predicted PEFR of 75%: t 25%. This study was the first to show 
clear differences in spirometry between those successfully discharged and those not. Thus 
spirometry could be used to help admission/discharge decisions for the acute asthmatic 
in the ED (see Table 2). 

These findings were confirmed over the next decade by a variety of studies and 
clinical practice (15-20), so much so that they form the foundation for guidelines pub- 
lished by the World Health Organization (WHO) and the medical bodies of the United 
States ( 17), the United Kingdom (1 8), Canada, Australia/New Zealand, and South Africa 
(Table 3). All the guidelines are similar. All agree that spirometry should be the standard 
measure for the decision to discharge a patient from the ED. Sixty percent to 7S% of the 
predicted value of the patient’s PEFR or the patient’s personal best are the desired values 
before discharge. All the published guidelines from the national bodies, however, add 
caveats to this dogma to allow flexibility for the treating physician. The guidelines from 
WHO are the strictest on this point, stating that the patient’s PEFR should be >70% of 
predicted or personal best and sustained before discharge with no flexibility allowed. The 
Australian/New Zealand and U.K. guidelines also allow little flexibility. The Australian 
guidelines suggesting discharge only if the PEFR is > 60%. The U.K. guidelines also 
allow the discharge of patients whose PEFR is less than the recommended 75% of pre- 
dicted but greater than 60% if this is unchanged after prolonged therapy; the nature or 
length of this prolonged therapy, however, is not clearly explained. The guidelines of 
South Africa, Canada, and the United States allow for the discharge of patients between 
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Table 2 Spirometric Criteria 

Article N Spi romet ry 0 u tco me  

Kelsen et al. (15) 107 

Banner et al. (16) 67 

Nowak et al. (17) 82 

Nowak et al. (18) 90 

Fanta et al. (19) 102 

Fischl et al. (20) 112 

McFadden (23) 1084 

FEV, < 400 m L  improved 
during treatment 

PEFR < 16% of predicted 
and improve < 16% of 
predicted with first 
treatment 

FEV, < 0.6 initially and 
1.6 L at end of  therapy 

PEFR < 45% of predicted 
PEFR < 55% of predicted 
PEFR > 75% of predicted 
Initial PEFR < 20-25% of 

predicted, receive par- 
enteral 0-agonists and 
PEFR still < 32-40% of 
predicted 

Initial PEFR < 20-25% of 
predicted and post- 
treatment < 70% of pre- 
dicted 

If 300 L/min (approxi- 
mately 70% of pre- 
dicted PEFR in this 
study) is discharge cri- 
teria 

Initial FEV, < 30% of pre- 
dicted and < 40% after 
first hour 

predicted PEFR at t ime 
of discharge f rom ED 

PEFR < 20% of predicted 
and after 2 hr therapy 
PEFR < 40% predicted 

Approximately 70% of 

67% will relapse in 2 days 

Al l  admitted or relapse 

90% relapse, poor home 
course or admitted to 
the ED 

Admitted 
Poor home course 
Good home course 
85% admitted or poor out- 

patient course 

92% either admission or 
poor outpatient course 

14% will relapse 

92% admitted or needed 
more than 4 hr t o  re- 
solve 

charge from ED 
No relapses after dis- 

Require admission with 
mean of  4.1 2 0.2 days 
of  inpatient care 

~ ~~ 

Source: Ref. 51. 

50-75%,40-60%, and 50-70% of predicted or personal best, respectively, in the absence 
of risk factors. The nature of these risk factors are well-defined in both the Canadian and 
U.S. guidelines, are largely historical, and mirror many of the aforementioned comments. 
The Canadian guidelines include “a previous near death episode,” which is better defined 
in the U.S. guidelines as prior intubation or admission to an intensive care unit (ICU). 
Both include frequent hospitalizations or ED visits, sudden attacks, current or recent use 
of systemic steroids, unavoidable triggers, and poor compliance. The U.S. guidelines add 
low socioeconomic status, comorbid disease, psychiatric illness, and illicit drug use (see 
Tables 1 and 4). 

This leads to the question of whether we can improve further upon spirometry and 
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Table 3 Discharge Criteria o f  Published Guidelines f rom Around the World 

Guideline 

Percent predicted or personal 
best recommended 

Measure recommended for discharge 

NHLBVWHO Global 

U.S./NHLBI 
Initiative (44) 

Canada (45) 

Aust ra I ia/New 
Zealand (46) 

United Kingdom 

South Africa (47) 

PEFR or FEV, 

PEFR or FEV, 

PEFR or FEV, 

PEFR or FEV, 

> 70% of predicted and sus- 
tained 

2 70% or > 50% but < 70% 
without risk factors 

> 60% or > 40% but < 60% 
without risk factors 

> 60% "generally dis- 
charged"; 40-60% generally 
admitted 

treatment 

without risk factors 

PEFR 

PEFR or FEV, 

> 75% or > 60% after more 

> 75% or > 50% but < 75% 

determine even earlier those patients who are going to do badly, and thus spare them a 
3-4 hr stay in the ED before determining their outcome. This problem has been addressed 
in a number of studies. One of the earliest of these was by Fanta et al. (19). In this study 
102 patients were treated on a fixed protocol. They found that if the initial FEV, was less 
than 30% of predicted initially and failed to improve after the first hour to better than 
40% of predicted, these asthmatics had a 92% chance of admission or required more than 
the standard 4 hr to resolve. They noted that the greatest rate of improvement occurred 
in the first hour. 

Table 4 Risk Factors Quoted in U.S. and Canadian Guidelines 

United States Canada 

Past history of sudden severe exacerbation 
Prior intubation for asthma 
Prior admission to  an intensive care unit 
Two or more hospitalizations in last year 
Three or more emergency care visits in the 

Hospitalization or an emergency care visit for 

Current use or recent withdrawal f rom steroids 
Difficulty perceiving airflow obstruction or se- 

verity 
Comorbidity, as f rom cardiovascular disease or 

COPD 
Serious psychiatric disease or psychosocial 

problems 
Low socioeconomic status and urban residence 
Illicit drug use 
Se n sit i v i t y to  Alternark 

past year 

asthma in last month 

Previous near death episode 
Recent ED visits 
Frequent hospitalizations 
Steroid dependent or recent use 
Sudden attacks 

Allergic/anaphylactic triggers 

Prolonged duration of attack 
Poor compliance/understanding 

Returning to  same environment 

Asthma triggers 
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Further attempts were made to refine this and better predict those patients that will 
need admission earlier in the course of ED treatment. Notably, Fischl et al. (20) developed 
a multifactorial index that had a sensitivity of 0.97 and a specificity of 0.95 for predicting 
relapse or admission to the hospital using data obtained at the time of presentation of the 
patient to the ED. In this study the patients were placed on a specific protocol of epineph- 
rine, isoetharine, and intravenous (IV) aminophylline with a time limit of 8-12 hr in the 
ED. This study also confirmed the previous findings of Nowak that a PEFR of 70% of 
predicted or more at the time of discharge from the ED was associated with a low relapse 
rate (16). However, no steroids were given at the time of discharge from the ED. Repeated 
attempts were made to validate this predictive index (2 1,22) without success, but these 
studies failed to follow the same rigid protocol for the treatment of the patients. Therefore, 
indices such as those of Fischl may be beneficial, but only if the exact protocol used is 
followed, and perhaps may not be generalized to other EDs due to differences in the 
patient population and ED resources. The study did inadvertently support the findings of 
Nowak that patients discharged with a PEFR of greater than 70% of predicted had a low 
rate of relapse. 

The largest study looking at spirometric criteria was by McFadden et al. (23), who 
studied a total of 1084 acute asthmatics in the ED. Patients that presented with an initial 
peak flow of less than 20% of predicted and failed to improve to better than 40% 
of predicted within 2 hr, despite intensive therapy ( steroids, aminophylline, and inhaled 
p-agonists every 20 min), were unlikely to improve within 24 hr and on average required 
4 days of inpatient therapy (23). 

Similarly, an index has been developed in Uruguay by Rodrigo and Rodrigo pre- 
dicting the need for hospitalization 30 min after initial p-agonist therapy (24). In this 
study, physicians were blinded from the PEFR values and admission/discharge decisions 
were made within 6 hr of the initial ED presentation based on clinical findings. A patient 
would be discharged from the ED if they were asymptomatic with minimal wheezing, 
absence of accessory muscle use at rest, and ability to walk 60 feet without exacerbation 
of bronchospasm. ED therapy consisted of albuterol by metered dose inhaler (MDI) and 
spacer (2.5 mg/hr), 500 mg hydrocortisone intravenously, and, at discharge from the ED, 
40 mg prednisone for 5 days. There were 184 adults in the study. The patients that were 
discharged from the ED compared to those admitted had a better PEFR (expressed as 
percent predicted) at the time of initial ED presentation (32 vs. 2596, p < 0.01), after 30 
min (50 vs. 28%, p < 0.001), and at the end of ED therapy (58 vs. 31%). Similar results 
have been reported by others (3,16,19,23), where the patients that are eventually hospital- 
ized with acute asthma had a lower PEFR on presentation to the ED and at every time 
point during ED therapy, responding most vigorously within the first 30 min to 2 hr of 
initial therapy. Using discriminant analysis and stepwise addition of variables, an index 
was developed based on the percent predicted PEFR at 30 min, change in the PEFR from 
baseline at 30 min, and subjective impression of accessory muscle use (Table 5) .  They 
found that a index score of 4 or more had a sensitivity of 0.86, specificity of 0.96, positive 
predictive value of 0.75, and negative predictive value of 0.75. The validation and applica- 
bility of this index to other institutions awaits further study. The study population was 
unusual in that 40% had not used p-agonist inhalants before the ED visit and their relapse 
rate at two weeks was only 10% as compared to 17% in the U.S.-based Multicenter Asthma 
Research Collaboration (MARC) (personal communication C. Camargo Jr., principal in- 
vestigator, MARC, March 1998). 

In summary, spirometry supplements clinical judgment in assessing the acute asth- 
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Table 5 Predictive Index Scoring System 

Score 

Variable Score 0 Score 1 Score 2 

PEFR variation at 30 min (L/min) > 50 50-20 < 20 
PEFR at 30 min (%predicted) > 45 45-35 < 35 
Accessory muscle use at 30 0-- 1 2 3 

mina 

a 0 = no accessory muscle use; 1 = mi ld accessory niuscle use; 2 = moderate accessory muscle 

Source: Ref. 24. 
use; 3 = severe accessory muscle use with retraction or depression. 

matic. The likelihood of relapse or severe continued symptoms is much less if the patient 
has a PEFR or FEV, > 70% at the time of discharge. If the patient presents with a PEFR 
20-30% and fails to improve to > 40% in the first 1-2 hr, then they are unlikely to 
resolve in less than 24 hr (see Table 2 and the “Perspective” section later in this chapter). 

IV. ADMISSION TO THE INTENSIVE CARE UNIT 

We have been discussing the indicators for admission to the hospital and those criteria 
that suggest a poor outpatient course and high likelihood of relapse. In patients that are 
admitted, what are the indicators of severe illness and can we predict those acute asthma- 
tics that may deteriorate further leading to respiratory failure? That is, what are the selec- 
tion criteria for admission to the intensive care unit? In this situation spirometry is of little 
value, because the patient is usually unable to perform spirometric tests and clinical factors 
are of the utmost importance. 

If the patient was found in or near respiratory arrest and arrives intubated, the deci- 
sion to admit the patient to the ICU is straightforward. In addition, a pco, greater than 
45 mmHg, profuse sweating, recumbence, decreased muscle tone, or a desire to lie down 
(X), as well as any mental status changes, such as somnolence. suggest hypercapnea and 
impending respiratory arrest. Other signs, not as catastrophic as some of those above but 
still indicators of severe disease. include the classic “silent” chest that occurs as fatigue 
develops and tidal volume falls leading to decreased air movement, until there is insuffi- 
cient air movement to generate a “wheeze.” The same process is occurring when the 
patient is unable to speak in that they are unable to generate sufficient airflow across the 
vocal cords to speak. Thus, unless these signs can be quickly reversed. the patient should 
be considered for admission to an ICU (see Chapter 26). 

A few asthmatics, usually when there is accompanying heart disease, may also de- 
velop dysrhythmias secondary to methylxanthines or P-agonists self-administered, admin- 
istered by EMS during transport, or given in the ED. Admission to the ICU would be 
required where adequate monitoring can be provided (Table 6). 

V. GLUCOCORTICOIDS: DO THEY ALTER THE 
ADMISSION/DISCHARGE DECISION? 

Glucocorticoids undoubtedly play a pivotal role in the management of asthma; however, 
the delay in the onset of action is the limiting factor on their impact in the management 
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Table 6 Admission Guidelines to the Intensive Care Unit 

1. Respiratory arrest 
2. Pco2 > 45 mmHg 
3. Signs of near respiratory arrest 

Diaphoresis with recumbency 
Somnolence 
Staring facies 
Bradypnea 

4. Dysrhythmias (multifocal PVCs, tachyarrhythmias) 

The patient needs admission to the hospital even with dramatic improvement if he or she pre- 
sents or develops any of the above during the ED stay. 
Source: Ref. 51. 

and decision to admit an acute asthmatic. Essentially, should we keep an asthmatic in the 
ED awaiting the effect of steroids and will that delay avoid some admissions? The rapid 
resolution of an acute asthmatic in 1-2 hr does not require steroids nor do steroids increase 
the rate of improvement (26,27). In another important study by Fanta et al., hydrocortisone 
was administered intravenously (2 mg/kg bolus then 0.5 mg/kg/hr infusion) in a double- 
blind fashion to 20 patients following 8 hr of unsuccessful conventional bronchodilator 
therapy (28). The treated group had a 118 2 25% change in FEV, and the placebo group 
had only a 35 + 22% change. The difference was statistically significant. The difference 
between the groups was initially noticed at 6 hr when the first FEV, was measured. There- 
fore an earlier effect cannot be excluded. Stein and Cole countered this with a study on 
91 patients given a fixed therapeutic protocol and 125 mg methylprednisolone (29). They 
failed to detect any significant effect in their patients; however, the asthmatics were only 
followed for 6.5 hr, which probably was insufficient time to see an effect. The average 
PEFR of the study patients upon presentation was 250 L/min, suggesting the degree of 
bronchospasm was not particularly severe and also possibly explaining the lack of a detect- 
able response. In a meta-analysis of the 30 studies performed on the subject of whether 
steroids have a role in the treatment of acute asthma, Rowe et al. concluded that steroids 
are effective agents within 6 hr (30). In general, between 6 and 12 hr are needed for steroids 
to have an effect and relieve acute bronchospasm, with 160 mg of methylprednisolone per 
day being the optimum dose (28,3 1-34) (see Chapter 22). From the earlier data of McFad- 
den et al. (23), we can conclude that some of the factors that determine whether steroids 
will have an impact on the ED course are dependent on the initial severity of illness. If 
the patient fails to respond to initial bronchodilator therapy and the PEFR remains below 
40% of predicted after 2 hr of therapy, then the patient is unlikely to respond, because 
on average the exacerbation of acute asthma would take 4 days to resolve due to the much 
slower resolution of airway inflammation. Therefore, waiting for the onset of action of 
glucocorticoids would be fruitless. If the patients PEFR is greater than 40% of predicted 
after 2 hr of therapy, then it is reasonable to wait for the onset of the action of steroids 
depending on ED resources. If the patient has already been given steroids on arrival in 
the ED, then time is saved. 

DURATION OF THERAPY 

We have discussed criteria by which it is possible to decide whether to discharge a patient 
with acute asthma from the ED. However, a patient whose PEFR is 50% of predicted 
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after 4 hr of therapy may reach 70% of predicted after 12 hr of continued therapy, particu- 
larly with the delayed onset of action of steroids. So how long should a patient stay in 
the ED before a decision is made to admit or discharge? There is no definite answer to 
this question, because the answer will depend primarily on the resources available in the 
ED as well as inpatient and intensive care services of the hospital. Frequently people cite 
cost as a reason to prolong ED stay and avoid admission. Although cost is legitimately 
a factor, it does not always favor a prolonged stay in the ED or observational ward because 
the additional cost of a prolonged stay may not be reimbursed (see Chapter 33). Thus the 
usual length of stay of patients varies widely between EDs. Therefore, when applying the 
spirometric criteria for admission, the rate of improvement must be considered and 
whether the usual length of stay will allow time for sufficient improvement. Some of these 
problems can be ameliorated by the presence of a holding or observation unit for patients 
with acute asthma in which a 12 hr stay is allowed, which can avoid up to 60% of admis- 
sions (35). However, outcome may be affected adversely by having patients languish 
without timely treatments in an ED without such ii specialized observation unit. For exam- 
ple, if adequate staffing dedicated to the unit is not provided, the patient may be neglected 
at times while the ED staff undertake other duties, and the benefits of the observation unit 
is lost. 

VII. PREVENTION OF RELAPSE 

In assessing admission and discharge of patients from the ED, relapse has come to be the 
outcome measure reflecting an inappropriate or unsuccessful discharge from the ED. Re- 
lapse is often viewed as return visits to the ED, unscheduled visits to the private medical 
doctor for bronchospasm, or increase in medications since discharge (see Chapter 34). 
But the patient who does none of the above but is highly symptomatic at home, cannot 
sleep or exercise, or misses days from work or school represents an unsuccessful discharge 
from the ED. This standard was used in the studies by Nowak et al. (15,16). On the other 
hand, a patient who returns to the ED after discharge may return for reasons other than 
a relapse with acute bronchospasm. The patient may not have acquired the necessary 
medications, and uses the ED for all forms of therapy. The patient may be “relapsing” 
to acquire inhalant canisters as adjuncts for their drug use. If relapse is to be related to 
the index ED visit, then the relapse should soon follow the ED visit. In most studies, 
relapse within two to three weeks of the ED visit has been considered a “true” relapse. 
This presumption, however, has not been verified. 

In the discussion of the spirometric criteria for admission or discharge from the ED, 
the incidence of relapse was an important component. Relapse may be partially regarded 
as the emergency physician’s failure either to recognize or treat the disease on the initial 
presentation, but as mentioned earlier the reasons for the relapse may be multifactorial. 
Most would agree that an asthmatic returning to the ED two or three times within a week, 
each time with significant airway obstruction, reflects relapse and requires admission. 
However, the study of relapse is greatly complicated by a lack of a consistent definition 
of what constitutes relapse. How many visits in a week should be allowed? A return to 
the ED within 72 hr for recurrent asthma would undoubtedly be considered relapse. The 
importance of relapse lies in it being an indicator of serious disease and poor outcome. 
Studies of relapse show that 60-83% of patients that relapse are admitted to the hospital 
(20,36) and of patients admitted to the ICU 30-.50% had been treated in the ED within 



To Admit or Discharge from the ED 499 

the preceding days or weeks, i.e., before they relapsed (37). Relapse rates vary between 
16 and 24% in the first 2-10 days after treatment in the ED (14,16,23,38). Seventy-five 
percent of these relapses occur within the first 4 days and represent early relapse 
(20,36,38). A risk factor for frequent relapse is previous relapse (39,40). Excluding the 
use of correct criteria for discharge from the ED, two interventions have been shown to 
reduce the incidence of relapse: steroids and providing adequate patient education and 
follow-up. 

A. Steroids 

A short outpatient course of steroids was studied by Fie1 et al. (41) in patients discharged 
from the ED following treatment for acute asthma. The patients were treated in a double- 
blind placebo controlled fashion with a 8-day tapering course of methylprednisolone, start- 
ing with a dose of 32 mg twice a day or placebo. They were then followed up at 7-10 days 
later to assess their degree of symptomatology. The results revealed a dramatic decrease in 
the relapse rate: 5.9% in the treated group and 15.6% in the placebo group. The results 
were similarly marked in the degree of symptomatology reported at follow-up, with 2 1 % 
having significant pulmonary symptomatology in the treated group as compared to 36.4% 
in the placebo group. The number of side effects reported was the same in both the treated 
and placebo groups. These dramatic results were successfully repeated and expanded upon 
by Chapman et al., who gave a short course of prednisone in a double-blind placebo 
controlled fashion at discharge from the ED (38). They stratified the patients on their 
percentage predicted PEFR achieved at discharge. The results were similar to those above 
with a relapse rate of 6% in those treated and 24% in those given placebo. In those whose 
PEFR was less than 70% at the time of discharge from the ED, the relapse rate was 13% 
if given steroids and 50% if given placebo. Thus there appears to be a greater difference 
giving steroids to those given whose PEFR is less at the time of discharge, reflecting the 
predominately inflammatory process in the more severe asthmatics. 

B. Patient Education 

A short course of steroids reduces the risk of relapse to only 6%. However, any discharged 
patient remains at risk of relapse and appropriate education and follow-up can potentially 
prevent a return to the ED. From the Multicenter Asthma Research Collaboration, 40% 
of adults with an episode of acute asthma did not see a primary care provider (PCP) in 
the previous year and the ED serves as their primary source of asthma therapy and educa- 
tion (42). A time of crisis is often when a patient is their most receptive to education. 
The effectiveness of such patient education programs was demonstrated by Mayo et al. 
(43). This study took 47 of 104 moderately severe asthmatics-all frequent visitors to 
the ED-and randomized them to receive (n = 47) or not receive (n = 67) an intensive 
program on the correct use of inhaler spacers and inhaled steroids and taught self-manage- 
ment techniques that included the self-administration of 3-day courses of prednisone 40 
mg for exacerbation. They then followed the patient for a year and found a threefold 
reduction in readmission rate and shorter hospital stays when admitted for the group re- 
ceiving education. 

The patient does not just need only education, but also the provision of follow-up 
care. Emerman and Cydulka reported that 79% of their 10-day relapses occurred within 
the first 4 days, with almost half of the patients relapsing before the scheduled appointment 
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(see Chapters 34 and 35). Importantly, they found that relapse was reduced if the outpatient 
appointment was scheduled at the time of discharge from the ED rather than giving the 
patient the responsibility. Clearly the follow-up appointment should occur soon after the 
ED visit to adjust the patient’s asthma medications when the risk for relapse is the highest. 

VIII. PERSPECTIVES ON ADMISSION CRITERIA 

In this chapter, the utility of spirometric criteria to assist in admission and discharge deci- 
sions of the asthmatic from the ED has been emphasized. It is clear that the most commonly 
used test, peak flow, is fraught with problems. The peak flow nomogram varies with the 
race/ethnic group. The equipment is not calibrated, occasionally the dial “sticks.” and 
ideally we should use the patient’s personal best and not a nomogram to determine the 
patient’s predicted values (see Chapter 14). Nevertheless, this hand-held peak flow meter 
is the best spirometric equipment that we have i n  common use, 

From the results of Nowak et al. ( 17,18) and Fischl et al. (20), those acute asthmatics 
with PEFR values over 70% of predicted are less likely to relapse or have an unsuccessful 
discharge from the ED. However, others have stated that there was too much overlap in 
the spirometric data on admitted vs. discharged iisthmatics for these criteria to be useful 
clinically. One such study evaluated 2-day relapse and blinded the physicians to the spiro- 
metric results (48). They tried to develop spirometric predictors of relapse based on the 
response to the first ED treatment with a P-agonist. The applicability of this study to 
current recommendations concerning admit/discharge of the asthmatic is difficult, since 
their protocol gave inadequate P-agonist therapy over the 6 hr ED protocol and did not 
assess the final spirometric values in the ED before discharge, and the admission rate to 
the hospital was only 10% as compared to 2296, which is our national ED admission rate 
for acute asthma (personal communication C. Camargo Jr, personal communication, 
March 1998). 

In a similar study, Worthington and Ahuja looked at spirometric criteria to predict 
relapse as defined as the need for further medical attention or increase in asthma medica- 
tions within 5 days of the ED visit (49). The physicians were blinded to the spirometric 
values. The spirometric values in this study were unable to differentiate admitted, dis- 
charged, or relapsed patients except that those patients with an FEVl over 2.4 L had only 
a 10% incidence of relapse. However, the length of time that the patient could be treated 
in the ED was at the physician’s discretion. Obviously, the longer a physician treats an 
acute asthmatic in the ED, the higher the discharge FEVl may be. Also in this study there 
was only a 10% admission rate; therefore, as mentioned earlier, the applicability of these 
results to 1998 is questionable. 

More recent studies have used a 3-5 hr protocol for ED treatment of acute asthma. 
In evaluating relapse at 3 days, no differences in post-treatment spirometric values between 
those that relapsed and those that did not were noted (39). In this study, however, the 
physicians were not blinded to the spirometric values and may have been using the results 
for admission/discharge decision making. 

In summary. although Rodrigo and Rodrigo, as noted earlier, have developed a pre- 
dictive index for admission after initial response to treatment in the ED, this index awaits 
further validation by other emergency departments (24). Prospective studies are needed 
to determine if discharging patients after a fixed therapeutic protocol with a PEFR of 
greater than 70% will reduce relapse and unsuccessful discharges from the ED. 
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Changes in pulmonary function within the time frame of a stay in the ED will affect 
whether the patient will be admitted or discharged from the ED. If the length of time that 
the asthmatic is allowed to be treated within the ED is increased, more time is allowed 
for the patient to demonstrate that their bronchospasm and pulmonary function is revers- 
ible; therefore, fewer patients would need admission to the hospital (35). Likewise, if a new 
therapy is highly effective in acute asthma, e.g., inhaled corticosteroids, rapidly reducing 
bronchospasm during the allowed time period in the ED, then there would be a quicker 
improvement in the spirometric tests and more acute asthmatics would reach the “cutoff” 
values for admission/discharge from the ED (50). Therefore, even if validated, spirometric 
criteria will never be static in time or universally applicable to all EDs. They will depend 
on institutional policies such as the length of time the asthmatic can remain in the ED, 
the presence of an observation unit, and the development of more effective therapeutic 
modalities that would reduce bronchospasm more rapidly than previously. 
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The Acute Asthmatic in the 
Pediatric Emergency Department 
To Admit or Discharge? 

Jill M. Baren 
University of Pennsylvania School of Medicine, Philadelphia, Penris$\mia 

1. INTRODUCTION 

Asthma is the most prevalent chronic disease in childhood with 2.7 million under the age 
of 18 affected (1). It is a frequent cause of emergency department (ED) visits that often 
result in hospitalizations. It is estimated that there are 200,000 hospitalizations per year 
for asthma in the pediatric population (1) .  In the last few decades, hospitalization rates 
from asthma among children have increased from 112 per 100,000 in the early 1970s to 
279 per 100,000 in the 1980s (2). Children under 4 years of age are disproportionately 
affected, with an average increase in hospitalization of 5.0% per year compared to 4.5% 
for all children age 0- 17 years (3). Mortality from asthma in children under age 15 years 
has doubled over the same time period from an all-time low of 54 deaths in 1977 to 125 
deaths in 1985 (3). These increases have occurred despite advancements in the understand- 
ing of disease pathophysiology and in the number of therapeutic modalities available (4- 
7). The reasons for these increases are still unclear (6-9). In addition to increasing hospital- 
ization rates, relapse or return unscheduled visits by pediatric asthma patients to the ED 
or other health care facilities have been reported to be as high as 30% (2). From the third 
Multicenter Asthma Research Collaboration (MARC3), nationally representative rates for 
admission for approximately 750 asthmatic children from 30 states in 1997 for children 
ages 2-17 are 22% [20-25 confidence interval (CI)] with relapse rates of 17% in two 
weeks for acute asthma that presented to the ED. Neither admission nor relapse rates 
varied significantly with age (personal communication, C. Camargo, principal investigator 
for MARC3, May 1998). 

Assessing the severity of an acute asthma exacerbation in a child and accurately 
predicting the outcome (admit vs. discharge) of the exacerbation remains one of the most 
challenging problems in emergency medicine. Acutely ill children are more difficult to 
assess than adults due to a variety of physiological and behavioral characteristics. This is 
especially true for younger, preverbal children. Routine methods for estimating the sever- 
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ity of acute asthma in adults, adolescents, and older children often cannot be applied in 
younger children. The lack of available objective methods to assess asthma severity in 
children and the lack of “gold standard” criteria for admission may contribute to both 
excessive hospitalization rates and high relapse rates. 

II. PEDlATRlC VS. ADULT ASTHMA PATIENTS 

A. Definition of Disease 

Making the definitive diagnosis of asthma in the pediatric population is complex, requires 
multiple observations over time, and is often fraught with disagreement amongst clinicians 
( 1 ) .  Pediatricians are reluctant to label young children with the diagnosis of asthma until 
a clear pattern of reversible bronchospastic episodes can be demonstrated. Nomenclature 
is often confusing because a number of poorly defined terms are in existence, such as 
“reactive airways disease,” ‘‘wheezing associated respiratory infection,” and “wheezy 
bronchitis” (1) .  

Different patterns of disease progression are also characteristic of childhood wheez- 
ing or asthma. Many will manifest wheezing with an episode of infectious bronchiolitis 
before age 1 or 2 years and may remain wheeze-free until later in life. Some begin an 
episodic pattern of wheezing shortly after an episode of bronchiolitis. Treatment regimens 
effective for asthma are not necessarily proven to be effective for bronchiolitis. Thus, 
emergency physicians are left with a confusing diagnostic and therapeutic dilemma. 

B. Physiological Differences 

Infants and children are more prone to respiratory failure than their adult counterparts. 
They have less functional reserve due to increased airway resistance, decreased elastic 
recoil properties, early airway closure, unstable rib cage structure, weaker diaphragmatic 
muscles, small caliber airways, and a more immature immune system (1 , lO) .  Therefore, 
ED treatment may need to be more aggressive with a lower threshold for admission. 
A wide range of normal respiratory rates, heart rates, and blood pressure exist for children 
of different age groups. Without this knowledge, assessment of asthma severity in children 
will be impaired. Specific clinical signs of respiratory distress may be more prominent 
and useful in children than adults; for example, retractions are a very visible sign of respira- 
tory distress in children due to a thin and compliant chest wall. 

C. Behavioral/Developmental Differences 

Infants and young children rely on parents and guardians to administer medications, to 
access the health care system, and to provide historical information during an acute episode 
of asthma. Young infants and children cannot verbalize subjective feelings of dyspnea or 
respiratory distress. The emergency physician must rely on caretakers’ impressions of 
disease severity, which may not be accurate or reliable, and on direct observation without 
the patient’s input. Children also have limited ability to perceive their degree of airway 
obstruction ( 1  1). 

Older children and adolescents are often permitted and encouraged to self-administer 
asthma medications. This particular group of patients is also at high risk for noncompliance 
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due to a variety of psychosocial factors such as denial of asthma and its severity (12). 
Delay in seeking medical care and minimization of symptoms is not unusual and may 
also increase the difficulty of the ED evaluation and disposition decision. The cognitive 
and social development of children must be taken into account when devising management 
and treatment plans (1 1). 

111. TOOLS AVAILABLE TO ASSESS ASTHMA 
SEVERITY IN PEDlATRlC PATIENTS 

A. Estimation of Severity of the Exacerbation 

The emergency physician has several types of information available to estimate asthma 
severity in a pediatric patient that will provide the basis for a disposition decision: (1) 
historical information about baseline disease status, medication usage and compliance, 
and events leading up to the ED visit; (2) clinical parameters assessed during the ED visit, 
upon presentation, and after treatment; and (3) objective measurements taken during the 
ED visit, upon presentation, and after treatment. The decision to discharge or admit the 
patient is usually based on a combination of factors, and there is tremendous variability 
among practitioners. To date, no single factor or combination of factors has been shown 
to be satisfactorily predictive of who will require hospitalization and who can be safely 
discharged without fear of relapse. However, since the assessment of airway obstruction 
in children is clinically difficult, objective measures are exceedingly important in making 
a correct assessment and in monitoring the response to treatment. 

B. Historical Information 

Emergency physicians should identify risk factors that are known to be associated with 
a more severe episode of asthma and possibly the need for hospitalization. These include: 
(1) frequency of previous asthma exacerbations; (2) recent visit to the ED for asthma; (3) 
recent hospitalization and duration of hospitalization; (4) prior admission to an intensive 
care unit; (5) previous near fatal asthma or long delay in seeking medical care; and (6) 
current use of systemic steroids to control asthma symptoms ( 1  3). Although the identifica- 
tion of these risk factors may be helpful in determining disposition, it is important to 
realize that they may be confounded by institutional practice and policy and by socioeco- 
nomic factors (13). 

C. Assessment of Severity by Physical Examination and Clinical 
Scoring Methods 

Typical physical findings present during an asthma exacerbation are tachypnea, accessory 
muscle use, wheezing or other abnormal breath sounds, and color change. Studies have 
shown that several of these signs will correlate somewhat with pulmonary function mea- 
surements (14-19). When examined as predictors of outcome of an acute exacerbation, 
physical exam findings lack the sensitivity and specificity necessary to become useful 
clinical tools (20). In addition, interobserver correlation, when it has been measured, is 
poor ( 1  3). For example, respiratory rate in children is state dependent: more rapid when 
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the child is awake and crying as compared to being asleep. Unless the child’s measure- 
ments are taken in identical states at all times, results are not likely to be reproducible (13). 

Many investigators have combined physical findings with other clinical parameters 
such as pulmonary function measurements and have designed multivariate clinical scoring 
systems for acute asthma. These scoring systems are primarily subjective, and few have 
been systematically evaluated (1 3). Attempts to validate clinical scores have also been 
disappointing ( 13). It is still worthwhile to review the subject of clinical scoring systems 
especially in the context of pediatric asthma, since routine assessment of airway obstruc- 
tion by measurement of peak expiratory flow (PEF) or spirometric indices is not an option 
in younger patients (14). 

Clinical scores have been devised for several purposes: (1)  to assess the severity of 
asthma at a single point in time; (2) to predict the need for hospitalization, or the likelihood 
of relapse after discharge; and (3) to evaluate changes in the severity of asthma over time, 
usually in response to therapy (14). A clear and thorough review of multivariate clinical 
scores for preschool children (ages 0-5 years) is presented by van Der Windt et al. (14). 
The authors found 16 scores that appeared in the literature as of 1994. The scores were 
evaluated based on a predefined set of criteria that included purpose of the score, descrip- 
tion of the score, suitability for use in children, interobserver agreement, and validity (14). 

To summarize, Van der Windt et al. found that interobserver agreement of scores 
was not often tested or reported despite that fact that clinical signs in the scores like 
cyanosis and retractions required subjective judgment. They also found that the ability of 
the asthma scores to predict the outcome of an acute episode of asthma was limited due 
to different treatment responses measured. The authors noted several pitfalls with asthma 
scores in children such as the state-dependent nature of certain variables and the difficulty 
with certain measurements like pulsus paradoxus. Most of the scores did include accessory 
muscle use or retractions, dyspnea, and wheezing, and the authors commented that these 
items showed a better correlation with pulmonary function than other clinical signs 
(14,21). Although several clinical asthma scores have been used in research settings, none 
have made their way into routine clinical practice and none have sufficient validity to be 
used as a decision rule for admission versus discharge (14). 

D. Objective Measurements That Assess Severity 

1. Pulmonary Function Tests 
Pulmonary function tests (PFTs) are integral in defining the presence and baseline degree 
of airway obstruction in asthmatic patients. Airway responsiveness (bronchial challenge) 
maneuvers and other PFTs such as absolute lung volumes and airways resistance can only 
be obtained by large, expensive equipment, clearly unsuitable in the ED setting (22). 
Spirometric measures usually include forced expiratory volume in 1 sec (FEV,), forced 
vital capacity (FVC), forced expiratory flow between 25% and 75% of FVC (FEF25-75), 
and the ratio of FEVJFVC. These are relatively easy to perform, the equipment is available 
at a reasonable cost, and test interpretation is standardized (22). Ambulatory monitoring 
of airway obstruction can be performed with hand-held inexpensive spirometers and with 
PEF meters, which are widely available and therefore amenable for use in the ED (22). 

PFTs are the best measurement of the degree of airway obstruction and should be 
measured whenever possible (23). Failure to perform routine spirometry in children results 
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in underdiagnosis of airflow obstruction and may even result in failure to optimize therapy 
(24). Adult studies have shown that physicians tend to underestimate the degree of airway 
obstruction in acute asthma, especially when a patient is initially assessed, and that know- 
ing the results of PFT may change management in a significant number of patients (25). 
Inaccurate assessment of asthma severity of patients by parents can be a major reason to 
delay seeking care and is linked to increased morbidity and mortality (26). 

The National Asthma Education and Prevention Program (NAEPP) Guidelines de- 
veloped by an expert panel recommends the routine use of objective measures of pulmo- 
nary function in the ED management of acute asthma for both children and adults (23). 
For a variety of reasons, it may be more difficult for emergency physicians to comply 
with this standard in the case of children. As discussed, clinical assessment is more difficult 
because of a wide variation in verbal and developmental skills. In the case of PEF, the 
breathing maneuver is strenuous and often requires effort that cannot be mounted during 
an acute period of dyspnea (22). Submaximal efforts may create falsely low readings 
and there may be wide variability between readings (22). For both spirometr-y and PEF 
measurements, younger children may not be able to perform the maneuver in a coordinated 
fashion without intensive prior training. The utility of teaching the maneuver in the ED 
under circumstances of increased anxiety and breathlessness is questionable. Despite these 
obstacles, emergency physicians should attempt to perform objective measures of lung 
function on all children greater than the age of 5 who present with acute asthma and on 
younger children who have been trained in the maneuver or who seem sophisticated and 
amenable to performing the tests. In general PFTs can be performed reliably by most 
children by 5 or 6 years of age (27). 

The most valuable of all PIT for assessing severity, response to treatment, and 
for formulating patient dispositions are FEV1, PEF, and FEF2s-7s (28). FEVl is the most 
reproducible airway function parameter. It varies inversely with airflow obstruction and 
is more sensitive than examination of the lungs, symptoms felt by the patient, or clinical 
signs noted by health care workers (22). Similar to FEVI, PEF reflects changes in the 
degree of upper, larger airways obstruction and is the most common form of ambulatory 
monitoring available due to low cost, which makes it ideal for use in the ED (22). Disad- 
vantages of using PEF to assess acute asthmatics is that it is effort dependent. Results may 
show high variability, but it is helpful in most cases when making therapeutic decisions. 

Normal FEVl and PEF values do not always indicate that all other PITS are normal 
(26,29-3 1). Results from several recent investigations in children with asthma have shown 
that FEF25-75 is the most sensitive and specific measure of airway obstruction (26,31). 
FEF25-75 reflects the function of both large and small airways. In some patients reduction 
in FEF25-75 occurred when PEF and FEV, were still within normal range and the patients 
were experiencing symptoms of acute asthma (26). In the future, devices that measure 
FEF25-75 may be more readily available for routine use in the ED. 

ED personnel should follow the NAEPP Guidelines for the Diagnosis and Manage- 
ment of Asthma regarding the use of objective lung function measurements. For acute 
exacerbations, PEF should be measured on all patients greater than 5 years of age initially 
upon presentation or after initial bronchodilator treatment to gauge response, and before 
discharge from the ED. Patients should be questioned about prior training and home use 
of PEF monitors to ascertain their “personal best.’’ If personal best is not known, percent 
predicted PEF for age, height, and race may be obtained from charts like the one illustrated 
in Table 1. General guidelines for PEF values are: PEF 2 70% predicted, disease is stable 
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Table 1 
Rates (L/min) in Children Based on  Sex and 
Height 

Predicted Peak Expiratory Flow 

Height (cm) Female Male 

110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

145 
157 
170 
184 
199 
216 
234 
253 
274 
296 
32 1 
347 
37 6 
407 
441 

145 
160 
175 
191 
208 
226 
2 47 
269 
293 
319 
348 
379 
41 4 
45 1 
49 1 

Source: Adapted from Ref. 45. 

with good response to bronchodilator; PEF 1 50% but < 70% predicted, incomplete 
response to bronchodilator, consider hospitalization; and PEF < 50% predicted, poor re- 
sponse to bronchodilator, hospitalization required, consider intensive care setting (23). 

2. Pulse Oximetry 

Due to its ease of use and noninvasive properties, pulse oximetry for measurement of 
arterial oxygen saturation (0:sat) is routinely used in many EDs to help evaluate the sever- 
ity of an asthma exacerbation (32,33). Several studies have examined the usefulness of 
pulse oximetry as a predictor of outcome. Geelhoed et al. found that the initial 02sat was 
highly predictive of outcome in 52 asthmatic patients ages 2- 14. 02sat < 9 1 %  was associ- 
ated with an unfavorable outcome defined as admission or need for re-presentation to the 
ED (34). In a similar study of 100 pediatric asthma patients in an ED, Bishop and Nolan 
showed that pretreatment 0,sat of < 9 1 % had a sensitivity of only 36% and specificity 
of 57% for an unfavorable outcome (35). The sensitivity and specificity improved to 42% 
and 78%. respectively, when measured after bronchodilator treatment; however, the posi- 
tive and negative predictive values calculated for adniission were only 75% and 46%. 
respectively. The authors emphasize that a high negative predictive value is desirable to 
minimize the risk of discharging patients inappropriately from the ED. They conclude, 
however, that pulse oximetry is still a useful diagnostic tool due to its high specificity 
and should be used in conjunction with other diagnostic tests that have high sensitivity 
(35). 

Geelhoed et al. in a later study examined how 0:sat compared with PEF as an 
indicator of asthma severity and a predictor of relapse after ED treatment (36). 0,sat and 
PEF were measured in I10 children on arrival by the investigators, while independent 
disposition decisions were made by treating physicians who only had access to PEF values. 
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Seventy-nine children were discharged home and 15 of those subsequently needed more 
medical care. Thirty-one children were hospitalized. 0,sat and PEF were lower in admitted 
patients. There was no statistical difference in the PEF between those who were discharged 
and subsequently required more care versus those who were simply discharged; however, 
initial O+at was found to be lower in children who were discharged and required more 
care. The authors concluded that PEF was less discriminating than 0,sat and that 0,sat 
had a greater potential to predict outcome in those not admitted (36). 

Geelhoed et al. hypothesized that Ozsat may be superior to PEF for several reasons: 
hypoxia may impair a child’s ability to perform a PEF; 0,sat has a normal range of values 
that applies to all ages whereas PEF is variable; and 0,sat may be a more accurate reflec- 
tion of the multiple pathologic processes that occur in asthma resulting in ventilation- 
perfusion inequality, while PEF predominantly reflects only major airway obstruction (36). 

Despite the advantages of providing continuous, noninvasive monitoring of arterial 
oxygen saturation, limitations of pulse oximetry must be recognized by ED personnel. 
Pulse oximetry provides no information about the adequacy of ventilation and may not 
be accurate when the oxygen carrying capacity of blood is decreased or during hyperventi- 
lation when 0,sat is increased by a shift in the hemoglobin-oxygen dissociation curve to 
the left. In addition, low perfusion states such as shock will not allow detection of the 
pulse signal and therefore will not provide accurate readings (10). 

3. Pulsus Paradoxus 

In adult asthmatics, pulsus paradoxus (PP), or an exaggeration of the normal fall in systolic 
blood pressure during inspiration, is thought to relate to the severity of the attack, and it 
has been recommended that the measurement be routinely sought (37,38). Since large 
swings in intrathoracic pressure are thought to be responsible for PP, investigators have 
noted that some severely ill patients may not be able to generate these pressures and may 
not demonstrate a PP (39). Pearson et al. in a study of 766 adult asthmatics reported only 
a weak association between worsening airflow obstruction and PP. One-third of patients 
with PEF less than 200 L/min did not manifest the sign (39). They concluded that PP is 
a poor guide to asthma severity in individual patients and noted that in a busy ED it is 
not easy to perform and interpret the maneuver (39). 

Measuring PP in children is difficult and also shows a weak association with airflow 
obstruction and asthma severity. In one study of 40 asthmatic children, those with PP of 
greater than 25 mmHg tended to have higher Paco, values, but this association did not 
reach statistical significance (40). In another study of 1 I 1  asthmatic children, only 63- 
76% of children were able to be assessed for PP, and the authors state that the maneuver 
was distressing to young children and even interfered with further assessment and treat- 
ment (33). In routine ED practice, PP is not often attempted in children and does not often 
contribute to management decisions. 

4. Arterial Blood Gases 
Routine measurement of arterial blood gases (ABGs) in all asthmatic children who present 
to an ED with an exacerbation is not necessary. The test is invasive and painful. In the 
majority of cases of mild to moderate exacerbations, clinical assessment, PFT, and oxime- 
try are sufficient to determine severity, although there is at least one study indicating that 
ABG was the only satisfactory method for assessing severity in asthmatic children with 
all but the “slightest” attacks (40). 

ABGs are often performed in children who fail to respond to therapy in the ED or 
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develop signs of increased work of breathing, impending respiratory failure, or decreasing 
PEF. The most common pattern seen on the AB(; is hypoxemia, hypocapnia, and respira- 
tory alkalosis (37). Normal or elevated Paco, indicates progression to respiratory failure. 
There is some evidence that children are more prone to develop failure at a lower Paco2 
value as the transition from alveolar hyperventilal ion to hypoventilation occurs at a slightly 
lower value than in adults (37 vs. 40 tom) (41). Since a decision to intubate an asthmatic 
child should always be made on clinical grounds, ABGs are often unnecessary and only 
provide superfluous information. 

5. Chest Radiograph 
A chest X-ray is seldom helpful in either the assessment of severity of an acute exacerba- 
tion or in determining outcome. Therefore, a chest X-ray should be reserved for those 
patients who do not improve as expected with treatment or in whom complications such 
as pneumothorax, other barotrauma, or bacterial pneumonia are suspected. 

DISPOSITION FROM THE ED 

There are no absolute criteria dictating which pediatric asthma patients require hospitaliza- 
tion for continued treatment and which patients may be safely treated at home without 
the risk of relapse. However, there are a number of suggested guidelines that can assist 
emergency physicians in making sound disposition decisions, limiting the number of inap- 
propriate hospitalizations and discharges. 

The NAEPP Guidelines for the Diagnosis and Management of Asthma suggest initial 
assessment of severity in a child and initial treatment with nebulized albuterol (23). De- 
pending on the response to this treatment a number of pathways may be followed (Figure 
1 ). The treatment algorithm depends heavily on serial assessment of clinical parameters 
and repeated measurements of PEF and 0,sat. Supplemental oxygen is given to keep 
02sat 2 90%. Steroid therapy is initiated for all patients except those with the mildest 
exacerbations who have an excellent response to the initial inhaled bronchodilator or for 
those that recently took systemic steroids at home (23). A poor response is defined by a 
PEF < 50% of predicted along with other worrisome clinical parameters and is grounds 
for an immediate decision to admit (23). 

These are sound guidelines developed by an expert panel. They are evidenced based, 
where possible, and should be followed whenever possible. Other countries with high 
asthma prevalence and high hospitalization rates have developed similar guidelines (42). 
The NAEPP Guidelines are probably the most well known and frequently used guidelines 
for ED treatment and decision making although they are still not used in all EDs for a 
variety of reasons (43). Clinical judgment, not objective measurements, is the basis for a 
large number of disposition decisions in younger children; in these instances the guidelines 
are often not used. In addition, there may be regional, local, or institutional variations in 
admission practice that will result in various interpretations of the guidelines. 

Many authors have offered suggested criteria for hospitalization of a pediatric 
asthma patient, although not necessarily linked to a treatment-response algorithm like that 
found in the NAEPP Guidelines (1 1,44-46). These criteria are listed in Table 2. All or 
some of these factors may be useful to emergency physicians for decision making and 
will be individually applied to patients in different situations. With the increasing number 
of asthma short-stay observation units being created, these criteria will have to undergo 
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Figure 1 Algorithm for ED management of acute asthma exacerbations. (From 
Expert panel report 2, Guidelines for the diagnosis and management of asthma 1997. 
Clinical practice guidelines. NIH publication #4051. U.S. Department of Health and 
Human Services, NHLBI, National Asthma Education and Prevention Program, 
Bethesda, MD; Ref. 23.) 
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Table 2 Suggested Criteria for Hospitalization of  a Pediatric Asthma Patient 

Respiratory failure (Pao,, 60 mmHg in 40% oxygen, Paco, > 40 mmHg)a 
Severe respiratory distress with impending respiratory failurea 
Alteration in consciousnessa 
Severe retractions 
Hypotensiona 
Poor social situation 
Prior hospitalization for respiratory failure 
Past history of  life-threatening asthma or near fatal asthma 
Significant complications of asthma 

Pneumothorax 
Pneumonia 
Extrapleural air 
Theophylline toxicity 
Cardiac arrhythmia 

Previous ED treatment within last 24 hr 
Inability to tolerate oral medications 
Significant other diseases 

Congenital heart disease 
Bronchopulmonary dysplasia 
Cystic fibrosis 
lmmunosuppression 
Psychiatric disease 

a Should be strongly considered for admission to an intensive care unit. 

further refinement to accommodate a new subset of patients who can benefit safely from 
shorter inpatient treatment. 

V. RELAPSE FROM THE ED 

A. Predictors of Relapse 

Studies have indicated that between 4 and 30% of children with an acute asthma exacerba- 
tion treated in an acute care setting will return for an unscheduled medical visit within 
10 days following this treatment (5,44). These relapse visits may be viewed as treatment 
or disposition “failures” and there are often multiple factors that influence the rate of 
relapse in any given institution or geographical area. As previously discussed in this chap- 
ter, attempts to predict the outcome of a visit for acute asthma by assessing or scoring 
asthma severity have been unsuccessful to date. 

Some investigators have tried to improve the prediction of relapse by looking at 
historical or sociodemographic variables in addition to variables present at the time of the 
exacerbation. Ducharme and Kramer in a prospective study of 314 acutely ill asthmatic 
children discharged from an ED collected inforrnation on multiple variables and found 
that a number were significantly associated with relapse ( 5 ) .  Relapse was defined as a 
second ED visit for asthma within 10 days of the first ( 5 ) .  The two most significant pre- 
dictors of relapse that emerged were the number of ED visits for acute asthma in the past 
year, which seemed to have a dose-response effect, and the use of short-acting theophylline 
as part of the ED treatment regimen, although the latter was done at the discretion of the 
treating physician and should be interpreted with caution ( 5 ) .  
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This study also found that the severity of the attack and the response to treatment 
were not important determinants of relapse ( 5 ) .  The authors concluded that a child’s past 
medical history may be more important than the severity of the attack or the response to 
treatment and suggest that the frequency of ED visits be used as a stratifying variable in 
future studies of relapse ( 5 ) .  It may be prudent to explore these variables in the ED setting 
as well when evaluating young children since objective measures of severity are not always 
obtainable. 

B. Follow-Up and Patient Education 

Other suggested methods for reducing relapse after ED care are timely and coordinated 
referral for follow-up and simplification of asthma management plans. Emergency phy si- 
cians should strive to view the exacerbation as part of the patient’s overall management 
and facilitate communication between themselves, the patient, and their primary care pro- 
viders (47). Many patients, particularly those who are economically disadvantaged, may 
depend on the ED as a routine source of asthma care. Efforts should be made to do some 
asthma management education in the ED and to make the follow-up process as simple as 
possible (47). Although referral to the primary care pediatrician is indicated in most in- 
stances, some authors have demonstrated that facilitated referral to an asthma specialist 
at the time of an exacerbation reduces relapses and return ED visits (48). 

C. Corticosteroids and Relapse 

Scarfone et al. have demonstrated that the administration of oral corticosteroids to children 
in the ED reduces the need for subsequent hospitalization when assessed within 4 hr of 
treatment (4). It is possible that oral corticosteroids are the most useful intervention by 
the ED physician in terms of preventing relapse, but this has not been conclusively proven. 
Chapman et al. followed 93 adults with acute asthma randomized to receive either predni- 
sone or placebo at discharge from the ED and for 8 days afterwards to determine relapse 
within 2 1 days. The risk of relapse was significantly lower in the placebo group especially 
within the first half of the follow-up interval (49). 

Shapiro et al. demonstrated rapid improvement in children with acute asthma after 
ED administration of steroids versus a group who had been treated with placebo. No 
relapses occurred in either the treatment or placebo group, indicating that study subjects 
may have had fairly mild disease exacerbations (50). A few additional studies in children 
have demonstrated protection against relapse by treatment with short courses of corticoste- 
roids (5  1). One study compared intravenous methylprednisolone to placebo and showed 
a protective benefit of treatment in reducing relapse over the next 4-week period (52). 
Additional well-controlled studies are needed in the pediatric population to delineate the 
true effect of steroids on preventing relapse and to define the optimal dose, route, fre- 
quency, and duration of corticosteroid therapy. 
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1. THERAPY OF EMERGENT CONDITIONS IN THE 
EMERGENCY DEPARTMENT 

Emergency departments (EDs) provide treatment to patients with emergent conditions 
such as asthma. Traditionally, 60-80% of asthma patients can be successfully treated 
in the first 3-4 hr (1-4). When initial therapy does not successfully resolve the asthma 
exacerbation, the patient is admitted to the hospital. With the use of an observation unit, 
the treatment regimen initiated in the ED can be extended. With an additional 8 hr of 
treatment the physician can avoid hospitalization in 80% of patients who would otherwise 
need hospitalization (5,6). Presently 53% of funds used for the care of asthmatic patients 
is for hospitalization during acute attacks. A more robust outpatient approach to the treat- 
ment of the asthmatic patient with the use of observation units can dramatically lower the 
overall true cost of services for this common serious condition. 

II. OBSERVATION UNITS AND DECISIONS TO ADMIT 

Patients are admitted to the acute care hospital from the ED when the patients’ needs 
cannot be met by the ED visit. Most medical patients come to the ED for the evaluation 
of a critical diagnostic syndrome: chest pain, abdominal pain, syncope. They are admitted 
to the hospital when a serious disease is identified: acute myocardial infarction in patients 
with chest pain, appendicitis in patients with abdominal pain. Other patients come to the 
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ED for treatment of an emergent condition: asthma, congestive heart failure, hyperglyce- 
mia. They are admitted if they have not been sufficiently treated during their 2- to 3-hr 
ED stay. 

There is a certain inexactness to the decision process on hospitalization. Often the 
physician makes a decision to admit a patient based on clinical suspicion of serious disease 
or projection that treatment may be extensive. “Cookbook” lists of criteria for hospital 
admission have been promulgated by payers to limit their need to pay for inpatient services 
but can not be relied upon by the clinician. They have only 60-80% sensitivity, and 80- 
90% specificity for identifying serious disease (7). 

Observation units enlarge the time window the emergency physician has for evalua- 
tion and treatment of patients. For patients being evaluated for a diagnostic syndrome, 
this allows the emergency physician added time to more fully evaluate the patient and 
avoid failing to diagnose patients with an atypical presentation of a serious disease. In 
chest pain evaluation the period of observation nearly eliminates the usual 5% miss rate 
of acute myocardial infarction (CHEPER study) (8). In addition, many patients with symp- 
toms that are worrisome to the physician can avoid a hospital admission with a period of 
observation. Twenty-five percent of patients with chest pain who would otherwise have 
needed hospital admission can be safely released home without hospital admission with 
reassurance that they have been rigorously and fully evaluated (8). In patients being treated 
for emergent conditions, this allows the emergency physician added time to further treat 
the patient’s condition and avoid having to admit many patients who need 6-12 hr of 
additional treatment. As will be discussed below, one-third of asthma patients are not 
successfully treated in a 3- to 4-hr ED visit and are admitted to the hospital. With an 
observation unit, ED treatment is continued and 80% of patients who would otherwise 
have needed hospitalization can be discharged (5,6). The goal is to provide patient service 
based on what is ideal given the pathophysiology of the patient’s disease and not based 
on what is required to meet the financial architecture, physician comfort, or even patient 
expectations. 

OBSERVATION UNIT SERVICES 

Many emergency physician groups around the world have developed observation units. 
In the United States, the American College of Emergency Physicians (ACEP) developed 
standards on “Management of Observation Units’’ in 1988 and a revision of those stan- 
dards in 1995 (9). Three textbooks are available from ACEP to aid emergency physicians 
in providing these services: Observation Medicine ( 10) evaluates the scientific basis for the 
provision of observation services, Observation Units: Implementation and Management 
Strategies (1 1) describes how to develop and manage an observation unit, and Emergency 
Department Design ( 12) reviews how to design an observation unit. EDs providing obser- 
vation services require a physical facility, staff to provide the services, management to 
organize and administer the services, protocols and continuous quality improvement to 
ensure the value of the service, and a billing structure to fund the service. 

The design of the physical facility for the observation unit depends upon the quantity 
and types of services. Some observation units only offer nonmonitored services, such as 
treatment of asthma and evaluation of patients with abdominal pain. Other observation 
units have electrocardiographic monitors and off-monitored services such as treatment of 
patients with congestive heart failure and evaluation of patients with chest pain. A rough 
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estimate, based on expert opinions, of the number of beds is 1-2 beds per 10,000 visits 
per year for monitored services and 1-2 beds per 10,000 visits per year for nonmonitored 
services (1 1). Thus an ED with 40,000 visits per year would need an observation unit 
with between 8 and 16 beds if it offered all types of services that are appropriate for an 
observation unit. 

Adequate staff must be available to ensure appropriate services are provided. The 
average observation patient requires 2.5 times the amount of services that are required by 
the average ED patient (13). The amount of nursing services tends to follow the level of 
intensity of services provided. Nonmonitored services (asthma treatment, abdominal pain 
evaluation) require a 1 : 8 or 1 : 12 nurse-to-patient ratio, similar to services provided on 
hospital floors. Monitored services (chest pain evaluation, congestive heart failure treat- 
ment) require a 1 :4 nurse-to-patient ratio, similar to services provided on a telemetry 
floor. Most ED observation units utilize emergency nurses, and the observation unit could 
be one of many possible assignments for the nurses each shift. Cross-training and flexibil- 
ity is the key to observation services as in all aspects of emergency medicine. 

Management must be selected to organize and administer the services. The observa- 
tion unit brings a new level of complexity to the ED, the hospital, and the organization 
of the local health care system. Properly managed, the creation of this third disposition 
pathway enables the ED to function as the hub of the health system. Not properly managed, 
the observation unit becomes a “dumping ground” where decisions and treatments are 
delayed, and the health care system fails to effectively and efficiently provide high-quality 
services. Documentation requirements increase as the complexity of interactions increase 
between different health care professionals. 

Mandatory for the structuring of any observation unit’s functioning is the delineation 
of the “line of authority.” It needs to be clear at all times for all patients which physician 
is responsible for the patient’s care. Multiple physicians may be involved in the care of 
a patient, e.g., an asthmatic patient with an emergency physician, a private internist, a 
resident physician, and a pulmonary physician. Yet one physician must be clearly identi- 
fied for each patient as the one responsible. That physician is responsible that services 
are provided appropriately and that a correct disposition is made in a timely manner. 

The development and implementation of clinical protocols and a continuous quality 
improvement process are essential. There needs to be clear inclusion and exclusion criteria 
for which patient is appropriate for services in the observation unit. The health care institu- 
tion comes to a consensus on standards for how those services should be provided. A 
continuous quality improvement (CQI) model is used for surveillance and intervention as 
needed. If high utilization of steroids in asthma patients is the best practice and the CQI 
monitoring shows less than ideal utilization, then the CQI team/committee works to iden- 
tify the roadblocks to ideal care. If the standard is that 80% of asthmatic patients treated 
in an observation unit can be discharged home and the department’s own monitoring 
shows 40% of observation unit asthmatic patients are being admitted to the hospital, then 
the CQI team/committee works to identify the problem. This is similar to the management 
of an ED but with added complexity given the increased length of stay and the increased 
number of personnel involved in the care of each patient. 

A billing structure for the observation unit is necessary to fund the services provided 
in the observation unit. A facility fee is charged for the observation unit service. This is 
usually proportional to the level of services provided (monitored vs. nonmonitored ser- 
vice). A physician fee is charged for the physician service. There are two sets of CPT 4 
codes for physician services to observation patients (1 1). Which set of codes the physician 
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uses depends on whether the observation service? are provided all on the same date or 
provided over two different dates. In some parts of the country the provider negotiates 
with the payer contractors to provide the service based on per diem, on case rates, or on 
capitated contract. The true costs are lower than providing these services on an inpatient 
basis, so the payer can negotiate lower expenses than if the service was provided as an 
inpatient while the provider can still remain financially viable. 

IV. STUDIES ON THE USE OF OBSERVATION UNITS 
FOR ASTHMATIC PATIENTS 

Although observation units are commonly used to treat patients with asthma, there is 
limited literature that describes the medical and cost effectiveness of this approach. In an 
era focused on cost containment, emergency physicians are challenged to reduce hospital 
admission rates while maintaining quality of care. One method that may reduce costs 
without sacrificing quality of care is the development of ED observation units. Asthmatic 
patients are transferred to these units when they are not appropriate for ED discharge and 
a brief course of continued therapy might avoid inpatient admission. 

At the University of North Carolina, Zwicke et al. ( 1 )  performed a retrospective 
analysis of 46 asthmatics treated in the ED over a 4-month period. Patients were either 
treated and released, admitted to the observation unit, or admitted to the inpatient service. 
Initial disposition and final disposition were determined, including rate of relapse. Clinical 
variables (demographic, historical, physiological, treatment) were assessed in order to 
evaluate appropriate candidates for ED discharge, observation unit admission. and inpa- 
tient admission. Marked overlap was seen when these clinical variables were evaluated. 
Analyses of these variables could not predict which observation unit patients would require 
admission and which observation unit patients would be stable for discharge. 

The authors suggest that observation units inight prevent admission of patients to 
an inpatient unit. These patients would be admitted if an observation unit were unavailable. 
They also recognize that there is a group of patients who might have been discharged 
from the ED if an observation unit were unavailable, and that these patients may have 
done well at home. The effect on hospitalization rates cannot be determined from the data. 
However, relapse rates within 10 days were determined and found to be 41% relapse 
among patients initially discharged, while the relapse rate from the observation unit was 
only 4%. This high relapse rate is likely statistical variance from a small sample size. The 
authors appropriately raise the question of whether overutilization of an observation unit 
is preferred over ED relapse. 

Brillman and Tandberg (14) evaluated the impact of the opening of an obserkration 
unit (OU) on admission rates and charges in asthmatic patients. The retrospective compara- 
tive cohort study evaluated 834 asthmatic patients seen in the 14 months prior to opening 
an observation unit and 390 asthmatic patients treated after the opening of the OU. The 
decision to admit a patient to the observation unit was at the discretion of the attending 
physician and the house staff and based on the following general criteria: the patient was 
likely to require 3- 18 hr of additional care; the patient had received a thorough ED evalua- 
tion and trial of therapy usually including steroids and nebulized P-agonists; and the need 
for vital sign measurement was no more than every 2 hr. There were no strict entrance 
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criteria into the OU [i.e., peak expiratory flow rate (PEFR)]. Outcome measures were 
admission and discharge rates from the ED and OU, and measurement of charges of the 
admitted patients in both groups. 

There were 47 patients admitted to the OU during the postobservation period. As 
a result of an alternative site for disposition, direct admissions of all asthmatics to the 
inpatient service decreased 5.3% (p = O.Ol), and discharges directly from the ED de- 
creased 6.7% (p = 0.005). Of the 47 patients admitted to the OU, 10 patients (2  1%) were 
later admitted to the inpatient service. The decline in the total admission rate of 16.1% 
in the preobservation group to 13.4% in the postobservation group was not statistically 
significant. Charges were measured only for admitted patients in the preobservation and 
postobservation groups and were not significantly different. 

There were several limitations of the study. The study does not compare overall 
charges of the preobservation group to the postobservation group. Comparison of only 
admitted patients has limited value in determining potential cost savings of an observation 
unit. Data on measurement of severity, ED length of stay, and overall length of stay in 
both groups were not available. Patients seen in the ED prior to the opening of the observa- 
tion unit may have had prolonged length of stay prior to disposition. Follow up data 
including relapse rates were unavailable. However, the study raises legitimate concerns 
about whether some patients are admitted to an observation unit who might otherwise 
have been safely discharged if an observation unit were not available. 

The most comprehensive study thus far on the utility of ED observation units in the 
treatment of asthma has been published by McDermott et al. ( 5 ) .  A study at Cook County 
Hospital and the University of Illinois Hospital enrolled 222 asthmatic patients unable to 
be discharged from the ED. Patients were randomized to an emergency diagnostic and 
treatment unit (EDTU) or inpatient admission on the medical service. The objective of 
the study was the evaluation of the medical and cost effectiveness, assessment of patient 
satisfaction, and quality of life in an EDTU compared to an inpatient facility. Patients 
aged 18-55 were enrolled in the study if they were unable to be discharged after 3 hr of 
ED evaluation and treatment. In the first 3 hr in the ED, patients received oral or intrave- 
nous steroids within the first hour and 3 or more treatments of nebulized albuterol. After 
3 hr patients were discharged if the expected PEFR was 50% of predicted. High-risk 
patients were discharged if the PEFR was 60% of predicted. High-risk patients were de- 
fined as patients with a short-term relapse, ICU admission, endotracheal intubation, hospi- 
talization in the past year, three or more ED visits within 6 months, or use of oral steroids 
for more than half of the prior year. Exclusion criteria included Pace? > 45 mmHg, Paol 
< 55 mmHg, PEFR of 80 L/min after one treatment, 10 pack-years smoking history, 
pregnancy, pneumonia, or history of congestive heart failure or restrictive lung disease. 

Eligible patients were randomized to the EDTU or to the inpatient medical service. 
Patients were discharged from the EDTU when the above-mentioned discharge criteria 
were met. At the end of a 9-hr EDTU course, if patients were not able to be discharged 
based on PEFR criteria, patients would be admitted to the medical service. For all patients 
admitted to the medical service, patient discharge was at the discretion of the medical 
service and based on national guidelines (15). 

Patients had medical follow-up appointments at 1 and 8 weeks. Patients had tele- 
phone follow-up at 3,5, and 7 weeks. Follow-up encounters measured symptoms of cough. 
wheezing, dyspnea, nocturnal awakenings, lifestyle limiting events, and unscheduled visits 
for asthma treatment. Outcome measures included discharge rate from the EDTU, total 
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length of hospital stay, relapse rates, days missed form work or school, days incapacitated, 
symptom free days and nights, nocturnal awakenings, patient satisfaction, and quality of 
life. 

Of those patients admitted to the EDTU, 59% were discharged to home with an 
average length of stay of 8.8 hr. Among the inpatient group average length of stay was 
59 hr. Of interest is that 41% of patients required admission, and these patients had an 
average length of stay of 77 hr. There was no difference in the relapse rates between the 
EDTU and inpatient groups over 8 weeks, and no deaths were reported. There was no 
significant difference between the EDTU and inpatient groups when comparing nocturnal 
awakening, rates of missing work or school, days incapacitated, or frequency of mild 
symptoms. 

Analysis of cost difference between the two groups revealed a mean cost per patient 
of $1,202 for the EDTU group, which includes discharges and subsequent admission, vs. 
$2,247 for the inpatient group. Assessment of quality of life and patient satisfaction at 1 
week follow-up revealed significantly better outcomes in the EDTU group. 

McDermott et al. conclude that the majority of patients admitted to an EDTU are 
able to be discharged and avoid inpatient admission. Observation unit patients had no 
increase in relapse rates and no increase in morbidity. The use of a system that includes 
an observation unit can reduce overall cost and improve patient satisfaction and quality 
of life. 

V. PEDlATRlC OBSERVATION UNITS 

Three studies have been published on the use of observation units for pediatric patients 
with asthma. The findings are consistent with the studies in the adult population. The use 
of observation units avoids the need to admit many patients to the acute care hospital. 

O’Brien et al. (2) performed an uncontrolled study with 434 pediatric patients seen 
in the ED at Children’s Hospital National Medical Center. Seventy-six percent (328) of 
the patients were sent home after initial treatment. The remaining 106 patients received 
further treatment in the holding unit. Sixty-seven percent of the patients treated in the 
holding unit were discharged. The recurrence rate at one week of these discharged patients 
was 7% with hospital admission required for four out of five relapses. The overall hospital 
admission rate was 8%. Additional cost would have been incurred had the patients that 
were successfully treated in the holding unit been admitted to an inpatient facility instead. 

Subsequently, Willert et al. (3) conducted a randomized trial at the Children’s Me- 
morial Hospital in Chicago. Patients included in the study were > 1 year old and had an 
asthma score < 5 (16). After a standardized treatment regimen, eligible patients for further 
therapy were randomized to a holding unit or an inpatient facility. Therapy using amino- 
phylline and isoetharine was standardized for both inpatient and holding unit groups. Ste- 
roids and other p-agonists were given at the discretion of the physician. Multiple clinical 
variables were assessed. Seventy percent of patients were able to be discharged after initial 
treatment. Of the patients randomized to the holding unit, 67% were discharged and 33% 
required admission after 18-24 hr. Of the randomized inpatients, only 3 1 % were dis- 
charged after 1 day of treatment. Relapse rates of both groups, measured at 7 days and 
1 month, were not statistically different. Patients randomized to the holding unit had fewer 
hospital days and lower hospital therapy and room costs. 

More recently, Gouin et al. (17) evaluated the effect of opening an ED observation 
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unit on the admission and relapse rates of asthmatic children. The authors conducted a 
retrospective review of patients aged 1-18 seen in the ED during a 1-year period before 
the opening of an observation unit, and during a 1-year period after the opening of an 
observation unit. There were 1,979 patients in the preobservation group and 2,248 patients 
in the postobservation group. General criteria for admission to the observation unit in- 
cluded respiratory distress after 2 hr of treatment with systemic steroids and inhaled bron- 
chodilators, some signs of improvement, and not expected to need more than 12 hr of 
treatment. Patients expected to require more than 12 hr of continuous care were admitted 
to the inpatient service. Patients were able to be discharged from the observation unit if 
the respiratory status was stable, the patients used inhaled bronchodilator every 4 hr, and 
the social circumstances were stable. In the preobservation unit group, patients were admit- 
ted to the inpatient service if there was persistent respiratory distress after 4 hr of treatment 
in the ED with steroids and inhaled bronchodilators. 

Randomized samples of both groups (n = 702) were compared. There were no 
significant differences in baseline characteristics of the groups. In the preobservation unit 
group, 31% of children were admitted, while in the postobservation unit group 24% re- 
quired admission (p < 0.01). In the postobservation group, 15% were admitted directly 
from the ED and 9% were admitted from the observation unit. The relapse rate within 72 
hr, measured by a computerized list of ED discharge diagnoses, was 3.2% in the preobser- 
vation unit groups and 5.0% in the postobservation unit group (p < 0.01) This repre- 
sents the largest of the pediatric observation unit studies, and includes current treatment 
regimens. The authors conclude that there was a reduction in the rate of hospitalization, 
but an increase in ED relapse rates when an observation unit was introduced in a pedi- 
atric ED. 

VI. CONCLUSION 

Asthma is a common condition managed in the ED. Well-structured and -managed proto- 
cols are effective in managing asthmatic patients on an outpatient basis. Observation units 
are a tool for rational restructuring of emergent treatment providing high-quality, cost- 
effective services. 
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I. INTRODUCTION 

The term relapse is an inexact one. In fact, little agreement as to its definition exists within 
the asthma literature (1 -3). McNamara defined relapse as return to ED within 7 days after 
discharge (1) whereas Chapman defined it as return to the emergency department (ED) 
within 3 weeks of the index visit (2,4). McFadden regards relapse as symptomatic episodes 
of asthma that occur within 2 days of an ED visit (3). 

The definition of relapse is directly tied to discharge criteria, which are, at best, 
loosely defined ( 5 ) .  In fact, the entire study of relapse after acute exacerbation raises 
more questions than it answers. Does relapse represent incomplete resolution of a prior 
exacerbation or does it represent a new exacerbation? Is relapse related to compliance 
with medication regimen, avoidance of environmental triggers, poorly understood patho- 
physiology, or all of these factors? 

Most clinical research directed at ED disposition and prevention of relapse was 
conducted in the era before steroids were routinely administered in the ED for acute asthma 
exacerbation. Currently, The National Asthma Education and Prevention Program strongly 
advocates the routine use of oral steroids after ED treatment (4). However, further, larger, 
prospective clinical trials to establish the impact of steroid use in long-term prevention 
of relapse are needed because few studies exist that determine the impact of steroid use 
in prevention of relapse (2,7). 
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II. EMERGENCY DEPARTMENT DISPOSITION 

Disposition decisions about the asthmatic patient treated in the ED currently take in to 
account a combination of subjective parameters, such as resolution of wheezing, improve- 
ment in air exchange as assessed by auscultation and patient opinion, and objective mea- 
sures, such as normalization of pulmonary function tests (PFTs) or peak expiratory flow 
rate (PEFR) measurements (4,5,8). In the 1970s arid ' ~ O S ,  relapse rates in patients treated 
and discharged from the ED remained as high as 26-30% (10,l I), necessitating further 
ED care or hospitalization. In 1979, Nowak et al. reported that 92% of patients with a 
pretreatment PEFR < 100 L/min and a posttreatment value of < 300 L/min required 
admission (9). Furthermore, they found that 27% of patients discharged from the ED later 
relapsed and required admission. Kelsen et al. identified a relapse rate of 26%, with 6% 
of patients initially discharged requiring hospitalization on repeat visit (10). Fischl et al. 
documented a relapse rate of 25%, with 83% of patients in the relapsed group requiring 
admission. The high rate of relapse prompted them to develop an index to predict relapse 
and need for hospitalization. The index combined subjective criteria, such as dyspnea, 
wheezing, and accessory muscle use with objective criteria, such as pulse rate > 120/ 
min, respiratory rate > 30/min, pulsus paradoxus > 18 mmHg, and PEFR < 120 L/min. 
On a scoring system of 0-7, with higher scores reflecting increasing severity of symptoms, 
an index score of 4 correlated accurately in predicting risk of relapse and need for hospital- 
ization ( 1  1). Unfortunately prospective studies by Centor et al. (6) and Rose et al. (12) 
failed to confirm utility and validity of this index. which was developed retrospectively. 
Asthma was later recognized largely as an inflammatory disease and these data reflect 
reality in the era before steroid use in asthmatics was commonplace. 

In the 1980s asthma exacerbation was clearly recognized as a biphasic disease. The 
early phase is comprised of bronchoconstriction, followed by mucous secretion and airway 
edema. The late phase is characterized by airway inflammation, bronchial hyperrespon- 
siveness, and persistent airflow obstruction. Individuals with late-phase response during 
acute exacerbation account for most admissions to the hospital ( 13- 16). Those that are 
well enough to be discharged from the ED also have a high incidence of relapse (10,13), 
suggesting that all phases of asthma exacerbation may not be completely resolved at the 
time of discharge from the ED. Clearly, some degree of residual airflow obstruction, air- 
way lability, and inflammation always persists (10,13). 

Unfortunately no single treatment program can be recommended for all patients 
discharged home from the ED following treatment of an asthma exacerbation. A short 
course of oral steroids in addition to the use of P2-agonist bronchodilators reduces relapse 
amongst asthma patients considered well enough for ED discharge (3,7). Probably the 
single most common omission leading to severe asthma attacks is the failure to begin oral 
corticosteroids during the early phases of a serious attack (17). McNamara reported a 
significantly lower relapse rate in patients receiving intramuscular (IM) prednisolone 
(6.7%), compared to the patients receiving placebo (3 1 %), during ED treatment for asthma 
exacerbations. In this study, 50% of all patients with relapse within 7 days subsequently 
required admission ( 1 ). Although some investigators have compared steroids with placebo 
tablets and found a decrease in the incidence of relapse (2), others have demonstrated a 
high relapse rate despite the routine use of steroids (4). Emerman and Cydulka (4) noted 
a relapse rate of over 25% within 3 weeks of discharge. Almost two-thirds of the relapses 
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occurred while the patients were still on oral steroid therapy. They reported that patients 
with a history of previous ED visits and hospitalization were at highest risk of relapse 
regardless of ED management. In addition, incidence of relapse within 3 days was greater 
in patients with eosinophilia. McFadden et al. determined that they could discharge 77% 
of asthmatics presenting to the ED and decrease relapse rate within 1 week of ED treatment 
to 7% by enforcing a strict ED treatment protocol that dictated timing and dose of P-agonist 
therapy, administration of steroids and aminophylline, and timing of PEFR and arterial 
blood gas measurements. These figures represented a significant improvement from the 
preprotocol period ( 18). 

The NAEPP has developed general guidelines to determine hospitalization/dis- 
charge criteria based on response to aggressive ED treatment (5). A good response to 
treatment is demonstrated by complete resolution of symptoms and a PEFR or FEVl > 
70% predicted. Such individuals can be safely discharged home without concerns of re- 
lapse (see Chapter 31). Patients with a poor response to treatment are defined as those 
with persistent symptoms and FEV1 or PEFR < 40% predicted or less. Such patients are 
likely to have persistent wheezing and dyspnea at rest despite intense treatment in the 
ED. They are at risk for developing hypercapnic respiratory failure, necessitating intuba- 
tion and mechanical ventilation (17). The NAEPP proposes immediate admission for these 
patients to monitor for respiratory failure. An incomplete response to treatment-the mid- 
ground-is defined as some persistence of symptoms, and a PEFR or FEVl < 70% and 
> 40% of predicted. A large percentage of the asthmatic patients treated in an ED fall 
in this category. Current knowledge does not permit rapid and reliable identification of 
patients within this intermediate category of response or deterioration who should be hos- 
pitalized because of the likelihood of deterioration following ED discharge (5). 

In addition, patients with complications of their asthma, such as pneumonia, pneu- 
mothorax, and atelectasis, should be seriously considered for hospitalization. 

The role of steroids in long-term prevention of relapse is yet to be identified. How- 
ever, current recommendations by the NAEPP suggest that all patients with an FEV, or 
PEFR < 70% of baseline after aggressive ED treatment should receive at least a course 
of oral steroids ( 5 ) .  

Follow-up medical care must be arranged following an acute asthma exacerbation 
to assure resolution of exacerbation, and to review the long-term medication plan for 
chronic management of asthma (5). The high relapse rate, despite routine use of steroids, 
strongly suggests the need for follow-up within days of the ED visit. Making an appoint- 
ment for patients may help them get timely care more easily. Fitzgerald and Hargreave 
reported that patients with acute asthma who have direct access to medical care have lower 
rates of illness and death than patients who need to contact their primary care physician 
in order to receive approval to obtain urgent medical care (19). All patients with asthma 
must have an appropriate plan of action that deals with an acute worsening of symptoms. 

Finally, patient education delivered during patient disposition from the ED has been 
demonstrated to reduce the frequency of subsequent ED visits and therefore must become 
an integral part of ED care (19). The ED physician should provide basic education on 
asthma and help link the patient with a primary care provider while providing discharge 
instructions. Review of the patient’s discharge medications, technique of inhaler use, and 
the use of peak flow monitoring, are just some of the issues the ED physician can teach 
and emphasize. Hopefully, this will increase disease awareness as well as better compli- 
ance among patients. 
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111. SUMMARY 

The decision to discharge an asthma patient from the ED depends on both subjective and 
objective criteria. Although pre- and posttreatment pulmonary function have been useful 
in guiding disposition decisions, posttreatment pulmonary function has failed to identify 
all patients at risk for relapse. The benefit of steroids in the prevention of relapse has been 
demonstrated by some investigators but the full impact of steroids in prevention of relapse 
remains uncertain. Further investigation is needed to elucidate this. Nevertheless, most 
current literature suggests that oral steroids should be administered to patients in the ED 
when PEFR is < 70% predicted prior to discharge (4). 

Besides aggressive pharmacological management, one of the most important roles 
of the emergency physician is to educate asthmatics about their disease, thereby facilitating 
patient understanding and compliance. Finally, the high relapse rate currently seen after 
ED discharge mandates close medical follow-up, especially in patients with history of 
previous ED visits and hospitalization for asthma exacerbation. 
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Prevention of relapse to the emergency department (ED) begins with appropriate determi- 
nation regarding the patient’s readiness for discharge. ED physicians are most familiar 
with physiological and physical examination criteria for discharge. These have been re- 
viewed in detail in Chapter 13 on clinical manifestations and differential diagnosis. Early 
studies suggested that physiological parameters were paramount in determining which 
patients were likely to relapse to the ED following treatment for an asthma exacerbation. 
Fischl et al. (1) found that an index using a combination of presenting factors-pulse rate 
1 120/min, respiratory rate > 30/min, pulsus paradoxus > 18 mmHg, peak expiratory 
flow rate (PEFR) < 120 L/min, moderate to severe dyspnea, accessory muscle use, and 
wheezing-predicted relapse in adults with 95% accuracy if it was 4 or higher. Later, 
however, Baker (2) showed that pretreatment scores on a similar index, the Wood- 
Downes-Lecks score, were not related to ongoing disability after discharge, including 
relapse. 

It makes intuitive sense that physiological criteria alone would not predict relapse. 
At the minimum, the patient requires an adequate treatment plan, access to medications 
and devices required for medication delivery, a caretaker able to give the medications and 
assess the child’s response, and a home environment where triggers can be avoided or 
minimized. Thus, in addition to the more familiar physiological criteria, prior to deciding 
that the child can be discharged home the physician should review three additional areas 
for risk factors for relapse (Table 1). 

Steps recommended to prevent relapse are summarized in the Guidelines for the 
Diagnosis and Management of Asthma (3), the Global Initiative for Asthma (4), and the 
1997 Expert Panel Report I1 ( 5 ) .  They include five actions to be taken at the time of 
discharge from the ED: (1) identify and avoid the trigger factor that precipitated the exacer- 
bation; (2) instruct the patient (parent) to contact the child’s health provider or asthma 
specialist within 24 hr of discharge and make a follow-up appointment within a few days 
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Table 1 Risk Factors for Relapse due to  Asthma 

Physiological factors at t ime of ED discharge 
Respiratory rate 
Retractions 
Quality of speech 
Peak expiratory flow rate 
Degree of wheeze 

Condifence of caregiver to  assess and monitor child’s condi- 

Ability o f  caregiver to  assess and monitor child‘s condition 
Caregiver‘s understanding of medication plan and use of ad- 

Family factors 

t ion 

junctive devices 
Environmental factors 

Presence of smokers in the home 
Presence of o therhew triggers for child‘s asthma 

Availability of medications and adjunctive devices 
Distance from the ED 
Availability of transportation 
Availability of a telephone 

Access factors 

of discharge to assure that lung function has improved prior to stepping down therapy; 
(3) prescribe a 5-day course of short-acting P-agonist therapy and (in most cases) 5 days 
of oral prednisone; (4) review the patients inhaler technique and use of peak flow meter 
to monitor therapy at home; and ( 5 )  review and, if necessary, modify the action plan to 
ensure that the parent can recognize signs of worsening asthma, start treatment early, and 
reach medical care. With regard to referring the patient to follow-up, the February 1997 
Expert Panel Report I1 has specifically added that the emergency physician should notify 
the patient’s health care professional that the patient was in the ED for an exacerbation, 
and, whenever possible, schedule the follow-up appointment prior to the patient’s dis- 
charge from the ED. The new guidelines also recommend that the emergency physician 
consider issuing a peak flow meter and provide patient education on how to measure and 
record daily PEF rates. 

Although many of these recommendations are the product of expert opinion, in the 
remainder of this chapter we will review existing data that support and modify these 
recommendations as well as how they apply to children 

In children, identification of the trigger factor is often difficult. For many children, 
an asthma exacerbation is precipitated by an upper respiratory infection (URI), although 
smoking, pets, cockroaches, and dust mites are common in the homes of children with 
asthma. One treatment modality that has been shown to reduce ED visits by children is 
to give oral prednisone at the first sign of a URI (6). However, in the setting of the ED, 
it is often difficult to get parents to adapt such an aggressive management plan. The physi- 
cian should determine if possible whether there hake been any recent changes in the home 
or other environment such as a new babysitter who smokes or the acquisition of a new 
pet that may have triggered the attack. If the child can be removed from exposure to the 
trigger, even for a few days, it may reduce the likelihood of relapse. 

Instructing the parent to contact the child’s health care provider within 24 hr of 
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discharge from the ED and to make a follow-up appointment within a few days of dis- 
charge is important for documenting whether the child has returned to baseline or requires 
further aggressive therapy with anti-inflammatory medications. Although this is probably 
a critical step for avoiding relapse, many parents do not contact their child’s provider or 
make an appointment to have the child evaluated. They frequently do not appreciate the 
chronic nature of asthma and assume that as symptoms resolve the asthma is “going 
away” so their child does not need a follow-up visit. Helping parents to understand that 
asthma is persistent and chronic and explaining to them what the provider will do to 
determine whether the child has returned to baseline may help to increase adherence to 
the follow-up visit. The new 1997 guidelines include a list of items to be reviewed and 
questions to be asked at follow-up visits, and reviewing them with parents prior to dis- 
charge from the ED may be helpful (Table 2). Although data on this subject are sparse, 
reports from over 300 parents of inner-city children with asthma enrolled in the National 
Cooperative Inner-City Asthma Study who were interviewed approximately four weeks 
after an ED visit for asthma suggest that only 60% of families who receive a follow-up 
appointment at the time of discharge from the ED or who are told to make an appointment 
actually keep it. The biggest barrier to keeping an appointment is the belief that the child 
is better and so does not need a follow-up visit with the health care provider (7). 

Table 2 Examples of Topics to Review with Parents Prior to Discharge 
from the Emergency Department 

Monitoring signs and symptoms at home 
Coughing/wheezing 
Shortness of breat h/chest tightness 
Waking up at night 
Symptoms with play or exercise 

Highest and lowest peak flow since ED visit 
Whether child’s peak flow has dropped below ~ L/min (80% of per- 

What parent did when this occured 
Need to bring peak flow meter to follow-up visit and show health care 

Monitoring pulmonary function (if child uses a peak flow meter) 

sonal best or expected) since ED visit 

provider how parent (and child) measure the peak flow rate 
Monitoring functional status 

Days of school missed due to asthma 
Need to tell provider about this ED visit and any other recent unsched- 

uled asthma visists 
Monitoring the environment 

Changes in home/school/other environment where child spends time 
(smokers, pets) 

Monitoring pharmacotherapy 
Ability to adhere to/problems with medication plan 
Other medicines or remedies tried 
Side effects 

Take inhaler and spacer to follow-up visit and review use with the health 
Review inhaler technique (with or without a spacer device) 

care provider 

Source: Adapted from Ref. 5. 
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While the impact on relapse of providing early follow-up after treatment of an 
asthma exacerbation in the ED has not been studied, the 1991 and 1997 Guidelines for 
the Evaluation and Management of Asthma as well as the Global Initiative for Asthma 
recommend early follow-up. Improvement in rates of follow-up appointment keeping will 
require effort on the part of physicians and administrative staff providing care in the ED 
as well as in the primary care setting. A survey by Butz et al. (8) of 136 children ages 
7-12 years treated for an acute asthma exacerbation in the pediatric ED of an inner-city 
teaching hospital found a 26% relapse rate over the 8 weeks that the study continued. 
Only 26% had a scheduled follow-up visit over the course of the study period. Barnett 
and Oberklaid studied the medical records of 422 children with asthma seen in the ED 
of a pediatric teaching hospital in Australia over a l-year period (9). For more than one- 
third, no documentation of follow-up arrangements was made. Another study by Mak et 
al. (10) found that almost half of inner-city children who were seen in the ED for asthma 
care reported that the ED was their only source of asthma care. 

From the perspective of ED practice, there is little literature on follow-up patterns 
for asthma care for adults or children following an ED visit. A recent survey of ED direc- 
tors from 376 hospitals representing U.S. children’s, public, and community hospitals 
found that only 20% of ED directors reported knowing how long it took children with 
asthma to obtain follow-up (1 1). Those ED directors reported that only 61% of children 
obtained follow-up within 2-3 days and only 74% obtained any follow-up at all. Appoint- 
ments for follow-up could be made only during daytime hours in 71% of the EDs. 

In the same survey, only 3.3% of ED directors reported that their ED confirms 
whether a child seen in the ED for an asthma exacerbation and scheduled for follow-up 
actually obtains follow-up. Although it may not be the ED’s job to track whether patients 
actually obtain follow-up, as more patients with asthma are enrolled in managed care, 
case management is likely to become more important and tracking of patients to follow- 
up is likely to become more common (12,13). 

Even if a process is developed to track patients to follow-up, how likely is it that 
families will take advantage of opportunities for a follow-up visit? We have touched on 
some of the reasons why they might not with respect to lack of understanding of the 
chronic nature of asthma. Other issues related to enhancing patient follow-up come from 
studies on enhancing return to the ED. Although we cannot extrapolate from this body 
of data directly to the topic of enhancing follow-,up for asthma, there are some lessons to 
be learned. Data from a study by Chande et al. (14) suggest that a one-time educational 
intervention in the ED does not alter ED utilization habits. Parents of 130 patients seen 
in the pediatric ED for minor illnesses were randomized to receive education about use 
of their primary care provider and provided information about common pediatric illnesses, 
while the control group received usual discharge instructions. There were no differences 
between the groups in total number of return visits to the pediatric ED or return visits for 
minor illnesses. The authors suggest that more extensive education and greater availability 
of primary care providers may be needed to decrease use of the ED for minor illnesses. 
The authors also note that for minor illnesses, there was no need for a follow-up visit 
with the primary care provider, perhaps diluting the impact of the educational intervention. 
In addition, families who seek care in the ED for minor illnesses may not have had a 
strong relationship with their primary care provider and so may have been less amenable 
to the intervention. 

Asthma is not a minor complaint and most experts consider a follow-up visit to be 
essential for reducing the likelihood of relapse. However, the lack of impact of a one- 
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time intervention in reducing use of the ED suggests that it may be difficult to change 
parental behavior when the recommendation to obtain follow-up is initiated by the ED 
staff alone. There are many reasons to suspect that it will be difficult to change parental 
behavior regarding use of the ED for their child’s asthma management. Wasilewski et al. 
(15) interviewed the parents of children who received care for their asthma in the ED to 
identify psychosocial and behavioral factors that correlated with ED use for childhood 
asthma. Parents receiving Medicaid brought their children more frequently to the ED than 
parents not receiving Medicaid. Younger children were taken to the ED more frequently 
than older children with asthma. Other factors associated with increased utilization of the 
ED for asthma care included more days with asthma symptoms; more asthma medications 
prescribed; a prior hospitalization for asthma; a lower level of parental confidence in the 
efficacy of asthma medications; and not using a specific standard, such as that the child’s 
breathing slowed after treatment, for deciding to continue treating the asthma at home. 

Changing parental behavior regarding the need for follow-up visits for asthma may 
require a coordinated effort by ED and primary care provider staff. Although children 
with asthma were not specifically enrolled in the trial, data from Nelson et al. (16) suggest 
that providing post-ED visit support from a nurse practitioner can improve the use of 
follow-up care. In 86% of the cases, the nurse practitioner intervention consisted of only 
a single telephone call, and in the majority of cases the call lasted less than 5 min. Parents 
in the intervention group were significantly more likely to comply with follow-up instruc- 
tions including keeping appointments that had been scheduled. Although unnecessary re- 
visits to the ED were unusual in both the intervention and control groups, they occurred 
with equal frequency. The intervention was much more effective in encouraging appro- 
priate follow-up visits than in preventing revisits to the ED; if this type of intervention 
were applied to patients with asthma exacerbations, in combination with appropriate use 
of anti-inflammatory medications, which will be discussed below, it might have a substan- 
tial impact on early revisits to the ED. 

Wissow et al. (13) noted a 50% drop in acute care visits for asthma by children 
whose families were enrolled in a case-management program in which a nurse discussed 
proper medication use and home management, gave the parent a phone number for 24- 
hr consultation, and reviewed the child’s medical care with the primary physician. Also 
using a pre-/post-design, Greineder et al. (12) reported that an outreach program involving 
an allergy nurse, a nurse-practitioner, and an allergist was able to reduce ED visits by 
79% among children with asthma who were patients in a staff-model health maintenance 
organization. Although the impact of the program on relapse was not specifically reported, 
the asthma outreach nurse performed all of the tasks recommended by the guidelines to 
prevent relapse, including a review of asthma triggers, warning signs, and medications; 
review of peak flow meter use; monitoring compliance with visits to the pediatrician; 
provision and review of a written medication plan; and, where necessary, environmental 
avoidance instructions. 

One of the most important steps for preventing relapse is to properly identify which 
children need a course of oral steroids following discharge from the ED. There are two- 
main categories of patients who should be discharged with steroids. The first is the group 
of children who required more than one nebulized P-agonist treatment to return to baseline 
or to reach discharge values for respiratory rate, oxygen saturation, peak expiratory flow 
rate, and other parameters, which have been discussed in Chapter 22. Although use of 
oral steroids for this situation is clearly described in the guidelines, i t  is often not done 
in many EDs. In the survey of ED directors by Crain et al. (1 I), only 45% of ED directors 
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Table 3 Risk Factors for Death f rom Asthma 

Past history of sudden severe exacerbation 
Prior intubation for asthma 
Prior admission to  an intensive care unit 
Two or more hospitalizations for asthma in the past year 
Three or more ED visits for asthma in the past year 
Hospitalization or an emergency visit for asthma within the past month 
Use of > 2 canisters per month of inhaled short-acting P-agonists 
Current use of sytemic corticosteroids or recent withdrawal f rom systemic 

Difficulty perceiving airflow obstructions or its severity 
Comorbidity, as f rom cardiovascular disease c)r other serious pulmonary 

Serious psychiatric disease or psychosocial problems 
Low socioeconomic status and urban residence 
Illicit drug use 
Sensitivity t o  Alternaria 

corticosteroids 

condition 

Source: Ref. 5. 

reported that steroids were used after the first treatment if there is poor or no response to 
P-agonists. 

The other important category of indications for steroid prescription at discharge 
includes children who have an asthma exacerbation after recently taking steroids or have 
had symptoms such as nighttime wakening, chest tightness, or coughing for several days 
prior to presenting to the ED. In the survey of ED directors, only 57% of directors reported 
that steroids were used as a routine part of the initial treatment of children who experience 
an asthma attack while they are taking steroids. The low use of steroids in the ED was 
documented despite recent emphasis on the inflammatory nature of asthma (17,18) and 
the apparent benefits of steroids in reducing the need for hospitalization ( 19). 

Most physicians in the ED regularly assess their patient's asthma activity by asking 
about hospitalizations, intensive care unit admissions, and intubation, as well as frequency 
of attacks and time of the last attack. Although this is important to help determine the 
patient's risk for life-threatening asthma (Table 3), many children with severe inflamma- 
tion and risk for further episodes will be missed unless the emergency physician also asks 
about the recent impact of asthma on their daily activities (Table 4). Many children who 
have not had an overt exacerbation in months to years will be found to have significant 
restriction in their daily activities or regular nighttime wakening and should be sent home 
to take a course of oral steroids. 

Table 4 Areas of Quality of Life to  Be Assessed in the ED 

Missed school due t o  asthma 
Reduction in usual activities (play, exercise, athletics, work, 

Disturbances in sleep (nighttime wakening due to  asthma) 
Changes in caretaker's sleep/activites due to  child's asthma 

school 

Source: Adapted from Ref. 5. 
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Although most experts believe that prescribing steroids when appropriate is essential 
to preventing relapse, there are few data from ED studies to document this. In the study 
by Butz et al. (8), two-thirds of the children were prescribed medication for 2 weeks and 
then as needed, while one-third were prescribed continuous medications and/or steroids. 
Relapse rates over the 8 weeks following an ED visit were similar in the two groups. In 
this study, relapse was associated with maternal smoking, female gender, prior hos- 
pitalization for asthma, cough, and medication use during the last two weeks of the study 
period. 

Less than a decade ago, theophylline was the mainstay of the discharge medication 
plan for pediatric patients with asthma (20). Theophylline and P-agonists were given by 
the oral route. Now, most adolescents as well as many children with asthma are sent home 
to take P-agonists by the inhaled route. Most adolescents and many school aged children 
are now prescribed P-agonists by metered dose inhaler (MDI). According to the Guidelines 
and Global Initiative for Asthma, an important step to help reduce the likelihood of relapse 
is to review the medication plan and the patient’s inhaler technique. When the ED physi- 
cian reviews the discharge medication plan, it is essential not only to ask whether the 
patient has an adequate supply of medication at home but also to inquire about how the 
patient takes the medications. All children and adolescents should be using inhaled 
P-agonists. School-aged children and adolescents should be asked to demonstrate their 
use of the inhaler prior to discharge. Although there are few data to document the adequacy 
of use of MDIs by children, one indication of inappropriate use may be relapse to the ED 
despite what appears to be proper adherence to an adequate medication plan. The Expert 
Panel Report I1 includes an educational intervention and recommendations for proper 
use of an MDI that can be provided to patients as part of the discharge teaching, as repro- 
duced here. 

Please demonstrate inhaler technique at every visit: 

1. 
2. 
3. 
4. 

5.  
6. 
7.  

8. 

9. 

1. 
2. 
3. 
4. 

Remove the cap and hold inhaler upright. 
Shake the inhaler. 
Tilt your head back slightly and breathe out slowly. 
Position the inhaler in one of the following ways (see Figure 1 :  (a) or (b) is 
optimal, but (c) is acceptable for those who have difficulty with (a) or (b); (c) 
is required for breath-activated inhalers). 
Press down on the inhaler to release medication as you start to breathe in slowly. 
Breathe in slowly (3-5 sec). 
Hold your breath for 10 sec to allow the medicine to reach deeply into your 
lungs. 
Repeat puff as directed. Waiting 1 min between puffs may permit second puff 
to penetrate your lungs better. 
Spacerdholding chambers are useful for all patients. They are particularly rec- 
ommended for young children and older adults and for use with inhaled steroids. 

Avoid inhaler mistakes. Follow these inhaler tips: 

Breathe out before pressing your inhaler. 
Inhale slowly. 
Breathe in through your mouth, not your nose. 
Press down on your inhaler at the start of inhalation (or within the first second 
of inhalation). 
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Figure 1 Inhaler use. (a) Open mouth with inhaler 1 to 2 in. away. (b) Use spacer/ 
holding chamber (that is recommended especially for young children and for people 
using corticosteroids). (c) In the mouth-do not use for corticosteroids. (d) Inhaled 
dry powder capsules require a different inhalation technique. To use a dry powder 
inhaler, it is important to close the mouth tightly around the mouthpiece of the inhaler 
and to inhale rapidly. 

5.  
6. 
7. 

Keep inhaling as you press down on inhaler. 
Press your inhaler only Once while you are inhaling (one breath for each puff). 
Make sure you breathe in evenly and deeply. 

It may be best to assume that most children cannot use an MDI properly. In one 
multicenter study of childhood asthma, over 80% of children under the age of 12 with 
asthma who had been prescribed an inhaler device could not use it correctly when tested 
on a nine-item scale (21). Because inhaled medications are essential to successful asthma 
management, emergency physicians may want to incorporate more formal evaluation of 
inhaler technique in their discharge planning (Table 5) .  Certainly, all health care providers 
in the ED should review the technique and be certain that they are all teaching the same, 
correct method. Several studies have evaluated MDIs with spacer devices compared to 
usual therapy for children both in the ED as well as at home. Studies comparing MDI 
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Table 5 Bailey Test of  MDI Use 

Desirable behavior Yes No 

1. Patient shakes canister for 5 sec 1 2 
2. Patient attaches spacer correctly 1 2 
3. Patient positions finger on  the top of the medication canister and 

provides support 1 2 
4. Patient places the spacer tube or mouthpiece into the mouth be- 

tween the teeth 1 2 
5. Patient closes lips around the spacer tube or mouthpiece 1 2 
6. Patient exhales normally 1 2 

to release the medication 1 2 
8. Patient inhales medication deeply and slowly 1 2 

before exhaling 1 2 

7. Patietn correctly presses down the top  of  the medication canister 

9. Patient holds the medication inside lungs a min imum of 10 sec 

and spacer use vs. nebulizers for P-agonist therapy for the treatment of acute asthma in 
hospitalized patients or in the ED have found no differences between the methods (22- 
24). A study by Cunningham and Crain (25) compared asthma symptoms, school atten- 
dance, and unscheduled medical visits among children receiving P-agonist therapy at the 
time of discharge from the ED via MDI with a spacer compared to a group receiving 
standard inhaled or oral P-agonists. Those receiving the MDI with spacer had substantial 
improvement in clinical outcomes (25). Cunningham’s study was particularly important 
because it showed that, contrary to popular opinion, a device that was thought to require 
time-consuming education and reinforcement could be introduced in a busy ED and lead 
to improvement in symptoms. 

Simply prescribing a spacer device is not adequate, however. Proper use of the MDI 
with the spacer must be reviewed with the patient and the caretaker prior to discharge 
from the ED. It may be harder for patients to use a spacer if one is simply prescribed 
rather than given to the patient. Asthma disproportionately affects inner-city poor children 
who may be uninsured or insured by Medicaid. The cost of the spacer device may be 
prohibitive, and in some states, such as New York, Medicaid will pay for one spacer 
device every 2 years. The prescription for the spacer device requires prior approval from 
an office that is only open during the daytime hours. Unfortunately, many asthmatic chil- 
dren present to the ED for care during the evenings and on weekends, making it impossible 
to obtain the prior approval number. This policy provides a substantial barrier to providing 
inhaled medications to children and illustrates the need for the ED physician to be familiar 
with reimbursement policies that affect their prescribing behaviors (26). 

In summary, prevention of relapse requires attention to far more than physiological 
or physical examination parameters at the time of presentation or discharge from the ED. 
It includes ensuring that the patient has an appropriate medication plan and access to the 
medications and adjunctive devices required for their use. The family’s ability to imple- 
ment the plan as well as assess the child’s response to treatment must also be evaluated. 
In the best of circumstances, the patient and caretaker should leave the ED with a follow- 
up appointment already scheduled and an understanding of what they should be ready to 
discuss with their child’s regular physician at the time of the follow-up visit. 
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Compliance Issues in 
Acute Asthma 

Paul Mayo 
Albert Einstein College of Medicine, Bronx, and Beth Israel Medical Center, New, York, 
New York 

1. INTRODUCTION 

Asthma exacerbation is a common cause for emergency department (ED) visits. This is 
no more evident than in inner-city areas where there may exist an unfortunate congruence 
of socioeconomic, cultural, and environmental factors in populations that are immunoge- 
netically predisposed to asthma. These reasons have resulted in small geographic areas 
that have extremely high hospital utilizations and death rates from the disease ( 1-3). Any 
emergency physician (EP) who has worked in a busy inner-city area knows only too well 
the frequent occurrences of severe asthma exacerbation. This pattern of ED visit for asthma 
is a paradox. The disease is easily treated on an outpatient basis with a variety of highly 
effective medicines, and guidelines for therapy (4) have been widely disseminated to the 
medical profession. Despite this, poorly treated asthma remains a common cause for ED 
visits. The reasons for this are multiple, but chief among them must be listed problems 
with compliance. This chapter will discuss compliance as it relates to the ED treatment 
of acute asthma. 

II. GENERAL ISSUES RELATED TO COMPLIANCE 

Noncompliance with medical treatment is a very common occurrence in clinical practice. 
It is estimated that 50% of patients do not comply with their physician’s instruction in a 
typical outpatient setting (5) .  Noncompliance-and its less pejorative synonym, nonadher- 
ence-appears to be independent of patient age, gender, race, ethnicity. and socioeco- 
nomic and educational level (5) .  As a corollary, physicians may have difficulty in pre- 
dicting to what extent a given patient will adhere to a medical regimen ( 5 ) .  Certain patient 
groups are especially likely to be noncompliant with medical treatment: patients with 
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severe mental illness such as schizophrenia and major depression, adolescents, substance 
abusers, and patients with overwhelming psychosocial dysfunction. 

Outpatient physicians face an especially daunting task in treating chronic ailments 
such as diabetes, hypertension, atherosclerotic heart disease, and asthma. The physician 
must convince the patient of the need to take medicines on a long-term basis. Asthma 
increases the challenge, as it requires constant readjustment of medication levels in re- 
sponse to varying disease activity levels. 

Powerful forces are arrayed against clinicians in their quest for adherence. For exam- 
ple, fear of side effects from medicines is ubiquitous in outpatient practice. This is a 
reasonable fear, and it provides a strong internal logic to the patient that favors noncompli- 
ance. Economic forces may favor noncompliance. The cost of medicines may simply 
prohibit their use by the patient. The asthma patient who lacks adequate prescription plan 
coverage may pay $50 per metered dose inhaler (MDI) at a typical retail pharmacy in 
New York City. These patients are often the working poor who face a simple decision: 
compliance with their inhaled corticosteroids or food on the table for their children. Cul- 
tural forces may favor noncompliance. Cultural beliefs concerning a disease process and 
its treatment may result in dissonance between treatment plan and the patient’s acceptance 
of it.  Mistrust of the care provider, be it for personal or cultural reasons, is also a potential 
cause for noncompliance. Unless the patient and physician have a trusting therapeutic 
alliance, nonadherence to even the simplest medical treatment plan may occur. 

Any discussion of adherence tends to be patient oriented, but another form of nonad- 
herence plagues outpatient treatment of asthma. Physicians themselves may be guilty of 
nonadherence to widely available standard treatment guidelines for asthma. Patients who 
are treated incorrectly by their physicians may be labeled as being noncompliant with 
acceptable treatment methods, when in fact the blame rests squarely on their care provider, 
who has mistreated the patient. The noncompliant patient is often judged to have made 
a conscious willful decision not to follow a doctor’s care plan. Nothing could be further 
from the truth. A complex cascade of events results in noncompliance. Rather than blaming 
the patient, the physician should always focus on improvement of the process that results 
in compliance. 

111. GENERAL ISSUES RELATED TO COMPLIANCE 
AND ASTHMA 

The current outpatient treatment of asthma is straightforward: as-needed P-agonists, an 
appropriate dose of twice-daily inhaled corticosteroids (ICS) delivered via spacer, and a 
well-structured self management plan that includes a supply of oral corticosteroids for 
self administration for severe exacerbations should suffice to treat the vast majority of 
outpatient asthmatics. The well-treated asthmatic should seldom need to visit the ED. The 
challenge to the clinician is not so much of regirnen design, but rather of patient compli- 
ance. The two powerful tools available to the clinician are a strong therapeutic alliance 
combined with an appropriate medical regimen. A strong therapeutic alliance requires 
time, effort, and commitment. The successful outpatient physician who treats the socioeco- 
nomically deprived inner-city asthmatic must be sensitive to the challenging ethnic, cul- 
tural, economic, and personal psychodynamic issues required to develop a relationship of 
mutual trust between the patient and care provider. It is beyond the scope of this chapter 
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to discuss the nuances of this important relationship. Suffice it to say that the emergency 
physician treats the outpatient physicians’ failure on a regular basis. However, a strong 
therapeutic alliance will not benefit the asthmatic unless combined with an appropriate 
medical regimen. The regimen must be developed and negotiated within the context of 
the therapeutic partnership. To improve the probability of adherence, the medical regimen 
should be safe, effective, and simple. Simplicity is critical, and includes choosing a regi- 
men of asthma medications that uses the fewest medicines as infrequently as possible. 
Asthma regimens are often unnecessarily complex. The clinician is not realistic if he 
prescribes multiple medications multiple times per day. Patients do not adhere to complex 
chronic asthma regimens. For example, dosing of ICS in chronic asthma has been studied 
using microprocessor-equipped metered dose inhalers capable of measuring time and num- 
ber of actuations over weeks of study time (6). Compliance with QID dosing is lower 
compared to BID schedules (7). Disease activity does not modulate compliance with ICS 
either (8). In another study, patients assigned to QID inhaled ipratroprium had marked 
noncompliance, including some patients who claimed good compliance supported by diary 
and MDI weight but who were detected to use hundreds of actuations just prior to seeing 
their physician, i.e., they were “dumping” the medicine in order to appear compliant (9). 
The clinician who prescribes ICS on a QID basis and inhaled P-agonists on a set schedule 
fosters noncompliance. Simplification of the asthma medical regimen remains a corner- 
stone of improving compliance. 

Metered dose inhalers represent a challenge to the outpatient asthma clinician. These 
devices are essential to outpatient asthma treatment. Unfortunately, patients have great 
difficulty in using them properly (10,ll). This form of nonadherence is self-perpetuating. 
Reasonably, the patient may become nonadherent with the MDI if the device is ineffective 
due to poor technique. If the MDI does not work, why use it? This form of noncompliance 
is generally judged to be patient related, i.e., the patient is blamed for not being able to 
use the device. This blame may be misplaced. Care providers, who are themselves respon- 
sible for training patients in proper use of the MDI, may themselves be ignorant of its 
correct use (12,13). This extends not only to use of the MDI itself, but also to spacer use 
(14). Clearly, adherence to MDI technique on the patient’s part requires a clinician who 
is skilled in their use to train the patient. 

Other issues related to compliance with MDI and spacer derive from the cost of the 
devices. This is especially relevant to the uninsured working poor, as previously men- 
tioned. Medicaid patients may receive the MDI free of charge; on the other hand, spacers 
are not so easy for them to actually obtain. Regarded by administrative decision as being 
a durable medical device, spacers require a complex preapproval process before being 
obtained by the patient. This particular barrier must be considered as a culprit in foster- 
ing noncompliance with spacer use in Medicaid populations. Outpatient clinic operations 
may improve adherence with spacers by allocating resources to obtain an on-site supply 
of MDI and spacers for patients who require them. 

The research effort targeted at identifying methods to improve compliance with 
outpatient asthma treatment falls into two general categories. One approach to research 
has been to develop highly specific interventions, such as written brochures, videotapes, 
classes for patients, and educational efforts directed at care providers, and to then measure 
compliance with treatment plan following the intervention. An alternative approach has 
been to design global treatment strategies using multiple simultaneous interventions that 
may improve adherence and search for outcome improvement. Typically, outcome mea- 
surements include reduction in ED usage, hospitalizations, and overall cost. Any improve- 
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ment is considered to result from improvement in patient adherence to medical treatment 
plan. Although the precise improvement that has greatest effect cannot be specifically 
identified, this global improvement strategy has the merit of yielding pragmatic clinical 
benefit to the treated patient population. 

Several studies have demonstrated that specialized asthma programs may have posi- 
tive effects on asthma activity (15). Severe asthmatics enrolled in these programs have 
reduced disease activity and lower exacerbation rates requiring ED visit and hospitaliza- 
tion than do patients treated by the usual means. The designs of these successful programs 
have similar characteristics. They combine simple and safe medical regimens with an 
intensive personalized education strategy. Most programs rely on the care provider to 
provide both medical treatment and education on a one-to-one basis. The details of clinic 
design emphasize elements that foster close therapeutic alliance between patient and care 
provider. For example, short wait times, extended hours, long visits, and open-ended inter- 
view and discussion techniques are common features of clinic operation. In addition to 
effective medication treatment that emphasizes inhaled corticosteroids and P-agonists, pa- 
tients are generally trained in aggressive self-management strategy to control exacerba- 
tions that would ordinarily result in ED visit. 

The emergency physician is unlikely to treat a patient with acute asthma from a 
well-organized asthma specialty clinic. More typically, they see patients who have ready 
access to medical care but of the wrong kind. Confusing and ineffective medicines; physi- 
cians who are harried, uncommunicative, or incompetent; and clinic systems that dissuade 
attendance due to long waiting times and inconvenient hours are the more common lot 
of the inner-city asthmatic. These factors combine with ethnic, cultural, language, and 
socioeconomic issues to result in a final common pathway of nonadherence that is not 
the patient’s fault. The system itself guarantees a pattern of noncompliance. The patient 
may become trapped in a vicious cycle of relapsing asthma. The patient is discharged 
from the ED or hospital and cared for by a system that encourages a passive patient 
response to asthma exacerbation. The uneducated patient has no self-management strategy 
available and an inflexible clinic system to contend with. With no recourse, disability and 
relapse finally lead to ED visit, and the cycle prevails. 

Tactics used in specialized asthma clinics, so successful in treating populations of 
severe asthmatics, may have application for the El’. In the following sections, many man- 
agement suggestions will be derived from the methods used commonly in such a clinic 
operation ( 16). 

IV. COMPLIANCE WITH ASTHMA TREATMENT IN THE 
ED PREHOSPITAL PHASE 

The emergency physician cannot influence compliance with asthma treatment in the period 
before the patient arrives in the ED. The patient‘s need for treatment may derive from 
nonadherence to medical treatment. However, the pattern of noncompliance may be useful 
in predicting the patient’s course in the ED. Patients who seek ED treatment for asthma 
exacerbation due to the simple fact that they ran out of P-agonists (for example, due to 
lack of money or doctor’s prescription) generally respond to treatment in the ED and are 
likely not to require hospitalization. On the other hand, if the patient has been taking some 
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asthma medications and presents with exacerbation, the attack will commonly result in 
hospitalization (17). 

The emergency physician should be alert for patients who are likely to be highly 
noncompliant in the period leading up to the ED visit. Patients in these categories may 
require special treatment in the postdischarge period. For example, patients with mental 
illness may be highly noncompliant with medical treatment as their asthma exacerbation 
progresses. Schizophrenic patients may have such severe thought disorder as to seriously 
impair their ability to take medicines (18,19), e.g., hallucinations, paranoid ideation, and 
delusional thoughts. Likewise, patients with severe depression may be unable to comply 
with medical treatment for asthma. Depression has been reported as a risk factor for severe 
exacerbation and potentially fatal asthma (20-22). Noncompliance in the face of severe 
asthma may be a manifestation of suicidal ideation and lead to death. Others have specu- 
lated on a more direct causal relationship between depression and asthma activity (23). 
In any case, the EP should be alert to the dangerous combination of mental illness and 
asthma exacerbation. Their coexistence might encourage early hospitalization decision. 

Adolescent patients also present a special challenge to the EP. They face the turmoil 
of teenage years and may neglect compliance with asthma treatment in testing the limits 
of self-expression and independence (24). Asthma exacerbation in the adolescent should 
always alert the EP to high risk for noncompliance and the need for urgent outpatient 
follow-up following ED discharge. 

A particularly difficult type of patient requires mention: the patient with overwhelm- 
ing psychosocial problems that result in nonadherence with appropriate outpatient asthma 
treatment. This patient may not have any definable mental illness or intellectual deficit. 
They are often cared for by highly organized inner-city clinics and have access to free 
medication by virtue of Medicaid coverage. Despite the best efforts of well-intentioned 
care providers, the patient relapses repeatedly and is often a well-known figure in the 
inner-city ED. The life problems of the patient are so overwhelming as to render the 
patient incapable of compliance with a medical regimen designed to treat their asthma. 
In a sense, the will of the patient is paralyzed by the pervasive psychosocial failure. The 
problem is compounded by the fact that the hospital may be the only safe and supportive 
haven for the patient. There at least they are cared for by an attentive staff, and life’s 
problems are temporarily at bay. Careful appraisal of the patient’s psychosocial structure 
reveals a familiar pattern. In this author’s experience, risk factors include middle age, 
physical abuse by spouse, drug abuse by spouse, abandonment by spouse. severe poverty, 
chronic unemployment, living in decaying housing stock, and ongoing threat of personal 
injury due to high levels of neighborhood criminal activity. There is often a lack of sup- 
portive extended family, and in particular the children of the patient may have suffered 
early death by infections such as AIDS, criminal action, or drug abuse. Living children 
may imprisoned. The EP needs to be alert to this type of patient, as standard methods to 
improve compliance are not likely to benefit the patient. 

Finally, substance abuse and asthma may unite to yield high rates of noncompliance. 
The reasons for this are obvious: drug-seeking behavior takes precedence over compliance 
with medical regimen. This general pattern of noncompliance is amplified by specific 
pharmacological effects of substance abuse. For example, inhalation of cocaine may di- 
rectly result in asthma exacerbation (25,26). An equally dangerous but more subtle effect 
occurs with narcotic use. The patient with worsening asthma may derive subjective benefit 
from narcotic use as the narcotic suppresses his sense of dyspnea. The addict may delay 
presentation to the ED until they are in extremis by using narcotics instead of asthma 



550 Mayo 

medications to attenuate symptoms. There is a strong association between death from 
asthma and substance abuse (27). This relates ultimately to the noncompliance of these 
patients with asthma treatment. The EP may need to modify discharge treatment for these 
patients as discussed below. 

Substance abusers may manifest another pattern of behavior that results in noncom- 
pliance. In order to fund their recreational drug use, this author is aware of diversion of 
appropriately prescribed asthma medications for resale back to unscrupulous pharmacy 
operations. Alternatively, P-agonists may be resold by the patient on the street to cocaine 
abusers, as there is a prevalent but unproven belief amongst cocaine users that prebron- 
chodilation with P-agonists will improve the uptake of crack cocaine. In addition, the 
beta-sympathomimetic effect of the inhaled P-agonists may mimic the peripheral adrener- 
gic effects of cocaine, giving the abuser a sense of synergy in using both the MDI and 
cocaine. In any case, the EP may be placed in the uncomfortable position of wishing to 
prescribe an MDI, while being aware that it is not likely to be used, or worse, that it will 
be diverted for patient profit. 

In summary, regarding non-adherence before ED visit, the EP may be a passive 
observer of the results of non-compliance with asthma treatment plan. However, the infor- 
mation that is derived by careful history and assessment of the psychologic state of the 
patient may allow the EP to develop a strategy that will improve post discharge treatment 
and compliance. 

V. COMPLIANCE ISSUES IN THE PERIOD 
POSTDISCHARGE FROM THE ED 

The patient who is treated in the ED for asthma exacerbation will either be hospitalized 
or, if improved, discharged from the ED. The ET) treatment may be perfect and the dis- 
charge decision appropriate, but if relapse occurs, some blame may rest with the EP. Just 
as nonadherence may result in the initial ED visit, nonadherence with postdischarge medi- 
cal plan must necessarily be a major factor in many relapses requiring retreatment in the 
ED. For this reason, the EP must make every effort to ensure compliance with treatment 
plan until such time as the patient comes under treatment by his assigned outpatient care 
provider. It is critical to develop an effective strategy to bridge the patient to outpatient 
follow-up during this period, understanding that rnany patients will not follow-up with a 
primary care provider (28). 

Successful clinics that target asthmatics have had considerable success in reducing 
asthma activity in populations of severe asthmatics form inner-city areas, as discussed 
earlier. The techniques used in these clinic operations may have application in improving 
adherence to medical treatment in the ED postdischarge period. There is little literature 
examining specific ED-based interventions on compliance with asthma treatment in the 
postdischarge period (29). What follows is a pragmatic approach based on experience 
with clinic operations targeted at severe adult asthmatics. 

VI. SPECIFIC SUGGESTIONS THAT MAY IMPROVE 
COMPLIANCE IN THE POSTDISCHARGE PERIOD 

1. The patient should be seen very soon postdischarge by a competent outpatient 
care provider. The ideal system would require the patient to be seen the following day 
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or even the same day. The author’s experience is that follow-up visits from the ED of 1 
or 2 weeks yield negligible show rates. On the other hand, early follow-up appointments 
have been very difficult to achieve in urban clinics due to heavy scheduling and the lack 
of ability to make a clinic appointment at the time of the discharge from the ED. This 
remains a vexing problem. In arranging early clinic visit, the EP must be confident in the 
quality of the follow-up. It does the patient little good to be treated by an incompetent 
outpatient service. It is essential that the EP find a source of high-quality asthma care for 
referral of their difficult patients, especially in areas of high asthma prevalence in the 
inner city. This represents formidable organizational challenges. Additionally, a managed 
care environment may restrict the EP’s ability to select a particular clinician. To improve 
quality and access to high-quality care may require a major cooperative effort that involves 
the ED and outpatient medical providers. This is difficult to achieve given the limited 
resources available to the inner-city ED and outpatient areas. As an alternative, individual 
ED physicians might attempt to develop a close working relationship with an outpatient 
clinician with expertise in asthma. Sadly, the most prevalent outpatient follow-up given 
to the high risk of an inner-city asthmatic may simply be a telephone number of a clinic 
to contact for follow-up postdischarge. It is known that this approach yields low levels 
of compliance with outpatient follow-up following ED treatment (28). Every effort should 
be made to give the patient an actual scheduled appointment. Obviously, patients with 
private medical follow-up are in a favorable position, but this does not hold for indigent 
patients. Traditionally, the ED and their outpatient colleagues have not cooperated and 
coordinated with each other in the effort against asthma. The seamless pass, transfer, and 
capture by a high-quality outpatient clinic requires the EP to have a close working relation- 
ship with the outpatient asthma care providers who will be seeing the patient in early 
follow-up. The importance of early follow-up cannot be overemphasized. In one study, 
91% of patients who required ED revisit for relapse had not seen their primary care physi- 
cian before having to return to the ED (30). 

The postdischarge medical regimen should be very simple, well tolerated, and 
effective. The ED clinician has a very specific goal in the postdischarge period: to prevent 
relapse and reduce disability from asthma until the patient comes under early outpatient 
control. Unless the patient has had a very mild exacerbation, the discharge regimen will 
usually include a course of systemic steroids to suppress disease activity until the patient 
visits the outpatient care provider, as well as P-agonists to control symptoms. Obedient 
to the concept of simplicity, the corticosteroid dose should be given as a single daily dose. 
More frequent dosing, or dosing that requires precise timing will greatly increase risk of 
noncompliance. Patients are knowledgeable regarding the side effects of oral corticoste- 
roids, and the clinician must be prepared to discuss these issues exhaustively. If these 
concerns are not met, the patient will simply not take the medicine. Nonadherence has a 
strong internal logic when the patient fears the medicine. The clinician will foster nonad- 
herence unless the fears of the patient are addressed. Specific issues that may reassure 
the patient include a frank discussion of the very real dangers of corticosteroids, their 
clinical effectiveness, as well as the need to use them for only a short period of time. If 
outpatient follow-up will be delayed, the patient is often placed on a tapering oral regimen, 
thereby increasing the complexity of the regimen and greatly increasing the probability 
of nonadherence if the patient is fearful of the medication or develops side effects. The 
EP may elect to start high dose ICS in order to permit rapid taper of oral corticosteroids. 
This being the case, the patient must be educated as to their use. More concentrated formu- 
lations of ICS are now available. Using these, the clinician may reduce the number of 
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puffs required and so increase likelihood of adherence. Likewise, all ICS are effective 
BID, another factor fostering compliance. 

Inhaled P-agonists are the second mainstay of treatment. There is a tendency to 
prescribe them on a standing-order basis. This fosters nonadherence as such regimens are 
simply not taken by patients. Instead, the clinician should encourage compliance by as- 
signing them on an as-needed basis which is equally efficacious (see Chapter 19 on p- 
agonists). The patient may be warned that excessive need indicates that the asthma may 
be recurring in a dangerous pattern. 

One issue that concerns patients relates to the safety of inhaled p-agonists. This 
author notes a common fear among asthma patients that P-agonists may cause cardiac 
damage and may be “addicting.” To increase compliance, both of these issues must be 
addressed in an understanding way. The author, when faced with a patient expressing 
concern regarding safety of the P-agonist, often inhales six puffs in a row of albuterol in 
front of the patient. This is valuable as a teaching method for MDI use, as well as to 
assuage patients’ fear related to toxicity. Seeing a physician using the medication reassures 
the patient of its safety. Unless the patient’s fears are sufficiently allayed, the patient will 
not take the medication. It is essential that the clinician address these fears in a supportive 
and convincing manner. 

In keeping with the need for simplicity, the institution of methyl xanthines. long- 
acting p-agonists, mast cell stabilizer, and leukotriene inhibitors should be reserved for 
the outpatient physician. Their use needlessly complicates the task of the EP and greatly 
increases the probability of nonadherence by the patient. All effort should be focused on 
assuring compliance with the oral corticosteroids (with ICS if needed) and p-agonists 
during the critical period between ED discharge and outpatient clinic visit. For economic 
reasons as well as practical ones, patients may not be able to obtain prescriptions following 
discharge from the ED. This form of noncompliance may result in an early ED revisit. 
A simple solution to this problem is to provide selected patients with sufficient medicines 
to last until outpatient follow-up upon discharge from the ED. This resource allocation 
may be justified if it reduces early relapse rates. A medicine is only effective if the patient 
actually has it to take. 

The patient should be given specific training in MDI use. Unless this is done, 
the clinician may be fostering a form of physician-induced noncompliance. If the patient 
does not use the MDI correctly, they are innocently nonadherent. The medication will 
have no clinical effect, and the clinician is to blame. Giving an MDI, especially to a new- 
onset asthmatic, without specific training is akin to giving the diabetic patient insulin and 
syringes without training the patient in their use. MDI technique is difficult to master, 
and every EP must be completely proficient in MDI use before they can attempt to  train 
the patient. In training the patient, both the trainer and patient must have an MDI at hand. 
Simple verbal instruction may be ineffective. Training requires hands-on demonstration, 
repetition. and multiple re-checks (31). If the ED has sufficient resources, I would strongly 
recommend the distribution of spacers to acute asthmatics, as they guarantee intrabronchial 
delivery of medication. Limited ED resource may not absolutely justify this type of re- 
source allocation, especially if the patient will be seen promptly by a skilled outpatient 
provider. Certainly, spacers are an essential part of management once the patient is under 
regular outpatient treatment. 

Specific teaching techniques should be used to improve postdischarge adher- 
ence. The worst case scenario can be seen in any busy ED. The patient is improved and 
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ready for discharge. A quick sign out occurs, and the patient is given a phone number to 
call for follow-up. This chain of events guarantees a high rate of noncompliance with the 
medical plan. 

On the other hand, it is unrealistic for the ED to provide the patient with a full- 
service outpatient visit. Given the intrinsic limitations of a busy ED, I would suggest the 
following basic requirements for educating asthmatic patients before discharge. 

The discharge instruction must be given in a quiet area not subject to interruption 
with both patient and clinician seated comfortably. 

The discussion must be unhurried, detailed, and repetitive. The treatment regi- 
men should be simple, i.e., not with an excessive number of separate instructions (32). 

The patient must be able to clearly explain in his own words the discharge 
medications and when, where, and with whom he will be obtaining early outpatient 

The session must include clear demonstration by the care provider of MDI use, 
and the patient must personally demonstrate adequate technique before discharge. 

The instructor should specifically discuss all patient questions related to medica- 
tion effect and toxicity. 

The culture, language, and socioeconomic background of the patient need to be 
considered. If possible, all instruction should be in the native language of the patient. 
Family members may be key players in the instruction phase. Written instruction should 
be regarded as supplementing rather than replacing verbal communication. The training 
session can typically be accomplished in about 10- 15 min. This allocation of valuable 
time resource is counterbalanced by the major potential benefit of reduced relapse rate. 
The care provider assigned the task of discharge training does not need to be a medical 
doctor. Nurses practitioners (33) and respiratory therapists are highly effective in training 
asthma patients. 

Turning now to those patients who are very likely to be highly noncompliant with 
any medical treatment plan, the EP faces the difficult challenge of the mentally i l l  asthma- 
tic, the adolescent, the psychosocial failure, and the substance abuser. The adolescent 
patient, highly vulnerable to relapse due to noncompliance, is obviously a high priority. 
Every family resource must be mobilized to assure immediate follow-up by a highly com- 
petent adolescent medicine expert. Regarding the other three categories, there is a high 
probability that they will not take a course of oral corticosteroids or inhaled medications, 
and they will not visit their outpatient provider. Although transiently improved by ED 
treatment, their nonadherence greatly increases the probability of early ED revisit. Death 
from asthma is not out of the question. What should the emergency clinician do'? 

A large dose of depot long-acting corticosteroids is a therapeutic option in these 
patients who will not otherwise take oral or inhaled medication. Several studies demon- 
strate that intramuscular (IM) depot triamcinolone can have prolonged antiasthma effect 
(34,35). By using a long-acting injectable preparation, the clinician insures compliance 
with an effective asthma medication. 

This approach has the obvious drawback that the patient is exposed to the usual 
side effects of long-duration systemic corticosteroids. The patient may also receive addi- 
tional doses if he or she visits multiple EDs. For this reason, the use of this medication 
by ED staff should be restricted to those patients who will obviously not comply with a 
conventional bridging regimen to outpatient follow-up visit. Most patients are appropri- 
ately treated with a brief course of oral corticosteroids and inhaled medication in order 
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to prevent relapse between ED discharge and early outpatient follow-up. IM triamcinolone, 
while effective, should be reserved for those patients at very high risk for noncompliance. 

Vll. SUMMARY 

Noncompliance with asthma treatment is a major contributor to ED visit for asthma exacer- 
bation. Using straightforward techniques, the EP may impact favorably on compliance 
rates in the critical period between ED discharge and outpatient follow-up. Certain patient 
groups have very high rates of noncompliance, and represent difficult challenges to the 
emergency physician. 
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Access, the Emergency 
Department, and Asthma 
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The reported increases in morbidity and mortality from asthma over the past two decades, 
particularly in poor communities of color, have not been adequately explained ( 1  -3). Lack 
of access to primary health care has been hypothesized to contribute to the increased risk of 
asthma morbidity and mortality (43). This chapter will explore the relationships between 
emergency department (ED) visits and access to primary care and the complex interactions 
of these two phenomenon in patients with asthma. 

1. ACCESS 

Access to care is an issue that has been widely discussed in the health services and public 
health literature. In recent work, the distinction between potential access and realized 
access has been emphasized. Access is best defined as the actual use of personal health 
services and everything that facilitates or impedes the use of personal health services (6, 
7). To examine this issue, the clinician’s usual focus on individual patient characteris- 
tics must be expanded. Understanding the complex individual and interactive effects of 
myriad personal, medical, environmental, psychosocial, organizational, and institutional 
factors on service utilization is necessary to understanding the issue of access (8,9) (see 
Table 1). 

Effective measures of access must incorporate patient level, provider level, and sys- 
tems level characteristics (6,7). Since access to health services that are inadequate or dele- 
terious are of no value, measures of access also assess issues of quality. Disease-specific 
access is an emerging concept that is particularly relevant to patients with asthma. Clearly. 
many patients with asthma have unmet needs; they underuse necessary services and fail 
to achieve optimal control of their disease (10-12). This situation may well be exacerbated 
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Table 1 Factors That Influence Access to  Medical Care 

Patient Factors 
Financial barriers 

unemployment 
lack of insurance 
low income 

health status 
functional status 
literacy 
education 
ability t o  negotiate complex bureaucracies 
personal preference/choice 
disc r i m i nation 
social support 

Cultural barriers 
cultural values 
health beliefs 
language 
traditional customs 
alternative health remedies 

Environmental barriers 
housing 
occupation 
community disadvantage 
violence 
travel times 

Personal/psychosociaI barriers 

Provider Factors 
medical knowledge 
com m u  nication skills 
clinical com petence 
cu It u ra I com petence 
d iscr i m i nation 

Systems Factors 
hours of  operation 
waiting t ime 
structural barriers 
payment policies 
number of providers 
location of services 
type of providers 
characteristics of providers 
appointment availability 
preauthorization 
institutional racism 

by competitive pressures on health care providers under managed care and future changes 
in Medicaid, Medicare, and public health expenditures ( 13,14). 

Certain barriers are disproportionately encountered by specific socioeconomic or 
racial groups (15). Many of these are of particular relevance to the populations experienc- 
ing the highest rates of morbidity and mortality from asthma (1  6,17). The poor of all races 
face more intractable financial barriers than those with higher incomes. Racial minorities 
report that they experience more delays in seeking needed care, and are twice as likely 
as whites to report that getting specialty care is a major problem (18). Both poverty and 
race may limit access due to cultural and institutional barriers (19-21). 

Understanding the barriers to appropriate access to care for patients with asthma is 
essential to the design of effective interventions to reduce asthma morbidity and mortality. 
The ED offers a unique and important perspective from which to study factors that limit 
access to other sources of care and the effect of limited access on patient outcomes. It 
has been reported that individuals without primary care physicians, those without insur- 
ance, and those with public insurance disproportionately utilize EDs to obtain care 
(22,23). 

II. THE EMERGENCY DEPARTMENT 

ED utilization is a multifaceted reflection of the many forces impacting on the health care 
delivery system. The development of new therapeutic modalities and the improvements 
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in diagnostic technology that have accompanied the establishment of emergency medicine 
as a specialty have raised the public’s expectations regarding acceptable levels of care 
and created a widespread demand for services that did not exist 30 years ago. The ED is 
a unique practice setting in two respects. The first is its capacity to deliver a full range of 
medical services to acutely ill or injured patients, regardless of the nature of the presenting 
complaint. Second, the complete accessibility of the ED is assured not only by the profes- 
sional and ethical standards of emergency physicians but by federal, and in many cases, 
state law. Either or both of these two defining characteristics may influence a patient’s 
decision to use the ED. 

Patients with an unarguable need for emergency care may have a serious illness or 
injury resulting from a catastrophic event that could not have been predicted or prevented 
by even the most astute and experienced primary physician, or resulting from an un- 
managed disease process due to the lack of appropriate primary care. On the other hand, 
complaints that could be competently managed outside of the ED may be brought by 
patients without access to other settings (who may or may not appreciate the lack of 
urgency of their problem), or by patients who prefer the more sophisticated resources and 
immediate availability of the ED, despite their access to alternative sources of care that 
could competently manage their condition (24,25). 

The ED is thus many things to many people: the provider of choice for some, a 
provider of convenience for others, and the provider of last resort for many. A useful 
framework to analyze ED utilization must link the patient’s previous experience with 
primary health care to the nature of the presenting complaint (see Figure 1). Current pat- 
terns of ED utilization have undesirable consequences for both the patient and the system. 
The ED visit addresses the immediate clinical issues but it is not an acceptable substitute 
for regular medical attention. Care rendered in the ED lacks the continuity of information 
and the attention to health maintenance issues that are necessary for high-quality primary 
care. ED care is also more costly. Although of comparable cost to a primary care visit, 

Urgency 

of Need 

for Care 

1 2 L 

Emergent presentation Emergent presentation 

No previous care Ongoing primary care 

3 4 

Non-urgent presentation Non-urgent presentation 

No previous care Ongoing primary care 

Quality of Previous Primary Care Received 

Figure 1 Emergency department visits. ED utilization must be analyzed as a function 
of: (1) the nature, acuity, and severity of the presenting complaint; and (2) the patient‘s 
experience with other health care settings prior to the ED visit. 
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i t  has been estimated to be as much as five times the average charge for a clinic or physi- 
cian’s office in the same community (26,27). 

The relatively high charges for emergency care have caused a great deal of attention 
to be focused on the occurrence of what are called (inappropriately, I believe) “inappro- 
priate emergency department visits” (28-3 1). The characterization and quantification of 
these “inappropriate emergency visits” have been hampered by widespread confusion 
between retrospective and prospective judgments on whether or not evaluation and treat- 
ment on an emergency basis were warranted. Since the patient’s decision to seek emer- 
gency care is made based on the presenting symptoms without knowledge of the findings 
of the as yet to be performed ED evaluation, the appropriateness of an ED visit cannot 
be determined retrospectively based on ED diagnosis. However attractive this method may 
be to cost-conscious payors, it is useless to either describe or modify the behavior of 
patients. 

It is true that a significant portion of the care rendered to patients in EDs could be 
competently delivered in other practice settings if  such settings were similarly equipped 
and staffed and were immediately available at all hours. Unfortunately, it is unlikely that 
total costs to the system would be reduced by creating 24 hours per day walk-in capacity 
in primary care centers. In the presence of existing financial, temporal, and institutional 
barriers to appropriate primary care, the decision by a patient to forgo an ED visit for a 
nonurgent problem (Figure 1, quadrant 3) may lead to the later occurrence of a life-threat- 
ening problem that necessitates an emergent ED visit (Figure 1, quadrant 1). From the 
perspective of an individual with limited resources, an ED visit may be the only available 
source of health care; and such a visit may be far more appropriate than seeking no care 
at all. From the perspective of the health care delivery system, access to adequate primary 
care would not only result in a decrease of ED visits for nonurgent problems as patients 
received care for these in primary care settings, but also a decrease in ED visits for urgent 
and emergent problems as serious episodes of illness and injury are avoided or prevented 
by effective primary care. This is likely to be particularly true of patients with asthma. 
Current efforts to erect barriers to ED access are i l l  advised and in the interests of neither 
the patients nor the health care system. 

111. ASTHMA 

The number of ED visits made by a patient with asthma has long been regarded as a 
marker for serious disease (32,33). Regardless of the surrounding circumstances or under- 
lying cause, a visit to the ED for an acute asthmatic attack represents a clinical failure to 
control the disease. This may occur despite appropriate management as the result of an 
unavoidable physiological, environmental, or psychosocial insult that precipitates the at- 
tack, or it may occur as the result of inadequate medical management. 

Visits to the ED for asthma therefore represent an easily measurable variable that 
is related both to the severity of illness and the quality of the previous clinical management 
received by the individual (34). In fact, patients with asthma can be found in all four 
quadrants of Figure 1. ED visits for asthma are very common, as high as 10% in many 
urban EDs. Patients with asthma who are well managed and on optimal therapy may 
occasionally present in respiratory failure (Figure 1, quadrant 2); patients who are not 
receiving adequate primary care are even more likely to present with serious respiratory 
compromise (Figure 1 ,  quadrant 1). Patients who lack primary care may visit the ED with 
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minimal symptoms but needing prescription refills (Figure 1. quadrant 3 ) .  Patients with 
excellent access to primary care but little insight into their symptomatology may present 
to the ED rather than complying with their self-management regimen (Figure 1, quad- 
rant 4). 

The relationship between hospitalization for asthma and the availability of primary 
care providers has been extensively studied (36-38). It has been demonstrated using small 
area analysis that the frequency of asthma hospitalization is inversely proportional to the 
level of primary care in a given area; this has led to the description of asthma as a “primary 
care sensitive condition.” Primary care sensitive conditions (also called “ambulatory care 
sensitive conditions”) are diagnoses for which hospitalization can usually be avoided by 
appropriate treatment in the outpatient setting. When there are delays in seeking care, 
manifestations or complications of these primary care sensitive conditions that were ini- 
tially preventable or treatable result in clinical deterioration requiring hospitalization. 

It is reasonable to extrapolate from hospitalizations to ED visits. Since virtually all 
admissions of patients without a regular source of primary care are made through the ED. 
ED visits would be expected to increase to the same extent as hospitalizations in areas 
with decreased primary care. In fact it is likely that ED visits are increased to a greater 
extent than hospitalizations because there are undoubtedly occasions when ED manage- 
ment is sufficient to treat the acute problem and the patient is not hospitalized. ED visits 
for asthma may be an even more “primary care sensitive” indicator than hospitalizations. 

It is also true that the kind of partnership between the patient and the primary care 
provider espoused by the National Heart, Lung and Blood Institute (NHLBI) National 
Asthma Education and Prevention Program would decrease visits for asthma in all quad- 
rants of Figure 1. The NHBLI’s Second Expert Panel on the Management of Asthma 
describes successful asthma management as requiring patients and families to effectively 
carry out complex pharmacological regimens, institute environmental control strategies, 
detect and self-treat most asthma exacerbations, and communicate appropriately with 
health care providers (40). Their report also emphasizes the importance of assessing and 
responding to cultural or ethnic beliefs or practices that may influence patients. The report 
urges that educational messages and discussions of clinical care plans be provided in the 
patients primary language by an individual who is knowledgeable about medical terms 
and fluent in both English and the patient’s primary language (41). 

The recommendations contained in NHBLI’s Second Expert Panel Report (EPR-2) 
require a significant commitment from both patients and primary care providers in their 
approach to asthma management. Unfortunately, the guidelines contained in EPR-2 consti- 
tute a vision of what asthma care should encompass, not a description of prevailing prac- 
tices. The fact is that many patients with asthma, particularly those who are poor or Afri- 
can-American or both, do not now have access to such primary care (34,35). Widespread 
changes in clinical practice may ultimately result from dissemination and implementation 
of the NHLBI guidelines, but such changes will not occur quickly. 

In the meantime, the challenge presented to emergency physicians is threefold: (1)  
to prevent the creation of barriers to ED access; (2) to deliver high-quality medical care 
to all patients who present to the ED; and (3) to recognize that the ED visit may be a 
teachable moment when important educational messages about the patient’s disease and 
the patient’s use of appropriate health care services can be delivered. Identifying providers 
who are delivering effective primary care for asthma and creating linkages with these 
providers for ED patients may have as important an effect on patient outcomes as our 
performance of critical medical interventions. 
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loading dose, 400 
for out-of-hospital setting, 46 1 
pharmacological effects, 337 

Amoxicillin, for sinusitis. 103, 103r 

American Thoracic Society (ATS). 

Aminophylline 

asthma, 338-339 

343 t 
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Amoxicillin/clavulanate, for sinusitis, 

Amplification, of immune response, 

Amygdaline asthma, I7 
Anaphylaxis, 1 1 - 12, 2 19 
Anecdotal therapies, for acute severe 

asthma, 409-41 1 
Anesthetic agents, inhaled, for acute se- 

vere asthma, 408 
Angiotensin converting enzyme inhibi- 

tors, 219 
Antibiotics, for sinusitis, 103- 104, 

103t 
Antibody, classes, 48 
Anticholinergic agents 

103t 

48 

for acute asthma during pregnancy, 

for acute exacerbations, 369, 374- 
450 

379, 375A 376f, 378f 
in adults, 380 
in children, 379-380 
in severe asthma, 399 

disease, 369, 399 
for chronic obstructive pulmonary 

clinical experience 
provocative challenge studies, 

for stable asthma, 373-374 
373 

for elderly patients, 374 
future directions, 380-38 1 
for out-of-hospital setting, 460- 

for pediatric asthma, 379-380 
46 1 

acute, 379-380 
chronic, 380 

pharmacology, 37 1-373, 372f 
synthetic, 37 1-372 
topical, 399 

Antigen, presentation, 82 
Antihistamines, for sinusitis, 105 
Anti-inflammatory drugs 

air pollution and, 134-135 
importance of, 47-48 
underutilization, in urban popula- 

tions, 182- 183 
Antipsychotic medications, 204 
Anxiety disorders, 2 17 

APBA (allergic bronchopulmonary as- 
pergillosis), 2 18 

Arrhythmias, development, epinephrine 
and, 322-324 

Arterial blood gases (ABGs) 
in acute severe asthma, 396-397 
in children, 5 1 1-5 12 
in clinical evaluation, 255-256 
indications, 256 
in pregnancy, 444, 444.f 
transcutaneous, 269 

Arterial oxygen saturation 
asthma recurrence and, 264-265 
blood color and, 210-21 1 
patient outcome and, 265 

ASA. See Acute severe asthma 
Ascaris, 2 19 
Aspirin 

desensitization therapy, I06 
sensitivity, sinusitis and, 98, 106 

Asthma. See also specific aspects and 

association with sinusitis, 93-94, 

clinical diversity of, 59 
definition of, 59-62, 81 
exacerbations. See Exacerbations, 

terminology, 17- 18 
Asthma nocturnum, 17 
Asthma scoring systems, 429-430 
Asthmatic bronchitis, 6 I ,  6 1 t 
Atopy, air pollution effects and, 

Atropine 

hpes of asthma 

93 t 

acute 

I37 

disadvantages, 37 1 
dose/duration, 372t 
formulations, 37 1 
inhaled, side effects of, 371 
vs. metaproterenol, 374-375, 

muscarinic receptor blockage, 
370 

nebulized, 37 1 
pharmacology, 37 1-373, 372 f 
side effects, 371 

ATS (American Thoracic Society), 

375 f 

definition of asthma, 60 
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Auscultation 
of child, in out-of-hospital setting, 

mediate vs. immediate, 6n 

muscle tone, 38 

462 

Autonomic nervous system, in smooth 

Auto-PEEP 
advantages, 475 
hyperinflation and, 47 1 
measurement of, 473-476, 474 f- 

reduction of hyperinflation and, 
4765 480t 

47 1-472 
Ayurvedic medicine, 2 
Azithromycin, for sinusitis, 104 

Back extrapolated volume (% back ex- 
trapolation; V-extract), 240, 
243, 244J 246f 

Bacterial pathogens 

114 
in respiratory tract of asthmatics, 

in sinusitis, 98, 99t 
Bailey test of MDI use, 540, 541 t 
BAL. See Bronchoalveolar lavage 
Barbiturates, for intubation, 424 
Barotrauma, 425, 464 
B-cells, immune system functions, 48 
Behavior, fatal asthma risk and, 277 
Belladonna alkaloid, 6 
Bennett pressure cycled ventilator, de- 

Benzodiazepines 
velopment, 25-26 

interaction with theophylline, 342 
for intubation, 423 
for ketamine emergence reactions, 

403 
Beta-agonists. See P-Agonists 
Beta:-agonists. See P2-Agonists 
Beta-:! receptor binding affinity, circa- 

Bilevel positive airway pressure 
dian pattern of, 162 

(BLPAP) 
for acute severe asthma, 405-407, 

for P,-agonists, 31 1 

tients, 34 

406 f-407 f 

Billing information, on asthma pa- 

Biological determinants, of asthma, 

Birth weight, low, asthma and, 180- 

Black smoke, 133- 134 
Blattella germanica, I88 
BLPAP. See Bilevel positive airway 

British Thoracic Society, asthma man- 

176- 177 

181 

pressure 

agement guidelines, 290, 293, 
298J 300t-3021 

Bronchial asthma, 17 
Bronchial hyperresponsiveness, circa- 

dian pattern of, 159-160 
Bronchial provocation testing, for aller- 

gic asthma, 82 
Bronchial tumors, 2 15 
Bronchiolitis, asthma and, 2 14 
Bronchitic asthma, 17 
Bronchitis, acute, 2 I5 
Bronchoalveolar lavage (BAL) 

eosinophils, circadian pattern of, 

neutrophils, circadian pattern of, 
160, 161f 

160, 161f 
Bronc hoconstriction 

intracellular calcium and, 150 
muscarinic-cholinergic-induced, es- 

trogen withdrawal and, 149- 
150 

Bronchodilators. See also P,-Agonists 
anticholinergic. See Anticholinergics 
for asthma management, in out-of- 

hospital setting, 459 
combination therapy, 378-379 
inhaled 

for intubated patients, 425 
for out-of-hospital setting, 460 

Bronchoprovocation, 63 
Bronchopulmonary dysplasia, 2 14 
Bronchoscopy, for acute severe 

B ronc hospasm 
asthma, 409 

in field assessment, 458 
in pregnancy, 444 
quantitative assessment, 26 I 

Byzantine period, history of acute 
asthma in, 2, 4, 5f 



Index 57 1 

Calcium 
intracellular, bronchoconstriction 

magnesium and, 386 
and, 150 

Calcium channel blockers, for acute se- 

CAMP. See Cyclic adenosine mono- 

Canadian Association of Emergency 

vere asthma, 410 

phosphate 

Physicians, asthma management 
guidelines, 290, 293f-294L 
300t-302t 

Canadian Thoracic Society 
asthma management guidelines, 290, 

Emergency Asthma Management 
293f-294J 300t-302t 

guidelines, 254 
Capnograph y 

clinical applications, 266-267 
historical background, 266 
mainstream vs. sidestream, 266 
normal vs. asthmatic patients, 266, 

principles of, 266, 266f 
use in asthma, 267-268 

Carbon dioxide retention, 237 
Carbon dioxide tension, 255 
Carboxyhemoglobin (HbCO), 263,263f 
Carcinoid syndrome, 2 19 
Cardiac asthma 

in adult, 218 
causes, 17 
in children, 214 

267 f 

Case-management programs, follow-up 

Cat allergens, 86 
Catarrhal asthma, 17 
Catecholamines, systemic, for acute se- 

Cefaclor, for sinusitis, 103t 
Cefprozil, for sinusitis, 103t 
Cefuroxime axetil, for sinusitis, 103t 
Cell-mediated immunity, in pregnancy, 

Charcot-Leyden crystals, 18 
Chemokines 

visits for children and, 537 

vere asthma, 401 

445 -446 

C-C class, 54 
C-X-C class, 54 

Chemotaxis, inflammation and, 4 1 
Chest 

compression, for acute severe 
asthma, 4 10-4 1 1 

h y peri n tla tion , 206 
pain, in adult asthma, 217 
parodoxical movements, 207-208 

in children, 5 12 
in clinical evaluation, 256-257, 256t 

with acute asthma 

Chest x-rays 

Children 

admission rates for, 505 
anticholinergics for, 379-380 
arterial blood gases in, 51 1-512 
behavioral aspects of, 506-507 
chest radiograph in, 5 12 
developmental aspects of, 506- 

diagnosis of, 506 
differential diagnosis of, 2 12-2 15, 

discharge from ED, follow-up for, 

disease progression in, 506 
environmental tobacco smoke and, 

hospitalization rates for, 505 
mortality rates for, 505 
observation units for, 524-525 
out-of-hospital setting and, 46 1 - 

physiological aspects of, 506 
pulmonary function tests for, 

pulse oximetry in, 5 10-5 1 1 
pulsus paradoxus in, 5 11 
relapse 

507 

213t 

534-535 

186- 187 

463, 463t 

508-510, 510t 

corticosteroids and, 5 15 
follow-up and, 5 15 
patient education and, 5 15 
predictors of, 5 14-5 15 

relapse rates for, 505 
spontaneous remission of, 82 

acute respiratory infections in, 114- 

vs. adult asthmatics, 506-507 
air pollution effects on, 136 

115 
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[Children] 
assessment of, 429-430 
with chronic asthma 

discharge of, with steroids, 537-539 
epinephrine for, 32 1-322 
fatal asthma and, 274 
heart rates of, 205 
lung function growth rate, environ- 

with mild exacerbation, 430-43 1 

anticholinergics for, 380 

mental tobacco smoke and, 136 

initial therapy for, 430 
symptoms of, 430 

with moderate exacerbation, 43 1 - 
435, 432f 

albuterol for, 433 
aminophylline for, 434 
ipratropium for, 433 
laboratory studies for, 433-434 
management scheme for, 43 1 - 

patient outcomes for, 433, 433J 

symptoms, 43 1 
and vomiting, 432-433 

432, 432 f 

434,434f 

ozone air pollution risk for, 132, 

paranasal sinus development in, 102, 

respiratory rates in, 207, 207t 
with severe exacerbations, 435-438, 

severity of exacerbations, 505-506 

132f 

102t 

435 f 

clinical scoring methods for, 507- 

estimation of, 507 
historical information and, 507 
objective measurements of, 508- 

physical examination for, 507-508 

antibiotics for, 103-104, 103t 
clinical presentation of, 102- 103 

steroid efficacy for, 355-356, 356 f 
symptoms, subjective, 202 
symptom severity, 64 
theophylline for, 339 
trigger factor identification, 534 

508 

512, 510t 

sinusitis in 

Chlamydia pneumoniae, upper respira- 
tory tract infections, 92 

Chloroform, 9- 10 
Cholinergic sensitivity, viral infections 

Cholinergic tone, in nocturnal asthma, 

Chronic airway obstruction, 6 1 t 
Chronic asthma 

inhaled steroids for, 262-263 
obstructive, 61, 61t 
theophylline for, 338 

and, 118 

161-162 

Chronic obstructive pulmonary disease 
(COPD) 

adenovirus and, 92 
anticholinergic agents for, 399 
with asthma, 60-61 
diagnosis, 2 15 
differential diagnosis, 2 18 
differentiation from asthma, 60 
magnesium for, 390 
prednisone for, 364 
symptoms, 2 15 
theophylline and, 337 

Churg-Strauss syndrome, 2 19 
Circadian rhythms, asthma-related, 

Clarithromycin, for sinusitis, 104 
Clinical evaluation. See Evaluation, 

Clinical presentation. See Symptoms 
Clinical scoring systems 

for assessment of pediatric asthma 

for asthma, 21 1-212, 21 I t ,  212t 
Clonidine, for acute severe asthma, 

Cockroaches 

158-160, 159f-161f 

clinical 

severity, 507-508 

410 

as allergens, 86 
asthma and, 187- 188 

Combivent, 37 1-372, 372t 
Complement system 

components of, 49 
in immune response, 49 

with asthma treatment 
Compliance 

cost factors in, 546, 547 
in ED prehospital phase, 548-550 
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[Compliance] 
general issues for, 546-548 
metered dose inhalers and, 547 
in postdischarge period, 550-554 
QID vs. BID dosing, 547 
specialized programs for, 547-548 

general issues of, 545-546 
levels of, 280, 281 f 

Computed tomography (CT), in sinus- 
itis diagnosis, 100-101, 1005 
101 t 

Conjunctival PO2 (Pcjo,), 270 
Continuous positive airway pressure 

for acute severe asthma, 404-405, 

for nocturnal asthma, 166- 167, 166 f 

(CPAP) 

404 f-405 f 

Continuous quality improvement 

COPD. See Chronic obstructive pulmo- 

Corticosteroids 

(CQI), 521 

nary disease 

for acute severe asthma, 399 
for allergic asthma, 87 
for asthma in pregnancy, 450 
depot long-acting, 553-554 
desirable effects of, 48 
historical aspects, 27 
hypothalamic-pituitary-adrenal axis 

inhaled 
suppression, 353-354 

compliance and, 55 1-552 
compliance with, 546-547 
for preventing viral-induced 

wheezing, 12 1 
oral 

for nasal polyps, 106 
for sinusitis, 105 

pharmacology, 35 1, 352t, 353 
relapse in children and, 5 15 
systemic, for intubated asthmatics, 

483 
Corticosterone, 148 
Cortisol, estrogen and, 148-149 
Cost factors, compliance and, 546, 547 
Coughing 

presentation of, 202 
during spirometry, 2426 244-245 

“Cough variant’’ asthma, 202 
CPAP. See Continuous positive airway 

CQI (continuous quality improvement), 

Cromolyn, for asthma in pregnancy, 

Crystalloid infusion, for hypotension 

pressure 

52 1 

450 

after mechanical ventilation ini- 
tiation, 425 

CT (computed tomography), in sinus- 
itis diagnosis, 100- 10 1 ,  1 OOf, 
101 t 

Cullen, William, 6 
Cultural beliefs, noncompliance and, 

546 
Cultural environment, asthma and, 

180 
Curschmann spirals, 10- 1 1, 12 f 
Cyanosis 

assessment, 2 10-2 1 1 
central, 209 
peripheral, 209 
“silent,” 2 10 

(CAMP) 
Cyclic adenosine monophosphate 

epinephrine activity and, 323 
plasma, in nocturnal asthma, 162 

Cystic fibrosis, 214 
Cytokines 

in early phase response, 39 
inflammatory response to air pollut- 

ants and. 138-139 

Database, of emergency asthma, 34 
Datura (jimsonweed), 2, 6, 8 
Deaths, asthma. See Mortality, asthma 
Decongestants, for sinusitis, 105 
Depo-Provera, for premenstrual 

Depression, compliance and, 549 
Dermatophagoides farinae, 86, 137 
Dermatophagoides pteronyssinus, 

Desaturation, in intubated asthmatic, 

Desflurane, for acute severe asthma, 

asthma, 151 

86 

477, 478f, 479 

408 
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Diagnosis 
of allergic asthma, 82 
of asthma 

clinical features in, 60 
coding changes in, 74 
differential, 202-203 
in emergency department, 34 
key indicators for, 60 

of asthma/COPD, 60-6 1 
differential 

in adults, 215, 216t, 217-219 
in children, 212-215, 213r 

of sinusitis, 98- 102 
Diaphoresis, 2 10 
Diaphragmatic contraction, 234 
Diazepam, for intubation, 423 
Differential diagnosis, of asthma 

in adults, 215, 216r, 217-219 
in children, 212-215, 213r 

Discharge, emergency department 
for acute severe asthma patients, 

albuterol, for pediatric asthma, 43 1 
of children, review topics for, 535,535r 
criteria, 35 
decision-making, 489 
demonstration of inhaler technique 

duration of therapy and, 497-498 
from emergency department, 530 
glucocorticoids and, 496-497 
observation units and, 522 
prevention of relapse and, 498-500 
readiness for, 533 
with steroids, 537-538 

411-412 

for, 539-540, 540f 

Dog allergens, 86 
Dog round worm, 219 
Downregulation, 326 
Drug abuse, as asthma risk factor, 

Dust mites, asthma and, 188-189 
Dynamic hyperinflation, 425 
Dyspnea 

184- 185 

absence of, 202 
exertional, 202 
mechanism of, 202 
modified Borg rating scale, 224 
of pregnancy, 444 

Dysrhythmias, cardiac monitoring of, 
460 

Early-phase response 
emergency department disposition 

and, 528 
in fatal asthma, 275 
marked airflow problems in, 39 

ECF-A (eosinophil chemotactic factor 

ED. See Emergency department 
Edema, of bronchial lumen and endo- 

EDTU (emergency diagnostic and treat- 

EELV (end-expiratory lung volume), 

EIB (exercise-induced bronchospasm), 

Eisenmenger’s syndrome, 209 
EKG (electrocardiogram), 257 
Elderly patients, anticholinergics for, 

Electrocardiogram (EKG), 257 
Emergency department (ED) 

of anaphylaxis), 54 

thelium, 38-39 

ment unit), 523-524 

470-471,470f, 473 

204 

374 

adult acute asthma assessment form, 

allergic asthma and, 87-88 
asthma presentations 

164, 164f 

220-222, 220f-223f 

gastroesophageal reflux and, 163- 

in inner city, 182- 184 
nocturnal, 158, 163-164, 164f- 

obstructive sleep apnea and, 164, 

during perimenstrual interval, 

166J 166-169, 169f 

166-167, 166f 

146-147 
asthma-related visits, 67 

health management organizations 

hospital admissions from, 67 
severity of illness and, 560-561 

disposition. See also Admissions; 
Discharge, emergency depart- 
ment 

children and, 512, 513f, 514, 514t 
decision-making for, 528-529 

and, 68 
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[Emergency department (ED)] 
preliminary, for moderate pediat- 

ric exacerbation, 434, 434f 
duration of therapy in, 497-498 
inappropriate visits, 560 
pediatric acute asthma assessment 

physical examination in, 20 1-202 
physician challenges, 56 1 -562 
primary history, 201 
relapse from, predictors, for chil- 

dren, 5 14-5 15 
therapy, for emergent conditions, 

5 19 
utilization, 559-560, 559 f 
visits, for acute asthma, 1 

form, 223 f-224 

Emergency diagnostic and treatment 
unit (EDTU), 523-524 

Emergency medicine 
historical aspects, 28 
research in, 33 

End-expiratory lung volume (EELV), 

Endotracheal intubation 
470-471,470f, 473 

consensus indicators for, 420-422, 

decision-making, 4 19 
421 t 

arterial blood gases and, 420 
temporal patterns in, 422 

development of, 23 
indications, 403, 419-420, 420t 
and mechanical ventilation, indica- 

tions for, 421 t 
method, 422-423 
out-of-hospi tal, 463 -464 
risk factors for, 422 
risks from, 403 

Endotracheal tube 
expiratory return of condensate in, 476 
placement, depth of, 477 

Enflurane, for acute severe asthma, 408 
Environment, fatal asthma risk and, 

Environmental Protection Agency 
278 

(EPA) 
ozone standard, effects of, 130- 132, 

particulate matter standards, 129 
131 f 

Environmental tobacco smoke (ETS) 
and asthma, 186-187 
lung function growth rate in children 

and, 136 
Eosinophil cationic protein, in late 

phase, 38, 38t 
Eosinophil chemotactic factor of ana- 

phylaxis (ECF-A), 54 
Eosinophilia 

in asthma evaluation, 257 
nasal, in sinusitis diagnosis, 99 

Eosinophil peroxidase (EPO) 
functions of, 54 
in late phase, 38, 38t 

bronchoalveolar lavage, circadian 

circulating, 53 
development, 53 
granules 

Eosinophils 

pattern of, 160, 161f 

composition of, 53 
major basic protein in. See Major 

basic protein 
infiltration of lungs, 40 
mediators, release of, 54-55 
production of inflammation media- 

recruitment 
tors, 40 

pharmacological regulation of, 55 
selective, 54 
through vascular endothelium, 54 

VLA-4 expression, 54 
Eotaxin, 54 
EPA. See Environmental Protection 

Ephedrine, 18 
Epidemiology 

Agency 

age and, 69-70, 715 72 
of asthma-air pollution association, 

132, 132f 
data sources, 62-63 
ethnicity and, 72-74, 73f 
geographic variations in, 68-69, 69 f 
implications 

for health policy, 75-76 
for patient care, 75-76 
for research, 75-76 

incidence, 63-64 
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[Epidemiology] 
morbidity rate increases, explana- 

mortality rates. See Mortality, 

natural history, 63-64 
prevalence, 64-65, 65f 
race and, 72-74, 73f 
research, asthma ascertainment in, 

risk factors and, 59 
sex and, 69-70, 715 72 
socioeconomic status and, 73-74 
of viral infections and asthma, 114- 

tions for, 74-75 

asthma 

62-63 

118 
Epiglottis, 2 14 
Epinephrine 

for acute severe asthma, 401 
with aminophylline, 322 
arrhythmogenic effects, 322-324 
for asthma in pregnancy, 449 
for children, 32 1-322 
circadian pattern of, 161 
clinical actions, 32 1 
dose-response relationship, 32 1 
endotracheal tube administration, 

hematologic effects, 326-327 
Holter monitoring of, 322 
peak expiratory flow rate and, 325- 

326 
pH effects on, 324 
popularity, 325 
side effects, 322, 324-326 
subcutaneous, for out-of-hospital set- 

temporal dispersion, 322 

464 

ting, 460 

EPO. See Eosinophil peroxidase 
Ergonovine, 446 
Erythromycin/sulfasoxazole, for sinus- 

itis, 103t 
Essential asthma, 17 
Estradiol 

P-adrenergic receptors and, 148 
cortisol and, 148- 149 
immune mediators and, 148- 149 
variations, in menstrual cycle, 147- 

148 

Estrogens 
cortisol and, 148- 149 
estradiol. See Estradiol 
immune mediators and, 148- 149 
variations, in menstrual cycle, 147- 

withdrawal 
148 

bronchodilator response and, 15 1 
inflammatory mediators and, 149 
late-phase asthmatic response and, 

muscarinic-cholinergic-induced 
149 

bronchoconstriction and, 149- 
150 

muscarinic-cholinergic receptors 
and, 150-151 

white blood cell populations and, 
149 

Ethnicity 
asthma and, 190-191 
asthma epidemiology and, 72-74, 

asthma risk and, 175-176 
biological determinants of asthma 

pulmonary function test values and, 

73f 

and, 176-177 

248-249 
ETS. See Environmental tobacco 

Evaluation, clinical 
arterial blood gases for. See Arterial 

blood gases 
blood tests, 257-258 
capnography , 266-268, 266f 
chest x-rays, 256-257, 256t 
conjunctival PO2, 270 
of cyanosis, 209-21 1 
of duration of acute exacerbation, 

electrocardiogram, 257 
formatted or template chart for, 212 
of hypercarbia, 209, 210 
of hypoxemia, 209-21 1 
instrumentation for, 34-35 
of medication use, 203 
near-infrared spectroscopy, 268-269 
of new onset of asthma, 203 
optodes, 269-270 

smoke 

204 
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[Evaluation, clinical] 
of other medical conditions, 204 
of provocative or trigger factors, 204 
risk and, 203 
scoring systems for, 21 1-212, 21 1 t, 

secondary, 202-203 
of severity of asthma, 208 
spirometry for. See Spirometry 
transcutaneous ABG, 269 

by air pollution, time-series studies 

anticholinergic agents for, 369 

212t, 507-508 

Exacerbations, acute 

on, 130 

in adults, 380 
in children, 379-380 
in severe asthma, 399 

mild, 430-43 1 
moderate, 43 1-435, 432 f 
severe, 435-438, 435 f 

in children 

duration of, 204 
severity of, 208 

arterial blood gases and, 255-256 
assessment tests, 35 
emergency department visits and, 

markers for, 33 
posttreatment, 254, 254t 
pulmonary function testing and, 233 

virus-induced, mechanisms of, 1 18- 

Exercise-induced bronchospasm (EIB), 

Expert Panel Report I1 (1997), 533- 

Expiration, 234 
Extracorporeal hemoperfusion, in the- 

Extracorporeal membrane oxygenation 

5595 560-561 

120 

204 

534 

ophylline overdose, 34 1 -342 

(ECMO), for acute severe 
asthma, 410 

Extrathoracic obstruction, 2 15 
Extrinsic allergic alveolitis, 61 t 
Extrinsic asthma, 16 

Family environment, asthma and, 179- 
180 

Fatal asthma 
definition of, 273 
future aspects, 283-284 
health care delivery, in future, 283- 

historical aspects, 273-274 
incidence, 274-275, 274t 
location 

284 

hospital, 280, 282 
nonhospital, 282 

medications, 284 
P2-agonists, 278-279 
in future, 283 
magnesium, 279 
steroids, 279 

pathophysiology, 275 
patient characteristics, 274-275, 

patient education, 279-280, 28 1 f 
physician training and, 282 
prevention of, 282-283 
problem identification scheme, 

rapid onset 

274t 

281 f 

definition of, 273 
vs. slow, 275 

risk factors, 276-278, 277f 
slow onset 

definition of, 273 
vs. rapid, 275 

Fatigue, 462 
Federal Drug Administration (FDA), 

use-in-pregnancy ratings, 447- 
448, 448t 

Fenoterol, 314, 377 
Fetal hypoxia, 445 
FEV,. See Forced expiratory volume in 

Filariasis, 2 19 
FLAP (5-lipoxygenase activating pro- 

Flow-volume loops 
in acute asthma 

1 second 

tein), 43 

before and after P2-agonist ther- 

cough during expiration, 242 f 
sharp peak in, 243f 

physiology, 234, 235J 236-237 

apy, 241f 
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Floyer, Sir John, 6 
Fluid therapy, intravenous, for acute se- 

Follow-up visits 

and, 515 

vere asthma, 41 1 

after ED care, relapse in children 

barriers to, 535 
for children, 534-535 

case-management programs and, 

parental behavior and, 537 
537 

compliance and, 551 
enhancing, 536 
relapse and, 536-537 

Forced expiratory volume in 1 second 

admission and, 49 1-492,493t, 494t 
in admission/discharge criteria, 529 
advantages , 246- 247 
airflow obstruction and, 26 1 
anticholinergics and, 377 
in children, 509 
circadian pattern of, 160 
definition of, 235-236 
glucocorticoids and, 497 
international acceptance of, 254 
limitations of, 247 
magnesium and, 387-388,388f-389f 
PEF and, 246-247 
in pregnancy, 443 
pulmonary effort and, 239 

(FEV,) 

Forced vital capacity (FVC), 235 
Formatted chart, 212, 220J 223f 
Fractional hemoglobin saturation, 263- 

FRC (functional reserve capacity), 473 
Fungi, as allergens, 86 
FVC (forced vital capacity), 235 

264 

Gastroesophageal reflux disease 
(GERD), nocturnal asthma and, 

Gastrointestinal reflux, in pregnancy, 446 
Gender differences 

163-164, 164f 

in asthma admissions, 145- 146 
in asthma prevalence, 70, 72 
in epidemiology of asthma, 69-70, 

71f, 72 

Geographic variations, in asthma, 68- 
69, 70t 

GERD (gastroesophageal reflux dis- 
ease), nocturnal asthma and, 
163-164, 164f 

Global Initiative for Asthma, 533-534, 

Glucagon, for acute severe asthma, 408 
Glucocorticoid receptor binding affin- 

Glucocorticoids 

536 

ity, circadian pattern of, 162 

admission/discharge decision- 
making and, 496-497 

mechanisms of action, 349-35 1, 

running out of, 203 
suppression, of cytokine production, 

35Of-35 If 

55 
Glycopyrronium bromide, dose/dura- 

tion, 372t 
GM-CSF. See Granulocyte-macrophage 

colony-stimulating factor 
GnRH (gonadotropin releasing hor- 

mone), 149 
Goblet cells, 40 
Gonadotropin releasing hormone 

Granulocyte-macrophage colony- 
(GnRH), 149 

stimulating factor (GM-CSF) 

53 

Greece, Ancient, 2 
Grinders asthma, 17 
Guidelines for the Diagnosis and Man- 

agement of Asthma, 533-534 
Guidelines for the Evaluation and Man- 

agement of Asthma, 536 

eosinophil growth/development and, 

in late phase, 38, 38t 

Halothane 
for acute severe asthma, 408 
interaction with theophylline, 342 

Hamman’s sign (mediastinal crunch), 

Hay asthma, 17 
HbCO (carboxyhemoglobin), 263, 263f 
Health care access, inadequate, severe 

207 

asthma and, 181-184 



Index 579 

Health care utilization data, usefulness 

Health information systems, as asthma 

Health management organizations 

of, 63, 67-68 

data sources, 63 

(HMOs), ED asthma visits and, 
68 

Health policy, epidemiology implica- 
tions for, 75-76 

Heart function, theophylline and, 337 
HEART nebulizer, 437 
Heart rate 

monitoring, 26 1 
severity of asthma and, 205 

Heberden’s asthma, 17 
Heliox (helium-oxygen) 

for acute severe asthma, 402-403 
as driving gas for P2-agonists, 34, 

for intubated patients, 425-426 
for out-of-hospital severe asthma, 

for vocal cord dysfunction, 217 

31 1 

464-465 

Helmont, Van, 4, 6 
Hemog lobin 

extinction curves, 263, 263f 
reduced, in cyanosis, 209 

Henbane, 2 
Hippocrates, 2, 3f 
Hispanics 

asthma risk and, 175 
biological determinants of asthma 

cultural environment, asthma and, 180 

in early phase, 38, 38t 
in late phase, 38, 38t 
nasobronchial reflex and, 93-94 
plasma, in nocturnal asthma, 162 
during pregnancy, 445 

in antiquity, 2 
in Byzantine period, 2, 4, 5f 
in Middle Ages, 2, 4, 5f 
in 19th century, 6-11, 8f-12f 
in Renaissance, 4, 6 
at turn of twentieth century, 11-13 
twentieth century, 13, 16-20 

and, 176-177 

Histamine 

History of acute asthma 

Holter monitoring, of epinephrine, 322 
Hookworm, 219 
Horse asthma, 17 
Hospital 

admission. See Admission 
observation units. See Observation 

units 
Hospitalization rates 

asthma-related, 70, 7 If 
average annual rate, 69f 
pediatric, 8 1 
race and, 175 

for asthmatic children, 505 
magnesium and, 388 
oral prednisone, for moderate pediat- 

ric exacerbations, 432, 432t 
House dust, mites in, 86 
Hypercarbia, 205, 208 
Hyperglycemia, P2-agonists and, 3 13 
Hyperinflation 

auto-PEEP and, 471 
in intubated asthmatic, 470-47 1,470 f 
measurement of, 473-476,474 f-476 f 
physiology of, 469-470 
reduction, auto-PEEP and, 47 1-472 

Hypermagnesemia, from magnesium 

Hyperpnea, 209 
Hyperventilation, 209 
Hyperventilation syndrome, 2 17 
Hypokalemia 

therapy, 391 

P2-agonists and, 3 13 
in theophylline overdose, 34 1 

Hypothalamic-pituitary-adrenal axis, 

Hypoxemia, cyanosis and, 2 10 
Hypoxia 

steroid suppression of, 353-354 

in children, 462 
in field assessment, 460 
identification by pulse oximetry, 459 
induction of reflex bronchoconstric- 

physical signs of, 205, 209 
respiratory rate and, 262, 262f 

tion, 166 

Ibsen, Bjorn, 215 23-24 
ICAM- 1 (intracellular adhesion mole- 

cule), 39 
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ICD-9. See International Classijication 
of Diseases, 9th revision 

ICU (intensive care unit), admission to, 
496, 497t 

IgE. See Immunoglobulin E 
Immediate hypersensitivity, 49-50, 

515 52, 52f 
Immune response 

activation, viral infections and, 119 
to air pollutants, 138- 139 
mechanisms, 48-49, 49t 
type I. See Immediate hypersensi- 

tivity 
Immune system, functions, key fea- 

tures of, 48 
Immunoglobulin E (IgE) 

plasma, in nocturnal asthma, 162 
in pregnancy, 445-446 
production, 50, 82-84 
reactions mediated by. See Immedi- 

serum levels, 50 
skin testing for, 86-87 
viral-specific, synthesis of, 119 

importance, in asthma, 47-48 
overview, 48-49, 49t 

of asthma, 63-64, 81 
fatal asthma, 274-275, 274t 
premenstrual asthma, 145 

ate hypersensitivity 

Immunology 

Incidence 

Indoor pollutants, fatal asthma risk 

Induced hypothermia, for acute severe 

In fan t s 

and, 278 

asthma, 410 

bronchopulmonary dysplasia in, 2 14 
low birth weight, asthma and, 180- 

out-of-hospital auscultation, 462 
paradoxic breathing in, 205 
physical examination of, 205 
premature, asthma and, 180- 18 1 
symptoms, subjective, 202 
viral respiratory illness, asthma de- 

velopment and, 12 l - 122 

pects of, 113-1 14 

181 

Infections, asthma and, historical as- 

Inflammation 
cellular elements, 39-40 
chemotaxis and, 41 
importance, in asthma, 47-48 
markers of, 33-34 
mediators of. See Mediators, in- 

Inguinal hernia, pulmonary function 

Inner city residents. See Urban popula- 

Inspiration, 234 
Inspiratory to expiratory respiratory 

phase ratio (I:E), 208 
Intensive care unit (ICU), admission 

to, 496, 497t 
Interferons 

flammatory 

testing and, 249 

tions 

Y 
inflammatory response to air pol- 

production in nonatopic asthmat- 

intranasal, for viral-induced wheez- 

lnterleukin-4/interferon-y, asthma sta- 

Interleukins 

lutants and, 139 

ics, 139 

ing, 121 

tus and, 139 

in early-phase response, 39 

IL-3, eosinophil growth/develop- 
IL-1, 149 

ment and, 53 
IL-4, 39 
IL-5, in late phase, 38, 38t 
IL-6, estrogen and, 149 
inflammatory response to air pollut- 

ants and, 138-139 
Intermittent positive pressure breathing 

(IPPB) 
for acute severe asthma, 403-404 
adverse effects, 403-404 
for P-agonist administration, 398 
P,-agonists, 3 I I 
historical aspects, 22-23 

International ClassiJication of Dis- 
eases, 9th revision (ICD-9) 

asthma classification, 6 1-62, 6 1 t 
coding changes, morbidity/mortality 

rates and, 74 
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Intracellular adhesion molecule 

Intrathoracic airway obstruction, 2 15 
Intrinsic asthma, 16 
Intubated asthmatics 

(ICAM-l), 39 

clinical management strategy, 476 
desaturation in, 477, 479 
immediate post-intubation period, 

medical treatment of, 483-485, 

physiology of, 469-47 1, 470 f 
urgent pleural drainage of air in, 

ventilator management, 480-48 1 

476-477 

483t, 484t 

478 f-479J 479-480 

barriers to, 482 
initial setup for, 481-482, 481 f 

Intubation. See also Intubated asth- 
matics 

424 

bation 

decision-making, riskdbenefits and, 

endotracheal. See Endotracheal intu- 

mortality after, 469 
nasotracheal, contraindications, 423 
neuromuscular blockade for, 423 
optimal method, controversy over, 

orotracheal, 423 
sedation for, 423 

422-425 

IPPB. See Intermittent positive pres- 

Ipratropium 
sure breathing 

for acute severe asthma, 399 
adverse effects, 373 
with albuterol, 377-378, 378f. See 

Combivent 
for asthma, in pregnancy, 450 
with P-agonist, 375-377, 379, 376 f 
vs. P-agonists, 375, 376f 
for children, 379 
in combination therapy, for children, 

doselduration, 3 72 t 
estrogen withdrawal and, 15 1 
vs. isoproterenol, 374 
for moderate pediatric exacerbations, 

379-380 

433 

[ Ipratropium] 
for out-of-hospital setting, 460 
pharmacology, 372-373, 372f 

Iron lung, 23 
Isoflurane, for acute severe asthma, 

Isoproterenol (isoprenaline) 
408 

arrhythmogenicity of hypoxia and, 

historical aspects, 20 
for severe asthma in children, 

323 

438 

Josiah Macy Jr. Foundation, 33 

Ketamine 
for acute severe asthma, 403 
interaction with theophylline, 342 
for intubation, 423 

Kinins, in late phase, 38, 38t 
Kopp’s asthma, 18 

Lactic acidosis, 255-256 
Laennec, 6-7, 8f 
Laryngeal tumors, 215 
Lassen, H.C.A., 22f 
Late-phase response 

admissions and, 528 
estrogen withdrawal and, 149 
in fatal asthma, 275 

Latex allergens, 189 
Lavoisier, Antoine, 19, 21f 
Leukocytosis 

epinephrine-induced, 326 
steroid-induced, 363 

Leukotriene Cq synthase, 42 
Leukotriene inhibitors, 43 
Leukotriene receptor antagonists, 43- 

Leukotrienes 
44, 410 

in asthma, 410 

bronchoconstrictor activity, 42 

c y steiny 1 

Bj, 41-42, 54 

Cq, 41 -43, 54 

biologic effects of, 42, 42t 
receptor blockage, 43-44 

Dq, 41-42 
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[ Leukotrienes] 
Ej, 33, 41-42 
in early phase, 38, 38t 
functions, 40 
in late phase, 38, 38t 
production, 40 
synthesis of, 40-41, 41f 
types of, 40 

Leyden, 10 
Lidocaine 

for acute severe asthma, 409 
for intubation, 423 

Lipocortin- 1, 350 
Lipomodulin, 148 
Lipoxins, synthesis of, 41f 
5-Lipoxygenase (5-L0), 40, 43 
5-Lipoxygenase activating protein 

(FLAP), 43 
Liver, leukotriene metabolism and, 42 
Loeffler’s syndrome, 2 18 
5-LO (5-lipoxygenase), 40, 43 
5-LO synthase inhibitor, 43 
Low birth weight, asthma and, 180- 

LTs. See Leukotrienes 
Lung 

181 

acute chemical injuries, 2 18 
airways, 234 
capacities, in asthma, 470-47 1, 470 f 
function 

assessment of. See Pulmonary 

circadian pattern of, 158- 159, 

reasons for measuring, 237 

function tests 

159f 

inflammation, air pollution and, 135 
mechanical impairment, sternocleido- 

mastoid retraction and, 206 
parenchyma, 234 
permeability, air pollution and, 134 
volume, 234 
volumes, in asthma, 470-47 1, 470f 

Macrolide antibiotics, for sinusitis, 
104 

Magnesium 
absorption, 385 
for acute severe asthma, 400 

[Magnesium] 
for asthma, 392 

clinical experience with, 386-389, 

historical aspects of, 386-387 
mechanism of action in, 386 

388 f-389 f 

calcium and, 386 
for COPD, 390 
dose-response curve, 390-39 1 
efficacy, 390-39 1 
estrogen withdrawal and, 151 
excretion, 385-386 
fatal asthma and, 279 
hospitalization rate and, 388 
inhaled, 389-390 
intracellular, 386 
for intubated asthmatics, 484 
for out-of-hospital setting, 461 
patient criteria, 390 
for pediatric asthma, 437-438 
pharmacology, 385-386 
serum levels, 390 
side effects of, 391, 461 
total body, 385 
unanswered questions, 39 1-392 

Magnetic resonance imaging (MRI), in 
sinusitis diagnosis, 10 1 

Ma Huang, 13 
Maimonides, Moses, 2, 4, 5f 
Major basic protein (MBP) 

airway hyperresponsiveness and, 54 
in eosinophilic granules, 53-54 
in late phase, 38, 38t 

Management. See also under spec@ 
types of asthma 

emergency medicine guidelines, 
dissemination/utilization of, 
303-304 

emergency medicine-related guide- 
lines, comparisons of, 294-295, 
300t-302t, 303 

emergency medicine-specific guide- 
lines, 289-290, 29 1 f-2945 
296t-297t, 298 f, 299 f 

Manometer, for auto-PEEP measure- 

Manual positive pressure ventilation, 
ment, 473-474, 474-476f 

21J 23-25 
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MARC (Multicenter Asthma Research 

Markers, of inflammation. See Media- 

Mast cells 

Collaboration), 1, 27 

tors, inflammatory 

allergen exposure and, 83 
in allergic response, 50 
degranulation, 83 
degranulation and, 38 
localization of, 83 
mediators, 50, 51 f 
derived by, functions of, 83, 85t 

preformed, 50, 52, 52f 
release of, 50 

types, 83 
Maximum voluntary ventilation 

MBP. See Major basic protein 
MDI. See Metered dose inhaler 
Mechanical ventilation. See also spe- 

(MVV), 236 

cijic types of mechanical ventila- 
tion 

for acute severe asthma, 403-407, 

adverse effects, 425 
and endotracheal intubation, indica- 

tions for, 421 c 
historical aspects, 23 
indications, 420t 
initiation, hypotension after, 

Mediastinal crunch (Hamman’s 

Mediastinal emphysema, 249 
Mediators, inflammatory, 33, 49 

404 f-407 f 

425 

sign), 207 

blockage of, 40 
circadian pattern of, 160, 161 f 
estrogen and, 148- 149 
estrogen withdrawal and, 149 
mast cell-derived, 83, 84t, 85t 
production by eosinophils, 40 
proinflammatory, 1 19 
release 

from mast cells, 50, 5 1 f 
viral infections and, 1 18- 1 19 

severity of asthma and, 33-34 
Medicaid, 18 1 - 182, 537 
Medihaler. See Metered dose inhaler 

Memory, in immune response, 48 
Menstrual cycle. See also Premenstrual 

effect on airway response to metha- 

estrogen variations in, 147-148 

cycle 

choline, 146 

Menstruation, asthma and, 34 
Metaproterenol, vs. atropine, 374-375, 

Metered dose inhaler (MDI), 31 1- 

for albuterol delivery, 430-43 1 
compliance with, 547 
cost of, 546 
historical aspects, 20 
vs. nebulizer, 540-54 1 
optimal dose/frequency and, 3 12- 

for out-of-hospital setting, 460 
with spacer, 541 
technique 

375 f 

313 

313 

demonstration at discharge, 539- 

mistakes with, 539-540 
540, 540f 

training, 552 
usage test for, 540, 541 t 

Methacholine challenge, 2 17 
Methemoglobin (HbMet), 263, 

263 f 
Meth y lprednisolone 

fatal asthma and, 279 
initial dose, 359 
for intubated asthmatics, 483 

for asthma in pregnancy, 450 
pharmacodynamics, 336. See 

Methylxanthines 

also Aminophylline; Theophyl- 
line 

Midazolam, for intubation, 423 
Middle Ages, history of acute asthma 

in, 2, 4, 5f 
Migrant studies, 68 
Miner’s asthma, 17 
Mites, in house dust, 86 
Mobility, of immune response, 48 
Mold allergens, 86 
Monoclonal antibodies, for viral- 

induced wheezing, 12 1 - 122 
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Morbidity 
asthma-related 

specialized clinics and, 183- 184 
in urban populations, 173, 174 

ozone air pollution and, 129- 132,13 If 
particulate matter air pollution and, 

Mortality, asthma-related, 26-27. See 

acute, in United States, 65-66, 66f 
air pollution and, 138 
P,-agonist-related, 3 14-3 15 
of children, 505 
geographic variation of, 68 
in hospital, 280, 282 
increasing, explanations for, 74-75 
inner city residents and, 135 
after intubation, 469 
nocturnal, 157 
ozone air pollution and, 129 
particulate matter air pollution and, 128 
race and, 135, 175-176 
racial differences in, 72, 73f 
risk factors for, 538t 
specialized clinics and, 183- 184 
in urban populations, 173, 174 

Mouth breathing, in acute upper respi- 
ratory tract infection, 119 

M/P ratio, 35 
MRI (magnetic resonance imaging), in 

sinusitis diagnosis, 10 1 
Mucolytic agents, for acute severe 

asthma, 41 1 
Mucous plugging, 39 
Multicenter Asthma Research Collabo- 

ration (MARC), 1, 27, 35, 505 
Munchausen’s stridor, 217 
Muscarinic-cholinergic receptors, estro- 

Muscarinic receptors 

128 

also Fatal asthma 

gen withdrawal and, 150- 15 1 

blockage, 370 
M,, airway tone maintenance, 370, 

370 f 
M,, airway tone maintenance, 370- 

371, 370f 
M3, airway tone maintenance, 370J 

37 1 
stimulation, 370 

MVV (maximum voluntary ventila- 

Mycoplasma pneumoniae infections, 
tion), 236 

92, 115 

NAEPP. See National Asthma Educa- 
tion and Prevention Program 
(NAEPP) 

cal Care Survey), 66 
NAMCS (National Ambulatory Medi- 

Nasal asthma, 17 
Nasal blockage, in acute upper respira- 

tory tract infection, 119 
Nasal cytology, for sinusitis diagnosis, 

99 
Nasal discharge, purulent, 102 
Nasal flaring, 207 
Nasal polyps 

sinusitis and, 98, 106 
treatment, 106 

Nasal secretions, nocturnal asthma and, 

Yasobronchial reflex, histamine and, 

Nasotracheal intubation, contraindica- 

National Ambulatory Medical Care Sur- 

National Asthma Education and Preven- 

167-168 

93-94 

tions, 423 

vey (NAMCS), 66 

tion Program (NAEPP), 253 
diagnosis of asthma, 60 
Expert Panel Report 11, 379 
guidelines 

for asthma management, 290, 

for children, 5 12, 5 13J 5 14 
for hospitalization/discharge crite- 

for pulmonary function tests, 509 

29 If, 300r-302t 

ria, 529 

National guidelines, for admission crite- 

National Health and Nutrition Surveys 
ria, 492-494, 494t 

(NHANES) 
age/sex data, 70 
asthma prevalence and, 64 
ethnicity and, 175 
first follow-up survey, 63 
111, 72 
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National Health Interview Survey 

National Heart, Lung and Blood Insti- 
(NHIS), 64, 65 

tute (NHLBI), Second Expert 
Panel on Management of 
Asthma, 561 

National Hospital Ambulatory Medical 
Care Survey (NHAMCS), 67 

National Hospital Discharge Surveys 
(NHDS), 67 

National Institutes of Health (NIH), 
“Global Strategy for Asthma 
Management and Prevention 
NHLBI/WHO Workshop Re- 
port,” 289-290 

National Medical Expenditure Survey 

Natural history, of asthma, 63-64 
Near fatal asthma. See also Fatal 

(NMES), 67 

asthma 
definition of, 273 
pathophysiology, 275-276, 276f 
patient characteristics, 274-275,274t 
risk factors for, 276-278, 277f 

Near-infrared spectroscopy (NIRS) 
background, 268 
clinical applications, 268-269 
use in asthma, 269 

continuous usage, P2-agonist dose re- 

vs. metered dose inhaler, 540-541 
for out-of-hospital setting, 460 

Neurohormonal changes, in nocturnal 

Neuromuscular blocking agents 

Nebulizers 

sponse and, 3 12 

asthma, 161 

(NMBs) 
for intubation, 423-424 
for ventilator patients, 480-48 1 

Neutrophils, bronchoalveolar lavage, 
circadian pattern of, 160, 161f 

NHAMCS (National Hospital Ambula- 

NHANES. See National Health and Nu- 

NHDS (National Hospital Discharge 

NF-KB, 351 

tory Medical Care Survey), 67 

trition Surveys 

Surveys), 67 

NHIS. See National Health Interview 

NHLBI (National Heart, Lung and 
Survey 

Blood Institute), Second Expert 
Panel on Management of 
Asthma, 561 

in, 6-11, Sf-12f 
19th century, history of acute asthma 

NIRS. See Near-infrared spectroscopy 
Nitric oxide 

in air pollution, 189-190 
as early-phase mediator, 39 

Nitrogen oxide, in air pollution, 128 
Nitroglycerin, for acute severe asthma, 

NMI3s. See Neuromuscular blocking agents 
NMES (National Medical Expenditure 

Nocturnal asthma 

409-4 10 

Survey), 67 

discharge and, 169 
ED presentation, 165f 

airway secretions and, 168 
allergic factors and, 168- 169, 169f 
gastroesophageal reflux and, 163- 

nasal secretions and, 167- 168 
obstructive sleep apnea and, 164. 

sinusitis and, 167- 168 
historical aspects, 157- 158 
mechanisms of, 161-162 
pathophysiology, 276 
theophylline for, 338 
treatment, CPAP, 166, 166f 

Noncompliance, 280, 545-546 
Noninvasive monitoring 

164,164f 

166- 167, 166f 

pulse oximetry. See Pulse oximetry 
of vital signs, 261-262, 262f 

Observation units, 35 
admission decisions and, 5 19-520 
asthmatic patient studies, 522-524 
billing structure, 52 1-522 
continuous quality improvement and, 

line of authority, 521 
pediatric, 524-525 
services in, 520-522 

52 1 
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Occupational asthma, 18, 64 
Occupational exposures, to allergens, 

Optodes (optical gas electrodes), 269- 

Oral contraceptives, AMP airway reac- 

Osler, Sir William, 13, 14f, l5f 
Outdoor pollutants, fatal asthma risk 

and, 278 
Out-of-hospital setting 

218 

270 

tivity and, 152 

assessment in, 457-459, 458t 
pediatric considerations, 46 1-463, 

special considerations, 463-465, 

treatment of acute asthma in, 459- 

463 t 

464t 

46 1 
Overpressure injury, 425 
Oxitropium bromide, dose/duration, 

Oxygen 
372t 

desaturation, in intubated asthmatic, 
477,479 

supplemental 
for children, 512 
for field treatment of acute 

asthma, 460 
historical aspects, 23 
for out-of-hospital management, 

of children, 462-463 
Oxygenation, adequate, 294 
Oxygen saturation (S,O,), 256 

in children, 5 10-5 1 1 
drop in, during pulmonary function 

testing, 249 
Oxyhemoglobin (Hb02), 263, 263 f 
Oxyhemoglobin dissociation curve, 

Ozone air pollution 
asthma exacerbation and, 130 
formation, 128 
morbidity and, 129 
mortality and, 129- 130 
pollution responders and, 136- 137 
risk to children, 132, 132f 
in summertime, 133 
in urban populations, 189 

264, 265f 

Paco2, endotracheal intubation and, 

PAF (platelet activating factor), 54-55 
Pancuronium 

interaction with theophylline, 342 
for postintubation sedation, 425 

4 19-420 

Panic disorder, 2 17 
Paradoxic breathing, 205 
Paranasal sinuses. See Sinuses, para- 

nasal 
Past medical history, fatal asthma risk 

and, 276-277 
Pathogens, bacterial, in sinusitis, 98, 

99 t 
Pathophy siology 

early phase, 37-38 
historical aspects, 37 
late phase, 38 
multifactorial nature of, 37 

Patient assessment, children, 429-430 
Patient care, epidemiology implications 

Patient education 
for, 75-76 

fatal asthma and, 279-280, 281f 
for postdischarge adherence, 552- 

for premenstrual asthma, 152 
relapse in children and, 515 
for relapse prevention, 499-500 
relapse rate and, 529 

Paulze, Marie Anne Pierette, 20f, 23 
Peak expiratory flow (PEF) 

553 

advantages, 247 
in children, 509-510, 510t 
decreased, factors in, 239 
FEV, and, 246-247 
limitations of, 247-248 
technique, 239-240 

admission and, 492-493, 493t, 494t 
in admission/discharge criteria, 529 
asthma severity and, 208 
circadian pattern of, 159, 159f 
at discharge, relapse rate and, 499 
ED disposition and, 528 
epinephrine and, 325-326 
fatal asthma and, 280, 282 
for field assessment, 459 

Peak expiratory flow rate (PEFR) 
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[Peak expiratory flow rate (PEFR)] 
flow-volume loops and, 236 
glucocorticoids and, 497 
initial, 201 -202 
measurement of, 255, 261 
in nocturnal asthma, 161 
in premenstrual asthma, 146 
serial measurements, 63 
steroid effect on, 354-355, 3554 

Peak flow meters, 238 
hand-held, 245-246 
limitations of, 247-248 
mini-Wright, 255 

Pediatric asthma. See Children; Infants 
PEFR (peak expiratory flow rate), 236 
Periplaneta americana, 188 
Permissive hypercapnia, 469, 472-473, 

484 
Phagocytic cells, 49 
Physical appearance, general, in initial 

Physical examination 
of infants, 205 
initial, 204-205 
of pediatric patient, 207-208, 207t 
vital signs in, 205 

Physical exhaustion, signs of, 421 -422 
Physician-patient communication 

assessment, 205 

barriers to, 282, 282t 
fatal asthma and, 280 
fatal asthma risk and, 277-278 

Physician training, fatal asthma and, 

PI (pulmonary index), 21 1, 21 1 t 
Plateau pressure (Ppl), 475 
Platelet activating factor (PAF), 54-55 
Pneumothorax 

282 

in intubated asthmatic, 477, 479 
from mechanical ventilation, 425 

Poiseuille’s fourth-power law, 39 
Pollution responders, 136- 137 
Polycythemia, 209 
Polyps, nasal, sinusitis and, 98, 106 
Postdischarge medical regimen, compli- 

ance and, 551-552 
Potassium, serum, 258 
Potassium chloride, estrogen with- 

drawal and, 150 

Potter’s asthma, 17 
Pranlukast, 44 
Precipitating factors. See Trigger fac- 

Prednisolone, intramuscular, relapse 

Prednisone 

tors 

rates and, 528 

for chronic obstructive pulmonary 

initial dose, 359 
oral, for moderate pediatric exacerba- 

psychiatric symptoms and, 363-364 

asthma effect on, 446-448 
asthma in, 451 

disease, 364 

tions, 431-433, 432t 

Pregnancy 

anticholinergic agents for, 450 
P-agonists for, 449 
clinical studies of, 446 
corticosteroids for, 450 
cromolyn for, 450 
epinephrine for, 449 
exacerbation of, 446 
improvement, factors in, 445-446 
incidence of, 443 
methylxanthines for, 450 
outcomes of, 446, 447 
pharmacological management, 

research needs for, 35 
timing of improvement in, 446 
uncontrolled, complications of, 

448-449, 448t 

447-448 
dyspnea of, 444 
maternal fetal oxygen exchange and, 

respiratory physiology with, 443- 
445 

444, 444 f 
Prematurity, asthma and, 180- 18 1 
Premenstrual asthma 

estrogen withdrawal in. See Estro- 

evidence, 145-146 
FEV,, 146 
future research, 152- 153 
hormonal variations and, 147- 148 
incidence, 145 
patient education for, 152 

gen, withdrawal 
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[Premenstrual asthma] 
peak expiratory flow rate, 146 
PEFR, Depo-Provera effects on, 

prevention, 15 1 - 152 
treatment, 15 1 - 152 

15 1 - 152 

Pressure at airway opening (Pao), 473 
Pressure support, for acute severe 

Prevalence 
asthma, 403-407, 404 f-407 f 

of asthma 
air pollution and, 137-138 
gender differences in, 70, 72 
geographic variations in, 68-69, 

in urban populations, 174, 190 
70t 

of sinusitis, 92-93 
Primary care sensitive condition, 

The Principles and Practice of Medi- 

Progesterone 

asthma as, 561 

cine (Osler), 13, 14f, l5f 

P-adrenergic receptors and, 148 
during pregnancy, 443 
variations, in menstrual cycle, 147 

Propofol, for intubation, 424 
Prostacyclin, 39 
Prostaglandins 

asthma exacerbation and, 446 
D2, in early phase, 38, 38t 
F2, in pregnancy, 446 
in late phase, 38, 38t 

Provocative challenge tests, for anticho- 

Provocative factors. See Trigger factors 
Psychiatric disease, with asthma, 204 
Psychiatric symptoms, steroid-induced, 

Psychogenic upper airway obstruction, 
217 

Psychological disturbances, in fatal 
asthma, 282 

Psychosocial problems, compliance 
and, 549 

Puerto Ricans, biological determinants 
of asthma and, 176- 177 

Pulmonary diffusion capacity, in preg- 
nancy, 444 

linergics, 373-374 

363-364 

13ulmonary embolism, 2 19 
13ulmonary function tests, 295. See also 

specijc pulmonary function tests 
in acute exacerbation, 202 
complications, 249-250 
contraindications, 249-250 
equipment for, 237-238 
flow-volume loops, 236-237 
importance of, 237 
indications, 233 
normal or predicted values, 248-249 
physiology, 233-235, 235 f 
results, reporting of, 248-249 
spirometry. See Spirometry 
steroid effect on, 354-355, 355f 
techniques 

acceptability criteria, 240, 240t, 

peak expiratory flow, 239-240 
spirometry, 238-239 

241 f-246J 243-246 

in vocal cord dysfunction, 21 7 
Pulmonary function tests (PFTs), for 

Pulmonary index (PI), 2 1 1, 21 1 t 
Pulse oximetry 

for admission assessment, 49 1 
for children, 462 
in children, 5 10-5 1 1 
clinical applications, 264 
for field assessment, 459 
historical background, 262-263, 

principle of, 263-264, 263f 
use in asthma, 264-265, 265f 

children, 508-5 10, 5 lot 

263 f 

l’ulse rate, 205, 208 
13u1sus paradoxus 

admission and, 490 
asthma severity and, 208 
causes of, 205 
in children, 5 11 
diagnosis of, 205-206 
palpable, 462 

l’uritan-Bennett 7200 ventilator, expira 
tory port occlusion on, 478f- 
479J 479-480 

Quality of life, assessment of, 538, 
538t 
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Race 
asthma and, 190-191 
asthma epidemiology and, 72-74, 

asthma mortality and, 135 
biological determinants of asthma 

pulmonary function test values and, 

73f 

and, 176-177 

248-249 
Rackemann, 16- 18 
Radiographic imaging, in sinusitis diag- 

nosis, 99-101, 10OA lOlt 
Rales, 206-206 
Ramadge, 7 
Rapidly fatal asthma, 273. See also Fa- 

Raynaud’s phenomenon, 209 
Recurrence of asthma. See Relapse 
Reduced hemoglobin (HbR), 263, 263f 
Reflex asthma, 17 
Re 1 aps e 

tal asthma 

arterial oxygen saturation and, 264- 

definition of, 527 
follow-up treatment and, 536 
new therapies and, 35 
prevention 

265 

admission/discharge decision- 

readiness for discharge and, 533 
steps for, 533-534 

intramuscular prednisolone and, 

observation units and, 522 
patient education and, 529 
steroids and, 528-529 

risk factors for, 203, 533, 534t 
Remission, 64 
Renaissance, history of acute asthma 

in, 4, 6 
Renal asthma, 17 
Research, epidemiology implications 

for, 75-76 
Residual volume (RV), 234-235 
Respiratory acidosis, with hypoxia, 323 
Respiratory alkalosis, in pregnancy, 

making and, 498-500 

rates 

528 

444 

Respiratory cycle, inspiratory to expira- 
tory phase ratio, 208 

Respiratory distress, in children, 462 
Respiratory failure, physical sings, 

Respiratory infections 
458-459 

and asthma, in urban populations, 

in asthmatics vs. nonasthmatics, 1 18 
186 

Respiratory muscles, fatigue, 255 
Respiratory rate 

asthma severity and, 208 
in children, 462 
monitoring, 205, 262, 262f 
reduction, 47 1-472 

Respiratory syncytial virus (RSV), 9 1, 
115, 462 

Respiratory tract 
infections, in infancy, asthma devel- 

lower, mechanisms of virus-induced 
opment and, 121-122 

asthma exacerbations in, 1 18- 
119 

Rhinosinusitis. See Sinusitis 
Rhinoviruses 

genomidprotein structures, 120 
isolation methods, 120 

Richet, 11 
Risk factors 

alcohol abuse, 184- 185 
changes in, 75 
drug abuse, 184-185 
environmental tobacco smoke, 186- 

ethnicity, 175- 176 
for fatal asthma, 276-278, 277f 
for near fatal asthma, 276-278, 277f 

187 

Rome, Ancient, 2 
RSV (respiratory syncytial virus), 9 1, 

RV (residual volume), 234-235 
115, 462 

Salbutamol 
for acute severe asthma, 401 
with ipratropium, 376-377 

Saline nasal lavage, for sinusitis, 104, 

Salter, 7 
104t 
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Saskatchewan Asthma Epidemiology 

Schizophrenia, compliance and, 549 
Scopolamine, 2 
Seasonality , of endotracheal intubation 

risk, 422 
Sedation 

Project, 314 

acute severe asthma and, 411 
for intubation, 423 
postintubation, 425 

Seizures, in theophylline overdose, 341 
SES. See Socioeconomic status 
Severity of asthma. See Exacerbations, 

acute, severity of 
Sex, epidemiology of asthma and, 69- 

70, 71J 72 
Sexual asthma, 18 
“Silent chest,” 206, 396 
Single-parent families, asthma and, 179 
Sinuses, paranasal 

development of, 102, 102t 
function of, 97 
mucus blanket of, 97 
structure of, 97, 97f 

acute, 95 
antibiotic therapy for, 204 
associated upper respiratory tract 

association with asthma, 93-94, 93t 
bacterial pathogens, 98, 99t 
childhood, 102-103, 102t 
chronic, 95, 96 
definition of, 94 
diagnosis of, 98- 102 
medical treatment 

Sinusitis 

conditions, 106- 107 

with antibiotics, 103-104, 103t 
antihistamines, 105 
asthma improvement and, 94 
decongestants, 105 
intranasal steroids, 105 
oral corticosteroids, 105 
saline nasal lavage, 104, 104t 
steam inhalation, 104 

nocturnal asthma and, 167-168 
pathophysiology, 96-98, 975 985 

predisposing factors, 96t 
99t 

[Sinusitis] 
in pregnancy, 446 
prevalence, 92-93 
prevention, 105 
subacute, 95, 96 
surgical treatment 

asthma improvement and, 94 
indications for, 105- 106 

symptoms of, 95-96, 95t 
x-rays of, 97-98, 98f 

Sinus puncture, in sinusitis diagnosis, 
102 

Skin testing 
for allergic asthma, 82 
for IgE antibodies, 86-87 

SloBid, 336. See also Theophylline 
Slowly fatal asthma, 273. See also Fa- 

Smooth muscle contraction, in airflow 

Social environment, asthma and, 179- 

Socioeconomic status (SES) 

tal asthma 

obstruction, 38 

180 

asthma and, 177-178, 190-191 
factors related to, 179 

asthma epidemiology and, 73-74 
fatal asthma risk and, 277 
health problems and, 179- 180 
hospitalization for asthma and, 135- 

inadequate health care access, severe 
136 

asthma and, 181-184 
Sodium bicarbonate 

for acidosis, 473 
bronchodilator effect, of P-agonists 

and, 324 

asthma management guidelines, 
South African Pulmonology Society, 

293, 299A 3001-302t 
Spacer device, with metered dose in- 

Spasmodic asthma, 6 
Specificity, of immune response, 48 
Speech, staccato, 205 
Spirometers 

haler, 541 

flow-sensing, 237-238 
information from, 238, 238t 
volume-sensing, 237 
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Spirometry 
for admission assessment, 491 -496, 

admission decision-making and, 500 
in clinical evaluation, 60 
FEV,. See Forced expiratory volume 

in 1 second 
historical aspects, 235 
historical background, 238-239 
NAEPP guidelines, 253 
purpose of, 254 
technique, 239 
unreliable tests, 244-245 
volume-time plot or spirogram, 

493t, 494t 

235-236, 236 f 
Sputum, induction, 33 
Stable asthma 

anticholinergics for, 373-374 
theophylline for, 337-338 

Staccato speech, 205 
Status asthmaticus 

definition of, 395 
during pregnancy, birthweight and, 447 
in pregnancy, 443 
refractory, 395 
theophylline for, 335 

Steam inhalation, for sinusitis, 104 
Sternocleidomastoid muscles, use of, 208 
S ternocleidomas toid retraction, 206 
Steroids. See also Corticosteroids; Glu- 

cocorticoids 
adrenal axis and, 353-354 
for children, 5 12 
chronic use, 354 
clinical effects 

358 f 
with bronchodilators, 356-357, 

general acute, 354 
with hydrocortisone, 356, 357 f 
temporal aspects of, 354-358, 
355 f-358 f 

complications, 363-364 
discharge with, 537-539 
on emergency department discharge 

duration of, 360-361 
relapse and, 359-360, 360f 

fatal asthma and, 279 
historical aspects, 349 

[Steroids] 
indications, in emergency depart- 

ment, 359 
inhaled, 362-363 

effects of, 49 
withdrawal, in childhood asthma, 

inhibition, of cytokine synthesis, 55 
initial dose, 359 
intramuscular, 362 
intranasal, for sinusitis, 105 
mechanisms of action, 349-35 1, 

oral 

47-48 

35Of-35 1 f 

outpatient tapering of, 361 
vs. intravenous, 358-359 

pharmacology, 351, 352t, 353 
relapse rate and, 499 
relapse rates and, 528-529 
resistance to, 363 
systemic, for out-of-hospital setting, 

46 1 
Stethoscope, binaural, lOf 
Stone asthma, 18 
Stramonium, 18 
Strongyloides, 219 
Substance abuse, asthma treatment 

Succinylcholine, for intubation, 423- 

Sulfates, particulate (SO,'), in summer- 

Sulfur dioxide (SO,) 

compliance and, 549-550 

424 

time air pollution, 133 

in air pollution, 128 
airway responsiveness, individual 

in wintertime pollution, 133- 134 
Summertime haze air pollutants, 133. 

See also Ozone air pollution 
Supraclavicular retractions, 208 
Symptoms 

asthma 

variability of, 137 

for diagnosis, 60 
improvement, with sinusitis treat- 

nocturnal worsening of, 157-158, 
ment, 94 

158f. See also Nocturnal 
asthma 
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[Symptoms] 
persistence of, 82 
questions, for self-report question- 

range of, 59 
of sinusitis, 95-96, 95t 
variation in, 201 

naires, 62 

Syncope, during prolonged expiration, 249 

Tachycardia, 209, 26 1 
Tamaka Swasa, 2 
T-cells, immune system functions, 48-49 
Teaching techniques, for postdischarge 

Template chart, 212, 2205 223f 
Tension pneumothorax 

adherence, 552-553 

in intubated asthmatic, 477, 479 
from mechanical ventilation, 425 
pleural drainage of air for, 478f- 

4795 479-480 
Terbutaline 

administration, via endotracheal 

for severe exacerbations, in children, 

subcutaneous, for out-of-hospital set- 

tube, 464 

435-436 

ting, 460 
TheoDur, 336. See also Theophylline 
Theoph y lline 

absorption, 336 
for acute asthma, 338-339 

efficacy of, 342-344 
during pregnancy, 450 

for chronic asthma, efficacy of, 342-343 
clearance, factors in, 340t 
in combination therapy, for pediatric 

patients, 339 
drug interactions, 342 
elimination, 336, 339 
historical aspects, 335 
intravenous, dosing for, 343, 343f 
overdose, management of, 34 1-342 
pharmacodynamics, 335-336 
pharmacological effects, 337-338 
serum levels, 258 
for status asthmaticus, 335 
toxicity, 339-342 

major, symptoms of, 340, 341 

[ Theophylline] 
management of, 34 1-342 
mechanism of, 340 
minor, symptoms of, 339-340 

‘Theoretical therapies, for acute severe 

‘Therapeutic alliance, compliance and, 546 
Thoracic Society of Australia and New 

asthma, 409-41 1 

Zealand, asthma management 
guidelines, 290, 296 f-297t, 
3Wt-302 t 

‘I‘hromboxanes 
in early phase, 38, 38t 
synthesis of, 41f 

Thymic asthma, 18 
Time-series studies, of air pollution, 128- 129 
Tiotropium, 37 1 
TLC (total lung capacity), 234 
T-1 ymphocytes 

air pollution-induced, I34 
in asthma pathogenesis, 55 

TNF. See Tumor necrosis factor 
Tokelauans, 68 
Total lung capacity (TLC), 234 
Toxocara canis, 2 19 
Tracheal tumors, 2 15 
Tracheomalacia, 2 14 
Tracheosternal retractions, 208 
Transcutaneous arterial blood gas, 269 
Transillumination, in sinusitis diagno- 

Treatment, strategies, 43-44 
Triamcinolone, intramuscular depot, 

553-554 
Trigger factors 

evaluation of, 204 
exercise, 204 
viruses, 204 

sis, 101 

Trimethoprim-sulfamethoxazole, for si- 

‘ ‘Tripod’ ’ position, 205 
Trousseau, 7 
Tryptase, in early phase, 38, 38t 
Tumor necrosis factor (TNF) 

nusitis, 103, 103t, 104 

gonadotropin releasing hormone and, 

inflammatory response to air pollut- 
149 

ants and, 139 
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Ultrasonography, in sinusitis diagnosis, 

UniDur, 336. See also Theophylline 
United States 

101-102 

acute asthma in, 65-68, 66f 
asthma prevalence in, 64-65, 65f 

Updraft nebulization, of P2-agonists, 

Upper respiratory tract, conditions, as- 

Upper respiratory tract infections 
in children, 534 
Chlamydia pneumoniae, 92 
Mycoplasma pneumoniae, 92 
prodromal, 213-214 
viral, 91-92 

Urban population 
asthma control programs, 19 1 - 192 
asthma mortality in, 135, 173, 174 
asthma prevalence in, 174, 190 
asthma risk factors 

3 10 

sociated with sinusitis, 106-107 

alcohol abuse, 184- 185 
drug abuse, 184-185 

biological determinants of asthma 

cultural environment, asthma and, 180 
environmental allergens/irritants, 185 

and, 176-177 

cockroaches, 187- 188 
dust mites, 188-189 
environmental tobacco smoke, 

outdoor air pollution, 189- 190 
rental housing and, 185- 186 
respiratory infections, 186 

family environment, asthma and, 

hospitalizations, asthma-related, 

inadequate health care access, severe 

low birth weight, asthma and, 180- 

morbidity, asthma-related, 173, 174 
prematurity, asthma and, 180- 18 1 
social environment, asthma and, 

socioeconomic status, asthma and, 

186- 187 

179- 180 

135- 136, 173-174 

asthma and, 181-184 

181 

179- 180 

177- 179 

Vaccines, antiviral, 12 1 
Vascular adhesion molecule- 1 

VCD. See Vocal cord dysfunction 
VC (vital capacity), 235 
Vecuronium, for intubation, 423-424 
Ventilation, in rental housing, 185- 

Ventilator 

(VCAM-l), 39 

186 

expiratory port occlusion on, 478f- 

initial setup for, 481 -482, 48 If 
management, 480-48 1 

Ventricular fibrillation, threshold, epi- 
nephrine and, 322 

Viral infections 

479J 479-480 

asthma and, 114 

in infancy, asthma development and, 

onset of wheezing in children and, 

severity of wheezing in children 

upper respiratory tract, 91 -92 
wheezing from 

epidemiology of, 1 14- 1 18 

12 1 - 122 

116 

and, 116-117 

prevention of, 121 
treatment of, 120- 12 1 

Viral pathogens 
in acute respiratory infections, 115 
as adult asthma triggers, 117 
exacerbation of asthma by, 118- 

identification, in acute asthma epi- 

as precipitants in acute asthma, 

120 

sodes in children, 1 15- 1 16 

116 
Viruses, as trigger factors, 204 
Visceral larva migrans, 219 
Vital capacity (VC), 235 
Vital signs 

in clinical evaluation, 205 
monitoring, 261 -262, 262f 

Vocal cord dysfunction (VCD) 
VLA-4, 54 

in adults, 215, 217 
in children, 214 
sinusitis and, 106- 107 
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Wheezing 
acute respiratory infections in chil- 

before age 1 yr, 213 
in children, severity of viral infec- 

tion and, 116-1 17 
etiology, 434 
exacerbation by viruses, 204 
expiratory, 206 
during induction, 424 
inspiratory, 206 
onset, temporal relationship with vi- 

in patient history, 202 
pitch of, 206 
viral-induced 

dren and, 114-115 

ral infection and, 116 

from infant infections, 122 
prevention of, 121 

[Wheezing] 

White blood cells, estrogen withdrawal 
and, 149 

Williams, Charles B., 7 
Winter pollutants, 133- 134. See also 

Withering, William, 6 
Wood-Downes-Lecks scoring system, 

21 1-212, 212t 
Worm infestation, 2 19 

treatment of, 120- 12 1 

Black smoke; Sulfur dioxide 

X-rays, chest. See Chest x-rays 

Zafirlukast (Accolate), 44, 410 
Zileuton (Zyflo) 

for acute severe asthma, 410 
dosage, 43 




