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1

L e a r n i n g  O b j e c t i v e s

Discuss the global impact of asthma•	

Review the data on hospitalization, costs, mortality, and quality of life for patients •	
with asthma in the United States

Identify available resources for improving asthma care•	

K e y  W O r d s

1
Asthma: A Global 
Perspective

asthma prevalence
indirect costs
direct costs

EPR-3
quality of life
activities of daily living

The History of Asthma
Asthma is a disease as old as antiquity. The Egyptian Ebers Papyrus found 
in the 1870s contains prescriptions written in hieroglyphics for asthma that 
include a mixture of herbs heated on a brick so that the sufferer could inhale 
their fumes.1

The word asthma is derived from the Greek word azein meaning “to 
breathe hard.”2 Greek and Roman physicians managed individuals with 
gasping disorders with tailored treatment plans designs to balance the indi-
viduals’ four “humors”: yellow bile, black bile, blood, and phlegm. Today, we 
do not use the humoral theory of medicine, but we do recommend tailoring 
the patient’s asthma plan to his or her unique situation.

It could be argued that our understanding of the condition had not 
advanced tremendously from ancient times until Hyde Salter, a London 
 physician, described asthma as “paroxysmal dyspnoea of a peculiar char-
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2   Ch a p t e r 1

acter, generally periodic with intervals of healthy respiration between the 
attacks,” in his Treatise on Asthma: Its Pathology and Treatment, published in 
1860.3 Salter, like many practitioners well into the 1980s, viewed asthma as 
an intermittent, acute condition.

It didn’t help matters that Sir William Osler called asthma a “neurotic 
affection” in 1892.4 Osler did, however, identify airway dysfunction and 
pathological changes in the lung such as bronchial mucosal edema, inflam-
mation, and the production of gelatinous mucus as symptoms of the condi-
tion. He also noted that exposure to a “bizarre and extraordinary variety of 
circumstances” including airway infections and animal exposures induced 
the paroxysm. Many of the clinical descriptors Osler assigned to asthma 
we still use today, including spasms of the bronchial muscles, swelling of 
the bronchial mucosal membrane, inflammation of the smaller airway, and 
hay fever, which has many resemblances to asthma. He also noted that the 
affectation runs in families and he correctly identified that the illness often 
begins in childhood and sometimes lasts into old age.

What has changed in recent years is that we no longer think of asthma as 
a collection of intermittent symptoms, but as a chronic syndrome. This shift 
in our point of reference has changed the way we treat the disease. The idea 
of controlling asthma and preventing acute exacerbations has taken center 
stage and is the focus of today’s treatment regimens.5

The Global Impact of Asthma
The Global Initiative for Asthma (GINA) estimates that nearly 300 million 
people worldwide have asthma.6 Sharp increases in the occurrence of asthma 
in South Africa and the countries of the former Eastern Europe, including the 
Baltic States, particularly in children and the elderly have been noted in the 
last 10 years. This data however may be misleading; standardized data are 
still missing for many other countries in Africa, Asia, and South America, 
and data from some western countries may not be up to date. There are also 
data that suggest as countries become more westernized their asthma rates 
are increasing, leading investigators to hypothesize that asthma prevalence 
may increase globally to include an additional 100 million persons diagnosed 
with the illness by 2025.7

GINA defines the developing regions of the world as Africa, Central and 
South America, Asia, and the Pacific Basin. Asthma prevalence rates in these 
regions continue to rise significantly. Their investigators estimate that more 
than 40 million individuals in South and Central America have asthma. High 
prevalence rates have been reported in Peru (13.0%), Costa Rica (11.9%), Bra-
zil (11.4%), and Ecuador (8.2%). In Africa, more than 50 million individuals 
are believed to have asthma. The highest asthma prevalence rates on this 
continent are found in South Africa (8.1%).
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Asthma: A Global Perspective   3

Almost 44 million people in the East Asia/Pacific region have asthma, 
although the prevalence rates, as well as reporting, vary markedly through-
out the area. In China, a tenfold variation in the reported regional prevalence 
of asthma has been observed. Experts believe that significant increases in 
prevalence will be reported in China. This is attributed to China’s population 
and the rate of economic development with associated lifestyle changes. They 
suggest that an absolute 2% increase in the prevalence of asthmatics in China 
would result in an additional 20 million asthmatics worldwide.

Surprisingly, the highest asthma rates worldwide are found in the United 
Kingdom and its former colonies. On average more than 1 in 15 individu-
als in the United Kingdom have asthma. An estimated 20,000 first or new 
episodes of asthma present each week to general practitioners in the United 
Kingdom.8 Asthma is one of the leading causes of hospital admission in 
children with more than 75,000 emergency hospital admissions reported 
annually. The data shows that an estimated one in four people have severe or 
moderately severe asthma that might be relieved if treatment were reviewed 
and made more appropriate. One in 10 people living with severe or moder-
ately severe asthma have inadequately controlled disease despite some of the 
best clinical and preventive management systems.

In North America, asthma statistics are also alarming. The prevalence of 
asthma symptoms and diagnosed asthma in Canada and the United States 
is among the highest in the world. One person in 10 in North America has 
asthma. Rates are higher in certain racial groups including African Ameri-
cans and Hispanics compared with Caucasian children. Variances in urban 
compared with rural areas are also noted. If Canada and Mexico are removed 
from the statistics, the Centers for Disease Control and Prevention (CDC) 
in Atlanta, Georgia, report that in 2008 approximately 38.4 million people 
(10.2 million children and 28.2 million adults) in the United States had been 
diagnosed with asthma at some point during their lifetime. Of these, ap-
proximately 23.4 million individuals currently have asthma. In 2008, more 
than 4 million children within the United States (age 0–17 years) reported 
experiencing an asthma episode or attack during the previous 12 months 
(see Table 1.1).

Gender specific variances in asthma prevalence have been noted and 
seem to be age related. Overall, asthma is more common in females (13.5%) 
than in males (12.2%).9 When specific calculations are made for age, male 
children (16%) were more likely than girls (11%) to have ever been diagnosed 
with asthma.10

Racial differences in the prevalence of asthma have also been docu-
mented. African American children report a 21.1% asthma rate compared to 
a 13.0% rate for Caucasian children in the United States. In adults, the num-
bers are a little more comparable with African Americans reporting 13.6% 
compared to Caucasians at 12.9% (see Table 1.2).
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In 2008, 4.7 million Hispanic Americans reported having been diag-
nosed with asthma at some point in their lifetime.11 Overall, Hispanic adults 
had lower rates of asthma than non-Hispanic white adults and non-Hispanic 
black adults. However, the data show significant variances among Hispanic 
subgroups. Specifically, Puerto Ricans reported an asthma rate of 21.1%, 
while Mexican/Mexican-Americans reported a rate of 8.7%.

Regionally, Americans in the Midwest report higher asthma rates (13.5%) 
compared to those in the Northeast (13.3%); the west (13.2%) and southern 
United States (12.0%) report even lower rates.

Socioeconomically, asthma is more often reported among persons with 
a family income in the lowest poverty levels. It has been hypothesized that 
families living at or below the poverty threshold are more likely to live in 
substandard housing and have higher exposure rates to pest-related allergen 
and asthma triggers.12

Hospitalization Rates

Trends show a growing number of hospitalizations that can be directly at-
tributed to asthma, particularly for children. In Europe, acute asthma is the 
most common cause of hospital admissions among children.13 The Asthma 
in America survey,14 conducted by telephone from May 21 to July 7, 1998, 
identified that approximately 9% of asthma patients required hospitalization, 
23% needed emergency department treatment, and 29% had to have an un-
scheduled emergency appointment because of their asthma. Hospitalization 
rates for African Americans are 50% higher than for Caucasian patients. In 
children the hospitalization rate can be 150% higher for African Americans 
than for Caucasians.15 The data also shows that more women than men are 
hospitalized for asthma. An analysis of hospital discharge data from 2005 
showed that 296,000 hospital discharges were reported for females, while 
192,000 were reported for males.16 The hospitalization discharge data from 
1995–2005 also shows variations on age groups for asthma. For individuals 
younger than 15 years of age and those aged 15–44 years, hospital discharge 
rates declined. The rates for individuals 45–64 years of age have remained 
stable, while discharge rates for those 65 years of age and older have risen 
33%.9

In 2005, a reported 12.8 million physician office visits, 1.3 million outpa-
tient department visits, and almost 1.8 million emergency room visits were 
reported for or attributed to asthma; 1.1 million of the emergency room visits 
were for adults and 696,900 visits were for children.9

Mortality

Internationally, 180,000 deaths are attributable to asthma each year.17 Al-
though variations in asthma reporting somewhat skew this data, the World 
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Health Organization (WHO) reports that most asthma-related deaths occur 
in low- and lower- to middle-income countries. Worldwide asthma mortality 
rates have declined since the 1980s8 (see Table 1.3).

In the United States, 3816 people died of asthma in 2004 and an esti-
mated 3857 died in 2005.18 Age-related variances were noted in the data, 
with individuals over the age of 65 being more likely to die from asthma 
than those in other age groups. Women were also more likely to succumb 
to their symptoms, with some 64% of asthma deaths in 2004 occurring in 
females. African Americans were more than three times more likely to die 
from asthma than Caucasians. Overall, however, there is some positive data 
as asthma deaths in the United States have been continuously declining for 
the past 6 years.15

What Does Asthma Cost?
The economic implications of a diagnosis of asthma are staggering. The WHO 
has reported the annual costs of asthma exceed those of tuberculosis and 
HIV combined.16,19 These costs are usually attributed to poor asthma control 
and disease management, with a disproportionate number of patients using 

Table 1.3 Highest Documented Asthma Mortality Rates in the World*

Ranking Country Proportion of Population (%)

 1. China 36.7

 2. Russia 28.6

 3. Uzbekistan 27.2

 4. Albania 20.8

 5. South Africa 18.5

 6. Singapore 16.1

 7. Romania 14.7

 8. Mexico 14.5

 9. Malta 11.6

10. Colombia 10.1

Note: The United States ranks 25th on this listing with a rate of 5.2 case fatalities per 100,000 
asthmatics.

* The asthma mortality comparisons between the different countries has been made using 
mortality rates in the 5–34-year age group. The authors used the WHO country-specific mor-
tality data for ICD codes 490 to 493 and data from the two most recent years in which it was 
available for each country.

Adapted from: Masoli M, Fabian D, Holt S, et al. Global Initiative for Asthma (GINA) pro-
gram: the global burden, 2004. Available at: http://www.ginasthma.com.
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10   Ch a p t e r 1

a larger portion of the healthcare dollars.20,21 The evaluation of asthma costs 
considers both direct costs, which include the cost of medications and treat-
ment, and indirect costs, such as loss of school or work days and decrease in 
productivity. In Europe the estimated total cost of asthma is $21.65 billion 
per year. Outpatient costs account for approximately $4.65 billion of these 
expenses, while medications account for $4.4 billion annually. Indirect costs 
of $11.99 billion are directly attributed to poor asthma control. In England, 
for example, 69% of parents or partners of parents of children with asthma 
report taking time off from work because of their child’s asthma-related 
complications. Thirteen percent report that they have lost a job because of 
their child’s asthma.22

In the United States the annual economic cost of asthma is $19.7 billion 
($14.7 billion in direct healthcare costs and $5 billion for indirect costs). The 
Asthma in America survey provides a snapshot of the indirect costs of asthma 
in the United States. The survey interviewed 2509 adults with asthma or par-
ents of children with asthma, as well as more than 700 healthcare providers 
from across America. The survey found that when compared to the general 
public, the people with asthma averaged 75% more sick day usage. The re-
spondents who reported having severe asthma were shown to have spent ap-
proximately 4 days in bed in the previous month due to their asthma. Almost 
half of the adults with asthma (47%) said that their disease has caused them 
to change their expectations about what they are able to do, with almost two-
thirds (64%) of respondents admitting that their health limits their activities. 
In the general public only 1 in 4 (26%) people believe their health limits their 
activities. The true impact of asthma on an individual’s daily routine, also 
known as their activities of daily living, is hard to quantify. On days when 
their asthma is less active, there may be minimal impact on the individual’s 
behavior. On more active asthma days, basic activities such as walking to 
the restroom and eating may be difficult. The asthmatics surveyed noted 
that their asthma caused limitations in sports and recreation (48%), normal 
physical exertion (36%), sleeping (36%), and general lifestyle overall (31%). 
Nearly half of the asthmatics surveyed (45%) said there are things that they 
would like to do that they cannot do because of their asthma.23

A partner study, Children and Asthma in America, conducted by telephone 
interview from February to May 2004, collected data from 801 children (or 
their care providers), 4–18 years of age with a current asthma diagnosis. 
This data shows that for many children their asthma is uncontrolled. In the 
month prior to the survey, 67%, or about two-thirds, of the children had 
experienced daytime, nighttime, or exercise-induced symptoms; 19%, or 1 in 
5 children, had experienced daytime symptoms three times a week to daily; 
and 22% reported nighttime symptoms once a week to daily. More than half 
of the children (54%) had missed school or daycare in the past year because 
of their asthma with an average of nearly 4 days missed. This had a nega-
tive impact on the parents as well, with 39% reporting that they had missed 
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work in the past year due to their child’s asthma. Poorly controlled asthma 
was shown to have a direct negative impact on the quality of the children’s 
lives. When surveyed, 62% of the children reported that they were limited 
by their asthma and in their activities of daily living as well as participating 
in sports, having pets, sleeping, attending school, and/or joining in outdoor 
activities with friends and family.22

Managing Asthma
As is apparent from this data, the burden of asthma on those with the condi-
tion as well as the healthcare systems and economies of the world is huge. 
Differences in healthcare systems, standards of living, and access to care 
prevent any easy global fix for the problem. Asthma is also not a healthcare 
priority for many nations, though significant proportions of their populations 
suffer from the illness. In Africa for example, most governments concentrate 
their healthcare efforts on reversing poor nutrition, poor housing, and halt-
ing the spread of infectious diseases such as HIV/AIDS. Many governments 
lack the resources to tackle these priorities, let alone asthma.8

GINA guidelines, updated in December 2009, stress the importance of 
implementing guidelines at the national and local level that include a wide 
variety of professional groups and other stakeholders, establishing a system 
of care that evaluates the effectiveness and quality of care delivered, and 
focusing on the most cost-effective management approaches that are avail-
able to as many patients as possible.23 These guidelines include a detailed 
implementation plan as well as a checklist on the issues for national and local 
asthma implementation strategies to assist the healthcare systems.24

In the United States, there are several options available for improving 
asthma control (see Box 1.1). Healthy People 2010, a national initiative to 
improve overall health, identified asthma as a significant respiratory illness 
and has established goals for better management of the disease. The program 
advises that the effective management of asthma includes four components: 
avoiding or controlling the factors/triggers that may make asthma worse, 
utilizing appropriate medications tailored to the severity of the disease, effec-
tive and objective monitoring of the disease by the patient and the healthcare 
professional, and patient-focused disease management.25

America Breathing Easier is part of the CDC’s National Asthma Control 
Program based on the Healthy People 2010 goals for asthma.9 This program 
funds state, city, and school programs to improve asthma awareness; creates, 
establishes, and expands surveillance systems, trains health professionals, 
and educates individuals with asthma and their families and community.

The American Lung Association has several patient and professional 
tools to assist in asthma management, as well as active state and regional 
chapters that provide direct support at the local level.
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box 1.1 Useful asthma Resources

The Global Initiative for Asthma (GINA) 
http://www.ginasthma.com/

American Lung Association 
http://www.lungusa.org/

Centers for Disease Control and Prevention: Asthma 
http://www.cdc.gov/asthma/

National Asthma Education and Prevention Program (United States) 
http://www.nhlbi.nih.gov/about/naepp/

Guidelines for the Diagnosis and Management of Asthma (EPR 3; United 
States) 
http://www.nhlbi.nih.gov/guidelines/asthma/

NHLBI: Physician Asthma Care Education 
http://www.nhlbi.nih.gov/health/prof/lung/asthma/pace/

American Academy of Allergy, Asthma, and Immunology 
http://www.aaaai.org/

American College of Allergy, Asthma, and Immunology 
http://www.acaai.org/

American Association for Respiratory Care 
http://www.aarc.org/

American College of Chest Physicians 
http://www.chestnet.org/

American Thoracic Society 
http://www.thoracic.org/

Association of Asthma Educators 
http://www.asthmaeducators.org/

Practitioners in the United States can also turn to the National Heart, 
Lung, and Blood Institute (NHLBI). A division of the National Institutes of 
Health (NIH) the NHLBI manages several initiatives that can assist asthma 
patients and their care providers. Among these is the National Asthma 
Education and Prevention Program (NAEPP). This agency has established 
goals of raising asthma awareness as a serious chronic disease; as well as 
insuring effective diagnosis and treatment. Administered and coordinated 
by the NHLBI, the NAEPP works with intermediaries such as major medical 
associations, voluntary health organizations, and community programs to 
educate patients, health professionals, and the general public. The NHLBI 
is also the organization that convenes the “Expert Panel” that develops the 
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guidelines for asthma used in the United States. The most current version 
of the Expert Panel Report is Version 3 (EPR-3). The Physician Asthma Care 
Education (PACE) program, also supported by the NHLBI, is a two-part 
interactive, multimedia educational seminar. The goal of this program is to 
improve physician awareness, ability, and use of communication and ther-
apeutic techniques to reduce the effects of asthma on children and their 
families. PACE provides instruction on how to document, code, and improve 
asthma counseling reimbursement for providers as well. The program can be 
conducted at the local level and involves two 2.5-hour interactive sessions, 
which should be held one week apart.

Many state and local health departments, as well as school systems, 
have developed programs to increase asthma awareness and improve care. 
Practitioners are encouraged to contact their local agencies to determine their 
available resources.
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2
Defining Asthma

L e a r n i n g  O b j e c t i v e s

Discuss the definition and clinical characteristics of asthma•	

Review the signs and symptoms of asthma•	

Identify the different types of asthma•	

Review the association between allergies and asthma•	

Identify common asthma triggers•	

Review methods to control asthma triggers•	

K e y  W O r d s

airflow obstruction
bronchial hyperresponsiveness
airway inflammation
work-related asthma (WRA)
occupational asthma (OA)
trigger
atopy
allergen
intercostal retractions
gastroesophageal reflux disease (GERD)
obstructive sleep apnea (OSA)

aspirin-exacerbated respiratory disease 
(AERD)

exercise-induced bronchospasm
antigen
allergic cascade
immunoglobulin (Ig)
mast cells/basophils
leukotriene
dander
hygiene hypothesis
high-efficiency particulate air (HEPA) filter

What Is Asthma?
Asthma is usually thought of as a disease characterized by intermittent 
wheezing in response to an irritant or allergen. Unfortunately, many asthmat-
ics also think of the condition in this way. This mindset has led to treatment 
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of symptoms of asthma as they occur and does not address the underlying 
causes of the condition. Appropriate treatment of the underlying causes of 
asthma can prevent the symptoms from occurring and significantly improve 
the individual’s quality of life. There are numerous examples of asthmatics 
who participate in professional sports or who have successful careers because 
their asthma is “controlled” and does not impact their daily activities.

Physiologically asthma is a complex cascade of conditions and interac-
tions that lead to acute airflow obstruction, increased mucous production, 
bronchial hyperresponsiveness, and airway inflammation.1 Each of these 
interactions and their manifestations can be slightly different depending on 
the individual and can even vary in severity in the same individual due to 
their internal physiologic environment and external factors. It is these physi-
ologic interactions that result in the wheezing and breathing difficulties that 
the individual experiences and we call asthma.

The clinical characteristics of asthma are defined as the occurrence of symp-
toms and the presence of airway obstruction, inflammation, and hyperrespon-
siveness.2

Signs and Symptoms
Defining the signs and symptoms of asthma is challenging as the mani-
festations from a clinical perspective vary from person to person (see Table 
2.1). While most asthma patients present with wheezing, some do not. As 
clinicians, we often also use the terms exacerbation or episode to define an 
“attack” of wheezing or shortness of breath in an asthmatic.

Different Types of Asthma
Childhood Asthma

Asthma is the most common chronic disorder in children and, if untreated, 
has a direct negative impact on the quality of the child’s life. While most 
children with asthma present with the traditional symptom of wheezing, 
many do not. A persistent cough is a common asthmatic symptom that is 
often overlooked in children. A child who coughs during or after vigorous 
playing, running, or crying may have asthma. Recurrent coughing at night is 
also a common sign seen in asthmatic children. Many of these children will 
also report having difficulty sleeping and may have difficulty staying awake 
during the day or concentrating on their school work.3,4
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TAble 2.1 Asthma Symptoms and Severity

Common Asthma Symptoms
Symptoms That May Be 
Associated with Asthma

Symptoms of Severe 
Asthma

Peak flow numbers in 
the caution/yellow range 
(usually 50%–80% of 
personal best)

Abnormal breathing 
pattern characterized 
by prolonged 
expiration

Peak flow numbers in 
the danger/red zone 
(usually < 50% of 
personal best)

Cough with or without 
mucous production; often 
worse at night or early in the 
morning, making it hard to 
sleep

Cyanosis

Shortness of breath that 
gets worse with exercise or 
activity

Breathing temporarily 
stops 

Alterations in 
consciousness 
(i.e., drowsiness, 
confusion) during an 
asthma exacerbation

Posturing (hunched 
shoulders)

Intercostal retractions Chest pain Extreme difficulty 
breathing

Wheezing

Usually begins suddenly•	

Episodic in nature•	

May go away on its own•	

May be worse at night or •	
in early morning

Gets worse when •	
breathing in cold air

Gets worse with exercise•	

Gets worse with •	
heartburn (reflux)

Improves when using •	
appropriate medications

Nasal flaring Tachycardia

Tightness in the chest Severe anxiety due to 
shortness of breath

Sweating

Adapted from: National Library of Medicine. Medline Plus: Asthma. http://www.nlm.nih.
gov/medlineplus/ency/article/000141.htm. Accessed April 24, 2009.

National Jewish Health. Asthma: Signs and Symptoms. http://www.nationaljewish.org/
healthinfo/conditions/asthma/symptoms.aspx. Accessed April 24, 2009.
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A young child may say that their chest feels funny, or that their chest 
hurts when they run and play. They may be especially irritable and cough. 
These may be signs of asthma and should be evaluated if they are recur-
rent. Detecting asthma in infants is also difficult. Babies cannot respond to 
our questions, and there are no definitive testing procedures for infants. If 
the baby grunts, snorts, or has difficulty breathing while feeding, he or she 
may be experiencing airway inflammation and/or obstruction. Any child or 
infant who experiences frequent coughing or respiratory infections should 
be evaluated for asthma.5

Hidden asthma is a term applied to children who have subclinical asthma 
that is often difficult to detect by assessing the usual signs and symptoms. 
Children with breathing difficulties and/or recurrent coughing, who self-
limit their physical activities, should be assessed for airway obstruction and 
underlying hidden asthma.6

One of the most common questions asked about childhood asthma is 
“Can you outgrow it?” The answer is: maybe. Results of studies to date have 
been mixed. In one study researchers identified that 85% of infants hospital-
ized for wheezing did seem to outgrow their symptoms by adolescence. How-
ever some 30%–40% of these individuals had asthma reemerge as young 
adults.7 These findings, suggesting that childhood asthma is a predictor for 
asthma in early adulthood, have been confirmed by other studies as well.8 
Several factors that may help predict if the asthma may remerge have been 
also identified.9 Sensitization to house dust mites, airway hyperresponsive-
ness, female gender, smoking, and early age of initial onset of asthma, may 
predict asthma persistence or relapse of symptoms later in life.8,9

There are studies that suggest that even though individuals have “out-
grown” their asthma (i.e., they no longer have exacerbations) they continue 
to have changes in their airway structure and abnormal pulmonary function 
testing when measured in adulthood. Whether these findings are “hold-
overs” from their childhood asthma or ongoing subclinical progression is 
unclear.10

Can You Outgrow Asthma?

Some children continue to have asthma throughout their life; others have im-
provements in their asthma symptoms during adolescence and young adult-
hood, and their asthma does not return; still others improve in adolescence 
only to have their symptoms return in midlife or later.11
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Work-Related/Occupational Asthma

Work-related asthma (WRA) is defined as an asthmatic airway response to 
dust, vapors, gases, or fumes that exist or are encountered in the workplace. 
This condition can be further subdivided into work-exacerbated asthma 
(WEA), which is aggravation of preexisting asthma or occupational asthma 
(OA)—asthma that is directly caused by a workplace exposure. To further 
complicate matters, OA is further defined in a variety of ways. Most medical 
texts differentiate between sensitizer-induced asthma and irritant-induced 
asthma.12 Sensitizer-induced asthma refers to individuals who have revers-
ible airflow limitation caused by sensitization to a substance encountered at 
work that involves a latent period (this can be called immunologic asthma 
as well). Put another way, the individual develops asthma over a period of 
time in response to exposure to an irritant. More than 250 agents have been 
documented as causing immunologic occupational asthma.13 These agents 
are divided into high-molecular-weight (HMW) compounds (> 5000 Da) 
and low-molecular-weight (LMW) compounds (< 5000 Da). The HMW com-
pounds act as complete antigens in and of themselves, whereas the LMW 
compounds react with proteins (autologous or heterologous) to form a com-
plete antigen. Data has shown that OA may account for 25% or more of first 
time asthma diagnosis in adults.14

The term irritant-induced asthma is used to describe individuals who 
develop persistent asthma symptoms and nonspecific airway hyperrespon-
siveness after a single short-term, high-intensity inhalational exposure. Ir-
ritant-induced asthma is also called reactive airways dysfunction syndrome 
(RADS).15

A nonimmunologic type of occupational asthma (without latency) has 
also been defined. This type of asthma refers to asthma that can occur in 
response to either single or multiple exposures to irritants at concentrations 
high enough to induce airway injury and inflammation.16,17

Organic dust-induced airways disease is yet another type of work-related 
pulmonary illness. This condition is related to occupational exposure to or-
ganic dusts such as cotton, flax, hemp, jute, sisal, and various grains. This 
family of diseases is not actually asthma. Individuals who develop these con-
ditions are more likely to present with chronic bronchitis and chronic airflow 
limitation while lacking the presence of airway eosinophilia. Symptoms usu-
ally include wheezing, tightness in the chest, coughing, and/or shortness of 
breath.18

The diagnosis of WRA differs from the standard method of diagnosing 
asthma. In addition to assessing the individual’s symptoms, a diagnosis of 
WRA requires an assessment of the individual’s workplace and identification 
of the irritant when possible. Treatment of WRA does not differ from the treat-
ment of other types of asthma. A stepwise approach based on the severity of 
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individuals’ asthma and their level of control is used. When possible, removal 
of the irritant and prevention of further exposure are recommended.

Nocturnal Asthma, Gastroesophageal Reflux 
Disease, and Obstructive Sleep Apnea

There is debate as to whether or not nocturnal asthma is a distinct type of 
asthma in and of itself. There is data that suggests that nighttime asthma 
symptoms are more an indication of poorly controlled asthma in general.19 It 
is clear that nighttime awakenings in children with asthma may affect school 
attendance and performance, as well as work attendance by their parents.19 
The current U.S. guidelines include nocturnal asthma as one of the four key 
symptoms that should be assessed when reviewing a patient’s history.2

The occurrence of nocturnal asthma symptoms has been associated with 
gastroesophageal reflux disease (GERD). Data has shown that GERD dur-
ing sleep can contribute to nocturnal asthma.20 Treatment of GERD with 
a proton pump inhibitor does not directly improve the asthma symptoms, 
improve pulmonary function results, or reduce the use of rescue medications. 
It does however reduce the number of asthma exacerbations and improve the 
quality of life for asthmatic patients.21 Therefore, the current asthma treat-
ment guidelines recommend the assessment for, and medical management 
of, GERD.

Obstructive sleep apnea (OSA) is another condition that has been as-
sociated with nocturnal asthma. Though OSA and nocturnal asthma are 
distinct entities, there is data that suggests they are linked. The indirect 
effect on dyspnea of OSA-induced cardiac dysfunction coupled with neu-
romechanical bronchoconstriction, gastroesophageal reflux, and inflamma-
tion may lead to worsening asthma control in patients with OSA. It has also 
been hypothesized that vascular endothelial growth factor-induced airway 
angiogenesis, leptin-related airway changes, and OSA-induced weight gain 
may also contribute to poor asthma control.22 There is a growing body of 
evidence that suggests that continuous positive airway pressure (CPAP) to 
treat OSA has a positive impact on asthma control. The exact mechanisms, 
however, have yet to be defined.23,24

exercise-Induced bronchospasm

Exercise-induced bronchospasm (EIB) is a term that is used to describe 
acute, transient airway narrowing in response to exercise. There is debate 
as to whether EIB can be clearly defined as a type of asthma in and of 
itself or as a symptom of asthma in general. Some 50%–90% of all in-
dividuals with asthma have airways that are hyperreactive to exercise.25 
Yet there is also data that shows that 10% of individuals with EIB are not 
known to have any other type of asthma symptoms or have the tendency 
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to develop allergic diseases or experience an allergic reaction. This ten-
dency is known as atopy.26

We do know that EIB is most likely to occur during and after exercise 
and is defined as airway narrowing in response to exercise.27 Left untreated 
EIB can cause individuals with asthma to limit their activities and the current 
guidelines recommend that asthmatic patients be assessed for EIB. Patients 
who present with EIB should also be followed regularly to ensure that they 
have no symptoms of asthma or reductions in their peak expiratory flow 
(PEF) at other times when they are not exercising.2

Diagnosing EIB can be challenging. Individuals will usually have a his-
tory of coughing, shortness of breath, chest pain or tightness, or endurance 
problems during exercise. They may or may not report wheezing. These find-
ings are suggestive of a diagnosis of EIB. Diagnosis is usually made by an 
exercise challenge test. Findings of a 15% decrease in PEF or FEV1 (with 
measurements taken before and after exercise at 5-minute intervals for 20–30 
minutes) is compatible with a diagnosis of EIB.

Asthma During Pregnancy and Menses-Related Asthma

Asthma is not a contraindication for pregnancy. However, an expectant 
mother whose asthma is poorly controlled may face a higher risk for herself 
and her baby should she experience an exacerbation. Studies have shown 
that during pregnancy the severity of asthma often changes. The data is 
pretty evenly divided. For approximately one-third of women their asthma 
becomes worse during pregnancy; for one-third of asthmatic mothers to be, 
their asthma becomes less severe; and the remaining one-third report no 
changes in their asthma severity during pregnancy.28–30 Poorly controlled 
asthma can have a serious impact on the baby, resulting in increased perina-
tal mortality, increased chance of premature birth, and low birth weight.29,30 
Pregnant women with asthma should be followed closely and adjustments 
made to their medications and asthma action plan to insure good control of 
their asthma and reduce the risks of adverse outcomes to the baby and the 
mother.2,30

Variations in asthma severity during menstruation and premenstrual 
exacerbations have also been documented in many women.31 While this 
may suggest a hormonal component to these exacerbations, there is not 
enough data to confirm this relationship at this time. The term menses-
related asthma has been applied to this form of asthma.

Treatment-Resistant Asthma

For most asthmatics corticosteroids are used to control their airway inflam-
mation and mange their asthma. Treatment-resistant asthma is the term 
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used to describe the 5%–10% of individuals who do not respond to corti-
costeroid therapy.32 While the condition can be seen at any asthma severity 
level, it is most commonly found in cases of severe asthma.33 It was initially 
believed that this treatment resistance was related to a defect in the in-
dividual’s response to corticosteroids that restricts the anti-inflammatory 
effects of these medications. Studies have shown however that there are 
multiple components and mechanisms of steroid resistance. Abnormalities 
in histone deacetylation pathways, overexpression of the alternative, non-
functional glucocorticoid receptor β, or transcription-factor interference with 
corticosteroid binding to the functional glucocorticoid receptor α have all 
been documented.34 It has also been suggested that some treatment-resistant 
asthmatics have variations in the type of inflammation associated with their 
asthma that may account for the variations in corticosteroid response.35

Aspirin-Sensitive Asthma, Aspirin-Induced Asthma, 
and Aspirin-exacerbated Respiratory Disease

It has been estimated that approximately 21% of adults and 5% of children 
who have asthma experience asthma exacerbations in response to aspirin 
and other nonsteroidal anti-inflammatory drugs (NSAIDs).2,36 The condition 
has come to be known by several names including aspirin-sensitive asthma 
(ASA), aspirin-induced asthma (AIA), and aspirin-exacerbated respiratory 
disease (AERD). It is known that the prevalence of the condition increases 
as the patient ages and/or has a higher severity of asthma.37 Because of the 
risk of Reye’s syndrome, children and teenagers should not use aspirin or 
products containing aspirin-related medications for flu-like symptoms or 
chickenpox without first consulting their physician. Because ASA has been 
identified in a small number of children with asthma, parents should consult 
their physician before giving aspirin to their asthmatic child.

Many adult patients with ASA follow a similar pattern of disease develop-
ment. They typically report rhinitis and profuse rhinorrhea, during their 30s 
and 40s. This evolves into chronic nasal congestion. Upon physical examina-
tion, many are found to have nasal polyps in addition to chronic hyperplastic 
eosinophilic sinusitis.38 These findings are usually precursors of the early 
stages of onset for asthma and aspirin hypersensitivity. Aspirin hypersen-
sitivity is defined as an acute, often severe, asthma episode, usually accom-
panied by rhinorrhea, nasal obstruction, conjunctival irritation, and scarlet 
flush of the head and neck that develops within minutes or within 1–2 hours 
following ingestion of aspirin. It is believed that any medication that acts 
as a cyclooxygenase-1 (COX-1) inhibitor can induce an asthmatic response; 
therefore, several NSAIDs that are COX-1 inhibitors can also cause ASA.

While the exact mechanism by which these medications trigger bron-
choconstriction remains unknown, data has shown significant eosinophilic 
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inflammation, epithelial disruption, increased cytokine production (particu-
larly interleukin-5 [IL-5]), and upregulation of adhesion molecules occurring 
in the airways of patients with ASA.39 Because many of these patients seem 
to have an underlying inflammatory disease of the entire respiratory tract, 
the term aspirin-exacerbated respiratory disease has also been developed to 
describe this condition.

Once an individual develops aspirin sensitivity, they should be advised 
to avoid aspirin and COX-1 inhibitors that could aggravate their condition. 
Should these individuals require an NSAID, a cyclooxygenase-2 (COX-2) 
inhibitor may be considered; however, physician supervision and obser-
vation for at least 1 hour after administration are advised.40 Acetamino-
phen, salsalate, or the COX-2 inhibitor celecoxib are alternatives to aspirin 
that usually do not cause acute bronchoconstriction in aspirin-sensitive 
patients.

Practitioners should query adult asthmatic patients about their history 
of symptoms including bronchoconstriction following the use of aspirin and 
other NSAIDs. If they report having had a reaction to any of these medi-
cations, they should be informed of the potential for all of these drugs to 
precipitate severe and even fatal asthma exacerbations. In addition, adult 
patients who have severe persistent asthma or nasal polyps should be coun-
seled regarding the potential risk of using these medications.2 Utilization of 
an aspirin challenge test as a diagnostic tool for ASA is not recommended as 
it is associated with a high risk of potentially fatal consequences.41 Aspirin 
desensitization therapy has been used as a treatment for ASA. The daily 
use of aspirin is believed to control inflammation, reduce upper-airway mu-
cosal congestion, and delay or slow nasal polyp formation. If desensitization 
therapy is successful the individual is usually placed on a daily regimen of 
aspirin therapy.42 It is believed that the desensitization can be maintained 
indefinitely as long as the individual takes the daily aspirin treatment.43 De-
sensitization therapy should only be conducted by experienced practitioners 
with full resuscitation capabilities.

Vocal Cord Dysfunction

Vocal cord dysfunction (VCD) is characterized by paroxysmal adduction of 
the vocal cords, resulting in airway restriction and is often misdiagnosed as 
asthma. Individuals report stridor, shortness of breath, wheezing, cough, 
and exertional dyspnea in some cases.44 These misdiagnosed asthmatics are 
often placed on an asthma action plan that does not control their symptoms. 
As their “asthma progresses,” the medication levels in their asthma action 
plans are usually increased to no avail.45 Vocal cord dysfunction is diagnosed 
by direct visualization of the vocal cord movement. Speech therapy is the 
treatment of choice for individuals with VCD.46
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Trigger-Related Asthma

Trigger-related asthma is a term used to describe a family of asthmatic phe-
notypes that includes asthma that is “activated” or caused in response to a 
particular irritant or trigger. The term would encompass allergic asthma, 
occupational asthma, aspirin-induced asthma, pregnancy/menses-related 
asthma, and exercise-induced asthma.33

Allergic Asthma

Allergic asthma is perhaps the most common type of asthma. This variety of 
asthma can present at any age, though it usually begins in early childhood. 
A family history of asthma and early exposure to allergens are considered to 
be the most common etiologies of the condition. Essentially, allergic asthma 
is defined as asthmatic symptoms in response to an allergen irritant. Al-
lergic asthma is generally associated with airway inflammation, though a 
clear definition of what constitutes allergic asthma has not been established. 
It has been suggested that a definition of allergic asthma should include 
demonstration of both specific IgE, in the form of a positive skin-prick test 
or radioallergosorbent test, and a history of allergic symptoms in response 
to a trigger.33

Atopic Asthma and extrinsic Asthma

The terms atopic asthma and extrinsic asthma are often used interchange-
ably with allergic asthma. Specifically, the word atopy refers to an allergic 
hypersensitivity that can cause a reaction either in the pulmonary system as 
allergic asthma or in the skin as dermatitis. A more clinical definition is a 
genetic predisposition to the development of an IgE-mediated response to an 
allergen. Atopy is believed to be the most significant identifiable predispos-
ing factor for the development of asthma.2

Allergens and Asthma
The association between allergies and asthma has been clearly docu-
mented.47 When an allergen or infective agent enters the body via the re-
spiratory system a series of reactions in the immune system known as the 
“allergic cascade” is triggered. The respiratory system and in particular the 
bronchi begin to recruit inflammatory cells from the bloodstream into the 
bronchial wall. These inflammatory cells secrete proteins that identify and 
bind to the allergen and/or potentially invading organism. Concurrently, 
swelling of the bronchial wall, and an increase in bronchial secretions and 
airway constriction can occur. The main components in the allergic cascade 
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are immunoglobulin (Ig), also more commonly known as antibodies; and 
mast cells/basophils and chemical mediators. A more detailed explanation 
of airway inflammation and its components are discussed in Chapter 3.

Infections Versus Allergies: An Immunologic View

The body’s initial response to an infection is the same as that to an allergen.  
T lymphocytes race to the site of the invasion, determine what type of antigen 
they are dealing with, and then call for back up. The difference lies in the type 
of T-helper (i.e., Th1 or Th2) cell the T lymphocyte calls in for reinforcements. If 
the T lymphocyte determines that it is dealing with an allergen it calls in Th2 
cells. If the T lymphocyte determines it is battling an infection, it calls in Th1 
cells.48

Allergen Triggers

An allergen trigger is any substance that can initiate the atopic (IgE-me-
diated) response in the body. The most common triggers are mold, animal 
proteins (from skin or saliva), dust mites, cockroach particles, and pollen.

Some Common Triggers and How to Control Them

It is impractical to think that we can control an individual’s exposure to 
potential asthma triggers 100% of the time. Steps can be taken, however, to 
minimize their exposure and to manage the impact of an allergen trigger. 
The first step in any successful allergen avoidance plan is to identify the al-
lergen. This may not be as easy as it seems. A detailed history of the patient’s 
past allergen/asthmatic responses coupled with any available clinical data 
will assist in clarifying the potential risks. Knowing the risks coupled with 
careful patient self-monitoring and a proactive asthma management plan can 
help achieve allergen-triggered asthma control. The current U.S. guidelines 
recommend an allergen-control education program, not only for patients but 
also for their immediate family.

High-Efficiency Particulate Air Filters, Electrostatic 
Precipitating Filters, and Air Duct Cleaning

High-efficiency particulate air (HEPA) filters can remove approximately 
99.97% of airborne particles in the 0.3 micrometers (µm) diameter range. 
These devices operate by pulling air through the filter and trapping the par-
ticles in the filter material. The replacement filters can be expensive and 
should be changed regularly to prevent bacterial contamination. Electrostatic 
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precipitating filters, sometimes also called plate precipitators, operate using a 
dual stage process. The first stage produces a charged particle that is emitted 
into the air and attracts particulate matter. The second stage pulls air over 
a series of collection plates that “catch” the charged particles and their at-
tached particles. The collection plates should be cleaned regularly and not be 
allowed to accumulate large amounts of particulate matter for best operation. 
Care should be taken if selecting an electrostatic precipitating filter as some 
varieties generate ozone as their charged particle, which can be irritating to 
some respiratory patients.

The current U.S. asthma guidelines do not report enough evidence to rec-
ommend indoor air cleaning devices across the board. This is based upon the 
data that suggested that air filtration may reduce some, but not all, airborne 
allergens and that the true impact on asthma control has not been proven. Spe-
cifically, the data has shown that air cleaning devices were useful for removing 
particles such as airborne dog and cat dander, mold spores, and particulate 
tobacco smoke. They are not as effective against dust mite and cockroach par-
ticles that do not remain airborne for long periods of time. The guidelines 
also do not make a recommendation on the practice of cleaning air ducts for 
heating/ventilation/air conditioning systems. They found that there is limited 
evidence to make a decision one way or another. The EPA agrees that there is 
currently insufficient information to link air duct cleaning with health benefits. 
Their indoor air quality Web site provides additional resources on the topic.

Indoor Fungi (Molds)/Sick Building Syndrome

Data has suggested that there is a link between indoor fungi and allergic 
respiratory disease.49 The term sick building syndrome has been applied to a 
variety of illnesses attributed to internal environments.50 Often wet environ-
ments and mold growth are attributed to the problems. Each situation is dif-
ferent, and effective management requires a detailed history and diagnosis 
as well as removal of the mold or irritant. Measures to control dampness or 
fungal growth in the home environment may be beneficial.51 The U.S. Envi-
ronmental Protection Agency (EPA) operates a Web site on indoor air quality 
that provides resources and more information on sick building syndromes as 
well as mold, fungi, and other building-related air quality resources.

Radon

Radon is a cancer-causing natural radioactive noble gas that can be found in 
soil, water, and outdoor and indoor air. It has been estimated that more than 
50% of the annual effective dose of natural radioactivity can be attributed to 
radon exposure. In the United States, radon is the second leading cause of 
lung cancer (after tobacco smoke) and is believed to claim some 20,000 lives 
annually.52 An association between between radon and asthma exacerba-
tions has not been documented.
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Useful Web Sites

U.S. Environmental Protection Agency Indoor Air Quality Resources 
http://www.epa.gov/iaq/index.html

Should You Have the Air Ducts in Your Home Cleaned? 
http://www.epa.gov/iaq/pubs/airduct.html

AIRNOW: Local Air Quality Reports 
http://www.airnow.gov/index.cfm?action=airnow.local

Animal/Pet Allergens

Animals release proteins into their surroundings through secretions such 
as saliva and dander.53 Dander can be defined as organic material or pro-
teins shed from the body of an animal. It has also been called pet pollen. 
For many allergy sufferers the dander itself may not be irritating, how-
ever, it provides an ample food supply for dust mites who are irritating to 
many asthmatics. Allergens have also been identified in the urine of wild 
or pet rodents. Ultimately all animals, including humans, provide enough 
organic dust mite food and bacterial growth opportunities in the home.54 
The current guidelines say that for asthmatics sensitive to animal allergens 
the treatment of choice is removal of the animal from the home or work 
environment.55,56 This is not always practical, as people do love their pets. 
Asthmatic children will also have friends who have pets and will likely 
have the opportunity to participate in field trips to the zoo at some time 
in their school career. It is important that the child and school authorities 
are made aware of asthmatic risk and are instructed on appropriate re-
sponses, should the child begin to develop difficulty. If pets are to remain 
in the home, they should be kept out of the individual’s bedroom and the 
bedroom door should be kept closed to prevent the pet from entering the 
area. Upholstered furniture, draperies, and carpets should be removed when 
possible. If kept in the home, pets should be discouraged from sleeping 
or lying on the furniture. In addition, regular vacuuming and cleaning of 
upholstery, draperies, and furniture can also help reduce animal dander 
buildup and subsequent exposure. It has also been recommended that the 
pet be washed weekly to minimize potential dander problems. This has not 
been proven in clinical trials, however.57 HEPA cleaners have been shown 
to help reduce airborne Canis familiaris allergen 1 (Can f 1) in homes with 
dogs and decrease the allergen levels in the home.58 Mice and rodents can 
also be significant contributors to the dander levels in a home. Pest control 
that incorporates traps, low-toxicity pesticides, and regular vacuuming and 
cleaning has been shown to be effective.1
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Tips for living with Pets If You Are Asthmatic

Keep the pet out of the asthmatic’s bedroom.•	

Keep the bedroom door closed.•	

Remove upholstered furniture and carpets from the home, or isolate the pet •	
from these items if possible.

Wash pillows, plush toys, and linens that the animal comes into contact with •	
regularly (weekly).

Bathe and brush the pet regularly. (This activity should be done outdoors or •	
away from the asthmatic.)

Regularly vacuum carpets that the pet has come into contact with (prefer-•	
ably with a HEPA vacuum system).

House Dust Mites

Controlling dust mite allergens is an ongoing battle. Dust mites are un-
avoidable. Minimizing their impact, however, is manageable. Pillows and 
mattresses can be encased in plastic allergen covers. Bed linens should be 
washed weekly in hot water. Using a temperature of >130°F will kill the house 
dust mites and the washing will reduce their allergens. Pillows can also be 
washed on a regular basis. Detergents and bleach can also play a significant 
role in reducing the dust mite allergen in the washing process. Data has 
shown that cleaning with bleach reduces surface bacteria, airborne fungal 
spores, and dust antigen levels and improves the quality of life of asthmat-
ics.59,60 Stuffed animals, toys, and pillows should also be washed weekly to 
reduce dust mite populations. Prolonged exposure to dry heat or freezing has 
also been shown to kill mites but does not remove allergens. Dust mites also 
like a warm wet atmosphere, so decreasing humidity in the home has been 
suggested as a means to decrease dust mites. Care must be taken, however, to 
insure that the collection chamber of the dehumidifier is changed frequently 
and does not become a reservoir for bacterial growth. Sprays and chemical 
agents are available for killing mites, but their effectiveness is variable and 
they have not been recommended for routine use.61 Regular vacuuming is 
recommended for general cleanliness, but does not remove live dust mites 
and is not recommended for control of mite allergens.

Cockroach Allergen

Data has shown that cockroach allergen removal and avoidance has a posi-
tive impact on asthma outcomes.62 Food and garbage should not be left out 
in the home. Poisons, such as cockroach baits and sprays, are effective in 
managing cockroach infestations, but can be irritating to asthmatics.
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Pollen

Pollen season is irritating to many asthmatics. Close monitoring of an indi-
vidual’s asthma care plan during pollen season should be done and adjust-
ments made to their medications as necessary to maintain control. Pollen 
counts in most parts of the United States peak during the late morning and 
afternoon. Asthmatics can limit their exposure to these pollens by stay-
ing indoors in an air-conditioned environment and keeping the windows 
closed.63

Air Pollution and Traffic Exhaust

Studies have shown that increased particulate matter from traffic exhaust 
has a negative effect on asthmatics. It is believed that airway oxidative stress 
increases and small airway function decreases in asthmatics when exposed 
to air pollution.64 Many local television stations now provide reports of par-
ticulate matter and air quality with the weather reports. The Internet can 
also provide detailed local reports of air quality. The AirNow Web site, oper-
ated as a joint site by several U.S. government agencies, provides state and 
local level reports with the current air quality index. This index calculates 
five major air pollutants regulated by the Clean Air Act. These are: ground-
level ozone, particle pollution (also known as particulate matter), carbon 
monoxide, sulfur dioxide, and nitrogen dioxide. The EPA has established 
national air quality standards for each of these measures and reports the air 
quality index in comparison to these standards. Asthmatics can limit their 
exposure by staying indoors in an air-conditioned environment and keeping 
the windows closed.

Tobacco Smoke

Individuals with asthma, particularly children, should avoid tobacco smoke. 
Tobacco smoke can precipitate an exacerbation of asthma. Interestingly, 
the data shows that the effects may vary by age.65 The effects of second-
hand smoke have been shown to be worse on a child’s asthma when the 
mother smokes than when others smoke around them.66 In addition, stud-
ies have shown that maternal smoking increases the risk for the develop-
ment of asthma in infancy and childhood.67 Asthmatics and their families 
should be educated on the avoidance of tobacco smoke and smoke-filled 
environments.

Aerosolized/Airborne Irritants

Exposure to chemicals such as formaldehyde and volatile organic compounds 
(VOCs) has been shown to irritate asthmatics’ airways and precipitate exac-
erbations. VOC gases are emitted from a variety of substances such as house-
hold products. These include: paints, paint strippers, and other solvents; wood 
preservatives; aerosol sprays; cleansers and disinfectants; moth repellents; 
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and air fresheners. The chemicals released into the air by new linoleum floor-
ing, carpeting, wall coverings, furniture, and recent painting have been as-
sociated with an increased risk of wheezing in asthmatics.68 Odors associated 
with cleaning material, such as bleach and ammonia, may also be irritating 
to asthmatics as can perfumes, hairsprays, and wood smoke. Individuals with 
asthma and their families should be counseled on the avoidance of the odors. 
Unvented gas appliances such as heaters and stoves have been identified as 
sources of increased levels of NO2, which increases the risk of wheezing and 
asthma exacerbations and should be avoided.69 Exhaust fumes from cars and 
air pollution, particularly if it is particulate matter of ≤10 micrometers (PM10) 
in size, have been associated with wheezing and should be avoided.70,71

The Hygiene Hypothesis

The hygiene hypothesis has been suggested as an explanation for the rising 
rates of asthma prevalence. The hypothesis is that our modern emphasis on 
cleanliness in the western world coupled with the use of vaccinations and 
antibiotics does not allow the immune system, particularly in children, to fully 
develop. An immune system that is not stimulated to produce Th1 cells when 
exposed to microbes will instead create allergy-producing Th2 cells making the 
individual more likely to develop asthma. The research to date is inconclusive. 
The hygiene hypothesis is probably not the only explanation for the increased 
incidence of asthma, but it may be a contributing factor.72

What Do All These Types of 
Asthma Have in Common?
The evidence does show that while the symptoms (i.e., wheezing, shortness 
of breath, coughing) may vary from individual to individual, airway inflam-
mation is a consistent factor in most cases of true asthma.73 Fortunately the 
symptoms of asthma can be controlled and the occurrence of exacerbations 
decreased and ideally eliminated, if we understand the underlying physiol-
ogy of the disease.
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The 
Pathophysiology 
of Asthma

L e a r n i n g  O b j e c t i v e s

Review the components of airflow limitation•	

Discuss the inflammatory cascade in asthma•	

Identify the pathways to asthma control•	

K e y  W O r d s

bronchoconstriction
airway edema
airway hyperresponsiveness
airway inflammation
eosinophils
chemokines
cysteinyl leukotrienes
lymphocytes

CD4+ T cells
interleukins
tumor necrosis factor (TNF)
granulocyte macrophage-colony stimulating 

factor (GM-CSF)
immunoglobulin (Ig)
interferon (IFN)

The Pathophysiology of Asthma
The pathophysiological features of asthma are airflow limitation and air-
way inflammation.1 Understanding these mechanisms within the airway 
provides a roadmap to developing successful treatment plans and gaining/
maintaining asthma control.

Airflow Limitation/Airway Narrowing
The exact etiology of airflow limitation in asthma is still unknown, though 
several factors have been linked to the occurrence. A common component is 
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bronchial smooth muscle contraction (bronchoconstriction), which is defined 
as the rapid contraction or narrowing of the airway in response to broncho-
constrictor mediators and neurotransmitters.2 It is this airway narrowing 
that leads to airflow limitation and produces the “wheeze” so often associ-
ated with asthma. Bronchoconstriction is largely reversed by bronchodilators. 
Airway edema or fluid in the airway is caused by microvascular leakage in 
response to inflammatory mediators. This may be reversible by anti-inflam-
matory medications. Mucus hypersecretion is the term applied to the increased 
mucus secretion and inflammatory exudates that occur in asthma. Data has 
shown that an increased number of goblet cells in the airway epithelium and 
increased size of submucosal glands occur in asthma. Mucous plugging is 
said to occur when a portion of the airway becomes clogged and air is not 
able to move in and out of the airways below. Airway remodeling refers to 
structural changes of the airway that occur over time. We do know that even 
before the onset of symptoms, many asthma patients have some degree of 
airway remodeling. Subepithelial fibrosis occurs as a result of collagen fibers 
and proteoglycans forming under the basement membrane. These substances 
can also deposit in other layers for the airway wall causing fibrosis in those 
areas. The airway’s smooth muscle increases in size due to two primary 
mechanisms: hypertrophy (increased size of individual cells) and hyperplasia 
(increased cell division).2 This results in an increased thickness of the airway 
wall.3 It is believed that inflammatory mediators play a role in these changes. 
We also know that there is an increased proliferation of blood vessels in 
airway walls that may contribute to increased airway wall thickness as well. 
Data has shown that these changes are associated with the severity of the 
patient’s asthma and is not fully reversible by current therapy.4

Components of Airflow Limitation/Airway Narrowing

Bronchial smooth muscle contraction (bronchoconstriction)•	

Airway edema•	

Mucus hypersecretion•	

Airway remodeling (hypertrophy and hyperplasia)•	

Adapted from: The Global Initiative for Asthma (GINA). 2009 Update of the GINA Report, 
Global Strategy for Asthma Management and Prevention. http://www.ginasthma.com. 
Accessed April 12, 2010.

Airway Hyperresponsiveness
Airway hyperresponsiveness is the term used to describe the tendency of the 
airways to narrow in response to exposure to a variety of stimuli. As we will 
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see in the chapter on diagnosis, airway hyperresponsiveness is quantified by 
the degree of contractile responses to a methacholine challenge test, which 
helps determine the clinical severity of the individual’s asthma.

Bronchoconstriction or Airway Hyperresponsiveness: What Is the 
Difference?

Bronchoconstriction•	  is the actual mechanical contraction of the airway.

Airway	hyperresponsiveness•	  is the likelihood or chance that it is going to 
contract and to what degree.

Airway Inflammation
Data has shown that airway inflammation occurs in asthma even when air-
way limitation symptoms are not present.5 It also occurs regardless of the 
type of asthma (allergic vs. nonallergic). Though usually called airway in-
flammation, it occurs throughout the respiratory system. However, it seems 
to have the most impact on the medium-sized bronchi. The inflammation 
associated with asthma follows the same pattern as inflammation occurring 
in an allergic response. The following subsections detail the major compo-
nents of airway inflammation.

Immunoglobulin

Immunoglobulin (Ig) is a small protein molecule created by the immune 
system to “fit” onto the surface of the antigen or irritant. By attaching them-
selves to the surface of the antigen they serve as flags to call the rest of the 
immune system cells to come and help fight the invader. There are a complex 
series of events that lead up to the production of Ig. When an antigen enters 
the body, a specific type of white blood cell known as a T lymphocyte, or T 
cell, arrives at the antigen site and determines what is needed to fight the 
invader. The T cell uses “helper” cells, also known as TH cells, to direct the 
release of cytokines that stimulate the B lymphocytes. The B lymphocytes 
are the cells that actually produce the Ig antibodies that bind to the antigen. 
The term B-cell proliferation is used once an Ig has bound with an antigen 
and triggered the B lymphocyte to reproduce and make more Ig.6 TH cells 
are believed to always express the surface protein CD4, therefore they are 
also known as CD4+ T cells.

There are several classes of antibodies elicited by an allergic trigger also 
known as immunoglobulins (Ig). Among these are: IgM, IgG, IgA, IgD, and 
IgE. When specifically discussing an allergy, including allergic asthma, IgE 

78545_CH03_5674.indd   37 6/14/10   8:33:16 AM



38   Ch a p t e r 3

is the immunoglobulin involved. When the body responds to an antigen 
by specifically producing IgE, the antigen is called an allergen and the in-
dividual is said to have had atopy or allergies. In these individuals, IgE has 
been found circulating in the blood along with inflammatory cells called 
basophils and bound to the surface of inflammatory cells throughout the 
body known as mast cells.6

Mast Cells and Basophils

Basophils are found in the bloodstream. Mast cells are found in many tissues 
of the body, particularly the airway tissue. Both of these inflammatory cells 
have over 100,000 receptor sites each for IgE. When an individual is exposed 
to an allergen and produces IgE that binds to these receptor sites, these mast 
cells and basophils are said to be primed. The next time the individual is 
exposed to that allergen the mast cells and basophils will release chemical 
mediators that cause the allergic response. Clinicians should note that once 
sensitized, mast cells and basophils can remain primed for months or even 
years.6

Chemical Mediators

The best known chemical mediator released by the mast cells is histamine. 
Histamine attaches to the histamine receptors (H1) that can be found in 
most cells of the body and stimulate allergic symptoms such as swelling, 
sneezing, and itching. Another family of chemical mediators is the cysteinyl 
leukotrienes. These substances are usually released between 5 and 30 minutes 
after activation of the mast cells or basophils. While they have the same basic 
effect as histamine, they are usually more potent. Specifically, Leukotriene 
D4 is 10 times more potent than histamine.6 The cysteinyl leukotrienes are 
the only mediators whose inhibition has been associated with improvements 
in asthma symptoms and pulmonary function values.7 Another family of 
mediators, known as chemokines, are expressed in airway epithelial cells and 
are responsible for the recruitment of inflammatory cells into the airways. 
Eotaxin is a chemokine that is relatively selective for eosinophil recruitment. 
Thymus and activation-regulated chemokines (TARC) and macrophage-de-
rived chemokines (MDC) have been shown to recruit Th2 cells.8

Cytokines are signaling proteins that provide cellular communication 
during the inflammatory response in asthma. Measuring their levels can 
help determine the severity of the inflammatory response. They can be di-
vided into four categories: lymphokines are cytokines that are produced by 
T lymphocytes; proinflammatory cytokines amplify and carry on the in-
flammatory response; anti-inflammatory cytokines inhibit inflammation; 
and chemokines were discussed in the preceding paragraph. Regulation of 
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cytokines in airway cells is one of the major targets of corticosteroid therapy 
and T-cell immunosuppressants in asthma. See Table 3.1 for some common 
cytokines that occur in asthma.

Nitric oxide (NO) is a potent vasodilator that is produced in airway epi-
thelial cells. NO plays a role in the regulation of vascular tone, response to 
vascular injury, and hemostasis. It is a neurotransmitter for the nonadren-
ergic noncholinergic nerves and also has antimicrobial, immunologic, and 
proinflammatory activities. Exhaled NO is increased during bronchospasm 
with coexisting inflammation. Therefore the measurement of exhaled NO is 
a noninvasive test for the evaluation of inflammation associated with asthma 
and has been used as a marker for determining the effectiveness of asthma 
treatment.9

TABLe 3.1 Some Common Cytokines That Occur in Asthma and Their Function

Lymphokines

IL-2 Stimulates growth and differentiation of T cells

IL-4 Proinflammatory yet classified as a lymphokine

Crucial for the development of Th2 cells and for IgE synthesis 
from B cells

IL-5 Triggers eosinophilic inflammation

IL-13 Activates eosinophils, increases IgE production

Proinflammatory Cytokines

TNF-α Expressed in asthmatic airways and may be important in 
amplifying asthmatic inflammation

IL-6 Promotes IgE synthesis

GM-CSF Stimulates eosinophils and the release of leukotrienes

Anti-Inflammatory Cytokines

IL-10 A potent anti-inflammatory cytokine that inhibits the 
synthesis of many inflammatory proteins, including cytokines

IFN-y Inhibits Th2 cells and reduces atopic inflammation

IL-12 Stimulates the development of Th1 cells, while suppressing 
the occurrence of Th2 cells

IL = interleukins; TNF = tumor necrosis factor; GM-CSF = granulocyte macrophage-colony 
stimulating factor; Th = helper T lymphocytes; IgE = immunoglobulin; IFN = interferon

Adapted from: Chung KF, Barnes PJ. Cytokines in asthma. Thorax.1999; 54(9):825–57. Doshi 
U, Salat P, Parikh V. Cytokine modulators in asthma: clinical perspectives. Indian J Pharmacol. 
2002;34:16–25.
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Prostaglandin D2

Prostaglandin D2 is a potent bronchoconstrictor involved in Th2 cell recruit-
ment to the airways. Prostaglandin D2 is derived for the most part from the 
mast cells.2

Airway Inflammation: The Actual Process
Now that we know the players we can address the process. When an allergen 
or asthma trigger enters the airway the mast and the Th2 cells in the airway 
are activated. They induce the production of mediators such as histamine, 
leukotrienes, and cytokines. The mediators go to work alerting the immune 
system and recruiting help to combat the invader. Inflammation in the form 
of swelling of the bronchial wall coupled with increases in bronchial secre-
tions occurs in response to these cytokines’ activities (see Figure 3.1).

Pathways to Controlling Asthma

If we think of asthma as a two component disease (airflow limitation and airway 
inflammation), the current strategies for managing asthma becomes much 
easier. Current management strategies employ a reliever medication for the 
reversal of acute airflow limitation (bronchoconstriction) and controller medica-
tions that prevent airway inflammation from happening. As professionals we 
understand that this is not as physiologically cut and dried as it seems—there 
are some overlapping mechanisms between airflow limitation and airway in-
flammation. But, it is an effective tool not only to assist our understanding 
when developing a treatment plan, but to help patients understand why both 
types of medication are important. Or in a nutshell: asthma	is	a	dual	compo-
nent	disease	so	it	requires	a	dual	medication	strategy.

Genetics and Asthma
The mapping of the human genome has led to an explosion in the potential 
candidate genes for asthma and atopy. Complicating the matter is that we 
now classify asthma as a disease of both airway hyperresponsiveness and 
inflammation making both of these pathways candidates for a genetic ori-
gin of asthma.10 Specifically, genes found on the cytokine gene cluster of 
chromosome 5 (for example, the genes relating to interleukin-3, -4, -5, -9, 
and -13), chromosome 11 (the beta chain of the high-affinity IgE receptor), 
chromosome 16 (the IL-4 receptor), and chromosome 12 (stem cell factor, 
interferon-gamma, insulin growth factor, and Stat 6 [IL-4 Stat]) have all 
been implicated in asthma.11 It is likely no one single asthma gene will be 
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FIgure 3.1 Pathways to controlling asthma.
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identified. It is hoped that by focusing on the identified chromosomes fur-
ther genes will be identified that will lead to an improved understanding of 
pathogenic factors and treatment options. It is also possible that different 
gene combinations may be identified as contributing to the different types, 
severities, and/or triggers of asthma.12,13
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L e a r n i n g  O b j e c t i v e s

Review the methods to assess airflow limitation and diagnose asthma•	

Discuss the interaction between lung volume and patients’ symptoms•	

Identify the criteria for referral to an asthma specialist•	

K e y  W O r d s

4
Diagnosing Asthma

spirometry
forced expiratory volume in 1 second (FEV1)
forced vital capacity (FVC)
peak expiratory flow (PEF)
airway responsiveness

methacholine challenge
dyspnea
hyperextension
differential diagnosis

Diagnosing Asthma
The intermittent nature and wide variation in asthma symptoms make 
diagnosing the condition a challenge. Yet, proper diagnosis is essential to 
assuring appropriate treatment and management of asthma. Individuals pre-
senting with breathlessness, wheezing, cough, and chest tightness should 
be considered as potential asthmatics; however, this symptomatology is not 
exclusive to asthma. A variety of conditions can mimic asthma and should 
be ruled out. Some alternative causes of recurrent wheezing that must be 
considered and excluded are described in Table 4.1.

78545_CH04_5674.indd   43 6/14/10   8:34:57 AM



44   Ch a p t e r 4

Realistically screening every individual for asthma is neither practical 
nor is it the best use of resources. A simple questionnaire however can 
help identify individuals that are at risk and may be having mild asthma 
symptoms (see Table 4.2). The questionnaire can be included in the initial 
paperwork that the individual fills out in a physicians’ office or upon ad-
mission to the hospital. There are a variety of versions of the questionnaire, 
including one available from the American Lung Association and also in 
the current asthma guidelines. The most common name for this type of 
screening is the Asthma Symptom Score/Scale. Answering yes to any one 
of the questions is suggestive of a risk for asthma and should be further 
evaluated.

Additional questions may be added to the asthma score dependent upon 
your patient population. For example you may wish to add a question related 
to allergens or irritants if you live in a location that has a particular problem 
with these. If you are seeing primarily school age children you may wish to 
add more questions about exercise-related symptoms. If individuals answer 
yes to any of these questions, they should be further assessed for asthma 
(see Table 4.3).

Table 4.1 Some Causes of Recurrent Wheezing

Chronic rhinosinusitis

Chronic obstructive pulmonary disease

Bronchiectasis

Gastroesophageal reflux

Recurrent viral lower respiratory tract infections

Cystic fibrosis

Bronchopulmonary dysplasia

Tuberculosis

Congenital malformation causing narrowing of the intrathoracic airways

Foreign body aspiration

Primary ciliary dyskinesia syndrome

Immune deficiency

Congenital heart disease

Prematurity in neonates

Neonatal onset of symptoms associated with failure to thrive

Hyperventilation syndrome and panic attacks

Adapted from: The Global Initiative for Asthma (GINA). 2009 Update of the GINA Report, 
Global Strategy for Asthma Management and Prevention. http://www.ginasthma.com. 
Accessed April 1, 2010.1
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Table 4.2 Asthma Symptom Score/Scale

In the past 12 months …
Scoring: 
Yes = 1, No = 0

Have you had a sudden severe episode or recurrent episodes 
of coughing, wheezing (high-pitched whistling sounds when 
breathing out), chest tightness, or shortness of breath?

Have you had colds that “go to the chest” or take more than 
10 days to get over?

Have you had coughing, wheezing, or shortness of breath 
during a particular season or time of the year?

Have you had coughing, wheezing, or shortness of breath 
in certain places or when exposed to certain things (e.g., 
animals, tobacco smoke, perfumes)?

Have you used any medications that help you breathe better? 
How often?

Are your symptoms relieved when the medications are used?

In the past 4 weeks, have you had coughing, wheezing,  
or shortness of breath …

At night that has awakened you?

Upon awakening?

After running, moderate exercise, or other physical activity?

Total Score

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.2

Table 4.3 How to Establish a Diagnosis of Asthma

1.  Take a detailed medical history.

2.  Conduct a physical exam focusing on the upper respiratory tract, chest, and skin.

3.  Perform spirometry to demonstrate obstruction and assess reversibility.

4.  Perform additional testing as necessary to exclude other diagnosis such as 
chronic obstructive pulmonary disease (COPD), vocal chord dysfunction 
(VCD), etc.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.2
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Medical History

A complete medical history is essential to properly diagnosing asthma. It 
can also be suggestive of the individual’s asthma severity and likelihood to 
experience an exacerbation. Data has shown that exacerbations that require 
emergency department (ED) visits, hospitalization, or intensive care unit 
(ICU) stays increase the individual’s risk of having another serious episode. 
This risk is also increased if the event happened in the last year.3,4 When 
taking a medical history it is important to identify not only the potential 
asthma symptoms, but also what may have precipitated them. Ideally you are 
trying to establish that there is an episodic occurrence of airflow obstruction 
or airway hyperresponsiveness that it is at least partially reversible, and that 
you have ruled out all other alternative diagnoses. The easiest way to do this 
is to identify the symptoms that may or may not be asthma and then look for 
patterns of the symptoms either in the individuals or in their family history. 
An example of the information that could be asked in a medical history is 
provided in Table 4.4.

Table 4.4 Suggested Items for a Medical History*

1.  Symptoms Cough•	

Wheezing•	

Shortness of breath•	

Chest tightness•	

Sputum production•	

2.  Pattern of 
symptoms

Perennial, seasonal, or both•	

Continual, episodic, or both•	

Onset, duration, frequency (number of days or nights, •	
per week or month)

Diurnal variations, especially nocturnal and on •	
awakening in early morning

3.  Precipitating 
and/or aggra-
vating factors

Viral respiratory infections•	

Environmental allergens, indoor (e.g., mold, house •	
dust mite, cockroach, animal dander, or animal/insect 
secretory products) and outdoor (e.g., pollen)

Characteristics of home including age, location, cooling •	
and heating system, wood-burning stove, humidifier, 
carpeting over concrete, presence of molds or mildew, 
characteristics of rooms where patient spends time 
(e.g., bedroom and living room with attention to 
bedding, floor covering, stuffed furniture)

Smoking (patient and others in home or daycare)•	
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Exercise•	

Occupational chemicals or allergens•	

Environmental change (e.g., moving to new home; •	
going on vacation; alterations in workplace, work 
processes, or materials used)

Irritants (e.g., tobacco smoke, strong odors, air •	
pollutants, occupational chemicals, dusts and 
particulates, vapors, gases, and aerosols)

Emotions (e.g., fear, anger, frustration, hard crying, or •	
laughing)

Stress (e.g., fear, anger, frustration)•	

Drugs (e.g., aspirin and other NSAIDs, beta-blockers •	
including eye drops)

Food, food additives, and preservatives (e.g., sulfites)•	

Changes in weather, exposure to cold air•	

Endocrine factors (e.g., menses, pregnancy, thyroid •	
disease)

Comorbid conditions (e.g., sinusitis, rhinitis, GERD)•	

4.  Development 
of disease 
and treatment

Age of onset and diagnosis•	

History of early-life injury to airways (e.g., •	
bronchopulmonary dysplasia, pneumonia, parental 
smoking)

Progression of disease (better or worse)•	

Present management and response, including plans for •	
managing exacerbations

Frequency of using rescue medication•	

Need for oral corticosteroids and frequency of use•	

5.  Family 
history

History of asthma, allergy, sinusitis, rhinitis, eczema, or •	
nasal polyps in close relatives

6.  Social history Daycare, workplace, and school characteristics that may •	
interfere with adherence

Social factors that interfere with adherence, such as •	
substance abuse

Social support/social networks•	

Level of education completed•	

Employment•	

Table 4.4 Suggested Items for a Medical History (Cont.)

(continues)
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7.  History of 
exacerbations

Usual prodromal signs and symptoms•	

Rapidity of onset•	

Duration•	

Frequency•	

Severity (need for urgent care, hospitalization, ICU •	
admission)

Life-threatening exacerbations (e.g., intubation, •	
intensive care unit admission)

Number and severity of exacerbations in the past year•	

Usual patterns and management (what works?)•	

8.  Impact of 
asthma on 
patient and 
family

Episodes of unscheduled care (ED, urgent care, •	
hospitalization)

Number of days missed from school/work•	

Limitation of activity, especially sports and strenuous •	
work

History of nocturnal awakening•	

Effect on growth, development, behavior, school or •	
work performance, and lifestyle

Impact on family routines, activities, or dynamics•	

Economic impact•	

9.  Assessment 
of patient’s 
and family’s 
perceptions 
of disease

Patient’s, parents’, and spouse’s or partner’s knowledge •	
of asthma and belief in the chronicity of asthma and in 
the efficacy of treatment

Patient’s perception and beliefs regarding use and long-•	
term effects of medications

Ability of patient and parents, spouse, or partner to •	
cope with disease

Level of family support and patient’s and parents’, •	
spouse’s, or partner’s capacity to recognize severity of 
an exacerbation

Economic resources•	

Sociocultural beliefs•	

*This list does not represent a standardized assessment or diagnostic instrument. The validity 
and reliability of this list have not been assessed.

Adapted from National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.2

Table 4.4 Suggested Items for a Medical History (Cont.)
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Physical exam Focusing on the Upper Respiratory Tract, Chest, and Skin

When conducting a physical exam the usual vital signs (e.g., heart rate, blood 
pressure, temperature) should be noted; they do not directly relate to asthma, 
but can give clues to the individual’s overall health. Examination of the 
upper airway should include an assessment of any sinus or allergy symptoms 
the individual may be experiencing. The presence of increased nasal secre-
tion, mucosal swelling, and/or nasal polyps should be noted and evaluated 
for allergy-related asthma. Examination of the chest includes assessment of 
breath sounds. The presence of wheezing, defined as high-pitched whistling 
sound during exhalation, is suggestive of asthma. Practitioners should note 
that the wheezing may only be heard with a stethoscope or not at all. The 
absence of wheezing during the examination does not mean the individual 
does not have asthma, it just means they are not symptomatic at that time. 
If other factors suggest that they may have asthma, test further. Respiratory 
rate and rhythm should also be assessed as should chest wall expansion. 
Hyperexpansion of the chest, use of the accessory muscles for breathing, or 
a hunched appearance is suggestive of a respiratory problem. Examination of 
the skin is also recommended. Specifically, the presence of atopic dermatitis 
or a rash suggests that there is an allergic component that may be at work.

Chest radiographs (X-rays) and pulse oximetry, in and of themselves, 
are not diagnostic tests for asthma. They can be useful tools for providing 
more information to the individual’s overall health. If the patient’s history 
and physical examination are suggestive of asthma, the next diagnostic step 
is pulmonary function studies.

Spirometry Versus Peak Flow Monitoring

Both	spirometry	and	peak	flow	measurement	are	useful	and	necessary	for	
asthma control.

Spirometry is diagnostic and can provide a snapshot of the smaller airway 
function.

Peak	flow	measurement	is	useful	for	monitoring	and	measures	larger	airway	
function.

Pulmonary Function Studies

Pulmonary function studies measure the volume of air going in and out of 
the lungs, the speed at which that air moves in and out, and the volume of 
the air that is moving. An objective pulmonary function study can not only 
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diagnose asthma, but can rule out or identify other respiratory diseases that 
may be present.

A basic pulmonary function study, also known as spirometry, includes 
a variety of tests. The forced vital capacity test (FVC) measures the maximal 
volume of air forcibly exhaled from the point of maximal inhalation and 
the volume of air exhaled during the first second of this maneuver; this is 
known as the FEV1. A slow vital capacity (SVC) is often coupled with an FVC 
to verify the volume measurements. Ideally, the volume numbers should be 
the same in both the FVC and the SVC. However, signs of airflow limitation 
may be present and include reduced FEV1 and a reduced FEV1/FVC ratio. 
The FVC may be decreased as a result of air trapping. Overall, lung volume 
measurements may show an increase in the residual volume, the functional 
residual capacity, or both

Pre- and postbronchodilator testing is frequently used to diagnose 
asthma. For this test, the individual completes a basic spirometry, followed by 
a bronchodilator. The spirometry is then repeated and evaluated for changes 
before and after the bronchodilator. The time interval between administra-
tion of the bronchodilator and the postbronchodilator testing varies. Data 
shows that the minimum interval should be 15–20 minutes for most short 
and intermediate-acting beta2 agonists.5,6 An improvement in FEV1 of >12% 
or an increase of ≥10% of predicted FEV1 in response to bronchodilator treat-
ment confirms reversible airway obstruction.

If the individual is a known asthmatic or has taken a bronchodilator within the 
last 4–6 hours, the test should be delayed to allow proper assessment of acute 
bronchodilator response. Long-acting inhaled bronchodilator use may require a 
longer delay in testing. For example salmeterol should be withheld for 12 
hours, and ipratropium should be withheld for 6 hours. Medications taken on 
the day of testing, including OTC allergy formulas should be noted in the 
spirometry report.

Bronchoprovocation with methacholine is another test for asthma. Metha-
choline chloride is a synthetic choline ester that acts as a potent broncho-
constrictor. Most patients will return to their to baseline pulmonary function 
within 30–45 minutes of being challenged with methacholine or within 5 
minutes of receiving an inhaled beta agonist. This study can also be con-
ducted with inhaled histamine, adenosine, bradykinin, cold air, or exercise 
testing. The goal is to induce a bronchospasm. The format is essentially the 
same as a pre- and postbronchodilator test: basic spirometry is performed, 
the challenge is given, and then the spirometry is repeated so that the results 
can be compared. A decline in FEV1 of 20% from baseline is considered a 
positive test for asthma. See Table 4.5 for definitions of some common pul-
monary function tests (PFTs).
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Table 4.5 Some Common Pulmonary Function Tests Used in Asthma Diagnosis

Measure Definition What Does It Mean?

FEV1 (forced 
expiratory volume in 
1 second)

Maximal volume 
forcibly exhaled within 
1 second

FEV•	 1 >80% of predicted = 
normal

FEV•	 1 60%–79% of predicted 
= mild obstruction

FEV•	 1 40%–59% of predicted 
= moderate obstruction

FEV•	 1 <40% of predicted = 
severe obstruction

FVC (forced vital 
capacity)

Total air forcibly 
exhaled after maximal 
inhalation

FVC is not a reliable indicator of 
total lung capacity or restriction, 
especially in the setting of 
airflow obstruction; however it 
can be an indicator of restrictive 
disease

FEV1/FVC ratio A calculated ratio of the 
proportion of the forced 
vital capacity exhaled 
in the first second

Ratio will be reduced in 
obstructive lung disease (COPD) 
and normal in restrictive lung 
disease (asthma)

FEF 25%–75% Measures flow rates 
in the middle (25%—
75%) of the FVC

Can reflect the function of the 
middle airways

Pre- and 
postbronchodilator 
testing

Basic spirometry, 
followed by a 
bronchodilator, and 
then spirometry is 
repeated to permit 
comparison

An improvement in FEV1 of 
>12% or an increase ≥10% of 
predicted FEV1 in response 
to bronchodilator treatment 
confirms reversible airway 
obstruction (asthma)

Maximum voluntary 
ventilation (MVV)

Maximum volume of 
air that can be exhaled 
over a specified period 
of time

Used to determine a person’s 
breathing reserve

Note: can trigger bronchospasm

Flow-volume loop A graphic 
representation of 
maximal inhalation 
and exhalation

Measurement can indicate the 
location of airflow obstruction, 
such as the large upper airways 
or smaller distal airways

PEF (peak expiratory 
flow)

Fastest rate that air can 
be exhaled

Assesses expiratory muscle 
strength and large airway 
patency

(continues)
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Measure Definition What Does It Mean?

Exhaled nitric oxide 
(NO)

Measurement of the 
percentage of exhaled 
nitric oxide 

Can be a reflection of airway 
inflammation

DLCO (diffusing 
capacity of the lung 
for carbon monoxide)

Measurement of 
the partial pressure 
difference between 
inspired and expired 
carbon monoxide

Determines the ability of the 
lungs to transfer gases from the 
alveoli to the blood

Table 4.5 Some Common Pulmonary Function Tests Used in Asthma Diagnosis 
(Cont.)

Spirometry Complications and Contraindications

Spirometry is a useful diagnostic tool, but there are some complications and 
contraindications that practitioners should be aware of. Among these compli-
cations are: pneumothorax; increased intracranial pressure; dizziness, light-
headedness, or fainting; chest pain; coughing; bronchospasm; and oxygen 
desaturation due to the interruption of oxygen therapy. There are also in-
stances when spirometry should be delayed until further evaluation of the 
individual’s condition can be assessed. These are listed in Table 4.6.

Table 4.6 Contraindications for Spirometry

While spirometry can provide a window into lung function, there are times 
when spirometry should not be performed. Forced expiratory maneuvers may 
aggravate some medical conditions and should be postponed until the medical 
condition is resolved. Some of the conditions that may delay spirometry are:

Hemoptysis of unknown origin•	

Pneumothorax•	

Unstable cardiovascular status (angina, recent myocardial infarction, etc.)•	

Thoracic, abdominal, or cerebral aneurysms•	

Cataracts or recent eye surgery•	

Recent thoracic or abdominal surgery•	

Nausea, vomiting, or acute illness•	

Recent or current viral infection•	

Young children who are unable to follow directions and/or safely complete •	
the study

Adapted from: AARC Clinical Practice Guideline Spirometry, 1996 Update. http://www.
rcjournal.com/cpgs/spirupdatecpg.html. Accessed May 22, 2009.7
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Additional Testing
Once the initial assessment has been completed, additional testing may be 
required to further define the individual’s pulmonary condition.

allergy Testing

Determining the allergen responsible for triggering an asthmatic reaction 
can be very useful when developing control measures and limiting the indi-
vidual’s exposure. Provoking an allergic response, however, can be danger-
ous and should only be performed in a setting that can provide an emergency 
response. Among the types of skin tests approved for use in the United 
States are the prick test and the intracutaneous test. The prick test consists 
of pricking the skin with a needle that has been contaminated with the al-
lergic antigen solution. The intracutaneous test involves injecting a small 
amount of the allergic antigen into the outer layers of the skin. This method 
is more accurate because the antigen is actually placed inside the body and 
the immune system can more fully respond. The skin patch test places the 
allergen solution on a pad that is taped to the individual’s skin for 24–72 
hours. This test is used most often to detect contact dermatitis. The Passive 
Transfer test is not used in the United States, however, it does still appear in 
some textbooks. This procedure includes the collection of test serum from 
an atopic individual, which is then injected intradermally into a normal/
nonatopic subject. The normal subject is challenged 24–48 hours later with 
the antigen suspected of causing the immediate hypersensitivity reaction 
in the atopic individual to determine if there is hypersensitivity. The health 
risk of communicable diseases to the nonallergic test subject is considerable. 
This test is also known as a p-K test or Prausnitz-Küstner test. Dietary chal-
lenges include the omission of specific food believed to be causing a reaction. 
The food is added back to the diet, and the response is again gauged. This 
technique of allergen testing makes it difficult to quantify and measure the 
results. The antigen leukocyte cellular antibody test (ALCAT) is a blood test 
used for identification of foods, food additives, food colorings, and other 
chemicals that may cause hypersensitivities. It can be performed in a physi-
cian’s office or at home with a special kit.

biomarkers of Inflammation

In theory, the ability to measure the progression and occurrence of inflam-
mation could be a good measure of asthma control. Studies are ongoing 
regarding the practical use of measuring biomarkers such as total and dif-
ferential cell counts and mediator assays in asthmatics. The biomarkers can 
be found in sputum, blood, urine, and exhaled air. At this time there are no 
recommendations for their routine measurement in asthmatics.
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Some Special Considerations
Data has shown that children 5 years of age and younger may have wheezing 
without having asthma. Children in this age group should be assessed care-
fully to determine their correct diagnosis and treatment options. Three cat-
egories of wheezing have been described in children 5 years and younger:

Transient early wheezing that has been associated with prematurity •	
and parental smoking. The children usually outgrow this by the age 
of 3 years. Parents should be encouraged not to smoke around their 
children.
Persistent early-onset wheezing (before the age of 3 years) has been •	
associated with acute viral respiratory infections. A clue that may 
be found in their medical history is that they have no atopy and no 
family history of atopy. Respiratory syncytial virus (RSV) in children 
younger than age 2 is usually the culprit and should be assessed. 
Other viruses appear to be the problem in older preschool children. 
Children with persistent early-onset wheezing may have symptoms 
throughout childhood that may still be present at 12 years of age.
Late-onset wheezing/asthma. These children have asthma. They •	
often also have symptoms of allergic atopy. They should be managed 
as asthmatics.1

Is It Asthma or COPD?
Both asthma and COPD involve underlying airway inflammation. In con-
trast to asthma, the inflammation associated with COPD is not triggered by 
allergen exposure and does not respond well to anti-inflammatory medica-
tion. COPD is characterized by airflow limitation that is not fully reversible 
and is usually progressive. With treatment, controlled asthma patients can 
have near-normal lung function and reversibility. The individual’s history 
can also provide insights to the two conditions. A well-controlled asthmatic 
should not experience daily symptoms and should have near normal lung 
function. Individuals with COPD will not have normal PFTs and usually 
have symptoms daily.8

Referral to an Asthma Specialist for 
Consultation or Comanagement
Many asthmatic patients are managed by their family practice physician or 
their pediatrician. If their asthma is controlled and they are not in danger of 
a life-threatening exacerbation, this is safe and cost-effective. The current 
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U.S. guidelines recommend referral for consultation or care to a specialist 
in asthma if:

The individual has had a life-threatening asthma exacerbation.•	
The individual is not meeting the goals of asthma therapy after 3–6 •	
months of treatment. An earlier referral or consultation is appropri-
ate if the physician concludes that the individual is unresponsive to 
therapy.
Signs and symptoms are atypical, or there are problems in differential •	
diagnosis.
Other conditions complicate asthma or its diagnosis (e.g., sinusitis, •	
nasal polyps, aspergillosis, severe rhinitis, VCD, GERD, COPD).
Additional diagnostic testing is indicated (e.g., allergy skin testing, •	
rhinoscopy, complete pulmonary function studies, provocative chal-
lenge, bronchoscopy).
The individual requires additional education and guidance on compli-•	
cations of therapy, problems with adherence, or allergen avoidance.
The individual is being considered for immunotherapy.•	
Referral is recommended if the individual requires Step 4 care or •	
higher (Step 3 for children 0–4 years of age). Consider referral if 
the individual requires Step 3 care (Step 2 for children 0–4 years of 
age). (See Chapter 7 for the definitions of the steps used in asthma 
management.)
The individual has required more than two bursts of oral corticoster-•	
oids in 1 year or has an exacerbation requiring hospitalization.
The individual requires confirmation of a history that suggests that •	
an occupational or environmental inhalant or ingested substance is 
provoking or contributing to asthma.
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L e a r n i n g  O b j e c t i v e s

Review the goals of asthma therapy•	

Discuss the classifications of asthma severity•	

Define the term asthma control•	

Identify strategies and techniques for ongoing asthma monitoring•	

K e y  W O r d s

5
Asthma Severity

intermittent asthma
mild persistent asthma
moderate persistent asthma
severe persistent asthma
asthma control

stepwise therapy
stepdown therapy
asthma control plan
patient diary

Introduction
Once the diagnosis of asthma has been established, determining the appro-
priate treatment level is essential to safely and effectively manage the indi-
vidual’s condition. Traditionally, practitioners have classified an individual’s 
asthma by its severity as intermittent, mild persistent, moderate persistent, 
and severe persistent. These classifications have been used to guide the nec-
essary levels of treatment. The revised 2009 GINA guidelines, however, now 
recommend that this classification by severity be used for research purposes 
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only. The GINA guidelines recommend using levels of control as a guide to 
determine appropriate treatment decisions. The GINA-recommended levels 
of control are: controlled, partly controlled, or uncontrolled asthma. The ra-
tionale behind using these categories is that they include a measure of the 
severity of the underlying disease and also the current state of responsive-
ness to treatment.

The achievement of control and maintaining asthma control are goals 
of the current U.S. guidelines; however, the classification system and rec-
ommendations are still based on measures of severity. Regardless of which 
classification system is used, treatment options should be clearly spelled out 
in a written asthma action plan that can alert the individual when his or her 
asthma is deteriorating. The asthma action plan can not only help identify 
an impeding exacerbation, but provide individuals with the tools they need 
to prevent their condition from worsening and alert them when they need 
to seek assistance.

Classifying Asthma by Severity
Asthma severity can be classified based on the level of symptoms individuals 
are experiencing, their degree of airflow limitation, and their lung function 
variability. Using these measures, asthma can be divided into four categories 
of severity. They are: intermittent, mild persistent, moderate persistent, or 
severe persistent. The U.S. guidelines make specific recommendations per 
age group for each of these classifications of severity.1 The age groups are: 
0–4 years of age; children 5–11 years of age; and youth ≥ 12 years of age and 
adults. The following chapters will address the specific recommendations for 
these age groups in greater detail.

Classifying Asthma by Control
The 2009 GINA guidelines classify asthma as controlled, partly controlled, 
and uncontrolled. They stress that the goal of treatment should be to achieve 
and maintain control for prolonged periods of time. Table 5.1 lists the GINA-
recommended definition levels of asthma control.

Goals of Asthma Control
Both the U.S. and the international guidelines stress the importance of gain-
ing control of asthma. They define control as not only managing symp-
toms, but also reducing inflammation and minimizing long-term disease 
progression. The specific goals of asthma control are reducing impairment 
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Table 5.1 Levels of Asthma Control

Controlled Asthma

Daytime symptoms: Twice or less per week•	

Limitations of activities: None•	

Nocturnal symptoms/awakening: None•	

Need for reliever/rescue treatment: Twice or less per week•	

Lung function (PEF or FEV•	 1): Normal

Partly Controlled Asthma

Daytime symptoms: More than twice per week•	

Limitations of activities: Any•	

Nocturnal symptoms/awakening: Any•	

Need for reliever/rescue treatment: More than twice per week•	

Lung function (PEF or FEV•	 1): < 80% predicted or personal best (lung 
function is not a reliable test for children 5 years and younger)

Uncontrolled Asthma 

Three or more features of partly controlled asthma present in any week•	

The occurrence of an exacerbation should be considered as a symptom of •	
uncontrolled asthma and requires further evaluation of asthma status.

Adapted from: The Global Initiative for Asthma (GINA). 2009 Update of the GINA Report, 
Global Strategy for Asthma Management and Prevention. http://www.ginasthma.com. Accessed 
April 12, 2010.

and minimizing the risk of recurrent exacerbations and progressive loss of 
lung function (see Table 5.2). From a clinical perspective, this translates as 
individuals’ asthma being controlled if they experience little or no clinical 
symptoms and have a near normal pulmonary function study.

Asthma is determined to be controlled if the individual experiences little 
or no clinical symptoms and has a near normal pulmonary function study.

Both the U.S. and the international guidelines recommend using a 
stepwise approach to pharmacologic therapy to gain and maintain control 
of asthma and reduce both impairment and risk of exacerbations and pro-
gression. Once control of the individual’s asthma is established, stepdown 
therapy should be considered, so as to use the minimum amount of medica-
tion necessary to maintain control. Monitoring asthma becomes essential to 
regulating this stepwise approach (either up or down) for asthma.
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Monitoring Asthma
Monitoring asthma is essential to gaining and maintaining control. A basic 
asthma monitoring program should be a joint effort between the health-
care provider and the individual. Regular follow-up visits should assess the 
following:

Signs and symptoms of asthma•	
Pulmonary function status (spirometry; peak flow monitoring)•	
Quality of life•	
Recent history of asthma exacerbations•	
Pharmacotherapy adherence and any potential side effects•	
Satisfaction with their asthma management plan•	

The plan may also include measurement of minimally invasive markers 
and pharmacogenetics where possible.1

Table 5.2 The Goals of Asthma Control

Reducing 
impairment

Prevent chronic and troublesome symptoms (e.g., coughing or 
breathlessness during daytime, in the night, or after exertion)

Require infrequent use (≤ 2 days a week) of inhaled short-acting 
beta2-agonist (SABA) for quick relief of symptoms (not including 
prevention of exercise-induced bronchospasm [EIB])

Maintain (near) normal pulmonary function

Maintain normal activity levels (including exercise and other 
physical activity, and attendance at work or school)

Meet individuals’ and families’ expectations of, and satisfaction 
with, asthma treatment

Reducing 
risk

Prevent recurrent exacerbations of asthma and minimize the 
need for emergency department (ED) visits or hospitalizations

Prevent progressive loss of lung function; for children, prevent 
reduced lung growth

Provide optimal pharmacotherapy with minimal or no adverse effects

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.
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Monitoring Signs and Symptoms of asthma

Measuring the signs and symptoms of asthma can provide a direct window 
into how the patient is in need of intervention, or if the current plan is ad-
equately controlling their asthma. One of the best ways to assess signs and 
symptoms is through the review of the individual’s symptom diary. This is 
simply a daily log of whether or not they are experiencing symptoms and 
may include their daily peak flow measurement readings. A consistently kept 
diary can reveal trends in asthma severity and help identify potential triggers 
of the individual’s asthma symptoms.

Peak Flow Monitoring

Daily monitoring of the individual’s peak flow rate is a useful tool for as-
sessing asthma control and can be easily incorporated into the asthma diary. 
Incorporating the peak flow zone system into their plan helps to quantify the 
individual’s level of control. To use the zone system, the individual’s asthma 
ideally should be controlled. They should monitor their peak flows daily for 
a 2- to 3-week period. Their personal best is the highest number achieved 
during this time. This number is then used as the basis for the peak flow 
zone system. The system uses three color-coded ranges signifying the indi-
vidual’s personal best peak flow measurements. The green zone is defined 
as 80%–100% of their personal best peak flow range, the yellow zone is 
defined as 50%–80% of their personal best, and the red zone is defined as 
below 50% of their personal best. Table 5.3 illustrates a sample patient diary 
that incorporates the zone system.

The individuals’ diary and symptoms should be assessed at each follow-
up visit to determine if their asthma is controlled or if a change in their plan 
is necessary.

Monitoring Pulmonary Function Status

Assessment of the individual’s pulmonary function status, including peak 
flow measurement and spirometry, should be done regularly. Ongoing daily 
peak flow monitoring should be considered in individuals who:

have moderate or severe persistent asthma.•	
have a history of severe exacerbations.•	
have poorly perceived airflow obstruction and worsening asthma.•	
prefer this type of monitoring over a symptom-based monitoring •	
plan.

Spirometry should be performed upon initial assessment, once asthma 
control is attained, and to document (near) normal lung function. Spirometry 
should also be performed in the event of a progressive or prolonged loss of 
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Table 5.3 Daily Asthma Monitoring

My green zone peak flow is above: __________. My symptoms are: no 
coughing or wheezing; I slept through the night; I can work/play without 
difficulty.

My yellow zone peak flow is between: __________ and ________. My 
symptoms are: I am getting a cold/infection; I have been exposed to a known 
trigger/allergen; I am coughing; I am wheezing; I have tightness in my chest; 
my asthma woke me up last night.

(Caution: see asthma action plan.)

My red zone peak flow is below: __________. My symptoms are: my rescue 
medicine is not helping within 15–20 minutes; I am wheezing and/or my 
breathing is hard and fast; my lips and/or fingernails are blue; I am having 
difficulty walking and/or talking.

(Danger: see asthma action plan immediately!)

Date/time
Morning 
PEF Evening PEF

My symp-
toms today 
are:

Rescue medi-
cation used: 
(time and 
number of 
puffs)

Symptoms 
relieved 
(yes/no/
time)

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Quality 
of life/ 
satisfaction 
Assessment

This week I missed ________ day(s) of work/school.

I was/was not able to participate in home/work/school/recreation/
exercise.

My asthma directly impacted my: mom/dad/spouse/other.

My asthma plan worked/did not work for me this week.

My plan would be better if:
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asthma control and at least every 1–2 years to monitor any changes that may 
be occurring in the airway.1

Symptom-based monitoring plans work on the same principle as the 
peak flow plan. They incorporate a zone system that identifies when ac-
tion should be taken to halt an asthma attack. The plan incorporates both 
a symptom and a peak flow daily monitoring system. Table 5.4 illustrates a 
standalone symptom monitoring system.

Table 5.4 Daily Asthma Symptom Monitoring

In my green zone my symptoms are: no coughing or wheezing; I slept through 
the night; I can work/play without difficulty.

In my yellow zone my symptoms are: I am getting a cold/infection; I have 
been exposed to a known trigger/allergen; I am coughing; I am wheezing; I 
have tightness in my chest; my asthma woke me up last night.

(Caution: see asthma action plan.)

In my red zone my symptoms are: my rescue medicine is not helping within 
15–20 minutes; I am wheezing and/or my breathing is hard and fast; my lips 
and/or fingernails are blue; I am having difficulty walking and/or talking.

(Danger: see asthma action plan immediately!)

Date/time
Symptoms I am 
experiencing:

Rescue medication 
used: 
(time and number 
of puffs)

Symptoms 
relieved: 
(yes/no/time)

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Quality of life/
satisfaction 
assessment

This week I missed ________ day(s) of work/school.

I was/was not able to participate in home/work/school/
recreation/exercise.

My asthma directly impacted my: mom/dad/spouse/other.

My asthma plan worked/did not work for me this week.

My plan would be better if:
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Monitoring Quality of Life

Monitoring for changes in the individual’s quality of life and any impact 
on their school/work performance is critical and should be assessed dur-
ing each visit. The preceding sample diaries provide for this quality of life 
assessment.

Monitoring History of Asthma Exacerbations

Documenting the severity and frequency of an exacerbation should be com-
pleted at every office visit. Monitoring these parameters can help to guide 
stepwise therapy and identify periods when the individual is particularly 
vulnerable to triggers. For example, if it is documented that pollen in the 
springtime triggers exacerbations in individuals, adjustment in their medica-
tion can be made to prevent worsening of their asthma during this season.

Monitoring Pharmacotherapy Adherence and Side Effects

At each visit the individual’s adherence to their medication plan, inhaler 
technique, and any potential side effects that they maybe having should be 
assessed. This is also a good time to discuss their overall satisfaction with 
their asthma action plan and confirm that there is effective communication 
between individuals and their providers. Effective, open communication is 
essential to providing quality care and any concerns should be addressed. A 
frequently heard concern is that individuals are not sure who they should call 
in the event of an emergency or if they have questions about their medica-
tions. Resolving these issues can facilitate better care and prevent them from 
unnecessary emergency and office visits.

Follow-Up Checklist

A sample checklist for a follow-up visit, which covers all of these areas, is 
illustrated in Table 5.5.
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Table 5.5 Sample Routine Clinical Assessment Questionnaire*

Question
Individual’s 
Response

Action to  
Be Taken

Monitoring signs and symptoms

“Has your asthma been better or worse since 
your last visit?”

“Has your asthma worsened during specific 
seasons or events?”

“In the past 2 weeks, how many days have you:

Had problems with coughing, wheezing, •	
shortness of breath, or chest tightness during 
the day?”

Awakened at night from sleep because of •	
coughing or other asthma symptoms?”

Awakened in the morning with asthma •	
symptoms that did not improve within 15 
minutes of inhaling a short-acting beta2-
agonist?”

Had symptoms while exercising or playing?”•	

Been unable to perform a usual activity, •	
including exercise, because of asthma?”

Monitoring pulmonary functions

Lung function

“What is the highest and lowest your peak flow 
has been since your last visit?”

“Has your peak flow dropped below ___ L/min 
(80% of personal best) since your last visit?”

“What did you do when this occurred?”

Peak flow monitoring technique

“Please show me how you measure your peak 
flow.”

“When do you usually measure your peak flow?”

(continues)
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Question
Individual’s 
Response

Action to  
Be Taken

Monitoring quality of life/functional status

“Since your last visit, how many days has your 
asthma caused you to:

miss work or school?”•	

reduce your activities?”•	

(for caregivers) change your activity because •	
of your child’s asthma?”

“Since your last visit, have you had any 
unscheduled or emergency department visits or 
hospital stays?”

Monitoring exacerbation history

Since your last visit, have you had any episodes/
times when your asthma symptoms were much 
worse than usual?”

If yes, “What do you think caused the symptoms 
to get worse?”

If yes, “What did you do to control the 
symptoms?”

“Have there been any changes in your home or 
work environment (e.g., new smokers or pets)?”

Monitoring pharmacotherapy

Medications

“What medications are you taking?”

“How do you feel about taking medication?”

“How often do you take each medication?”

“How much do you take each time?”

“Have you missed or stopped taking any regular 
doses of your medications for any reason?”

If yes, why?

“Have you had trouble filling your prescriptions 
(e.g., for financial reasons, not on formulary)?”

Table 5.5 Sample Routine Clinical Assessment Questionnaire (Cont.)

78545_CH05_5674.indd   66 6/14/10   8:35:45 AM



Asthma Severity   67

Question
Individual’s 
Response

Action to  
Be Taken

“How many puffs of your inhaled short-acting 
beta2-agonist (quick-relief medicine) do you use 
per day?”

“How many [name inhaled short-acting beta2-
agonist] inhalers [or pumps] have you been 
through in the past month?”

“Have you tried any other medicines or 
remedies?”

Side effects

“Has your asthma medicine caused you any 
problems?”

(shakiness, nervousness, bad taste, sore throat, 
cough, upset stomach, hoarseness, skin changes 
[e.g., bruising])

Inhaler technique

“Please show me how you use your inhaler.”

Monitoring patient–provider communication and patient satisfaction

“What questions have you had about your 
asthma daily self-management plan and action 
plan?”

“What problems have you had following your 
daily self-management plan? Your action plan?”

“How do you feel about making your own 
decisions about therapy?”

“Has anything prevented you from getting the 
treatment you need for your asthma from me or 
anyone else?”

“Have the costs of your asthma treatment 
interfered with your ability to get asthma care?”

“How satisfied are you with your asthma care?”

“How can we improve your asthma care?”

“Let’s review some important information:

When should you increase your medications? •	
Which medication(s)?”

Table 5.5 Sample Routine Clinical Assessment Questionnaire (Cont.)

(continues)
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Question
Individual’s 
Response

Action to  
Be Taken

When should you call me [your doctor or •	
nurse practitioner]? Do you know the after-
hours phone number?”

If you can’t reach me/this clinic, what •	
emergency department would you go to?”

*These questions are examples and do not represent a standardized assessment instrument. 
The validity and reliability of these questions have not been assessed.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.

Table 5.5 Sample Routine Clinical Assessment Questionnaire (Cont.)

Recommended Monitoring/Visit Schedules

The scheduling and the frequency of follow-up visits to review asthma con-
trol are a matter of clinical judgment. Table 5.6 illustrates some recommended 
schedules.

Table 5.6 Recommended Monitoring Schedules

When starting 
therapy

2- to 6-week intervals until asthma control is achieved

Regular follow-up Individuals who have intermittent or mild persistent 
asthma that has been under control for at least 3 
months should be seen by a clinician about every 6 
months.

Individuals who have uncontrolled and/or severe 
persistent asthma and those who need additional 
supervision to help them follow their treatment plan 
need to be seen more often.

If a step down in 
therapy is anticipated

Consider 3-month intervals for monitoring

Adapted from: The Global Initiative for Asthma. 2009 Update of the GINA Report, Global 
Strategy for Asthma Management and Prevention. http://www.ginasthma.com. Accessed 
April 1, 2010.2

National Heart, Lung, and Blood Institute. National Asthma Education and Prevention Pro-
gram Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma Full 
Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. Accessed April 
2, 2009.1
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Review the proper use of a spacer device with adults and children•	

Discuss the use of reliever medication for wheezing and other acute symptoms•	

Discuss the use of long-term controllers for the management of asthma•	

K e y  W O r d s

6
Medications

short-acting beta agonists (SABAs)
systemic corticosteroids
anticholinergic medications
spacer devices
methylxanthines
mast cell inhibitors

immunomodulators
long-acting beta agonists (LABAs)
leukotriene modifiers
inhaled corticosteroids
leukotriene modifiers
cromolyn

Introduction
The goals of asthma therapy are to gain control, reduce impairment and the 
risk of exacerbations, minimize side effects from medications, and maintain 
pulmonary function studies as close to normal as possible. Medications for 
asthma are categorized into two general classes: quick-relief medications 
used to treat acute symptoms and exacerbations and long-term control medi-
cations used to achieve and maintain control of persistent asthma. Systemic 
corticosteroids are usually considered long-term control when they are used 
to facilitate recovery from an exacerbation.
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Quick-Relief Medications
Short-Acting Beta Agonists

Quick-relief medications, also called reliever medications or rescue medica-
tions, are used to provide relief of wheezing (bronchoconstriction) and other 
acute symptoms such as cough and tightness in the chest. Short-acting beta 
agonists (SABAs) and anticholinergics (ipratropium bromide) are the two 
principal reliever medications available in the United States.1

The SABAs relax smooth muscle and restore/increase airflow usually 
within 3–5 minutes of proper administration. These medications interact 
with beta to relax bronchial smooth muscle; decrease mast cell mediator 
release; and inhibit neutrophil, eosinophil, and lymphocyte functional re-
sponses. They also increase mucociliary transport and affect vascular tone 
and edema formation. SABAs are the therapy of choice for relief of acute 
asthma symptoms. Daily routine use of SABAs is not recommended and 
the use of these medications more than 2 days a week for symptom relief is 
considered an indicator of poorly controlled asthma.

SABAs are also the medication of choice for the prevention of exercise-
induced asthma. For this indication it should be used before exercise and the 
caution against using these medications more than 2 days a week does not 
apply.1 When SABAs are not tolerated, anticholinergics (ipratropium bro-
mide) are the recommended alternative.

Short-Acting Beta Agonists Available in the United States

Albuterol (Ventolin, Proventil)

Levalbuterol (Xopenex)

Metaproterenol (Alupent, Metaprel)

Pirbuterol (Maxair)

The preferred delivery method for SABAs is inhalation. The medication 
itself can be formulated either in a metered-dose inhaler (MDI), breath-ac-
tivated inhaler, or dry-powder inhaler (DPI) or administered via a nebulizer. 
Data has shown that delivery via an inhaler plus a spacer is as effective as 
nebulizer therapy when proper technique is used.2 The recommended deliv-
ery method for children younger than 4 years of age is a pressurized metered 
dose inhaler used with a spacer device and a face mask. Children 4–6 years 
of age should use a pressurized metered-dose inhaler with a spacer device 
and a mouthpiece. Children and adults older than 6 years of age may use a 
dry powder inhaler, breath-actuated pressurized metered dose inhaler, or 
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pressurized metered-dose inhaler with a spacer device and mouthpiece. A 
valved spacer device or holding chamber can also be used for adults and older 
children. Valved holding chambers (VHC) are essentially spacer devices that 
have one-way valves that do not allow exhalation into the device. This is ben-
eficial for young children, infants, and those who are unable to coordinate 
their breathing. They can breathe normally and have someone else actuate 
the device without loss of the actuated dose of medication. Nebulizer therapy 
is an alternative regardless of the age group. However, children less than 4 
years of age should use a mask with their nebulizer; all others may use a 
mouthpiece.3 Oral administration of SABAs results in a slower onset of ac-
tion and is not the preferred delivery route to quickly relieve symptoms.1

How to Use a Spacer Device

1.  Sit or stand up as straight as possible, and take several deep breaths.

2.  Remove the cap from the mouthpiece of the inhaler and shake the inhaler 
before use (3–4 shakes).

3.  Some medications require “priming” or activating the inhaler prior to using. 
Please check to see if your inhaler requires this.

4.  Insert the inhaler mouthpiece into the spacer device.

5.  Place the spacer device in your mouth and seal your lips tightly around the 
spacer mouthpiece.

6.  With the spacer still in your mouth, press down on the inhaler canister to 
spray one puff of medicine into the spacer.

7.  Breathe in slowly and deeply through the spacer and hold your breath for 
10 seconds or as long as is comfortably possible.

8.  If the medication plan calls for 2 puffs of medication, wait 30–60 seconds, 
shake the inhaler again then repeat Steps 3–7.

Using a Spacer Device Fitted with a Mask for a Small Child

1.  Place the child on your lap. Preferably with the child’s head against your 
chest for support.

2.  Remove the cap from the mouthpiece of the inhaler and shake the inhaler 
before use (3–4 shakes; prime inhaler if necessary).
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3.  Insert the inhaler mouthpiece into the spacer device.

4.  Place the mask over the child’s face so that the nose and mouth are cov-
ered.

5.  Spray one puff from the inhaler into the spacer device.

6.  Keep the mask in place for 6–8 breaths.

7.  Have the child hold his/her breath, if possible, for a count of 10.

8.  Remove the mask and repeat if necessary.

How to Clean a Spacer Device

1.  Take the spacer device apart.

2.  Swish the parts of the spacer device in warm soapy water (dish detergent 
works well).

3.  Do not use boiling water, alcohol, bleach, or other cleaners or disinfectants 
as this may damage the spacer device.

4.  Rinse well in clean water.

5.  Let air dry.

6.  Put the spacer back together.

Anticholinergics

Anticholinergic medications (ipratropium bromide) decrease bronchospasm 
and the secretion of mucus by inhibiting the muscarinic cholinergic receptors 
and reducing the vagal tone of the airway. They have an additive benefit when 
administered with SABAs in moderate to severe asthma exacerbations.

Anticholinergic Medication Available in the United States

Ipratropium bromide (Atrovent)

Systemic Corticosteroids

Systemic corticosteroids are neither rapid nor short acting. They are some-
times included in a reliever plan; usually in cases of moderate and severe 
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 exacerbations. These corticosteroids speed recovery from airway inflamma-
tion and hopefully prevent recurrence of another acute exacerbation. They 
can be given via injections, intravenously (IV), or orally. Most often the use of 
a short course (e.g., 3 days) of oral corticosteroids is seen following a moder-
ate or severe exacerbation.

Long-Term Control Medications
Corticosteroids

Corticosteroids are the most potent and effective anti-inflammatory medi-
cations currently available and as such are used as controller medications 
for asthma. The current U.S. guidelines recommend their use as long-term 
therapy for mild, moderate, or severe persistent asthma. They state that, in 
general, these medications are well tolerated and safe at the recommended 
dosages. Oral and intravenous corticosteroids may be given in an emergency 
to gain control of an asthma exacerbation or as a bridge to inhaled therapy 
following a severe exacerbation. The preferred method of delivery, however, 
is via inhalation as this will deliver the medication locally to the pulmonary 
tissue where it is most needed, reduce the degree of systemic exposure, and 
decrease the risk of side effects. The risk of adverse effects from corticos-
teroids increases with higher dose and potency levels. To minimize these 
risks practitioners should recommend the lowest dose possible to maintain 
asthma control. Patients can also decrease their side effects when taking 
inhaled corticosteroids (ICS) by using a spacer device with good technique 
and rinsing their mouths afterward to remove any residue. The guidelines 
and data suggest that there is a small risk of adverse events from the use of 
ICS, but that their efficacy balances this risk (see Table 6.1).1

More details regarding dosing and the use of corticosteroids addressing 
specific age groups are discussed in the following chapters. Regardless of the 
age of the individual, corticosteroids should not be used to relieve symptoms 
during an acute asthma attack!

TABle 6.1 Adverse Effects from Inhaled Corticosteroids

Local adverse effects Oropharyngeal candidiasis

Dysphonia (difficulty speaking)

Occasional coughing from upper airway irritation

Systemic side effects of 
long-term treatment with 
high doses of inhaled 
corticosteroids

Easy bruising

Adrenal suppression

Decreased bone mineral density (BMD)
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Specific Situations

Cataracts Inhaled corticosteroids have been associated with 
the occurrence of cataracts and glaucoma. There 
is no evidence of posterior-subcapsular cataracts.

Bone density Calcium (1000–1500 mg per day) and vitamin D 
(400–800 units per day) supplements should be 
considered for patients who have risk factors for 
osteoporosis or low bone mineral density. Bone-
sparing therapy (e.g., bisphosphonate) may be 
considered for patients on medium or high doses 
of ICS, particularly for those who are at risk of 
osteoporosis or who have low BMD scores by dual 
energy X-ray absorptiometry (or DEXA) scan. 
For children, age-appropriate dietary intake of 
calcium and exercise should be reviewed with the 
child’s caregivers.

Pulmonary infections There is no evidence that the use of ICS increases 
the risk of pulmonary infections, including 
tuberculosis.

Adapted from: The Global Initiative for Asthma (GINA). 2009 Update of the GINA Report, 
Global Strategy for Asthma Management and Prevention. http://www.ginasthma.com. 
Accessed April 1, 2010.4

TABle 6.1 Adverse Effects from Inhaled Corticosteroids (Cont.)

Corticosteroids Available in the United States

Oral and Intravenous Corticosteroids

Methylprednisolone (Medrol, Solu-Medrol)

Prednisone (Deltasone, Orasone)

Prednisolone (Pediapred, Orapred)

Inhaled Corticosteroids

Beclomethasone (Beclovent, Vanceril, Qvar)

Budesonide (Pulmicort)

Flunisolide (AeroBid)

Fluticasone (Flovent)

Triamcinolone (Azmacort)
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Mast Cell Inhibitors

Cromolyn sodium and nedocromil are anti-inflammatory medications that 
stabilize mast cells and interfere with chloride channel function. The current 
U.S. guidelines state that they may be used as an alternative, but are not the 
preferred medications for the treatment of mild persistent asthma. They can 
also be used as preventive treatment before exercise or unavoidable exposure 
to known allergens. The data shows that while both medications are potent 
anti-inflammatory agents, nedocromil may be more potent than cromolyn 
in inhibiting bronchospasm provoked by exercise.

Mast Cell Inhibitors Available in the United States

Cromolyn sodium (Intal)

Nedocromil (Tilade)

Immunomodulators

Currently the only immunomodulator available in the United States is the 
monoclonal antibody omalizumab (anti-IgE). Omalizumab prevents bind-
ing of IgE to the high-affinity receptors on basophils and mast cells, thus 
interrupting and decreasing the release of mediators in response to allergen 
exposure. It is recommended for the long-term control and prevention of 
symptoms for patients older than 12 years of age that have moderate or se-
vere persistent allergic asthma inadequately controlled with ICS. Clinicians 
who administer omalizumab are cautioned that they should be prepared and 
equipped to identify and treat anaphylaxis should it occur.

Monoclonal Antibodies Available in the United States

Omalizumab (Xolair)

leukotriene Modifiers

Three leukotriene modifiers—montelukast, zafirlukast, and zileuton—are 
available as oral tablets for the treatment of asthma. These are further di-
vided into two pharmacologic classes: 5-lipoxygenase pathway inhibitors 
(e.g., zileuton) and receptor antagonists (LTRAs; montelukast and zafirlu-
kast), which block the effects of the CysLT1 receptor. The current U.S. guide-
lines recommend that LTRAs be used as an alternative treatment option 
for mild persistent asthma. They can also be used as adjunct therapy with 

78545_CH06_5674.indd   76 6/14/10   8:36:30 AM



Medications   77

ICS. In patients 12 years of age and older they are not the preferred adjunct 
therapy compared to the addition of long-acting beta agonists (LABAs). The 
5-lipoxygenase pathway inhibitor zileuton is an alternative treatment option, 
though the guidelines state its use is less desirable than LTRAs due to more 
limited efficacy data and the need for liver function monitoring.1

leukotriene Modifiers Available in the United States

Leukotriene receptor antagonists 
(LTRAs)

Montelukast (Singulair)

Zafirlukast (Accolate)

5-Lipoxygenase pathway inhibitors Zileuton (Zyflo)

long-Acting Beta Agonists

There are two long acting beta agonists (LABAs) available in the United 
States: salmeterol and formoterol. These medications are bronchodilators 
that have an efficacy lasting up to 12 hours; they are not, however, to be used 
as monotherapy for long-term control of asthma. These medications are most 
often used in combination with ICS for long-term control and prevention of 
symptoms. LABAs should not be used for the treatment of acute symptoms 
or exacerbations. There has been some controversy regarding whether or not 
LABA treatment increases the severity of asthma exacerbations and pos-
sibly increases the risk of mortality. Data from the Salmeterol Multi-center 
Asthma Research Trial (SMART), a large 28-week, placebo-controlled U.S. 
study that examined the safety of salmeterol added to usual asthma therapy, 
demonstrated that individuals taking salmeterol showed a small but sig-
nificant increase in asthma-related deaths (13 deaths out of 13,176 patients) 
compared to those individuals on placebo therapy (3 out of 13,179). These 
concerns have resulted in a black box warning from the FDA on LABAs and 
ICS combination products. Individuals using LABAs should be instructed not 
to stop their ICS therapy while taking these medications.1,5,6

long-Acting Beta Agonists (lABAs) Available in the United States

Formoterol (Foradil)

Salmeterol (Serevent)
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Combined Controller Therapy

There are two combined products currently available in the United States for 
the long-term control of asthma. These products include an inhaled corti-
costeroid and a LABA. The combinations currently available are: fluticasone 
and salmeterol (Advair) and budesonide and formoterol (Symbicort). These 
medications should be used as controller therapy and not in place of rescue 
medications.

Methylxanthines

Methylxanthines provide mild-to-moderate relaxation of airway smooth 
muscles and help to decrease the occurrence of bronchospasms. Similar to 
caffeine, these medications are nonselective phosphodiesterase inhibitors 
that also have a mild anti-inflammatory effect. The methylxanthine most 
commonly used in the United States is theophylline. The current guidelines 
recommend that sustained-release theophylline be used as an alternative 
rather than a preferred treatment for mild persistent asthma. It may also 
be used as alternative but not preferred adjunctive therapy with ICS. Too 
much theophylline can result in toxicity, which is most often represented as 
severe headaches, tachycardia, tremors, muscle twitching, seizures, nausea, 
and vomiting. To prevent these side effects and insure a therapeutic range, 
monitoring of serum concentrations of theophylline should be done. When 
using sustained-release theophyllines, serum concentration levels should be 
obtained in the middle of the dosing interval, at least 3–5 days after initiation 
of therapy. Serum levels should also be obtained at least 2 days after initia-
tion of any factor known to affect theophylline clearance significantly such 
as alterations in kidney function, sepsis, thyroid disease, pregnancy, liver 
disease, and smoking. The therapeutic range for serum theophylline levels is 
5–20 mcg/mL. Usually maintaining peak serum theophylline levels between 
10 and 15 mcg/mL will achieve most of the drug’s potential therapeutic ben-
efit, however individuals with mild asthma may require lower levels. Serum 
theophylline levels > 20 mcg/mL increase both the frequency and severity of 
adverse reactions increase. Data has also been shown that theophylline clear-
ance is increased and half-life decreased by low carbohydrate/high protein 
diets, parenteral nutrition, and daily consumption of charcoal-broiled beef. 
A high carbohydrate/low protein diet can decrease the clearance and prolong 
the half-life of theophylline.7
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Discuss stepwise management for the control of asthma•	

Review the components of an asthma action plan•	

Discuss the use of a school/sports action plan•	

Identify the components of a patient education plan•	

Discuss the development of a patient/provider partnership•	

K e y  W O r d s

7
Stepwise 
Management, 
Asthma Action 
Plans, and Patient 
Education

stepwise management
asthma action plan
school/sports action plan
travel plan

green zone
yellow zone
red zone

Introduction
Both U.S. and international guidelines recommend using a stepwise ap-
proach to pharmacologic therapy to gain and maintain control of asthma 
and reduce both impairment and risk of exacerbations and progression.1,2 
Written asthma action plans not only help individuals track and implement 
the stepwise approach, it allows asthmatics to daily monitor and adjust their 
medications in response to changing signs and symptoms thus reducing 
their risk of exacerbations. Every asthmatic should have a written asthma 
action plan.
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Stepwise Management
The stepwise management plan organizes asthma treatment into different 
steps or levels based on the individual’s signs and symptoms at that mo-
ment and reflects increasing and decreasing intensity of treatment (dosages 
and/or number of medications) required to achieve and maintain asthma 
control. The steps are determined on a case-by-case basis with respect to the 
age of the individual and severity of their asthma. The medication, dosage, 
and timing of the therapy are determined by the level of asthma severity 
assessed at the initiation of therapy and the level of asthma control needed 
for adjusting therapy. By utilizing the stepwise management plan, therapy 
can be stepped up or down as needed to maintain control. The goal for step-
down therapy is to identify the minimum medication necessary to maintain 
control. Detailed information on stepwise management by age group and 
in accordance with the current U.S. guidelines is included in the following 
chapters.

Asthma Action Plan
A written asthma action plan is a document developed jointly by the health-
care provider and the individual. The plan should include individuals’ daily 
treatment plans, key points to help them recognize changes in their condi-
tion, and steps they can take to manage these changes. The patients’ ability 
to self-adjust their medications in response to acute symptoms or changes 
in their PEF measurements is the basis of most written plans.

An asthma action plan should include two sections as a minimum: 
daily management and emergency response. The daily management sec-
tion should incorporate directions for the daily management of their 
asthma including the names of the medications, dosages, and times they 
should be taken. It should also include daily monitoring information, steps 
to control environmental allergens, and directions for avoiding any known 
triggers.

The emergency response section should include information on how 
to recognize symptom changes and the specific steps (i.e., medications to 
take, dosage, and timing) they should follow in response to these changes. 
It is critical that the plan include information on the identification of signs, 
symptoms, and PEF measurements that indicate the need for urgent medi-
cal attention. Individuals with asthma and their immediate care providers 
must be provided with the red zone parameters that indicate the need for 
professional care beyond this point. It is a good idea that the written asthma 
plan also include emergency telephone numbers for the physician, nearest 
emergency department, and any emergency transport system/service that 
individuals can call quickly to assist them. See Table 7.1 for a sample of a 
written asthma action plan.
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School/Sports Plan
The goal of asthma management is gaining and maintaining control so that 
the individual can lead a normal, active life. Students with controlled asthma 
can attend school and participate in sports without fear of their condition 
interfering. However, teachers, coaches, and school administrators should be 
made aware of the student’s condition and informed of the proper steps to 
take should an asthma attack occur. Even if the school district has a school 
nurse program and/or an asthma response program/plan, it is a good idea to 
have a written plan and information available in the event of an emergency. 
See Table 7.2 for a sample school/sports plan.

Table 7.2 Sample School/Sports Plan

Name: Age: School: Homeroom 
teacher:

Grade:

Parent/guardian: Address: Phone:

Parent/guardian: Address: Phone:

Physician: Address: Phone:

Clinic/emergency room preference: Address: Phone:

Allergies:

Activity restrictions:

My asthma triggers are:

Emergency steps should be taken when:

 My symptoms are:

 My peak flow is below:
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If I am having difficulty breathing/coughing 
excessively:

Check my peak flow rate.

Green zone: My peak flow 
is above: _____________.

I am okay, but I will need to 
be checked again.

Yellow zone: My peak flow 
is between __________ and 
______.

Give this medication: 
________________.

I should be better in 15–20 
minutes. If not, seek 
assistance.

Red zone: My peak flow is 
below: _________.

I need immediate emer-
gency help.

Contact my parent/guardian if/when:

My medications are kept (circle one): with my teacher; with the school nurse; 
with me; other:

My daily medication plan is: Medication Dosage/
timing

My daily monitoring plan is: Peak flow measurement 
times:

Symptom 
checks:

My emergency medication plan is: Medication Dosage/
timing

Additional instructions:

Parent/guardian signature:

Date: 

Table 7.2 Sample School/Sports Plan (Cont.)

Some school systems require a physician’s signature for the administra-
tion of medications on school property. If that is required, a permission sheet 
such as the one shown in Table 7.3 can be used to accompany the preceding 
form.
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Table 7.3 School Asthma Medication Permission Sheet

Name: Age: School: Homeroom 
teacher:

Grade:

Parent/guardian: Address: Phone:

Physician: Address: Phone:

To be completed by physician:

_______________________________ is a patient under my care and has been 
instructed in the proper way to use his/her asthma medications. It is my 
professional opinion that _______________________________ should be allowed 
to carry and use that medication by him/herself on school property and in 
accordance with school policy.

It is my professional opinion that _________________ should not carry his/her 
asthma medication and may require assistance with these medications.

Student requires monitoring/peak flow assistance: yes/no

Physician signature:

Date:

Parent/guardian signature:

Date:

Travel Plan
Whether an individual is a student or an adult, organizing his or her health 
information when traveling is important. Filling out this form and also leav-
ing a copy with a healthcare provider or emergency contact prior to departure 
can provide useful documentation in the event of an emergency. The form 
shown in Table 7.4 can be useful when preparing to take a trip.
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Table 7.4 Asthma Travel Plan

Name:

Address:

Home phone:

Emergency contact:

Physician: Physician’s phone/address:

Hospital/clinic preference:

Allergies:

Diagnosis:

I am traveling to/staying with:

Insurance company/health provider:

Policy/group number:

Authorization phone number:

Circle one: I have advance directives (living will).

Attached. Located:

I have no advance directives.

Circle as needed: I use oxygen: ____________ lpm

I am an organ donor.

I am an eye donor.

My asthma medications are:

Green Zone

No coughing or wheezing

I slept through the night

I can work/play without 
difficulty

80%–100% of my 
personal best

My peak flow is above 
_______

Action to be taken 
when in the green 
zone: 

Yellow Zone

I am getting a cold/infection

I have been exposed to a 
known trigger/allergen

I am coughing

I am wheezing

I have tightness in my chest

My asthma woke me up last 
night

50%–80% of my 
personal best

My peak flow is 
between _____ and 
_____

Action to be taken 
when in the yellow 
zone:

(continues)
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Red Zone

My rescue medicine is 
not helping within 15–20 
minutes

I am wheezing and/or my 
breathing is hard and fast

My lips and/or fingernails 
are blue

I am having difficulty 
walking and/or talking

Below 50% of my 
personal best

My peak flow is below 
______

Action to be taken 
when in the red zone:

Other medications I am taking:

Medication: Dosage: Time: Side 
effects:

Reason I 
am taking 
this medi-
cation:

Additional information:

Table 7.4 Asthma Travel Plan (Cont.)

Patient Education
In addition to developing the preceding documents, patient self-management 
skills and education plays a critical role in gaining and maintaining control of 
asthma. The development of a partnership between the healthcare providers 
and the individual has been shown to be an effective strategy for improving 
asthma outcomes.1 Whenever possible it is important to include the asth-
matic individual in the decision-making process and the development of a 
written asthma action plan. The components of a successful asthma educa-
tion plan include:
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The individual’s ability to demonstrate an understanding of their trig-•	
gers and symptoms
A discussion/implementation of action steps to minimize environ-•	
mental triggers
The individual’s ability to demonstrate proper technique when taking •	
their medications and completing their self-monitoring (peak flow, 
symptoms scores, etc.)
A written asthma action jointly developed by the practitioner and the •	
individual
An emergency plan that clearly outlines the steps to take when •	
asthma symptoms are not responding to the written asthma action 
plan steps

There are multiple opportunities and teaching moments that present 
themselves when managing an asthmatic individual. The patient’s education 
level and medication techniques should be assessed and verified on follow-
up visits and periodically throughout the course of their management. For-
mal outlined education sessions are not necessary; however, it is necessary 
to insure and document that their skill levels, written asthma action plan, 
and education are being addressed.

References
 1. National Heart, Lung, and Blood Institute. National Asthma Education and 

Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and 
Management of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/
asthma/asthsumm.pdf. Accessed April 2, 2009.

 2. The Global Initiative for Asthma (GINA). 2009 Update of the GINA Re-
port, Global Strategy for Asthma Management and Prevention. http://www 
.ginasthma.com. Accessed April 1, 2010.
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L e a r n i n g  O b j e c t i v e s

Discuss stepwise management for the control of asthma therapy in children 0–4 •	
years of age.

Review the management differences between intermittent and persistent •	
asthma.

Identify the recommended medication dosages for the treatment of asthma.•	

K e y  W O r d s

8
Stepwise 
Management for 
Children 0–4 Years 
of Age

stepwise management
asthma action plan

components of severity
classification of asthma severity

Introduction
Managing asthma in children 0–4 years of age can be challenging because 
these children cannot articulate their symptoms and often may be too young 
to follow treatment instructions. Clinicians must rely on the child’s parents/
caregivers and immediate family members to help them monitor, assess, 
and treat the child’s asthma. The development of a partnership between 
the clinician and the child’s primary care provider will facilitate guided 
self-management and the ability to control the child’s asthma. This guided 
self-management is achieved via the written asthma care plan. The chart 
illustrated in Table 8.1 can assess asthma severity and starting therapy.
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Stepwise Management for Children 0–4 Years of Age
Once therapy has been started, a stepwise management plan can guide cli-
nicians in their progressive stepping up or stepping down of treatment as 
needed. The steps are based on the severity of asthma at the time and it is 
intended that the lowest dose possible of medication be used when managing 
a child’s asthma. The chart shown in Table 8.2 can assist in determining the 
level of asthma control and severity.

The six steps presented in the stepwise management plan are designed to 
assist the clinician in making decisions about the level of care needed. These 
steps should not be confused with zone recommendations in the patient’s 
asthma action plan. It is possible for patients to have a different asthma ac-
tion plan based on their current level of severity and step of care. Table 8.3 
details the six steps designed to assess asthma therapy.

Table 8.2 Assessing Asthma Control in Children Ages 0–4 Years After Therapy 
Has Been Started

Components of Control

Classification of Asthma Control (0−4 years of age)

Well controlled
Not well 
controlled

Very poorly 
controlled

Impairment Symptoms £ 2 days per 
week

> 2 days per 
week

Throughout 
the day

Nighttime 
awakenings

£ 1¥/month > 1¥/month > 1¥/week

Interference 
with normal 
activity: 
none, some 
limitation, 
or extremely 
limited

None Some 
limitation

Extremely 
limited

Short-acting 
beta2 agonist 
used for 
symptom 
control

(not for 
prevention of 
EIB)

£ 2 days per 
week

> 2 days per 
week

Several times 
per day

(continues)
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Risk Exacerbations 
requiring 
oral systemic 
corticosteroids

0−1¥/year 2−3¥/year > 3¥/year

Treatment-
related 
adverse 
effects

Medication side effects can vary in intensity 
from none to very troublesome and worrisome. 
The level of intensity does not correlate 
to specific levels of control but should be 
considered in the overall assessment of risk.

EIB = exercise-induced bronchospasm

Notes:

The stepwise approach is meant to assist, not replace, the clinical decision making required •	
to meet individual patient needs.

The level of control is based on the most severe impairment or risk category. Assess impair-•	
ment domain by caregiver’s recall of previous 2–4 weeks. Symptom assessment for longer 
periods should reflect a global assessment such as inquiring whether the patient’s asthma 
is better or worse since the last visit.

At present, there are inadequate data to correspond frequencies of exacerbations with dif-•	
ferent levels of asthma control. In general, more frequent and intense exacerbations (e.g., 
requiring urgent, unscheduled care, hospitalization, or ICU admission) indicate poorer 
disease control. For treatment purposes, patients who had ≥ 2 exacerbations requiring 
oral systemic corticosteroids in the past year may be considered the same as patients who 
have not-well-controlled asthma, even in the absence of impairment levels consistent with 
not-well-controlled asthma.

Before step up in therapy:•	

Review adherence to medications, inhaler technique, and environmental control.•	

If alternative treatment option was used in a step, discontinue it and use preferred •	
treatment for that step.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.

Table 8.2 Assessing Asthma Control in Children Ages 0–4 Years After Therapy 
Has Been Started (Cont.)
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Stepwise Management for Children 0–4 Years of Age   97

Step 1 Care for Children 0–4 Years of age

Intermittent Asthma

Intermittent asthma is defined as symptoms occurring less than once a week, 
brief exacerbations, nocturnal symptoms not more than twice a month, a 
FEV1 or PEF of 80% predicted and a PEF or FEV1 variability < 20%.1 Intermit-
tent asthma should be assessed regularly to evaluate whether the individual’s 
asthma is indeed intermittent. The occurrence of two or more severe exac-
erbations within 6 months without symptoms in between is an example of 
minimal or intermittent impairment, but demonstrates a persistent, high risk 
of exacerbation. Individuals presenting with this pattern of asthma should 
be classified as having persistent asthma and may benefit from daily long-
term control therapy.

Step one therapy for children 0–4 years of age with intermittent asthma 
includes the use of SABAs as needed to treat immediate symptoms. The cur-
rent U.S. guidelines state that reliever medication (SABAs) can be continued 
indefinitely on an as-needed basis. Increasing usage of these medications, 
however, may indicate more severe or inadequately controlled asthma. When 
this occurs a step up in therapy may be needed. A written asthma action plan 
should be developed for individuals who have intermittent asthma and a his-
tory of severe exacerbations. This plan should include measurable signs and 
symptoms of worsening asthma (either peak flow measurement or specific 
symptoms), recommendations for using reliever medications, when to begin 
oral systemic corticosteroids, and detailed information as to when the patient 
should seek medical assistance. If the child is not adequately controlled with 
the use of as-needed reliever medications he or she should be reevaluated 
for persistent asthma.

Persistent Asthma

If a child is identified as having persistent asthma he or she should be con-
sidered for Step 2 or higher management. The goal of management is to 
gain and maintain control with the minimum amount of controller medica-
tion necessary. Daily long-term control medication is recommended for these 
children if they have had four or more wheezing episodes in 1 year and risk 
factors for persistent asthma. Daily therapy may be needed for children who 
have had a second exacerbation requiring oral systemic corticosteroids in 6 
months or children who consistently require symptomatic treatment > 2 days 
a week for > 4 weeks. In addition to the controller medication recommenda-
tions included in steps 2–6, reliever medication (SABAs) should be available 
and used as needed to relieve symptoms. See Table 8.4 for the usual dosages 
for reliever medication in children.
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Step 2 Care for Children 0–4 Years of age

The preferred treatment for children at Step 2 is daily low-dose inhaled 
corticosteroids (ICS). Alternative therapies that may be considered are cro-
molyn and montelukast (listed in alphabetical order). If one of these alter-
native treatments is selected and adequate asthma control is not achieved 
and maintained in 4–6 weeks, then discontinue that treatment and use the 
preferred medication before stepping up therapy. Theophylline is not recom-
mended in children less than 5 years of age due to the challenges of serum 
monitoring and also documented irregularities in theophylline metabolism 
during febrile illness.

There has been controversy over the use of corticosteroids to treat asthma 
in children. The current U.S. guidelines state that “the potential for the ad-
verse effect of low- to medium-dose ICS on linear growth is usually limited 
to a small reduction in growth velocity, approximately 1 cm in the first year 
of treatment that is generally not progressive over time.”2 They recommend 
that children receiving ICS should be monitored, by using a stadiometer, 
for changes in growth. The guidelines also note that “High doses of ICS 
administered for prolonged periods of time (for example, more than 1 year), 
particularly in combination with frequent courses of systemic corticosteroid 
therapy, may be associated with adverse growth effects and risk of poste-
rior subcapsular cataracts or reduced bone density.”2 They recommend that 
children taking these medications should also have age-appropriate dietary 
intake of calcium and vitamin D in addition to slit-lamp eye examinations 
and bone densitometry evaluations. See Table 8.5 for usual dosages of long-
term control medication in children.

Step 3 Care for Children 0–4 Years of age

The current U.S. guidelines recommend increasing the dose of ICS to in-
sure an adequate amount of medication is delivered before adding adjunctive 
therapy (see Table 8.6). This advancement to medium-dose ICS is intended 
to offset the potential variability of delivering aerosols to children in this 
age group, as often they are too young to understand and follow the recom-
mended delivery strategies.

Step 4 Care for Children 0–4 Years of age

Step 4 should be considered when increasing the dose of the ICS has not 
been successful in controlling the asthma. In this step the medium dose ICS 
is continued and adjunctive therapies may be added. These therapies include 
LABAs and montelukast. As a reminder theophylline is not recommended 
as an add-on therapy for this age group.
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(continues)

Table 8.6 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Children 0–4 Years of Age

Drug
Low  
Daily Dose

Medium  
Daily Dose

High  
Daily Dose

Beclomethasone HFA

40 or 80 mcg/puff

NA NA NA

Budesonide DPI

90, 180, or 200 mcg/
inhalation

NA NA NA

Budesonide inhaled

Inhalation suspension 
for nebulization (child 
dose)

0.25–0.5 mg > 0.5–1.0 mg > 1.0 mg

Flunisolide

250 mcg/puff

NA NA NA

Flunisolide HFA

80 mcg/puff

NA NA NA

Fluticasone HFA/MDI

44, 110, or 220 mcg/puff

DPI: 50, 100, or 250 
mcg/inhalation

176 mcg

NA

> 176–352 mcg

NA

> 352 mcg

NA

Mometasone DPI

200 mcg/inhalation

NA NA NA

Triamcinolone 
acetonide

75 mcg/puff

NA NA NA

HFA = hydrofluoroalkane; NA = not approved and/or no data available for this age group

Notes: The most important determinant of appropriate dosing is the clinician’s judgment of 
the patient’s response to therapy. The clinician must monitor the patient’s response on sev-
eral clinical parameters and adjust the dose accordingly. The stepwise approach to therapy 
emphasizes that once control of asthma is achieved, the dose of medication should be care-
fully titrated to the minimum dose required to maintain control, thus reducing the potential 
for adverse effect.

Some doses may be outside package labeling, especially in the high-dose range. Budesonide 
nebulizer suspension is the only ICS with FDA approved labeling for children < 4 years of age.

Metered-dose inhaler (MDI) dosages are expressed as the actuator dose (the amount of the 
drug leaving the actuator and delivered to the patient), which is the labeling required in the 
United States. This is different from the dosage expressed as the valve dose (the amount of 
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Table 8.6 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Children 0–4 Years of Age (Cont.)

drug leaving the valve, not all of which is available to the patient), which is used in many 
European countries and in some scientific literature. Dry-powder inhaler (DPI) doses are 
expressed as the amount of drug in the inhaler following activation.

For children < 4 years of age: the safety and efficacy of ICS in children < 1 year have not been 
established. Children < 4 years of age generally require delivery of ICS (budesonide and flu-
ticasone HFA) through a face mask that should fit snugly over nose and mouth and avoid neb-
ulizing in the eyes. Wash face after each treatment to prevent local corticosteroid side effects. 
For budesonide, the dose may be administered 1–3 times daily. Budesonide suspension is 
compatible with albuterol, ipratropium, and levalbuterol nebulizer solutions in the same 
nebulizer. Use only jet nebulizers, as ultrasonic nebulizers are ineffective for suspensions.

For fluticasone HFA, the dose should be divided 2 times daily; the low dose for children < 4 
years is higher than for children 5–11 years of age due to lower dose delivered with face mask 
and data on efficacy in young children.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. Available http://www.nhlbi.nih.gov/guidelines/asthma/ 
asthsumm.pdf. Accessed April 2, 2009.

Step 5 Care for Children 0–4 Years of age

Increasing the dose of ICS to a high level and using either a LABA or mon-
telukast is the preferred treatment at Step 5. See Table 8.7 for long-term 
control medications for children.

Table 8.7 Long-Term Control Medications Approved by the Food and Drug 
Administration for Children

Inhaled corticosteroids 
(ICS)

Budesonide nebulizer solution (approved for children 
1–8 years of age)

Fluticasone DPI (approved for children 4 years of age 
and older)

Long-acting inhaled 
beta2-agonist (LABA)

Salmeterol DPI and combination product (salmeterol 
+ fluticasone) DPI (approved for children 4 years of 
age and older)

Leukotriene receptor 
antagonists (LTRA)

Montelukast, 4 mg chewable tablet (approved 
for children 2–6 years of age) and 4 mg granules 
(approved for 1 year of age and older)

Mast cell inhibitors Cromolyn nebulizer (approved for children ≥ 2 years 
of age)
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Step 6 Care for Children 0–4 Years of age

Step 6 includes the use of high-dose ICS and either LABA or montelukast, 
in addition to oral systemic corticosteroids. It is a good idea to complete a 
2-week course of oral systemic corticosteroids to confirm clinical reversibility 
and an effective response to therapy when starting oral corticosteroids. If 
the child is 4 years of age or older, high-dose ICS in combination with both 
an LTRA and a LABA may also be an option. When administering long-
term oral systemic corticosteroids, the lowest dose possible to achieve control 
should be used. Single daily dosing and/or alternative day dosing may be an 
option for this age group. For management purposes high doses of ICS are 
the preferred therapy because they have fewer side effects than oral systemic 
corticosteroids. See Table 8.8 for recommended considerations when using 
corticosteroids in children.

Stepping Up and Stepping Down
The current U.S. guidelines acknowledge that treatment recommendations 
are based on limited data in this age group, and that determining treatment 
schedules is often done via a therapeutic trial in each individual case. For this 
reason close monitoring of the child’s response to therapy is encouraged. If 
a medication is started and no clear response occurs within 4–6 weeks the 
treatment should be discontinued and an alternative diagnosis therapy op-
tion reviewed. If there is a clear and positive response for at least 3 months, 
a step down in therapy should be undertaken to the lowest possible doses of 
medication required to maintain asthma control. Medication technique and 
adherence to therapy should also be assessed when considering changes in 
therapy to insure proper technique and that the medication prescribed is 
being used appropriately.

Follow-Up Visits
While the frequency of visits for review of asthma control is a matter of 
clinical judgment, in general, individuals who have intermittent or mild per-
sistent asthma that has been under control for at least 3 months should be 

Table 8.8 Long-Term Oral Systemic Corticosteroid Management

Use the lowest possible dose to achieve control.

Monitor patients closely for adverse effects.

Reduce oral systemic corticosteroids as soon as control is achieved.

Recommend consultation with an asthma specialist.
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seen about every 6 months. Individuals who have uncontrolled and/or severe 
persistent asthma and those who need additional supervision should be seen 
more often.

Viral Infections
Viral infections are very common in children under 5 years of age and can 
trigger asthma symptoms. Reliever medications (SABAs) can be used to treat 
symptoms in children with asthma. If the child’s asthma symptoms are mild, 
treatment with the SABA every 4–6 hours for 24 hours may be sufficient to 
control symptoms and improve lung function. If this does not relieve the 
symptoms then further evaluation/consultation should be considered. If the 
child is having a recurrence of symptoms more than every 6 weeks, they 
should be considered for a step up to long-term care. If the child’s symp-
toms are moderate-to-severe, a short course of oral systemic corticosteroids 
should be considered (1 mg/kg/day prednisone or equivalent for 3–10 days). 
In children who have a history of severe exacerbations in response to viral 
respiratory infections, oral systemic corticosteroids should be considered at 
the first sign of the infection.

Table 8.9 Special Considerations for Managing Asthma Exacerbations in Infants

Assessment depends on physical examination rather than objective measure-
ments. Use of accessory muscles, inspiratory and expiratory wheezing, 
paradoxical breathing, cyanosis, and a respiratory rate > 60 are key signs of 
serious distress.

Objective measurements, such as oxygen saturation (SaO2) of < 90%, also 
indicate serious distress.

Response to SABA therapy can be variable and may not be a reliable predictor 
of satisfactory outcome. However, because infants are at greater risk for 
respiratory failure, a lack of response noted by either physical examination or 
objective measurements should be an indication for hospitalization.

Use of oral systemic corticosteroids early in the episode is essential but should 
not substitute for careful assessment by a physician.

Most acute wheezing episodes result from viral infections and may be 
accompanied by fever. Antibiotics generally are not required.

SABA = short-acting beta2-agonist

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.
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Once the child’s symptoms are relieved the SABA use can be continued 
on an as-needed basis and he or she can be returned to their previous man-
agement plan.

References
 1. The Global Initiative for Asthma (GINA). 2009 Update of the GINA Re-

port, Global Strategy for Asthma Management and Prevention. http://www 
.ginasthma.com. Accessed April 1, 2009.
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L e a r n i n g  O b j e c t i v e s

Discuss stepwise management for the control of asthma therapy in children 5–11 •	
years of age.

Review the management differences between intermittent and persistent •	
asthma.

Identify the recommended medication dosages for the treatment of asthma in •	
children 5–11 years of age.

K e y  W O r d s

9
Managing Asthma 
in Children 5–11 
Years of Age

stepwise management
asthma action plan

components of severity
classification of asthma severity

Introduction
Managing asthma in children 5–11 years of age requires the development 
of a partnership between the medical provider, the parents, school authori-
ties, and the child. A written asthma action plan and school plan should be 
developed and kept up-to-date to insure the minimal risk of exacerbation.

Selecting Initial Therapy
The selection of initial therapy for children 5–11 years of age should be based 
on an assessment of the child’s classification of severity and degree of im-
pairment as well as the potential risk they face for further exacerbations. 
Table 9.1 can assist in weighing these factors.1
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118   Ch a p t e r 9

Reliever medication should be selected at a level that achieves asthma 
control. Just as in younger children, the lowest dose needed to achieve con-
trol should be used. The recommended dosages for reliever medication in 
children ages 5–11 years are listed in Table 9.2.

Daily inhaled corticosteroids are the preferred therapy for persistent 
asthma. Alternative therapies for this age group include cromolyn, LTRAs, 
and theophylline. When initiating daily long-term control therapy, the pos-
sible long-term adverse side effects of the medication should be compared 
to the potential risk of uncontrolled asthma. Data suggests that the use of 
ICS for the control of asthma improves health in children who have mild 
or moderate persistent asthma. There is a potential small risk of delayed 
growth from the use of ICS; however, the current U.S. guidelines recommend 
that this risk is well balanced by the medications effectiveness.1 Long-term 
data shows that most children treated with the recommended doses of ICS 
achieve their predicted adult heights.2 The recommended dosages of control-
ler medications for children ages 5–11 are listed in Table 9.3.

Stepwise Management
A stepwise management plan can guide clinicians in their progressive step-
ping up or stepping down of therapy as needed. The steps are based on the 
severity of asthma at the time, and it is intended that the lowest dose possible 
of medication be used when managing a child’s asthma. Table 9.4 can assist 
in determining the level of asthma control and severity.

Step 1 Care for Children 5–11 Years of age

Intermittent Asthma

Reliever medications, specifically SABAs, are the preferred therapy for inter-
mittent asthma. If the child requires increasing dosages or their symptoms 
aren’t controlled by the reliever medication, they should be assessed for per-
sistent asthma. A short course of oral systemic corticosteroids should be con-
sidered for children with intermittent asthma who experience moderate or 
severe exacerbations associated with viral infections. Starting corticosteroids 
may be considered for children with a history of severe exacerbations due 
to infections. The child’s written asthma action plan should include specific 
symptoms and PEF levels that alert them to changes in their condition and 
steps to take when these changes occur. The U.S. guidelines classify a child 
who experiences more than two exacerbations per year that require oral 
systemic corticosteroids, even though there may be no symptoms in between 
the exacerbations, as having minimal or intermittent impairment, but are 
at a persistent risk of exacerbation. This child should be considered to have 
persistent asthma and managed as such.
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Table 9.4 Levels of Asthma Control and Severity

Intermittent Asthma

Persistent Asthma: Daily Medication 
*Consultation should be considered at Step 2 
*An asthma specialist should be consulted if Step 3 care or 
higher is required

Step 1

Preferred:

SABA 
PRN

Step 2

Preferred:

low-dose 
ICS

Alterna-
tive:

Cromolyn 
or mon-
telukast

Step 3

Preferred:

medium-
dose ICS

Step 4

Preferred:

medium-
dose ICS 
+ either 
LABA or 
montelu-
kast

Step 5

Preferred:

high-dose 
ICS +  
either 
LABA or 
montelu-
kast

Step 6

Preferred:

high-dose 
ICS +  
either 
LABA or 
montelu-
kast

Oral 
systemic 
cortico-
steroids

Patient 
education 
and envi-
ronmental 
control 
should be 
assessed at 
each step.

Notes: Step 1 is applicable to intermittent asthma. If a child is identified as having persistent 
asthma, Steps 2–6 are applicable.

Step up therapy as needed (first check adherence, inhaler technique, and environmental control).

Step down therapy when possible (and asthma is well controlled at least 3 months).

Quick-relief medication for all patients

SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms.

With viral respiratory infection: SABA q 4–6 hours up to 24 hours (longer with physician con-
sult). Consider short course of oral systemic corticosteroids if exacerbation is severe or patient 
has history of previous severe exacerbations.

Caution: frequent use of SABA may indicate the need to step up treatment. See text for recom-
mendations on initiating daily long-term-control therapy.

ICS = inhaled corticosteroid; LABA = inhaled long-acting beta2-agonist; SABA = inhaled short- 
acting beta2-agonist (alphabetical order is used when more than one treatment option is listed 
within either preferred or alternative therapy)

Notes: The stepwise approach is meant to assist, not replace, the clinical decision making 
required to meet individual patient needs.

If alternative treatment is used and response is inadequate, discontinue it and use the pre-
ferred treatment before stepping up.

If clear benefit is not observed within 4–6 weeks and patient/family medication technique and 
adherence are satisfactory, consider adjusting therapy or alternative diagnosis.

Studies on children 0–4 years of age are limited. Step 2 preferred therapy is based on Evidence 
A. All other recommendations are based on expert opinion and extrapolation from studies in 
older children.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.
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Step 2 Care for Children 5–11 Years of age

Daily long-term control medication accompanied by the availability of re-
liever medications is the recommended therapy for persistent asthma. The 
dosage of the medication should be adjusted to utilize the minimal dose pos-
sible to achieve and maintain control. The guidelines recognize that a course 
of oral systemic corticosteroids may be warranted to gain more rapid control 
of asthma in children who have experienced an exacerbation. Alternative 
controller medications that could be considered include (listed in alphabetical 
order) cromolyn, LTRAs, nedocromil, and theophylline.1

Step 3 Care for Children 5–11 Years of age

For children whose asthma is not controlled by Step 2, low-dose ICS plus 
the addition of adjunctive therapy or medium-dose ICS is recommended. The 
adjunctive therapies that may be considered are: (listed in alphabetical order) 
LABAs, LTRAs, or, with appropriate monitoring, theophylline. Increasing 
the dose of the ICS to a medium level or adding a LABA are the preferred 
steps according to the guidelines.1 See Table 9.5 for comparative daily doses 
of corticosteroids in children.

Table 9.5 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Children 5–11 Years of Age

Drug
Low  
Daily Dose

Medium 
Daily Dose

High  
Daily Dose

Beclomethasone HFA

40 or 80 mcg/puff

80–160 mcg > 160–320 
mcg

> 320 mcg

Budesonide DPI

90, 180, or 200 mcg/inhalation

180–400 
mcg

> 400–800 
mcg

> 800 mcg

Budesonide inhaled

Inhalation suspension for 
nebulization (child dose)

0.5 mg 1.0 mg 2.0 mg

Flunisolide

250 mcg/puff

500–750 
mcg

1000–1250 
mcg

> 1250 mcg

Flunisolide HFA

80 mcg/puff

160 mcg 320 mcg ≥ 640 mcg

Fluticasone HFA/MDI: 44, 110, 
or 220 mcg/puff

DPI: 50, 100, or 250 mcg/
inhalation

88–176 mcg

 
100–200 
mcg

> 176–352 
mcg

> 200–400 
mcg

> 352 mcg

 
> 400 mcg
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Drug
Low  
Daily Dose

Medium 
Daily Dose

High  
Daily Dose

Mometasone DPI

200 mcg/inhalation

NA NA NA

Triamcinolone Acetonide

75 mcg/puff

300–600 
mcg

> 600–900 
mcg

> 900 mcg

HFA = hydrofluoroalkane; NA = not approved and/or no data available for this age group

Notes: The most important determinant of appropriate dosing is the clinician’s judgment of 
the patient’s response to therapy. The clinician must monitor the patient’s response to sev-
eral clinical parameters and adjust the dose accordingly. The stepwise approach to therapy 
emphasizes that once control of asthma is achieved, the dose of medication should be care-
fully titrated to the minimum dose required to maintain control, thus reducing the potential 
for adverse effect.

Some doses may be outside package labeling, especially in the high-dose range. Budesonide 
nebulizer suspension is the only ICS with FDA-approved labeling for children < 4 years  
of age.

Metered-dose inhaler (MDI) dosages are expressed as the actuator dose (the amount of the 
drug leaving the actuator and delivered to the patient), which is the labeling required in the 
United States. This is different from the dosage expressed as the valve dose (the amount of 
drug leaving the valve, not all of which is available to the patient), which is used in many 
European countries and in some scientific literature. Dry-powder inhaler (DPI) doses are 
expressed as the amount of drug in the inhaler following activation.

For children < 4 years of age: the safety and efficacy of ICSs in children < 1 year have not been 
established. Children < 4 years of age generally require delivery of ICS (budesonide and flu-
ticasone HFA) through a face mask that should fit snugly over nose and mouth and avoid neb-
ulizing in the eyes. Wash face after each treatment to prevent local corticosteroid side effects. 
For budesonide, the dose may be administered 1–3 times daily. Budesonide suspension is 
compatible with albuterol, ipratropium, and levalbuterol nebulizer solutions in the same 
nebulizer. Use only jet nebulizers, as ultrasonic nebulizers are ineffective for suspensions.

For fluticasone HFA, the dose should be divided 2 times daily; the low dose for children < 4 
years is higher than for children 5–11 years of age due to lower dose delivered with face mask 
and data on efficacy in young children.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.

Table 9.5 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Children 5–11 Years of Age (Cont.)

Step 4 Care for Children 5–11 Years of age

The use of a medium-dose ICS and LABA is the preferred Step 4 treat-
ment for children 5–11 years of age. Alternative, but not preferred, therapy 
includes the addition of either an LTRA or theophylline to a medium-dose 
ICS regimen.
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Step 5 Care for Children 5–11 Years of age

The utilization of high-dose ICS and LABA is the preferred treatment at Step 
5. Alternative add-on therapy at this level includes LTRA or theophylline, 
though these add-on therapies are not the preferred treatment.1

Step 6 Care for Children 5–11 Years of age

For children whose asthma continues to be uncontrolled, high-dose ICS, 
LABA, and oral systemic corticosteroids long term is the preferred treat-
ment. Add-on treatments with either an LTRA or theophylline and oral sys-
temic corticosteroids may be considered, but are not the preferred therapy. 
A 2-week course of oral corticosteroids to confirm clinical reversibility and 
an effective response to therapy should be considered before starting long-
term prednisone therapy. Utilization of pulmonary function studies to as-
sess response to oral corticosteroid therapy is recommended at Step 6. If the 
child’s response to therapy is poor, reassessment to verify the diagnosis as 
asthma is recommended. See Table 9.6 for considerations when using long-
term corticosteroid therapy.

Adjusting Therapy
adjusting Inhaled Corticosteroids

The dose of ICS may be reduced about 25%–50% every 3 months to the 
lowest dose possible that is required to maintain control.

Treatment decisions and medication dosages should be based on the 
level of asthma control that has been achieved. Therapy should be stepped 
up or down as needed to maintain control using the lowest dosages pos-
sible of medication. Table 9.7 can assist in assessing the level of asthma 
control.

Table 9.6 Long-Term Oral Systemic Corticosteroid Management

Use the lowest possible dose to achieve control.

Monitor patients closely for adverse effects.

Reduce oral systemic corticosteroids as soon as control as achieved.

Recommend consultation with an asthma specialist.
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Follow-Up Visits
Regular follow-up is essential to good asthma management. Depending on 
the level of control, follow-up at 1- to 6-month intervals is appropriate. If 
treatment is being stepped up or down, a 3-month follow-up should be con-
sidered. During these follow-up visits asthma control should be reassessed, 
adjustments made, and the written asthma action plan reviewed and updated 
as needed. It is a good idea to include children as much as possible in the 
development of their action plan. Patient medication technique should also 
be reviewed.

Back to School
A written asthma action plan should be developed and provided to the child’s 
school and any after school activity they may participate in. Each school dis-
trict is different and may require additional signatures or forms to permit the 
child’s asthma medication to be used and/or carried on campus. Even though 
the asthma action plan and the back-to-school plan have been provided to 
the school, it is a good idea to follow up with the school nurse to insure that 
he/she is aware of the child’s condition. Sports and physical activities should 
not be limited by the child’s asthma. Specific instructions should be included 
if there are any limitation to the child’s activity levels and what steps should 
be taken if they experience symptoms.

References
 1. National Heart, Lung, and Blood Institute. National Asthma Education and 

Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and 
Management of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/
asthma/asthsumm.pdf. Accessed April 2, 2009.

 2. Agertoft L, Pedersen S. Effects of long-term treatment with an inhaled cortico-
steroid on growth and pulmonary function in asthmatic children. Respir Med. 
1994;88(5):373–81.
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L e a r n i n g  O b j e c t i v e s

Discuss stepwise management for the control of asthma therapy in youths •	 ≥ 12 
years of age and adults.

Review the management differences between intermittent and persistent •	
asthma.

Identify the recommended medication dosages for the treatment of asthma in •	
youths ≥ 12 years of age and adults.

K e y  W O r d s

10
Managing Asthma 
in	Youths	≥	12	 
Years of Age and 
Adults

stepwise management
asthma action plan

components of severity
classification of asthma severity

Introduction
The goal of asthma therapy for youth ≥ 12 years of age and adults is to main-
tain control of asthma with the least amount of medication and minimal risk 
for adverse effects. The stepwise approach coupled with a written asthma 
action plan is recommended for achieving and maintaining control.

Selecting Initial Therapy
When selecting initial therapy, the individual’s asthma severity should be 
assessed and used as the guide for determining the appropriate treatment. 
Table 10.1 is useful for assessing initial therapy.
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It should be noted that some individuals who have moderate or severe 
asthma that frequently interferes with their sleep or normal activity may 
benefit from a course of oral corticosteroids to gain control of their asthma.1 
Once the individuals’ asthma has been controlled, a stepwise management 
plan should be used to guide their treatment decisions.

Stepwise Management
A stepwise management plan can guide clinicians in their progressive step-
ping up or stepping down of therapy as needed. The steps are based on the 
severity of asthma at the time, and it is intended that the lowest dose possible 
of medication be used when managing the individual’s asthma. Step 1 is ap-
plicable to intermittent asthma. Steps 2–6 are applicable to persistent asthma. 
Table 10.2 can assist in determining the level of asthma control and severity.

Step 1 Care

Intermittent Asthma

Step 1 establishes the baseline therapy that is to be used by all asthmat-
ics. Step 1 includes the use of reliever medications and SABAs. The recom-
mended therapy for intermittent asthma is a reliever medication, specifically 
a SABA, taken as needed to treat symptoms. These medications can be con-
tinued on an as-needed basis to manage symptoms. If SABAs are needed 
for quick relief more than 2 days a week (excluding the use for exacerbations 
caused by viral infections and for EIB), the individual should be considered 
as having persistent asthma. Individuals with intermittent asthma may ex-
perience sudden, severe, and life-threatening exacerbations, thus having a 
detailed asthma action plan to identify their symptoms and respond accord-
ingly is important. This plan should include indicators/signs of worsening 
asthma symptoms and PEF measurements, specific recommendations for 
reliever medications, and early administration of a course of oral systemic 
corticosteroids. If an individual has had two or more exacerbations requir-
ing oral corticosteroids in the past year, they should be considered as having 
persistent asthma.

Reliever medication should be selected at a level that achieves asthma 
control with the lowest dose needed.1 The recommended dosages for reliever 
medication in youths ≥ 12 years of age and adults are shown in Table 10.3.

Persistent Asthma

Individuals with persistent asthma should be treated with daily long-term 
control medication that has anti-inflammatory capabilities. Inhaled cortico-
steroids are the medication of choice as a controller, though reliever medi-
cation (SABAs) must be available as needed to relieve symptoms in all 
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individuals who have persistent asthma. Use of a SABA more than 2 days a 
week for symptom control indicates the need to step up therapy.

Seasonal Asthma

Individuals who have asthma triggered by molds or pollen and only experi-
ence seasonal exacerbations of their asthma with few symptoms the rest of 
the year should be considered as having persistent asthma during their trig-
ger season and as having intermittent asthma the remainder of the time.

Step 2 Care

Long-Term Control Medications

The recommended treatment for Step 2 care is daily low-dose ICS. The al-
ternative therapies include cromolyn, LTRA, nedocromil (Evidence A), and 
sustained-release theophylline. The recommended dosages for long-term con-
troller medications in youths ≥ 12 years of age and adults are shown in Table 
10.4.

Step 3 Care

Long-Term Control Medications

Individuals requiring Step 3 care should be considered for consultation with 
an asthma specialist. There are two acceptable preferred treatment routes 
at Step 3 for youths ≥ 12 years of age and adults. The first treatment route 
includes the addition of a LABA to the individual’s low-dose ICS regimen. 
The second option is to continue the use of the ICS as monotherapy, but to 
increase the dose to a medium-dose level.1

Table 10.5 provides information on the dosing levels for ICS in youths ≥ 
12 years of age and adults.

The alternative treatment options at Step 3 would be the addition of an 
LTRA, theophylline, or zileuton to the low-dose ICS treatment regimen. If 
one of these alternatives is used and is shown to not be effective in gaining/
maintaining control, one of the two preferred Step 3 options should be tried 
before moving to Step 4 therapies.1

Step 4 Care

Long-Term Control Medications

Increasing the ICS dosage to the medium-dose range and adding a LABA is 
the preferred therapy at the Step 4 level. The alternative, but not preferred, 
therapy is the addition of either an LTRA, theophylline, or zileuton to the 
medium-dose ICS therapy. If one of these add-on therapies does not lead to 
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Table 10.5 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Youths ≥ 12 Years of Age and Adults

Drug
Low  
Daily Dose

Medium  
Daily Dose

High  
Daily Dose

Beclomethasone HFA

40 or 80 mcg/puff

80–240 mcg > 240–480 
mcg

> 480 mcg

Budesonide DPI

90, 180, or 200 mcg/inhalation

180–600 
mcg

> 600–1200 
mcg

> 1200 mcg

Flunisolide

250 mcg/puff

500–1000 
mcg

> 1000–
2000 mcg

> 2000 mcg

Flunisolide HFA

80 mcg/puff

320 mcg > 320–640 
mcg

> 640 mcg

Fluticasone HFA/MDI: 44, 110, 
or 220 mcg/puff

DPI: 50, 100, or 250 mcg/
inhalation

88–264 mcg 

100–300 
mcg

> 264–440 
mcg

> 300–500 
mcg

> 440 mcg 

> 500 mcg

Mometasone DPI

200 mcg/inhalation

200 mcg 400 mcg > 400 mcg

Triamcinolone acetonide

75 mcg/puff

300–750 
mcg

> 750–1500 
mcg

> 1500 mcg

DPI = dry-powder inhaler; HFA = hydrofluoroalkane; MDI = metered-dose inhaler

Notes: The most important determinant of appropriate dosing is the clinician’s judgment of 
the patient’s response to therapy. The clinician must monitor the patient’s response to sev-
eral clinical parameters and adjust the dose accordingly. The stepwise approach to therapy 
emphasizes that once control of asthma is achieved, the dose of medication should be care-
fully titrated to the minimum dose required to maintain control, thus reducing the potential 
for adverse effect.

Some doses may be outside package labeling, especially in the high-dose range.

MDI dosages are expressed as the actuator dose (the amount of the drug leaving the actua-
tor and delivered to the patient), which is the labeling required in the United States. This is 
different from the dosage expressed as the valve dose (the amount of drug leaving the valve, 
not all of which is available to the patient), which is used in many European countries and in 
some scientific literature. DPI doses are expressed as the amount of drug in the inhaler fol-
lowing activation.

Comparative dosages are based on published comparative clinical trials. The rationale for 
some key comparisons is summarized as follows:

The high dose is the dose that appears likely to be the threshold beyond which significant •	
hypothalamic-pituitary adrenal (HPA) axis suppression is produced, and, by extrapola-
tion, the risk is increased for other clinically significant systemic effects if used for pro-
longed periods of time
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Table 10.5 Estimated Comparative Daily Dosages for Inhaled Corticosteroids in 
Youths ≥ 12 Years of Age and Adults (Cont.)

The low- and medium-doses reflect findings from dose-ranging studies in which incre-•	
mental efficacy within the low- to medium-dose ranges was established without increased 
systemic effect as measured by overnight cortisol excretion. The studies demonstrated a 
relatively flat dose-response curve for efficacy at the medium-dose range; that is, increas-
ing the dose in the high-dose range did not significantly increase efficacy but did increase 
systemic effect.

The dose for budesonide and fluticasone MDI or DPI are based on recently available com-•	
parative data. These new data, including meta-analyses, show that fluticasone requires 
one-half the microgram dose of budesonide DPI to achieve comparable efficacy.

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.

improvement in asthma control, they should be discontinued and another 
tried before stepping up to Step 5.

Step 5 Care

Long-Term Control Medications

The preferred treatment in Step 5 care includes the use of high-dose ICS and a 
LABA. Consultation with an asthma specialist is recommended for individu-
als at the Step 5 level. Individuals who are sensitive to relevant perennial al-
lergens, such as dust mites, cockroaches, or animal dander, may be considered 
for the immunodulator, omalizumab. However, practitioners administering 
this therapy should be prepared and equipped for the identification and treat-
ment of anaphylaxis should it occur. The optimal length of time that an indi-
vidual receiving an omalizumab injection should be observed has not been 
established. Individuals should be educated on the recognition of anaphylaxis 
symptoms and the appropriate actions to take in the event of a reaction. It is a 
good idea to include this information on the written asthma action plan.

Step 6 Care

Long-Term Control Medications

If Step 5 therapy does not succeed in gaining/maintaining control of the 
individual’s asthma, the addition of oral corticosteroids to Step 5 therapy 
is the preferred treatment at Step 6. See Table 10.6 for considerations when 
using corticosteroid therapy.

While the current U.S. guidelines make recommendations for anyone 12 
years of age or older in one category, treatment choices should be made on a 
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case-by-case basis. Some of the differences that should be considered when 
treating adolescents versus adults are listed in Table 10.7.

Treatment decisions for older adults may also vary. Table 10.8 discusses 
some of the considerations for this age group.

Adjusting Therapy
The decision to adjust an individual’s asthma therapy should be based on 
their current level of control and with the intent that the lowest dose pos-
sible of asthma medication should be used to achieve and maintain control. 
Prior to increasing therapy a careful assessment of the individual’s inhaler 
technique, adherence to therapy, and assessment of the environmental con-
trol measures for triggers that provoke their asthma is warranted. Gener-
ally, a step up of one level is sufficient to gain control of an individual’s 
asthma. However, stepping up two steps may be considered in individuals 
who have very poorly controlled asthma.1 See Table 10.9 for keys to deterio-
rating asthma.

If a deterioration of asthma is noted, a temporary increase in anti-inflam-
matory therapy such as a short course of oral prednisone may be  indicated to 

Table 10.6 Long-Term Oral Systemic Corticosteroid Management

Use the lowest dose possible to achieve control.

Monitor patients closely for adverse effects.

Reduce oral systemic corticosteroids as soon as control is achieved.

Recommend consultation with an asthma specialist.

Table 10.7 Treating Adolescents/School Age Children versus Adults

The current U.S. Guidelines recommend that school-age children and 
adolescents follow the same basic medication guidelines as those set forth for 
adults.

PFTs should be performed using comparison data from the appropriate age/
reference population. Children may need special training/coaching to achieve 
the best possible effort.

Adolescents (and younger children as appropriate) should be directly involved 
in developing their written asthma action plans.

A school plan should be developed and regularly updated. The plan 
should include instructions for identifying and managing symptoms; 
recommendations for long-term control medications; recommendations for the 
control and prevention of EIB, if appropriate; identification and avoidance of the 
individual’s asthma triggers; and emergency contact information. 
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reestablish control. If the prednisone therapy does not control the symptoms, 
is only effective for a short period of time (less than 1–2 weeks), or is repeated 
frequently, the individual should be moved to the next higher step of care. 
See Table 10.10 for when to consult an asthma specialist.

Table 10.11 is useful in assessing therapy after an inhaled corticosteroid 
has been started.

Table 10.8 Treating Older Adults

The U.S. guidelines recommend assessing the degree of reversible airflow 
obstruction to confirm the diagnosis of asthma and rule out other obstructive 
lung disease.

Asthma medication dosage and responses should be assessed and reviewed 
regularly for several reasons:

Airway response to bronchodilators may change with age.•	

Individuals with preexisting ischemic heart disease may be more sensitive to •	
beta2-agonist side effects.

Theophylline clearance may be reduced in elderly patients.•	

Systemic corticosteroids may cause confusion, agitation, and changes in •	
glucose metabolism in older patients.

Calcium supplements, vitamin D, and bone-sparing medications may be •	
needed in individuals at risk for osteoporosis or low bone mineral density.

Medications taken for comorbid conditions such as nonsteroidal anti-inflamma-
tory agents for arthritis, beta-blockers for hypertension (particularly nonselec-
tive beta-blockers), or beta-blockers found in some eye drops for glaucoma may 
exacerbate asthma and should be reviewed and adjusted as needed.

Table 10.9 Characterizations of a Deterioration of Asthma

A gradual reduction in PEF (approximately 20%)•	

A failure of SABA bronchodilators to produce a sustained response•	

A decrease in exercise/activity tolerance•	

The development of increasing symptoms•	

Nocturnal awakenings from asthma•	

Table 10.10 When an Asthma Therapist Should Be Consulted

Achieving or maintaining control of asthma is difficult

Immunotherapy or omalizumab use is being considered

Step 4 care or higher is needed

The individual has had an exacerbation requiring a hospitalization

78545_CH10_5674.indd   147 6/14/10   8:39:55 AM



148

Ta
bl

e 
10

.1
1 

A
ss

es
si

ng
 A

st
h

m
a 

C
on

tr
ol

 in
 Y

ou
th

s 
≥ 

12
 Y

ea
rs

 o
f 

A
ge

 a
nd

 A
du

lt
s 

A
ft

er
 T

he
ra

py
 H

as
 B

ee
n 

St
ar

te
d

C
om

po
ne

nt
s 

of
 C

on
tr

ol

C
la

ss
ifi

ca
ti

on
 o

f A
st

hm
a 

C
on

tr
ol

 in
 Y

ou
th

s 
≥ 

12
 Y

ea
rs

 o
f A

ge
 a

nd
 A

du
lts

W
el

l c
on

tr
ol

le
d

N
ot

 w
el

l c
on

tr
ol

le
d

V
er

y 
po

or
ly

 c
on

tr
ol

le
d

Im
pa

ir
m

en
t

Sy
m

pt
om

s
£ 

2 
da

ys
 p

er
 w

ee
k

> 
2 

da
ys

 p
er

 w
ee

k
T

h
ro

ug
ho

ut
 t

he
 d

ay

N
ig

ht
ti

m
e 

aw
ak

en
in

gs
£ 

2¥
/m

on
th

1−
3¥

/w
ee

k
≥ 

4¥
/w

ee
k

In
te

rf
er

en
ce

 w
it

h 
no

rm
al

 a
ct

iv
it

y
N

on
e

So
m

e 
lim

it
at

io
n

E
xt

re
m

el
y 

lim
ite

d

Sh
or

t-
ac

ti
ng

 b
et

a 2-
ag

on
is

t 
us

e 
fo

r 
sy

m
pt

om
 

co
nt

ro
l (

no
t 

fo
r 

pr
ev

en
ti

on
 o

f E
IB

)

£ 
2 

da
ys

 p
er

 w
ee

k
> 

2 
da

ys
 p

er
 w

ee
k

Se
ve

ra
l t

im
es

 p
er

 d
ay

Lu
ng

 f
un

ct
io

n

FE
V

1 
or

 p
ea

k 
fl

ow
> 

80
%

 p
re

d
ic

te
d

/
pe

rs
on

al
 b

es
t

60
%

−
80

%
 p

re
d

ic
te

d
/

pe
rs

on
al

 b
es

t
< 

60
%

 p
re

d
ic

te
d

/
pe

rs
on

al
 b

es
t

V
al

id
at

ed
 q

ue
st

io
n

na
ir

es

A
TA

Q

A
C

Q

A
C

T

0 £ 
0.

75
*

≥ 
20

1–
2

≥ 
1.

5

16
−1

9

3–
4

N
/A

£ 
15

R
is

k
E

xa
ce

rb
at

io
n

s 
re

qu
ir

in
g 

or
al

 s
ys

te
m

ic
 

co
rt

ic
os

te
ro

id
s

0−
1¥

/y
ea

r
≥ 

2¥
/y

ea
r 

(s
ee

 n
ot

e)

C
on

si
de

r 
se

ve
ri

ty
 a

nd
 in

te
rv

al
 s

in
ce

 la
st

 e
xa

ce
rb

at
io

n

P
ro

gr
es

si
ve

 lo
ss

 o
f l

un
g 

fu
nc

ti
on

Ev
al

ua
ti

on
 r

eq
ui

re
s 

lo
ng

-t
er

m
 fo

llo
w

-u
p

78545_CH10_5674.indd   148 6/14/10   8:39:55 AM



149

Tr
ea

tm
en

t-
re

la
te

d 
ad

ve
rs

e 
ef

fe
ct

s
M

ed
ic

at
io

n 
si

de
 e

ff
ec

ts
 c

an
 v

ar
y 

in
 in

te
n

si
ty

 f
ro

m
 n

on
e 

to
 v

er
y 

tr
ou

bl
es

om
e 

an
d 

w
or

ri
so

m
e.

 T
he

 le
ve

l o
f i

nt
en

si
ty

 d
oe

s 
no

t 
co

rr
el

at
e 

to
 s

pe
ci

fi
c 

le
ve

ls
 o

f 
co

nt
ro

l b
ut

 s
ho

ul
d 

be
 c

on
si

de
re

d 
in

 t
he

 o
ve

ra
ll 

as
se

ss
m

en
t 

of
 r

is
k.

R
ec

om
m

en
de

d 
ac

ti
on

 fo
r 

tr
ea

tm
en

t 
(s

ee
 p

re
ce

d
in

g 
tr

ea
tm

en
t 

st
ep

s)

M
ai

nt
ai

n 
cu

rr
en

t 
st

ep

R
eg

ul
ar

 fo
llo

w
-u

p 
ev

er
y 

1−
6 

m
on

th
s

C
on

si
de

r 
st

ep
 d

ow
n 

if 
w

el
l c

on
tr

ol
le

d 
fo

r 
at

 
le

as
t 

3 
m

on
th

s.

St
ep

 u
p 

at
 le

as
t 

on
e 

st
ep

 a
nd

 r
ee

va
lu

at
e 

in
 

2−
6 

w
ee

ks

Fo
r 

si
de

 e
ff

ec
ts

, c
on

si
de

r 
al

te
rn

at
iv

e 
tr

ea
tm

en
t 

op
ti

on
s

C
on

si
de

r 
sh

or
t 

co
ur

se
 o

f o
ra

l 
sy

st
em

ic
 c

or
ti

co
st

er
oi

ds

St
ep

 u
p 

on
e 

to
 t

w
o 

st
ep

s,
 a

nd
 

re
ev

al
ua

te
 in

 2
 w

ee
ks

Fo
r 

si
de

 e
ff

ec
ts

, c
on

si
de

r 
al

te
rn

at
iv

e 
tr

ea
tm

en
t 

op
ti

on
s

*A
C

Q
 v

al
ue

s 
of

 0
.7

6–
1.

4 
ar

e 
in

d
et

er
m

in
at

e 
re

ga
rd

in
g 

w
el

l-
co

nt
ro

lle
d

 a
st

hm
a.

E
IB

 =
 e

xe
rc

is
e-

in
d

uc
ed

 b
ro

nc
ho

sp
as

m
; I

C
U

 =
 in

te
ns

iv
e 

ca
re

 u
ni

t

N
ot

es
: T

he
 s

te
pw

is
e 

ap
pr

oa
ch

 is
 m

ea
nt

 to
 a

ss
is

t, 
no

t r
ep

la
ce

, t
he

 c
lin

ic
al

 d
ec

is
io

n 
m

ak
in

g 
re

qu
ir

ed
 to

 m
ee

t i
nd

iv
id

ua
l p

at
ie

nt
 n

ee
d

s.

T
he

 l
ev

el
 o

f 
co

nt
ro

l 
is

 b
as

ed
 o

n 
th

e 
m

os
t 

se
ve

re
 i

m
pa

ir
m

en
t 

or
 r

is
k 

ca
te

go
ry

. A
ss

es
s 

im
pa

ir
m

en
t 

d
om

ai
n 

by
 p

at
ie

nt
’s

 r
ec

al
l 

of
 p

re
vi

ou
s 

2–
4 

w
ee

ks
 

an
d

 b
y 

sp
ir

om
et

ry
 o

r 
pe

ak
 fl

ow
 m

ea
su

re
s.

 S
ym

pt
om

 a
ss

es
sm

en
t f

or
 lo

ng
er

 p
er

io
d

s 
sh

ou
ld

 r
ef

le
ct

 a
 g

lo
ba

l a
ss

es
sm

en
t, 

su
ch

 a
s 

in
qu

ir
in

g 
w

he
th

er
 th

e 
pa

ti
en

t’s
 a

st
hm

a 
is

 b
et

te
r 

or
 w

or
se

 s
in

ce
 th

e 
la

st
 v

is
it

.

A
t 

pr
es

en
t, 

th
er

e 
ar

e 
in

ad
eq

ua
te

 d
at

a 
to

 c
or

re
sp

on
d

 f
re

qu
en

ci
es

 o
f 

ex
ac

er
ba

ti
on

s 
w

it
h 

d
if

fe
re

nt
 l

ev
el

s 
of

 a
st

hm
a 

co
nt

ro
l. 

In
 g

en
er

al
, m

or
e 

fr
eq

ue
nt

 
an

d
 in

te
ns

e 
ex

ac
er

ba
ti

on
s 

(e
.g

., 
re

qu
ir

in
g 

ur
ge

nt
, u

ns
ch

ed
ul

ed
 c

ar
e,

 h
os

pi
ta

liz
at

io
n,

 o
r 

IC
U

 a
d

m
is

si
on

) i
nd

ic
at

e 
po

or
er

 d
is

ea
se

 c
on

tr
ol

. F
or

 tr
ea

tm
en

t 
pu

rp
os

es
, p

at
ie

nt
s 

w
ho

 h
ad

 ≥
 2

 e
xa

ce
rb

at
io

ns
 r

eq
ui

ri
ng

 o
ra

l 
sy

st
em

ic
 c

or
ti

co
st

er
oi

d
s 

in
 t

he
 p

as
t 

ye
ar

 m
ay

 b
e 

co
ns

id
er

ed
 t

he
 s

am
e 

as
 p

at
ie

nt
s 

w
ho

 
ha

ve
 n

ot
-w

el
l-

co
nt

ro
lle

d
 a

st
hm

a,
 e

ve
n 

in
 th

e 
ab

se
nc

e 
of

 im
pa

ir
m

en
t l

ev
el

s 
co

ns
is

te
nt

 w
it

h 
no

t-
w

el
l-

co
nt

ro
lle

d
 a

st
hm

a.

V
al

id
at

ed
 q

ue
st

io
nn

ai
re

s 
fo

r 
th

e 
im

pa
ir

m
en

t d
om

ai
n 

(t
he

 q
ue

st
io

nn
ai

re
s 

d
o 

no
t a

ss
es

s 
lu

ng
 fu

nc
ti

on
 o

r 
th

e 
ri

sk
 d

om
ai

n)
: A

TA
Q

 =
 ©

A
st

hm
a 

T
he

ra
py

 
A

ss
es

sm
en

t Q
ue

st
io

nn
ai

re
; A

C
Q

 =
 ©

A
st

hm
a 

C
on

tr
ol

 Q
ue

st
io

nn
ai

re
 (u

se
r 

pa
ck

ag
e 

m
ay

 b
e 

ob
ta

in
ed

 a
t w

w
w

.q
ol

te
ch

.c
o.

uk
 o

r 
ju

ni
pe

r@
qo

lt
ec

h.
co

.u
k)

; 
A

C
T

 =
 A

st
hm

a 
C

on
tr

ol
 T

es
t™

. M
in

im
al

 im
po

rt
an

t d
if

fe
re

nc
e:

 1
.0

 f
or

 th
e 

A
TA

Q
; 0

.5
 f

or
 th

e 
A

C
Q

; n
ot

 d
et

er
m

in
ed

 f
or

 th
e 

A
C

T.

B
ef

or
e 

st
ep

pi
ng

 u
p 

in
 th

er
ap

y:

R
ev

ie
w

 a
d

he
re

nc
e 

to
 m

ed
ic

at
io

n,
 in

ha
le

r 
te

ch
ni

qu
e,

 e
nv

ir
on

m
en

ta
l c

on
tr

ol
, a

nd
 c

om
or

bi
d

 c
on

d
it

io
ns

.
•

	

If
 a

n 
al

te
rn

at
iv

e 
tr

ea
tm

en
t o

pt
io

n 
w

as
 u

se
d

 in
 a

 s
te

p,
 d

is
co

nt
in

ue
 a

nd
 u

se
 th

e 
pr

ef
er

re
d

 tr
ea

tm
en

t f
or

 th
at

 s
te

p.
•

	

A
d

ap
te

d
 f

ro
m

: N
at

io
na

l H
ea

rt
, L

un
g,

 a
nd

 B
lo

od
 I

ns
ti

tu
te

. N
at

io
na

l A
st

hm
a 

E
d

uc
at

io
n 

an
d

 P
re

ve
nt

io
n 

Pr
og

ra
m

 E
xp

er
t 

Pa
ne

l 
R

ep
or

t 
3:

 G
ui

d
el

in
es

 
fo

r 
th

e 
D

ia
gn

os
is

 a
nd

 M
an

ag
em

en
t 

of
 A

st
hm

a 
Fu

ll 
R

ep
or

t 
20

07
. h

tt
p:

/
/

w
w

w
.n

hl
bi

.n
ih

.g
ov

/
gu

id
el

in
es

/
as

th
m

a/
as

th
su

m
m

.p
d

f. 
A

cc
es

se
d

 A
pr

il 
2,

 
20

09
.

78545_CH10_5674.indd   149 6/14/10   8:39:55 AM



150   Ch a p t e r 10

Follow-Up Visits
Follow-up visits should be completed within 2–6 weeks after starting treat-
ment. If the individual’s asthma is not well controlled at these visits, their 
medication techniques and adherence to therapy should be assessed and they 
should be advanced to the next higher step of care. Once control is achieved 
and maintained for at least 3 months, a step down can be considered. If 
individuals' asthma continues to be uncontrolled their diagnosis should be 
reevaluated to rule out other conditions.

Viral Infections
Viral infections can trigger asthma exacerbations and be as problematic in 
adult asthmatics as they are in children. If the individual’s symptoms are 
mild, a reliever medication (SABA) every 4–6 hours for 24 hours, may be 
sufficient to control symptoms. If the individual requires this therapy more 
frequently than every 6 weeks, a step up in long-term care should be consid-
ered. If the viral respiratory infection triggers a moderate to severe asthma 
exacerbation, a short course of systemic corticosteroids should be considered. 
Individuals with a history of severe exacerbations accompanying viral respi-
ratory infections should be considered for a regimen of systemic corticoster-
oids at the first sign of infection.

Reference
 1. National Heart, Lung, and Blood Institute. National Asthma Education and 

Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and 
Management of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/
asthma/asthsumm.pdf. Accessed April 2, 2009.
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L e a r n i n g  O b j e c t i v e s

Discuss the early intervention and prevention of exacerbations.•	

Identify the age-appropriate medication dosages based on severity.•	

Discuss strategies for managing mechanically ventilated asthmatic patients.•	

Review the risk factors for increased mortality in asthma.•	

K e y  W O r d s

11
Managing 
Exacerbations, 
Mechanical 
Ventilation, and 
Special Situations 
(Exercise-Induced 
Asthma, Pregnancy, 
Surgery)

helium-oxygen (“heliox”)
noninvasive ventilation
mechanical ventilation

extracorporeal life support (ECLS)
asthma discharge plan

Managing Exacerbations
Early intervention and the prevention of exacerbations are the preferred 
treatment strategies for any level of asthma.1 The individual’s written asthma 
action plan should include detailed instructions for self-management of ex-
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acerbations at home and guidelines as to when they should seek assistance, 
particularly in individuals who have moderate or severe persistent asthma 
and anyone who has a history of severe exacerbations.

This plan should include both symptoms and peak flow measures relat-
ing to their green, yellow, and red zones of care. The plan should also include 
information on prompt communication between the individual and their 
healthcare provider/emergency services in the event of any serious deteriora-
tion in their symptoms or peak flow, decreased responsiveness to SABAs, or 
decreased duration of medication effect. If the individual requires emergency 
assistance, the five steps outlined in Table 11.1 can help in managing their 
asthma and gaining control.

In addition, the following algorithm has been developed to assist in the 
management of asthmatic patients in the ED (see Figure 11.1).

Assessing Therapy
Assessing the individual’s severity can help determine the appropriate level 
of therapy needed to gain control of their exacerbation and prevent the symp-
toms from progressing to a more serious level. Table 11.2 can assist in assess-
ing asthma severity in the ED.

Table 11.1 Gaining Control of Asthma

1.  Assess asthma severity and determine the level of therapy needed. (See 
the following tables for classification of asthma severity and medication 
dosages.)

2.  Therapeutic options:

Oxygen to relieve hypoxemia in moderate or severe exacerbations•	

Reliever (SABA) medication to relieve airflow obstruction, with the •	
addition of inhaled ipratropium bromide in severe cases

Systemic corticosteroids to decrease airway inflammation in moderate •	
or severe asthma or for individuals who do not respond promptly and 
completely to a reliever medication.

Consideration of adjunct treatments, such as intravenous magnesium •	
sulfate or heliox, in severe exacerbations unresponsive to the preceding 
therapy

3.  Monitoring the individual’s response to therapy with lung function 
parameters such as peak flow measurements and symptom scores.

4.  Discharge: a detailed asthma discharge plan, instructions for medications 
prescribed at discharge, and for increasing medications or seeking medical 
care if asthma worsens; review of inhaler techniques whenever possible; and 
consideration of initiating ICS if appropriate.

5.  Referral to follow-up asthma care within 1–4 weeks.
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Figure 11.1 Management of Asthma Exacerbations: Emergency Department and 
Hospital-Based Care

Source: National Heart, Lung, and Blood Institute. National Asthma Education and Preven-
tion Program Expert Panel Report 3: Guidelines for the Diagnosis and Management of 
Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.

 
 

FEV1 or PEF ≥≥ 40% (Mild-to-Moderate) 
 Oxygen to achieve SaO2 ≥ 90% 
 Inhaled SABA by nebulizer or MDI 

with valved holding chamber, up to 
3 doses in first hour 

 Oral systemic corticosteriods if no 
immediate response or if patient 
recently took oral systemic 
corticosteriods 

FEV1  or PEF << 40% (Severe) 
 Oxygen to achieve SaO2 ≥ 

90% 
 High-dose inhaled SABA 

plus ipratropium by 
nebulizer or MDI plus 
valved holding chamber, 
every 20 minutes or 
continuously for 1 hour 

 Oral systemic corticosteroids 

Impending or Actual 
Respiratory Arrest 

 Intubation and mechanical 
ventilation with 100% 
oxygen 

 Nebulized SABA and 
ipratropium 

 Intravenous 
corticosteroids 

 Consider adjunct therapies 

Admit to Hospital Intensive Care 
(see box below) 

Moderate Exacerbation 
FEV1 or PEF 40–69% 
predicted/personal best 
Physical exam: moderate symptoms 

 Inhaled SABA every 60 minutes 
 Oral systemic corticosteroid 
 Continue treatment 1–3 hours, 

provided there is improvement; 
make admit decision in < 4 hours 

Severe Exacerbation 
FEV1 or PEF < 40% predicted/personal best 
Physical exam: severe symptoms at rest, accessory muscle use, 
chest retraction 
History: high-risk patient 
No improvement after initial treatment 

 Oxygen 
 Nebulized SABA + ipratropium, hourly or continuous 
 Oral systemic corticosteroids 
 Consider adjunct therapies 

 
 

 
 

 
 

 
 
 

Individualized decision re: 
hospitalization (see text) 

Discharge Home 
 Continue treatment with inhaled SABA 
 Continue course of oral systemic 

corticosteroid. 
 Consider initiation of an ICS. 
 Patient education 

– Review medications, including inhaler 
technique. 

– Review/initiate action plan. 
– Recommend close medical followup. 

Admit to Hospital Ward 
 Oxygen 
 Inhaled SABA 
 Systemic (oral or 

intravenous) corticosteroid 
 Consider adjunct therapies 
 Monitor vital signs, FEV, or 

PEF, SaO2 

Admit to Hospital Intensive Care 
 Oxygen 
 Inhaled SABA hourly or 

continuously 
 Intravenous corticosteroid 
 Consider adjunct therapies 
 Possible intubation and 

mechanical ventilation 

Discharge Home 
 Continue treatment with inhaled SABAs. 
 Continue course of oral systemic corticosteroid. 
 Continue on ICS. For those not on long-term control therapy, consider 

initiation of an ICS. 
 Patient education (e.g., review medications, including inhaler technique 

and, whenever possible, environmental control measures; 
review/initiate action plan; recommend close medical follow up). 

 Before discharge, schedule follow up appointment with primary care 
provider and/or asthma specialist in 1–4 weeks. 

Key: FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; MDI, metered- dose inhaler; PCO2, partial pressure carbon 
dioxide; PEF, peak expiratory flow; SABA, short-acting beta2-agonist; SaO2, oxygen saturation 

Initial Assessment 
Brief history, physical examination (auscultation, use of accessory muscles, heart rate, respiratory rate), 
PEF or FEV1, oxygen saturation, and other tests as indicated. 

Repeat Assessment 
Symptoms, physical examination, PEF, O2 saturation, other tests as needed 

Incomplete Response 
FEV1 or PEF 40–60% 
Mild-to-moderate symptoms 

Good Response 
FEV1 or PEF ≥ 70% 
Response sustained at 60 minutes 
after last treatment 
No distress 
Physical exam: normal 

Poor Response 
FEV1 or PED < 40% 
PCO2 ≥ 42 mm Hg 
Physical exam 
symptoms severe, 
drowsiness, confusion 

Improve Improve 
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Selecting the appropriate medication is dependent upon the severity of 
the asthma assessed. Table 11.4 can help with medication selection.

Table 11.5 details certain risk factors to note for death from asthma.

Mechanical Ventilation and Asthma
If individuals do not respond to therapy, they may require intubation and 
mechanical ventilation. Once intubated, weaning the asthmatic patient from 
mechanical ventilation can be challenging. It is important that practitioners 
consider mechanical ventilation a bridge to recovery, not a destination for 
the asthmatic. Ventilating an individual is a tool that permits the temporary 
restoration of gas exchange while minimizing the work of breathing until 
the individual can resume these functions on his/her own. For the asthmatic, 
gas exchange usually is not the problem. When controlling their breathing, 
excellent gas exchange and blood gas results suitable for textbook-weaning 
protocols can be achieved. The asthmatic’s problem is the increased work of 
breathing caused by high airway resistance from the accumulation of airway 
secretions, constriction of airway smooth muscle, and inflammation of the 
airway mucosal lining. Most studies suggest that a controlled hypoventila-
tion strategy with permissive hypercapnia is the preferred way to wean an 
asthmatic patient. Monitoring of the airway plateau pressure is essential to 
achieving this safely. Plateau pressures in the target range of 20–30 cm H2O 
are usually recommended as a guide for adjustment of a minute volume that 
should probably start in the 90–130 mL/kg ideal body weight range. It is not 
uncommon for asthmatics to have intrinsic positive end-expiratory pressure 
(auto-PEEP) caused by their disease process, so the importance of monitor-
ing airway pressures to optimally ventilate and prevent barotrauma cannot 
be stressed enough! As their airflow obstruction (airway inflammation and 
secretions) subside, their pressures will change and their ventilator settings 
should be adjusted to facilitate weaning. Clinically, the airway pressures may 
provide a more important indicator and a better guide for weaning these 
patients than the morning blood gas, providing that oxygenation and acid 
balance is stable.2–4

Table 11.3 Normal Heart Rate and Respiratory Rates in Children

Age Heart Rate Respiratory Rate

2–12 months < 160/minute < 50/minute

1–2 years < 120/minute < 40/minute

2–8 years < 110/minute < 30/minute

78545_CH11_5674.indd   156 6/14/10   8:40:47 AM



157

Ta
bl

e 
11

.4
 M

ed
ic

at
io

n 
D

os
ag

es
 in

 t
he

 E
m

er
ge

nc
y 

D
ep

ar
tm

en
t

M
ed

ic
at

io
n

D
os

e 
fo

r 
C

hi
ld

re
n 

≤ 
12

 Y
ea

rs
 

of
 A

ge
A

du
lt 

D
os

e
C

om
m

en
ts

R
el

ie
ve

r 
m

ed
ic

at
io

n
: i

nh
al

ed
 s

ho
rt

-a
ct

in
g 

be
ta

2-
ag

on
is

ts
 (

SA
BA

s)

A
lb

u
te

ro
l 

N
eb

u
li

ze
r

(0
.6

3 
m

g/
3 

m
L

, 1
.2

5 
m

g/
3 

m
L

, 2
.5

 m
g/

3 
m

L
, 5

.0
 m

g/
m

L)

0.
15

 m
g/

kg
 (

m
in

im
um

 d
os

e 
2.

5 
m

g)
 e

ve
ry

 2
0 

m
in

ut
es

 
fo

r 
3 

do
se

s 
th

en
 0

.1
5–

0.
3 

m
g/

kg
 u

p 
to

 1
0 

m
g 

ev
er

y 
1–

4 
ho

ur
s 

as
 n

ee
de

d,
 o

r 
0.

5 
m

g/
kg

/h
ou

r 
by

 c
on

ti
nu

ou
s 

ne
bu

li
za

ti
on

2.
5–

5 
m

g 
ev

er
y 

20
 

m
in

ut
es

 fo
r 

3 
do

se
s,

 
th

en
 2

.5
–1

0 
m

g 
ev

er
y 

1–
4 

ho
ur

s 
as

 n
ee

de
d,

 
or

 1
0–

15
 m

g/
ho

ur
 

co
nt

in
uo

us
ly

O
n

ly
 s

el
ec

ti
ve

 b
et

a 2-
ag

on
is

ts
 a

re
 

re
co

m
m

en
de

d.
 F

or
 o

pt
im

al
 d

el
iv

er
y,

 d
ilu

te
 

ae
ro

so
ls

 t
o 

m
in

im
um

 o
f 3

 m
L

 a
t 

ga
s 

fl
ow

 o
f 

6–
8 

L
/m

in
. U

se
 la

rg
e 

vo
lu

m
e 

ne
bu

li
ze

rs
 fo

r 
co

nt
in

uo
us

 a
dm

in
is

tr
at

io
n.

M
ay

 m
ix

 w
it

h 
ip

ra
tr

op
iu

m
 n

eb
ul

iz
er

 
so

lu
ti

on
.

A
lb

u
te

ro
l 

M
D

I

(9
0 

m
cg

/p
uf

f)

4–
8 

pu
ff

s 
ev

er
y 

20
 m

in
ut

es
 

fo
r 

3 
do

se
s,

 t
he

n 
ev

er
y 

1–
4 

ho
ur

s 
in

ha
la

ti
on

 m
an

eu
ve

r 
as

 n
ee

de
d.

 U
se

 V
H

C
; a

dd
 

m
as

k 
in

 c
h

ild
re

n 
<

 4
 y

ea
rs

.

4–
8 

pu
ff

s 
ev

er
y 

20
 

m
in

ut
es

 u
p 

to
 4

 h
ou

rs
, 

th
en

 e
ve

ry
 1

–4
 h

ou
rs

 a
s 

ne
ed

ed
.

In
 m

ild
 t

o 
m

od
er

at
e 

ex
ac

er
ba

ti
on

s,
 M

D
I 

pl
us

 V
H

C
 is

 a
s 

ef
fe

ct
iv

e 
as

 n
eb

ul
iz

ed
 

th
er

ap
y 

w
it

h 
ap

pr
op

ri
at

e 
ad

m
in

is
tr

at
io

n 
te

ch
n

iq
ue

 a
nd

 c
oa

ch
in

g 
by

 t
ra

in
ed

 
pe

rs
on

ne
l.

B
it

ol
te

ro
l 

N
eb

u
li

ze
r

(2
 m

g/
m

L)

Se
e 

al
bu

te
ro

l d
os

e;
 t

ho
ug

ht
 

to
 b

e 
ha

lf
 a

s 
po

te
nt

 a
s 

al
bu

te
ro

l o
n 

m
g 

ba
si

s.

Se
e 

al
bu

te
ro

l d
os

e.
H

as
 n

ot
 b

ee
n 

st
ud

ie
d 

in
 s

ev
er

e 
as

th
m

a 
ex

ac
er

ba
ti

on
s.

 D
o 

no
t 

m
ix

 w
it

h 
ot

he
r 

d
ru

gs
.

B
it

ol
te

ro
l 

M
D

I

(3
70

 m
cg

/p
uf

f)

Se
e 

al
bu

te
ro

l M
D

I 
do

se
.

Se
e 

al
bu

te
ro

l M
D

I 
do

se
.

H
as

 n
ot

 b
ee

n 
st

ud
ie

d 
in

 s
ev

er
e 

as
th

m
a 

ex
ac

er
ba

ti
on

s.

(c
on

ti
nu

es
)

78545_CH11_5674.indd   157 6/14/10   8:40:47 AM



158

Ta
bl

e 
11

.4
 M

ed
ic

at
io

n 
D

os
ag

es
 in

 t
he

 E
m

er
ge

nc
y 

D
ep

ar
tm

en
t

M
ed

ic
at

io
n

D
os

e 
fo

r 
C

hi
ld

re
n 

≤ 
12

 Y
ea

rs
 

of
 A

ge
A

du
lt 

D
os

e
C

om
m

en
ts

L
ev

al
b

u
te

ro
l 

(R
-a

lb
u

te
ro

l)
 

N
eb

u
li

ze
r

(0
.6

3 
m

g/
3 

m
L

, 1
.2

5 
m

g/
0.

5 
m

L
 1

.2
5 

m
g/

3 
m

L)

0.
07

5 
m

g/
kg

 (
m

in
im

um
 

do
se

 1
.2

5 
m

g)
 e

ve
ry

 2
0 

m
in

ut
es

 fo
r 

3 
do

se
s,

 t
he

n 
0.

07
5–

0.
15

 m
g/

kg
 u

p 
to

 
5 

m
g 

ev
er

y 
1–

4 
ho

ur
s 

as
 

ne
ed

ed
.

1.
25

–2
.5

 m
g 

ev
er

y 
20

 
m

in
ut

es
 fo

r 
3 

do
se

s,
 

th
en

 1
.2

5–
5 

m
g 

ev
er

y 
1–

4 
ho

ur
s 

as
 n

ee
de

d.

L
ev

al
bu

te
ro

l a
dm

in
is

te
re

d 
in

 o
ne

-h
al

f t
he

 
m

g 
do

se
 o

f a
lb

ut
er

ol
 p

ro
vi

de
s 

co
m

pa
ra

bl
e 

ef
fi

ca
cy

 a
nd

 s
af

et
y.

 H
as

 n
ot

 b
ee

n 
ev

al
ua

te
d 

by
 c

on
ti

nu
ou

s 
ne

bu
li

za
ti

on
.

L
ev

al
b

u
te

ro
l 

M
D

I

(4
5 

m
cg

/p
uf

f)

Se
e 

al
bu

te
ro

l M
D

I 
do

se
.

Se
e 

al
bu

te
ro

l M
D

I 
do

se
.

P
ir

b
u

te
ro

l 
M

D
I

(2
00

 m
cg

/p
uf

f)

Se
e 

al
bu

te
ro

l M
D

I 
do

se
; 

th
ou

gh
t 

to
 b

e 
ha

lf
 a

s 
po

te
nt

 
as

 a
lb

ut
er

ol
 o

n 
a 

m
g 

ba
si

s.

Se
e 

al
bu

te
ro

l M
D

I 
do

se
.

H
as

 n
ot

 b
ee

n 
st

ud
ie

d 
in

 s
ev

er
e 

as
th

m
a 

ex
ac

er
ba

ti
on

s.

Sy
st

em
ic

 (
in

je
ct

ed
) 

be
ta

2-
ag

on
is

ts

E
p

in
ep

h
ri

n
e

1:
10

00
 (

1 
m

g/
m

L)

0.
01

 m
g/

kg
 u

p 
to

 0
.3

–0
.5

 
m

g 
ev

er
y 

20
 m

in
ut

es
 fo

r 
3 

do
se

s 
sq

.

0.
3–

0.
5 

m
g 

ev
er

y 
20

 
m

in
ut

es
 fo

r 
3 

do
se

s 
sq

.
N

o 
pr

ov
en

 a
dv

an
ta

ge
 o

f s
ys

te
m

ic
 t

he
ra

py
 

ov
er

 a
er

os
ol

.

T
er

b
u

ta
li

n
e

(1
 m

g/
m

L)

0.
01

 m
g/

kg
 e

ve
ry

 2
0 

m
in

ut
es

 fo
r 

3 
do

se
s 

th
en

 
ev

er
y 

2–
6 

ho
ur

s 
as

 n
ee

de
d 

sq
.

0.
25

 m
g 

ev
er

y 
20

 
m

in
ut

es
 fo

r 
3 

do
se

s 
sq

.
N

o 
pr

ov
en

 a
dv

an
ta

ge
 o

f s
ys

te
m

ic
 t

he
ra

py
 

ov
er

 a
er

os
ol

.

78545_CH11_5674.indd   158 6/14/10   8:40:47 AM



159

A
nt

ic
ho

lin
er

gi
cs

Ip
ra

tr
op

iu
m

 b
ro

m
id

e 
N

eb
u

li
ze

r

(0
.2

5 
m

g/
m

L)

0.
25

–0
.5

 m
g 

ev
er

y 
20

 
m

in
ut

es
 fo

r 
3 

do
se

s,
 t

he
n 

 
as

 n
ee

de
d

0.
5 

m
g 

ev
er

y 
20

 m
in

ut
es

 
fo

r 
3 

do
se

s 
th

en
 a

s 
ne

ed
ed

M
ay

 m
ix

 in
 s

am
e 

ne
bu

li
ze

r 
w

it
h 

al
bu

te
ro

l. 
Sh

ou
ld

 n
ot

 b
e 

us
ed

 a
s 

fi
rs

t-
lin

e 
th

er
ap

y;
 

sh
ou

ld
 b

e 
ad

de
d 

to
 S

A
BA

 t
he

ra
py

 fo
r 

se
ve

re
 

ex
ac

er
ba

ti
on

s.
 T

he
 a

dd
it

io
n 

of
 ip

ra
tr

op
iu

m
 

ha
s 

no
t 

be
en

 s
ho

w
n 

to
 p

ro
vi

de
 f

ur
th

er
 

be
ne

fi
t 

on
ce

 t
he

 p
at

ie
nt

 is
 h

os
pi

ta
li

ze
d.

Ip
ra

tr
op

iu
m

 b
ro

m
id

e 
M

D
I

(1
8 

m
cg

/p
uf

f)

4–
8 

pu
ff

s 
ev

er
y 

20
 m

in
ut

es
 

as
 n

ee
de

d 
up

 t
o 

3 
ho

ur
s

8 
pu

ff
s 

ev
er

y 
20

 m
in

ut
es

 
as

 n
ee

de
d 

up
 t

o 
3 

ho
ur

s
Sh

ou
ld

 u
se

 w
it

h 
V

H
C

 a
nd

 fa
ce

 m
as

k 
fo

r 
ch

ild
re

n 
<

 4
 y

ea
rs

.

St
ud

ie
s 

ha
ve

 e
xa

m
in

ed
 ip

ra
tr

op
iu

m
 

br
om

id
e 

M
D

I 
fo

r 
up

 t
o 

3 
ho

ur
s.

Ip
ra

tr
op

iu
m

 w
it

h
 a

lb
ut

er
ol

 
N

eb
u

li
ze

r

(E
ac

h 
3 

m
L

 v
ia

l c
on

ta
in

s 
0.

5 
m

g 
ip

ra
tr

op
iu

m
 b

ro
m

id
e 

an
d 

2.
5 

m
g 

al
bu

te
ro

l.)

1.
5–

3 
m

L
 e

ve
ry

 2
0 

m
in

ut
es

 
fo

r 
3 

do
se

s,
 t

he
n 

as
 n

ee
de

d
3 

m
L

 e
ve

ry
 2

0 
m

in
ut

es
 

fo
r 

3 
do

se
s,

 t
he

n 
as

 
ne

ed
ed

M
ay

 b
e 

us
ed

 fo
r 

up
 t

o 
3 

ho
ur

s 
in

 t
he

 in
it

ia
l 

m
an

ag
em

en
t 

of
 s

ev
er

e 
ex

ac
er

ba
ti

on
s.

 T
he

 
ad

d
it

io
n 

of
 ip

ra
tr

op
iu

m
 t

o 
al

bu
te

ro
l h

as
 n

ot
 

be
en

 s
ho

w
n 

to
 p

ro
vi

de
 f

ur
th

er
 b

en
ef

it 
on

ce
 

th
e 

pa
ti

en
t 

is
 h

os
pi

ta
li

ze
d.

Ip
ra

tr
op

iu
m

 w
it

h
 a

lb
u

te
ro

l 
M

D
I

(E
ac

h 
pu

ff
 c

on
ta

in
s 

18
 m

cg
 

ip
ra

tr
op

iu
m

 b
ro

m
id

e 
an

d 
90

 
m

cg
 o

f a
lb

ut
er

ol
.)

4–
8 

pu
ff

s 
ev

er
y 

20
 m

in
ut

es
 

as
 n

ee
de

d 
up

 t
o 

3 
ho

ur
s

8 
pu

ff
s 

ev
er

y 
20

 m
in

ut
es

 
as

 n
ee

de
d 

up
 t

o 
3 

ho
ur

s
Sh

ou
ld

 u
se

 w
it

h 
V

H
C

 a
nd

 fa
ce

 m
as

k 
fo

r 
ch

ild
re

n 
<

 4
 y

ea
rs

.

78545_CH11_5674.indd   159 6/14/10   8:40:47 AM



160

M
ed

ic
at

io
n

D
os

e 
fo

r 
C

hi
ld

re
n 

≤ 
12

 Y
ea

rs
 

of
 A

ge
A

du
lt 

D
os

e
C

om
m

en
ts

Sy
st

em
ic

 c
or

ti
co

st
er

oi
ds

P
re

d
n

is
on

e
1–

2 
m

g/
kg

 in
 2

 d
iv

id
ed

 
do

se
s 

(m
ax

im
um

 =
 6

0 
m

g/
da

y)
 u

nt
il 

P
E

F 
is

 7
0%

 o
f 

pr
ed

ic
te

d 
or

 p
er

so
na

l b
es

t

40
–8

0 
m

g/
da

y 
in

 1
 o

r 
2 

d
iv

id
ed

 d
os

es
 u

nt
il 

P
E

F 
re

ac
he

s 
70

%
 o

f 
pr

ed
ic

te
d 

or
 p

er
so

na
l 

be
st

Fo
r 

ou
tp

at
ie

nt
 “

bu
rs

t 
th

er
ap

y”
 u

se
 4

0–
60

 
m

g 
in

 a
 s

in
gl

e 
or

 2
 d

iv
id

ed
 d

os
es

 fo
r 

to
ta

l 
of

 5
–1

0 
da

ys
 in

 a
du

lt
s 

(c
h

ild
re

n
: 1

–2
 m

g/
kg

/
da

y 
m

ax
im

um
 6

0 
m

g/
da

y 
fo

r 
3–

10
 d

ay
s)

.

M
et

h
yl

p
re

d
n

is
ol

on
e

1–
2 

m
g/

kg
 in

 2
 d

iv
id

ed
 

do
se

s 
(m

ax
im

um
 =

 6
0 

m
g/

da
y)

 u
nt

il 
P

E
F 

is
 7

0%
 o

f 
pr

ed
ic

te
d 

or
 p

er
so

na
l b

es
t

40
–8

0 
m

g/
da

y 
in

 1
 o

r 
2 

d
iv

id
ed

 d
os

es
 u

nt
il 

P
E

F 
re

ac
he

s 
70

%
 o

f 
pr

ed
ic

te
d 

or
 p

er
so

na
l 

be
st

Fo
r 

ou
tp

at
ie

nt
 “

bu
rs

t 
th

er
ap

y”
 u

se
 4

0–
60

 
m

g 
in

 a
 s

in
gl

e 
or

 2
 d

iv
id

ed
 d

os
es

 fo
r 

to
ta

l 
of

 5
–1

0 
da

ys
 in

 a
du

lt
s 

(c
h

ild
re

n
: 1

–2
 m

g/
kg

/
da

y 
m

ax
im

um
 6

0 
m

g/
da

y 
fo

r 
3–

10
 d

ay
s)

.

P
re

d
n

is
ol

on
e

1–
2 

m
g/

kg
 in

 2
 d

iv
id

ed
 

do
se

s 
(m

ax
im

um
 =

 6
0 

m
g/

da
y)

 u
nt

il 
P

E
F 

is
 7

0%
 o

f 
pr

ed
ic

te
d 

or
 p

er
so

na
l b

es
t

40
–8

0 
m

g/
da

y 
in

 1
 o

r 
2 

d
iv

id
ed

 d
os

es
 u

nt
il 

P
E

F 
re

ac
he

s 
70

%
 o

f 
pr

ed
ic

te
d 

or
 p

er
so

na
l 

be
st

Fo
r 

ou
tp

at
ie

nt
 “

bu
rs

t 
th

er
ap

y”
 u

se
 4

0–
60

 
m

g 
in

 a
 s

in
gl

e 
or

 2
 d

iv
id

ed
 d

os
es

 fo
r 

to
ta

l 
of

 5
–1

0 
da

ys
 in

 a
du

lt
s 

(c
h

ild
re

n
: 1

–2
 m

g/
kg

/
da

y 
m

ax
im

um
 6

0 
m

g/
da

y 
fo

r 
3–

10
 d

ay
s)

.

E
D

 =
 e

m
er

ge
nc

y 
d

ep
ar

tm
en

t; 
M

D
I 

=
 m

et
er

ed
-d

os
e 

in
ha

le
r;

 P
E

F 
=

 p
ea

k 
ex

pi
ra

to
ry

 f
lo

w
; V

H
C

 =
 v

al
ve

d
 h

ol
d

in
g 

ch
am

be
r;

 I
C

S 
=

 in
ha

le
d

 c
or

ti
co

st
er

oi
d

s

N
ot

es
: T

he
re

 is
 n

o 
kn

ow
n 

ad
va

nt
ag

e 
fo

r 
hi

gh
er

 d
os

es
 o

f c
or

ti
co

st
er

oi
d

s 
in

 s
ev

er
e 

as
th

m
a 

ex
ac

er
ba

ti
on

s,
 n

or
 is

 th
er

e 
an

y 
ad

va
nt

ag
e 

fo
r 

in
tr

av
en

ou
s 

ad
m

in
-

is
tr

at
io

n 
ov

er
 o

ra
l t

he
ra

py
 p

ro
vi

d
ed

 g
as

tr
oi

nt
es

ti
na

l t
ra

ns
it

 ti
m

e 
or

 a
bs

or
pt

io
n 

is
 n

ot
 im

pa
ir

ed
.

T
he

 t
ot

al
 c

ou
rs

e 
of

 s
ys

te
m

ic
 c

or
ti

co
st

er
oi

d
s 

fo
r 

an
 a

st
hm

a 
ex

ac
er

ba
ti

on
 r

eq
ui

ri
ng

 a
n 

E
D

 v
is

it
 o

r 
ho

sp
it

al
iz

at
io

n 
m

ay
 la

st
 f

ro
m

 3
–1

0 
d

ay
s.

 F
or

 c
or

ti
co

st
er

oi
d

 
co

ur
se

s 
of

 le
ss

 th
an

 1
 w

ee
k,

 th
er

e 
is

 n
o 

ne
ed

 to
 ta

pe
r 

th
e 

d
os

e.
 F

or
 s

lig
ht

ly
 lo

ng
er

 c
ou

rs
es

 (e
.g

., 
up

 to
 1

0 
d

ay
s)

, t
he

re
 p

ro
ba

bl
y 

is
 n

o 
ne

ed
 to

 ta
pe

r, 
es

pe
ci

al
ly

 
if

 p
at

ie
nt

s 
ar

e 
co

nc
ur

re
nt

ly
 ta

ki
ng

 I
C

S.

IC
S 

ca
n 

be
 s

ta
rt

ed
 a

t a
ny

 p
oi

nt
 in

 th
e 

tr
ea

tm
en

t o
f 

an
 a

st
hm

a 
ex

ac
er

ba
ti

on
.

A
d

ap
te

d
 f

ro
m

: N
at

io
na

l H
ea

rt
, L

un
g,

 a
nd

 B
lo

od
 I

ns
ti

tu
te

. N
at

io
na

l A
st

hm
a 

E
d

uc
at

io
n 

an
d

 P
re

ve
nt

io
n 

Pr
og

ra
m

 E
xp

er
t 

Pa
ne

l R
ep

or
t 

3:
 G

ui
d

el
in

es
 f

or
 t

he
 

D
ia

gn
os

is
 a

nd
 M

an
ag

em
en

t o
f A

st
hm

a 
Fu

ll 
R

ep
or

t 2
00

7.
 h

tt
p:

/
/

w
w

w
.n

hl
bi

.n
ih

.g
ov

/
gu

id
el

in
es

/
as

th
m

a/
as

th
su

m
m

.p
d

f. 
A

cc
es

se
d

 A
pr

il 
2,

 2
00

9.

Ta
bl

e 
11

.4
 M

ed
ic

at
io

n 
D

os
ag

es
 in

 t
he

 E
m

er
ge

nc
y 

D
ep

ar
tm

en
t

78545_CH11_5674.indd   160 6/14/10   8:40:47 AM



Managing Exacerbations, Mechanical Ventilation, and Special Situations   161

Helium-Oxygen (“Heliox”)

There is some data to suggest that helium-oxygen (“heliox”) mixtures can 
benefit asthmatic patients. In theory, because the heliox has a lower density 
than oxygen and standard room air gas mixtures, the turbulent flow at the 
site of the airway obstruction is converted to a more laminar or smoother 
flow, hence ventilation becomes easier as airway resistance and work of 
breathing decrease. This smoother flow also facilitates the use of a smaller 
pressure gradient to deliver the same flow rate with a heliox mixture than the 
flow rate necessary in an oxygen/room air mixture. It should be noted that 
delivery of an FiO2 higher than 40% is difficult with heliox, though there are 
some antidotal reports that it has been done. Practitioners should also note 
that there are specific monitoring requirements when using heliox and not all 
mechanical ventilators are equipped to deliver the mixture. Some ventilators 
are heliox-ready, others can be adapted. The type of ventilator being used 

Table 11.5 Risk Factors for Death from Asthma

Asthma History

Previous severe exacerbation (e.g., intubation or ICU admission for asthma)•	

Two or more hospitalizations for asthma in the past year•	

Three or more ED visits for asthma in the past year•	

Hospitalization or ED visit for asthma in the past month•	

Using > 2 canisters of SABA per month•	

Difficulty perceiving asthma symptoms or severity of exacerbations•	

Other risk factors: lack of a written asthma action plan, etc.•	

Social History

Low socioeconomic status or inner-city residence•	

Illicit drug use•	

Major psychosocial problems•	

Comorbidities

Cardiovascular disease•	

Other chronic lung disease•	

Chronic psychiatric disease•	

ED = emergency department; ICU = intensive care unit; SABA = short-acting beta2-agonist

Adapted from: National Heart, Lung, and Blood Institute. National Asthma Education and 
Prevention Program Expert Panel Report 3: Guidelines for the Diagnosis and Management 
of Asthma Full Report 2007. http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf. 
Accessed April 2, 2009.
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and the software package installed on the unit will assist in determining the 
suitability of the ventilator for heliox delivery.5,6

extracorporeal life Support

Extracorporeal life support (ECLS) in the management of asthma patients 
has also been reported. The positive side is that use of ECLS alleviates the 
occurrence of ventilator-induced lung injury because the patients are either 
not intubated, or they are intubated but only minimally supported. The ECLS 
takes on the role of balancing the physiologic gas exchange needs, so airway 
resistance and work of breathing are not an issue. Most of this data for ECLS 
use in asthmatics is limited to case reports originating in the ED. In fairness, 
a large controlled trial of ECLS in asthmatics would be almost impossible to 
conduct due to the potential risk to the patients when other proven treatment 
modalities are available. In the ED setting there has been a lot of data on the 
effective use of noninvasive ventilation for asthmatics and this modality is 
usually a safer, cheaper option.7

Noninvasive Ventilation

Data has shown that noninvasive ventilation (NIV) is useful in preventing 
intubations in patients with chronic obstructive pulmonary disease.8,9 How-
ever, there is limited data on the use of this technique in treating asthma 
and the current U.S. guidelines view NIV as an experimental approach for 
the management of severe asthma exacerbations.1

Special Situations
exercise-induced bronchospasm/asthma

Exercise-induced bronchospasm (EIB) should not limit an individuals’ par-
ticipation in vigorous activities/sports. The current U.S. guidelines recom-
mend that an individual pretreat themselves with inhaled beta2-agonists 
before exercise. This has been shown to prevent EIB in more than 80% of 
individuals and may be effective for 2–3 hours.1 The data also shows that the 
use of LABAs can be protective for a period of up to 12 hours. However, the 
frequent and chronic use of LABAs for EIB is discouraged. Individuals using 
LABAs consistently for the management of EIB may have poorly controlled 
persistent asthma and should be evaluated for daily anti-inflammatory ther-
apy. Cromolyn or nedocromil taken shortly before exercise is not as effec-
tive as a SABA, but may be an alternative in some individuals. Other aids 
to reducing EIB include wearing a mask or scarf over the mouth and nose 
to warm the air during cold weather and having a warm-up period prior to 
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exercise.1 Limiting an individual’s outside exposure at times of the day when 
air quality levels are poor may also be useful.

Pregnancy

Pregnant women with asthma should be monitored throughout their preg-
nancy. Albuterol is the preferred reliever during pregnancy, and ICS are the 
preferred treatment for long-term inflammation control. Specifically, budes-
onide is the preferred ICS for pregnant women. Intranasal corticosteroids 
are recommended by the current U.S. guidelines for the treatment of aller-
gic rhinitis. There is some data on the use of LTRAs in pregnancy and the 
guidelines state that they can be used. The recommended antihistamines are 
loratadine or cetirizine.1

Surgery

Individuals with asthma who are preparing to undergo surgery should be 
evaluated prior to their procedure. The anesthesiologists and surgeon should 
be made aware of their asthmatic condition and medication usage (particu-
larly the use of oral systemic corticosteroids for longer than 2 weeks in the 
past 6 months), as well as the individual’s current pulmonary function status. 
In some cases, a short course of oral systemic corticosteroids may be neces-
sary to optimize lung function. The overall goal is to maximize individuals’ 
FEV1 or PEF so as to be as close to normal or their personal best as possible 
to minimize complications during and immediately after surgery.
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Glossary

Activities of daily living: actions done normally in the course of daily living (e.g., 
brushing your hair, getting the mail, cooking dinner).

Airway hyperresponsiveness: increased sensitivity and constriction of the airways 
in response to an irritant.

Airway inflammation: excessive airway secretion usually followed by airway 
obstruction.

Airflow obstruction: increased resistance in the airways caused by an excess of 
secretions, narrowing of the airway, or both.

Allergen: a substance or particle that causes irritation and can cause an allergic 
reaction.

Anticholinergic medications: a class of medications that inhibit the parasympa-
thetic nerve impulses by selectively blocking the binding of the neurotransmitter 
acetylcholine to its receptor site.

Antigen: a molecule that binds to an antibody.

Aspirin-exacerbated respiratory disease (AERD): another name for having 
 aspirin-sensitive asthma or aspirin intolerance.

Asthma: a chronic inflammatory disease of the airways characterized by airway 
obstruction, inflammation, and hyperresponsiveness.

Asthma control: the degree to which asthma symptoms, functional impairments, and 
risks of adverse events are minimized and the goals of therapy are achieved.

Asthma control plan: a written plan to guide individuals in the management of 
their asthma.

Asthma prevalence: the total number of asthma cases in the population at a given 
time.

Atopy: the tendency to develop allergic diseases or experience an allergic reaction.

Bronchoconstriction: constriction of the airways due to the tightening of surround-
ing smooth muscle.

Bronchial hyperresponsiveness: bronchial constriction in response to an irritant 
or stimuli.
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Bronchoprovocation tests: inhalation of nebulized methacholine or histamine to il-
licit an asthmatic response. Airway function is measured before and after the in-
halation. Used to diagnose asthma (also known as a bronchial challenge test).

CD4+ T cells: a type of lymphocyte (white blood cell).

Chemokines: small proteins that are involved in both acute and chronic 
inflammation.

Controller medication: preventive or maintenance medications usually used long 
term.

Corticosteroids: a class of hormones produced in the adrenal cortex.

Corticosteroid medications: medications used as controller medications in asthma. 
They can be taken orally, by intravenous administration, or inhaled.

Differential diagnosis: a systematic approach used to examine all possible dis-
ease states and eliminate or rule out other diagnoses until a final decision is 
reached.

Diffusing capacity of the lung for carbon monoxide (DLCO): the measure-
ment of the partial pressure difference between inspired and expired carbon 
monoxide.

Dyspnea: shortness of breath or difficulty breathing.

Eosinophils: a type of leukocyte (white blood cell).

Exercise-induced bronchospasm (EIB): asthma that is triggered by physical 
activity.

Expert Panel Report 3 (EPR-3): the current asthma guidelines.

Extracorporeal life support (ECLS): mechanical ventilator support (blood/gas 
exchange) completed outside of the body via a mechanical device. If an ex-
trathoracic cannulation is used it can also be called extracorporeal membrane 
oxygenation (ECMO), extracorporeal lung assist (ECLA), and extracorporeal 
CO2 removal (ECCOR).

Forced expiratory volume in 1 second (FEV1): maximal volume forcibly exhaled 
within 1 second.

Forced vital capacity (FVC): total air forcibly exhaled after maximal inhalation.

FEV1/FVC: a calculated ratio of the proportion of the forced vital capacity exhaled 
in the first second.

FEF 25%–75%: measurement of the flow rates in the middle (25%–75%) of the 
FVC.

Flow-volume loop: a graphic representation of maximal inhalation and 
exhalation.

Gastroesophageal reflux disease (GERD): chronic symptoms or mucosal dam-
age produced by the abnormal reflux/back flow from the stomach into the 
esophagus.

GINA: the Global Initiative for Asthma (GINA).

Granulocyte macrophage-colony stimulating factor (GM-CSF): a protein se-
creted by macrophages, T cells, mast cells, endothelial cells, and fibroblasts.
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Green zone: eighty percent to one hundred percent of the individual’s personal best 
or minimal symptoms of their asthma.

Helium-oxygen (heliox): a mixture of helium (He) and oxygen (O2).

High-efficiency particulate air (HEPA) filter: a filter that can remove at least 
99.97% of airborne particles 0.3 micrometers (µm) in diameter.

Hygiene hypothesis: the theory that asthma and allergies develop because of a lack 
of early childhood exposure to infectious diseases.

Immunoglobulin E (IgE): a class of immunoglobulins that includes the antibodies 
elicited by an allergic trigger.

Immunomodulators: medications or substances that weaken or modulate the activ-
ity of the immune system.

Intermittent asthma: a classification of asthma severity in which asthma symptoms 
occur, on average, less than twice a week.

Intercostal retractions: inward movement of the muscles between the ribs.

Interleukins: a class of proteins or cytokines that act as mediators between 
leukocytes.

Leukotriene modifiers: long-term control medications that operate by either block-
ing leukotriene synthesis through enzyme inhibition or interfere with the bind-
ing of a leukotriene to its receptor site.

Long-acting beta agonists (LABAs): a type of bronchodilator whose effects last 
for 12 hours or more.

Lymphocyte: a type of white blood cell.

Mast cell inhibitors: prevent the release of histamine and other proteins from the 
mast cells that cause asthma symptoms.

Maximum voluntary ventilation (MVV): the total volume of air that can be ex-
haled over a specified period of time.

Mechanical ventilation: using a device to mechanically assist or replace spontane-
ous breathing. It can be noninvasive, involving various types of face masks, or 
invasive, requiring endotracheal intubation or a tracheostomy.

Methylxanthines: a type of bronchodilator whose mechanism of action is not clearly 
understood.

Methacholine challenge: inhalation of nebulized methacholine or histamine to 
illicit an asthmatic response. Airway function is measured before and after the 
inhalation to diagnose asthma; also known as a bronchial challenge test or 
bronchoprovocation test.

Mild persistent asthma: a classification of asthma severity in which asthma symp-
toms occur less than twice a week.

Moderate persistent asthma: a classification of asthma severity in which asthma 
symptoms occur daily.

Noninvasive ventilation: mechanical ventilation that uses various types of face 
masks.
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Obstructive sleep apnea (OSA): a sleep disorder characterized by pauses in breath-
ing during sleep.

Pre- and postbronchodilatory testing: basic spirometry followed by a bronchodila-
tor and then the spirometry is repeated to permit comparison.

Peak expiratory flow (PEF): the fastest rate that air can be exhaled.

Quality of life: the general well-being of individuals.

Red zone: less than 50% of individuals’ personal best; severe symptoms of asthma 
are occurring and immediate action should be taken.

Severe persistent asthma: a classification of asthma severity in which asthma 
symptoms occur almost continually.

Short-acting beta agonists (SABAs): a type of bronchodilator used as a quick re-
liever of asthma symptoms.

Spacer device: a holding chamber that enhances the effectiveness of a metered-
dose inhaler.

Spirometry: pulmonary function tests (PFTs) that measure lung function.

Stepwise therapy: a measured approach to managing asthma care.

Trigger: allergens or irritants that stimulate an asthmatic response.

Tumor necrosis factor (TNF): a cytokine involved in the inflammatory process.

Work-related/occupational asthma: airway disease triggered by a workplace 
irritant.

Yellow zone: fifty percent to eighty percent of the individual’s personal best (or some 
symptoms of their asthma are occurring).

78545_CH12_BM_5674.indd   168 6/14/10   8:41:39 AM



169

Action plans, 81–83
Adolescents. See Children 12 and over 

and adults, stepwise management 
and

Adults. See Children 12 and over and 
adults, stepwise management and

Age groups, 58
Air duct cleaning, 26, 27
AirNow, 29
Air pollution, 29
Airway hyperresponsiveness, 36–37
Airway inflammation, 24–25, 37–40
Airway limitation/narrowing, 35–36
 mechanical ventilation, 156
Airway remodeling, 36
Albuterol, 98, 99, 115, 116, 136, 157
Allergens
 air pollution, 29
 cockroach, 28
 dust mites, 28
 infections versus, 25
 pet/animal, 27–28
 pollen, 29
 relationship between asthma and, 

24–30
 tobacco smoke, 29
 triggers, 25–30
 volatile organic compounds, 29–30
Allergic asthma, 24
Allergy testing, 53
America Breathing Easier, 11
American Lung Association, 11, 44
Animal allergens, 27–28
Anticholinergics (ipratropium bromide), 

71, 73, 100

Antigen leukocyte cellular antibody test 
(ALCAT), 53

Aspirin-exacerbated respiratory disease 
(AERD), 22–23

Aspirin-induced asthma (AIA), 22–23
Aspirin-sensitive asthma (ASA),  

22–23
Assessment, 152–156
Asthma
 action plans, 81–83
 defined, 15–16
 history of, 1–2
 managing, 11–13
 origin of term, 1
 outgrowing, 18
 resources, 12
 statistics, 2–3
 symptoms, 16, 17
 Symptom Score/Scale, 44, 45
 types of, 16, 18–24
Asthma in America, 8, 10
Atopic asthma, 24

Basophils, 38
B-cell proliferation, 37
Beclomethasone HFA, 107, 124, 144
Biomarkers of inflammation, 53
Bitolterol, 157
Breath-activated inhaler, 71
Bronchoconstriction, 36, 37
Bronchodilator testing, pre- and post-, 

50, 51
Bronchoprovocation, 50
Budesonide, 78, 105, 107, 121, 124, 141, 

144

Index
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Chemical mediators, 38–39
Chemokines, 38
Childhood asthma, 16, 18
Children
 inhalers for, 71–72
 normal heart and respiratory rates in, 

156
 spacer devices for, 72–73
 wheezing in those 5 years and 

younger, 54
Children and Asthma in America, 10
Children 0–4 years of age, stepwise 

management and
 assessing, 91–92
 assessing after therapy has been 

started, 93–94
 corticosteroids, inhaled (high-dose 

with LABA or montelukast), 95, 109
 corticosteroids, inhaled (low-dose), 

95, 102
 corticosteroids, inhaled (medium-

dose), 95, 102
 corticosteroids, inhaled (medium-

dose with LABA or montelukast), 
102

 dosages for inhaled corticosteroids, 
107–108

 dosages for long-term control, 
103–106

 dosages for reliever medication, 
98–101

 follow-up visits, 109–110
 guidelines, 109
 infants, special issues, 110
 intermittent asthma, 97
 long-term medications approved by 

FDA, 108
 persistent asthma, 97
 SABAs, 97–101
 severity components, 91–92
 steps, list of, 95–96
 viral infections, 110–111
Children 5–11 years of age, stepwise 

management and
 assessing, 113–114
 assessing after therapy has been 

started, 126–128

 corticosteroids, inhaled (high-dose 
with LABA), 126

 corticosteroids, inhaled (medium-
dose), 125

 dosages for inhaled corticosteroids, 
124–125

 dosages for long-term control, 
119–122

 dosages for reliever medication, 
115–118

 follow-up visits, 129
 guidelines, 126
 initial therapy, selecting, 112
 intermittent asthma, 118
 persistent asthma, 124
 SABAs, 115–117
 school/sports plans, 129
 severity components, 113–114
 steps, list of, 123
Children 12 and over and adults, 

stepwise management and
 adults, guidelines, 147
 assessing, 131–132
 assessing after therapy has been 

started, 148–149
 characteristics of deterioration of 

asthma, 147
 dosages for inhaled corticosteroids, 

144–145
 dosages for long-term control, 

139–143
 dosages for reliever medication, 

136–138
 follow-up visits, 150
 guidelines, 146
 initial therapy, selecting, 130
 intermittent asthma, 133
 persistent asthma, 133, 139
 SABAs, 133, 136–138
 school age children versus 

adolescents, guidelines, 146
 seasonal asthma, 139
 severity components, 131–132
 specialist, use of, 147
 steps, list of, 134
 viral infections, 150
Cockroach allergen, 28
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Control
 See also Monitoring
 action plans, 81–83
 goals of, 58–60
 levels of, 58, 59
 patient education, 88–89
 school/sports plans, 84–86
 steps, 152
 travel plans, 86–88
COPD, 54
Corticosteroids, 73, 100–101
 adverse effects from inhaled, 74–75
 available in the U.S., 75
Costs, 9–11
Cromolyn sodium, 76, 105, 121, 142
Cysteinyl leukotrienes, 38
Cytokines, 38–39

Dander, 27
Death, risk factors for, 161
Diagnosis
 allergy testing, 53
 biomarkers of inflammation, 53
 children 5 years and younger and 

wheezing, 54
 COPD, 54
 medical history, 46–48
 physical examination, 49
 pulmonary function studies, 49–52
 questionnaire, 44, 45
 specialists, use of, 54–55
 spirometry, 49–52
Diffusing capacity of lung for carbon 

monoxide (DLCO), 52
Dry-powder inhaler (DPI), 71
Dust mites, 28

Electrostatic precipitating filters,  
25–26

Environmental Protection Agency 
(EPA), 26, 27, 29

Eotaxin, 38
Epinephrine, 158
Exacerbations
 assessing, 152–156
 managing, 151–152
 monitoring history of, 64

Exercise-induced bronchospasm (EIB), 
20–21, 162–163

Expert Panel Report Version 3, 13
Extracorporeal life support (ECLS),  

162
Extrinsic asthma, 24

Flow-volume loop, 51
Flunisolide, 107, 124, 144
Fluticasone, 78, 105, 107, 121, 124, 141, 

144
Forced expiratory volume in 1 second 

(FEV 1), 50, 51
Forced vital capacity (FVC), 50, 51
Formoterol, 77, 78, 104, 105, 120, 121, 

141
Fungi, indoor, 26

Gastroesophageal reflux disease 
(GERD), 20

Gender differences, 3, 9
Genetics, 40–42
Global Initiative for Asthma (GINA), 2, 

11, 5758
Global statistics, 2–3, 9
Green zone, 61, 82

Healthy People 2010, 11
Helium-oxygen (heliox), 161–162
Hidden asthma, 18
High-efficiency particulate air (HEPA), 

25–26, 27
Histamine, 38
Hospitalization rates, 8
Hygiene hypothesis, 30

Immunoglobulin, 37–38
Immunologic asthma, 19
Immunomodulators, 76
Infections, versus allergens, 25
Inhaled corticosteroids, FDA approved, 

108
Inhalers, types of, 71
Intracutaneous test, 53
Ipratropium, 71, 73, 100, 116, 137,  

159
Irritant-induced asthma, 19
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Leukotrienes, 38, 76–77, 108
Levalbuterol, 98, 99, 115, 116, 136, 137, 

158
Long-acting beta agonists (LABAs), 70, 

74–78, 108

Macrophage-derived chemokines 
(MDC), 38

Mast cell inhibitors, 76, 108
Mast cells, 38
Maximum voluntary ventilation 

(MVV), 51
Mechanical ventilation, 156
Medical history, 46–48
Medication dosages, in children 0–4 

years of age
 for inhaled corticosteroids, 107–108
 for long-term control, 103–106
 for reliever medication, 98–101
Medication dosages, in children 5–11 

years of age
 for inhaled corticosteroids, 124–125
 for long-term control, 119–122
 for reliever medication, 115–118
Medication dosages, in children 12 and 

over and adults
 for inhaled corticosteroids, 144–145
 for long-term control, 139–143
 for reliever medication, 136–138
Medication dosages, in the emergency 

department, 157–160
Medications
 See also name of
 anticholinergics (ipratropium 

bromide), 71, 73
 combined controller therapy, 78
 corticosteroids, 73–75
 immunomodulators, 76
 leukotriene modifiers, 76–77
 long-acting beta agonists, 70, 74–78
 mast cell inhibitors, 76
 methylxanthines, 78
 permission sheet for schools, 86
 quick-relief, 70–74
 short-acting beta agonists, 71–72
Menses-related asthma, 21
Metered-dose inhaler (MDI), 71
Methacholine, 50

Methylprednisolone, 100, 103, 117, 119, 
138, 140, 160

Methylprednisolone acetate, 101, 117, 
138

Methylxanthines, 78
Molds, 26
Mometasone DPI, 107, 125, 144
Monitoring
 action plans, 81–83
 aspects of, 60
 daily, 62–63
 follow-up checklist, 64–68
 history of exacerbations, 64
 patient education, 88–89
 peak flow measurement/monitoring, 

49, 61
 pharmacotherapy adherence and side 

effects, 64
 pulmonary function status, 61, 63
 quality of life, 64
 schedules, 68
 school/sports plans, 84–86
 travel plans, 86–88
Monoclonal antibodies, 76
Montelukast, 76, 77, 106, 122, 142
Mortality rates, 8–9
Mucus hypersecretion, 26

National Asthma Education and 
Prevention Program (NAEPP),  
12

National Heart, Lung, and Blood 
Institute (NHLBI), 12–13

Nebulizer therapy, 71, 72
Nedocromil, 76, 105, 121, 142
Nitric oxide (NO), 39, 52
Nocturnal asthma, 20
Noninvasive ventilation (NIV), 162
Nonsteroidal anti-inflammatory drugs 

(NSAIDs), 22–23

Obstructive sleep apnea (OSA), 20
Occupational asthma (OA), 19–20
Omalizumab, 76, 143
Osler, William, 2

Passive Transfer test, 53
Patient education, 88–89
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Peak expiratory flow (PEF), 51
Peak flow measurement/monitoring, 

49, 61
Pet allergens, 27–28
Pharmacotherapy adherence and side 

effects, monitoring, 64
Physical examination, 49
Physician Asthma Care Education 

(PACE), 13
Pirbuterol CFC autohaler, 99, 115, 136
Pirbuterol MDI, 158
p-K test (Prausnitz-Küstner), 53
Plate precipitators, 26
Pollen, 29
Prednisolone, 100, 103, 117, 119, 138, 

140, 160
Prednisone, 100, 103, 117, 119, 138, 140, 

160
Pregnancy, asthma and, 21, 163
Prick test, 53
Prostaglandin D2, 40
Pulmonary function status, monitoring, 

61, 63
Pulmonary function studies, 49–52

Quality of life, monitoring, 64
Questionnaire, diagnosis, 44, 45

Racial differences, 3–7, 8
Radon, 26
Reactive airways dysfunction syndrome 

(RADS), 19
Red zone, 61, 83
Resources, 12
Respiratory syncytial virus (RSV), 54

Salmeterol, 77, 78, 104, 105, 120, 121, 
141

Salter, Hyde, 1–2
School/sports plans, 84–86
Sensitizer-induced asthma, 19
Severity classification
 age groups, 58
 assessing, 152–156
 intermittent, 57
 mild persistent, 57
 moderate persistent, 57
 severe persistent, 57

Short-acting beta agonists (SABAs), 
71–72

 available in the U.S., 71
Sick building syndrome, 26
Skin tests, 53
Slow vital capacity (SVC), 50
Spacer devices
 cleaning, 73
 fitted with a mask for a small child, 

72–73
 how to use, 72
Specialists, use of, 54–55, 147
Spirometry
 contraindications and complications, 

52
 types of tests, 49–52
Sports plans, 84–86
Statistics, 2–3
Stepdown therapy, 59, 81
Stepwise therapy/management, 59, 81
 for children 0–4 years of age, 90–111
 for children 5–11 years of age, 112–129
 for children 12 and over and adults, 

130–150
Surgery, asthma patients and, 163
Symptoms, 16, 17
 See also Diagnosis
 score/scale, 44, 45

Terbutaline, 158
Theophylline, 78, 106, 122, 143
Thymus and activation-regulated 

chemokines (TARC), 38
Tobacco smoke, 29
Traffic exhaust, 29
Travel plans, 86–88
Treatise on Asthma: Its Pathology and 

Treatment (Salter), 2
Treatment-resistant asthma, 21–22
Triamcinolone acetonide, 107, 125, 144
Trigger-related asthma, 24

Valved holding chambers (VHC), 72
Ventilation
 extracorporeal life support, 162
 helium-oxygen (heliox), 161–162
 mechanical, 156
 noninvasive, 162
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Viral infections, 110–111, 150
Vocal cord dysfunction (VCD), 23
Volatile organic compounds (VOCs), 

29–30

Web sites, useful, 12, 27
Wheezing, 17, 19, 30, 36, 43
 alternative causes of, 44
 in children 5 years and younger, 54

Work-exacerbated asthma (WEA), 19
Work-related asthma (WRA), 19–20

Yellow zone, 61, 83

Zafirlukast, 76, 77, 106, 122, 142
Zileuton, 76, 77, 142
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