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Asthma is one of the most frequent chronic respiratory diseases worldwide, with an increase in
its prevalence in the last decade. Ongoing studies continue to search for better diagnostic tools
and advanced treatment options in an effort to decrease the morbidity and mortality associated
with it. Unfortunately, many asthmatic patients still suffer from poorly controlled asthma, which
may lead to life-threatening situations. This article reviews the basics of asthma and highlights
the current guidelines in making accurate diagnosis and initiating therapeutic plan. Key words:
asthma, astbma exacerbation, clinical management, obstructive lung disease, pharmacologic

agents, risk factors

ASTHMA is one of the most common
chronic lung diseases that affects per-
sons of all ages and ethnic groups.! 2 Estimates
suggested that about 300 million people suf-
fer from this disease worldwide,? with poten-
tial increase to 400 million by 2025.% It was
also estimated that asthma is responsible for
approximately 250 000 annual asthma-related
deaths worldwide.>

In the United States, more than 22 mil-
lion persons suffer from asthma.® In 2012,
the current and overall lifetime prevalence
rates of asthma were found to be 8.3% and
13%, respectively.” The current prevalence
was noted to be higher among some sub-
groups in the United States such as Puerto
Rican heritage (18.8%), black non-Hispanic
(11.9%), and those who are under poverty
level (12.4%).” Moreover, asthma affects chil-
dren more than adults (9.3% vs 8%), and fe-

Autbor Affiliations: Division of Pulmonary and
Critical Care Medicine, Allegheny General Hospital,
Pittsburgh, Pennsylvania.

The autbors bave disclosed that they bave no signif-
icant relationships with, or financial interest in, any
commercial companies pertaining to this article.

Correspondence: Sulaiman Albassan, MD, Division of
Pulmonary and Critical Care Medicine, Allegheny Gen-
eral Hospital, 320 East North Ave, Pittsburgh, PA 15212
(sulaiman.albassan.md@gmail.com).

DOI: 10.1097/CNQ.0000000000000104

110

males more than males (9.5% vs 7%), although
the gender predominance is inversed in chil-
dren younger than 18 years (boys 10% vs
girls 8.6%).” Although asthma prevalence has
been increasing, the death rates have signif-
icantly declined during the last decade.!'3?
The mortality rate is found to be higher among
Puerto Rican heritage and black Americans
than among other ethnic groups.®'!® Further-
more, the cost of asthma disease in the United
States has been computed to be around $18
billion every year.!! Besides the financial bur-
den of asthma, it negatively affects the pa-
tients, their families, and their quality of life.®
This article is an overview of asthma disease,
with scientific understanding of the patho-
physiology, risk factors, diagnosis, and man-
agement based on the current guidelines.

DEFINITION

Asthma is a chronic lung disease induced
by an inflammation in the airways that leads to
bronchial hyperresponsiveness and reversible
airflow obstruction.® This results in recurrent
symptoms of shortness of breath, chest tight-
ness, wheezing, and coughing, with a dra-
matic response to bronchodilator therapy.!?

Asthma is a very old disease and the term
“asthma” is originally derived from an ancient
Greek word aazein, which means “to pant.”!3
However, it was only acknowledged as a pub-
lic health problem 4 decades ago.'?
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PATHOPHYSIOLOGY

Asthma is triggered by either allergic stimuli
(eg, pollens, molds, animals, and dust mites)
or nonallergic triggers (eg, cold air, exercise,
and tobacco smoke).' The immune-mediated
reaction takes place when type 2 T-helper
lymphocytes (Th2) get activated by the stim-
ulus and start producing interleukins (IL-4,
IL-5, 1L-9, and IL-13), which lead to signifi-
cant inflammation in the airways by recruiting
eosinophils and promoting immunoglobulin E
(IgE) production. The results are the cardinal
features of asthma (bronchospasm, mucus se-
cretion, and airflow obstruction). 415

RISK FACTORS

Allergy

The family history of atopy increases the
risk of developing asthma more than 3 times,
and it is considered to be the most potent
risk factor for asthma.'®!7 However, there is
a strong correlation between asthma and both
total serum IgE level and the degree of positive
skin allergy test.'®1° Thus, allergen control is
essential in asthma management.?°

Air pollution

Polluted air can trigger asthma and increase
the risk of exacerbation.?! In addition, air pol-
lution, measured by particulate matter and ni-
trogen dioxide, might be associated with the
development of asthma.?>?3 A large prospec-
tive cohort study conducted by Young et al**
showed that air pollution exposure signifi-
cantly increases the risk of developing wheeze
in US women. Moreover, a recent study by
Leon Hsu et al?® has linked children’s asthma
development with prenatal exposure to pol-
luted air during mid-pregnancy.

Obesity

Childhood obesity is considered one of the
risk factors for developing asthma in adults.?®
Chen et al?’ found that sedentary lifestyle
and decreased physical fitness level during
childhood lead to central obesity, which, in
turn, increases the risk of asthma. Therefore,
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weight reduction is suggested for obese pa-
tients with asthma due to its impact in im-
proving the lung functions.?-2°

Respiratory viral infections

Getting infected by respiratory syncytial
virus during infancy increases the risk of
asthma and recurrent wheeze by more than
4-fold.3° Also, rhinovirus-induced wheeze dur-
ing early childhood was found to be a predic-
tor of subsequent asthma.>!

Occupational exposure

Approximately 16% of adult-onset asthma
is secondary to occupational exposure.3? Oc-
cupational asthma can be induced immuno-
logically by a sensitizer (eg, animal allergens,
plants, and insects) or nonimmunologically
by an irritant (eg, high concentration of gas,
fume, or irritating dust).>?

DIAGNOSIS

The diagnosis of asthma requires a compre-
hensive medical history and physical exam-
ination along with assessing the lung func-
tions. Classic recurrent respiratory symptoms
with evidence of reversible expiratory air-
flow obstruction are pathognomonic features
of asthma.?* However, sometimes we might
need to proceed with further testing to con-
firm the diagnosis of asthma or to rule out
other diseases that may present with symp-
toms that mimic asthma (Figure 1).1%-34

Medical history
Personal bistory

Obtaining a detailed medical history is the
most valuable step in approaching patients
with asthma-like symptoms. Diagnosis of
asthma is likely to be made for the first
time during childhood and adolescence.?®
Asthmatic patients are generally asymp-
tomatic until they get exposed to the trigger,
which can be cold air, exercise, weather
change, allergens, environmental irritants,
or infections; hence, flares occur.3® The key
symptoms of asthma include shortness of
breath, wheeze, cough, and chest tightness.
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Suspected asthma

History and physical examination

suggestive of asthma then perform PFT

|

Reversibility present

| Confirmed asthma

Positive

No reversibility present

|

| Methacholine challenge test |

T

Negative

| Likely asthma

| l Consider alternative diagnosis |

Figure 1. Diagnostic algorithm for patients with asthma-like symptoms. PFT indicates pulmonary function

testing.

They last between few minutes to days and
resolve spontaneously or with bronchodilator
therapy. The variability in the intensity of
those symptoms and the recurrent pattern of
the exacerbations due to certain exposure are
characteristics for asthma.’* Identifying risk
factors such as family history and atopic back-
ground (eg, seasonal sinusitis, eczema, and
allergic conjunctivitis) is also suggestive of
carrying the diagnosis of asthma. Further-
more, the comprehensive history might be
helpful in diagnosing other diseases such as
allergic sinusitis and gastroesophageal reflux,
which can aggravate asthma and lead to poor
symptom control.>”

Occupational bistory

Work history must be obtained for all
patients with asthma. Work-related asthma
(WRA) has to be considered when the asthma
symptoms flare up during work hours and
subside on holidays and vacations. It can
be divided to 2 categories: work-exacerbated
asthma (the patient has well-known preex-
isting asthma disease, but the symptoms are
worsened by triggers in the workplace) and
occupational asthma (the asthma is caused by
work itself). In turn, the occupational asthma
is classified into sensitizer-induced or irritant-
induced asthma (Figure 2).38

Work-related asthma

|

Work-exacerbated asthma

l

Occupational asthma

[
| |

Sensitizer-induced asthma

Irritant -induced asthma

Figure 2. Work-related asthma classification.
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Physical examination

Physical examination is very supportive in
making diagnosis of asthma, although it can
have completely normal findings. The pres-
ence of expiratory wheeze with prolonged
exhalation suggests airflow obstruction. The
maneuver of enhancing the wheezing with
forced exhalation is neither sensitive nor spe-
cific for asthma.’® HEENT (head, eyes, ears,
nose, and throat) examination is essential in all
asthmatic patients to look for signs related to
asthma such as sinus tenderness, nasal polyps,
and postnasal drip.?” In addition, eczema and
dermatitis can be seen in asthmatic patients as
concurrent atopic conditions.'* On the con-
trary, diffuse crackles in chest auscultation,
jugular venous distension, or clubbing suggest
alternative diagnosis.>’

Pulmonary function testing
Spirometry

Expiratory airflow obstruction in asthma
differs with time based on the exposure
to the triggers and the effectiveness of the
treatment. This variable airflow limitation is
a characteristic of asthma.?* Spirometry is the
best available tool to objectively assess the air-
flow obstruction and to estimate the bronchial
responsiveness to the treatment. Thus, this
test is recommended for all asthmatic patients
to confirm the diagnosis.>’” Spirometry has
to be accomplished on the basis of proper
protocols, which can be done either at the
physician’s office or in the pulmonary func-
tion laboratory.® Before performing the test,
short-acting f,-agonists (SABAs) and long-
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acting fB,-agonists (LABAs) should be on hold
for at least 4 and 12 hours, respectively.*

The 2 most important measurements pro-
vided by spirometry are the forced vital ca-
pacity (FVC), which is the maximal amount
of the exhaled air following deep breath, and
the forced expiratory volume in 1 second
(FEV;), which is the portion of the expired
volume in the FVC maneuver during the first
second of exhalation.*® To achieve accurate
results, the expiration has to be forced and
completed as possible. FEV] is by far the best
and the most standardized measurement to
assess the airflow limitation.!? The calculated
FEV,/FVC ratio is normally above 0.75 to 0.8
in adults and above 0.9 in children. Thus, the
airflow obstruction is suggested when this ra-
tio drops below the lower normal limit.>* The
hallmark of the spirometry in asthma is the
presence of the reversibility, which is charac-
terized by a significant improvement in the air-
flow post-bronchodilator administration. Re-
versibility definition is an increase in FEV,
and/or FVC from baseline by at least 12% and
200 mL after inhaling a bronchodilator or after
4 weeks of anti-inflammatory therapy.3%4!

In addition, the spirometry provides illus-
trated graphs (volume-time curve and flow-
volume loop), which show the relationship
between airflow, volume, and time. Typically,
in asthma, there is scooping in the expira-
tion curve of the flow-volume loop suggestive
of airflow limitation, which is reversed after
bronchodilator use (Figure 3).42

Lung volumes and diffusing capacity

Measurements of lung volumes and dif-
fusing capacity are advanced pulmonary

B

7’

Figure 3. Flow-volume loop in asthma. A, Pre-bronchodilator administration. B, Post-bronchodilator

administration.
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function testing and not required for diag-
nosis of asthma. Lung volume test refers to
measuring the volume of air inside the lungs
by using body plethysmography, helium dilu-
tion, or nitrogen washout.*3 Total lung capac-
ity, which is the total volume inside the lungs
at the end of maximal inspiration, is usually
normal in asthmatic patients. However, it can
be elevated in severe asthma because of air
trapping.'? On the contrary, single-breath dif-
fusing capacity of the lungs for carbon monox-
ide (DLCO) computes the ability to transfer
gas from the air in the alveoli to the blood
in the pulmonary capillaries. DLCO in general
does not change in asthma, but it might in-
crease in some cases. 4

Peak expiratory flow monitoring

Peak expiratory flow (PEF) is the highest
expiratory flow that can be reached during
forced exhalation.”® It is measured during
spirometry, but it also can be easily self-
estimated by a small and portable device. PEF
monitoring is very helpful in diagnosing the
occupational asthma by asking the patient to
track the PEF inside and outside the work-
place. Diurnal PEF variation more than 20%
or an increase from baseline at least 20% or
60 L/min post-bronchodilator administration
supports the diagnosis of asthma. In addition,
PEF monitoring can be used to assess the
patient’s response to the medical therapy.
Yet, it is still not as reliable and effective as
spirometry. !4 42

Challenge testing

Challenge testing is recommended to con-
firm the diagnosis of asthma for those pa-
tients who have a suggestive history of asthma
but normal spirometry test. Asthma disease
is characterized by airway hyperresponsive-
ness (AHR) to environmental stimuli. Hence,
challenge test is conducted to assess the
tendency of the airways to develop bron-
choconstriction by exposure to a provoca-
tive trigger.'? The test can be performed by
either direct or indirect stimuli. The direct
challenges (eg, methacholine or histamine) in-
duce bronchospasm by directly affecting the

smooth muscles in the bronchi, whereas the
indirect stimuli (eg, cold air, exercise, man-
nitol, or hypertonic saline inhalation) pro-
mote an inflammatory process in the airways,
and, in turn, smooth muscles get affected and
contracted. 24548

Methacholine challenge testing

Methacholine challenge testing (MCT) is
the most common provocative method to as-
sess bronchial hyperresponsiveness. It must
be performed on the basis of a strict protocol
in a well-equipped pulmonary laboratory.'4
The test is considered positive when FEV;
drops by more than 20% post-nebulized
methacholine administration. The dose of
methacholine should be administered in dou-
bling concentrations until FEV; decreases at
least 20% or the dose has reached the maxi-
mum of 16 mg/mL. Then, the severity of AHR
is determined on the basis of the provocative
concentration of methacholine (PC;(), which
leads to 20% decrease in FEV; (Table 1).%8

MCT has a very high sensitivity for asthma,
but it might be falsely positive in certain dis-
eases such as allergic rhinitis, chronic obstruc-
tive pulmonary disease (COPD), cystic fibro-
sis, and congestive heart failure.*? In addition,
MCT should not be performed in the presence
of any of the contraindications that are listed
in Table 2.%8

Exercise challenge testing

Exercise challenge testing (ECT) is less com-
mon than MCT. However, it helps establish

Table 1. Methacholine Challenge Testing
Interpretation

PC;¢ Level,
Test Interpretation mg/mL
Normal >16
Borderline AHR 4-16
Mild AHR 1-4
Moderate to severe AHR <1

Abbreviations: AHR, airway hyperresponsiveness; PCyq,
provocative concentration of methacholine that causes
20% drop in FEV;.
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Table 2. Contraindications to Methacholine Challenge Testing

Absolute Contraindications

Relative Contraindications

Severe airflow obstruction (FEV] <50% or <1.0 L)

Uncontrolled hypertension (BP >200/100)
Aortic aneurysm

Myocardial infarction or stroke during the last 3 mo

Moderate airflow obstruction (FEV; <60%
or <1.5L)

Inability to perform acceptable spirometry

Pregnancy or breast-feeding

Use of cholinesterase inhibitor medication

Abbreviations: BP, blood pressure; FEV1, forced expiratory volume in 1 second.

the diagnosis of exercise-induced bron-
choconstriction (EIB) for asthmatic patients
whose symptoms occur during or after the
exercise. In addition, ECT is recommended
to assess the work ability of those who have
lifesaving jobs (eg, military, firefighting, and
police) and complain of symptoms suggestive
of EIB.“® The test can be performed by ei-
ther treadmill or bicycle ergometer, followed
by serial spirometry during the next half an
hour post-exercise cessation. EIB is suggested
when FEV, drops more than 15%.%® EIB might
be further graded into mild, moderate, and se-
vere, based on the decrease in FEV; (15%-25%,
25%-40%, and >40%, respectively).’

Imaging

Chest radiography and chest computed
tomography are not required for diagnosis of
asthma; however, they may help in excluding
asthma mimics such as congestive heart
failure, bronchiectasis, vascular anomalies,
and lung cancer.!>3” New technologies,
turbo-inversion recovery-magnitude mag-
netic resonance imaging and nuclear imaging
dependent on glutathione, have been recently
studied to estimate the airway inflammation
and measure the lung edema in asthma.->°
Further studies are necessary to validate the
role of such advanced technologies.

MANAGEMENT

The currently used medications for asthma
are categorized into quick-relief and long-term
control drugs, based on their overall role
in asthma treatment. The quick-relief med-
ications are SABAs, short-acting muscarinic

antagonists (SAMAs), and systemic corticos-
teroids. The long-term control drugs include
inhaled corticosteroids (ICSs), combination
of LABAs with ICSs, leukotriene modifiers
(LTMs), anti-IgE therapy, methylxanthines,
and oral corticosteroids (Table 3).6:5!

Pharmacologic agents
B2-agonists agents

B2-Agonists are the standard of care in treat-
ing asthma. This group of medications has
been used for a long time. It started with
nonselective B-adrenergic agonists such as
isoproterenol, and subsequently selective -
agonists, such as albuterol and terbutaline,
were introduced to minimize the side effects
of B-agonists.>? By binding with 8, receptors
in the airways, f;-agonists enhance the intra-
cellular cAMP (cyclic adenosine monophos-
phate) production, which, in turn, leads to air-
way smooth muscle relaxation.>® B,-Selective
agonists are either short-acting (onset of
5 minutes, peak of 30-60 minutes, and du-
ration of 4-6 hours) or long-acting (onset of
5-20 minutes, peak of 3-5 hours, and duration
of 12 hours); both of them are delivered by
aerosol.>!->* Side effects of B,-adrenergic ag-
onists are minimal due to direct inhalation to
the bronchi. Adverse events include tremor
(stimulation of skeletal muscle §,-receptors),
tachycardia and arrhythmias (stimulation of
cardiac B,-receptors), transient minimal hy-
poxemia during severe asthma exacerbation
(due to decompensation of vasoconstriction
in the hypoventilated lung segments), and
rarely hypokalemia, hypomagnesemia, and
hyperglycemia. In addition, long-term use of
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Table 3. Pharmacologic Agents for Asthma Treatment
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Long-term Control Medication

ion

icat

Quick-Relief Med.

Phosphodiesterase

Inhibitor

ICS LABA LT™M Anti-IgE

SAMA

SABA

Beclomethasone Salmeterol Zileuton Omalizumab Theophylline
Budesonide

Ipratropium

Albuterol

Montelukast
Zafirlukast

Formoterol
Vilanterol

Levalbuterol
Pirbuterol

Ciclesonide
Flunisolide

Pranlukast

Arformoterol

Fluticasone

Mometasone

Triamcinolone

Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LTM, leukotriene modifier; SABA, short-acting B,-agonist; SAMAs, short-acting muscarinic antagonist.

LABAs might cause receptor desensitization
and lesser bronchodilator response.>*

SABAs are the fastest rescue therapy for
bronchoconstriction; therefore, they are the
cornerstone in treating exacerbations of
asthma. It is recommended to be administered
on as-needed basis or prior to known trigger
exposure such as exercise.’! Albuterol, lev-
albuterol, and pirbuterol are common SABA
medications. However, albuterol is most fre-
quently used worldwide (named as salbuta-
mol outside the United States). The formula-
tion of albuterol contains both R-isomer and
S-isomer; the latter is the culprit for the side
effects. Hence, levalbuterol, only the R-isomer
part of albuterol, was developed to decrease
the adverse reactions.>>>°

LABAs are characterized with prolonged ac-
tivity of more than 12 hours. The LABA group
includes salmeterol, formoterol, arformoterol,
and vilanterol. Formoterol has a faster onset
of action than salmeterol, 5 minutes versus 15
to 20 minutes, respectively.’! Despite being
potent bronchodilators, LABAs must not be
used as monotherapy for asthmatic patients
because of increased asthma-related deaths
with prescribing LABA alone, especially in the
African American subpopulation.’” For this
reason, the US Food and Drug Administration
is adding a black box warning on all medi-
cations that include LABAs. On the basis of
that, it is recommended to prescribe LABA
alone with concomitant ICSs to achieve long-
term asthma control.® Combinations of ICSs
and LABAs are available in the market un-
der different brand names such as Symbicort
(budesonide with formoterol), Advair (flutica-
sone with salmeterol), BREO (fluticasone with
vilanterol), and Dulera (mometasone with for-
moterol) (Table 4). This combination therapy
should be considered when ICS alone fail to
control asthma.®

Inbaled corticosteroids

ICSs are considered to be the first-line treat-
ment in the long-term control of asthma.
They suppress the airway inflammation by re-
versing histone acetylation and recruiting hi-
stone deaceytlase and, in turn, inhibiting the
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Table 4. Inhaled Corticosteroids and Their Combinations

Brand Names of ICS and LABA Combination
With With With

Generic Names Alone Formoterol Salmeterol Vilanterol
Beclomethasone QVAR
Budesonide Pulmicort Symbicort
Ciclesonide Alvesco
Flunisolide AeroBid
Fluticasone Flovent Advair BREO
Mometasone Asmanex Dulera
Triamcinolone Azmacort

Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting 8,-agonist.

inflammatory gene transcription.’®> Besides
improving the pulmonary functions and asth-
matic symptoms, ICSs lower asthma exacer-
bations and asthma-related hospitalizations by
approximately 50% compared with placebo
or SABA alone.°®®? In addition, the regular
use of low-dose ICSs was found to decrease
the risk of asthma-related deaths.% Moreover,
airway inflammatory markers such as sputum
eosinophils and exhaled nitric oxide levels
were noted to fall post-ICS course; results of
which might be helpful to assess the response
to ICS treatment.%¢>

All patients who have persistent asthma
should be prescribed at least ICSs on daily
basis. In general, it is recommended to start
ICSs for any patient with one of the following
symptoms: asthmatic symptoms more than
twice a month, nighttime symptoms more
than once a month, and high risk of exac-
erbations (eg, low FEV,, intensive care unit
admission for asthma attack, or use of oral
corticosteroids in the previous year).>* The
ICS group includes budesonide, fluticasone,
mometasone, beclomethasone, ciclesonide,
and triamcinolone (Table 4).5!

The side effects of ICSs are very minimal
compared with systemic corticosteroids.
The risk of glaucoma and cataract might
rise with the use of ICSs.?>%7 Although one
observational study by Israel et al®® showed
an elevated risk of bone loss with ICS use,
a meta-analysis of several studies revealed

no association between ICSs and changes
in bone mineral density.® On the contrary,
laryngeal and pharyngeal adverse reactions
(eg, sore throat, oral candidiasis, hoarseness,
and coughing) are not uncommon with the
use of ICSs.” Rinsing the mouth post-ICS
delivery and using a valved-holding chamber
can minimize those side effects.

Anticholinergic agents

Anticholinergic agents are not as effective
in asthma as they are in COPD. They work
as bronchodilators by blocking the action
of acetylcholine in airway smooth muscles
and leading to bronchial muscle relaxation.
They are categorized into SAMAs such as ipra-
tropium and long-acting muscarinic antago-
nists (LAMASs) such as tiotropium.

Unlike COPD, SAMASs are not recommended
as a rescue therapy for asthmatic patients.
This is likely because SAMAs take longer
(20-30 minutes) to launch than SABAs, be-
sides the decreased role of cholinergic tone
in asthmatic bronchospasm.'?>! However,
SAMAs might be considered in moderate to se-
vere asthma exacerbations in the emergency
department settings, $-agonists intolerance,
and B-blocker-induced asthma attack.%>"7!
On the contrary, randomized trials failed to
show any benefits of combining SAMAs with
SABAs compared with SABA alone for chronic
asthma.”? Yet, the use of LAMAs was found to
beneficial in chronic uncontrolled asthma as
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an add-on treatment, but further studies are
needed before they become approved.”>”>

Leukotriene modifiers

LTMs have a weak bronchodilator ef-
fect and result in some reduction in symp-
toms and exacerbations of asthma.”® They
are less effective than ICSs or LABA and
rarely used as monotherapy.'? LTMs in-
clude 5-lipoxygenase inhibitors (eg, zileu-
ton), which impair leukotriene synthesis, and
cysteinyl leukotriene-1 receptor antagonists
(LTRAs) (eg, montelukast, zafirlukast, and
pranlukast), which block the final destination
of leukotriene.® LTMs are administered orally
and can be considered in treating aspirin-
sensitive asthma, mild persistent asthma, and
exercise-induced asthma.”””® Liver function
testing has to be monitored with the use of
zileuton.

Pbospbodiesterase inbibitors

Sustained-release theophylline has a mod-
erate bronchodilator effect with mild anti-
inflammatory properties. Theophylline is not
commonly used because of its narrow ther-

Table 5. Classification of Asthma Severity*
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apeutic range. It is administered orally for
poorly controlled asthma. Side effects in-
clude arrhythmia, seizure, anorexia, and
palpitation.®12

Anti-IgE therapy

Omalizumab is an anti-IgE monoclonal
antibody that prevents the effect of IgE on
immune cells. Thus, it reduces asthma exac-
erbations and provides better control.®° It is
given subcutaneously every 2 to 4 weeks for
moderate to severe uncontrolled asthma with
elevated IgE level.>! Anaphylaxis can occur
post-first doses; for this reason, short-term
observation is recommended after the first
3 injections.

Management of asthma exacerbation

Asthma exacerbation is defined by worsen-
ing in the patient’s symptoms from baseline.
It is likely caused by exposure to a known trig-
ger. The patient can be treated as outpatient
if the symptoms are mild, but acute care fa-
cility referral is required in case of outpatient
treatment failure, recent severe exacerbation,

Persistent Asthma
Intermittent
Components of Severity Asthma Mild Moderate Severe
Impairment
Symptoms <2 d/wk >2d/wkbut  Daily Throughout the
not daily day
Nighttime awakenings <2x/mo 3 to 4X/mo >1x/wk but Often 7 x/wk
not nightly
SABA use for symptom <2 d/wk >2d/wkbut Daily Several times per
control not daily day
Interference with normal  None Minor Some limitation Extremely
activity limitation limited
Lung function (between FEV;/FVCNL FEV{/FVCNL FEV{/FVC FEV,/FVC
exacerbations) reduced 5% reduced >5%
FEV; >80% FEV; >80 FEV] 60%-80%  FEV; <60%
Risk
Exacerbations 0-1/y >2/y >2/y >2/y

FEVy, forced expiratory volume in 1 second; FVC, forced vital capacity; NL, normal; SABA, short-acting g5-agonist.

*From Lugogo et al”?
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current oral corticosteroid use, noncompli-
ance, or psychiatric disorder.!?

SABAs and systemic corticosteroids are first-
line treatment of asthma attacks. Patients
can receive repeated or continuous SABA
doses until symptoms improve. Adding ipra-
tropium to SABAs at the initiation of man-
agement can be considered in moderate to
severe cases. Systemic corticosteroids can
be administered intravenously or orally with
similar efficacy.8!82 Magnesium sulfate, a
smooth muscle relaxant, can be used in-
travenously for severe asthma flares to de-
crease admission rates to the hospital.®?
Life-threatening exacerbations may require
advanced treatments including heliox ther-
apy, noninvasive positive pressure ventila-
tion, and oral intubation with mechanical
ventilation.

Treatment approach

The current guidelines recommend assess-
ing the severity of asthma (Table 5)%:12 and
then following a stepwise approach to adjust
the medications for best control of symptoms.
The treatment plan can be escalated or deesca-
lated in case of deterioration or improve-
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SUMMARY

Asthma is a chronic pulmonary disease char-
acterized by recurrent respiratory symptoms
due to a variable bronchospasm in response
to a provocative trigger. History and physical
examination are essential to raise the suspi-
cion of asthma. Spirometry confirms the diag-
nosis by the presence of airflow obstruction
pattern, which is significantly reversed after
bronchodilator use. Challenge testing might
be needed in case of normal spirometry. Man-
agement includes quick-relief and long-term
control medications. SABAs and systemic cor-
ticosteroids are the cornerstone in managing
the asthma attack, whereas ICSs are the first-
line treatment option for long-term control.
Stepwise approach is recommended to adjust
the medical therapy, which includes LTMs,
combinations of ICSs with LABAs, and anti-
IgE. Patient’s education, proper teaching to
use inhalers, established follow-up plan, and
compliance monitoring are the key features
to achieve better asthma control.

1. Woodruff P, Bhakata N, Fahy J. Asthma: pathogen-
esis and phenotypes. In: Broaddus CV, Mason RJ,
Ernst JD, et al. Murray & Nadel’s Textbook of Res-
piratory Medicine. 6th ed. Philadelphia, PA: Elsevier
Saunders; 2015:chap 41.

2. Pearce N, Ait-Khaled N, Beasley R, et al. Worldwide
trends in the prevalence of asthma symptoms: phase
III of the International Study of Asthma and Allergies
in Childhood (ISAAC). Thorax. 2007:62(9):758-766.

3. Masoli M, Fabian D, Holt S, Beasley R; Global Initia-
tive for Asthma (GINA) Program. The global burden of
asthma: executive summary of the GINA Dissemina-
tion Committee report. Allergy. 2004;59(5):469-478.

4. To T, Stanojevic S, Moores G, et al. Global asthma
prevalence in adults: findings from the cross-
sectional world health survey. BMC Public Health
2012;12:204.

5. World Health Organization. Global Surveillance,
Prevention and Control of Chronic Respiratory Dis-
eases: A Comprebensive Approach. Geneva, Switzer-
land: World Health Organization; 2007. http://www.

who.int/gard/publications/GARD%20B00k%202007.
pdf. Accessed November 9, 2015.

6. National Asthma Education and Prevention Pro-
gram. Expert Panel Report 3 (EPR-3): guidelines
for the diagnosis and management of asthma—
summary report 2007. J Allergy Clin Immunol.
2007;120(5)(suppl):894-S138.

7. Cdc.gov. Asthma. Table 4-1 Current asthma preva-
lence percents by age, NHIS, 2012. http://www.
cdc.gov/asthma/nhis/2012/table4-1.htm. Table 2-
1 Lifetime asthma prevalence percents by age,
NHIS, 2012. http://www.cdc.gov/asthma/nhis/2012/
table2-1.htm. Accessed November 9, 2015.

8. Akinbami 1J, Moorman JE, Bailey C, et al. Trends in
asthma prevalence, health care use, and mortality
in the United States, 2001-2010. NCHS Data Brief.
2012;(94):1-8.

9. Mannino DM, Homa DM, Akinbami LJ, Moorman
JE, Gwynn C, Redd SC. Surveillance for asthma—
United States, 1980-1999. MMWR Surveill Summ.
2002;51(1):1-13.


http://www.who.int/gard/publications/GARD%20Book%202007.pdf
http://www.cdc.gov/asthma/nhis/2012/table4-1.htm
http://www.cdc.gov/asthma/nhis/2012/table4-1.htm
http://www.cdc.gov/asthma/nhis/2012/table2-1.htm
http://www.cdc.gov/asthma/nhis/2012/table2-1.htm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Homa DM, Mannino DM, Lara M. Asthma mortality in
U.S. Hispanics of Mexican, Puerto Rican, and Cuban
heritage, 1990-1995. Am J Respir Crit Care Med.
2000;161(2, pt 1):504-509.

Baiz N, Annesi-Maesano L. Is the asthma epidemic still
ascending? Clin Chest Med. 2012;33(3):419-429.
Lugogo N, Que L, Gilstrap D, Kraft M. Asthma: clinical
diagnosis and management. In: Broaddus CV, Mason
RJ, Ernst JD, et al. eds. Murray & Nadel’s Textbook
of Respiratory Medicine. 6th ed. Philadelphia, PA:
Elsevier Saunders; 2015:chap 42.

Marketos SG, Ballas CN. Bronchial asthma in the
medical literature of Greek antiquity. J Asthma.
1982;19(4):263-269.

Harold Kim H, Mazza J. Asthma. Allergy Asthma Clin
Immunol. 2011;7(suppl 1):S2.

Lemanske RF, Busse WW. Asthma: clinical expression
and molecular mechanisms. J Allergy Clin Immunol.
2010;125:595-5102.

Ronmark E, Lundbick B, Jonsson E, Jonsson AC,
Lindstrom M, Sandstrom T. Incidence of asthma in
adults—report from the Obstructive Lung Disease in
Northern Sweden Study. Allergy. 1997;52(11):1071-
1078.

Aberg N, Sundell J, Eriksson B, Hesselmar B, Aberg
B. Prevalence of allergic diseases in schoolchil-
dren in relation to family history, upper respiratory
infections, and residential characteristics. Allergy.
1996;51(4):232-237.

Sears MR, Burrows B, Flannery EM, Herbison GP,
Hewitt CJ, Holdaway MD. Relation between airway
responsiveness and serum IgE in children with asthma
and in apparently normal children. N Engl | Med.
1991;325(15):1067-1071.

Simpson BM, Custovic A, Simpson A, et al. NAC
Manchester Asthma and Allergy Study (NACMAAS):
risk factors for asthma and allergic disorders in adults.
Clin Exp Allergy. 2001;31(3):391-399.

Sheffer AL. Allergen avoidance to reduce asthma-
related morbidity. N Engl ] Med. 2004;351(11):1134-
1036.

McCreanor J, Cullinan P, Nieuwenhuijsen MJ, et al.
Respiratory effects of exposure to diesel traffic in per-
sons with asthma. N Engl ] Med. 2007;357(23):2348-
2358.

Gehring U, Wijga AH, Brauer M, et al. Traffic-related
air pollution and the development of asthma and al-
lergies during the first 8 years of life. Am J Respir Crit
Care Med. 2010;181(6):596-603.

Nishimura KK, Galanter JM, Roth LA, et al. Early-life
air pollution and asthma risk in minority children. the
GALA II and SAGE II studies. Am J Respir Crit Care
Med. 2013;188(3):309-318.

Young MT, Sandler DP, DeRoo LA, Vedal S, Kauf-
man JD, London §J. Ambient air pollution expo-
sure and incident adult asthma in a nationwide
cohort of U.S. women. Am J Respir Crit Care Med.
2014;190(8):914-921.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Asthma 121
Leon Hsu HH, Mathilda Chiu YH, Coull BA, et al.
Prenatal particulate air pollution and asthma onset
in Urban children. Identifying sensitive windows
and sex differences. Am J Respir Crit Care Med.
2015;192(9):1052-1059.

Carr TF, Kraft M. Update in asthma 2014. Am J Respir
Crit Care Med. 2015;192(2):157-163.

Chen YC, Tu YK, Huang KC, Chen PC, Chu DC,
Lee YL. Pathway from central obesity to child-
hood asthma. Physical fitness and sedentary time
are leading factors. Am J Respir Crit Care Med.
2014;189(10):1194-1203.

Al-Alwan A, Bates JH, Chapman DG, et al. The
nonallergic asthma of obesity. A matter of dis-
tal lung compliance. Am J Respir Crit Care Med.
2014;189(12):1494-1502.

Brown RH. Obesity and asthma: “what we’ve got here
is failure to communicate”. Am J Respir Crit Care
Med. 2014;189(12):i-ii.

Sigurs N, Aljassim F, Kjellman B, et al. Asthma
and allergy patterns over 18 years after severe
RSV bronchiolitis in the first year of life. Thorax.
2010;65(12):1045-1052.

Jackson DJ, Gangnon RE, Evans MD, et al. Wheezing
rhinovirus illnesses in early life predict asthma devel-
opment in high-risk children. Am J Respir Crit Care
Med. 2008;178(7):667-672.

Torén K, Blanc PD. Asthma caused by occupational
exposures is common—a systematic analysis of es-
timates of the population-attributable fraction. BMC
Pulm Med. 2009;9:7.

Tarlo SM, Lemiere C. Occupational asthma. N Engl J
Med. 2014;370(7):640-649.

Global Initiative for Asthma (GINA). Pocket guide for
asthma management and prevention. Based on the
global strategy for asthma management and preven-
tion. http://www .ginasthma.com. Updated 2015. Ac-
cessed January 21, 2016.

Yunginger JW, Reed CE, O’Connell EJ, Melton LJ III,
O’Fallon WM, Silverstein MD. A community-based
study of the epidemiology of asthma. Incidence
rates, 1964-1983. Am Rev Respir Dis. 1992;146(4):
888-894.

Peterson MG, Gaeta TJ, Birkhahn RH, Fernandez JL,
Mancuso CA. History of symptom triggers in patients
presenting to the emergency department for asthma.
J Asthma. 2012;49(6):629-636.

Kaplan AG, Balter MS, Bell AD, Kim H, Mclvor
RA. Diagnosis of asthma in adults. CMAJ. 2009;
181(10):E210-E220.

Tarlo SM, Balmes J, Balkissoon R, et al. Diagnosis and
management of work-related asthma: American Col-
lege of Chest Physicians consensus statement. Chest.
2008;134(3)(suppl):15-418.

King DK, Thompson BT, Johnson DC. Wheezing on
maximal forced exhalation in the diagnosis of atypical
asthma. Lack of sensitivity and specificity. Ann Intern
Med. 1989;110(6):451-455.

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://www.ginasthma.com

122

40.

41

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Miller MR, Hankinson J, Brusasco V, et al. Standardis-
ation of spirometry. Eur Respir J. 2005;26:319-338.

. Pellegrino R, Viegi G, Brusasco V, et al. Interpreta-

tive strategies for lung function tests. Eur Respir J.
2005;26:948-968.

Mathur SK, Busse WW. Asthma: diagnosis and man-
agement. Med Clin North Am. 2006;90(1):39-60.
‘Wanger J, Clausen JL, Coates A, et al. Standardisation
of the measurement of lung volumes. Eur Respir J.
2005;26:511-522.

MacIntyre N, Crapo RO, Viegi G, et al. Standardis-
ation of the single-breath determination of carbon
monoxide uptake in the lung. Eur Respir J. 2005;26:
720-735.

Cockcroft DW. Bronchoprovocation methods: di-
rect challenges. Clin Rev Allergy Immunol.
2003;24(1):19-26.

Brannan JD, Anderson SD, Perry CP, Freed-Martens
R, Lassig AR, Charlton B; Aridol Study Group. The
safety and efficacy of inhaled dry powder mannitol as
a bronchial provocation test for airway hyperrespon-
siveness: a phase 3 comparison study with hypertonic
(4.5%) saline. Respir Res. 2005;6:144.

Holzer K, Brukner P, Douglass J. Evidence-based man-
agement of exercise-induced asthma. Curr Sports
Med Rep. 2002;1(2):86-92.

Crapo RO, Casaburi R, Coates AL, et al. Guidelines for
methacholine and exercise challenge testing—1999.
This official statement of the American Thoracic So-
ciety was adopted by the ATS Board of Directors, July
1999. Am J Respir Crit Care Med. 2000;161(1):309-
329.

Vogel-Claussen J, Renne J, Hinrichs J, et al. Quan-
tification of pulmonary inflammation after segmen-
tal allergen challenge using turbo-inversion recovery-
magnitude magnetic resonance imaging. Am J Respir
Crit Care Med. 2014;189(6):650-657.
Ratanamaneechat S, Neumann DR, Difilippo FP, et al.
Redox imaging of inflaimmation in asthma. Am J
Respir Crit Care Med. 2014;189(6):743-746.

Fanta CH. Asthma. N Engl J Med. 2009;360(10):1002-
1014.

Sears MR, Lotvall J. Past, present and future—beta2-
adrenoceptor agonists in asthma management. Respir
Med. 2005;99(2):152-170.

53. Johnson M. Molecular mechanisms of beta(2)-

54.

55.

56.

adrenergic receptor function, response, and regu-
lation. J Allergy Clin Immunol. 2006;117(1):18-24;
quiz 25.

Nelson HS. g-Adrenergic bronchodilators. N Engl J
Med. 1995;333(8):499-506.

Quinn C. The cost effectiveness of levalbuterol
versus racemic albuterol. Am J Manag Care.
2004;10(5)(suppD:S153-S157.

Henderson WR Jr, Banerjee ER, Chi EY. Differen-
tial effects of (§)- and (R)-enantiomers of albuterol
in a mouse asthma model. J Allergy Clin Immunol.
2005;116(2):332-340.

57.

58.

60.

61.

62.

63.

64.

65.

606.

67.

68.

69.

70.

CRITICAL CARE NURSING QUARTERLY/APRIL-JUNE 2016

Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorin-
sky PM; SMART Study Group. The Salmeterol Mul-
ticenter Asthma Research Trial: a comparison of
usual pharmacotherapy for asthma or usual phar-
macotherapy plus salmeterol. Chest. 2006;129(1):
15-26.

Barnes PJ. How corticosteroids control inflamma-
tion: Quintiles Prize Lecture 2005. Br J Pharmacol.
20006;148(3):245-254.

. Adcock IM, Ito K, Barnes PJ. Glucocorticoids: ef-

fects on gene transcription. Proc Am Thorac Soc.
2004;1(3):247-254.

Juniper EF, Kline PA, Vanzieleghem MA, Ramsdale
EH, O’Byrne PM, Hargreave FE. Effect of long-term
treatment with an inhaled corticosteroid (budes-
onide) on airway hyperresponsiveness and clinical
asthma in nonsteroid-dependent asthmatics. Am Rev
Respir Dis. 1990;142(4):832-836.

Sin DD, Man J, Sharpe H, Gan WQ, Man SF. Pharmaco-
logical management to reduce exacerbations in adults
with asthma: a systematic review and meta-analysis.
JAMA. 2004;292(3):367-376.

Donahue JG, Weiss ST, Livingston JM, Goetsch MA,
Greineder DK, Platt R. Inhaled steroids and the risk of
hospitalization for asthma. JAMA. 1997;277(11):887-
891.

Suissa S, Ernst P, Benayoun S, Baltzan M, Cai B. Low-
dose inhaled corticosteroids and the prevention of
death from asthma. N Engl | Med. 2000;343(5):332-
336.

van Rensen EL, Straathof KC, Veselic-Charvat MA,
Zwinderman AH, Bel EH, Sterk PJ. Effect of in-
haled steroids on airway hyperresponsiveness, spu-
tum eosinophils, and exhaled nitric oxide lev-
els in patients with asthma. Thorax. 1999;54(5):
403-408.

Smith AD, Cowan JO, Brassett KP, et al. Exhaled nitric
oxide: a predictor of steroid response. Am J Respir
Crit Care Med. 2005;172(4):453-459.

Cumming RG, Mitchell P, Leeder SR. Use of inhaled
corticosteroids and the risk of cataracts. N Engl ] Med.
1997;337(1):8-14.

Garbe E, LeLorier J, Boivin JF, Suissa S. Inhaled
and nasal glucocorticoids and the risks of ocu-
lar hypertension or open-angle glaucoma. JAMA.
1997;277(9):722-727.

Israel E, Banerjee TR, Fitzmaurice GM, Kotlov TV,
LaHive K, LeBoff MS. Effects of inhaled glucocorti-
coids on bone density in premenopausal women. N
Engl J Med. 2001;345(13):941-947.

Halpern MT, Schmier JK, Van Kerkhove MD, Watkins
M, Kalberg CJ. Impact of long-term inhaled corti-
costeroid therapy on bone mineral density: results
of a meta-analysis. Ann Allergy Asthma Immunol.
2004;92(2):201-207; quiz 207-208, 267.

DelGaudio JM. Steroid inhaler laryngitis: dysphonia
caused by inhaled fluticasone therapy. Arch Oto-
laryngol Head Neck Surg. 2002;128(6):677-681.

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



71.

72.

73.

74.

75.

76.

%

77.

Rodrigo GJ, Castro-Rodriguez JA. Anticholinergics
in the treatment of children and adults with acute
asthma: a systematic review with meta-analysis.
Thorax. 2005;60(9):740-746.

Westby M, Benson M, Gibson P. Anticholinergic
agents for chronic asthma in adults. Cochrane
Database Syst Rev. 2004;(3):CD003269.

Peters SP, Kunselman SJ, Icitovic N, et al. Tiotropium
bromide step-up therapy for adults with uncontrolled
asthma. N Engl J Med. 2010;363(18):1715-1726.
Kerstjens HA, Disse B, Schroder-Babo W, et al
Tiotropium improves lung function in patients with
severe uncontrolled asthma: a randomized con-
trolled trial. J Allergy Clin Immunol. 2011;128(2):
308-314.

Bateman ED, Kornmann O, Schmidt P, Pivovarova
A, Engel M, Fabbri LM. Tiotropium is noninferior to
salmeterol in maintaining improved lung function in
B16-Arg/Arg patients with asthma. J Allergy Clin Im-
munol. 2011;128(2):315-322.

Barnes NC, Miller CJ. Effect of leukotriene recep-
tor antagonist therapy on the risk of asthma exac-
erbations in patients with mild to moderate asthma:
an integrated analysis of zafirlukast trials. Thorax.
2000;55(6):478-483.

Dahlén B, Nizankowska E, Szczeklik A, et al. Benefits
from adding the 5-lipoxygenase inhibitor zileuton to

78.

80.

8

—_

82.

83.

Astbma 123
conventional therapy in aspirin-intolerant asthmatics.
Am J Respir Crit Care Med. 1998;157(4, pt 1):1187-
1194.

Leff JA, Busse WW, Pearlman D, et al. Montelukast, a
leukotriene-receptor antagonist, for the treatment of
mild asthma and exercise-induced bronchoconstric-
tion. N Engl ] Med. 1998;339(3):147-152.

. Vaquerizo MJ, Casan P, Castillo J, et al. Effect of mon-

telukast added to inhaled budesonide on control of
mild to moderate asthma. Thorax. 2003;58(3):204-
210.

Humbert M, Beasley R, Ayres J, et al. Benefits of oma-
lizumab as add-on therapy in patients with severe
persistent asthma who are inadequately controlled
despite best available therapy (GINA 2002 step 4 treat-
ment): INNOVATE. Allergy. 2005;60(3):309-316.

. Manser R, Reid D, Abramson M. Corticosteroids

for acute severe asthma in hospitalised patients.
Cocbrane Database Syst Rev. 2001;(1):CD001740.
Cunnington D, Smith N, Steed K, Rosengarten P, Kelly
AM, Teichtahl H. Oral versus intravenous corticos-
teroids in adults hospitalised with acute asthma. Pulm
Pharmacol Ther. 2005;18(3):207-212.

Rowe BH, Bretzlaff JA, Bourdon C, Bota GW, Ca-
margo CA Jr. Magnesium sulfate for treating exacerba-
tions of acute asthma in the emergency department.
Cochrane Database Syst Rev. 2000;(2):CD001490.

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.





