
JPPT

444 J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

INTRODUCTION

Asthma is a dynamic, chronic disorder of the 
lungs involving airway obstruction, caused by 
inflammation and hyperresponsiveness. The 
interactions of these features lead to the classic 
recurrent and reversible symptoms of wheezing, 
shortness of breath, cough, and tightness in the 
chest. There are varying degrees of asthma sever-
ity, and every patient’s condition will fluctuate 
during his or her lifetime.1

Despite more than 20 years of advancement in 
diagnosis and management, asthma continues to 
impose social and financial burdens in the United 
States. Asthma is the most common pediatric 
chronic disease and affects more than 6 million 
children in the United States.1 According to 2012 
National Health Interview Survey (NHIS) data, 
the prevalence of asthma is higher in children 
(9.3%) than it is in adults (8%), with children 0 
to 4 years old having the highest prevalence of 
acute asthma exacerbations (60.8%), followed by 
patients 5 to 14 years old (56.3%). Although the 
rate of asthma exacerbations reported in children 
is 55.2%, it should be noted that variations by age 
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have been reported.2,3 In 2010, children had more 
emergency department (ED) visits, hospitaliza-
tions, and urgent care (UC) visits for asthma than 
did adults.4 Fortunately, pediatric asthma deaths 
are rare, but the probability increases as a person 
with asthma grows older.4

When compared with adults who had asthma, 
children had more routine office visits for asthma 
care and were more likely to receive education 
on asthma self-management. Aspects of self-
management taught to children included how 
to recognize signs and symptoms of asthma, 
manage an exacerbation, and use an inhaler. In 
addition, children also received an asthma action 
plan (AAP). Providing appropriate medications 
and self-management education to patients at 
a young age, and as frequently as possible in 
all health care settings, promotes good asthma 
care and decreases the possibility of death.4 
Repeated education on a consistent basis, such 
as when a patient goes to the pharmacy every 
month to refill daily controller therapies, reduces 
the use of emergent health care services and 
hospitalizations, improves quality of life and 
perceived asthma control, and decreases health 
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care spending on asthma.1 To provide adequate 
education, pharmacists need an understanding 
of the 1) Basic pathophysiology of asthma; 2) 
Asthma severity, level of control, and choice of 
therapy; 3) Difference among commonly used 
asthma medications; 4) Appropriate asthma-
device technique; and 5) AAPs. Achievement of 
the objectives associated with this article (Table 
1) will enhance skills and knowledge of pharma-
cists providing asthma education by providing 
information and clinical pearls around these key 
elements of learning.

PATHOPHYSIOLOGY

Although no single cause has been identified as 
leading to a diagnosis of asthma, several factors 
in combination have been suggested.5 Currently, 
it is believed that both genetics and a variety of 
environmental factors contribute to the develop-
ment of asthma. Manifestations of asthma can be 
triggered by numerous factors, including ciga-
rette smoke, dust mites, cockroach allergens, and 
mold.5 Bronchoconstriction and inflammation, 
key targets for pharmacotherapy, are the primary 
mechanisms that lead to symptoms of cough, 
wheezing, dyspnea, and chest tightness.5,6 During 
an acute exacerbation of asthma, narrowing of the 
airways and contraction of the smooth muscles 
occur, which can cause significant morbidity 
and mortality.1 Factors that have been related to 
increased risk of mortality include severe airflow 
obstruction, 2 or more visits to the ED, and sev-
eral psychosocial factors.1 Several inflammatory 
mediators, including eosinophils, neutrophils, 
mast cells, and lymphocytes, are involved in the 

process. In addition, in the lungs and airways, 
cells release leukotrienes (LTs), a chemoreactant 
and target for medication therapy in asthma.7

SEVERITY, CONTROL, AND CHOICE OF 
THERAPY

Assessing asthma severity or control is crucial 
to determine appropriate therapy. Severity is as-
sessed when a patient has not been on a controller 
therapy and can be classified as intermittent, mild 
persistent, moderate persistent, and severe per-
sistent asthma. Control is assessed when a patient 
has been on controller therapy for at least 4 to 6 
weeks and is classified as well controlled, not well 
controlled, and very poorly controlled asthma.1

Severity and Control
Asthma severity is classified by assessing 

impairment and risk. Impairment is assessed 
through patient history questions and pulmonary 
function tests (PFTs). Several tools are validated 
and available to assist in obtaining this informa-
tion, including the Asthma Control Test (ACT), 
Asthma Control Questionnaire (ACQ), and the 
Asthma Therapy Assessment Questionnaire 
(ATAQ).1 Additionally, a verbal asthma history 
should be completed and should be compared 
with the questionnaire used by asking questions 
to determine how asthma affected the patient 
during the past month. Questions should relate to 
asthma history and to the components of severity 
or control found on Table 2.

The answers to the above questions are based 
on evidence and are quantifiable, in contrast to 
qualitative answers that may be provided (e.g. 

Table 1. Learning Objectives for the Educational Session

Upon completion of this program, the practitioner will be able to

1.	 Identify asthma severity, control, and step therapy using the current 2007 NHLBI guideline tables.

2.	 Describe how commonly used asthma medications affect asthma pathophysiology.

3.	 Explain to a patient and caregiver the proper use of the following medication classes in asthma care: quick 
relievers, ICSs, oral steroids, LABAs, and LTRAs.

4.	 Explain to a patient and caregiver at least 3 side effects or concerns with common medications used in asthma 
care.

5.	 Teach a patient and caregiver to properly use and clean an MDI, VHC or spacer, and nebulizer according to 
manufacturer specifications.

6.	 Create an AAP, according to 2007 NHLBI guidelines, which includes appropriate controller(s), rescue 
medication, symptoms, and patient-specific triggers.

AAP, asthma action plan; ICS, inhaled corticosteroid; LABA, long-acting β-agonist; LTRA, leukotriene receptor antagonist; MDI, metered 
dose inhaler; NHLBI, National Heart, Lung, and Blood Institute; VHC, valved holding chamber
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“It is not that bad,” “It is nothing like it used to 
be,” or “It’s nothing like his brother”).1 Qualita-
tive answers can be misleading and difficult to 
interpret. Furthermore, if PFTs are available, they 
may be incorporated into the asthma-impairment 
assessment, but these are typically unreliable 
and difficult to obtain in patients younger than 5 
years. Next, future risk is assessed by determining 
the number of oral steroid courses in the previous 
year and considering the severity of, and interval 
since, the last exacerbation. Assessing risk is more 
challenging and the effect of severity of, and 
interval since the last exacerbation, on risk may 
vary by provider. Regardless, asthma severity or 
control is ultimately determined by the highest-
rated component from both the impairment and 
risk components.1

Assessing asthma control is a similar process 
to the initial severity determination and is used 
to assess control for those who are currently and 
regularly taking controller medications. The as-
sessment questions are the same, but the ratings 
are different.

Based on the information obtained from a 
detailed history, the asthma guidelines (Figures 
1-6) are used to determine a patient’s severity 
or level of asthma control. The guideline are 
stratified by patients 5 to 11-years-old (Figures 
1 and 2), 0 to 4-years-old (Figures 3 and 4), and 
those older than 12 years of age (Figures 5 and 
6). Use of the appropriate table for patient age is 
essential as use of the wrong table may result in 
an inaccurate assessment and ultimately inap-
propriate treatment.

Case: Part 1
Chief Complaint (CC): Physical, establish care
History of Present Illness (HPI): 5-year-old (28 kg) 
female moved with family to midwestern part of 
the United States.

When the asthma flares, the asthma symp-
toms may become as severe as heavy breathing, 
coughing, wheezing, and sometimes posttussive 
emesis. Daytime symptoms occur 3 times/wk. 
Nighttime symptoms occur 2 times/wk. Symp-

toms also occur sometimes with physical activity; 
mother reports it leads to some impairment.

Albuterol is used 1 time/day about 3 to 4 days/
wk. It helps her symptoms, but it may take a 
while to take effect. She has had “many” visits 
to an ED in the past year requiring bursts of oral 
steroids (this is the third); the other 2 bursts were 
10 and 12 months ago.

She has not been admitted to the hospital for 
her asthma. Eczema has been quiescent.
Past Medical History (PMH): Food allergies (soy, 
peanuts, milk, fish, wheat, egg), allergic to dust, 
severe eczema, and asthma.
Family History (FHx): Siblings with allergies, 
mother with asthma as a child, but she’s out-
grown it.
Allergies: As above, environmental
Medications: 

•	 Albuterol hydrofluoroalkane (HFA) me-
tered-dose inhaler (MDI), 2 puffs every (q) 
4 hr as needed (prn) for wheezing, short of 
breath, cough 

•	 Albuterol 2.5 mg/3 mL aerosol, 2.5 mg q 4 
hr prn for wheezing, short of breath, cough

•	 Hydrocortisone 1% cream, applied to af-
fected area (AAA) 2 times/day

•	 Emollient to AAA 2–3 times/day
•	 Cetirizine 5 mg/5 mL, 5 mg by mouth (po) 

q day
Questions (see page 467 for answers):

1.	 Should the asthma severity or control table 
be used to assess this patient’s case?

2.	 Based on the appropriate table, how would 
you classify this patient’s asthma?

Choice of Therapy
Once an assessment of severity or control is 

completed, the step of therapy is determined by 
the lower row in Figures 1-6. Figure 7 is then used 
to determine which class of medications should 
be initiated. Unless a contraindication exists, 
all patient regimens, regardless of step, should 
include an inhaled β-agonist rescue medication. 
Once a patient is on a controller medication, and 
control is achieved, the practitioner must correct-

Table 2. Potential Questions to Be Asked for an Asthma History

1.	 In the last month, how many days have you had symptoms while awake?

2.	 In the last month, how many nights during the week do you wake up because of asthma symptoms?

3.	 In the last month, how many days have you used a rescue medication, and how many times a day is it used?

4.	 In the last month, have you had asthma symptoms during exercise or physical activity, and how much (none, 
minor, some, or extremely) did this limit your activity?

SJ Lampkin, et al
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ly determine which step the patient is currently 
on and then step therapy up or down. Stepping 
down should be considered when a patient’s 
asthma has been well controlled for at least 3 
months. Regardless of control, some patients may 
always require a controller medication; hence, 
the decision to step down is patient specific. At 
each opportunity, health care providers must 
reassess adherence to therapy, inhaler technique, 

environmental control, and comorbid conditions. 
If these factors are not adequately addressed, a 
patient may continue to be poorly controlled even 
with therapy being stepping up.1 The choice of 
controller brand is often dictated by the agent(s) 
covered by insurance and the choice of controller 
type (metered dose inhaler versus dry powder 
inhaler versus nebulizer) is dependent on the 
patient’s ability to use proper technique.

Figure 1. Classifying asthma severity and initiating treatment in children 5-11 years of age who are not currently tak-
ing long-term control medication1

Extremely limitedSome limitationMinor limitationNoneInterference with
normal activity

Step 1
and consider short course of
oral systemic corticosteroids

Step 3, medium-
dose ICS option

In 2−6 weeks, evaluate level  of asthma control that is achieved, and adjust therapy 
accordingly.

Step 3, medium-dose 
ICS option, or step 4

Risk
Exacerbations
requiring oral 

systemic 
corticosteroids

• FEV1/FVC <75%• FEV1/FVC = 75−80%• FEV1/FVC >80%• FEV1/FVC >85%

• FEV1 <60%
predicted

• FEV1 = 60−80%
predicted

• FEV1 = >80%
predicted

• FEV1 >80%
predicted

Lung function

≥2/year (see note)0−1/year (see note)

• Normal FEV1
between
exacerbations

Several times
per dayDaily>2 days/week

but not daily≤2 days/week

Short-acting
beta2-agonist use for 
symptom control (not 

prevention of EIB)

Consider severity and interval since last exacerbation.
Frequency and severity may fluctuate over time for patients in any severity category.

Step 2

Classification of Asthma Severity
(5−−11 years of age)

Impairment

Recommended Step for 
Initiating Therapy

(See figure 4−1b for
treatment steps.)

Persistent

Components of 
Severity

Relative annual risk of exacerbations may be related to FEV1.

Often 7x/week>1x/week but
not nightly3−4x/month≤2x/monthNighttime

awakenings

Throughout
the day

Daily>2 days/week but 
not daily

≤2 days/weekSymptoms

SevereModerateMildIntermittent

EIB, exercise-induced bronchospasm; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICS, 
inhaled corticosteroids 

Notes 

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

Level of severity is determined by both impairment and risk.  Assess impairment domain by patient’s/caregiver’s 
recall of the previous 2–4 weeks and spirometry.  Assign severity to the most severe category in which any feature 
occurs. 

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity.  In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, 
hospitalization, or ICU admission) indicate greater underlying disease severity.  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 persistent asthma, even in the absence of impairment levels consistent with persistent asthma. 

Asthma Review for Pharmacists
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Case: Part 2
Question 3 (see page 467 for answer): 

For the same 5-year-old patient and her sever-
ity level of moderate, persistent asthma, what 
therapy should be initiated?

PHARMACOTHERAPY

There are 2 broad classifications of inhaled 
medications: quick-relief medications and con-
troller medications. There are also 2 common oral 

Figure 2. Assessing asthma control and adjusting therapy in children 5-11 years of age1

Consider severity and interval since last exacerbation

• Consider short course of oral
systemic corticosteroids,

• Step up 1−2 steps, and
• Reevaluate in 2 weeks.
• For side effects, consider

alternative treatment options.

• Step up at least
1 step and

• Reevaluate in 
2−6 weeks.

• For side effects:
consider alternative
treatment options.

• Maintain current step.
• Regular followup

every 1−6 months.
• Consider step down if

well controlled for at
least 3 months.

Recommended Action
for Treatment

(See figure 4−1b for
treatment steps.)

Lung function

<60% predicted/
personal best

60−80% predicted/
personal best

>80% predicted/
personal best

• FEV1 or peak flow

Evaluation requires long-term followup.

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.

Treatment-related 
adverse effects

≥2/year (see note)0−1/yearExacerbations requiring 
oral systemic 

corticosteroids

Risk

Several times per day>2 days/week≤2 days/week

Short-acting
beta2-agonist use

for symptom control
(not prevention of EIB)

Extremely limitedSome limitationNoneInterference with normal 
activity

Classification of Asthma Control (5−11 years of age)

Impairment

Components of Control

Reduction in
lung growth

<75%75−80%>80%• FEV1/FVC

≥2x/week≥2x/month≤1x/monthNighttime
awakenings

Throughout the day
>2 days/week or 
multiple times on
≤2 days/week

≤2 days/week but not 
more than once on each 

day
Symptoms

Very Poorly ControlledNot Well 
Controlled

Well
Controlled

EIB, exercise-induced bronchospasm; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity 

Notes: 

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

The level of control is based on the most severe impairment or risk category.  Assess impairment domain by 
patient’s/caregiver’s recall of previous 2–4 weeks and by spirometry/or peak flow measures.  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 different 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 persistent asthma, even in the absence of impairment levels consistent with persistent asthma. 

Before step up in therapy: 

— Review adherence to medications, inhaler technique, environmental control, and comorbid conditions. 

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

SJ Lampkin, et al
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medications used for the treatment and control of 
asthma: oral steroids and LT modifiers.

Quick-Relief Medications
Short-acting β-agonists (SABAs) and anticho-

linergics are 2 classes of medications that can be 
considered quick-relief medications or rescue 

medications. These are used to treat asthma 
exacerbations and acute symptoms caused by 
bronchoconstriction.1

The SABAs, such as albuterol and levalbuterol, 
are the quick-relief medications of choice over 
anticholinergics.1 These bronchodilators pro-
vide relief of symptoms by relaxing bronchial 

Figure 3. Classifying asthma severity and initiating treatment in children 0-4 years of age who are not currently taking 
long-term control medication1

Step 3 and consider short course of 
oral systemic corticosteroidsStep 2Step 1Recommended Step for 

Initiating Therapy

(See figure 4−1a for
treatment steps.)

In 2−6 weeks, depending on severity, evaluate level of asthma control that is 
achieved. If no clear benefit is observed in 4−6 weeks, consider adjusting 
therapy or alternative diagnoses.

Extremely limitedSome limitationMinor limitationNoneInterference with 
normal activity

Several times
per dayDaily>2 days/week

but not daily≤2 days/week

Short-acting
beta2-agonist use 

for symptom 
control (not 

prevention of EIB)

Consider severity and interval since last exacerbation.
Frequency and severity may fluctuate over time.

Exacerbations of any severity may occur in patients in any severity category.

Exacerbations
requiring oral 

systemic 
corticosteroids

Risk

Impairment

>1x/week3−4x/month1−2x/month0Nighttime
awakenings

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

Persistent

Components of
Severity

≥2 exacerbations in 6 months requiring oral systemic 
corticosteroids, or ≥4 wheezing episodes/1 year lasting

>1 day AND risk factors for persistent asthma
0−1/year

Throughout
the dayDaily>2 days/week

but not daily≤2 days/weekSymptoms

SevereModerateMildIntermittent

EIB, exercise-induced bronchospasm 

Notes 

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

Level of severity is determined by both impairment and risk.  Assess impairment domain by patient’s/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.  Assign severity to the most severe 
category in which any feature occurs. 

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity.  For treatment purposes, patients who had ≥2 exacerbations requiring oral systemic corticosteroids in the 
past 6 months, or ≥4 wheezing episodes in the past year, and who have risk factors for persistent asthma may be 
considered the same as patients who have persistent asthma, even in the absence of impairment levels consistent 
with persistent asthma. 

Asthma Review for Pharmacists
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smooth muscle through action on β2-receptors.8 
Patients may perceive that daily SABA use is 
more effective than daily controller medications 
because SABAs provide immediate relief of 
symptoms. However, SABAs do not affect the 
underlying mechanism of asthma control and 

use more than twice per week indicates an un-
controlled disease.1,9 Frequent SABA use is also 
associated with a small degree of tachyphylaxis 
(potentially through down-regulation of recep-
tors) to the bronchodilator response.9 Inhaled 
SABAs cause few side effects, but tachycardia 

Figure 4. Assessing asthma control and adjusting therapy in children 0-4 years of age1

• Consider short course of
oral systemic
corticosteroids,

• Step up (1−2 steps), and
• Reevaluate in 2 weeks.
• If no clear benefit in 4−6

weeks, consider alternative
diagnoses or adjusting
therapy.

• For side effects, consider
alternative treatment
options.

• Step up (1 step) and
• Reevaluate in

2−6 weeks.
• If no clear benefit in

4−6 weeks, consider
alternative diagnoses
or adjusting therapy.

• For side effects,
consider alternative
treatment options.

• Maintain current
treatment.

• Regular followup
every 1−6
months.

• Consider step
down if well
controlled for at
least 3 months.

Recommended Action
for Treatment

(See figure 4−1a for
treatment steps.)

>3/year2−3/year0−1/year
Exacerbations requiring 

oral systemic 
corticosteroids

Risk

Several times per day>2 days/week≤2 days/week

Short-acting
beta2-agonist use

for symptom control 
(not prevention of EIB)

Extremely limitedSome limitationNoneInterference with 
normal activity

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.

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

Impairment

Components of Control

Treatment-related 
adverse effects

>1x/week>1x/month≤1x/monthNighttime awakenings

Throughout the day>2 days/week≤2 days/weekSymptoms

Very Poorly ControlledNot Well 
Controlled

Well
Controlled

EIB, exercise-induced bronchospasm 

Notes: 

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

The level of control is based on the most severe impairment or risk category.  Assess impairment 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 different 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. 

SJ Lampkin, et al



JPPT

451J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

may occur. Levalbuterol, the (R)-enantiomer of 
racemic albuterol, mechanistically may provide 
greater bronchodilation and less tachycardia than 
racemic albuterol.10,11 A meta-analysis comparing 
levalbuterol to albuterol found no statistically 
significant difference for respiratory rate, oxygen 
saturations, and duration of ED care.12 There was 
a significantly lower hospital admission rate in 
the levalbuterol group with an odds ratio of 0.76. 
There was no difference in occurrence of nausea, 
vomiting, tremors, jitteriness, headache, and 

nervousness. Currently, there is mixed evidence 
demonstrating clinical superiority of levalbuterol 
over albuterol in efficacy, safety, and cost; there-
fore, albuterol remains the mainstay SABA.11–14

Inhaled anticholinergics cause bronchodila-
tion by blocking the action of acetylcholine 
at parasympathetic sites in bronchial smooth 
muscle.8 Although ipratropium is the only avail-
able short-acting anticholinergic, it has a limited 
role as a quick-relief medication in asthma and 
should be reserved as an alternative for patients 

Figure 5. Classifying asthma severity and initiating treatment in youths ≥ 12 years of age and adults who are not cur-
rently taking long-term control medications1

and consider short course of
oral systemic corticosteroids

Step  4 or 5Step 3
Step 2Step 1

Recommended Step
for Initiating Treatment

(See figure 4−5 for treatment steps.) In 2−6 weeks, evaluate level of asthma control that is achieved and adjust therapy
accordingly. 

• Normal FEV1
between
exacerbations

Extremely limitedSome limitationMinor limitationNoneInterference with 
normal activity

Several times
per day

Daily>2 days/week
but not daily, and 

not more than
1x on any day

≤2 days/weekShort-acting
beta2-agonist use for 
symptom control (not 

prevention of EIB)

≥2/year (see note)0−1/year (see 
note)

• FEV1 <60%
predicted

• FEV1 >60% but
<80% predicted

• FEV1 >80%
predicted

• FEV1 >80%
predicted

• FEV1/FVC
reduced >5%

• FEV1/FVC reduced
5%

• FEV1/FVC normal• FEV1/FVC normal

Risk

Relative annual risk of exacerbations may be related to FEV1.

Classification of Asthma Severity
≥12 years of age

Consider severity and interval since last exacerbation.
Frequency and severity may fluctuate over time for patients in any severity category.

Impairment

Normal FEV1/FVC:
8−19 yr 85%

20 −39 yr 80%
40 −59 yr 75%
60 −80 yr 70%

Persistent
Components of Severity

Exacerbations
requiring oral 

systemic 
corticosteroids

Lung function

Often 7x/week>1x/week but
not nightly

3−4x/month≤2x/monthNighttime 
awakenings

Throughout the dayDaily>2 days/week but 
not daily

≤2 days/weekSymptoms

SevereModerateMildIntermittent

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ICU, intensive care unit 

Notes: 

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

Level of severity is determined by assessment of both impairment and risk.  Assess impairment domain by 
patient’s/caregiver’s recall of previous 2–4 weeks and spirometry.  Assign severity to the most severe category in 
which any feature occurs. 

At present, there are inadequate data to correspond frequencies of exacerbations with different levels of asthma 
severity.  In general, more frequent and intense exacerbations (e.g., requiring urgent, unscheduled care, 
hospitalization, or ICU admission) indicate greater underlying disease severity.  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 persistent asthma, even in the absence of impairment levels consistent with persistent asthma. 
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who cannot tolerate SABAs.1 Ipratropium may 
also provide an additive benefit to SABAs in 
moderate to severe asthma exacerbations in the 
ED setting.1

Regardless of which quick-relief medication 
a patient has been prescribed, it is important to 

educate all patients about the role of their rescue 
medication. This includes the difference between 
quick-relief and controller medications and the 
need to see their health care provider if they are 
using their rescue medication more than twice 
per week to treat asthma symptoms.

Figure 6. Assessing asthma control and adjusting therapy in youths ≥ 12 years of age or adults1

≥2/year (see note)0−1/year

• Consider short course of
oral systemic
corticosteroids,

• Step up 1−2 steps, and
• Reevaluate in 2 weeks.
• For side effects,

consider alternative
treatment options.

• Step up 1 step and
• Reevaluate in

2−6 weeks.
• For side effects,

consider alternative
treatment options.

• Maintain current step.
• Regular followups

every 1−6 months to
maintain control.

• Consider step down if
well controlled for at
least 3 months.

Recommended Action
for Treatment

(see figure 4−5 for treatment steps)

Evaluation requires long-term followup care

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.

Treatment-related adverse effects

Progressive loss of lung functionRisk

Validated questionnaires

Throughout the day>2 days/week≤2 days/weekSymptoms

Impairment

3–4
N/A
≤15

1–2
≥1.5
16−19

0
≤0.75*
≥20

ATAQ
ACQ
ACT

<60% predicted/
personal best

60−80% predicted/
personal best

>80% predicted/
personal best

FEV1 or peak flow

Several times per day>2 days/week≤2 days/weekShort-acting beta2-agonist use for 
symptom control (not prevention of EIB)

Consider severity and interval since last exacerbation
Exacerbations requiring oral systemic 
corticosteroids

Classification of Asthma Control
(≥12 years of age)

Components of Control

Extremely limitedSome limitationNoneInterference with normal activity

≥4x/week1−3x/week≤2x/monthNighttime awakenings

Very Poorly
Controlled

Not
Well ControlledWell Controlled

∗ACQ values of 0.76–1.4 are indeterminate regarding well-controlled asthma.

EIB, exercise-induced bronchospasm; ICU, intensive care unit 
Notes: 

The stepwise approach is meant to assist, not replace, the clinical decisionmaking required to meet individual patient 
needs. 
The level of control is based on the most severe impairment or risk category.  Assess impairment domain by patient’s recall 
of previous 2–4 weeks and by spirometry/or peak flow measures.  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 different 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. 
Validated Questionnaires for the impairment domain (the questionnaires do not assess lung function or the risk domain) 

ATAQ = Asthma Therapy Assessment Questionnaire© (See sample in “Component 1: Measures of Asthma 
Assessment and Monitoring.”) 

ACQ = Asthma Control Questionnaire© (user package may be obtained at www.qoltech.co.uk or 
juniper@qoltech.co.uk) 

ACT = Asthma Control Test™  (See sample in “Component 1: Measures of Asthma Assessment and Monitoring.”) 
Minimal Important Difference:  1.0 for the ATAQ; 0.5 for the ACQ; not determined for the ACT. 

Before step up in therapy: 
— Review adherence to medication, inhaler technique, environmental control, and comorbid conditions. 
— If an alternative treatment option was used in a step, discontinue and use the preferred treatment for that step. 
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Steroids in Asthma
Steroids are considered the most potent and 

effective available anti-inflammatory medica-
tions. They block late-phase reaction to allergens, 
reduce hyperresponsiveness, and inhibit inflam-
matory cell migration and inflammation. Steroids 
have not been proven to change the underlying 

pathophysiology of the lungs nor progression 
of the disease. However, they can improve qual-
ity of life by controlling current symptoms and 
preventing exacerbations or decreasing the inten-
sity of exacerbations. Oral steroids and inhaled 
steroids are both used in asthma treatment regi-
mens, but they have different roles in therapy.1

Figure 7. Stepwise approach for managing asthma in children 5-11 years of age1

Intermittent
Asthma

Persistent Asthma: Daily Medication
Consult with asthma specialist if step 4 care or higher is required.

Consider consultation at step 3.

Step 1
Preferred:
SABA PRN

Step 2
Preferred:
Low-dose ICS

Alternative:
Cromolyn, LTRA,
Nedocromil, or
Theophylline

Step 3
Preferred:
EITHER:  
Low-dose ICS + 
either LABA, 
LTRA, or 
Theophylline
OR
Medium-dose 
ICS

Step 5
Preferred:
High-dose ICS + 
LABA

Alternative:
High-dose ICS + 
either LTRA or 
Theophylline

Step 6
Preferred:

High-dose ICS
+ LABA + oral 
systemic 
corticosteroid

Alternative:
High-dose ICS + 
either LTRA or 
Theophylline + 
oral systemic 
corticosteroid

Step up if 
needed

(first, check 
adherence, 

inhaler 
technique, 

environmental 
control, and 

comorbid
conditions)

Step down if 
possible

(and asthma is 
well controlled 

at least
3 months)

Each step:  Patient education, environmental control, and management of comorbidities.
Steps 2−4: Consider subcutaneous allergen immunotherapy for patients who have allergic asthma 
(see notes).

Step 4
Preferred:
Medium-dose 
ICS + LABA

Alternative:
Medium-dose 
ICS + either  
LTRA or 
Theophylline

Assess 
control

Quick-Relief Medication for All Patients

• SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 treatments at 20-minute 
intervals as needed. Short course of oral systemic corticosteroids may be needed.

• Caution: Increasing use of SABA or use >2 days a week for symptom  relief (not prevention of EIB) generally indicates
inadequate control and the need to step up treatment.

Alphabetical order is used when more than one treatment option is listed within either preferred or 
alternative therapy.  ICS, inhaled corticosteroid; LABA, inhaled long-acting beta2-agonist, LTRA, leukotriene 
receptor antagonist; SABA, inhaled short-acting beta2-agonist 

Notes: 

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

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

Theophylline is a less desirable alternative due to the need to monitor serum concentration levels. 

Step 1 and step 2 medications are based on Evidence A.  Step 3 ICS + adjunctive therapy and ICS are based on 
Evidence B for efficacy of each treatment and extrapolation from comparator trials in older children and adults—
comparator trials are not available for this age group; steps 4–6 are based on expert opinion and extrapolation 
from studies in older children and adults. 

Immunotherapy for steps 2–4 is based on Evidence B for house-dust mites, animal danders, and pollens; evidence 
is weak or lacking for molds and cockroaches.  Evidence is strongest for immunotherapy with single allergens.   
The role of allergy in asthma is greater in children than in adults.  Clinicians who administer immunotherapy should 
be prepared and equipped to identify and treat anaphylaxis that may occur. 
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Inhaled Steroids
Inhaled corticosteroids (ICSs) are the back-

bone of daily preventative care and are used 
on a daily basis. The ICSs have the advantage 
of being deposited in the lungs and working at 
the site of airway swelling and inflammation. 
Regular use of ICS is associated with improved 
ciliary beat, improved epithelium, and less 
inflammatory mediators in the basement mem-
branes.15 They have minimal bioavailability, so 
very little is absorbed from the lungs into the 
systemic circulation. For these reasons, ICS are 
safe and effective for long-term use to control 
asthma symptoms and prevent exacerbations. 
The use of doubling ICS doses to manage flares 
at home is not recommended based on limited 
data showing benefit.1,16 Using larger doses of 
ICS for management of asthma flares has been 
studied and recommendations published by a 
workgroup of asthma and allergy experts. The 
practice of quadrupling the total daily dose of ICS 
in children may prevent asthma exacerbations 
and severity of symptoms of exacerbations. This 
type of management, however, did not show a 
difference in the rate of use of systemic steroids 
to treat exacerbations in patients treated with 
large versus small doses of ICS. The expert group 
also addresses the use of ICS combined with 
long-acting β-agonists (LABA) as maintenance 
therapy and additional as-needed doses of the 
same combination for asthma flares. The use of 
this step-up dosing in children has not been well 
studied. Furthermore, the studies looking at this 
type of management noticed the higher doses of 
ICS caused decreased growth in children. There-
fore, the use of ICS plus LABA as maintenance 
and as-needed doses to treat exacerbations is not 
recommended.17

There are several ICS dosage forms available. 

Although many are not approved by the US Food 
and Drug Administration (FDA) for pediatric 
use, certain ones are recommended in the guide-
lines to be used in children (Table 3).1 These ICSs 
and their specific doses can be found in Figure 
8.1 Delivery systems for the various products are 
discussed later.

The side effects of ICS are local, when properly 
used with a valved holding chamber (VHC) 
or with proper inhaler technique. Sore throat, 
hoarseness in the voice, dry mouth, and thrush 
are most commonly reported. Thrush is due to 
deposition of the medication in the oropharynx; 
the proper use of a VHC with mask or mouth-
piece and rinsing the mouth after use minimizes 
the oral side effects associated with ICS. Reduc-
tions in growth velocity have also been reported, 
but this does not include a significant decrease 
in overall stature.1 Studies have shown that final 
height in patients who use ICS is still within 
millimeters of expected height.18 More systemic 
side effects are rare and are usually associated 
with chronic higher doses. These include adrenal 
suppression, osteoporosis, easy bruising, and 
thinning of the skin.1 For these reasons, long-term 
treatment should consist of the lowest possible 
dose, weighing the benefits of asthma control 
with ICS adverse events.

Oral Steroids
Oral steroids are given as a short burst to 

quickly decrease pulmonary swelling and inflam-
mation that cause asthma exacerbations and to 
prevent progression of acute disease. They have 
been shown to reduce hospitalization and re-
lapse due to acute exacerbations and to improve 
pulmonary function.19 As discovered in practice, 
some patients and parents report they like the 
quick resolution of symptoms with oral steroids 

Table 3. Inhaled Corticosteroids for Use in Children—US Food and Drug Administration Versus National Asthma 
Education and Prevention Program

Active Ingredient FDA-Approved Age Indication,37 yr Dosing Allowed for Younger Ages1

Beclomethasone 5 or older No

Budesonide inhalation suspension 1-8 Yes (0-4 yr)

Budesonide dry powder 6 or older Yes (5 yr)

Ciclesonide 12 or older No

Fluticasone (MDI only) 4 or older Yes (0-4 yr)

Mometasone 4 or older No
MDI, metered dose inhaler
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and may erroneously refer to them as “cough 
medicines.”

The oral steroids of choice are prednisone or 
prednisolone.8 Oral liquid steroids are difficult to 
administer to children because of the strong bitter 
taste and burning after-taste. Therefore, predni-

sone tablets are preferred for older children able 
to swallow solid dosage forms. The introduc-
tion of prednisolone sodium phosphate liquid 
(Orapred [Concordia Pharmaceuticals, Oakville, 
ON, Canada] brand grape flavor and other fairly 
palatable generics) offers better-received forms of 

Figure 8. Estimated comparative daily dosage of inhaled corticosteroids in children1

Low Daily Dose Medium Daily Dose High Daily Dose 
Drug Child 0–4 Child 5–11 Child 0–4 Child 5–11 Child 0–4 Child 5–11 

Beclomethasone 
HFA 
40 or 80 mcg/puff NA 80–160 mcg NA >160–320 mcg NA >320 mcg 
Budesonide DPI 
90, 180, or 200 
mcg/inhalation 

NA 180–400 
mcg 

NA >400–800 mcg NA >800 mcg 

Budesonide 
inhaled 
Inhalation 
suspension for 
nebulization (child 
dose) 

0.25–0.5 
mg 

0.5 mg >0.5–1.0 mg 1.0 mg >1.0 mg 2.0 mg 

Flunisolide 
250 mcg/puff NA 500–750 

mcg 
NA 1,000–1,250 

mcg 
NA >1,250 mcg

Flunisolide HFA 
80 mcg/puff NA 160 mcg NA 320 mcg NA ≥640 mcg 

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

176 mcg 88–176 mcg >176–352 mcg >176–352 mcg >352 mcg >352 mcg 

DPI:  50, 100, or 
250 mcg/inhalation 

NA 100–200 
mcg 

NA >200–400 mcg NA >400 mcg 

Mometasone DPI 
200 mcg/inhalation NA NA NA NA NA NA 
Triamcinolone 
acetonide 
75 mcg/puff NA 300–600 

mcg 
NA >600–900 mcg NA >900 mcg 

HFA, hydrofluoroalkane; NA, not approved and 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 several 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 carefully 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 has not been established.  Children <4 years of age generally require delivery 
of ICS (budesonide and fluticasone HFA) through a face mask that should fit snugly over nose and mouth and avoid nebulizing 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 
dosedelivered with face mask and data on efficacy in young children. 
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Comparative dosages are based on published comparative clinical trials (Adams et al. 2005; Barnes et al. 1998; Kelly 
1998; Lasserson et al. 2005; Pedersen and O'Byrne 1997).  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 extrapolation, the risk is increased for other clinically significant 
systemic effects if used for prolonged periods of time (Martin et al. 2002; Szefler et al. 2002). 

— The low- to medium-doses reflect findings from dose-ranging studies in which incremental 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, 
increasing the dose of high-dose range did not significantly increase efficacy but did increase systemic effect (Adams 
et al. 2001; Martin et al. 2002; Szefler et al. 2002). 

— The doses for budesonide and fluticasone MDI or DPI are based on recently available comparative data.  These new 
data, including meta-analyses, show that fluticasone requires one-half the microgram dose of budesonide DPI to 
achieve comparable efficacy (Adams et al. 2005; Barnes et al. 1998; Nielsen and Dahl 2000). 

— The dose for beclomethasone in HFA inhaler should be approximately one-half the dose for beclomethasone 
chlorofluorocarbon (CFC) inhaler for adults and children, based on studies demonstrating that the different 
pharmaceutical properties of the medications result in enhanced lung delivery for the HFA (a less forceful spray from 
the HFA propellant and a reengineered nozzle that allows a smaller particle size) and clinical trials demonstrating 
similar potency to fluticasone at 1:1 dose ratio (Boulet et al. 2004; Busse et al. 1999; Gross et al. 1999; Lasserson et al. 
2005; Leach et al. 1998; Pedersen et al. 2002; Szefler et al. 2002; Thompson et al. 1998). 

— The dose for budesonide nebulizer suspension is based on efficacy and safety studies (Baker et al. 1999; Kemp et al. 
1999; Shapiro et al. 1998).  It is noted that the efficacy studies did not demonstrate a clear or consistent dose-
response, although the high dose of 2.0 mg was effective in a placebo-controlled study in 40 infants who had severe 
asthma (de Blic et al. 1996).  In a small, open-label, long-term safety study, the ACTH-stimulated cortisols appeared 
lower in the 13 infants receiving a high dose of 2.0 mg budesonide compared to infants receiving lower doses, but this 
result was not statistically significant, perhaps due to the small study size (Scott and Skoner 1999). 

— The dose for flunisolide HFA is based on product information and current literature (Corren et al. 2001; Gillman et al. 
2002; Richards et al. 2001). 

— The dose of budesonide/formoterol in children is based on product information and current literature (Pohunek et al. 
2006; Tal et al. 2002; Zimmerman et al. 2004). 

— The dose for fluticasone HFA in children <5 years of 
age is based on clinical studies demonstrating efficacy 
at this dose of 176 mcg/day (Bisgaard et al. 2004; 
Guilbert et al. 2006).   

Bioavailability 
Both the relative potency and the relative bioavailability 
(systemic availability) determine the potential for systemic 
activity of an ICS preparation.  As illustrated here, the 
bioavailability of an ICS is dependent on the absorption of 
the dose delivered to the lungs and the oral bioavailability 
of the swallowed portion of the dose received. 
— Absorption of the dose delivered to the lungs: 

♦ Approximately 10–50 percent of the dose from the
MDI is delivered to the lungs.  This amount varies 
among preparations and delivery devices. 

♦ Nearly all of the amount delivered to the lungs is
bioavailable. 

Inactivation in gut 

Inactivation in the 
liver or gut wall 

“first pass” 

— Oral bioavailability of the swallowed portion of the dose received: 
♦ Approximately 50–80 percent of the dose from the MDI without a spacer or valved holding chamber is swallowed.
♦ The oral bioavailability of this amount varies:

Either a high first-pass metabolism or the use of a spacer/holding chamber with an MDI can decrease oral
bioavailability, thus enhancing safety (Lipworth 1995).

The approximate oral bioavailability of ICS has been reported as:  beclomethasone dipropionate, 20 percent;
flunisolide, 21 percent; triamcinolone acetonide, 10.6 percent; budesonide, 11 percent; fluticasone propionate,
1 percent; mometasone, <1 percent (Affrime et al. 2000; Chaplin et al. 1980; Check and Kaliner 1990; Clissold and
Heel 1984; Davies 1993; Harding 1990; Heald et al. 1995; Martin et al. 1974; Mollmann et al. 1985; Szefler 1991;
Wurthwein and Rohdewald 1990).

Potential drug interactions 
A number of the ICSs, including fluticasone, budesonide, and mometasone, are metabolized in the gastrointestinal tract 
and liver by CYP 3A4 isoenzymes.  Potent inhibitors of CYP 3A4, such as ritonavir and ketoconazole, have the potential 
for increasing systemic concentrations of these ICSs by increasing oral availability and decreasing systemic clearance.  
Some cases of clinically significant Cushing syndrome and secondary adrenal insufficiency have been reported (Johnson 
et al. 2006; Samaras et al. 2005). 

Figure 8. Estimated comparative daily dosage of inhaled corticosteroids in children1 (cont).
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oral steroids in more-concentrated (15 mg/5 mL) 
solutions compared with the older prednisolone 
(15 mg/5 mL and 5 mg/5 mL) and prednisone 
(5 mg/5 mL) solutions. Much of the offending 
taste was due to the amount of alcohol used in 
these liquid preparations (5% in prednisolone 
liquid and 2% in prednisolone sodium phosphate 
solution).8 Dexamethasone is another oral steroid 
used to treat acute asthma exacerbations.8 Be-
cause of its longer half-life, studies have shown 
that oral dexamethasone, in 1 or 2 doses, works 
as well as 5 days of prednisolone for mild to 
moderate exacerbations. Patients on oral dexa-
methasone have similar rates of unscheduled 
doctor visits for asthma, hospital admission 
rates, and vomiting.20 Children unable to toler-
ate prednisone or prednisolone may tolerate oral 
dexamethasone solution, which also tastes poor 
to most patients, but may be favored for its 1- or 
2-dose regimens. However, because of commer-
cial availability and insurance reimbursement, 
prednisone and prednisolone continue to be the 
drugs of choice.

Most children may be managed with a 5-day 
course of oral steroids.1 A short course, 3 to 10 
days, of oral steroid treatment for asthma alle-
viates the need for a taper. Any patient needing 
a steroid burst should be seen 1 week later to 
ensure symptoms have resolved. Initial treat-
ment with oral steroids by ED personnel should 
be followed with a visit to the patient’s primary 
care provider. Occasionally, a patient may need 
a standing at-home, short-course regimen of oral 
steroids. These qualifying patients have severe 
asthma, may be managed by a pulmonologist 
or other asthma specialist, or they may live in 
rural areas and quick emergent care is needed for 
exacerbations. Oral steroids used in this manner 
should be included in the patient’s asthma action 
plan. Home use of oral steroids, however, should 
include a call to the patient’s physician.

Compared with ICS, oral steroids are associ-
ated with more side effects. During short bursts 
of therapy, patients may have nausea and vomit-
ing, increased appetite, weight gain, and changes 
in mood. Long-term use is associated with the 
previously listed side effects plus adrenal axis 
suppression, growth suppression, hyperten-
sion, diabetes, Cushing syndrome, osteoporosis, 
muscle weakness, and impaired immune system 
(an important consideration because children 
are immunized in early childhood).1 Additional 

steroid-counseling points are provided in Table 4.

Long-Acting β-Agonists
Chronic use of LABAs in combination with 

ICS has demonstrated efficacy in the treatment 
of asthma in several studies. The LABAs work by 
selectively binding to β2 receptors in the lungs, 
which results in relaxing the smooth muscles 
in airways for a prolonged period.8 The onset 
varies by product. Some studies have reported 
favorable use of formoterol before exercise to 
treat exercise-induced bronchospasms (EIBs).21 
Patients should be instructed to use a LABA only 
as a controller medication and not as a rescue in-
haler. Counseling on the correct use of the device 
and indication is important to avoid confusion. In 
2010, in response to an increase in the number of 
asthma-related deaths, the FDA issued a warning 
against the use of LABA monotherapy for the 
treatment of asthma, including in children and 
adolescents.22 The use of LABA in combination 
with inhaled corticosteroids, however, is still 
recommended and continues to be included in 
recommendations.1 Although the use of a LABA 
as monotherapy is not recommended because of 
increasing inflammation and down-regulation 
of β-2 receptors, the use in combination with an 
ICS is recommended. It is believed that the ICS 
benefits patients taking a LABA by increasing 
the number of β2 receptors and decreasing in-
flammation.23 There are no indications for use of 
LABA monotherapy as a controller in the current 
guidelines, and alternatives to the addition of 
LABA are available in all steps. However, when 
stepping up therapy, the addition of a LABA to 
ICS has proven to be more effective in many chil-
dren than the addition of a LT receptor antagonist 
(LTRA) to ICS or an increase in the ICS dosage.24 
For a list of available LABA products, see Table 5.

LT Modifiers
Medications in the class of LT modifiers in-

clude montelukast, zafirlukast, and zileuton. 
These have many beneficial effects in patients 
with asthma: improved pulmonary function, 
increased peak expiratory flow, decreased day-
time and nighttime symptoms, reduced need for 
SABAs, decreased number of asthma flares, and 
improved quality of life.7 Montelukast, a LTRA, 
is the product most frequently used in children 
with asthma.

The LTRAs are typically used as second- or 
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third-line therapies or as an add-on to controller 
therapies that are already in place but not pro-
viding the patient an acceptable level of control. 
This is due to ICS being more effective in the 
treatment of persistent asthma when compared 
with LTRAs.7 However, certain patients have 
been deemed to respond more favorably to 
LTRAs than to ICS: those who are younger than 
10 years, those with a high level of LTs in the urine 
(although this is not a laboratory value that is 
typically used), disease of shorter duration, and 
cough-variant asthma.7,25,26 Other instances in 
which LTRAs may be an alternate first-line choice 
include patients who cannot or will not use ICS 
or an inhaler device, those who need additional 
add-on therapy, those with allergic rhinitis, and 
those whose symptoms are usually triggered 
by viral infections.7 In addition, montelukast 
has proven to be effective in controlling EIB in 
patients with only exercise-induced symptoms 
or those who are not controlled on ICS for their 
EIB.24

The LTRAs are typically well-tolerated, and 
most side effects are benign. Possible montelu-
kast side effects include headache, ear infection, 
pharyngitis, abdominal pain, nausea, rash, an-

gioedema, and behavior side effects (insomnia, 
tremor, depression, anxiety, suicidal ideation).24 
In 2008, the FDA issued a safety alert for the 
risk of suicide associated with LTRAs.27 In 2009, 
manufacturers added this concern to product 
labeling.27 One study, conducted by the manu-
facturer, looked at reports of possible suicidality 
in randomized, double-blind, placebo-controlled, 
active-controlled, or open-label clinical trials 
of montelukast in patients with asthma. There 
were no suicides completed, and suicidality was 
rare in montelukast, placebo, and other active-
treatment groups.28 In a similar study looking 
at behavior-related adverse events in adults 
and children taking montelukast for asthma, 
reports of adverse events were infrequent and 
were similar in montelukast or placebo groups.29 
Schumock et al27 noted that children or adults 
with asthma who had attempted suicide while 
taking a LTRA were at higher risk for doing so 
if they had a previous attempt, had psychiatric 
illness or another illness associated with suicide, 
were taking other medicines that also increased 
suicide risk, or had more-severe class of asthma. 
They noted that patients 19 to 24 years old with 
these risk factors were at a statistically significant 

Table 4. Patient Counseling Points for Inhaled and Oral Steroids1,37,38

Inhaled Steroids Oral Steroids

•	 Always use a spacing device for MDIs.

•	 Use every day for best results.

•	 Maximum effect doesn’t occur until after 2 wk of 

daily use.

•	 Do not stop giving the medicine just because your 

child feels better.

•	 Do not use to treat acute symptoms.

•	 Teach the family proper device technique.

•	 Side effects: thrush, sore throat, hoarse voice, 

headache.

•	 Rinse mouth after use.

•	 If applicable, follow the dose counter on the inhaler 

device to determine when to refill and start a new 

device.

•	 Give by mouth for the full duration of treatment, 

even if the child is feeling better.

•	 Call your child’s doctor if symptoms get worse or do 

not improve in 2 days.

•	 Give all doses with food to prevent GI side effects.

•	 May cause moodiness or difficulty sleeping. For 

once-daily doses, give in the morning. For twice-

daily doses, make the last dose no later than the 

evening meal.

•	 Let your child’s doctor know if there is blood in the 

stool or your child vomits blood.

•	 Talk with your pediatrician about immunizations if 

your child is on ≥2 mg/kg/day or ≥20 mg/day for >14 

days.

•	 Prednisolone sodium phosphate (e.g. Orapred) liquid 

should be refrigerated.

•	 Dispense liquid formulations with an appropriate 

measuring device.
GI, gastrointestinal; MDI, metered dose inhaler

SJ Lampkin, et al
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higher risk for attempting suicide. QuarterWatch 
(Institute for Safe Medication Practices, Hor-
sham, PA) published a special report30 on adverse 
effects of normal medication use in children (age 
18 years or younger) for the years 2008 to 2012. 
Montelukast was ranked second overall, with 
psychiatric effects occurring more than 25% of 
the time. Looking at medications that caused 
only psychiatric side effects, montelukast was 
first. The organization reported that a surge in 
reporting in 2008 and a decline by 2012. The au-
thors examined the fewer reports and stated there 
was still an association between montelukast and 
psychiatric side effects. The recommendation was 
to monitor the patient for those effects.30

ASTHMA-DEVICE TECHNIQUE

Each of the above products come in varying 
dosage forms and have their own benefits, care 
requirements, and delivery techniques.31,32 Tech-
nique for drug delivery should be assessed at 
each interaction with health care professionals, 
and teaching should be provided as needed.1 
Inhaled medications can be delivered by several 
different mechanisms that are used in different 
ways. Inhalers include pressurized metered dose 
inhalers (MDIs) that have hydrofluoroalkane 
(HFA) propellants and dry-powder inhalers 
(DPIs).31,32 Most inhalers should be primed be-
fore use.31 Depending on the individual product, 
inhalers may need to be primed when a new one 
is obtained from the pharmacy or if the inhaler 
has not been used for more than 1 to 2 weeks. 
Refer to individual products’ inserts for specific 
instructions.

Metered-Dose Inhalers
The HFA MDIs should be administered with 

a VHC and mouthpiece or with a VHC and a 

mask. Oral MDI technique without a VHC is 
challenging to master and often results in de-
creased medication deposition into the lungs.31,32 
Therefore, all patients should be counseled, re-
gardless of age, on the importance of using their 
MDI with a VHC.

The HFA MDIs with dose counters are espe-
cially useful, so it is possible to tell when all the 
accurate doses have been delivered. When all ac-
curate doses are delivered from devices that have 
no counters, the device will emit a spray of inac-
tive ingredients but no longer provide full doses. 
Patients using these products need to keep track 
of the number of puffs used to determine when 
there are no longer accurate doses left. Directions 
for use of MDIs with VHC and mouthpiece or 
mask can be found in Table 6.

To clean the HFA MDI, the metal canister is re-
moved, the plastic L-shaped boot is washed with 
water and mild dish detergent, and then the boot 
is rinsed with a heavy stream of hot water for 30 
seconds. The metal tip of the canister should be 
inspected for residual spray and be wiped clean 
with a tissue, if necessary.31 This should be per-
formed weekly when it is being used. The pack-
age insert has additional cleaning instructions, 
and instructions may vary by product.

To clean the VHC with or without mask, it is 
soaked for at least 15 minutes before the end 
plastic pieces are washed with water and mild 
dish detergent, and then the outer pieces are 
rinsed with water and air dried. The mild dish 
detergent mixture is placed inside the larger 
tube and agitated (without rubbing the sides); 
the inside is not rinsed. The piece is set upright 
so a thin film of soap dries on the inner sides, 
which decreases the static electricity that can 
trap the MDI contents on the wall of the device.31 
The VHCs that have an antistatic coating can be 
rinsed after cleaning. When dry, the parts are 

Table 5. Inhaled Products Containing LABAs

Active Ingredient FDA-Approved Age Indication,37 yr Dosing Allowed for Younger Ages1

Formoterol DPI aerolizer 5 or older No

Formoterol/budesonide MDI 12 or older Yes (0-4 yr)

Formoterol/mometasone MDI 12 or older Yes (5 yr)

Salmeterol ≥ 12 yrs No

Salmeterol/fluticasone DPI diskus, 
MDI

4 or older Yes (0–4 yr)

DPI, dry-powder inhaler; FDA, Food and Drug Administration; LABA, long-acting β-agonist; MDI, metered-dose inhaler

Asthma Review for Pharmacists



JPPT

460 J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

reassembled. Many manufacturers recommend 
weekly cleaning when a VHC is being used.

Dry Powder Inhalers
Different inhalation techniques are used for the 

various DPI devices. See individual manufactur-
er information for device-specific details. Some 
require a rapid and forceful inhalation (e.g., 60 L/
min or being inhaled for 1 to 2 seconds). This rate 
is difficult to produce for most patients younger 
than 6 years. These devices should not be shaken, 
and exhaling into the device may displace the 
powder. Delivery extent may be better than 
that for MDIs if an excellent technique is used. 
Only a few grade-school children, however, can 
master this technique.33 Most children confuse 
DPI techniques with the MDI HFA with VHC 
technique and poorly deliver both medications; 
for this reason, most patients and parents prefer 
to keep the technique (e.g., HFA MDI with VHC) 
the same for rescue and controller medications. 
A DPI should be kept as dry as possible because 
moisture may cause clumping of the medications, 
thus decreasing the respirable fraction.31

Aerosol Therapy
Aerosol therapy can often be effectively deliv-

ered with a mouthpiece or mask. People often 
incorrectly use the term nebulizer to refer to the 

combination of the chamber or the cup that holds 
the medication (the nebulizer) and the electric 
compressor. The compressor forces air into the 
nebulizer and causes the medication to form a 
mist. It may take less time to teach this method, 
so it is favored by some pediatricians. Some 
limitations to aerosol therapy are that it is more 
time consuming to use and clean, the medication 
is more expensive, and it is inconvenient having 
to have a power source nearby.1 Each product’s 
manual should be used for specific instructions 
before use. However, the general steps for use 
are listed in Table 7.

The “blow by” technique (i.e., holding the 
mask or open tube near an infant’s nose and 
mouth to deliver the mist) is incorrect and ineffec-
tive. Some studies note a 40% to 85% decrease in 
deposition with the blow by technique.34 Crying 
or fussiness will decrease drug delivery by 75%.35

Nebulized albuterol with a compressor has 
been compared with HFA MDI with a holding 
chamber in children in many studies with similar 
results. In one study, children 2 to 9 years old 
were given an HFA MDI with a low-static hold-
ing chamber (Aerochamber with mask [Allergan, 
Parsippany-Troy Hills, NJ]) and a nebulizer 
with compressor (Pari LC Star and Pari Proneb 
TURBO [PARI Respiratory Equipment, Midlo-
thian, VA]).1,36 There was no difference in the 

Table 6. How to Use an MDI with VHC and Mouthpiece or Mask 

To Use an MDI With VHC and Mouthpiece

1.	 Sit or stand up straight.

2.	 Take off cap, shake inhaler for 10 sec, and place in VHC (if not already in VHC).

3.	 Exhale completely.

4.	 Place mouthpiece in mouth.

5.	 Press down on the inhaler once and inhale slowly for a count of 10. Hold breath 10 sec, wait 1 min, then repeat 
the entire process, if indicated. Note: 2 puffs at a time into the chamber do not deliver 2 full doses.

6.	 If the MDI is an ICS, rinse the mouth (with drink, food, or tooth brushing) after use to prevent thrush.

To Use an MDI With VHC and Mask

1.	 Make sure the mask is appropriate for the patient size. The mask must form a seal and fit over the nose and 
around the mouth at the same time when placed against the skin (even when patient is smiling).

2.	 Sit or stand up straight.

3.	 Take off cap and shake inhaler for 10 seconds and place in VHC (if not already in VHC).

4.	 Place mask over the nose and mouth.

5.	 Press down on the inhaler once and breathe in and out 6 times (slowly if possible). Repeat the entire process, if 
indicated. Note: 2 puffs at a time into the chamber do not deliver 2 full doses.

6.	 If MDI is an ICS, rinse the mouth (with drink, food, or tooth brushing) after use to prevent thrush.
ICS, inhaled corticosteroids; MDI, metered dose inhaler; VHC, valved holding chamber

SJ Lampkin, et al



JPPT

461J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

effectiveness in drug delivery of albuterol (Table 
8) between administration methods when correct 
technique was used. The evidence is so strong 
from this and other studies that some children’s 
hospitals have stopped using nebulizers with 
compressors. Many studies indicate that 4 to 8 
puffs of albuterol with a VHC produce an equiva-
lent response to 2.5-mg nebulized albuterol.1,36

Case: Part 3 (3 Months Later)
For the same 5-yr-old patient:

•	 Daytime symptoms occur 3 times/wk.
•	 Nighttime symptoms occur 2 times/wk.
•	 Symptoms also occur sometimes with physi-

cal activity; mother reports these symptoms 
lead to some impairment.

•	 Albuterol was used 30 times in the previous 
month.

•	 Patient has not needed to return to a physi-
cian for asthma.

•	 Eczema has been quiescent.
Medications:

•	 Albuterol hydrofluoroalkane (HFA) me-
tered-dose inhaler (MDI), 2 puffs with 
valved holding chamber (VHC) every (q) 4 
hr as needed (prn) for wheezing, shortness 
of breath, cough

•	 Albuterol 2.5 mg/3 mL nebulized, 2.5 mg q 
4 hr prn wheezing, short of breath, cough

•	 Fluticasone 44 mcg HFA, 2 puffs with VHC 
twice a day (BID), every day

•	 Hydrocortisone 1% cream, applied to af-
fected area (AAA) BID

•	 Emollient, AAA 2 to 3 times/day
•	 Cetirizine, 5 mg/5 mL, 5 mg by mouth (po) 

q day
•	 No side effects are reported with the medica-

tions.
	 Based on Figure 2, “Assessing Asthma Con-

trol and Adjusting Therapy in Children 5–11 
Years of Age,” the patient appears to have very 
poorly controlled asthma, despite being started 
on an inhaled corticosteroid (ICS).
Question 4 (see page 467 for answer). 

What additional assessment should be con-
ducted to determine whether this patient is truly 
poorly controlled?

ASTHMA ACTION PLAN

A written AAP,1 such as the example in Fig-
ure 9, should be provided and reviewed with 
each patient that is diagnosed with asthma, and 
every time asthma is addressed at a visit, even 
if medications are not changed. An AAP is a 
daily plan used by the patient to monitor daily 
signs and symptoms of asthma, to assess his 
or her level of control, and to determine what 
actions and medications should be taken based 
on that information. In some instances, AAPs 
may incorporate a patient’s peak flow readings. 
Peak flow may be used in conjunction with, or 

Asthma Review for Pharmacists

Table 7. General Steps for Use of Aerosol Therapy

1.	 Put medication into nebulizer; close nebulizer.

2.	 Attach mouthpiece or mask to upper end of nebulizer. The mouthpiece is usually used for patients at least 6 yr old.

3.	 Connect tubing to air outlet on compressor.

4.	 Sit up straight.

5.	 Place mouthpiece in mouth or mask on face (covering mouth and nose).

6.	 Turn on the power for the compressor.

7.	 Breathe slowly and steadily, occasionally taking deeper breaths with a breath hold, if possible, until most of the 
medication has been delivered. Depending on the volume being aerosolized, this process takes 10-15 min to 
deliver a 3-mL treatment.

8.	 After each treatment, wash all nebulizer and mouth or mask parts (except tubing) in liquid dish soap and water; 
rinse well with water, then shake off any excess water. Some non-disposable nebulizers can be washed in a dish-
washer (see individual manufacturer information). Reattach nebulizer pieces and tubing to the air compressor; 
turn on compressor to dry nebulizer quickly. Make sure nebulizer is completely dry before storing.

9.	 Every other treatment day, soak all parts of the nebulizer for 1 hr in a solution of 1 part distilled white vinegar 
and 3 parts hot water. The solution should be fresh. Remove the parts from the vinegar solution and rinse them 
in water. Discard the solution. Shake off any excess water. Reattach the nebulizer pieces and tubing to the air 
compressor and turn on the compressor to dry the nebulizer quickly. Make sure the nebulizer is completely dry 
before storing.
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instead of, symptom assessment in patients with 
more-severe asthma, poorly controlled asthma, 
or severe exacerbations. Peak flow monitoring 
(PFM) is recommended for patients who cannot 
correctly identify asthma symptoms and prefer 
objective data to manage their asthma. Keep in 
mind that PFM is subject to poor information 
upon which to act because it is dependent upon 
strong patient effort, proper technique and fre-
quent technique assessment, and professional 
instruction and demonstrations. Patients who 
cannot keep the inhalation technique of medica-
tions separate from the PFM technique despite 
education are not typically encouraged to use 
PFM. The development of an AAP should be 
the result of a patient-provider partnership and 
decided upon jointly.

Written AAPs provide an opportunity for clini-
cians and patients to communicate about asthma 
so the patient becomes familiar with the disease 
and what is expected of them. The AAPs empow-
er patients to self-manage their conditions. When 
part of a well-taught self-management education 
program, AAPs assist in decreasing ED visits and 
hospitalizations and make patients and families 
more confident in their ability to care for asthma. 
Written AAPs should be updated and reviewed 
at every health care service encounter (e.g. phar-
macy, doctor visit, ED visit, or hospitalization). 
Various AAPs are usually available for free, so 
enough copies should be given to the patient to 
have at home, school, daycare, grandparents, 
among other places.

How to Use an AAP
By using the stoplight color scheme of green, 

yellow, and red, patients and families are in-
formed about daily actions to maintain symptom 
control and to use interventions when needed for 
symptoms or exacerbations (Figure 9).

Green Means “Go” 
In this zone, the patient has no symptoms, 

can go to school, can run and play, and sleeps 
well. Patients with persistent asthma still take 
daily medicines in this zone, and the medicines 
are listed in the AAP, complete with strength, 
dosage form, and dosing. An exercise-induced 
asthma regimen with a SABA as pretreatment is 
also listed in the AAP.

Yellow Means “Caution” 
In this zone, symptoms of asthma or an exac-

erbation are starting (i.e. cough, wheeze, chest 
tightness), and the rescue-medicine regimen 
should be started. Patients should not stop any 
“green zone” medicines; rescue therapy is ad-
ditional. Standby oral steroids may be listed in 
this zone as well.

Red Means “Stop” or “Danger” 
In this zone, the rescue medicine does not work 

or last a full 4 hours, and the patient has retrac-
tions, nasal flaring, sputum production, and is 
fatigued. In this zone, more rescue medicine is 
given as instructed, and patients are taught to 
seek medical care immediately at the ED or UC 
or to call 9-1-1.

Other Components
Other information that must be included 

in a patient’s AAP is the patient’s name, the 
physician’s name and office phone number, the 
severity of the asthma, and the patient-specific 
asthma triggers.

Do Not Reinvent the Wheel 
If your practice or pharmacy site does not have 

an AAP, samples are available on the Internet. 
Sites such as those for the American Lung As-
sociation (Chicago, IL); National Heart, Lung, 
and Blood Institute (Bethesda, MD); or American 
Academy of Allergy Asthma & Immunology 
(Milwaukee, WI). The Centers for Disease Con-
trol and Prevention Web site (http://www.cdc.
gov/asthma/tools_for_control.htm) has multiple 

SJ Lampkin, et al

Table 8. Percentage of salbutamol* deposition of in the lungs, comparing administration via nebulizer versus inhaler 
with spacer39

Patient Age, yr Nebulizer, % pMDI/VHC, % p Value

2-4 5.4 5.4 0.96

5-9 11.1 9.6 0.34
pMDI, pressurized metered-dose inhaler; VHC, valved holding chamber
*Salbutamol is the same as albuterol



JPPT

463J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

Fi
gu

re
 9

. A
st

hm
a 

Ac
tio

n 
Pl

an
.

Do
in

g 
W

el
l

No
 c

ou
gh

, w
he

ez
e,

 c
he

st
 ti

gh
tn

es
s,

 o
r 

sh
or

tn
es

s 
of

 b
re

at
h 

du
rin

g 
th

e 
da

y 
or

 n
ig

ht
C

an
 d

o 
us

ua
l a

ct
ivi

tie
s

An
d,

 if
 a

 p
ea

k 
flo

w
 m

et
er

 is
 u

se
d,

Pe
ak

 fl
ow

:
m

or
e 

th
an

(8
0 

pe
rc

en
t o

r m
or

e 
of

 m
y 

be
st

 p
ea

k 
flo

w
)

M
y 

be
st

 p
ea

k 
flo

w
 is

:  

Be
fo

re
 e

xe
rc

ise

Ta
ke

 th
es

e 
lo

ng
-t

er
m

 c
on

tr
ol

 m
ed

ic
in

es
 e

ac
h 

da
y 

(in
cl

ud
e 

an
 a

nt
i-i

nf
la

m
m

at
or

y)
.

M
ed

ic
in

e
H

ow
 m

uc
h 

to
 ta

ke
W

he
n 

to
 ta

ke
 it

2
or

  
4

pu
ffs

, e
ve

ry
 2

0 
m

inu
te

s 
fo

r u
p 

to
 1

 h
ou

r
Ne

bu
liz

er
, o

nc
e

M
ed

ic
al

 A
le

rt
!

Ve
ry

 s
ho

rt 
of

 b
re

at
h,

 o
r

Q
uic

k-
re

lie
f m

ed
ici

ne
s 

ha
ve

 n
ot

 h
elp

ed
, o

r
C

an
no

t d
o 

us
ua

l a
ct

ivi
tie

s,
 o

r
Sy

m
pt

om
s 

ar
e 

sa
m

e 
or

 g
et

 w
or

se
 a

fte
r 

24
 h

ou
rs

 in
 Y

ell
ow

 Z
on

e

-O
r-

Pe
ak

 fl
ow

:
les

s 
th

an
 

(5
0 

pe
rc

en
t o

f m
y 

be
st

 p
ea

k 
flo

w
)

Ta
ke

 th
is

 m
ed

ic
in

e:

4
or

  
6

pu
ffs

  o
r  

Ne
bu

liz
er

(s
ho

rt-
ac

tin
g 

be
ta

2-
ag

on
ist

) 
m

g 
 

(o
ra

l s
te

ro
id

) 

Th
en

 c
al

l y
ou

r d
oc

to
r N

O
W

.
G

o 
to

 th
e 

ho
sp

ita
l o

r c
all

 a
n 

am
bu

lan
ce

 if
:

Yo
u 

ar
e 

st
ill 

in 
th

e 
re

d 
zo

ne
 a

fte
r 1

5 
m

inu
te

s 
AN

D 
  

Yo
u 

ha
ve

 n
ot

 re
ac

he
d 

yo
ur

 d
oc

to
r.

Fo
r:

Do
ct

or
:

Da
te

:
Do

ct
or

’s 
Ph

on
e 

N
um

be
r

H
os

pi
ta

l/E
m

er
ge

nc
y 

De
pa

rtm
en

t P
ho

ne
 N

um
be

r

Ad
d:

 q
ui

ck
-r

el
ie

f m
ed

ic
in

e—
an

d 
ke

ep
 ta

ki
ng

 y
ou

r G
R

EE
N

 Z
O

N
E 

m
ed

ic
in

e.

If 
yo

ur
 s

ym
pt

om
s 

(a
nd

 p
ea

k 
flo

w
, i

f u
se

d)
 re

tu
rn

 to
 G

R
EE

N
 Z

O
N

E 
af

te
r 1

 h
ou

r o
f a

bo
ve

 tr
ea

tm
en

t: 
C

on
tin

ue
 m

on
ito

rin
g 

to
 b

e 
su

re
 y

ou
 s

ta
y 

in 
th

e 
gr

ee
n 

zo
ne

.
-O

r-
If 

yo
ur

 s
ym

pt
om

s 
(a

nd
 p

ea
k 

flo
w

, i
f u

se
d)

 d
o 

no
t r

et
ur

n 
to

 G
R

EE
N

 Z
O

N
E 

af
te

r 1
 h

ou
r o

f a
bo

ve
 tr

ea
tm

en
t: 

Ta
ke

:
2

or
  

4
pu

ffs
  o

r  
 

Ne
bu

liz
er

(s
ho

rt-
ac

tin
g 

be
ta

2-
ag

on
ist

)
Ad

d:
 

m
g 

pe
r d

ay
   

Fo
r  

   
   

   
   

   
  (

3–
10

) d
ay

s
(o

ra
l s

te
ro

id
)

C
all

 th
e 

do
ct

or
 

be
fo

re
/ 

w
ith

in 
   

   
   

   
   

   
ho

ur
s 

af
te

r t
ak

ing
 th

e 
or

al 
st

er
oi

d.

As
th

m
a 

Is
 G

et
tin

g 
W

or
se

C
ou

gh
, w

he
ez

e,
 c

he
st

 ti
gh

tn
es

s,
 o

r 
sh

or
tn

es
s 

of
 b

re
at

h,
 o

r
W

ak
ing

 a
t n

ig
ht

 d
ue

 to
 a

st
hm

a,
 o

r
C

an
 d

o 
so

m
e,

 b
ut

 n
ot

 a
ll, 

us
ua

l a
ct

ivi
tie

s

-O
r-

Pe
ak

 fl
ow

:
to

 
(5

0 
to

 7
9 

pe
rc

en
t o

f m
y 

be
st

 p
ea

k 
flo

w
)

(s
ho

rt-
ac

tin
g 

be
ta

2-
ag

on
ist

)

GREEN ZONE RED ZONEYELLOW ZONE

Se
e 

th
e 

re
ve

rs
e 

sid
e 

fo
r t

hi
ng

s 
yo

u 
ca

n 
do

 to
 a

vo
id

 y
ou

r a
st

hm
a 

tri
gg

er
s.

Fi
rs

t

Se
co

nd

2
or

  
4

esicrexe erofeb setuni
m 5

sffup

Tr
ou

bl
e 

w
al

ki
ng

 a
nd

 ta
lk

in
g 

du
e 

to
 s

ho
rt

ne
ss

 o
f b

re
at

h
Ta

ke
  

4
or

 
6

pu
ffs

 o
f y

ou
r q

ui
ck

-r
el

ie
f m

ed
ic

in
e 

AN
D

Li
ps

 o
r f

in
ge

rn
ai

ls
 a

re
 b

lu
e 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
G

o 
to

 th
e 

ho
sp

ita
l o

r c
al

l f
or

 a
n 

am
bu

la
nc

e 
   

   
   

   
   

   
   

   
   

   
   

N
O

W
!  

(p
ho

ne
)

DA
NG

ER
 S

IG
NS

As
th

m
a 

Ac
tio

n 
Pl

an

Asthma Review for Pharmacists



JPPT

464 J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

Fi
gu

re
 9

. A
st

hm
a 

Ac
tio

n 
Pl

an
 (c

on
t.)

.

Al
le

rg
en

s
An

im
al

 D
an

de
r

So
m

e 
pe

op
le 

ar
e 

all
er

gic
 to

 th
e 

fla
ke

s 
of

 s
kin

 o
r d

rie
d 

sa
liv

a 
fro

m
 a

nim
als

 
w

ith
 fu

r o
r f

ea
th

er
s.

Th
e 

be
st

 th
in

g 
to

 d
o:

•
Ke

ep
 fu

rre
d 

or
 fe

at
he

re
d 

pe
ts

 o
ut

 o
f y

ou
r h

om
e.

If 
yo

u 
ca

n’
t k

ee
p 

th
e 

pe
t o

ut
do

or
s,

 th
en

:
•

Ke
ep

 th
e 

pe
t o

ut
 o

f y
ou

r b
ed

ro
om

 a
nd

 o
th

er
 s

lee
pi

ng
 a

re
as

 a
t a

ll t
im

es
, 

an
d 

ke
ep

 th
e 

do
or

 c
los

ed
.

•
Re

m
ov

e 
ca

rp
et

s 
an

d 
fu

rn
itu

r e
 c

ov
er

ed
 w

ith
 c

lot
h 

fro
m

 y
ou

r h
om

e.
 

If 
th

at
 is

 n
ot

 p
os

sib
le,

 k
ee

p 
th

e 
pe

t a
w

ay
 fr

om
 fa

br
ic-

co
ve

re
d 

fu
rn

itu
re

 
an

d 
ca

rp
et

s.
 

Du
st

 M
ite

s
M

an
y 

pe
op

le 
w

ith
 a

st
hm

a 
ar

e 
all

er
gic

 to
 d

us
t m

ite
s.

 D
us

t m
ite

s 
ar

e 
tin

y 
bu

gs
th

at
 a

r e
 fo

un
d 

in 
ev

er
y 

ho
m

e—
in 

m
at

tre
ss

es
, p

illo
w

s,
 c

ar
pe

ts
, u

ph
ols

te
re

d 
fu

rn
itu

re
, b

ed
co

ve
rs

, c
lot

he
s,

 s
tu

ffe
d 

to
ys

, a
nd

 fa
br

ic 
or

 o
th

er
 fa

br
ic-

co
ve

re
d

ite
m

s.
Th

in
gs

 th
at

 c
an

 h
el

p:
 

•
En

ca
se

 y
ou

r m
at

tre
ss

 in
 a

 s
pe

cia
l d

us
t-p

ro
of

 c
ov

er .
•

En
ca

se
 y

ou
r p

illo
w

 in
 a

 s
pe

cia
l d

us
t-p

ro
of

 c
ov

er
 o

r w
as

h 
th

e 
pi

llo
w

 e
ac

h
w

ee
k 

in 
ho

t w
at

er.
W

at
er

 m
us

t b
e 

ho
tte

r t
ha

n 
13

0º
 F

 to
 k

ill 
th

e 
m

ite
s.

 
Co

ld
 o

r w
ar

m
 w

at
er

 u
se

d 
w

ith
 d

et
er

ge
nt

 a
nd

 b
lea

ch
 c

an
 a

lso
 b

e 
ef

fe
ct

ive
.

•
W

as
h 

th
e 

sh
ee

ts
 a

nd
 b

lan
ke

ts
 o

n 
yo

ur
 b

ed
 e

ac
h 

w
ee

k 
in 

ho
t w

at
er.

•
Re

du
ce

 in
do

or
 h

um
id

ity
 to

 b
elo

w
 6

0 
pe

rc
en

t (
id

ea
lly

 b
et

w
ee

n 
30

—
50

 
pe

r c
en

t).
De

hu
m

id
ifie

rs
 o

r c
en

tra
l a

ir 
co

nd
itio

ne
rs

 c
an

 d
o 

th
is.

•
Tr

y 
no

t t
o 

sle
ep

 o
r l

ie 
on

 c
lot

h-
co

ve
re

d 
cu

sh
ion

s.
•

Re
m

ov
e 

ca
rp

et
s 

fro
m

 y
ou

r b
ed

ro
om

 a
nd

 th
os

e 
lai

d 
on

 c
on

cr
et

e,
 if 

yo
u 

ca
n.

•
Ke

ep
 s

tu
ffe

d 
to

ys
 o

ut
 o

f t
he

 b
ed

 o
r w

as
h 

th
e 

to
ys

 w
ee

kly
 in

 h
ot

 w
at

er
 o

r 
co

ole
r w

at
er

 w
ith

 d
et

er
ge

nt
 a

nd
 b

lea
ch

.

Co
ck

ro
ac

he
s

M
an

y p
eo

ple
 w

ith
 a

st
hm

a 
ar

e 
all

er
gic

 to
 th

e 
dr

ied
 d

ro
pp

ing
s 

an
d 

re
m

ain
s 

of
 c

oc
kr

oa
ch

es
.

Th
e 

be
st

 th
in

g 
to

 d
o:

•
Ke

ep
 fo

od
 a

nd
 g

ar
ba

ge
 in

 c
los

ed
 c

on
ta

ine
rs

.N
ev

er
 le

av
e 

fo
od

 o
ut

.
•

Us
e 

po
iso

n 
ba

its
, p

ow
de

rs
, g

els
, o

r p
as

te
 (f

or
 e

xa
m

pl
e,

 b
or

ic 
ac

id
). 

Y o
u 

ca
n 

als
o 

us
e 

tra
ps

.
•

If 
a 

sp
ra

y 
is 

us
ed

 to
 k

ill 
ro

ac
he

s,
 s

ta
y 

ou
t o

f t
he

 ro
om

 u
nt

il t
he

 o
do

r 
go

es
 a

w
ay

.

In
do

or
 M

ol
d

•
Fix

 le
ak

y 
fa

uc
et

s,
 p

ip
es

, o
r o

th
er

 s
ou

rc
es

 o
f w

at
er

 th
at

 h
av

e 
m

old
 

ar
ou

nd
 th

em
.

•
Cl

ea
n 

m
old

y 
su

rfa
ce

s 
w

ith
 a

 c
lea

ne
r t

ha
t h

as
 b

lea
ch

 in
 it

.

Po
lle

n 
an

d 
O

ut
do

or
 M

ol
d

W
ha

t t
o 

do
 d

ur
in

g 
yo

ur
 a

lle
rg

y 
se

as
on

 (w
he

n 
po

lle
n 

or
 m

ol
d 

sp
or

e 
co

un
ts

ar
e 

hi
gh

):
•

Tr
y 

to
 k

ee
p 

yo
ur

 w
ind

ow
s 

clo
se

d.
•

St
ay

 in
do

or
s 

w
ith

 w
ind

ow
s 

clo
se

d 
fro

m
 la

te
 m

or
nin

g 
to

 a
fte

rn
oo

n,
 

if y
ou

 c
an

. P
oll

en
 a

nd
 s

om
e 

m
old

 s
po

re
 c

ou
nt

s 
ar

e 
hig

he
st

 a
t t

ha
t t

im
e.

•
As

k 
yo

ur
 d

oc
to

r w
he

th
er

 y
ou

 n
ee

d 
to

 ta
ke

 o
r i

nc
re

as
e 

an
ti-

inf
lam

m
at

or
y 

m
ed

ici
ne

 b
ef

or
e 

yo
ur

 a
lle

rg
y 

se
as

on
 s

ta
rts

.

Irr
ita

nt
s

To
ba

cc
o 

Sm
ok

e
•

If 
yo

u 
sm

ok
e,

 a
sk

 y
ou

r d
oc

to
r f

or
 w

ay
s 

to
 h

elp
 y

ou
 q

uit
.A

sk
 fa

m
ily

 
m

em
be

rs
 to

 q
uit

 s
m

ok
ing

, t
oo

.
•

Do
 n

ot
 a

llo
w

 s
m

ok
ing

 in
 y

ou
r h

om
e 

or
 c

ar.
 

Sm
ok

e,
 S

tro
ng

 O
do

rs
, a

nd
 S

pr
ay

s
•

If 
po

ss
ib

le,
 d

o 
no

t u
se

 a
 w

oo
d-

bu
rn

ing
 s

to
ve

, k
er

os
en

e 
he

at
er,

 o
r f

ire
pl

ac
e.

•
Tr

y 
to

 s
ta

y 
aw

ay
 fr

om
 s

tro
ng

 o
do

rs
 a

nd
 s

pr
ay

s,
 s

uc
h 

as
 p

er
fu

m
e,

 ta
lcu

m
po

w
de

r,
ha

ir 
sp

ra
y,

an
d 

pa
int

s.

O
th

er
 th

in
gs

 th
at

 b
rin

g 
on

 a
st

hm
a 

sy
m

pt
om

s 
in

 s
om

e 
pe

op
le

 in
cl

ud
e:

Va
cu

um
 C

le
an

in
g

•
Tr

y 
to

 g
et

 s
om

eo
ne

 e
lse

 to
 v

ac
uu

m
 fo

r y
ou

 o
nc

e 
or

 tw
ice

 a
 w

ee
k,

 
if y

ou
 c

an
. S

ta
y 

ou
t o

f r
oo

m
s 

w
hil

e 
th

ey
 a

re
 b

ein
g 

va
cu

um
ed

 a
nd

 fo
r 

a
sh

or
t w

hil
e 

af
te

rw
ar

d.
•

If 
yo

u 
va

cu
um

, u
se

 a
 d

us
t m

as
k 

(fr
om

 a
 h

ar
dw

ar
e 

st
or

e)
, a

 d
ou

bl
e-

lay
er

ed
 

or
 m

icr
of

ilte
r v

ac
uu

m
 c

lea
ne

r b
ag

, o
r a

 v
ac

uu
m

 c
lea

ne
r w

ith
 a

 H
EP

A
filt

er .

O
th

er
 T

hi
ng

s 
Th

at
 C

an
 M

ak
e 

As
th

m
a 

W
or

se
•

Su
lfit

es
 in

 fo
od

s 
an

d 
be

ve
ra

ge
s:

  D
o 

no
t d

rin
k 

be
er

 o
r w

ine
 o

r e
at

 d
rie

d 
fru

it, 
pr

oc
es

se
d 

po
ta

to
es

, o
r s

hr
im

p 
if t

he
y 

ca
us

e 
as

th
m

a 
sy

m
pt

om
s.

•
Co

ld
 a

ir: 
 C

ov
er

 y
ou

r n
os

e 
an

d 
m

ou
th

 w
ith

 a
 s

ca
rf 

on
 c

old
 o

r w
ind

y 
da

ys
.

•
O

th
er

 m
ed

ici
ne

s:
  T

ell
 y

ou
r d

oc
to

r a
bo

ut
 a

ll t
he

 m
ed

ici
ne

s 
yo

u 
ta

ke
. 

In
clu

de
 c

old
 m

ed
ici

ne
s,

 a
sp

irin
, v

ita
m

ins
 a

nd
 o

th
er

 s
up

pl
em

en
ts

, a
nd

 
no

ns
ele

ct
ive

 b
et

a-
bl

oc
ke

rs
 (in

clu
di

ng
 th

os
e 

in 
ey

e 
dr

op
s).

Th
is 

gu
id

e 
su

gg
es

ts
 th

in
gs

 y
ou

 c
an

 d
o 

to
 a

vo
id

 y
ou

r a
st

hm
a 

tri
gg

er
s.

  P
ut

 a
 c

he
ck

 n
ex

t t
o 

th
e 

tri
gg

er
s 

th
at

 y
ou

 k
no

w
 m

ak
e 

yo
ur

 a
st

hm
a 

w
or

se
 

an
d 

as
k 

yo
ur

 d
oc

to
r t

o 
he

lp
 y

ou
 fi

nd
 o

ut
 if

 y
ou

 h
av

e 
ot

he
r t

rig
ge

rs
 a

s 
w

el
l. 

 T
he

n 
de

ci
de

 w
ith

 y
ou

r d
oc

to
r w

ha
t s

te
ps

 y
ou

 w
ill 

ta
ke

. 

Ho
w

 T
o 

C
on

tro
l T

hin
gs

 T
ha

t M
ak

e 
Yo

ur
 A

st
hm

a 
W

or
se

Fo
r M

or
e I

nf
or

m
at

ion
,g

o t
o:

ww
w.

nh
lbi

.n
ih.

go
v

NI
H

Pu
bli

ca
tio

n N
o.

07
-5

25
1

Ap
ril

 20
07

SJ Lampkin, et al



JPPT

465J Pediatr Pharmacol Ther 2016 Vol. 21 No. 5 • www.jppt.org

links to AAPs that can be printed and completed 
or completed electronically. Many are also avail-
able in Spanish. For details on the US National 
Institutes of Health (NIH, Bethesda, MD) rec-
ommendations regarding the use of AAPs, refer 
to pages 115 to 120 of the guidelines at http://
www.nhlbi.nih.gov/files/docs/guidelines/
asthgdln.pdf.

CONCLUSION

Asthma is a complex, multifactorial disease re-
quiring consistent education at all points of care. 
It is a chronic condition that is dynamic through-
out a patient’s life, changing in severity and the 
way it is managed by the patient and his or her 
health care team. A patient’s asthma status may 
change from intermittent to persistent through-
out his or her life. Albuterol is the drug of choice 
for relief of acute flares because it is effective 
and well tolerated by patients. The cornerstone 
of long-term maintenance therapy of asthma is 
ICS. In more-persistent classifications, other drug 
classes, such as LTRAs and LABAs, are added to 
ICS therapy. Pharmacists are in a unique position 
to educate patients on the differences among 
commonly used asthma medications, to teach 
patients appropriate asthma device techniques 
and cleaning, and to understand how to refer to 
the AAP for daily instruction. This information 
should be used to assess appropriate medication 
use and to provide self-management education 
to patients and their caregivers.
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Answers:
1.	 Severity table (Figure 1). Rationale: the patient 

is not currently on a controller medication.
2.	 Severity is classified as moderate persistent. 

Rationale: The “daytime symptoms” and “B-
agonist use” answers are in the ”mild persis-
tent” column. The number of exacerbations the 
patient had had in the previous year puts her 
in the persistent asthma category (there is no 
specific recommendation detailing how many 
would place a patient in 1 of the 3 persistent 
categories). The highest-rated component, 

“nighttime symptoms,” is in the “moderate 
persistent” column. The highest-rated com-
ponent determines the severity rating, so 
this patient’s severity would be classified as 
moderate persistent. Only when lung function 
test information is available is it used to rate 
the patient’s asthma severity.

3.	 Addition of a medium-dose ICS to the SABA 
prn. Rationale: The patient would be at “step 
3” in which low-dose (ICS) + LABA or a me-
dium-dose of ICS would be initiated. Notice 
that ICS is the preferred controller therapy, 
and other agents are added as indicated. An 
alternative therapy is low-dose ICS plus a 
LTRA (e.g. montelukast). This regimen could 
be used in a patient with comorbid allergic 
rhinitis or if the family was resistant to in-
creasing doses of inhaled steroids. If a patient 
has asthma only, an ICS + LABA treatment 
is an acceptable choice, as well, because the 
addition of LABAs improves asthma control, 
and a combination product in 1 device may 
improve likelihood of adherence. A clinician 
using Figure 8 in this document, along with 
patient age and recommended steroid dose 
level, can determine ICS options and corre-
sponding total daily dose. This patient would 
be given an AAP and would be treated for ap-
proximately 3 months if therapy was effective 
and well tolerated.

4.	 At each opportunity, health care providers 
must reassess adherence, inhaler technique, 
environmental control, and comorbid condi-
tions. Because this patient recently started a 
new medicine, an ICS, poor adherence was 
possible because of confusion among the 
different medicines used to treat asthma. A 
common reason patients are non-adherent is 
that they have confused their controller and 
rescue medications or perceive their rescue 
medication is more effective than the control-
ler medication. A benign question to ask to 
assess about adherence or confusion is “What 
is the color (or name) of the medication used 
every day to control your asthma?” Poor tech-
nique or not using a VHC (with or without 
a facemask) is an additional reason patients 
may be poorly controlled despite starting an 
ICS. This is best assessed by having the patient 
demonstrate their technique.
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This is a Continuing Pharmacy Education (CPE) article. 

To receive continuing education credit, you must pass a post-test. To register for CE and to 
access the post-test, please direct your browser to: http://tinyurl.com/jpptce
 
Program Title: Asthma Review for Pharmacists Providing Asthma Education
Program Number: 0180-0000-16-500-H01-P
Program Type: Knowledge-based
Program Hours: 1 contact hour (0.1 CEU’s)

Upon completion of this program, the practitioner will be able to

1.	 Identify asthma severity, control, and step therapy using the current 2007 NHLBI 
guideline tables.

2. 	 Describe how commonly used asthma medications affect asthma pathophysiology.
3. 	 Explain to a patient and caregiver the proper use of the following medication classes in 

asthma care: quick relievers, ICSs, oral steroids, LABAs, and LTRAs.
4. 	 Explain to a patient and caregiver at least 3 side effects or concerns with common 

medications used in asthma care.
5. 	 Teach a patient and caregiver to properly use and clean an MDI, VHC or spacer, and 

nebulizer according to manufacturer specifications.
6. 	 Create an AAA, according to 2007 NHLBI guidelines, which includes appropriate 

controller(s), rescue medication, symptoms, and patient-specific triggers.
 

PPAG is accredited by the Accreditation Council for Pharmacy Education as a 
provider of continuing pharmacy education. For more information, go to: 
https://www.ppag.org/index.cfm?pg=Accreditation
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1.	 A 7-year-old patient with an acute asthma exacerbation was on fluticasone and albuterol for 
2 years but stopped 6 months ago. Which of the following figures is the appropriate one to 
address his or her asthma at a current visit?

	 a.	 Classifying severity and initiating treatment in children 5–11 years old.
	 b.	 Assessing asthma control and adjusting therapy in children 5–11 years old.
	 c.	 Classifying severity and initiating treatment in children 12 years and older.
	 d.	Assessing asthma control and adjusting therapy in children 12 years and older.

2.	 An 8-year-old patient who is not currently using a controller medication is started on 
prednisolone liquid for an acute asthma exacerbation.

	 Impairment
	 Symptoms once daily with exercise (until this week, when it became worse)
	 Night symptoms 4 nights/wk (until this week, when it became worse)
	 Uses 2 puffs albuterol with VHC BID (until this week, when it was used up to q 2 hr)
	 Some activity limitation (which became severe this week)
	
	 Risk
	 This is the second course of oral steroids in the past year
	 What is this patient’s asthma severity?

	 a.	 Intermittent asthma
	 b.	 Mild persistent asthma
	 c.	 Moderate persistent asthma
	 d.	Severe persistent asthma

3.	 For the patient in question 2, which controller therapy should be started?
	 a.	 None is required
	 b.	 Low-dose ICS
	 c.	 Medium-dose ICS
	 d.	High-dose ICS

4.	 Which of the following would decrease airway inflammation associated with asthma?
	 a.	 Albuterol
	 b.	 Salmeterol
	 c.	 Ipratropium
	 d.	Budesonide

5.	 When using albuterol every 4 hours as needed for shortness of breath in a 10-year-old with 
asthma, which of the following is the best option?

	 a.	 Albuterol 1.25 mg use 1 vial every 4 hours as needed for shortness of breath
	 b.	 Albuterol 2 puff with VHC every 4 hours as needed for shortness of breath
	 c.	 Albuterol 4 puffs with VHC every 4 hours as needed for shortness of breath
	 d.	Albuterol 4 puffs every 4 hours as needed for shortness of breath

Continuing Education Assessment Questions
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6.	 When compared with albuterol, levalbuterol is statistically superior because it
	 a.	 Improves respiratory rate
	 b.	 Increases oxygen saturations
	 c.	 Reduces hospital admission rate
	 d.	Decreases duration of ED care

7.	 Rinsing the mouth after using a VHC to administer ICS decreases the chance of getting the 
following side effects EXCEPT

	 a.	 Decreased final adult height
	 b.	 Dysphonia
	 c.	 Thrush
	 d.	Sore throat

8.	 When counseling on the use of ICS for patients with asthma, which of the following is 
accurate?

	 a.	 Maximum effects occur within 1 week.
	 b.	 It is appropriate to use ICS to treat acute asthma flares.
	 c.	 ICS is a cure for a patient’s asthma.
	 d.	Maximum effect takes 2 weeks to occur.

9.	 Which of the following is TRUE for inhaled asthma medications?
	 a.	 Anticholinergic rescue medications are as effective as SABAs.
	 b.	 LABAs have a role as monotherapy for some persistent asthmatics.
	 c.	 Doubling an ICS should be recommended to manage an asthma flare at home.
	 d.	Use of a SABA more than twice per week (not including before exercise) indicates poorly 
		  controlled asthma.

10.	Which of the following is true regarding administration of short courses of oral steroids (i.e. 
prednisone or prednisolone) for the treatment of asthma flares?

	 a.	 Can be substituted with increased doses of inhaled steroids.
	 b.	 Are typically 5 days long without a taper.
	 c.	 Do not indicate the level of risk for a patient with asthma.
	 d.	Have no effect on the rates of hospitalization from asthma flares.

11.	Which of the following is true regarding dexamethasone for acute asthma exacerbations?
	 a.	 It causes more nausea and vomiting than prednisolone.
	 b.	 It is comparable to prednisolone in treating severe asthma exacerbations.
	 c.	 1 or 2 doses work as well as 5 days of prednisolone in terms of lowered rates of 
		  unscheduled doctor visits for asthma, hospital admission rates, and vomiting.
	 d.	The liquid form is more palatable than prednisolone sodium phosphate.

12.	The role of LTRAs in asthma therapy include
	 a.	 Initial controller monotherapy
	 b.	 Second-line, add-on controller therapy
	 c.	 Third-line, add-on controller therapy
	 d.	B and C

13.	Which of the following is true about montelukast?
	 a.	 May be effective in treating exercise-induced bronchoconstriction
	 b.	 Frequently causes neuropsychiatric side effects, such as agitation and suicidal ideations
	 c.	 May be effective in patients with asthma and allergic rhinitis
	 d.	Only A and C
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14.	Which step is NOT correct when administering an MDI with VHC and mouthpiece?
	 a.	 Take off cap, shake inhaler for 10 seconds, and place in VHC.
	 b.	 Press down on the inhaler once and inhale slowly for a count of 10.
	 c.	 Administer 2 puffs of the inhaler into the VHC and breathe in slowly.
	 d.	Hold breath 10 seconds, wait 1 minute, then repeat the entire process, if indicated.

15.	Which step is NOT correct when administering an MDI with VHC and face mask
	 a.	 Take off cap, shake inhaler for 10 seconds, and place in holding chamber.
	 b.	 Place mask over the nose and mouth.
	 c.	 Hold breath 10 seconds, wait 1 minute, then repeat the entire process, if indicated.
	 d.	Press down on the inhaler once and breathe in and out 6 times.

16.	At which age can most children start to produce the appropriate, forceful inhalation for 
proper administration of a DPI?

	 a.	 4 years old
	 b.	 5 years old
	 c.	 6 years old
	 d.	7 years old

17.	Which of the following is an advantage of aerosol medication administration?
	 a.	 Technique is easier to teach.
	 b.	 The duration of medication administration is faster than any other delivery device.
	 c.	 Medication administered via nebulizer is more effective than that delivered by MDI with 
		  VHC and facemask.
	 d.	Children who do not like facemasks or holding a delivery device can be given the 
		  medication using blow-by technique.

18.	What is the recommendation for how frequently VHCs should be cleaned?
	 a.	 Every 3 days
	 b.	 Every week
	 c.	 Every other week
	 d.	Once a month

19.	Which part of the aerosol delivery device should not be washed with liquid dish soap and 
water?

	 a.	 Tubing
	 b.	 Facemask
	 c.	 Nebulizer
	 d.	Mouth piece

20.	For an AAP to be effective
	 a.	 It should incorporate a patient’s daily signs and symptoms along with peak flow meter 
		  readings.
	 b.	 It should be discussed between the patient caregiver and health care provider at every 
		  encounter when asthma is discussed.
	 c.	 A practitioner must use one that is available in electronic format.
	 d.	It can be helpful without extraneous information, such as emergency contact and triggers.
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