Noel A. Dunn, MD; Laurel
A. Neff, DO; Douglas M.
Maurer, DO, MPH
Department of Family
Medicine, Madigan Army
Medical Center, Tacoma,
Wash (Drs. Dunn, Neff,
and Maurer)
douglas.m.maurer.mil@
mail.mil
The authors reported no
potential conflict of interest
relevant to this article.

A stepwise approach
to pediatric asthma
Two guidelines and several recent studies are available
to guide your care. This review—with handy figure—puts
it all at your fingertips.

PRACTICE
RECOMMENDATIONS
❯ Reassure parents that
metered-dose inhalers are
as effective as nebulizers for
asthma exacerbations. A
❯ Use a 2-day course
of systemic steroids for asthma
exacerbations rather than
extended regimens. B
❯ Develop an asthma
action plan for every patient
with asthma to decrease
acute care visits. B
Strength of recommendation (SOR)

A 	Good-quality patient-oriented
evidence
  	 B 	Inconsistent or limited-quality
patient-oriented evidence
	 C 	Consensus, usual practice,
opinion, disease-oriented
evidence, case series

P

ediatric asthma is the most commonly encountered
childhood chronic disease, occurring in approximately
13.5% of children.1 Due to the interplay between patient,
family physician (FP), and the environment, asthma often
proves challenging to control. Although national guidelines
for the treatment of asthma have not changed since 2007, significant research continues to examine the optimal means of
preventing, controlling, and treating asthma in children. This
review summarizes the evidence to date so that you can maximize your care for these young patients.

A stepwise approach to asthma control
The 2007 National Heart, Lung, and Blood Institute (NHLBI)
guidelines provide a common pathway for the management of
asthma (FIGURE).2 These guidelines emphasize stepwise treatment, based on symptom severity, which maximizes quality of
life while minimizing morbidity. Treatment is escalated after
careful assessment of frequency of daytime symptoms, frequency of nighttime symptoms, forced expiratory volume in
one second (FEV1), and the number of exacerbations requiring systemic steroids over the past year. It’s also appropriate to
de-escalate care when symptoms are controlled to minimize
adverse effects.
❚ The 2017 Global Initiative for Asthma (GINA) guidelines recommend a similar stepwise approach, with gener-

ally the same progression of control medications as the NHLBI
guidelines. One variation is that GINA guidelines recommend
considering inhaled corticosteroids (ICS) for all asthma
patients—even those with intermittent symptoms.3
❚ The Asthma Control Test and Asthma Control Questionnaire are also available for assessment of efficacy of asthma
control and can help guide FPs with the decision of when to
escalate control medications. (They are available at: http://bit.
ly/2o3CzGX and http://bit.ly/2p1LvAc, respectively.)
C ON TIN U ED
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FIGURE

The NHLBI’s stepwise approach to managing asthma2
Step 1

Step 2

Children 0-4 y

Preferred

SABA PRN

Medium-dose ICS

Low-dose ICS

SABA PRN
Cromolyn,
LTRA,
nedocromil, or
theophylline

Alternative

Preferred

Medium-dose ICS
+
LABA or
montelukast

Low-dose ICS

Low-dose ICS
+
LABA, LTRA, or
theophylline
OR
Medium-dose ICS

Low-dose ICS
+
LABA
OR
Medium-dose ICS

Medium-dose ICS
+
LABA

Medium-dose ICS
+
LTRA or
theophylline

Medium-dose ICS
+
LABA

SABA PRN

Alternative

Step 5

Step 6

High-dose ICS
+
LABA or
montelukast

High-dose ICS
+
LABA or
montelukast
+
Oral
corticosteroids

High-dose ICS
+
LABA

High-dose ICS
+
LABA
+
Oral
corticosteroids

High-dose ICS
+
LTRA or
theophylline

High-dose ICS
+
LTRA or
theophylline
+
Oral
corticosteroids

High-dose ICS
+
LABA
+
Consider
omalizumab for
patients with
allergies

High-dose ICS
+
LABA
+
Oral
corticosteroids
+
Consider
omalizumab
for patients
with allergies

Cromolyn or
montelukast

Preferred
Children 5-11 y

Step 4

Low-dose ICS

Alternative

Children ≥12 y and adults

Step 3

Low-dose ICS
Cromolyn,
+
LTRA,
LTRA,
nedocromil, or
theophylline, or
theophylline
zileuton

Medium-dose ICS
+
LTRA,
theophylline, or
zileuton

ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LTRA, leukotriene receptor antagonist; NHLBI, National Heart, Lung, and Blood Institute; PRN, as
needed; SABA, short-acting beta-agonist.

A systematic review found that both tools
were effective in determining if a patient was
well controlled vs not well controlled.4 Similarly, a 2012 study found that using the Asthma
Control Test score was useful for assessing
control and directing changes to treatment.5
In addition, using these tools consistently in a
primary care setting increased the frequency
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of assessment without negatively impacting
patient flow through a clinic.6
Short-acting beta-agonists:
A mainstay for intermittent asthma
Inhaled short-acting beta-agonists (SABAs)
are the mainstay of treatment for intermittent asthma as well as asthma exacerbations.
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Short-acting beta-agonists are effective for
symptomatic relief and preventing exacerbations prior to known exposures because they
dilate smooth muscle in bronchioles and
relieve bronchospasm.
Albuterol, the most commonly used
SABA, is a mixture of the active R-enantiomer
and inactive L-enantiomer. Levalbuterol,
which consists of only the active R-enantiomer, is also available and is theoretically
more effective with fewer adverse effects.
Studies examining the difference in efficacy
between albuterol and levalbuterol, however,
have been mixed, and current guidelines do
not recommend one over the other.7
Metered-dose inhalers vs nebulizers
SABAs are typically prescribed in metered-dose
inhalers (MDIs), dry powder inhalers, or nebulizers. A meta-analysis comparing the efficacy
of nebulizers to MDIs with spacers in both the
outpatient and emergency department (ED)
settings indicated that MDIs work at least as
well as nebulizers and may also reduce length
of ED stay.8 This trend appears consistent even
with children younger than 24 months.9
If you are prescribing an MDI, be sure to
routinely prescribe spacers to help ensure the
medication is properly administered. Various
types of spacers are available; some consist of
an extension of the mouthpiece, while others serve as a chamber with a one-way valve
to help improve the ability of the child to
inhale the medication. Spacers that do not
have antistatic coating should be gently
washed with water and detergent.
Masks are also available for younger children and should be properly sized. The same
spacer can be used for multiple medications,
although they should be administered one at
a time. Generally, albuterol should be administered prior to other medications to maximize
distribution of subsequent inhaled medications.
Start low with inhaled corticosteroids
Treatment of persistent asthma consists of regular use of inhaled corticosteroids (ICSs; first
line) with SABAs, as needed, for exacerbations.
Guidelines recommend starting at a low dose
and increasing the dose based on symptom
control. Patients must consistently use ICSs for
one to 2 weeks prior to obtaining full effect of
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the medication, and parents should be counseled to set appropriate expectations.2,3 ICSs
are dispensed as MDIs, dry powder inhalers,
and nebulizers; spacers should be considered.
Studies have shown a slight decrease in
height for children on ICSs, with long-term
studies indicating a persistent 1- to 2-cm
decrease in adult height.10,11
Patient isn’t well controlled?
Time for a long-acting beta-agonist
For patients not well controlled on low-dose
ICSs, the dose can be increased or a longacting beta-agonist (LABA) or leukotriene
receptor antagonist (LTRA) can be added.
A recent meta-analysis examining children
not well controlled with ICSs, found that the
addition of LABAs resulted in improved
FEV1 and nighttime symptoms, and
reduced the requirement for rescue inhalers when compared to increasing the ICS
dose alone.12 In addition, there was no difference in adverse events between the 2 agents,
although patients taking ICSs and LABAs had
greater growth in height than those with an
increased dose of ICS.12 Adding a LABA, however, did not decrease the need for systemic
steroids and also did not reduce the number
of exacerbations requiring hospitalizations.12
Another recent study demonstrated that
the combination of ICSs and LABAs was noninferior to ICSs alone in preventing hospitalizations, intubations, and deaths.13 There
are limited data on whether patients already
on LABAs and ICSs should be continued on
dual medications. Additionally, there is no
clear method describing how to de-escalate
therapy for those patients who are well controlled on ICSs and LABAs. A reasonable
approach is to reduce doses of both medications and discontinue the LABA if
tolerated.14,15 The US Food and Drug Administration has issued a black box warning that
LABAs should not be used as a single controller medication because patients may be at
increased risk of asthma-related deaths.16,17

Guidelines
emphasize
stepwise
treatment, based
on symptom
severity,
to maximize
quality of life
while minimizing
morbidity.

What role for leukotriene
receptor antagonists?
According to NHLBI guidelines, LTRAs
can be considered as an alternative to ICSs
when starting a control medication for mild

VOL 66, NO 5 | MAY 2017 | THE JOURNAL OF FAMILY PRACTICE

283

persistent asthma.2 A recent meta-analysis,
however, showed that there were increased
rates of hospitalizations with LTRAs alone
when compared to ICSs.18 The NHLBI guidelines also suggest that LTRAs can be used as
adjunctive medication for those patients not
well controlled on ICSs rather than increasing the ICS dose or adding a LABA.2
A 2011 clinical trial found no difference
in quality of life measures between LTRAs and
LABAs as adjunctive therapy at 2 months, but
LABAs were more effective when patients were
reassessed in 2 years.19 Similarly, the same
study also found that adding LTRAs to low-dose
ICSs rather than increasing the ICS dose was
equivalent in the short term but not at 2 years.19

Consider
de-escalating
care when
symptoms
are controlled
to minimize
adverse effects.

2 other adjunctive therapy options:
Xanthines, cromolyn
Similar to LTRAs, xanthines can be considered as adjunctive therapy for children older
than 5 years who are not well controlled on a
low-dose ICS. Although xanthines decrease
asthma symptoms when compared to placebo alone, they are not more effective than
ICSs alone and should be considered only as
adjunctive therapy.2,20 There have been few
studies comparing xanthines to other adjunctive medications.21
Cromolyn is another adjunctive medication cited in the NHLBI guidelines for escalation of therapy.2 Although the medication has
few adverse effects, its use is generally limited
in the United States because data supporting
its efficacy are lacking.
Omalizumab for allergy-related
asthma exacerbations
Omalizumab, an anti-IgE antibody injected
every 2 to 4 weeks, is available for children
older than 6 years with moderate to severe
asthma that is not responsive to ICSs and
LABAs.22 The medication is effective in reducing allergy-related asthma exacerbations and
hospitalizations, but data comparing it to other
adjunctive medications are limited.22 Due to
their significant systemic effects, the role of
oral steroids as control medications is reserved
for patients with severe asthma who are refractory to other medications. Children should be
placed on oral steroids for the least amount of
time required to achieve symptom control.
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Acute exacerbation treatment:
What to consider
Although there is no agreed-upon definition for an acute asthma exacerbation, the
American Thoracic Society defines it as "an
event characterized by a change from the
patient’s previous status."23 All patients should
be given an asthma action plan that clearly
delineates the escalation of therapy in the
event of an exacerbation, although only half
of all patients report experiencing one.24
Symptom-based plans may prevent more
acute care visits when compared to plans
that use peak-flow measurements, although
children on peak-flow plans may have fewer
symptomatic days.25
Start with short-acting beta-agonists
The SABAs serve as the initial treatment of
choice for management of asthma exacerbations. In young children (0-3 years), SABAs
delivered by MDI with a spacer were more
effective in reducing admission rates (11.3%
vs 21.7%) when compared to SABAs delivered
by nebulizers, resulting in a number needed to
treat to prevent one admission of 10.26
In older children (3-18 years), SABAs
delivered via spacer reduced ED length of
stay, but did not significantly affect hospitalization rates. Additionally, SABAs
administered with anticholinergics such as
ipratropium bromide were more effective
than SABAs alone in reducing admissions
(16.9% vs 23.2%), particularly in older children with moderate to severe asthma, while
also minimizing adverse effects.8,26
Corticosteroids: A mainstay in the ED
In addition to albuterol administration,
corticosteroids remain the mainstay of ED
management for asthma exacerbations.
Administration of systemic steroids has been
shown to reduce hospitalizations in children
under 6 years, although, paradoxically, studies examining outpatient administration have
demonstrated an increase in hospitalizations
when compared to placebo.27
Dexamethasone and prednisone are the
2 most commonly used systemic steroids,
and studies haven't indicated superiority of
either.28,29 There is no difference in efficacy
between oral and intravenous steroids.30 A
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recent clinical trial found a 2-day course
of dexamethasone (0.6 mg/kg) had similar
efficacy with fewer adverse effects when
compared to a 5-day course of prednisone
(1-2 mg/kg/day).28
Patient isn’t responding? Try IV magnesium
For patients who don't respond to corticosteroids and albuterol treatments, IV magnesium
sulfate (usual dose, 25-75 mg/kg/d; maximum
dose, 2000 mg/d) has been shown to improve
respiratory function, but not necessarily
decrease admission rates.31 Inhaled magnesium sulfate hasn't been shown to be more
effective than IV administration and isn't
recommended.32
Evidence doesn’t support use of heliox
Heliox, which consists of 80% helium, is theorized to be effective in the treatment of asthma
by increasing laminar flow and increasing the
delivery of medications to the alveoli.32 Overall, the evidence does not support the use of
heliox, which is typically restricted to patients
with severe asthma exacerbations.33
Is it worth considering noninvasive
positive pressure ventilation?
If patients don't improve with medical
treatment, noninvasive positive pressure
ventilation can be considered. A recent metaanalysis suggests that there is no definitive
benefit or harm from this treatment, although
several studies have indicated a decrease in
symptom severity.34
Intubation should be considered for
hypoxemia unresponsive to medications,
or in cases of exhaustion, worsening mental
status, or respiratory acidosis unresponsive
to medication. Ventilation should allow for
a permissive respiratory acidosis (pH, 7.2),
while maintaining adequate oxygenation.35

Reducing the burden of asthma
Due to the complex task of reducing triggers
and providing effective controller medications, working with parents and children is
integral to improving the quality of life for
patients with asthma. Although there is an
obvious genetic predisposition, family physicians can help reduce the risk of developing

asthma by encouraging healthy behaviors at
home before the child is born. In the prenatal period, this includes avoiding tobaccosmoke exposure, lessening maternal obesity,
decreasing maternal antibiotic and acetaminophen use, and curtailing stress.
Evidence suggests that after birth,
breastfeeding and reducing childhood obesity can help lower the risk of asthma.36
Atopic disease, in general, can be reduced by
breastfeeding until at least 4 months, as well
as encouraging a varied diet that does not
restrict potential allergens during pregnancy
or lactation, and introducing foods (including
potential allergens) after the age of 4 months.
❚ The risk of atopic disease can also
be lowered by lessening potential triggers
at home. These include restricting exposure to cats (but not dogs), reducing home
mold by decreasing humidity and ensuring
adequate ventilation, avoiding volatile
organic compounds, such as chlorine, and
curtailing exposure to vehicle emissions.
Although often marketed to be effective in
reducing allergies, dust-mite covers and soybased formulas don't prevent or minimize
allergies and are often costly.37,38 In addition,
there is no evidence that vaccinations are
associated with allergies.39
JFP

Inhaled shortacting betaagonists are
the mainstay
of treatment
for intermittent
asthma, as
well as asthma
exacerbations.

CORRESPONDENCE

Douglas M. Maurer, 9040A Jackson Ave, Joint-Base LewisMcChord, WA 98431; douglas.m.maurer.mil@mail.mil.
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