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abstract
OBJECTIVE: Recent practice guidelines from the American Academy of
Pediatrics recommend limiting use of bronchodilators, corticosteroids,
antibiotics, and diagnostic testing for patients with bronchiolitis. We
sought to determine the association of the evidence-based guidelines
with bronchiolitis care in the emergency department (ED).
METHODS: We analyzed data from the National Hospital Ambulatory
Medical Care Survey, a nationally representative sample of ED visits.
We compared utilization for patient visits before and after the publication of the guidelines. We used logistic regression to determine the
association of the availability of the guidelines with resource utilization.
RESULTS: Bronchodilators were used in 53.8% of patient visits with no
differences noted after the introduction of the guidelines (53.6% vs
54.2%, P = .91). Systemic steroids were used in 20.4% of patient visits,
and antibiotics were given in 33.2% of visits. There were no changes
in the frequency of corticosteroid (21.9% vs 17.8%, P = .31) or antibiotic (33.6% vs 29.7%, P = .51) use. There was an associated decrease
in use of chest x-rays (65.3% vs 48.6%, P = .005). This association
remained signiﬁcant after adjusting for patient and hospital
characteristics with an adjusted odds ratio of 0.41 (95% conﬁdence
interval 0.26–0.67).
CONCLUSIONS: For patients seen in the ED with bronchiolitis, utilization
of diagnostic imaging has decreased with the availability of the American Academy of Pediatrics practice guidelines. However, there has not
been an associated decrease in use of nonrecommended therapies.
Targeted efforts will likely be required to change practice signiﬁcantly.
Pediatrics 2013;131:S103–S109
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Bronchiolitis is a leading cause of
hospitalization for infants and toddlers
and is one of the most common conditions for which this population is
evaluated in the emergency department (ED).1–3 Most children under age 2
will have at least 1 episode of bronchiolitis, and between 390 and 510
deaths are attributed to bronchiolitis
each year.4 Many commonly used
therapies such as bronchodilators and
corticosteroids have no proven efﬁcacy
in the treatment of bronchiolitis.5–17
The American Academy of Pediatrics
(AAP) released clinical practice guidelines in 2006 to assist in the management of bronchiolitis. These guidelines
emphasized supportive care with oxygen and supplemental hydration, if
needed, and recommended against
routine use of bronchodilators, corticosteroids, antibiotics, and diagnostic
testing.1 We sought to determine the
impact of the 2006 AAP bronchiolitis
guidelines on the care of children
treated in the ED. We hypothesized that
medication usage and diagnostic testing would decrease after the release of
the AAP practice guidelines.

METHODS
Sample
Data are from the 2001–2009 National
Hospital Ambulatory Medical Care
Survey (NHAMCS), a nationally representative sample of emergency department visits conducted annually by
the National Center for Health Statistics, Centers for Disease Control. The
survey utilizes a 4-stage probability
sampling strategy and includes noninstitutional nonfederal general and
short-stay hospitals. Additional details
about survey methodology are available from the National Center for
Health Statistics, http://www.cdc.gov/
nchs/ahcd/about_ahcd.htm#NHAMCS.
We deﬁned bronchiolitis as having an
International Classiﬁcation of Diseases, Ninth Revision diagnosis of
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bronchiolitis (codes 466, 466.11, 466.19)
and age under 2 years. All patients with
bronchiolitis comprised our analytic
sample.
Variable Selection
The dependent variables of interest
were treatment with bronchodilators,
corticosteroids, antibiotics, and utilization of chest radiographs. In the
NHAMCS, up to 8 medications are
recorded for each patient visit. We
included all 8 medications in the
construction of the variables for bronchodilators, corticosteroids, and antibiotics. For bronchodilators, patient
visits with administration of any noncombination short-acting bronchodilator were classiﬁed as receiving
bronchodilators. For corticosteroids,
we classiﬁed all records with administration of systemic corticosteroids
excluding inhaled corticosteroids. For
antibiotics, we included any systemic
antibiotics administered in the ED
or given at the time of discharge. Information regarding radiographs
varied throughout the study period.
NHAMCS data from 2001 through
2004 included a separate data ﬁeld
regarding chest radiographs. However, for 2005 through 2009, the data
ﬁeld included radiographs generally,
without information about the speciﬁc type of radiograph obtained. Because all patients in our sample had
a diagnosis of bronchiolitis, we assumed that all radiographs were chest
radiographs.
The primary independent variable
of interest was the date of the visit
dichotomized as before or after
the publication of the bronchiolitis
guidelines (October 2006). The NHAMCS
captures both the month and year of the
ED visit. We classiﬁed visits occurring
during or before October 2006 as before
the guidelines, and those visits during
or after November 2006 as after the
guidelines.

We considered several additional
covariates in our analysis. The NHAMCS
collects age in days for patients under 1
year of age, and age in years only for
those aged .1 year. We created a 3level variable for age with young
infants (0–90 days), older infants (91–
365 days), and toddlers (1–2 years of
age). We used admission status as
a proxy for severity of illness. Patients
who were admitted for observation or
inpatient status or who were transferred to another facility were characterized as requiring admission for
this analysis. Race and ethnicity information were recorded somewhat
differently throughout the study period. To preserve as much information
as possible, we created a 4-level variable for all years comprising white and
non-Hispanic, African American and
non-Hispanic, Hispanic, and other. The
publically available data ﬁles of the
NHAMCS did not include all hospital
characteristics of interest. Therefore,
we deﬁned a teaching ED as a site
in which $10% of patient visits were
seen by a physician-in-training. To determine the degree to which the EDs
had a focus on the care of children, we
determined the mean age for patient
visits to each site and deﬁned a site
with a mean age of ,18 years as
a child-focused ED.18 We used hospital
ownership (a 3-level variable including
not for proﬁt, government-owned, and
proprietary) and geographic region (a
4-level variable encompassing the 4
major census regions: Northeast, Midwest, South, West) as potential confounders.
Data Analysis
First, we assessed bivariate associations of resource utilization before and
after the publication of the evidencebased guidelines. We selected both
demographic variables and hospital
characteristics a priori based on ﬁndings
from previous studies and hypothesized
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associations.2,19–22 We also considered
2 approaches to limit the sample to
determine the impact of other diagnoses. We ﬁrst limited the sample to
those visits with a primary diagnosis
of bronchiolitis. In addition, for consideration of therapeutic interventions,
we limited the sample to those without
an additional diagnosis (asthma, bacterial infection) that would constitute
an indication for the therapeutic modalities. For multivariable modeling,
we considered each dependent variable in separate analyses. Nonsigniﬁcant
variables were removed stepwise to
create the most parsimonious model.
Data management was conducted with
SAS version 9.2 (Cary, NC). To account
for the nonrandom sampling design
of the survey, we determined weighted
estimates and tests of association
using SUDAAN 10.0 (Research Triangle Institute, Research Triangle
Park, NC).
The protocol was evaluated by the Institutional Review Board at Texas Tech
University Health Sciences Center.

RESULTS
There were 678 patients with bronchiolitis over the study period, providing a population estimate of ∼250
000 patient visits per year. The characteristics of the sample are shown
in Table 1. There was a male predominance (59.0%), and most patients
were ,1 year of age (78.6%). Consideration of the total sample, only those
with a primary diagnosis of bronchiolitis or limited samples excluding diagnoses associated with the
therapeutic interventions (excluding
asthma for bronchodilators and steroids, excluding bacterial infections
for antibiotics) did not alter the analysis. The use of medications for
patients with bronchiolitis did not
change signiﬁcantly over the study
period and did not decrease after
publication of the evidence-based

TABLE 1 Characteristics of the Sample
n (weighted %)
Total
Age
0–90 d
91–365 d
1–2 y
Race/ethnicity
White, non-Hispanic
African American, non-Hispanic
Hispanic
Other
Gender
Male
Female
Admission status
Admitted
Discharged from hospital
Region
Northeast
South
Midwest
West
Teaching status
Teaching ED
Nonteaching ED
Hospital ownership
Not for proﬁt
Government
Proprietary
ED type
Children’s facility
General ED
Diagnosis
Primary bronchiolitis
Without asthma
Without bacterial infection

678
157 (23.9)
375 (54.7)
146 (21.5)
297 (43.0)
180 (26.2)
169 (26.4)
32 (4.5)
394 (59.0)
284 (41.0)
111 (13.0)
567 (87.0)
114 (12.2)
252 (43.6)
167 (23.7)
145 (20.6)
179 (16.6)
499 (83.4)
506 (73.6)
90 (11.5)
82 (14.9)
169 (23.7)
509 (76.3)
515 (76.0)
644 (95.2)
561 (81.1)

guidelines (Table 2). Use of radiography
did decrease after the publication of
the guidelines (65.3% before and 48.6%
after, P = .005). The trend in radiograph
use is shown in Fig 1.
After adjusting for demographic and
hospital characteristics, patient visits
after the publication of the guidelines
had 59% lower odds of receiving a radiograph than those visits occurring
before the guidelines (Table 3). In addition, patients who were discharged
from the hospital had lower odds of
imaging compared with those who
were admitted. Hospital characteristics associated with decreased imaging included geographic location in
the Northeast and children’s-focused
EDs.

Factors associated with medication
use are shown in Table 4. The multivariable analysis conﬁrms the lack
of association with the publication of
evidence-based guidelines. Older patients
(91–365 days, adjusted odds ratio [AOR]
1.65, 95% conﬁdence interval [CI] 1.01–
2.69; 1–2 years, AOR 2.21, 95% CI 1.14–
4.30) and those seen in child-focused
EDs (AOR 2.60, 95% CI 1.51–4.50) were
more likely to receive bronchodilators.
Patients 91–365 days of age were more
likely to receive corticosteroids (AOR
2.45, 95% CI 1.16–5.16) compared with
younger infants. Older infants (91–365
days) were also more likely to receive
antibiotics (AOR 1.75, 95% CI 1.08–2.86).
Patients seen in child-focused EDs were
less likely to receive antibiotics (AOR
0.26, 95% CI 0.13–0.49).

DISCUSSION
For patients with bronchiolitis seen in
the ED, there has been a decrease in
chest radiography associated with
the availability of evidence-based guidelines. The use of other nonrecommended
treatments (bronchodilators, corticosteroids, antibiotics) has not changed
signiﬁcantly over the study period. We
found similar frequencies of bronchodilator, steroid, and antibiotic use
compared with those reported in other
studies.2,20,23 Mansbach et al reported
radiography in 46% of patients using
the NHAMCS from 1992 through 2000.2
Our average utilization was 59% with
signiﬁcantly lower frequencies in the
last 3 years of the study period. This
suggests that radiography increased
in the early 2000s with recent decline.
Other authors have reported higher
rates of radiography at several time
points over the past 2 decades.19,23 Although the decrease is associated with
the availability of the evidence-based
guidelines, we are unable to determine
a causal relationship with this analysis.
Patients seen in child-focused EDs had
different patterns of resource utilization
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TABLE 2 Resource Utilization for Patients in the ED Before and After Availability of Evidence-Based
Guidelines

Corticosteroids
Total sample
Primary diagnosis only
Limited sampleb
Bronchodilators
Total sample
Primary diagnosis only
Limited sampleb
Antibiotics
Total sample
Primary diagnosis only
Limited samplec
Chest x-ray
Total sample
Primary diagnosis only

All Years

Before Guidelines

After Guidelines

P Valuea

20.4%
18.7%
18.0%

21.9%
21.4%
19.3%

17.8%
14.0%
16.0%

.31
.11
.42

53.8%
57.0%
52.1%

53.6%
55.7%
51.6%

54.2%
59.3%
53.0%

.91
.59
.80

33.2%
28.6%
23.8%

33.6%
30.1%
24.9%

29.7%
24.6%
22.0%

.51
.35
.63

59.1%
59.9%

65.3%
66.3%

48.6%
48.4%

.01
.01

x 2.
Sample limited to those without asthma.
c Sample limited to those without a bacterial infection.
a

b

than those seen in general EDs. Our
ﬁndings are similar to those seen by
Knapp et al who noted chest x-ray usage
in 37% of patients seen in children’s
hospital EDs.20 Antibiotics were used less
frequently in children’s EDs. However,

patients seen in child-focused facilities
had increased odds of receiving bronchodilators. This ﬁnding was unexpected
given the lack of proven efﬁcacy for
bronchodilators and the recommendation that they not be routinely used and

the expectation that facilities with a signiﬁcant focus on the care of children
would be more likely to follow those
recommendations.
The lack of change in ED management
of bronchiolitis after the publication
of the AAP evidence-based guidelines
highlights the difﬁculty in changing
practice. Several authors have demonstrated success in changing local
practice patterns regarding aspects
of bronchiolitis care.19,24–27 As demonstrated in this study, these changes
are difﬁcult to create and maintain
and often require a team of dedicated
individuals as well as institutional
support to create lasting changes.27,28
In Switzerland, evidence-based guidelines for bronchiolitis demonstrated
a national impact on care measured by
pediatrician self-reported medication
use.29 Guidelines were published and
disseminated by the national pediatric
society.29 However, the relatively small

FIGURE 1
Weighted percentage of patient visits with chest radiographs obtained.
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TABLE 3 Factors Associated With Obtaining

TABLE 4 Factors Associated With Use of Medications in Patients With Bronchiolitis

Radiographs in Patients With
Bronchiolitis
AOR
Timing of the visit
Before guidelines
After guidelines
Age
0–90 d
91–365 d
1–2 y
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other
Gender
Female
Male
Admission status
Discharged from hospital
Admitted
Region
Northeast
Midwest
South
West
Hospital ownership
Not-for-proﬁt
Government
Proprietary
ED type
General ED
Children’s facility

Bronchodilators

(95% CI)

1.00
0.41

—
(0.26–0.67)

1.00
0.67
0.57

—
(0.38–1.17)
(0.27–1.22)

1.00
1.12
0.57
1.59

—
(0.66–1.91)
(0.33–0.99)
(0.60–4.22)

1.00
0.98

—
(0.65–1.47)

1.00
2.97

—
(1.52–5.78)

1.00
2.07
2.31
2.66

—
(1.05–4.08)
(1.27–4.21)
(1.34–5.31)

1.00
0.74
2.31

—
(0.38–1.45)
(1.20–4.45)

1.00
0.37

—
(0.22–0.60)

population of patients and practitioners seen in Switzerland may have
been critical to the success of the
national approach and may not be reproducible across a larger and lessintegrated health care system like
that in the United States.
This study has several limitations. Because this is an analysis of an existing
data set, many aspects of care, including more detailed clinical data, are
not available. Determining the severity
of illness, past medical history, and
other components for each ED visit was
not possible with these data but would
be helpful to understand more fully the
impact of the evidence-based guidelines and account for additional confounders. In addition, the deﬁnition of
bronchiolitis is based solely on patient
age and an International Classiﬁcation
of Diseases, Ninth Revision diagnosis

Timing of the visit
Before guidelines
After guidelines
Age
0–90 d
91–365 d
1–2 y
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other
Gender
Female
Male
Admission status
Discharged from hospital
Admitted
Region
Northeast
Midwest
South
West
Hospital ownership
Not for proﬁt
Government
Proprietary
ED type
General ED
Children’s facility

Systemic Steroids

Antibiotics

AOR

(95% CI)

AOR

(95% CI)

AOR

(95% CI)

1.00
1.38

—
(0.85–2.22)

1.00
0.81

—
(0.46–1.46)

1.00
0.89

—
(0.53–1.50)

1.00
1.66
2.16

—
(1.02–2.70)
(1.12–4.14)

1.00
2.42
1.65

—
(1.15–5.07)
(0.59–4.58)

1.00
1.76
1.41

—
(1.08–2.86)
(0.74–2.67)

1.00
1.48
1.03
1.91

—
(0.87–2.52)
(0.61–1.75)
(0.75–4.87)

1.00
1.50
1.55
1.06

—
(0.79–2.86)
(0.81–2.97)
(0.34–3.33)

1.00
0.87
0.96
0.59

—
(0.46–1.65)
(0.54–1.71)
(0.22–1.57)

1.00
1.31

—
(0.89–1.91)

1.00
1.16

—
(0.64–2.10)

1.00
1.36

—
(0.81–2.25)

1.00
1.53

—
(0.91-2.57)

1.00
0.77

—
(0.40–1.49)

1.00
0.90

—
(0.45–1.82)

1.00
1.10
0.61
0.95

—
(0.60–2.07)
(0.33–1.14)
(0.47–1.93)

1.00
1.30
1.82
1.35

(0.56–3.04)
(0.80–4.14)
(0.53–3.45)

1.00
3.07
3.73
4.38

—
(1.38–6.82)
(1.73–8.06)
(1.89–10.2)

1.00
1.49
1.24

—
(0.81–2.74)
(0.68–2.28)

1.00
0.74
2.31

—
(0.38–1.45)
(1.20–4.45)

1.00
0.80
2.24

—
(0.41–1.59)
(1.16–4.36)

1.00
2.77

—
(1.62–4.72)

1.00
0.37

—
(0.22–0.60)

1.00
0.26

—
(0.13–0.51)

code for bronchiolitis. This deﬁnition
may not accurately capture patients
with a clinical diagnosis of bronchiolitis. There is signiﬁcant variation in diagnostic labeling of patients with lower
respiratory tract infection,30 and the
data set is entirely dependent on the
diagnoses chosen by the treating
physicians in the EDs that comprised
the NHAMCS sample. Other technical
limitations are based on availability of
speciﬁc variables within the data set.
The lack of a speciﬁc variable for chest
x-rays versus other radiographs for
years 2005 through 2009 may have
overestimated the use of chest radiographs. Given the direction of the trend
in chest radiograph use, this possible
overestimation would tend to bias toward the null. In addition, our deﬁnition of child-focused ED is based on
characteristics of patients seen in each

sample ED. This does not necessarily
reﬂect EDs that are children’s EDs or
that are part of children’s hospitals but
rather those that had a large proportion of pediatric visits during the
sampling frame. Some general EDs
may have been misclassiﬁed as childfocused EDs, but this possible misallocation would also tend to bias
toward the null, and the results regarding child-focused EDs should therefore be interpreted with caution
Despite these limitations, this study
provides a nationally representative
picture of care for patients with bronchiolitis focusing not only on a few
institutions or on children’s EDs but
on a representative sample of all ED
visits for bronchiolitis. Because most
children receive their emergency care
in general rather than children’s EDs,31
assessing and addressing care provided
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by nonpediatrician providers will
be necessary for signiﬁcant change.
Multiple authors have reported signiﬁcant variation in practice patterns
for bronchiolitis.20,21,23,32–35 It is likely
that there was signiﬁcant site-by-site
variation in this sample as well, but
the numbers of patients are too limited to allow a site-by-site analysis.
Nevertheless, the extent to which

Publication of evidence-based guidelines was not associated with changes

in medication use for bronchiolitis in
this nationally representative sample
but was associated with decreases
in chest radiography. These data underscore the difﬁculties in changing
practice patterns and suggest that
limiting overuse of unproven therapies in bronchiolitis will require focused efforts both nationally and
locally.
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