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Abstract

Objective—To describe variation across US pediatric hospitals in the utilization of resources not

recommended for routine use by the AAP guideline for infants hospitalized with bronchiolitis and

to examine the association between resource utilization and disposition outcomes.

Study design—We conducted a cross-sectional study of infants ≤12 months hospitalized for

bronchiolitis from 2007-2012 at 42 hospitals contributing data to the Pediatric Health Information

System. Patients with asthma were excluded. The primary outcome was hospital-level variation in

utilization of five resources not recommended for routine use: albuterol, racemic epinephrine,

corticosteroids, chest radiography and antibiotics. We also examined the association of resource

utilization with length of stay (LOS) and readmission.

Results—64,994 hospitalizations were analyzed. After adjustment for patient characteristics,

albuterol (median, 52.4%; range, 3.5%-81%), racemic epinephrine (20.1%; 0.6%-78.8%), and

chest radiography (54.9%; 24.1%-76.7%) had the greatest variation across hospitals. Utilization of

albuterol, racemic epinephrine, and antibiotics did not change significantly over time compared

with small decreases in corticosteroid (3.3%) and chest radiography (8.6%) use over the study
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period. Utilization of each resource was significantly associated with increased LOS without

concomitant decreased odds of readmission.

Conclusions—Substantial use and variation in five resources not recommended for routine use

by the AAP bronchiolitis guideline persists with increased utilization associated with increased

LOS without the benefit of decreased readmission. Future work should focus on developing

processes that can be widely disseminated and easily implemented to minimize unwarranted

practice variation when evidence and guidelines exist.
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Acute bronchiolitis is the most frequent lower respiratory infection in infants, and the most

frequent cause of hospitalization in this age group.(1-3) At a cost of more than $500 million

annually, bronchiolitis is one the most expensive diseases of hospitalized children and costs

appear to be increasing.(4, 5) Despite numerous evaluations of potential management

strategies, effective therapies for bronchiolitis remain elusive.

When evidence is lacking for effective management of a common condition, the result is

unwarranted variability in care, the variation in medical care due to differences in health

system performance.(6) Clinical practice guidelines aim to decrease this unwarranted

practice variation and optimize resource utilization. Several studies performed before the

availability of a national bronchiolitis guideline in the United States found considerable

variation in the management of bronchiolitis in the emergency department (ED) and

inpatient settings, including substantial use of diagnostic tests and therapies without strong

evidence to support routine use.(7-10) In October 2006, the American Academy of

Pediatrics (AAP) published clinical practice guidelines to provide an evidence-based

approach to the diagnosis, management and prevention of bronchiolitis.(11) This guideline

recommends against routine use of chest radiography and corticosteroids, and suggested that

antibiotics be used only in children with bacterial co-infection. In addition, it recommends

against routine use of bronchodilators, but allows for an option of a trial of albuterol or

racemic epinephrine to be continued only if the patient demonstrates objective improvement.

Since guideline publication, two studies, including one using Pediatric Health Information

System (PHIS) data, have documented modest declines in overall utilization of resources not

routinely recommended by the AAP guideline for inpatients with bronchiolitis.(12, 13)

Another nationally representative study of ED utilization of these resources found a decline

in chest radiography, but no decrease in non-recommended therapies.(14) These post-

guidelines studies did not address practice variation, and to our knowledge.

Our primary objective was to describe the variation across pediatric hospitals in the use of

resources not routinely recommended by the AAP guideline for infants hospitalized with

bronchiolitis. We also sought to examine the association between resource utilization and

disposition outcomes, including length of stay and hospital readmissions.
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Methods

This multicenter cross-sectional study included inpatient visits of children diagnosed with

bronchiolitis. Data were from the Pediatric Health Information System (PHIS), an

administrative database of 43 not-for-profit, tertiary care pediatric hospitals in the United

States affiliated with the Children’s Hospital Association (CHA, Shawnee Mission, KS).

This database accounts for ∼20% of annual pediatric hospitalizations in the United States.

Data quality and reliability are assured through a joint effort between CHA and participating

hospitals. 42 PHIS hospitals that submitted resource utilization data (e.g., pharmaceuticals,

imaging, and laboratory tests) were included in this study. Data are de-identified, but

encrypted medical record numbers permit identification of patients across multiple visits to

the same hospital.(15) For the current study, data were included from 5 respiratory seasons,

beginning in October 2007, one year after the guidelines were published, through March

2012, which was the most recent data available at time of analysis.

Patients 12 months and younger who were hospitalized with a diagnosis of bronchiolitis

were eligible for inclusion. Bronchiolitis was defined by the presence of both a primary

ICD-9 code (466.11, 466.19) and an APR-DRG diagnosis code of bronchiolitis (138) to

minimize misclassification.(7) Given that the majority of patients with bronchiolitis at PHIS

hospitals are hospitalized for 3 days or less, the study population was limited to those with a

length of stay 7 days or less in order to capture patients with typical bronchiolitis that are the

target of the AAP guideline. If a patient had multiple hospitalizations over the study period,

we included only the first hospitalization, as patients with recurrent hospitalizations for

bronchiolitis may be treated differently than those who present with their first episode.

Finally, because patients with a diagnosis of asthma would be managed differently, patients

with an ICD-9 code of asthma listed in any diagnosis position were excluded.

Utilization was examined for five resources not routinely recommended by the AAP

guideline for bronchiolitis care – albuterol, racemic epinephrine, systemic corticosteroids,

chest radiography and antibiotics. All resource use was determined using PHIS-specific

Clinical Transaction Classification codes.

Outcome Measures

The primary outcome was hospital-level variation in rates of resource utilization of

albuterol, racemic epinephrine, systemic corticosteroids, chest radiography and antibiotics.

As secondary outcomes, we examined the association of utilization of these five resources

with inpatient length of stay and hospital readmission within 3, 7 and 14 days for

bronchiolitis after the index hospitalization.

Covariates

The following patient-level covariates were included to account for differences in

demographics and case-mix across hospitals: age, sex, race/ethnicity, primary source of

payment, and admission season and year. As a measure of patient severity, we utilized the

all-patient refined-diagnosis related group (APR-DRG) severity subscore. This score

represents the illness severity of hospitalized patients taking into account their entire
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hospitalization, separated into 4 categories from mild to extreme. They are calculated from

computer algorithms on the basis of age, sex, diagnoses, procedures, and discharge status.

(16, 17) The following hospital-level covariates were included to account for the effects of

individual hospital traits in the outcomes: geographic location, average daily census, percent

uninsured, average APR-DRG severity score of all patients cared for at the hospital for the

study period, and average annual number of bronchiolitis hospitalizations at each hospital.

Statistical Analyses

Unadjusted distributions for each resource were determined by calculating the rate of

subjects at each hospital who received the resource and summarizing these rates across

hospitals. Unadjusted rates of utilization over time were explored using the test for linear

trend. Adjusted rates were obtained by adjusting hospital-level utilization rates for patient-

level characteristics. We employed a mixed-effects logistic regression model for the subject-

level binary outcome of resource use (eg, chest radiography, yes/no), adjusted for patient

age, race/ethnicity, year and season of presentation, insurance status and APR-DRG severity

score, with hospital-specific random intercepts. Each random intercept represented the

degree to which a hospital’s resource use departed from what would be expected on average

for a hospital with similar case-mix. We used this model to estimate population-averaged

rates of resource use expected at each hospital based on its patients’ characteristics. These

expected rates were compared with observed rates at each hospital, and an adjusted rate was

obtained by standardizing the unadjusted rate by this ratio of observed to expected rates of

resource use.(18) To examine resource utilization at the hospital level, we assigned

utilization quartiles for each resource within each hospital based on their use. We then

developed a total rank score based on the quartile and sorted hospitals by that score.

The association of resource utilization with length of stay and readmission was determined

using hierarchical models of mixed-effects linear regression for length of stay and logistic

regression models for hospital readmissions, with hospital-specific random intercepts,

adjusting for patient-level and hospital-level characteristics as fixed effects. Beta-

coefficients in linear regression analyses are interpreted as the additional days in average

length of stay associated with the receipt of that resource. Analyses were performed with

SAS version 9.3.

Results

64,994 inpatient hospitalizations from October 2007 through March 2012 for bronchiolitis

were eligible for inclusion and analyzed across the 42 PHIS hospitals (Table I; available at

www.jpeds.com). The mean age of the cohort was 3.7 months (standard deviation, 3.2

months). There was a male predominance (57.7%), and government payers insured most

study subjects (51.4%). Most patients were classified as having illness of minor (56.6%) or

moderate (36.6%) severity and most visits occurred in the winter (65.6%). Demographic

characteristics were similar across all five resources examined, with the exception of

corticosteroid use, which was used more frequently in older infants (mean age 6.2 months,

SD 3.3) and in a greater proportion of spring (16.5%) and summer (5.6%) visits.
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Rates of utilization of the five resources examined across hospitals are displayed in Table II.

Albuterol, racemic epinephrine, and chest radiography utilization had the greatest variation

of the five resources examined. Over the almost 5 year study period, utilization of albuterol

(test for trend p=0.2), racemic epinephrine (p=0.1), and antibiotics (p=0.4) remained stable

over time. Corticosteroid use decreased by 3.3% (12.7% to 9.4%, p=0.03) and chest

radiography decreased by 8.6% (56.7% to 48.1%, p=0.003) over the study period. (Figure 1)

Adjusted resource utilization of each individual process at each hospital is represented in

Figure 2.

Mean hospital length of stay in our cohort was 2.75 days (SD, 1.56 days). In multivariable

mixed-effects linear regression analyses, utilization of each of the five resources was

significantly associated with increased length of stay (Table III). Receipt of albuterol (β-

coefficient 0.59, 95% confidence interval [CI] 0.57, 0.62) and racemic epinephrine (β-

coefficient 0.76, 95% CI 0.73, 0.79) were associated with the longest average length of stay

compared with those who did not receive those medications.

In our overall cohort, 1.2% of patients were readmitted within 3 days of hospital discharge,

1.5% within 7 days and 1.9% within 14 days. Use of albuterol, racemic epinephrine,

corticosteroids, and chest radiograph were not associated with differences in the odds of

readmission. Antibiotic use was associated with significantly decreased odds of readmission

(Table III).

Discussion

This multicenter study of children hospitalized for bronchiolitis in 42 pediatric hospitals

after the publication of the AAP bronchiolitis guidelines demonstrates significant and

substantial variation in five resources not routinely recommended by the guideline. A key

strength of our study is the examination of resource use and the outcomes of length of stay

and readmission. Utilization of all five resources was associated with increased length of

stay. We found that resource use was not associated with decreased odds for readmission for

albuterol, racemic epinephrine, corticosteroid, or chest radiograph use, suggesting that

infants who received these resources stayed in the hospital longer without the benefit of

decreased readmission.

Several studies performed before the publication of the AAP guideline demonstrated

significant variation in bronchiolitis management.(7, 19) Our examination of these resources

after guideline publication continues to demonstrate wide variation across the cohort of 42

pediatric PHIS hospitals. Two studies have documented modest declines in overall

utilization of resources not routinely recommended by the AAP guideline for inpatients with

bronchiolitis.(12, 13) Our results expand upon the study by Parikh et al using the PHIS

database to examine bronchiolitis management before and after the AAP guidelines. In that

study, modest decreases were seen in complete blood count (5.5%), chest radiograph (9.2%),

corticosteroid (8.4%) and bronchodilator (6.3%) use after guideline publication. Our study

has several important differences. First, we limited our population to infants <12 months of

age to minimize misclassification of bronchiolitis diagnosis. Given the variation in

bronchiolitis management documented before the AAP guideline, we sought to examine the
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practice variation, in addition to overall utilization, across a large cohort of pediatric

hospitals after publication to investigate whether such variation persisted. Although the

small decreases in resource utilization in the study by Parikh et al were statistically

significant, we did not consider these decreases to be clinically meaningful. There are clear

examples of improvement after guideline publication and implementation that demonstrate

meaningful change. One multicenter collaborative decreased total bronchodilator volume by

46% in children with bronchiolitis.(20) In community-acquired pneumonia, use of the

recommended first-line therapy of amoxicillin/ampicillin increased significantly by 15% in

38 pediatric hospitals after publication of a national guideline.(21) The aggregate medians of

chest radiograph use in bronchiolitis may be slowly decreasing but our results suggest that

variation remains substantial. Both studies show median chest radiograph use of

approximately 55%. Our study demonstrates an adjusted range of use of 24% to 77% across

hospitals. The high overall rates in both studies and the substantial variation demonstrated in

our results six years after guideline publication for an imaging study that has limited utility

and is not recommended by the national guideline is disappointing.

We also examined albuterol and racemic epinephrine separately instead of as an aggregated

measure of bronchodilator use given their distinct mechanisms of action and the varying

evidence regarding their efficacy. Despite the evidence for racemic epinephrine showing

small benefits over albuterol, albuterol use remains substantially higher than racemic

epinephrine use, particularly after excluding patients with asthma.(22, 23) When the use of

these nebulized therapies was examined individually in our study, use did not decline over

the study period and the variability in the use of both agents was significant. The AAP

guideline clearly recommends against routine use of these agents, but does offer an option

for a carefully monitored trial of bronchodilators with objective scoring to assess

improvement, which may account for the substantial variation. The fact that albuterol and

racemic epinephrine utilization was associated with increased length of stay without

decreased odds of readmission suggests that there is room to decrease utilization without

compromising outcomes.

Both our study and the study by Parikh et al demonstrated no decline in the use of antibiotics

during the study period. In addition, antibiotic use shows the narrowest range of variation of

the five resources examined in this study. Antibiotic use also was the only resource of the

five to be associated with decreased readmission to the hospital. The reasons for these

findings are not clear and a causal relationship cannot be drawn from either study, but

possible explanations include the potential that antibiotics were used appropriately in many

cases or that parental perception of an antibiotic being beneficial decreased the likelihood of

return to medical care.

Our study also augments previous studies by examining the effects of resource utilization on

disposition outcomes after the guidelines. In 2001, Willson et al found that treatment of

children with viral lower respiratory tract infection varied significantly across 10

institutions, and that institutional or provider practice patterns were not related to patient

severity or recovery, but were significantly associated with higher costs and longer lengths

of stay.(24) Although we did not examine costs, we found a similar association of resource

utilization with length of stay after adjusting for severity, with infants who received
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bronchodilators, corticosteroids, or chest radiographs having a longer hospital length of stay

without decreased readmission rates. Considering the quality of life and financial costs

associated with the utilization of resources for which evidence is lacking, there is a clear and

urgent need for interventions to minimize unwarranted use of these resources.

Our results suggest that on the national level there is a considerable opportunity to decrease

unnecessary utilization. Several institutions have decreased utilization of unnecessary

resources through local implementation of practice guidelines. Such declines have been

more profound than the modest national declines illustrated by Parikh and Johnson.(10, 12)

Enactment of a local guideline at one institution resulted in decreased admissions, decreased

mean length of stay, and a decrease in nasopharyngeal washings, chest radiographs and all

respiratory therapies.(25) This improvement was sustained for three years after

implementation.(26) More recently, several institutions demonstrated similar results after

implementation of a local guideline.(27, 28) A recent quality improvement collaborative of

17 centers shared evidence-based guidelines and protocols and implemented benchmarking

in an effort to decrease utilization of unnecessary therapies in bronchiolitis. Overall, the

implementation of such local guidelines amongst a collaborative resulted in a 46% decline in

the volume of bronchodilators used and a 12% absolute decline in overall patients exposed

to a bronchodilator.(20) These examples highlight the critical need for local implementation

of evidence-based guidelines to meaningfully decrease unnecessary resource use in

bronchiolitis.

There are several limitations to our analyses. First, the cross-sectional study design

precludes causal inferences. Thus, even though increased resource utilization was associated

with an increased length of stay, we cannot necessarily conclude that it was the cause of the

increased length of stay. Although increased utilization may be a marker of increased illness

severity, we attempted to adjust for illness severity in our regression models by using APR-

DRG severity score. Second, there is potential for residual confounding; however, after

adjusting for many factors thought to affect resource utilization such as demographics, case-

mix, and severity and accounting for clustering of outcomes by hospital, there was still

substantial variation in resource utilization. The magnitude of the variation is unlikely to be

altered meaningfully by residual confounding. Third, there is the potential for

misclassification bias due to miscoding; this is likely random and non-differential, therefore

biasing our results toward the null. Fourth, we cannot assess patterns of resource use in

PHIS. Therefore, we cannot determine whether a patient received a single trial of albuterol,

which the AAP guidelines offer as an option, or repeated dosing on the same day. However,

regardless of pattern of use, some hospitals utilize all resources, not only bronchodilators, at

a high rate and others utilize all resources consistently at a low rate, making pattern of use

less important in interpreting our results. Finally, our results may not be generalizable to all

hospitals that care for children. Our study likely underestimates the amount of variation and

utilization of these resources nationally, given prior evidence that non-pediatric focused

emergency departments use non-evidence based treatments for pediatric at higher rates

compared with children’s hospitals.(29)

The significant variation in use of resources not routinely recommended by the AAP

bronchiolitis guidelines in this multicenter cohort of pediatric hospitals demonstrates the
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challenge of diffusing national guidelines into practice. The goal of the publication of

practice guidelines by national societies is to influence practice. However, many guidelines

are not accompanied by plans for implementation, therefore making meaningful practice

change challenging. Given the success of local evidence-based guidelines, future work

should focus on developing processes that can be implemented easily and then disseminated

widely to improve the diffusion of evidence-based guidelines into clinical practice.
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Figure 1. Resource Utilization Over Time Period of Study
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Figure 2. Adjusted Resource Use by Hospital
For each process listed on the horizontal axis, hospitals were ranked by their adjusted

median use of the resource. Each box represents the adjusted rate of a single process at a

single hospital; darker shading indicates higher adjusted rates of utilization for that process

at that hospital. For each hospital, overall utilization was determined by summing that

hospital’s adjusted utilization rates of the five processes. Hospitals were ordered according

to their overall utilization rank, from low to high, on the vertical axis.
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Table 1
Online Only. Characteristics of Study Population

N=64994

Age (mos), Mean (SD) 3.7 (3.2)

Age (mos), Median (IQR) 3 (5)

Sex, %Male 57.7

Race/Ethnicity, %

 Non-Hisp White 29.4

 Non-Hisp Black 13.8

 Hispanic 18.4

 Other 5.2

 Unknown 33.2

Insurance, %

 Private 23.4

 Government 51.4

 Other 6.6

 Unknown 18.7

Season, %

 Spring 13.5

 Summer 2.5

 Fall 18.3

 Winter 65.6

Year, %

 10/2007 - 09/2008 20.9

 10/2008 - 09/2009 20.3

 10/2009 - 09/2010 22

 10/2010 - 09/2011 21.6

 10/2011 - 03/2012 15.2

Severity, %

 Minor 56.6

 Moderate 36.6

 Major 6.1

 Extreme 0.7

Length of Stay (days), Median (IQR) 2 (2)

Length of Stay (days), Mean (SD) 2.8 (1.6)

3-Day Readmission, % 1.2

7-Day Readmission, % 1.5

14-Day Readmission, % 1.9
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