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BACKGROUND: Acute viral bronchiolitis is the most
common diagnosis resulting in hospital admission in
pediatrics. Utilization of non–evidence-based therapies and
testing remains common despite a large volume of
evidence to guide quality improvement efforts.

OBJECTIVE: Our objective was to reduce utilization of
unnecessary therapies in the inpatient care of bronchiolitis
across a diverse network of clinical sites.

METHODS: We formed a voluntary quality improvement
collaborative of pediatric hospitalists for the purpose of
benchmarking the use of bronchodilators, steroids, chest
radiography, chest physiotherapy, and viral testing in
bronchiolitis using hospital administrative data. We shared
resources within the network, including protocols, scores,
order sets, and key bibliographies, and established group
norms for decreasing utilization.

RESULTS: Aggregate data on 11,568 hospitalizations for
bronchiolitis from 17 centers was analyzed for this report.
The network was organized in 2008. By 2010, we saw a
46% reduction in overall volume of bronchodilators used,
a 3.4 dose per patient absolute decrease in utilization
(95% confidence interval [CI] 1.4–5.8). Overall exposure to
any dose of bronchodilator decreased by 12 percentage
points as well (95% CI 5%–25%). There was also a
statistically significant decline in chest physiotherapy
usage, but not for steroids, chest radiography, or viral
testing.

CONCLUSIONS: Benchmarking within a voluntary pediatric
hospitalist collaborative facilitated decreased utilization of
bronchodilators and chest physiotherapy in bronchiolitis.
Journal of Hospital Medicine 2013;8:25–30. VC 2012 Society
of Hospital Medicine

Currently, 3%–5% of infants under a year of age will
be admitted to a hospital for acute viral bronchiolitis
each year, making it the leading cause of hospitaliza-
tion in children.1–5 The American Academy of Pedia-
trics guideline on the diagnosis and management of
bronchiolitis advocates primarily supportive care for
this self-limited disease.6 Specifically, the routine use
of therapies such as bronchodilators and corticoste-
roids are not recommended, nor is routine evaluation

with diagnostic testing.6 Numerous studies have estab-
lished the presence of unwarranted variation in most
aspects of bronchiolitis care,7–13 and the current
evidence does not support the routine usage of specific
interventions in inpatients.14–18

Acute bronchiolitis accounts for direct inpatient
medical costs of over $500 million per year.19 Based
on estimates from the Healthcare Utilization Project
Kids’ Inpatient Database, acute bronchiolitis is second
only to respiratory distress syndrome as the most ex-
pensive disease of hospitalized children.1 Although
charges may not correlate directly with costs or even
the actual intensity of resource utilization, the
‘‘national bill,’’ based on charges, is approximately
1.4 billion dollars per year.1 Either way, the leading
cause of hospitalization in children is expensive and
suffers from dramatic variation in care characterized
by overutilization of ineffective interventions.

Evidence-based guidelines for bronchiolitis are read-
ily available and their successful adoption within

*Address for correspondence and reprint requests: Shawn Ralston,
MD, Department of Pediatrics, Children’s Hospital at Dartmouth,
Dartmouth Hitchcock Medical Center, One Medical Center Drive,
Lebanon, NH 03756; Telephone: 210-240-4198;
E-mail: Shawn.L.Ralston@hitchcock.org

Additional Supporting Information may be found in the online version of
this article.

Received: May 7, 2012; Revised: July 30, 2012; Accepted: August 20,
2012
2012 Society of Hospital Medicine DOI 10.1002/jhm.1982
Published online in Wiley Online Library (Wileyonlinelibrary.com).

An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 8 | No 1 | January 2013 25



larger, academic children’s hospitals has been demon-
strated.20–28 However, upwards of 70% of all children
in this country are cared for outside of freestanding
children’s hospitals,1 and very little has been pub-
lished about wide dissemination of evidence-based
guidelines in these settings.29 In 2008, the Value in
Inpatient Pediatrics (VIP) network was created, as an
inclusive pediatric inpatient quality improvement col-
laborative with a focus on linking academic and com-
munity-based hospitalist groups, to disseminate evi-
dence-based management strategies for bronchiolitis.
We hypothesized that group norming, through bench-
marking and public goal setting at the level of the
hospitalist group, would decrease overall utilization of
non–evidence-based therapies. Specifically, we were
trying to decrease the utilization of bronchodilators,
steroids, chest physiotherapy, chest radiography, and
viral testing in hospitalized children diagnosed with
uncomplicated bronchiolitis.

METHODS
Beginning in early 2008, we recruited pediatric hospi-
talists into a voluntary bronchiolitis quality improve-
ment collaborative from within the community of hos-
pitalists created by the American Academy of
Pediatrics Section on Hospital Medicine. Participants
were recruited through open calls at national confer-
ences and mass e-mails to the section membership
through the listserve. The guiding principle for the
collaborative was the idea that institutional adoption
of evidence-based disease-management strategies
would result in higher value of care, and that this pro-
cess could be facilitated by benchmarking local per-
formance against norms created within the larger
community. We used group consensus to identify the
therapies and tests to benchmark, although the chosen
measures meshed with those addressed in the Ameri-
can Academy of Pediatrics (AAP) clinical practice
guideline. Use of bronchodilators, corticosteroids,
chest physiotherapy, chest radiography, and viral test-
ing were all felt to be significantly overutilized in par-
ticipating clinical sites. We were unaware of any pub-
lished national targets for utilization of these therapies
or tests, and none of the participating hospitalist
groups was actively benchmarking their utilization
against any peer group at the start of the project.
Length of stay, rates of readmission within 72 hours
of discharge, and variable direct costs were chosen as
balancing measures for the project.

We collected data on hospitalizations for bronchioli-
tis for 4 calendar years, from 2007 through 2010,
based on the following inclusion criteria: children
under 24 months of age, hospitalized for the primary
diagnosis of acute viral bronchiolitis as defined by
International Classification of Diseases, Ninth Revi-
sion (ICD-9) codes 466.11 and 466.19. We specifically
included patients who were in observation status as
well as those in inpatient status, and excluded all

intensive care unit admissions. Other exclusions were
specific ICD-9 codes for: chronic lung diseases,
asthma, chromosomal abnormalities, heart disease,
and neurological diseases. We then tracked overall uti-
lization of any bronchodilator (albuterol, levalbuterol,
epinephrine, or ipratropium) during the hospitaliza-
tion, including the emergency department; total num-
ber of bronchodilator doses per patient; utilization of
any corticosteroids (inhaled or systemic); chest radiog-
raphy; respiratory syncytial virus (RSV) testing; and
chest physiotherapy; as well as variable direct costs
per hospitalization for each center. A standardized
toolkit was provided to participating centers to facili-
tate data collection. Data was sought from adminis-
trative sources, collected in aggregate form and not at
the patient level, and no protected health information
was collected as part of the project. The project was
categorized as exempt by the University of Texas
Health Science Center San Antonio Institutional
Review Board, the location of the data repository.

The project began in 2008, though we requested
that centers provide 2007 data to supplement our
baseline. We held the first group meeting in July 2009
and began the facilitated sharing of resources to pro-
mote evidence-based care, such as guidelines, proto-
cols, respiratory scores, and patient handouts, across
sites using data from 2007 and 2008 as our baseline
for benchmarking and later assessing any improve-
ment. Centers adopted guidelines at their own pace
and we did not require guideline adoption for contin-
ued participation. We provided summaries of the
available literature by topic, in the event that site
leaders wished to give institutional grand rounds or
other presentations. All dissemination of guidelines or
protocols was done based on the request of the center,
and no specific resource was created or sanctioned by
the group, though the AAP Guideline for the Diagno-
sis and Management of Bronchiolitis6 remained a
guiding document. Some of our centers participated in
more extensive collaborative projects which involved
small-group goal setting, adoption of similar proto-
cols, and conference calls, though this never encom-
passed more than 25% of the network.

The main product of the project was a yearly report
benchmarking each hospital against the network aver-
age on each of our chosen utilization measures. The
first report was disseminated in July 2009 and
included data on calendar year 2007 and 2008, which
we considered our group baseline. Most institutions
began local Plan-Do-Study-Act (PDSA) cycles by mid-
2009 using the data we provided as they benchmarked
their performance against other members of the col-
laborative, and these continued through 2010. Hospi-
tals were coded and remained anonymous. However,
we publicly honored the high performers within the
network at a yearly meeting, and urged these centers
to share their tools and strategies, which was facili-
tated through a project Web site.30 All participation
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was voluntary, and all costs were borne by individuals
or their respective centers.

In order to assess data quality, we undertook a vali-
dation project for calendar year 2009. We requested
local direct chart review of a 10% sample, or a mini-
mum of 10 charts, to confirm reported utilization
rates for the therapies and tests we tracked. Any cen-
ter with less than 80% accuracy was then asked to
review data collection methods and make adjustments
accordingly. One center identified and resolved a sig-
nificant data discrepancy and 2 centers refused to par-
ticipate in the validation project, citing their participa-
tion in a large national database for which there was
already a very rigorous data validation process (Child
Health Corporation of America’s Pediatric Health In-
formation System database). Given that we did not
uncover major discrepancies in data quality within
our network, we did not request further data valida-
tion but rather promoted year-to-year consistency of
collection methods, seeking to collect the same type/
quality of data that hospitals use in their own internal
performance assessments.

Statistical analyses were performed using GraphPad
InStat, version 3.0 (GraphPad Software, San Diego,
CA). Descriptive statistics (including interquartile
range ([IQR], the range from 25th to 75th percentile
of the data) are provided. Analysis of process meas-
ures over the series of years was performed using
repeated measures analysis of variance (ANOVA), as
were intra-hospital comparisons for all measures.
Hospitals were not weighted by volume of admissions,
ie, the unit of analysis was the hospital and not indi-
vidual hospitalizations. Data were analyzed for nor-
mality using the method of Kolmogorov and Smirnoff,
and in cases where normality was not satisfied
(steroids and chest physiotherapy), the data were
transformed and nonparametric methods were used.

Post-test adjustment for multiple comparisons was
done using the Tukey–Kramer test in cases where
ANOVA P values were <0.05. Fisher’s exact test was
used to analyze contingency tables for categorical var-
iables such as presence or absence of a protocol.

RESULTS
Data encompassing 11,568 bronchiolitis hospitaliza-
tions in 17 centers, for calendar years 2007 to 2010,
were analyzed for this report. A total of 31 centers
ever participated in the project; however, this report is
restricted to centers who participated for the entirety
of the project from 2008 through 2010, and who con-
sented to have their data reported. Specifically, 18
centers met inclusion criteria and 1 center opted out
of the project, leaving the 17 centers described in Ta-
ble 1. The overall network makeup shifted each year,
but was always more than 80% non-freestanding
children’s hospitals and approximately 30% urban, as
defined as located in a population center of more than
1 million. A large majority of the participants did not
have a local bronchiolitis protocol or guideline at the
start of the project, although 88% of participants
adopted some form of protocolized care by 2010. Cal-
endar years 2007 and 2008 served as our network
baseline, with most interventions (in institutions
where they occurred) begun by calendar year 2009.
The level of intervention varied greatly among institu-
tions, with a few institutions doing nothing more than
benchmarking their performance.

Mean length of stay (LOS), readmission rates, and
variable direct costs did not differ significantly during
the project time period. Mean LOS for the network
ranged from a low of 2.4 days (IQR, 2.2–2.8 days) to
a high of 2.7 days (IQR, 2.4–3.1 days), and mean
readmission rates ranged from 1.2% (IQR, 0.7%–
1.8%) to 1.7% (IQR, 0.7%–2.5%) during the project.

TABLE 1. Characteristics of Participating Hospitals: VIP Bronchiolitis Project

Participating Centers (Alphabetically by State) Type of Facility

Average Yearly

Bronchiolitis Admissions

Approximate

Medicaid (%)

Guideline Prior

to Joining Project? Location

Scottsdale Healthcare Scottsdale, AZ PEDS 133 26 No Suburban
Shands Hospital for Children at the University of Florida Gainesville, FL CHWH 107 59 No Suburban
Children’s Hospital of Illinois Peoria, IL CHWH 97 15 No Suburban
Kentucky Children’s Hospital Lexington, KY CHWH 135 60 Yes Suburban
Our Lady of the Lake Baton Rouge, LA CHWH 138 70 No Suburban
The Barbara Bush Children’s Hospital Portland, ME CHWH 31 41 Yes Suburban
Franklin Square Hospital Center Baltimore, MD PEDS 66 40 No Suburban
Anne Arundel Medical Center Annapolis, MD CHWH 56 36 No Suburban
Children’s Hospital at Montefiore Bronx, NY CHWH 220 65 No Urban
Mission Children’s Hospital Asheville, NC CHWH 112 21 Yes Suburban
Cleveland Clinic Children’s Hospital Cleveland, OH CHWH 58 24 Yes Urban
Palmetto Health Children’s Hospital Columbia, SC CHWH 181 60 No Suburban
East Tennessee Children’s Hospital Knoxville, TN FSCH 373 60 No Suburban
Texas Children’s Hospital Houston, TX FSCH 619 60 Yes Urban
Christus Santa Rosa Children’s Hospital San Antonio, TX CHWH 390 71 No Urban
Children’s Hospital of The Kings’ Daughters Norfolk, VA FSCH 303 60 No Suburban
Children’s Hospital of Richmond Richmond, VA CHWH 40 60 No Urban

NOTE: Urban defined as location within a population center of �1 million. Abbreviations: CHWH, children’s hospital within a hospital; FSCH, freestanding children’s hospital; PEDS, pediatric unit within a larger hospital; VIP, Value
in Inpatient Pediatrics network.
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Mean variable direct costs ranged from $1639 (IQR,
$1383–$1864) to $1767 (IQR, $1365–$2320).

Table 2 describes the mean overall utilization of
bronchodilators, chest radiography, RSV testing, ste-
roids, and chest physiotherapy among the group from
2007 to 2010. By 2010, we saw a 46% decline in the
volume of bronchodilator used within the network, a
3.6 (95% confidence interval [CI] 1.4–5.8) dose per
patient absolute decrease (P < 0.01). We also saw a
12% (95% CI 5%–25%) absolute decline in the over-
all percentage of patients exposed to any bronchodila-
tor (P < 0.01). Finally, there was a 10% (95% CI
3%–18%) absolute decline in the overall utilization of
any chest physiotherapy (P < 0.01). The project did
not demonstrate a significant impact on utilization of
corticosteroids, chest radiography, or viral testing,
although several centers achieved significant decreases
on a local level (data not shown).

We analyzed within-hospital trends as well. Figure 1
describes intra-hospital change over the course of the
project for overall bronchodilator usage. In this analy-
sis, 15 of 17 hospitals (88%) achieved a significant
decrease in overall bronchodilator utilization by 2010.
(Hospitals 27 and 29 were unable to provide 2007
baseline data.) For doses per patient, 15 of 17 institu-
tions provided data on this measure, and 12 of 15
(80%) achieved significant decreases (Figure 2). Of
note, the institutions failing to achieve significant

decreases in bronchodilator utilization entered the
project with utilization rates that were already signifi-
cantly below network mean at the start of the project.
(Institutions failing to improve are denoted with an
asterisk in Figures 1 and 2.) Since most institutions
made significant improvements in bronchodilator utili-
zation over time, we looked for correlates of failure to
decrease utilization. The strongest association for fail-
ure to improve during the project period was use of a
protocol prior to joining the network (odds ratio
[OR] ¼ 11, 95% CI 2–61).

DISCUSSION
We demonstrated a significant decline in utilization of
bronchodilators and chest physiotherapy in inpatient
bronchiolitis within a voluntary quality collaborative
focused on benchmarking without employing intensive
interventions. This observation is important in that it
demonstrates real-world efficacy for our methods.
Prior literature has clearly demonstrated that local
bronchiolitis guidelines are effective; however, our
data on over 11,000 hospitalizations from a broad
array of inpatient settings continue to show a high
rate of overutilization. We facilitated dissemination
and sharing of guideline-related tools primarily elec-
tronically, and capitalized on perceived peer-group
frustration with inefficient management of a high-
volume, high-utilization disease. While the project

TABLE 2. Network Mean Utilization of Targeted Therapies

Utilization Measure
2007 2008 2009 2010

No. (IQR) No. (IQR) No. (IQR) No. (IQR)

Bronchodilator doses per patient (P < 0.01) 7.9 (4.6–9.8) 6.4 (4.0–8.4) 5.7 (3.6–7.6) 4.3 (3.0–5.9)
Any bronchodilators (P < 0.01) 70% (59%–83%) 67% (56%–77%) 68% (61%–76%) 58% (46%–69%)
Chest physiotherapy (P < 0.01) 14% (5%–19%) 10% (1%–8%) 7% (2%–6%) 4% (1%–7%)
Chest radiography (P ¼ NS) 64% (54%–81%) 66% (55%–79%) 64% (60%–73%) 59% (50%–73%)
Any steroids (P ¼ NS) 21% (14%–26%) 20% (15%–28%) 21% (14%–22%) 16% (13%–25%)
RSV testing (P ¼ NS) 64% (52%–84%) 61% (49%–78%) 62% (50%–78%) 57% (44%–75%)

Abbreviations: IQR, interquartile range; NS, not significant; RSV, respiratory syncytial virus.

FIG. 1. Intra-hospital change in bronchodilator utilization. Asterisks indicate institutions failing to improve.
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leadership had varying degrees of advanced training in
quality improvement methodology, the majority of the
site leaders were self-taught and trained while on the
job. Our inclusive collaborative had some success
using pragmatic and low-resource methods which we
believe is a novel approach to the issue of
overutilization.

These considerations are highlighted given the press-
ing need to find more efficient and scalable means of
bending the cost curve of healthcare in the United
States. Learning collaboratives are a relatively new
model for improvement, with some history in pedia-
trics,31,32 and are attractive because of their potential
to generate both widespread capacity for change as
well as direct improvement. Both cystic fibrosis31 and
neonatology collaboratives32 have been celebrated for
their positive impacts on children’s healthcare, and
both are testaments to the power inherent in creating
a community of like-minded individuals. One of the
most popular models for learning collaboratives
remains the Institute for Healthcare Improvement’s
Breakthrough Series; however, this model is resource
intensive in that it typically involves large teams and
several yearly face-to-face meetings, with significant
monetary investment on the part of hospitals. On the
other hand, virtual collaboratives have produced
mixed results with respect to quality improvement,33

so there is a continued need to maximize our learning
about what works efficiently. Our collaborative was
able to successfully disseminate tools developed in
large academic institutions to be applied in smaller
and more varied settings, where resources for quality
improvement activities were limited.

One possible reason for any successes in this project
was the existence of a well-known guideline for the
management of bronchiolitis published by the Ameri-
can Academy of Pediatrics in 2006. This guideline rec-
ommends primarily symptomatic care, and has a
statement supporting the contention that routine use
of our targeted therapies is unnecessary. It allows for
a trial of bronchodilator, but specifically states that all
trials should be accompanied by the use of an objec-
tive measure of improvement (typically interpreted to
mean a respiratory distress score). A guideline

sanctioned by an important national organization of
pediatricians was invaluable, and we believe that it
should serve as a basis for any nationally promoted
inpatient quality measure for this very common pedi-
atric illness. The existence of the AAP guideline also
highlights the possibility that our results are merely
representative of secular trends in utilization in bron-
chiolitis care, since we had no control group. The
available literature on national guidelines has shown
mixed and quite modest impacts in other coun-
tries.28,34 Most of our group took active steps to oper-
ationalize the guidelines as part of their participation
in this collaborative, though they might have done
similar work anyway due to the increasing importance
of quality improvement in hospitalist culture over the
years of the project.

The project did not demonstrate any impact on ste-
roid utilization, or on rates of obtaining chest radiog-
raphy or viral testing, despite expressly targeting these
widely overused interventions. These modalities are of-
ten employed in the emergency department and, as a
collaborative of pediatric hospitalists, we did not have
specific emergency department participation which we
recognize as a major weakness and potential impedi-
ment to further progress. We hope to collaborate with
our respective emergency departments in the future on
these particular measures. We also noted that many
institutions were inflexible about foregoing viral test-
ing, due to infection control issues arising from the
need to cohort patients in shared rooms based on RSV
positivity during the busy winter months. A few insti-
tutions were able to alter their infection control poli-
cies using the strategy of assuming all children with
bronchiolitis had RSV (ie, choosing to use both con-
tact precautions and to wear a mask when entering
rooms), though this was not universally popular.
Finally, we recognize a missed opportunity in not col-
lecting dose per patient level data for steroids, which
might have allowed us to distinguish hospitals with
ongoing inpatient utilization of steroids from those
with only emergency department usage.

Another significant limitation of this project was the
lack of annual assessments of data quality. However,
we believe our findings are still useful and important,
even with this obvious limitation. Most quality
improvement work is done using hospital-supplied
data gleaned from administrative databases, exactly
the sources used in this project. Key decisions are
made in most hospitals in the country based on data
of similar quality. Further limitations of the project
relate to the issue of replicability. The disease process
we addressed is a major source of frustration to pedi-
atric hospitalists, and our sample likely consisted of
the most highly motivated individuals, as they sought
out and joined a group with the express purpose of
decreasing unnecessary utilization in bronchiolitis. We
believe this limitation highlights the likely need for
quality measures to emerge organically out of a

FIG. 2. Intra-hospital trends in volume of bronchodilator utilization.

Asterisks indicate institutions failing to improve.
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community of practice when resources are limited, ie,
we do not believe we would have had significant suc-
cess using our methods with an unpopular or exter-
nally imposed quality measure.

Although a detailed analysis of costs was beyond
the scope of the current project, it is possible that
decreased utilization resulted in overall cost savings,
despite the fact that our data did not demonstrate a
significant change in network-level average variable
direct costs related to bronchiolitis. It has been sug-
gested that such savings may be particularly difficult
to demonstrate objectively, especially when the princi-
pal costs targeted are labor-based.35 LOS did not sig-
nificantly vary during the project, whereas the use of
labor-intensive therapies like nebulized bronchodila-
tors and chest physiotherapy declined. It is, however,
quite possible that the decreased utilization we dem-
onstrated was accompanied by a concomitant increase
in utilization of other unmeasured therapies.

CONCLUSIONS
A volunteer, peer-group collaborative focused on
benchmarking decreased utilization of bronchodilators
and chest physiotherapy in bronchiolitis, though had
no impact on overuse of other unnecessary therapies
and tests.
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