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BACKGROUND AND OBJECTIVES: Adherence to Amer-
ican Academy of Pediatrics (AAP) bronchiolitis clinical
practice guideline recommendations improved significantly
through the AAP’s multiinstitutional collaborative, the Bron-
chiolitis Quality Improvement Project (BQIP). We assessed
sustainability of improvements at participating institutions for
1 year following completion of the collaborative.

METHODS: Twenty-one multidisciplinary hospital-based
teams provided monthly data for key inpatient bronchiolitis
measures during baseline and intervention bronchiolitis sea-
sons. Nine sites provided data in the season following com-
pletion of the collaborative. Encounters included children
younger than 24 months who were hospitalized for bronchi-
olitis without comorbid chronic iliness, prematurity, or inten-
sive care. Changes between baseline-, intervention-, and
sustainability-season data were assessed using generalized
linear mixed-effects models with site-specific random effects.
Differences between hospital characteristics, baseline perfor-
mance, and initial improvement between sites that did and did

not participate in the sustainability season were compared.

RESULTS: A total of 2275 discharges were reviewed, com-
prising 995 baseline, 877 intervention, and 403 sustainabili-
ty-season encounters. Improvements in all key bronchiolitis
quality measures achieved during the intervention season
were maintained during the sustainability season, and orders
for intermittent pulse oximetry increased from 40.6% (95%
confidence interval [CI], 22.8-61.1) to 79.2% (95% ClI, 58.0-
91.3). Sites that did and did not participate in the sustainabil-
ity season had similar characteristics.

DISCUSSION: BQIP participating sites maintained im-
provements in key bronchiolitis quality measures for 1 year
following the project’s completion. This approach, which
provided an evidence-based best-practice toolkit while
building the quality-improvement capacity of local interdis-
ciplinary teams, may support performance gains that per-
sist beyond the active phase of the collaborative. Journal of
Hospital Medicine 2017;12:905-910. Published online first
September 6, 2017. © 2017 Society of Hospital Medicine

Acute viral bronchiolitis is the most common cause of hos-
pitalization for children less than 1 year of age.! Overuse
of ineffective therapies has persisted despite the existence
of the evidence-based American Academy of Pediatrics
(AAP) clinical practice guideline (CPG), which recom-
mends primarily supportive care.”® Adherence to the AAP
CPG recommendations for management of bronchiolitis
improved significantly through the AAP’s Bronchiolitis
Quality Improvement Project (BQIP), a 12-month, multi-
institutional collaborative of community and free-standing
children’s hospitals.” This subsequent study investigates if
these improvements were sustained after completion of the
formal 12-month project.

Published multiinstitutional bronchiolitis quality im-
provement (QI) work is limited to 1 study’ that describes
the results of a single intervention season at academic med-
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ical centers. Multiyear bronchiolitis QI projects are limited
to single-center studies, and results have been mixed.>¢810-13
One study!! observed continued improvement in bronchodi-
lator use in subsequent seasons, whereas a second study'® ob-
served a return to baseline bronchodilator use in the follow-
ing season. Mittal® observed inconsistent improvements in
key bronchiolitis measures during postintervention seasons.

Our specific aim was to assess the sustainability of im-
provements in bronchiolitis management at participating
institutions 1 year following completion of the AAP BQIP
collaborative.” Because no studies demonstrate the most ef-
fective way to support long-term improvement through a
QI collaborative, we hypothesized that the initial collabo-
rative activities, which were designed to build the capacity
of local interdisciplinary teams while providing standardized
evidence-based care pathways, would lead to performance
in the subsequent season at levels similar to or better than
those observed during the active phase of the collaborative,
without additional project interventions.

METHODS

Study Design and Setting

This was a follow-up study of the AAP Quality Improve-
ment Innovation Networks project entitled “A Quality
Collaborative for Improving Hospital Compliance with the
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AARP Bronchiolitis Guideline” (BQIP).” The AAP Institu-
tional Review Board approved this project.

Twenty-one multidisciplinary, hospital-based teams par-
ticipated in the BQIP collaborative and provided monthly
data during the January through March bronchiolitis season.
Teams submitted 2013 baseline data and 2014 intervention
data. Nine sites provided 2015 sustainability data following
the completion of the collaborative.

Participants

Hospital encounters with a primary diagnosis of acute viral
bronchiolitis were eligible for inclusion among patients from
1 month to 2 years of age. Encounters were excluded for
prematurity (<35 weeks gestational age), congenital heart
disease, bronchopulmonary dysplasia, genetic, congenital or
neuromuscular abnormalities, and pediatric intensive-care
admission.

Data Collection

Hospital characteristics were collected, including hospital
type (academic, community), bed size, location (urban, ru-
ral), hospital distributions of race/ethnicity and public pay-
er, cases of bronchiolitis per year, presence of an electronic
medical record and a pediatric respiratory therapist, and
self-rated QI knowledge of the multidisciplinary team (very
knowledgeable, knowledgeable, and somewhat knowledge-
able). A trained member at each site collected data through
structured chart review in baseline, intervention, and sus-
tainability bronchiolitis seasons for January, February, and
March. Site members reviewed the first 20 charts per month
that met the inclusion criteria or all charts if there were few-
er than 20 eligible encounters. Sites input data about key
quality measures into the AAP’s Quality Improvement Data
Aggregator, a web-based data repository.

Intervention

The BQIP project was designed as a virtual collaborative
consisting of monthly education webinars about QI methods
and bronchiolitis management, opportunities for collabora-
tion via teleconference and e-mail listserv, and individual
site-coaching by e-mail or telephone.” A change package was
shared with sites that included examples of evidence-based
pathways, ordersets, a respiratory scoring tool, communica-
tion tools for parents and referring physicians, and slide sets
for individual site education efforts. Following completion
of the collaborative, written resources remained available to
participants, although virtual collaboration ceased and no
additional project interventions to promote sustainability
were introduced.

Bronchiolitis Process and Outcome Measures

Process measures following admission included the follow-
ing: severity assessment using a respiratory score, respiratory
score use to assess response to bronchodilators, broncho-
dilator use, bronchodilator doses, steroid doses per patient
encounter, chest radiographs per encounter, and presence of

an order to transition to intermittent pulse oximetry moni-
toring. Outcome measures included length of stay and read-
missions within 72 hours.

Analysis

Changes among baseline-, intervention-, and sustain-
ability-season data were assessed using generalized linear
mixed-effects models with random effect for study sites.
Negative binomial models were used for count variables to
allow for overdispersion. Length of stay was log-transformed
to achieve a normal distribution. We also analyzed each site
individually to assess whether sustained improvements were
the result of broad sustainability across all sites or whether
they represented an aggregation of some sites that continued
to improve while other sites actually worsened.

To address any bias introduced by the voluntary and in-
complete participation of sites in the sustainability season, we
planned a priori to conduct 3 additional analyses. First, we
compared the characteristics of sites that did participate in
the sustainability season with those that did not participate
by using Chi-squared tests for differences in proportions and t
tests for differences in means. Second, we determined wheth-
er the baseline-season process and outcome measures were dif-
ferent between sites that did and did not participate using de-
scriptive statistics. Third, we assessed whether improvements
between the baseline and intervention seasons were different
between sites that did and did not participate using a linear
mixed-effects model for normally distributed outcomes and
generalized linear mixed-effects model with site-specific ran-
dom effects for nonnormally distributed outcomes. All study
outcomes were summarized in terms of model-adjusted means
along with the corresponding 95% confidence intervals. All P
values are 2-sided, and P < 0.05 was used to define statistical
significance. Data analyses were conducted using SAS soft-
ware (SAS Institute Inc., Cary, North Carolina) version 9.4.

RESULTS

A total of 2275 patient encounters were reviewed, compris-
ing 995 encounters from the baseline season, 877 from the
intervention season, and 403 from the sustainability sea-
son. Improvements were observed across key bronchiolitis
quality measures from the baseline to intervention season,’
although not every site improved in every metric. All im-
provements achieved by the combined groups during the
intervention season were sustained during the sustainabili-
ty season (Table 1). No measures demonstrated statistically
significant reductions between the intervention and sustain-
ability seasons, and the use of intermittent pulse oximetry
continued to increase. Length of stay and 72-hour readmis-
sions were not statistically different between seasons (P =
0.54 and P = 0.98, respectively).

Mean use of a respiratory score, which was 6.6% (95%
confidence interval [CI], 1.8-21.5) in the baseline season,
increased to 73.9% (95% CI, 56.9-85.9) during the inter-
vention season and 70.7% (95 % CI, 53.8-83.5) in the sus-

tainability season. The number of bronchodilator doses per
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TABLE 1. Differences in Performance of Bronchiolitis QI Measures Following Admission Between Baseline,

Intervention and Sustainability Seasons

Severity Presence of an
Assessed Order to Transi-
using Respiratory Score Bronchodilator tion to Readmitted
Respiratory Use to Assess Bronchodilator Doses / Steroid Doses CXR/ Intermittent Pulse Within 72
Score Response to Use Encounter / Encounter  Encounter Oximetry Hours
% Bronchodilator % % Mean Mean Mean % Length %
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) of Stay? (95% Cl)
Baseline 6.6 8.6 455 31 0.33 0.18 40.6 0.53 2.4
(1.8-21.5) (2.4-26.2) (37.9-53.3) (2.1-4.4) (0.23-0.48) (0.11-0.29) (22.8-61.1) (0.35-0.71) (1.3-4.1)
Intervention 73.9 68.3 23 1.0 0.04 0.08 68.6 0.37 18
(56.9-85.9) (48.1-83.3) (17.0-30.0) 0.7-1.4) (0.02-0.11) (0.06-0.11) (47.4-84.1) (0.19-0.55) (1.0-3.2)
PValue Baseline to <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 51
Intervention
Sustainability 70.7 57.6 26.1 0.8 0.10 0.07 79.2 0.40 1.7
(53.8-83.5) (37.9-75.1) (19.6-33.9) (0.5-1.3) (0.04-0.24) (0.04-0.15) (58.0-91.3) (0.22-0.58) (1.0-3.6)
Change from -33 -10.8 3.1 -0.2 0.05 0.00 10.7 0.03 0.0
Intervgnnqq fo (-9.1-2.7) (-23.3-1.8) (-3.1-9.3 (-0.7-0.3) (-0.04-0.14)  (-.05-0.05) (-5.0-16.4) (-0.07-0.13) (-2.0-2.1)
Sustainability
PValue Intervention .26 .09 3 5 21 .84 <.01 .54 .98
to Sustainability
“Log transformed length of stay in days.
NOTE: Abbreviations: CI, confidence interval; CXR, chest radiograph.
encounter decreased from 3.1 (95% CI, 2.1-4.4) in the base-
line season to 1.0 (95% CI, 0.7-1.4) in the intervention sea- 80 N

son and 0.8 (95% ClI, 0.5-1.3) in the sustainability season.
Orders for intermittent pulse oximetry increased significant-
ly from a baseline of 40.6% (95% CI, 22.8-61.1) to 68.6%
(95% CI, 47.4-84.1) in the intervention season and 79.2%
(95% CI, 58.0-91.3) in the sustainability season. In general,
this same pattern was present, ie, individual sites did not
demonstrate significant improvement or worsening across
the measures (Appendix la). The Figure illustrates individu-
al site and overall project performance over the study period
using bronchodilator use as a representative example.
Characteristics of sites that did and did not participate in
the sustainability season were not significantly different (Ta-
ble 2). The majority of sites were medium-sized centers that
cared for an average of 100 to 300 inpatient cases of bron-
chiolitis per year and were located in an urban environment.
Differences in baseline bronchiolitis quality measures be-
tween sites that did and did not participate in the sustain-
ability season are displayed in Table 3. Sustainability sites
had significantly lower baseline use of a respiratory score,
both to assess severity of illness at any point after hospital-
ization as well as to assess responsiveness following broncho-
dilator treatments (P < 0.001). At baseline they also had
fewer orders for intermittent pulse oximetry use (P = 0.01)
and fewer doses of bronchodilators per encounter (P = 0.04).
Sites were not significantly different in their baseline use of
bronchodilators, oral steroid doses, or chest radiographs.
Sites that participated in the sustainability season demon-
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FIG. Individual site performance of bronchodilator use after hospital admission
over baseline, intervention and sustainability time periods.

NOTE: Control limits are 2 standard deviations from the project mean.

stated larger magnitude improvement between baseline and
intervention seasons for respiratory score use (P < 0.001 for
any use and P = 0.02 to assess bronchodilator responsive-
ness; Appendix 1b).

DISCUSSION
To our knowledge, this is the first report of sustained im-
provements in care achieved through a multiinstitutional
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TABLE 2. Characteristics of Sites that Did and Did Not Participate in the BQIP Sustainability Data Collection

Season

Sustaining Site Nonsustaining Site

n=9) (n=12)
Characteristics of Sites % % P Value
Hospital Type Academic 67 58 .99
Community 33 42
Bed Size =50 " 17 .60
10-50 0 17
<10 89 67
Hospital Location Urban 67 58 .99
Suburban 33 42
Racial/Ethnic Distribution White, non-Hispanic 58.6 35.4 .06
of Hospital Populationa Hispanic 191 25.8 19
Black, non-Hispanic 154 28.2 .07
*Public-Insurance Distribution of Hospital Population? Public Insurance 60.9 57.6 .67
Presence of EHR Yes 100 83 .84
Annual Cases of Bronchiolitis >300 22 8 .84
100-300 44 42
<100 33 50
Presence of Pediatric RT Yes 66 92 27
QI Knowledge, self-rated Very Knowledgeable " 17 .84
Knowledgeable 56 33
Somewhat 33 50

“These proportions reflect the hospital’s self-reported distribution of race/ethnicity and public-payer status and not necessarily the distributions of encounters included in the Bronchiolitis Quality Improvement Project (BQIP) collaborative.
NOTE: Abbreviations: BQIP, Bronchiolitis Quality Improvement Project; EHR, electronic health record; RT, respiratory therapist; Ql, quality improvement.

QI collaborative of community and academic hospitals fo-
cused on bronchiolitis care. We found that overall sites par-
ticipating in a national bronchiolitis QI project sustained
improvements in key bronchiolitis quality measures for 1
year following the project’s completion. For the aggregate
group no measures worsened, and one measure, orders for
intermittent pulse oximetry monitoring, continued to in-
crease during the sustainability season. Furthermore, the sus-
tained improvements were primarily the result of consistent
sustained performance of each individual site, as opposed
to averages wherein some sites worsened while others im-
proved (Appendix 1a). These findings suggest that designing
a collaborative approach, which provides an evidence-based
best-practice toolkit while building the QI capacity of local
interdisciplinary teams, can support performance gains that
persist beyond the project’s active phase.

There are a number of possible reasons why improvements
were sustained following the collaborative. The BQIP re-
quirement for institutional leadership buy-in may have mo-
tivated accountability to local leaders in subsequent bron-
chiolitis seasons at each site. We suspect that culture change
such as flattened hierarchies through multidisciplinary
teams,'* which empowered nurse and respiratory therapy
staff, may have facilitated consistent use of tools created
locally. The synergy of interdisciplinary teams composed of

physician, nurse, and respiratory therapy champions may
have created accountability to perpetuate the previous year’s
efforts.”® In addition, the sites adopted elements of the evi-
dence-based toolkit, such as pathways,'®!” forcing function
tools™!® and order sets that limited management decision
options and bronchodilator use contingent on respiratory
scores,”!” which may have driven desired behaviors.

Moreover, the 2014 AAP CPG for the management of
bronchiolitis,” released prior to the sustainability bronchi-
olitis season, may have underscored the key concepts of the
collaborative. Similarly, national exposure of best practices
for bronchiolitis management, including the 3 widespread
Choosing Wisely recommendations related to bronchiolitis,?!
might have been a compelling reason for sites to maintain
their improvement efforts and contribute to secular trends to-
ward decreasing interventions in bronchiolitis management
nationally.’ Lastly, the mechanisms developed for local data
collection may have created opportunities at each site to con-
duct ongoing evaluation of performance on key bronchiolitis
quality measures through data-driven feedback systems.?? Our
study highlights the need for additional research in order to
understand why improvements are or are not sustained.

Even with substantial, sustained improvements in this
initiative, further reduction in unnecessary care may be
possible. Findings from previous studies suggest that even
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TABLE 3. Differences in Bronchiolitis Quality Measures at Baseline for Sites that Did and Did Not Participate in

BQIP Sustainability Data Collection Season

Sustaining Site

Nonsustaining Site

Bronchiolitis Quality Measure n=9) n=12) P Value
Severity Assessed Using Respiratory Score, % 54 35.2 <.001
Respiratory Score Use to Assess Response to Bronchodilator, % 77 23.2 <.001
Bronchodilator Use, % 45.7 47.6 .54
Bronchodilator Doses/Encounter, Mean 3.1 4.0 .04
Steroids Doses/Encounter, mean 0.3 0.4 A7
CXR/Encounter, Mean 0.18 0.14 .93
Presence of an Order to Transition to Intermittent Pulse Oximetry, % 39.7 476 .01

NOTE: Abbreviations: BQIP, Bronchiolitis Quality Improvement Project; CXR, chest radiograph.

multifaceted QI interventions, including provider educa-
tion, guidelines and use of respiratory scores, may only mod-
estly reduce bronchodilators, steroids, and chest radiograph
use.3 To achieve continued improvements in bronchiolitis
care, additional active efforts may be needed to develop new
interventions that target root causes for areas of overuse at
individual sites.

Future multiinstitutional collaboratives might benefit
their participants if they include a focus on helping sites de-
velop skills to ensure that local improvement activities con-
tinue after the collaborative phases are completed. Proac-
tively scheduling intermittent check-ins with collaborative
members to discuss experiences with both sustainability and
ongoing improvement may be valuable and likely needs to
be incorporated into the initial collaborative planning.

As these sustainability data represent a subset of 9 of the
original 21 BQIP sites, there is concern for potential selec-
tion bias related to factors that could have motivated sites
to participate in the sustainability season’s data collection
and simultaneously influenced their performance. These
concerns were mitigated to some extent through 3 specific
analyses: finding limited differences in hospital characteris-
tics, baseline performance in key bronchiolitis measures, and
performance change from baseline to intervention seasons
between sites that did and did not participate in the sustain-
ability season.

Notably, sites that participated in the sustainability phase
actually had lower baseline respiratory score use and few-
er orders for intermittent pulse oximetry at baseline. The-
oretically, if participation in the collaborative highlighted
this disparity for these sites, it could have been a motivating
factor for their continued participation and sustained perfor-
mance across these measures. Similarly, sites that recognized
their higher baseline performance through participation in
the collaborative might have felt less motivation to partici-
pate in ongoing data collection during the sustainability sea-
son. Whether they might have also sustained, declined, or
continued improving is not known. Additionally, the mag-

nitude of improvement in the collaborative period might
have also motivated ongoing participation during the sus-
tainability phase. For example, although all sites improved
in score use during the collaborative, sites participating in
the sustainability season demonstrated significantly more
improvement in these measures. Sites with a higher magni-
tude of improvement in collaborative measures might have
more enthusiasm about the project, more commitment to
the project activities, or feel a sense of obligation to respond
to requests for additional data collection.

This work has several limitations. Selection bias may limit
generalizability of the results, as sites that did not partici-
pate in the sustainability season may have had different re-
sults than those that did participate. It is unknown whether
sites that regressed toward their baseline were deterred from
participating in the sustainability season. The analyses that
we were able to preform, however, suggest that the 2 groups
were similar in their characteristics as well as in their base-
line and improvement performance.

We have limited knowledge of the local improvement
work that sites conducted between the completion of the
collaborative and the sustainability season. Site-specific fac-
tors may have influenced improvement sustainability. For
example, qualitative research with the original group found
that team engagement had a quantitative association with
better performance, but only for the bronchodilator use
measure.?? Sites were responsible for their own data collec-
tion, and despite attempts to centralize and standardize the
process, data collection inconsistencies may have occurred.
For instance, it is unknown how closely that orders for inter-
mittent pulse oximetry correlate with intermittent use at the
bedside. Lastly, the absence of a control group limits exam-
ination of the causal relationships of interventions and the
influence of secular trends.

CONCLUSIONS
Improvements gained during the BQIP collaborative were
sustained at 1 year following completion of the collabora-
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tive. These findings are encouraging, as national QI collabo-
rative efforts are increasingly common. Our findings suggest
that opportunities exist to even further reduce unnecessary
care in the management of bronchiolitis. Such opportunities
highlight the importance of integrating strategies to both
measure sustainability and plan for ongoing independent
local activities after completion of the collaborative. Future
efforts should focus on supporting local sites to continue in-
dividual practice-improvement as they transition from col-
laborative to independent quality initiatives.
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