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BACKGROUND AND OBJECTIVES: The Value in Inpatient Pediatrics Network

sponsored the Improving Care in Community Acquired Pneumonia
collaborative with the goal of increasing evidence-based management of
children hospitalized with community acquired pneumonia (CAP). Project
aims included: increasing use of narrow-spectrum antibiotics, decreasing
use of macrolides, and decreasing concurrent treatment of pneumonia and
asthma.
METHODS: Data were collected through chart review across emergency

department (ED), inpatient, and discharge settings. Sites reviewed up to
20 charts in each of 6 3-month cycles. Analysis of means with 3-σ control
limits was the primary method of assessment for change. The expert panel
developed project measures, goals, and interventions. A change package
of evidence-based tools to promote judicious use of antibiotics and raise
awareness of asthma and pneumonia codiagnosis was disseminated through
webinars. Peer coaching and periodic benchmarking were used to motivate
change.
RESULTS: Fifty-three hospitals enrolled and 48 (91%) completed the 1-year
project (July 2014–June 2015). A total of 3802 charts were reviewed for
the project; 1842 during baseline cycles and 1960 during postintervention
cycles. The median before and after use of narrow-spectrum antibiotics in
the collaborative increased by 67% in the ED, 43% in the inpatient setting,
and 25% at discharge. Median before and after use of macrolides decreased
by 22% in the ED and 27% in the inpatient setting. A decrease in asthma and
CAP codiagnosis was noted, but the change was not sustained.
CONCLUSIONS: Low-cost strategies, including collaborative sharing, peer

benchmarking, and coaching, increased judicious use of antibiotics in a
diverse range of hospitals for pediatric CAP.

Pneumonia is one of the most
common infections in childhood and
a leading indication for pediatric
hospitalization in the United States.1
However, substantial variation in
disease management is evident across
hospitals, resulting in care that is
inefficient or, worse, ineffective.2–4
Eliminating unnecessary or unproven

therapies and emphasizing evidenceinformed best practices is critical
to optimizing care. This, among
other practices, includes eliminating
antibiotic use in those unlikely to
benefit, as well as limiting exposure
when antibiotics are needed to the
most narrow-spectrum agents likely
to be effective.
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QUALITY REPORT

A consensus guideline for the
management of pneumonia in
children published jointly in 2011
by the Pediatric Infectious Diseases
Society (PIDS) and Infectious
Diseases Society of America (IDSA)
emphasized the need for judicious
antibiotic use, both to improve
individual outcomes and to slow the
impact of antimicrobial resistance.5
To date, changes in antibiotic use
patterns in accordance with the
guideline have been modest in most
US hospitals studied.6,7 Several
studies highlight successful local
guideline implementation efforts,7–10
although most of these efforts were
limited to single institutions.
In this study, we sought to assess
the impact of a multicenter learning
collaborative, Improving Care in
Community Acquired Pneumonia
(ICAP), on care for children
who require hospitalization for
pneumonia, with the overarching
goal of increasing compliance
with the PIDS/IDSA guideline.
Over a period of 1 year across
the collaborative, we sought to:
(1) increase the overall usage of
narrow-spectrum antibiotics for
children with pneumonia by 50%;
(2) decrease the overall usage
of macrolides for children with
pneumonia by 50%; and (3) increase
judicious antibiotic use for children
with pneumonia by improving
diagnostic specificity.

METHODS
This project was sponsored by
the Value in Inpatient Pediatrics
Network, part of the American
Academy of Pediatrics (AAP) Quality
Improvement Innovation Networks
(QuIIN) and was approved by the
AAP Institutional Review Board.
Written informed consent was
obtained from the team leader
at each site. Local teams handled
institutional review board approvals
as deemed necessary by each
institution. No protected health

information or patient identifiers
were collected for the project and
sites were de-identified in any public
presentation of data.

Project Participants
An open call for participation was
conducted via the AAP Section
on Hospital Medicine listserv as
well as the QuIIN listserv. To be
considered for inclusion, each site
was required to obtain institutional
approval, develop a multidisciplinary
improvement team of at least 3
members, and provide care for ≥20
community acquired pneumonia
(CAP) admissions annually. All types
of hospitals, including community
hospitals, free-standing and non–
free standing children’s hospitals,
and university- and nonuniversityaffiliated hospitals were recruited for
the project.

Planning the Metrics and
Intervention
The project was a 1-year
collaborative that included
educational webinars, a project
listserv, and individual site coaching
by e-mail and telephone. Project
planning began with a 2-day planning
group meeting. The planning group
set project goals and operationalized
consensus metrics derived from
the PIDS/IDSA CAP guideline.
The following primary goals were
established: increase use of narrowspectrum antibiotics, reduce use of
macrolides, and increase judicious
use of antibiotics by increasing
diagnostic specificity of CAP. To
operationalize judicious antibiotic
use in CAP, the expert group decided
to focus on the codiagnosis of
asthma and pneumonia; specifically,
the goal was to address patients
with an asthma exacerbation that
are also misdiagnosed with a
bacterial pneumonia and started on
antibiotics.
The project leadership created
a change package related to the
measures and this served as the

primary intervention for the project.
The change package consisted of:
(1) examples of evidence-based
pathways and order sets; (2) a
toolkit for developing an antibiotic
stewardship program; (3) examples
of effective communication tools
for promoting behavior change; and
(4) slide sets for use in educational
initiatives.
Additional individualized project
guidance for sites was provided on a
regular basis by a preassigned expert
coach. Each coach was assigned 3
to 4 sites based on area of expertise
and the sites’ stated priorities.
Coaches were provided with the
specific goals of assigned sites as
well as access to site performance
data. Eight educational webinars
were conducted over the project
period with topics including quality
improvement methodology, clinical
evidence surrounding optimal CAP
management, and strategies to
promote practice change. During the
intervention phase, group aggregate
performance feedback was reviewed
and individual sites presented local
data and experience with change
efforts. In addition, progress reports
were submitted by sites with
each data collection period. The
AAP maintained an online project
workspace with access to project
materials, webinar recordings,
individual site performance data
and group aggregate data (https://
www.aap.org/en-us/professionalresources/quality-improvement/
Quality-Improvement-InnovationNetworks/Pages/Value-in-InpatientPediatrics-Network-Projects.aspx).

Data Collection
All data were collected by chart
review for 3 quarters of each year
(summer was excluded due to low
volume of CAP) for 2014 and 2015.
Encounters for children 3 months
to 18 years of age hospitalized
(inpatient or observation status)
with an International Classification
of Diseases, Ninth Revision discharge
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diagnosis code in any position for
pneumonia (481, 482.0, 482.2–0.42,
482.89–0.9, 485, 486) and who
received antibiotics for the treatment
of CAP were considered for inclusion.
Children with chronic, comorbid
conditions predisposing them to
severe or recurrent respiratory
illnesses (eg, genetic, congenital,
chromosomal, neuromuscular, or
neurodevelopmental abnormalities),
those requiring intensive care,
mechanical ventilation, or a pleural
drainage procedure, and those
transferred to or from another
hospital were excluded. The first 20
encounters meeting project criteria in
each quarter (or all meeting criteria
if <20 encounters) were included.
The teams initially reviewed patient
charts from the preproject period
(cycles 1–3) to establish a baseline
and then reviewed postintervention
data monthly (cycles 4–6). The cycles
in this project refer to time periods;
specifically, baseline cycles included:
cycle 1 (September to November
2013), cycle 2 (December 2013 to
February 2014), and cycle 3 (March
2014 to May 2014); and intervention
cycles included: cycle 4 (September
to November 2014), cycle 5
(December 2014 to February 2015),
and cycle 6 (March 2015 to May
2015). June to August was excluded
in both the baseline and intervention
data collection cycles because of
the lower incidence of pneumonia
hospitalizations during that time.
Web-based data collection was
accomplished by using the AAP
Quality Improvement Data
Aggregator (QIDA), which created
run charts that allowed participants
to see their own real-time
performance compared with group
aggregate performance (which was
also presented during the webinars).
One designated team member
entered data into QIDA, and all core
team members had the ability to view
data. All data collected in reference
to project metrics were based on

compliance with the metrics at the
chart level.
Narrow-spectrum antibiotics were
defined as amoxicillin, penicillin, or
ampicillin only. Macrolides included
erythromycin, clarithromycin, or
azithromycin. Codiagnosis of asthma
was determined by administration
of steroids and β-agonist therapy in
addition to antibiotics for CAP.

Methods of Evaluation
Each site had access to run charting
on their performance benchmarked
by group aggregate performance
throughout the project. Preand postproject surveys were
administered to capture baseline
site characteristics, self-reported
knowledge, attitudes, and behaviors
surrounding CAP management,
and site-specific goals. Local team
progress was tracked qualitatively
through quarterly narrative progress
reports, which provided information
on timing and the types of
interventions attempted, challenges
encountered, and perceived
successes.

Data Analysis
Data were analyzed at the
collaborative and individual hospital
levels. During the project, simple run
charts were available to sites along
with comparisons to group means.
At the collaborative level, continuous
variables were summarized by
using median and interquartile
ranges (IQRs) due to nonnormal
distributions. Wilcoxon rank-sum
tests were used to compare hospital
use before and after the project
intervention. Generalized estimating
equations with robust standard
errors were used to assess the
association of ICAP implementation
on antibiotic use at the hospital level
while accounting for clustering. This
analysis yielded comparable results
to the bivariate analyses presented in
the results section.
Analysis of means (ANOM) was
also used to analyze project results

for individual metrics. ANOM is an
established quality improvement
statistical method for performing
multiple comparisons.11 ANOM
was used to compare cycle means
to the overall group mean with the
goal of determining if the variation
between cycles was due to commoncause variation. We chose ANOM
over statistical process control
because the low volume of CAP in
most of our sites resulted in fewer
data points than would be required
for evaluating change based on
statistical process control. ANOMs
provide for hypothesis testing by
using 3-σ control limits adjusted
for the number of comparisons
made. All bars crossing the upper
or lower control limits are deemed
to have differed from the overall
project mean for that measure at the
3-σ level. Statistical analyses were
performed by using Stata version
13.0 (Stata Corp, College Station, TX).

RESULTS
Fifty-four hospitals applied for
project participation and 53 were
accepted based on meeting stated
minimum requirements in their
applications. Fifty-two hospitals
were in the United States, and 1
was in Pakistan. Five hospitals (9%)
failed to complete the full 6 cycles
of data entry and were excluded
from the final analysis, yielding 48
hospitals in the final analysis. Table
1 shows demographic information
for the 47 hospitals in the United
States. Over 40% self-identified as
community hospitals; a majority
were in the South, in urban settings,
and provided care for >50% of
patients with public insurance. The
hospital in Pakistan self-identified
as a free-standing children’s hospital
and reported caring for >300 patients
with CAP annually.
A total of 3802 charts were reviewed
for the project, 1842 (48%)
during preintervention cycles 1
through 3 and 1960 (52%) during
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postintervention cycles 4 through
6. Length of stay for hospitalized
patients with CAP remained
consistent between the baseline and
postintervention periods (P > .05);
median baseline length of stay was
3 days (IQR, 2–4 days) before and 2
days (IQR, 2–3) after intervention.
Aggregate before and after results
summarizing rates of compliance
with each measure are presented as
site medians and IQRs in Table 2.

Narrow-Spectrum Antibiotic Use
The overall proportion of patients
receiving narrow-spectrum
antibiotics increased over
the continuum of care for the
hospitalized patient. Median before
and after use of narrow-spectrum
antibiotics in the collaborative
increased by 67% in the emergency
department (ED), 43% in the
inpatient setting, and 25% at
the time of discharge. For each
postintervention cycle, rates of
narrow-spectrum antibiotics in both
the inpatient and discharge settings
exceeded 3-σ above the overall
project mean. In the ED setting,
narrow-spectrum antibiotic use
approached the control limit in cycle
4 and exceeded 3-σ above the overall
project mean in cycles 5 and 6 (Fig 1).

Macrolide Use
Macrolide use in the collaborative
decreased in both the ED and
inpatient setting. Median before
and after use of macrolides in the
collaborative decreased by 22% in

the ED and by 27% in the inpatient
setting. In the ED, use of macrolides
decreased toward 3-σ control limits

below the overall project mean in
cycles 4 and 5 and below the control
limit in cycle 6. For inpatient settings,

TABLE 1 Demographics for Participating Hospitals
Percentage (%)
Self-identiﬁed hospital type
Community
FCH
NFCH
No. of pediatric beds
<10 beds
11–30 beds
>30 beds
Geographic location
Northeast
South
Midwest
West
Surrounding area
Suburban
Urban
Rural
Public insurance population
≤25%
26%–50%
>50%
PICU present
Yes
Full electronic health record
Yes
Board-certiﬁed pediatric EM
Yes

40.4
19.1
38.3
12.8
42.6
44.7
21.3
40.4
32.4
12.8
29.8
61.7
8.5
4.3
27.7
66.0
74.5
78.7
66.0

EM, emergency medicine; FCH, freestanding children's hospital; NFCH, non-freestanding children's hopital.

TABLE 2 Unadjusted Rates of CAP Management Before and After ICAP Initiation
Narrow-spectrum antibiotic, median % (IQR)
ED
Inpatient
Discharge
Macrolides (all ages), median % (IQR)
ED
Inpatient
Concomitant asthma diagnosis, median % (IQR)
a

Before

After

Pa

14.7 (8.8–27.0)
36.0 (21.1–54.4)
53.6 (39.2–65.4)

44.4 (33.8–55.8)
63.2 (52.6–76.7)
71.3 (60.4–80)

<.001
<.001
<.001

18.5 (10.8–36.7)
30.3 (18.4–40.8)
25.1 (16.3–32.5)

14.3 (8.1–20)
18.6 (10.1–24.1)
19.7 (13.6–26.2)

.009
<.001
.007

Wilcoxon rank-sum test (all tests at each level, including site and cycle).

FIGURE 1
CAP management by setting for narrow-spectrum antibiotics. A, ED. B, Inpatient. C, Discharge. Cycles 1 through 3, baseline; cycles 4 through 6, intervention.
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FIGURE 2
CAP management by setting for macrolides. A, ED. B, Inpatient. Cycles 1 through 3, baseline; cycles 4 through 6, intervention.

use of macrolides did not decrease
in cycle 4, but improved to below
the control limits in cycles 5 and 6
(Fig 2).

Diagnostic Speciﬁcity of CAP
Our aim to increase diagnostic
specificity of CAP was
operationalized by focusing on
the patients who are codiagnosed
with both CAP and asthma. Our
goal of decreasing concomitant
diagnosis of CAP and asthma met
with inconsistent results. There
was a decrease in the measure to an
aggregate rate below the 3-σ control
limit in cycle 5, but this was not
sustained into cycle 6. (Fig 3)

Site-Speciﬁc Change
Site-specific change for narrowspectrum antibiotics across the
3 settings (ED, inpatient, and
discharge) is presented in Fig 4.
Although there was improvement
at the collaborative level on each
of these measures, not all sites
demonstrated improvement over the
project period. Specifically, 3 sites
did not improve in the ED setting, 4
sites did not improve in the inpatient
setting, and 8 sites did not improve at
discharge (Fig 4).

DISCUSSION
This improvement collaborative met
2 of the 3 project goals; increasing
narrow-spectrum antibiotic use and
reducing macrolide use for CAP at
participating hospitals; however, no

FIGURE 3
Concomitant asthma diagnosis over study cycles. Cycles 1 through 3, baseline; cycles 4 through 6,
intervention.

sustained change in CAP and asthma
codiagnosis was noted. The success
of the ICAP collaborative in terms
of antibiotic selection is notable
because it mobilized diverse hospitalbased groups from 26 states and 2
countries in an entirely voluntary
project to improve management of
CAP. Using low-resource strategies,
this virtual collaborative shared a
toolkit that included sample order
sets, clinical practice guidelines,
informational presentations, as
well as coaching, and was modeled
after the strategy used in the Value
in Inpatient Pediatrics Network
Bronchiolitis Quality Improvement
Project.12 Similar to the Bronchiolitis
Quality Improvement Project,

the ICAP collaborative recruited
community hospitals with the aim
of dissemination of best practices in
sites that may not have easy access
to other pediatric-specific quality
improvement resources.
Although the publication of a
national consensus guideline is an
important step in standardizing care
and improving quality, much work
remains to implement guideline
recommendations at the local level,
as demonstrated by previous studies
reporting on the wide variation in
management of CAP in differing
types of hospitals.3,13–16 One
single-center quality improvement
intervention performed before
the publication of the PIDS/IDSA
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M pneumoniae.20 The baseline data
from ICAP revealed more than
twice as much empirical treatment
than prevalence estimates suggest
would have been appropriate. Data
from ICAP cycles 5 and 6 revealed a
decrease in macrolide use to a rate
more consistent with prevalence
estimates.

FIGURE 4
Site-speciﬁc change for narrow-spectrum antibiotics over the study period. Difference from baseline
is plotted on the vertical axis and each of the settings is on the horizontal axis. Each black dot
represents an individual site.

guideline demonstrated that
implementation of a local guideline
increased inpatient narrow-spectrum
prescribing from 2% to 44%.9 A
multicenter assessment of the impact
of local clinical practice guidelines
in 41 children’s hospitals found
that narrow-spectrum prescribing
occurred at a rate of 24% in hospitals
without a guideline versus 46%
in hospitals with a guideline.13 An
intensive quality improvement
intervention in a large free-standing
children’s hospital combined a
clinical practice guideline and an
antibiotic stewardship program and
achieved an increase in narrowspectrum usage from 13% to 63% in
the inpatient setting.8 By comparison,
ICAP promoted similar strategies
and achieved similar final rates of
narrow-spectrum prescribing: 44%
in the ED and 63% in the inpatient
setting.
One notable success of the ICAP
collaborative was the ability to
demonstrate improvement in
judicious antibiotic use in the ED
setting. One single-center project,
employing an intensive quality
improvement strategy at a large

children’s hospital, increased
appropriate prescribing to 100% in
both the ED and inpatient settings.10
Others have shown that the use
of narrow-spectrum antibiotics is
lowest in the ED and increases with
inpatient care and, subsequently,
discharge.17,18 The ICAP results
mirrored these findings. ICAP
also included several sites that
achieved 100% compliance with
narrow-spectrum usage in each of
the settings measured. Although
narrow-spectrum antibiotic use was
lowest in the ED setting, nearly all
ICAP hospitals (45 of the 48 sites)
demonstrated improvement in this
setting, suggesting benefit from the
strategy of forming multidisciplinary
teams that engage ED physicians.
The second success of the ICAP
collaborative was the reduction in
inpatient and, to a lesser extent,
ED macrolide use. Macrolide
antibiotics are typically used to
cover for Mycoplasma pneumoniae,
a bacterium estimated to cause
∼7% to 10% of inpatient CAP,19
Additionally, it is unclear whether
macrolide antibiotics improve
outcomes in patients with confirmed

The third area of interest in this
project was diagnostic specificity,
which we addressed by focusing
on the concomitant diagnosis of
asthma with CAP, colloquially
known as “asthmonia.” In a study
using administrative data from
multiple children’s hospitals, 43%
of patients hospitalized with CAP
had an asthma codiagnosis.21
However, the same study showed
wide regional variation in rates of
such a codiagnosis, ranging from
12.4% to 34.8%.21 Given the fact
that radiography may not be a true
gold standard for CAP diagnosis
due to high rates of atelectasis
in pediatrics and literature
documenting variation in chest
radiography interpretation,22 the
expert group for this project felt
that diagnostic specificity could
likely be significantly improved.
Furthermore, ED physicians and
hospitalists disagreed on the
presence of CAP in asthma at
rates >50% in at least 1 study,18
with the hospitalists frequently
discontinuing antibiotics
started in the ED setting. Such
disagreements occur because
opacities on chest radiographs are
variably interpreted as atelectasis
or infiltrates, with diagnostic
uncertainty prevailing around the
presence or absence of bacterial
infection. Our experience with
this metric supports the idea that
the variation observed indicates
potentially unnecessary antibiotics
use in asthma, although this is
an area that warrants significant
additional scrutiny.
An important limitation of this
study is the absence of data
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integrity controls at the individual
sites. Participating sites performed
their own chart reviews and entered
their data into the online data
collection system. Although the
project provided technical support
for data collection and entry,
there was no way of ensuring that
the data entered were correctly
abstracted from the patient charts,
leaving open the possibility that
social desirability bias affected
the results. However, as we
report, there were sites that did
not show improvement. In terms
of generalizability, individuals
who chose to participate in this
voluntary collaborative are
motivated to engage in systems
change. Although the sites varied in
their demographics, any voluntary
project will be generalizable only
with an engaged and motivated
team. Another limitation is the
short duration of the project and,
hence, the lack of ability to assess
the sustainability of change with
the current dataset. Finally, the
small number of data points and
lack of a control group limited
our ability to explicitly examine
the temporal relationship of the
intervention and rule out the impact
of ongoing secular trends toward
more judicious antibiotic use.
However, our analysis is based on
showing change that are 3-σ from
the overall project mean, which is a
conservative approach to asserting
change from the preintervention
cycles.

CONCLUSIONS
This voluntary, multisite quality
improvement collaborative
using low-resource strategies
demonstrated a significant increase
in the use of narrow-spectrum
antibiotics and a reduction in
macrolide usage. ICAP focused on
diverse hospitals and therefore has
the potential to be generalizable to
the wide range of hospitals where the

majority of children are hospitalized
in the United States.
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