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abstract
OBJECTIVE: In August 2011, the Pediatric Infectious Disease Society and
Infectious Disease Society of America published an evidence-based
guideline for the management of community-acquired pneumonia
(CAP) in children $3 months. Our objective was to evaluate if quality
improvement (QI) methods could improve appropriate antibiotic
prescribing in a setting without a formal antimicrobial stewardship
program.

METHODS: At a tertiary children’s hospital, QI methods were used to
rapidly implement the Pediatric Infectious Disease Society/Infectious
Disease Society of America guideline recommendations for appropriate
first-line antibiotic therapy in children with CAP. QI interventions focused
on 4 key drivers and were tested separately in the emergency
department and on the hospital medicine resident teams, using
multiple plan-do-study-act cycles. Medical records of eligible patients
were reviewed weekly to determine the success of prescribing
recommended antibiotic therapy. The impact of these interventions on
our outcome was tracked over time on run charts.

RESULTS: Appropriate first-line antibiotic prescribing for children
admitted with the diagnosis of CAP increased in the emergency
department from a median baseline of 0% to 100% and on the
hospital medicine resident teams from 30% to 100% within 6
months of introducing the guidelines locally at Cincinnati Children’s
Hospital Medical Center and has been sustained for 3 months.

CONCLUSIONS: Our study demonstrates that QI methods can rapidly
improve adherence to national guidelines even in settings without a for-
mal antimicrobial stewardship program to encourage judicious anti-
biotic prescribing for CAP. Pediatrics 2013;131:e1623–e1631
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Community-acquired pneumonia (CAP)
is a common and serious infection in
children. In the United States, .3 mil-
lion children are diagnosed with CAP
each year, and .150 000 of these
children require hospitalization.1,2 In
August 2011, the first US national
evidence-based guideline for the man-
agement of uncomplicated CAP in
children was published by the Pediat-
ric Infectious Disease Society (PIDS)
and the Infectious Disease Society of
America (IDSA). This guideline recom-
mends ampicillin as first-line antibiotic
therapy for the fully immunized child
without underlying medical conditions
and with uncomplicated CAP who
requires hospital admission.3 Addi-
tionally, the guideline recommends
empirical combination therapy with
a macrolide and b-lactam antibiotic
when atypical pneumonia is a di-
agnostic consideration.

Before the publication of this guideline,
several studies documented variability
in the management of CAP in hospital-
ized children.4,5 A multicenter study of
children’s hospitals showed that ceph-
alosporins accounted for 45% of all
empirical therapy for patients di-
agnosed with CAP but penicillins and
aminopenicillins were rarely used.5 A
Cincinnati Children’s Hospital Medical
Center (CCHMC) evidence-based guide-
line for CAP, last updated in 2006, dis-
cussed oral and intramuscular antibiotic
recommendations but did not discuss
any intravenous therapy options for ad-
mitted patients. High-dose amoxicillin for
children aged 60 days to 5 years of age,
and macrolide monotherapy in children
$5 years was recommended. Cepha-
losporins (second or third generation)
were recommended for children with
a penicillin allergy or as an intramuscular
injection on day 1 of therapy.6

Although antimicrobial stewardship
programs (ASPs) have been shown
to improve antibiotic prescribing pat-
terns; CCHMC does not currently have

one.7,8 There is, however, quality
improvement (QI) infrastructure at
CCHMC, which we hypothesized could
be used in the place of a formal ASP to
introduce this new guideline. Thus, a
multidisciplinary improvement team
was formed to design, test, and im-
plement interventions aimed at re-
ducing unwarranted variation in initial
antibiotic therapy for children admit-
ted with the diagnosis of CAP. We
targeted interventions on both the
emergency department (ED) and, if
missed in the ED or directly admitted,
on the hospital medicine (HM) resident
teams. We aimed to increase the per-
cent of otherwise healthy patients ad-
mitted to the HM resident teams with
a diagnosis of uncomplicated CAP who
received appropriate evidence-based
first-line antibiotic therapy, as defined
by the PIDS/IDSA guideline, to 80% from
a baseline of 0% in the ED and a base-
line of 30% on the HM resident teams.

METHODS

Setting

CCHMC is a free-standing, tertiary-care,
pediatric academicmedical centerwith
523 licensed inpatient beds at 2 loca-
tions that serves southwestern Ohio,
southeastern Indiana, and northern
Kentucky. It has ∼90 000 ED visits per
year and.7000 admissions to the HM
resident teams per year at the main
campus, the site of this study. There are
∼300 residents, who are the main
prescribers at the institution, that
rotate each year in the ED and on the
HM resident teams. This study was
approved by the institutional review
board as exempt from human subject
research.

Planning the Intervention

The improvement team consisted of 3
pediatric hospital medicine physicians,
2 pediatric emergency medicine physi-
cians, 2 pediatric infectious diseases
physicians, 1 community pediatrician, 2

hospitalmedicinefellows,1pharmacist,1
pediatric chief resident, and 1 research
assistant. The team created a process
map depicting the current antibiotic
prescribing for a patient initially treated
in the ED and then admitted to an HM
resident team. Thisalso includedpatients
admitted to HM resident teams with
a community pediatrician serving as the
attending physician (n = 7). From this
map (Fig 1), the team conducted a fail-
ure mode and effects analysis9,10 and
developed key drivers to accomplish the
improvement aim (Fig 2).

Data Collection

Patients were eligible for inclusion if
they were admitted to the hospital with
a primary International Classification
of Disease, Ninth Revision (ICD-9) dis-
charge diagnosis code of pneumonia
(480–483, 485–486, 510, 511.0–1, or
511.9) or a primary ICD-9 discharge
diagnosis code of a pneumonia-related
symptom such as wheezing or tachyp-
nea (780.6, 786.00, 786.05, 786.06,
786.07, 786.2, 786.3, 786.4, 786.5, 786.51,
786.52, or 786.7) and a secondary ICD-9
discharge diagnosis code of pneumo-
nia.11–14 Included patients were be-
tween 3 months and 19 years of age
and had, by parental report, received
age-appropriate vaccinations. We ex-
cluded patients with complicated
pneumonia, patients who had immu-
nodeficiency or complex chronic con-
ditions, and patients admitted to the
ICU on the first day of admission.15 Ap-
propriate first-line therapy was defined
as empirical receipt of (1) amoxicillin
(dosing: 90 mg/kg/day orally) or ampi-
cillin (200 mg/kg/day intravenously); or
(2) ceftriaxone (50–100 mg/kg/day in-
travenously or intramuscularly) or oral
equivalent cefdinir (14mg/kg/day orally)
or clindamycin (40 mg/kg/day orally or
intravenously) for children with peni-
cillin allergy; or (3) azithromycin (10
mg/kg/day orally or intravenously) on
day 1 in combination with either ami-
nopenicillins or, in the case of allergy,
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other appropriate antibiotics. To deter-
mine a baseline proportion of appro-
priate first-line therapy prescribing in
the ED and on the HM resident teams,
data were collected retrospectively
from May 1, 2011, to October 23, 2011.
Although the PIDS/IDSA guideline was
first available electronically on August
30, 2011, our interventions did not begin
until the week of October 24, 2011, with
a seminar introducing the guideline. All
medical records of eligible patientswere
reviewed from the previous week on
an ongoing weekly basis to determine
appropriateness of first-line antibiotic
prescribing. These chartswere reviewed
independently by 2 members of the im-
provement team (physician or pharma-
cist) using an algorithm that verified
eligibility and determined success or
failure of first-line antibiotic treatment
prescription according to the guideline
recommendations (Appendix A).

Interventions

The interventions were designed as
partofa campaignmessage to increase
appropriate evidence-based antibiotic
prescribing for children with CAP.
Changes were tested through multiple
plan-do-study-act cycles16 initiated by
the improvement team after the initial
intervention in mid-October. These in-
terventions were developed to address
our key drivers (Fig 2).

In October 2011, a seminar was given to
introduce themanagement of childhood

CAP as detailed in the PIDS/IDSA guide-
line to the attending physicians and
clinical fellows of the Divisions of HM,
Pulmonary Medicine, Infectious Dis-
eases, and ED. The seminar provided
an overview of the guidelines, discussed
the rationale for the guideline recom-
mendations, and identified situations
where local practice oropiniondiverged
from guideline recommendations. Fol-
lowing the seminar, a 1-page summary
sheet for the management of childhood
CAP for hospitalized patients was pro-
vided to all participants of the seminar
and to their divisions to distribute to
faculty who were unable to attend. In
January, 42 pediatric residents were
informed about the PIDS/IDSA guideline
at morning report, a 30-minute educa-
tional conference held daily for resident
physicians.

To improve the accessibility of the
guideline recommendations to all pro-
viders at the point of care, a 436 inch
index card with the recommended
antibiotics in bullet point form was
first tested with a subset of pre-
scribers in both the ED and on the HM
resident teams in March 2012. Feed-
back on the composition of the index
card was provided by each of these
groups after 1 week. The index card
was subsequently modified and dis-
tributed to all clinical staff (eg, at-
tending physicians, fellows, residents,
nurse practitioners) in the ED and on
the HM resident teams. This modified

index card was then used to update
a pocket-sized reference book created
by the CCHMC residency program and
distributed to all residents within the
program at the beginning of the new
academic year (July 1, 2012).

A highly reliable intervention indicates
minimal to no failures in the system
over time.17 A level of reliability of 1
indicates an intervention that will only
allow 1 or 2 failures out of every 10
opportunities. A level of reliability of 2
allows for,5 failures out of every 100
opportunities. In April 2012, the team
incorporated higher reliability inter-
ventions.17,18 The team worked with a
specialist for our electronic medical
record (EMR) system (EPIC Systems
Corporation, Verona, WI) to update the
existing CAP order set to include a hy-
perlink to the PIDS/IDSA guideline and
defaulted orders to appropriate doses
of the recommended first-line anti-
biotics. Before this change, the default
antibiotic choice in the order set was
ceftriaxone. Additionally, the history
and physical examination note tem-
plate in the electronic medical record
was updated to reflect the recom-
mendations in the national guidelines
within the assessment and plan sec-
tion. To begin the process of spreading
to other divisions within the hospital,
the guidelines were disseminated by
electronic mail to the entire medical
staff in May. The guidelines and the im-
provementwork to datewere presented

Inpatient Ward Home

FIGURE 1
Process map of antibiotic prescribing for a patient being admitted for CAP. Amox amoxicillin; PNA, pneuomonia.
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at Pediatric Grand Rounds in the first
week of July.

Analysis

The primary outcomewasmeasured as
the proportion of eligible patients ad-
mitted with CAP receiving appropriate
first-line antibiotic therapy. Run charts
depicting weekly proportions were
used to measure the effect of inter-
ventions over time. Patients who were
admitted to the HM resident teamswith
a diagnosis of CAP from the ED are
represented on both run charts as
antibiotic therapy is decided while the
patient is in the ED and then againwhen
the patient is transferred to the floor.
Patients who were admitted through
the ED with a diagnosis other than CAP
(eg, bronchiolitis) but subsequently
were diagnosed with CAP on the HM
resident team service were only in-
cluded in the HM resident team run
charts (n = 32). Special causes were
identified by using established statisti-
cal rules for run chart interpretation.19

Patient length of stay in the hospital and
patient age is presented as median and

interquartile range. Statistical signifi-
cance was determined a priori to be
,.05 by using a Mann-Whitney U test.
Statistical significance was deter-
mined by using a x2 analysis for the
difference in proportion of the most
common ICD-9 code.

RESULTS

There were 217 patients who were
discharged with a diagnosis of pneu-
monia and met the eligibility criteria
during the study period. Of these, 67
patients were discharged between May
1, 2011, and October 23, 2011, and 150
patients were discharged between
October 24, 2011, and July 21, 2012. The
median length of stay for the total co-
hort was ,1 day (interquartile range
[IQR]: 0–2 days), and the median age
was 3 years (IQR: 1–6 years). The
baseline group, with a median age of
4 years (IQR: 2–7 years), was signifi-
cantly older than the intervention
group, with a median age of 2 years
(IQR: 1–5 years; P value ,.001). The
baseline group also had a significantly
shorter length of stay (median LOS:,1

day, IQR: 0–1 day) compared with the
intervention group (median LOS: 1 day,
IQR: 0–2 days; P value,.001). The most
common primary ICD-9 discharge di-
agnosis code which occurred in 180
patients (83%) was 486, “pneumonia;
organism nos [no organism speci-
fied].” There was no statistically sig-
nificant change in ICD-9 discharge
coding between the baseline and in-
tervention groups indicating the age
and length of stay differences between
groups was most likely not due to pri-
mary diagnosis.

A significant improvement in appro-
priate first-line antibiotic prescribing
was seen in the ED and on the HM
resident teams after the first educa-
tional intervention, the guideline sem-
inar (Figs 3 and 4). After the seminar
on October 26, 2011, appropriate pre-
scribing increased in the ED from 0% to
82% and from 30% to 90% on the HM
service. The additional interventions
allowed us to meet our goal of.80% of
all patients, both in the ED and on the
HM resident teams, receiving appropri-
ate first-line antibiotic therapy. Currently,

FIGURE 2
Keydriverdiagramsummarizing theproject aimand interventions implemented to achieve the studyaim.H&P, history andphysical examinationnote; LOR, level
of reliability.
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these results have been sustained at
100% prescribing of appropriate first-
line antibiotic therapy for 3 months on
both services.

DISCUSSION

In this study, we used QI methodology
to rapidly adopt a new national guide-
line for appropriate first-line antibiotic
therapy in children hospitalized with
CAP. Our initial education interventions
improved prescribing reliability to
∼80% aswould be expected with a level
1 reliability intervention. The addition
of level 2 reliability interventions pro-
vided additional performance gains.
Over a 6-month period, the ED in-
creased the proportion of antibiotic
prescribing as recommended by the
guideline from 0% to 100% and the HM
resident teams improved prescribing
practices from 30% to 100%. Both of
these services now prescribe accord-
ing to the national guidelines in 100%
of eligible cases and have done so
consistently for the past 3 months.

Previous literaturehasusedprospective-
audit with feedback ASPs and an anti-
microbial stewardship task force (ASTF)
to implement institution-specific clini-
cal practice guidelines (CPG) for
CAP.7,8 Importantly Newman et al and
Smith et al were able to increase and
sustain prescribing of ampicillin from
13% to 63% and from 2% to 44%, re-
spectively, after the introduction of
their CPG.7,8 Newman et al used a com-
bination of an institution-specific CPG
and a prospective audit with feedback
ASP to increase the use of ampicillin
for children hospitalized with CAP.7

Smith et al highlighted the success of
their CPG for management of pediatric
CAP in conjunction with forming an
ASTF despite not using prospective
audit with feedback or a requirement
for previous approval.8 Smith et al also
introduced system-level change in the
form of a preprinted CAP paper order
set.

Although physiciansmay bemore likely
to accept guidelines created inhouse
and can participate in modifying the
institutional guidelines if deemed nec-
essary, institutional guidelines may not
be comparable between institutions.20

We chose not to modify any aspect of
the guidelines provided by the PIDS/
IDSA because our goal was to imple-
ment national guidelines and stan-
dardize the management of care within
our institution and in alignment with
other children’s hospitals. Additionally,
the effects of guideline implementa-
tion are difficult to separate from
the effects of the ASTF/ASP in previ-
ous studies.7,8 The improvements at-
tained in our study can likely be
attributed to guideline implementa-
tion and the culture of change that
exist within our institution. Further-
more, we addressed system-level con-
cernswith higher reliability interventions,
modifications in our EMR to both the
order set and the template used by
resident physicians for the history and
physical examination note. Our work
highlights the effectiveness of QI meth-
odology to increase antimicrobial pre-
scribing to 100% in agreement with
a national guideline in an institution
with an integrated EMR but without an
existing ASTF/ASP.

Because pneumonia is a difficult dis-
ease to diagnose, the process of anti-
biotic prescribing at different stages of
the admitting process was evaluated.
Previous studies documented the an-
tibiotic thatwas administeredwithin 24
hours of their admission, regardless of
the service that prescribed the antibi-
otic.8 We were able to differentiate
patients who were not diagnosed with
pneumonia in the ED but were sub-
sequently diagnosed with pneumonia
following hospital admission to the HM
resident teams. If these patients were
not prescribed an antibiotic in the ED,
because of suspicion of an alternate
diagnosis but received an appropriate

antibiotic once admitted, we were able
to classify them a success only on the
HM resident team service as the de-
cision of appropriate antibiotic treat-
ment was aligned with the clinical
diagnosis at the time. This approach
allowed us to have a broader spectrum
of disease at presentation represented
in our study population, which mini-
mized our chances for missing poten-
tial patients with pneumonia when they
initially presented to the ED.

There are several limitations to this
study. First, themain interventionswere
implemented in the peak respiratory
season, between late October and be-
ginning of April, but sustainability has
onlybeendocumented fromApril toJuly
when relatively few children are hos-
pitalized with pneumonia. Although it
may be more difficult to remember the
appropriate antibiotic to prescribe
when in any givenweek a physicianmay
see only 1 patient with pneumonia, we
believe sustaining at 100% of appro-
priate prescribing during this period is
apotential strengthof thestudy.Wealso
anticipate that sustainability of our
overall improvement in prescribingwill
be easierduring the respiratory season
when appropriate prescribing practi-
ces will be reinforced daily. In addition
the significant differences in age and
LOS between our baseline and inter-
vention groups are likely due to sea-
sonal differences and are unrelated to
our primary outcome, age-appropriate
antibiotic prescribing.

Second,only2clinical services fromour
hospital were actively involved in this QI
study. Our study design included only
the ED and HM resident teams, as they
care for most patients diagnosed with
uncomplicated pneumonia in our hos-
pital. We did not include patients who
were evaluated in the ED and then
discharged to home because this rep-
resentsadifferentpopulation.To increase
appropriate prescribing practices in
this latter population, we will need to
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implement interventions within the ED
and in the surrounding community of
urgent care centers and primary care
providers.

Third, CCHMC is a hospital with a robust
QI program and a culture responsive
tochange that facilitatesrapidadoption
of new evidence-based recommenda-

tions. Our infrastructure and level of
supportmay limit the generalizability of
our intervention to other institutions;
however, most of the simple methods

FIGURE 3
Run chart for appropriate first-line antibiotic prescribing for CAP in the ED.

FIGURE 4
Run chart for appropriate first-line antibiotic prescribing for CAP on the HM resident teams.
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used by our team, such as education
programsand EMRadjustments, canbe
replicated at other institutions. Also,
our institution is a large, teaching fa-
cility with an EMR, which makes it dif-
ficult to generalize these results to
a smaller community hospital or other
facility without resident physicians.
Similarly, our results cannot be gen-
eralized to hospitals without an EMR.

Lastly, we did not investigate read-
mission rates or cost of care in this
study. Although these are important
measures toconsider, thecurrentstudy
focused on the potential success of
using QI methodology to implement
a new national guideline which other
institutions have integrated using ASPs.

Future work should evaluate whether
the adherence to the PIDS/IDSA guide-
lines is cost-effective and results in
equivalent or improved outcomes for
the patient.

CONCLUSIONS

ASPs are effective in promoting the
judicious use of antibiotics but can be
timely and costly to implement at a
children’s hospital.21 We have found
that QI methods can be used to instill
appropriate stewardship of antibiotics
in the absence of a formal ASP. These
methods may also be useful in im-
proving antibiotic stewardship even in
hospitals that have an established ASP.
We have also shown that rapid adop-

tion of national guidelines is possible
within 6 months of the publication.
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