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BACKGROUND: Recent national guidelines recommend use
of narrow-spectrum antibiotic therapy as empiric treatment
for children hospitalized with community-acquired pneumo-
nia (CAP). However, clinical outcomes associated with adop-
tion of this recommendation have not been studied.

METHODS: This retrospective cohort study included chil-
dren age 3 months to 18 years, hospitalized with CAP from
May 2, 2011 through July 30, 2012. Primary exposure of
interest was empiric antibiotic therapy, classified as guide-
line recommended or not. Primary outcomes were length of
stay (LOS), total hospital costs, and inpatient pharmacy
costs. Secondary outcomes included broadened antibiotic
therapy, emergency department revisits, and readmissions.
Multivariable linear regression and Fisher exact test were
performed to determine the association of guideline-
recommended antibiotic therapy on outcomes.

RESULTS: Empiric guideline-recommended therapy was
prescribed to 168 (76%) of 220 patients. Median hospital

LOS was 1.3 days (interquartile range [IQR]: 0.9–1.9 days),
median total cost of index hospitalization was $4097 (IQR:
$2657–$6054), and median inpatient pharmacy cost was
$91 (IQR: $40–$183). Between patients who did and did not
receive guideline-recommended therapy, there were no dif-
ferences in LOS (adjusted 25.8% change; 95% confidence
interval [CI]: 222.1 to 12.8), total costs (adjusted 210.9%
change; 95% CI: 227.4 to 9.4), or inpatient pharmacy costs
(adjusted 14.8% change; 95% CI: 243.4 to 27.1). Second-
ary outcomes were rare, with no difference in unadjusted
analysis between patients who did and did not receive
guideline-recommended therapy.

CONCLUSIONS: Use of guideline-recommended antibiotic
therapy was not associated with unintended negative
consequences; there were no changes in LOS, total
costs, or inpatient pharmacy costs. Journal of Hospital
Medicine 2015;10:13–18. VC 2014 Society of Hospital
Medicine

Community-acquired pneumonia (CAP) is a common
and serious infection in children. With more than
150,000 children requiring hospitalization annually,
CAP is the fifth most prevalent and the second most
costly diagnosis of all pediatric hospitalizations in the
United States.1–3

In August 2011, the Pediatric Infectious Diseases
Society (PIDS) and the Infectious Diseases Society of
America (IDSA) published an evidence-based guideline
for the management of CAP in children. This guide-
line recommended that fully immunized children with-
out underlying complications who require
hospitalization receive an aminopenicillin as first-line
antibiotic therapy.4 Additionally, the guideline recom-

mends empirically adding a macrolide to an aminope-
nicillin when atypical pneumonia is a diagnostic
consideration.

This recommendation was a substantial departure
from practice for hospitals nationwide, as a multicen-
ter study of children’s hospitals (2005–2010) demon-
strated that <10% of patients diagnosed with CAP
received aminopenicillins as empiric therapy.5 Since
publication of the PIDS/IDSA guidelines, the use of
aminopenicillins has increased significantly across
institutions, but the majority of hospitalized patients
still receive broad-spectrum cephalosporin therapy for
CAP.6

At baseline, 30% of patients hospitalized with CAP
received guideline-recommended antibiotic therapy at
our institution. Through the use of quality-
improvement methods, the proportion of patients
receiving guideline-recommended therapy increased to
100%.7 The objective of this study was to ensure that
there were not unintended negative consequences to
guideline implementation. Specifically, we sought to
identify changes in length of stay (LOS), hospital
costs, and treatment failures associated with use of
guideline-recommended antibiotic therapy for children
hospitalized with uncomplicated CAP.
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METHODS
Study Design and Study Population

This retrospective cohort study included children age
3 months to 18 years, hospitalized with CAP, between
May 2, 2011 and July 30, 2012, at Cincinnati Child-
ren’s Hospital Medical Center (CCHMC), a 512-bed
free-standing children’s hospital. The CCHMC Institu-
tional Review Board approved this study with a
waiver of informed consent.

Patients were eligible for inclusion if they were
admitted to the hospital for inpatient or observation
level care with a primary or secondary International
Classification of Disease, 9th Revision discharge diag-
nosis code of pneumonia (480.0–2, 480.8–9, 481,
482.0, 482.30-2, 482.41-2, 482.83, 482.89–90, 483.8,
484.3, 485, 486, 487.0) or effusion/empyema (510.0,
510.9, 511.0–1, 511.8–9, 513).8 Patients with com-
plex chronic conditions9 were excluded. Medical
records of eligible patients (n 5 260) were reviewed by
2 members of the study team to ensure that patients
fell into the purview of the guideline. Patients who
did not receive antibiotics (n 5 11) or for whom there
was documented concern for aspiration (n 5 1) were
excluded. Additionally, patients with immunodefi-
ciency (n 5 1) or who had not received age-
appropriate vaccinations (n 5 2), and patients who
required intensive care unit admission on presentation
(n 5 17) or who had a complicated pneumonia,
defined by presence of moderate or large pleural effu-
sion at time of admission (n 5 8), were also excluded.7

Finally, for patients with multiple pneumonia admis-
sions, only the index visit was included; subsequent
visits occurring within 30 days of discharge were con-
sidered readmissions.

Treatment Measure

The primary exposure of interest was empiric antibi-
otic therapy upon hospital admission. Antibiotic ther-
apy was classified as guideline recommended or non–
guideline recommended. Guideline-recommended ther-
apy was defined as follows:

1. For children without drug allergies: ampicillin
(200 mg/kg/day intravenously) or amoxicillin
(90 mg/kg/day orally);

2. For children with penicillin allergy: ceftriaxone (50–
100 mg/kg/day intravenously or intramuscularly) or
cefdinir (14 mg/kg/day orally);

3. For children with penicillin and cephalosporin
allergy: clindamycin (40 mg/kg/day orally or intra-
venously); and

4. Or azithromycin (10 mg/kg/day orally or intrave-
nously on day 1) in combination with antibiotic cat-
egory 1 or 2 or 3 above.

Outcome Measures

The primary outcomes examined were hospital LOS,
total cost of hospitalization, and inpatient pharmacy

costs. LOS was measured in hours and defined as the
difference in time between departure from and arrival
to the inpatient unit. Total cost of index hospitaliza-
tion included both direct and indirect costs, obtained
from the Centers for Medicare & Medicaid Services’
Relative Value Units data for Current Procedural Ter-
minology codes.10

Secondary outcomes included broadening of antibi-
otic therapy during the hospital course, pneumonia-
related emergency department (ED) revisits within 30
days, and pneumonia-related inpatient readmissions
within 30 days. Broadening of antibiotic therapy was
defined as addition of a second antibiotic (eg, adding
azithromycin on day 3 of hospitalization) or change
in empiric antibiotic to a class with broader antimi-
crobial activity (eg, ampicillin to ceftriaxone) at any
time during hospitalization. As our study population
included only patients with uncomplicated pneumonia
at the time of admission, this outcome was used to
capture possible treatment failure. ED revisits and
inpatient readmissions were reviewed by 3 investiga-
tors to identify pneumonia-related visits. To encom-
pass all possible treatment failures, all respiratory-
related complaints (eg, wheezing, respiratory distress)
were considered as pneumonia-related. Disagreements
were resolved by group discussion.

Covariates

Severity of illness on presentation was evaluated using
the Emergency Severity Index version 4,11 abnormal
vital signs on presentation (as defined by Pediatric
Advanced Life Support age-specific criteria12), and
need for oxygen in the first 24 hours of hospitaliza-
tion. Supplemental oxygen is administered for satura-
tions <91% per protocol at our institution. The
patient’s highest Pediatric Early Warning Scale score13

during hospitalization was used as a proxy for disease
severity. Exam findings on presentation (eg, increased
respiratory effort, rales, wheezing) were determined
through chart review. Laboratory tests and radiologic
imaging variables included complete blood cell count,
blood culture, chest radiograph, chest ultrasound, and
chest computed tomography. Abnormal white blood
cell count was defined as <5000 or >15,000 cells/mL,
the defined reference range for the CCHMC clinical
laboratory.

Data Analysis

Continuous variables were described using median
and interquartile range (IQR) and compared across
groups using Wilcoxon rank sum test due to non-
normal distributions. Categorical variables were
described by counts and frequencies and compared
using the v2 test.

Multivariable linear regression analysis was per-
formed to assess the independent effect of receipt of
empiric guideline-recommended antibiotic therapy on
outcomes of LOS and costs while adjusting for
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covariates. As LOS and costs were non-normally dis-
tributed, we logarithmically transformed these values
to use as the dependent variables in our models. The
resulting b coefficients were back-transformed to
reflect the percent change in LOS and costs incurred
between subjects who received empiric guideline ther-
apy compared with those who did not.14 Covariates
were chosen a priori due to their clinical and biologi-
cal relevance to the outcomes of LOS (eg, wheezing
on presentation and need for supplemental oxygen),
total cost of hospitalization (eg, LOS and need for
repeat imaging), and inpatient pharmacy costs (eg,
LOS and wheezing on presentation) (Table 1).

Secondary outcomes of broadened antibiotic ther-
apy, ED revisits, and hospital readmissions were

assessed using the Fisher exact test. Due to the small
number of events, we were unable to evaluate these
associations in models adjusted for potential
confounders.

All analyses were performed with SAS version 9.3
(SAS Institute, Cary, NC), and P values <0.05 were
considered significant.

RESULTS
Of the 220 unique patients included, 122 (55%) were
male. The median age was 2.9 years (IQR: 1.3–6.3
years). Empiric guideline-recommended therapy was
prescribed to 168 (76%) patients (Table 1). Aminope-
nicillins were the most common guideline-
recommended therapy, accounting for 84% of

TABLE 1. Cohort Characteristics

Characteristic Overall Cohort, n 5 220 Guideline Therapy, n 5 166 Nonguideline Therapy, n 5 54 P Value

Age, y, median (IQR) 2.9 (1.3–6.3) 2.5 (1.3–5.2) 5.6 (2.3–8.8) <0.01*
Male, no. (%) 122 (55.5%) 89 (53.6%) 33 (61.1%) 0.34
Emergency Severity Index, no. (%) 0.11

2 90 (40.9%) 73 (44.0%) 17 (31.5%)
3 116 (52.7%) 85 (51.2%) 31 (57.4%)
4 14 (6.4%) 8 (4.8%) 6 (11.1%)

Abnormal vital signs on presentation, no. (%)
Fever 99 (45.0%) 80 (48.2%) 19 (35.2%) 0.10
Tachycardia 100 (45.5%) 76 (45.8%) 24 (44.4%) 0.86
Tachypnea 124 (56.4%) 100 (60.2%) 24 (44.4%) 0.04*
Hypotension 0 0 0 —
Hypoxia 27 (12.3%) 24 (14.5%) 3 (5.6%) 0.08

Physical exam on presentation, no. (%)
Increased respiratory effort 146 (66.4%) 111 (66.9%) 35 (64.8%) 0.78
Distressed 110 (50.0%) 86 (51.8%) 24 (44.4%) 0.35
Retraction 103 (46.8%) 81 (48.8%) 22 (40.7%) 0.30
Grunting 17 (7.7%) 14 (8.4%) 3 (5.6%) 0.49
Nasal flaring 19 (8.6%) 17 (10.2%) 2 (3.7%) 0.14

Rales 135 (61.4%) 99 (59.6%) 36 (66.7%) 0.36
Wheeze 91 (41.4%) 66 (39.8%) 25 (46.3%) 0.40
Decreased breath sounds 89 (40.5%) 65 (39.2%) 24 (44.4%) 0.49
Dehydration 21 (9.6%) 13 (7.8%) 8 (14.8%) 0.13

PEWS �5 during admission, no. (%) 43 (19.6%) 34 (20.5%) 9 (16.7%) 0.54
Oxygen requirement in first 24 hours, no. (%) 114 (51.8%) 90 (53.6%) 24 (46.2%) 0.35
Complete blood count obtained, no. (%) 99 (45.0%) 72 (43.4%) 27 (50.0%) 0.40

Abnormal white blood cell count 35 (35.7%) 23 (32.4%) 12 (44.4%) 0.27
Blood culture obtained, no. (%) 104 (47.3%) 80 (48.2%) 24 (44.4%) 0.63

Positive 2 (1.9%) 1 (1.3%) 1 (4.2%) 0.36
Chest radiograph available, no. (%) 214 (97.3%) 161 (97.0%) 53 (98.2%) 0.65

Infiltrate 178 (83.2%) 139 (86.3%) 39 (73.6%) 0.03*
Bilateral 29 (16.3%) 20 (14.4%) 9 (23.1%) 0.19
Multilobar 46 (25.8%) 33 (23.7%) 13 (33.3%) 0.23

Effusion 24 (11.2%) 16 (9.9%) 8 (15.1%) 0.30
Additional imaging, no. (%)

Repeat chest radiograph 26 (11.8%) 17 (10.2%) 9 (16.7%) 0.20
Chest ultrasound 4 (1.8%) 3 (1.8%) 1 (1.9%) 0.98
Chest CT 2 (0.9%) 1 (0.6%) 1 (1.9%) 0.40

Antibiotic, no. (%) <0.01*
Aminopenicillin 140 (63.6%) 140 (84.3%) 0 (0%)
Third-generation cephalosporin 37 (16.8%) 8 (4.8%) 29 (53.7%)
Macrolide monotherapy 18 (8.2%) 0 (0%) 18 (33.3%)
Clindamycin 2 (0.9%) 1 (0.6%) 1 (1.9%)
Levofloxacin 1 (0.5%) 0 (0%) 1 (1.9%)
Aminopenicillin1macrolide 16 (7.3%) 16 (9.6%) 0 (0%)
Cephalosporin1macrolide 6 (2.7%) 1 (0.6%) 5 (9.3%)

NOTE: Abbreviations: CT, computed tomography; IQR, interquartile range; PEWS, Pediatric Early Warning Scale. *P<0.05.
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guideline-recommended antibiotics. An additional
10% of patients received the guideline-recommended
combination therapy with an aminopenicillin and a
macrolide. Non–guideline-recommended therapy
included third-generation cephalosporin antibiotics
(54%) and macrolide monotherapy (33%).

Those who received empiric guideline-recommended
antibiotic therapy were similar to those who received
non–guideline-recommended therapy with respect to
sex, Emergency Severity Index, physical exam findings
on presentation, oxygen requirement in the first 24
hours, abnormal laboratory findings, presence of effu-
sion on chest radiograph, and need for additional
imaging (Table 1). However, patients in the guideline-
recommended therapy group were significantly
younger (median 2.5 years vs 5.6 years, P�0.01),
more likely to have elevated respiratory rate on pre-
sentation (60.2% vs 44.4%, P 5 0.04), and more
likely to have an infiltrate on chest radiograph
(86.3% vs 73.6%, P 5 0.03) (Table 1). Patients who
received non–guideline-recommended macrolide
monotherapy had a median age of 7.4 years (IQR:
5.8–9.8 years).

Median hospital LOS for the total cohort was 1.3
days (IQR: 0.9–1.9 days) (Table 2). There were no

differences in LOS between patients who received and
did not receive guideline-recommended therapy in the
unadjusted or the adjusted model (Table 3).

Median total costs of the index hospitalization for
the total cohort were $4097 (IQR: $2657–$6054),
with median inpatient pharmacy costs of $92 (IQR:
$40–$183) (Table 2). There were no differences in
total or inpatient pharmacy costs for patients who
received guideline-recommended therapy compared
with those who did not in unadjusted or adjusted anal-
yses. Fourteen patients (6.4%) had antibiotic therapy
broadened during hospitalization, 10 were initially pre-
scribed guideline-recommended therapy, and 4 were
initially prescribed non–guideline-recommended ther-
apy (Table 4).

Of the 9 pneumonia-related ED revisits within 30
days of discharge, 7 occurred in patients prescribed
empiric guideline-recommended therapy (Table 5). No
ED revisit resulted in hospital readmission or antibi-
otic change related to pneumonia. Two ED revisits
resulted in new antibiotic prescriptions for diagnoses
other than pneumonia.

Two patients were readmitted for a pneumonia-
related illness within 30 days of discharge; 1 had
received guideline-recommended therapy (Table 5).
Both patients were directly admitted to the inpatient
ward without an associated ED visit. Antibiotic class
was not changed for either patient upon readmission,
despite the decision to convert to intravenous form.

DISCUSSION
In this retrospective cohort study, patients who
received empiric guideline-recommended antibiotic
therapy on admission for CAP had no difference in
LOS, total cost of hospitalization, or inpatient phar-
macy costs compared with those who received therapy
that varied from guideline recommendations. Our
study suggests that prescribing narrow-spectrum ther-
apy and, in some circumstances, combination therapy,

TABLE 2. Unadjusted Outcomes

Outcome

Guideline

Therapy,

n 5 166

Nonguideline

Therapy,

n 5 54 P Value

Length of stay, d, median (IQR) 1.3 (0.9–1.9) 1.3 (0.9–2.0) 0.74
Total costs, median, (IQR) $4118 ($2,647–$6,004) $4045 ($2,829–$6,200) 0.44
Pharmacy total costs,

median, (IQR)
$84 ($40–$179) $106 ($58–$217) 0.12

Broadened therapy, no. (%) 10 (6.0%) 4 (7.4%) 0.75
Emergency department

revisit, no. (%)
7 (4.2%) 2 (3.7%) 1.00

Readmission, no. (%) 1 (0.6%) 1 (1.9%) 0.43

NOTE: Abbreviations: IQR, interquartile range.

TABLE 3. Univariate and Multivariate Analyses of
Receipt of Empiric Guideline-Recommended
Therapy With Length of Stay, Total Costs, and
Pharmacy Costs

Outcome

Unadjusted b

Coefficient

(95% CI)

Adjusted b

Coefficient

(95% CI)

Adjusted %

Change in

Outcome (95% CI)*

Length of stay 20.06 (20.27 to 0.15) 20.06 (20.25 to 0.12)† 25.8 (222.1 to 12.8)
Total costs 20.18 (20.40 to 0.04) 20.11 (20.32 to 0.09)‡ 210.9 (227.4 to 9.4)
Pharmacy

total costs
20.44 (20.46 to 20.02) 20.16 (20.57 to 0.24)§ 214.8 (243.4 to 27.1)

NOTE: Abbreviations: CI, confidence interval. *Negative adjusted percent change indicates decrease in
outcome associated with guideline-recommended therapy; positive adjusted percent change indicates
increase in outcome associated with guideline-recommended therapy. †Model is adjusted for age, fever on
presentation, tachypnea on presentation, wheezing on presentation, need for supplemental oxygen, Pediat-
ric Early Warning Score �5, chest radiograph findings, and need for repeat imaging. ‡Model is adjusted for
age, wheezing on presentation, need for supplemental oxygen, Pediatric Early Warning Score �5, need for
repeat imaging, and length of stay. §Model is adjusted for age, wheezing on presentation, and length of stay.

TABLE 4. Clinical Details of Patients Who Had Anti-
biotic Therapy Broadened During Initial
Hospitalization

Initial Therapy Reasons for Antibiotic Change Identified From Chart Review

Guideline5 10 Ampicillin to ceftriaxone:
1 patient with clinical worsening
1 patient with coincident urinary tract infection due to resistant organism
4 patients without evidence of clinical worsening or documentation of rationale
Addition of a macrolide:
3 patients without evidence of clinical worsening or documentation of rationale
Addition of clindamycin:
1 patient with clinical worsening

Nonguideline5 4 Ceftriaxone to clindamycin:
1 patient with clinical worsening
Addition of a macrolide:
1 patient with clinical worsening
1 patients without evidence of clinical worsening or documentation of rationale
Addition of clindamycin:
1 patient with clinical worsening
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as recommended by the 2011 PIDS/IDSA pneumonia
guideline, did not result in negative unintended
consequences.

In our study, children receiving guideline-
recommended therapy were younger, more likely to
have elevated respiratory rate on presentation, and
more likely to have an infiltrate on chest radiograph.
We hypothesize the age difference is a reflection of
common use of nonguideline macrolide monotherapy
in the older, school-age child, as macrolides are com-
monly used for coverage of Mycoplasma pneumonia
in older children with CAP.15 Children receiving mac-
rolide monotherapy were older than those receiving
guideline-recommended therapy (median age of 7.4
years and 2.5 years, respectively). We also hypothesize
that some providers may prescribe macrolide mono-
therapy to children deemed less ill than expected for
CAP (eg, normal percutaneous oxygen saturation).
This hypothesis is supported by the finding that 60%
of patients who had a normal respiratory rate and
received nonguideline therapy were prescribed macro-
lide monotherapy. We did control for the characteris-
tics that varied between the two treatment groups in
our models to eliminate potential confounding.

One prior study evaluated the effects of guideline
implementation in CAP. In evaluation of a clinical
practice guideline that recommended ampicillin as
first-line therapy for CAP, no significant difference
was found following guideline introduction in the
number of treatment failures (defined as the need to
broaden therapy or development of complicated pneu-
monia within 48 hours or 30-day inpatient readmis-
sion).16 Our study builds on these findings by directly
comparing outcomes between recipients of guideline
and nonguideline therapy, which was not done in the
prestudy or poststudy design of prior work.16 We
believe that classifying patients based on empiric ther-
apy received rather than timing of guideline introduc-
tion thoroughly examines the effect of following
guideline recommendations. Additionally, outcomes
other than treatment failures were examined in our
study including LOS, costs, and ED revisits.

Our results are similar to other observational stud-
ies that compared narrow- and broad-spectrum antibi-
otics for children hospitalized with CAP. Using
administrative data, Williams et al. found no signifi-
cant difference in LOS or cost between narrow- and
broad-spectrum intravenous antibiotic recipients ages
6 months to 18 years at 43 children’s hospitals.17

Queen et al. compared narrow- and broad-spectrum
antibiotic therapy for children ages 2 months to 18
years at 4 children’s hospitals.18 Differences in aver-
age daily cost were not significant, but children who
received narrow-spectrum antibiotics had a signifi-
cantly shorter LOS. Finally, an observational study of
319 Israeli children <2 years of age found no signifi-
cant difference in duration of oxygen requirement,
LOS, or need for change in antibiotic therapy between
the 66 children prescribed aminopenicillins and the
253 children prescribed cefuroxime.19 These studies
suggest that prescribing narrow-spectrum antimicro-
bial therapy, as per the guideline recommendations,
results in similar outcomes to broad-spectrum antimi-
crobial therapy.

Our study adds to prior studies that compared nar-
row- and broad-spectrum therapy by comparing out-
comes associated with guideline-recommended therapy
to nonguideline therapy. We considered antibiotic
therapy as guideline recommended if appropriately
chosen per the guideline, not just by simple classifica-
tion of antibiotic. For example, the use of a cephalo-
sporin in a patient with aminopenicillin allergy was
considered guideline-recommended therapy. We chose
to classify the exposure of empiric antibiotic therapy
in this manner to reflect true clinical application of
the guideline, as not all children are able to receive
aminopenicillins. Additionally, as our study stemmed
from our prior improvement work aimed at increasing
guideline adherent therapy,7 we have a higher fre-
quency of narrow-spectrum antibiotic use than prior
studies. In our study, almost two-thirds of patients
received narrow-spectrum therapy, whereas narrow-
spectrum use in prior studies ranged from 10% to
33%.17–19 Finally, we were able to confirm the

TABLE 5. Clinical Details of Patients With an Emergency Department Revisit or Inpatient Readmission Following
Index Hospitalization

Revisit Initial Therapy Day Postdischarge Clinical Symptoms at Return Visit Clinical Diagnosis Antibiotic Prescription

ED Guideline 3 Poor oral intake and fever Pneumonia Continued prior antibiotic
ED Guideline 8 Recurrent cough and fever Resolving pneumonia Continued prior antibiotic
ED Guideline 13 Follow-up Resolved pneumonia No further antibiotic
ED Guideline 16 Increased work of breathing Reactive airway disease No antibiotic
ED Guideline 20 Persistent cough Viral illness No antibiotic
ED Guideline 22 Recurrent cough and congestion Sinusitis Augmentin
ED Guideline 26 Increased work of breathing Reactive airway disease No antibiotic
ED Nonguideline 16 Recurrent fever Acute otitis media Amoxicillin
ED Nonguideline 20 Recurrent cough and fever Viral illness No antibiotic
Admission Guideline 3 Increased work of breathing Pneumonia IV ampicillin
Admission Nonguideline 9 Refusal to take oral clindamycin Pneumonia IV clindamycin

NOTE: Abbreviations: ED, emergency department; IV, intravenous.
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diagnosis of pneumonia via medical record review and
to adjust for severity of illness using clinical variables
including vital signs, physical exam findings, and labo-
ratory and radiologic study results.

This study must be interpreted in the context of sev-
eral limitations. First, our study population was
defined through discharge diagnosis codes, and there-
fore dependent on the accuracy of coding. However,
we minimized potential for misclassification through
use of a previously validated approach to identify
patients with CAP and through medical record review
to confirm the diagnosis. Second, we may be unable
to detect very small differences in outcomes given lim-
ited power, specifically for outcomes of LOS, ED
revisits, hospital readmissions, and need to broaden
antibiotic therapy. Third, residual confounding may
be present. Although we controlled for many clinical
variables in our analyses, antibiotic prescribing prac-
tices may be influenced by unmeasured factors. The
potential of system level confounding is mitigated by
standardized care for patients with CAP at our institu-
tion. Prior system-level changes using quality-
improvement science have resulted in a high level of
adherence with guideline-recommended antimicrobials
as well as standardized medical discharge criteria.7,20

Additionally, nonmedical factors may influence LOS,
limiting its use as an outcome measure. This limita-
tion was minimized in our study by standardizing
medical discharge criteria. Prior work at our institu-
tion demonstrated that the majority of patients,
including those with CAP, were discharged within 2
hours of meeting medical discharge criteria.20 Fourth,
discharged patients who experienced adverse out-
comes may have received care at a nearby adult emer-
gency department or at their pediatrician’s office.
Although these events would not have been captured
in our electronic health record, serious complications
due to treatment failure (eg, empyema) would require
hospitalization. As our hospital is the only children’s
hospital in the Greater Cincinnati metropolitan area,
these patents would receive care at our institution.
Therefore, any misclassification of revisits or readmis-
sions is likely to be minimal. Finally, study patients
were admitted to a large tertiary academic children’s
hospital, warranting further investigation to determine
if these findings can be translated to smaller commu-
nity settings.

In conclusion, receipt of guideline-recommended
antibiotic therapy for patients hospitalized with CAP
was not associated with increases in LOS, total costs
of hospitalization, or inpatient pharmacy costs. Our
findings highlight the importance of changing antibi-
otic prescribing practices to reflect guideline recom-
mendations, as there was no evidence of negative

unintended consequences with our local practice
change.
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