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Abstract

Background. Feedback reports summarizing clinician performance are effective tools for 

improving antibiotic use in the ambulatory setting, but the effectiveness of feedback reports in 

the hospital setting is unknown.

Methods. Quasi-experimental study conducted between December 2021 and November 2023 

within a pediatric health system measuring the impact of clinician feedback reports delivered by 

email and reviewed in a monthly meeting on appropriate antibiotic use in children hospitalized 

with community-acquired pneumonia (CAP). We used an interrupted time series analysis (ITSA) 

to estimate the immediate change and change over time in the proportion of CAP encounters 

adherent to validated metrics of antibiotic choice and duration, then used Poisson regression to 

estimate intervention effect as a risk ratio (RR).

Results. Preintervention, 213 of 413 (52%) encounters received the appropriate antibiotic choice 

and duration, which increased to 308 of 387 (80%) postintervention. The ITSA demonstrated 

an immediate 18% increase in the proportion of CAP encounters receiving both the appropriate 

antibiotic choice and duration (95% confidence interval [CI]: 3–33%), with no further change 

over time (−0.3% per month, 95% CI: −2%–2%). In the Poisson model adjusted for age, sex, 

race, season, site, and intensive care unit admission, the intervention was associated with a 32% 

increase in the rate of appropriate antibiotic choice and duration (RR 1.32, 95% CI: 1.12–1.56, P < 

.01). No difference in length of stay or revisits were detected postintervention.

Conclusions. The intervention was associated with an increase in clinician adherence to 

antibiotic choice and duration recommendations for children hospitalized with CAP.
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Community-acquired pneumonia (CAP) is among the most common indications for 

antibiotic treatment in pediatric inpatients [1–3]. Ampicillin is recommended as the first-

line treatment for most children hospitalized with non-severe pneumonia [4]. Multiple 

randomized trials and observational studies have demonstrated that five days of antibiotic 

treatment is as effective as longer durations for CAP in non-immunocompromised patients 

who are clinically stable within five days of starting therapy, a recommendation reflected 

in the 2019 American Thoracic Society/Infectious Diseases Society of America adult CAP 

guidelines [5–9].

Given the high prevalence of CAP among hospitalized children, ensuring adherence 

to evidence-based recommendations is a priority for pediatric antimicrobial stewardship 

programs (ASPs). Several studies have demonstrated the effectiveness of targeted 

prospective audit with feedback on improving antibiotic use for CAP [10–13]. However, 
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this requires significant time investment that may not be feasible in all settings. Electronic 

feedback reports summarizing individual clinician performance are effective tools for 

improving adherence to evidence-based recommendations for antibiotic use in the outpatient 

setting, but the role of clinician feedback reports in the inpatient setting is unknown [14–18]. 

Using previously validated measures of appropriate antibiotic choice and duration derived 

from electronic health record (EHR) data [19], the objective of this study was to evaluate the 

effectiveness of clinician feedback reports for improving initial antibiotic choice and total 

antibiotic duration in children hospitalized with CAP.

METHODS

Study Design

We performed a quasi-experimental study assessing the impact of audit and feedback 

reports on adherence to antibiotic choice and duration recommendations for CAP between 

December 2021 and November 2023. This study was approved by the Children’s 

Hospital of Philadelphia Institutional Review Board as exempt research and registered on 

clinicaltrials.gov (NCT06027593).

Study Setting and Population

This study was conducted in 2 children’s hospitals within the same health system, including 

an approximately 600-bed quaternary care facility and an 80-bed community-based facility. 

Trainees provide care at the quaternary care facility only, whereas the community-based 

facility is staffed by attendings and advanced practices providers. All CAP encounters 

discharged from the general pediatrics clinical services between December 2021 and 

November 2023 were included. Readmissions for CAP within 30 days of the index visit 

were excluded. CAP was defined based on an International Classification of Diseases 

version 10 (ICD-10) diagnosis code for viral or bacterial pneumonia (Supplementary Table 

1); an antibiotic administered within 48 hours of admission and continued for at least two 

consecutive days or, for patients discharged prior to this, a prescription for antibiotics at 

discharge; and a chest x-ray obtained within 48 hours before or after admission. Requiring 

both antibiotics and a chest x-ray within 48 hours was intended to increase the specificity 

of our definition for community onset infections. Patients transferred from hospitals outside 

of our system, those with complex chronic conditions [20] or chronic pulmonary conditions, 

pediatric intensive care unit (PICU) stays >48 hours, hospital stays >7 days, those with 

concurrent infections other than acute otitis media or pharyngitis, and those who died 

within 48 hours were excluded. Encounters with viral ICD-10 codes were included if they 

met other criteria to ensure antibiotic choice and duration were evaluated for all patients 

receiving antibiotics for clinician-diagnosed CAP. This definition of CAP was locally 

validated in prior work [19].

Electronic Measures of Appropriate Antibiotic Use and Study Outcomes

The primary outcome measure was the proportion of all CAP encounters that received both 

the appropriate antibiotic choice and duration. Appropriate antibiotic choice and duration 

were determined using only data from the EHR with no need for manual chart review, with 

the goal of creating measures that were pragmatic and scalable to a variety of settings. 
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Appropriate antibiotic choice was defined as administration of amoxicillin or ampicillin 

within the first 48 hours. If the patient was admitted to the PICU or had a concurrent 

diagnosis code for empyema or lung abscess, ceftriaxone was also considered appropriate. If 

the patient had a history of methicillin-resistant Staphylococcus aureus (MRSA) infection or 

colonization within the preceding one year, any anti-MRSA antibiotic was also considered 

appropriate. For patients with reported β-lactam allergy or β-lactam antibiotic use within 

the preceding 28 days, any antibiotic was considered appropriate. Finally, azithromycin 

was considered appropriate if prescribed as monotherapy to a child ≥5 years old or with 

a positive Mycoplasma pneumoniae test. Appropriate antibiotic duration was defined as a 

total antibiotic duration (inpatient and discharge antibiotics) of 6 days or less. Six days 

was selected as the threshold for the metric to avoid over-penalizing clinicians for excess 

durations when partial days of treatment were counted as full days in our electronic 

measure. For patients with a positive blood culture, a positive respiratory culture for 

Pseudomonas aeruginosa or Staphylococcus aureus, or a diagnosis code for concurrent 

empyema, lung abscess, acute otitis media, pharyngitis, or positive Legionella testing, any 

antibiotic duration was considered appropriate (Supplementary Table 2). As a balancing 

measure, we assessed the frequency of CAP-related revisits to any ambulatory or inpatient 

location within 28 days of discharge from the index CAP encounter. CAP-related revisits 

were defined as a visit with a CAP or complicated pneumonia ICD-10 and a new antibiotic 

prescription for a different antibiotic.

Intervention

The primary strategy used in this intervention was dissemination of an audit and feedback 

report reflecting adherence to the antibiotic choice and duration measures described above. 

These measures included aggregated data across the general pediatrics practice group, such 

that all individuals received the same report summarizing the group’s performance for each 

metric.

Prior to distribution, we performed a rapid user centered design process to optimize 

the clinician feedback report [21]. This process included four general pediatrics partners 

and was conducted through 2, 1-hour virtual meetings in September and October of 

2022. In October and November 2022, we provided education on the metrics as well 

as the feedback reports during a series of general pediatrics divisional meetings. We 

also updated our longstanding CAP guideline to more explicitly align with the metrics 

presented in the feedback report, although the recommended initial antibiotic choice and 

duration recommendations were not changed as part of this intervention. Feedback reports 

were distributed monthly by email during the postintervention period (December 2022 

until November 2023) to all general pediatrics attendings, fellows, and advanced practice 

providers. The metrics were also reviewed briefly during standing monthly QI meetings 

with the general pediatrics division. These multiple delivery methods were leveraged to 

maximize clinician interaction with the feedback reports [22]. All CAP encounters that were 

non-adherent to the antibiotic choice and duration metrics were reviewed by the study team 

and based on these reviews, recommendations for improving performance were embedded in 

the feedback report (Figure 1).
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Analysis

Demographic and clinical variables of CAP patients were compared in the preintervention 

(December 2021–November 2022) and postintervention (December 2022–November 2023) 

periods using χ2 tests for categorical variables and the Wilcoxon rank sum tests for 

continuous variables.

We graphically displayed the monthly proportion of CAP encounters adherent to both the 

antibiotic choice and duration measures. We then conducted interrupted time series analyses 

using linear regression for the monthly proportion of appropriate antibiotic use. This model 

included a time-varying indicator variable for the intervention, time in months since study 

start, and a variable reflecting the interaction between intervention and time in months. 

The coefficient of the intervention variable reflects the immediate change in the proportion 

after intervention start, the coefficient of the time variable measures the rate of change in 

proportion over time, and the coefficient of the interaction term reflects the modifying effect 

of the intervention on this rate of change over time. As a secondary analysis, antibiotic 

choice and antibiotic duration were analyzed separately using similar methods.

We then used modified Poisson regression with a robust error variance to evaluate the binary 

outcome variable of appropriate antibiotic choice and duration on the risk ratio (RR) scale 

[23]. The model includes a time-varying indicator variable for intervention, which measures 

the immediate effect of the intervention. The model also includes time in months since 

study start and postintervention time, with the former measuring the time trend by slope 

and the latter measuring the modifying effect of the intervention on the time trend. We 

evaluated several potential confounders including age, sex, race, pediatric intensive care unit 

(PICU) admission, site, season, β-lactam allergy, and viral diagnosis. Race was included 

in the model based on prior publications demonstrating an association between race and 

appropriate antibiotic use [24, 25]. As a secondary analysis, we evaluated the impact of 

the intervention on antibiotic choice and antibiotic duration in separate modified Poisson 

regression analyses. We also performed 3 sensitivity analyses: (1) including only patients 

who received more than 3 days of antibiotics; (2) including only those with bacterial ICD-10 

codes; and (3) excluding those with a β-lactam allergy, a positive blood culture, a positive 

respiratory culture for P. aeruginosa or S. aureus, and those with otitis media or pharyngitis. 

Analyses were performed using R statistical software.

RESULTS

There were 800 CAP encounters during the study period, including 413 (52%) in the 

preintervention and 387 (48%) in the postintervention period. Children were slightly older 

in the postintervention period (36 vs 44 months, P < .01) and were less likely to have a 

viral ICD-10 code (17% vs 11%, P = .02). Otherwise, there was no significant difference in 

other clinical or demographic variables (Table 1). The proportion of CAP encounters with an 

appropriate antibiotic choice and duration increased from 52% in the preintervention period 

to 80% in the postintervention period (P < .01). This improvement was driven by increases 

in appropriate antibiotic duration (54% vs 83%, P < .01), whereas appropriate antibiotic 

choice was high in both the baseline and intervention periods (95% vs 94%). The decrease 
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in antibiotic duration was driven by shortening discharge durations (5 vs 4 days, P < .01) 

(Table 2).

The interrupted time series analysis demonstrated that there was no significant change over 

time in the proportion of appropriate antibiotic use before the intervention. However, there 

was an immediate absolute increase of 18% in the proportion of encounters receiving the 

appropriate antibiotic choice and duration (95% confidence interval [CI]: 3%–33%) at the 

time of the intervention, with no further change in the time trend following the intervention 

(−0.3% per month, 95% CI: −2% to 2%). When adherence to the antibiotic choice and 

duration measures were analyzed separately, the intervention had no impact on antibiotic 

choice but was associated with an immediate absolute 20% increase in the proportion of 

encounters in which antibiotic duration was appropriate (95% CI: 5%–36%) (Figure 2).

In the modified Poisson model adjusted for site, age, sex, race, PICU admission, and season, 

the likelihood of a patient receiving the appropriate antibiotic choice and duration did not 

change significantly over time before the intervention. However, there was an immediate 

increase in the likelihood of appropriate antibiotic choice and duration after intervention 

start (RR 1.32, 95% CI: 1.12–1.56, P < .01), with no further change in trend. PICU 

admission (RR 1.16, 95% CI: 1.02–1.32, P = .03) and admission to the community-based 

hospital (RR 1.18, 95% CI: 1.07–1.30, P≤.01) were also associated with an increased 

likelihood of appropriate antibiotic prescribing (Table 3). When antibiotic choice and 

duration were analyzed separately, the intervention had no impact on the likelihood of 

appropriate antibiotic choice (RR 0.96, 95% CI: 0.91–1.02, P = .21) but was associated with 

an increase in the probability of receiving the appropriate antibiotic duration (RR 1.35, 95% 

CI: 1.16–1.58, P < .01). There was no significant difference in the preintervention versus 

postintervention periods in the proportion of CAP encounters in which there was any revisit 

(3% vs 5%, P = .15) or readmission (2% vs 4%, P = .15).

A sensitivity analysis excluding 39 patients who received three or fewer days of antibiotics 

produced results similar to the primary analysis (RR 1.37, 95% CI: 1.15–1.63, P < .01). 

Similar findings were demonstrated in a sensitivity analysis limited to those with bacterial 

CAP ICD-10 codes, excluding 116 encounters with viral diagnosis codes only (RR 1.37, 

95% CI: 1.13–1.64, P < .01). Finally, when the 163 patients with β-lactam allergy, a 

positive blood culture, a respiratory culture positive for S. aureus, or concurrent otitis media 

or pharyngitis were excluded, the association between the intervention and appropriate 

antibiotic use was stronger (RR of 1.55, 95% CI of 1.25–1.93, P < .01).

DISCUSSION

We demonstrated the effectiveness of group-level clinician feedback reports in improving 

adherence to antibiotic use guidelines among academic general pediatrics clinicians within 

our pediatric health system. These electronically delivered feedback reports, coupled with 

clinician education, an established local guideline, and regular review of the metrics at 

divisional QI meetings, resulted in a 32% increase in the rate of appropriate antibiotic use 

for CAP over the 1-year postintervention period, driven by improved adherence to antibiotic 

duration recommendations. These findings support the use of clinician feedback reports 
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as a stewardship tool for inpatient ASPs, an approach made more feasible through use of 

electronically derived measures of antibiotic appropriateness.

Consistent with other reports, antibiotic treatment duration was identified as the key 

opportunity for improved stewardship locally [5, 7, 26–31]. We observed an immediate 

improvement in adherence to appropriate antibiotic duration recommendations at the start 

of our intervention, with no significant change over time. This is likely due to a “ceiling 

effect,” as no additional new interventions to improve performance were implemented 

beyond the monthly feedback reports, by design. Similar improvements in adherence to 

guideline-recommended antibiotic duration have been demonstrated in other studies utilizing 

combinations of clinician education, local guidelines, and audit with feedback [10–13]. 

For example, Foolad and colleagues conducted a multicenter study in which infectious 

diseases pharmacists reviewed patients with an admitting diagnosis of CAP and provided 

verbal recommendations to stop antibiotics 72 hours after patients achieved clinical stability. 

The median treatment duration was 3 days shorter in the intervention group (6 vs 9 days, 

P < .001), and the proportion of patients receiving 5 days of therapy was higher in the 

intervention group (35% vs 5%, P < .001) [11]. Monday et al performed a single center QI 

study and demonstrated that prospective audit with feedback performed by a non-infectious 

diseases physician reduced treatment duration from a median of 8 days to 5 days, with no 

difference in mortality, readmission, or length of stay [13]. Although ultimately successful, 

these interventions require significant human resources, whereas our approach may offer a 

less resource intensive strategy.

Several reports support the use of prescribing feedback reports in the ambulatory setting. 

Outpatient feedback reports generally summarize individual prescribing performance for a 

given condition or conditions, often with comparisons to peer clinicians [14–18]. There 

are several important differences between the inpatient and outpatient setting that impact 

feedback report implementation. First, unlike the ambulatory setting where a single clinician 

is generally making antibiotic prescribing decisions, inpatients are often managed by 

multiple clinicians, such that attribution of an individual prescribing decision to one person 

is difficult. For this reason, we developed group-level feedback reports, which aggregate all 

CAP encounters cared for by the general pediatrics service and compare these to historical 

performance. Second, and in contrast to outpatients who generally have 1 diagnosis and 

1 antibiotic prescription, hospitalized patients may carry multiple infectious diagnoses 

and receive different antibiotics over the course of the admission and at discharge. This 

contributes to challenges with developing reliable metrics of appropriate antibiotic use, with 

few pediatric studies published to date establishing validated measures that do not rely 

on manual chart review [19, 32]. The group level electronic feedback reports deployed in 

this study were both feasible and effective tools for driving improvement, despite these 

differences.

These strengths notwithstanding, our study has several limitations. First, despite the use of 

robust statistical methods, we cannot definitively conclude that the observed changes were 

the result of our intervention, as opposed to an unmeasured time varying confounder. This 

is unlikely, however, given that we worked closely with key stakeholders, such that we 

should be aware of any potential confounders. Second, our definitions for CAP as well as 
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the appropriate antibiotic choice and duration measures used in the feedback reports were 

developed and validated within a single health system and require external validation. Third, 

the impact of clinician feedback reports within our health system may not generalize to 

other settings, both because baseline adherence to the choice and duration metrics may differ 

across centers and because the acceptability of the feedback reports may vary. Furthermore, 

these reports were implemented in the setting of a longstanding guideline as well as a forum 

for reviewing performance metrics monthly, implementation supports which may differ 

across centers. Fourth, these metrics prioritize being practical for electronic implementation 

and may therefore be more permissive in classifying antibiotics as appropriate than would 

be feasible if real time chart review were conducted. For example, although many patients 

with a β-lactam allergy label do not truly have allergies and could therefore receive first 

line, narrow-spectrum antibiotics, it was not practical to assess the nature of the reported 

allergy, so any alternative antibiotic were classified as appropriate. Fifth, we implemented 

the emailed feedback reports with clinician education, monthly review of the metrics, and 

with an established CAP clinical care guideline. Our study was not designed to evaluate the 

impact of each of these separately, but rather, each of these was considered a fundamental 

element of high-quality audit and feedback report implementation [22]. Finally, although 

we were not able to detect a statistical difference in revisits following the intervention, we 

cannot rule out the possibility that rare adverse outcomes would have been detected with a 

larger cohort or that revisits or readmissions could have occurred outside of our system. That 

said, even if a low rate of deleterious outcomes are detected with shorter antibiotic durations, 

these must be balanced against potentially shorter hospital length of stay and reduced risk of 

antibiotic adverse events [33].

Overall, we demonstrated the effectiveness of audit and feedback reports, implemented with 

clinician education, monthly review of metrics, and a long-standing guideline in improving 

compliance with evidence-based recommendations for antibiotic duration in children 

hospitalized with CAP. Future work should focus on evaluating the impact, feasibility, and 

acceptability of inpatient feedback reports focused on CAP at other institutions, as well as 

developing similar reports for other infections.
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Figure 1. 
Example feedback report. Example of the feedback report circulated monthly to general 

pediatrics clinicians by email. Abbreviation: CHOP, Children’s Hospital of Philadelphia.
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Figure 2. 
Plots of proportions of appropriate antibiotic use over time and interrupted time series 

analyses evaluating the effect of feedback reports on antibiotic use for children hospitalized 

with CAP, December 2021 to November 2023. A, Impact of feedback reports on overall 

appropriate antibiotic use (choice and duration). B, Impact of feedback reports on antibiotic 

duration. C, Impact of feedback reports on antibiotic choice. Plots of the proportions of 

antibiotic choice and duration metrics over time (circles), interrupted time series analysis 

(solid line), and 95% CIs (shading). Panel A: overall antibiotic use (choice and duration); 
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Panel B. antibiotic duration; and Panel C. antibiotic choice. Abbreviation: CAP, community-

acquired pneumonia.
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Table 1.
Clinical and Demographic Characteristics of Children Hospitalized With CAP, December 2021–November 

2023

Variable

Preinterventiona
N = 413
N (%)

Postintervention
b 

N = 387
N (%) P Value

CAP encounters 413 (52) 387 (48)

Age in months, median (IQR) 36 (22–60) 44 (25–70) <.01

Age groups

 6 m to <2 y 116 (28) 94 (24)

 2 to 4 y 193 (47) 176 (46) .37

 5 to 11 y 84 (20) 97 (25)

 ≥12 y 20 (5) 20 (5)

Race and ethnicity

 Non-Hispanic White 154 (37) 146 (38)

 Non-Hispanic Black 123 (30) 112 (29) .93

 Hispanic 69 (17) 59 (15)

 Asian 21 (5) 22 (6)

 Other 46 (11) 48 (12)

Male sex 209 (51) 192 (50) .78

Viral pneumonia ICD-10 code 72 (17) 44 (11) .02

PICU admission 56 (14) 44 (11) .35

Complicated pneumoniac 2 (<1) 7 (2) .08

Concurrent acute otitis media or Group A Streptococcus pharyngitisd 73 (18) 56 (15) .22

Beta-lactam allergy 15 (4) 20 (5) .29

Positive blood culture or respiratory culture positive for Staphylococcus aureuse 3 (<1) 1 (<1) .42

Abbreviations: CAP, community-acquired pneumonia; ICD-10, International Classification of Diseases version 10; IQR, interquartile range; PICU, 
pediatric intensive care unit.

a
Preintervention period, December 2021 to November 2022.

b
Postintervention period, December 2022 to November 2023.

c
Complicated pneumonia was defined based on ICD-10 diagnosis codes.

d
Otitis media and Group A Streptococcus pharyngitis were defined based on ICD-10 codes.

e
All positive culture criteria were combined given the low number of events. There were no patients with Pseudomonas aeruginosa.
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Table 2.
Outcome Measures for Children Hospitalized With CAP, December 2021–November 2023

Variable

Preinterventiona N = 413
N (%)

Postintervention
b 

N = 387 
N (%) P Value

Appropriate antibiotic choice and duration 213 (52) 308 (80) <.01

Appropriate antibiotic choice 394 (95) 362 (94) .25

Appropriate antibiotic duration 221 (54) 322 (83) <.01

Total duration of antibiotics, median (IQR) 7 (6–8) 6(5–7) <.01

Duration of inpatient antibiotics, median (IQR) 2 (2–3) 2 (2–3) .014

Duration of discharge antibiotics, median (IQR) 5 (3–6) 4 (3–5) <.01

Length of stay, median (IQR) 2 (1–2) 1 (1–2) .04

Any pneumonia-related revisit within 28 d of discharge 13 (3) 20 (5) .15

Pneumonia-related readmission within 28 d of discharge 8 (2) 14 (4) .15

Abbreviations: CAP, community-acquired pneumonia; IQR, interquartile range.

a
Preintervention period, December 2021 to November 2022.

b
Postintervention period, December 2022 to November 2023.
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Table 3.
Modified Poisson Regression of the Effect of Feedback Reports on Appropriate Antibiotic Choice and 

Duration for Children Hospitalized With CAP, December 2021–November 2023

Variable RR 95% CI P Value

Intervention 1.32 1.12, 1.56 <.01

Time in months 1.02 0.99, 1.05 .19

Postintervention time 0.99 0.96, 1.02 .60

Site

 Quaternary care … …

 Community-based 1.18 1.07, 1.30 <.01

Race/Ethnicity

 Non-Hispanic White … …

 Non-Hispanic Black 0.98 0.87, 1.12 .81

 Hispanic 1.03 0.90, 1.19 .65

 Asian 0.89 0.71, 1.11 .31

 Other 0.93 0.78, 1.10 .39

Male sex 1.04 0.94, 1.14 .46

Age groups

 6 m to <2 y — —

 2 to 5 y 1.00 0.89, 1.12 .98

 6 to 11 y 0.91 0.79, 1.05 .20

 ≥12 y 0.90 0.69, 1.17 .43

PICU admissiona 1.16 1.02, 1.32 .03

Seasonb

 Warm … …

 Cold 1.09 0.97, 1.22 .14

Abbreviations: CAP, community-acquired pneumonia; CI, confidence interval; PICU, pediatric intensive care unit; RR, risk ratio.

a
Because PICU admission >48 h is an exclusion criteria for this study, this variable reflects the risk ratio of PICU admission <48 h relative to no 

PICU admission.

b
The warm season includes encounters April–September, and the cold season includes encounters October–March.
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