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I. Research Proposal 
Background and Specific Aims: Community acquired pneumonia (CAP) is the fifth most 
common diagnosis among hospitalized children with >125,000 admissions annually.1 Despite 
this large burden, no findings reliably distinguish bacterial CAP, which requires antibiotics, from 
viral CAP, which does not.2 3 Most pediatric CAP is likely viral. In the largest study of CAP etiol-
ogy among hospitalized children, over 70% had viruses and only 15% had bacterial pathogens 
identified; yet 88% received antibiotics.4 This discrepancy suggests antibiotic overuse and high-
lights problems with current prescribing practices. Unnecessary antibiotics can lead to adverse 
events and side effects in children without benefits and contribute to antibiotic resistance.5 
Thus, there is a great need to reduce antibiotic overuse in pediatric CAP.   
 

To reduce unnecessary antibiotics, we need to identify children who do not benefit from 
treatment, suggesting that they are low risk for bacterial CAP and could safely be managed 
without antibiotics (Aim 1). A study of >300 children with suspected CAP in an Emergency De-
partment (ED) found no difference in pneumonia-related return hospitalizations, provider chang-
es in antibiotics, or quality-of-life measures between those who did and did not receive antibiot-
ics, suggesting there are opportunities to safely reduce antibiotics in ambulatory settings.6 No 
similar safety studies have been performed in the inpatient setting. Given the unique opportunity 
for monitoring hospitalized children, this is an ideal cohort for antibiotic de-implementation. We 
propose a multicenter retrospective study of children hospitalized with CAP using linked data 
from the Pediatric Health Information System (PHIS) and chart review to address this gap. 
 

Effectively reducing antibiotics also requires identifying factors that drive antibiotic use 
and can be targeted for future interventions (Aim 2). There is limited data on factors that in-
fluence antibiotic decisions for hospitalized children. Our pilot quantitative data from my men-
tors’ single-site cohort of children hospitalized with CAP identified some factors associated with 
inpatient antibiotic use including receipt of antibiotics in the ED, chest radiograph (CXR) results, 
and need for oxygen (manuscript in progress). However, these findings demonstrate associa-
tions and are limited to patient factors. Given the limitations of using retrospective data to identi-
fy factors that influence provider decision-making, we propose a qualitative study to explore pa-
tient as well as provider and contextual factors to better define key drivers of antibiotic use. 
 

Aim 1. Determine the association between inpatient antibiotic use and length of stay as 
well as secondary safety outcomes for children hospitalized with CAP. We will use pro-
pensity score matching to match patients who differ only by antibiotic status and assess out-
comes with regression analysis.  
Hypothesis 1: Among children with negative and equivocal CXRs, length of stay and secondary 
safety outcomes (death, revisits/readmissions, need for intensive care, and increased respirato-
ry support) are similar between those who receive antibiotics and those who do not. 
 

Aim 2. Examine factors that influence the decision to use antibiotics among children 
hospitalized with CAP. We will perform semi-structured interviews of pediatric hospitalists us-
ing specific case examples to examine factors that drive antibiotic decision-making.  
Hypothesis 2: There are patient, provider, and contextual factors (e.g. receipt of antibiotics in 
the ED, positive CXRs, high illness severity at presentation, reduced provider experience, 
nighttime admissions, and perceived parental pressure) that influence the decision to prescribe 
antibiotics in the inpatient setting for children hospitalized with CAP. 
 
Significance: Pediatric CAP is common, but significant knowledge gaps still exist.  CAP 
is the second costliest reason for pediatric hospitalizations, costing $1 billion per year in the 
U.S.1 7 It is a clinical diagnosis with no findings to reliably distinguish viral from bacterial CAP.2 3 
While most pediatric CAP is likely viral, antibiotics are commonly used.4 8 The challenge of iden-
tifying which patients need antibiotics and which do not is an important unsolved problem.9  
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While antibiotics can be beneficial to some, the overuse of antibiotics when not needed 
place children at risk for adverse events with no benefits. They alter the microbiome which 
predisposes children to infection and are a major concern given rising resistance.5 10 Antibiotic-
resistant bacteria cause >2.8 million infections, 35,000 deaths, and cost $55 billion annually.11 
Reducing antibiotic overuse in CAP is a significant and timely goal that needs to be prioritized. 
 

Hospitalized children are an ideal cohort for reducing antibiotic overuse given the unique 
ability to alter treatment based on changes in clinical status. However, no studies have 
evaluated outcomes based on receipt of antibiotics among children hospitalized with CAP. Our 
pilot PHIS data demonstrate great variability in antibiotic use - some hospitals used antibiotics in 
only 48% of children admitted with CAP, while others used them in 95% of patients (manuscript 
in progress). Similar outcomes suggest that many children likely do well without antibiotics and 
emphasizes the need to identify when antibiotics are not necessary to inform best practices. 
 

Given that most CAP is likely viral, we hypothesize that there are identifiable subsets 
of children at “low risk” for bacterial CAP. Low risk is defined as children with similar out-
comes, regardless of antibiotic use, suggesting they likely do not need treatment. We will lever-
age variability in care to compare outcomes between matched patients who differ only by antibi-
otic status. Length of stay is our primary outcome given that it represents time to clinical im-
provement and is clinically significant to families, clinicians, and hospitals.12 We hypothesize 
that children with negative (no evidence of CAP) or equivocal CXRs (“atelectasis vs pneumo-
nia”) are low risk. A study found negative CXRs had a 98% negative predictive value for bacte-
rial CAP that required antibiotics, suggesting that those with negative CXRs rarely need antibiot-
ics.13 However up to 40% of children treated for bacterial CAP have negative CXRs, suggesting 
that further research is needed.14 We will also explore factors such as age and illness severity to 
identify a low risk cohort in which we can safely defer antibiotics.7  
 

We also need to identify factors that influence antibiotic decision-making. Little is known 
about what drives inpatient antibiotic use in CAP. Aim 2 will fill this critical knowledge gap and 
set up future studies targeting these barriers and facilitators of antibiotic de-implementation. 
 

Impact and Future Directions: This study will help us understand opportunities for safely re-
ducing antibiotics in the inpatient setting by defining low risk cohorts and identifying factors that 
drive antibiotic overuse using pre-specified case scenarios. Specific next steps include a K23 
pilot RCT to examine prospectively, and in more detail, the safety of de-implementing antibiotics 
in low risk CAP patients. This will serve as supporting data for a future multi-center R01 study to 
examine the clinical efficacy, implementation and effectiveness of de-implementing antibiotics in 
these patients. My K23 will also prospectively evaluate factors that drive antibiotic use in real 
time (i.e. for specific patients that providers care for) across multiple institutions. This will allow 
for a deeper understanding of the breadth of patient, provider and system factors involved in 
antibiotic decision-making and barriers and facilitators to future de-implementation work. This 
proposed study is a critical first step in a series of studies needed to achieve the ultimate goal of 
reducing antibiotic overuse in children hospitalized with CAP.  
 

Relevance to APA mission: This study directly addresses the mission of the APA, which is fo-
cused on nurturing the career development of pediatric researchers who are dedicated to ensur-
ing optimal health and well-being for all children. This collaborative project aims to improve the 
health of children hospitalized with CAP by reducing antibiotic overuse. Our findings will provide 
a framework that can be used to improve the care of children hospitalized with CAP across the 
nation, non-hospitalized children with CAP, and children with other diagnoses that are frequently 
associated with antibiotic overuse. This award would also provide valuable career development 
opportunities that would be critical to my success as I strive to become an independently funded 
researcher dedicated to improving the care of children hospitalized with common infections.  
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weighting for clustered data.22 23 The propensity score will be computed from a multivariable 
mixed effects logistic regression with covariates, and computed weights for each patient will be 
used in a linear mixed effects model for log-transformed LOS (due to skewness). Secondary 
outcomes will be analyzed with logistic mixed effects models. We will perform subgroup analy-
ses by CXR findings, age, and ED illness severity. While we considered an instrumental varia-
ble approach based on clinicians’ tendency to use antibiotics, based on pilot work, it is not fea-
sible to readily and accurately assign antibiotics to specific providers with PHIS or chart review. 
Power: Our expected sample is 2,110 patients. From pilot data from a prospective study, we 
expect 64% receive antibiotics with mean and standard deviation (SD) of LOS in this group of 
54 and 72 hours, respectively. Assuming a coefficient of variation (SD/mean) of 1.3, with 80% 
power (alpha=0.05, two-sided) we can detect a ratio of means of 1.17 (9-hour difference in LOS 
LOS). Thus, we are powered to detect a clinically meaningful difference, which based on team 
consensus and prior literature, is a difference of 12 hours.24 
AIM 2: Examine factors that influence antibiotic decision-making among children with CAP 

Population: We will include up to 20 key informants who are front-line hospitalists at  
 who make decisions about antibiotic use for hospitalized children with CAP. 

This includes physicians and advanced practice providers, as well as providers who primarily 
work at our quaternary care hospital or affiliated community-based hospitals. Thus, all medical 
providers within the Section of Hospital Medicine (n=98) will be queried for interest in the study. 
Should there be more providers interested in the study than the sample size likely needed for 
thematic saturation (n=20) we will select the cohort so as to maximize heterogeneity among 
providers based on gender, age, years out of training, type of provider, and primary site of work. 
Data sources: Detailed interviewer notes and the transcripts of audiotaped interviews. 
Design: We will conduct semi-structured one-on-one interviews by a trained interviewer using 
established qualitative research methods.25 Qualitative interview guides will be developed and 
pilot-tested prior to use. To feasibly conduct this study within the 1-year time frame, rather than 
conducting interviews on antibiotic decision-making in “real time” (i.e. for a specific patient they 
care for) we will use 5 clinical scenarios (e.g. healthy 3 year old admitted with respiratory dis-
tress and hypoxia requiring 0.5 liters of oxygen who was diagnosed with pneumonia based on 
focal findings on exam in the ED, had a CXR which was read as “atelectasis”, and received a 
dose of ceftriaxone in the ED prior to hospitalization). Interviews will focus on factors that drive 
antibiotic use in their own practice, and provider-perceptions of factors that drive antibiotic use 
in the practice of other hospitalists (based on sign-outs during transitions of care). Interviews will 
use a combination of broad, open-ended questions as well as more specific probes that may 
drive antibiotic use (e.g. receipt of antibiotics in the ED, CXR findings, age, history of fever, la-
boratory results, severity of illness in the ED, time of day of admission, availability of final CXR 
result, years of experience of provider, and perceived parental pressure). The interviewer will 
take detailed notes during the session, and each interview will also be audiotaped.  
Power: We will target 20 interviews. If thematic saturation is reached earlier, then at least 15 
interviews will be conducted. Additional interviews will be conducted if necessary to explore ad-
ditional themes. This study is qualitative and thus formal power calculations are not appropriate. 
Analytic Plan: We will utilize a qualitative, iterative approach to analyzing data from individual 
interviews. The PI and another investigator will review interviewer notes and transcribed audi-
otapes with the oversight of a qualitative methods expert to develop working themes and hy-
potheses to be tested and revised in subsequent interviews. In addition, interview transcripts will 
be entered in to Atlas.ti qualitative data analysis software and data will be analyzed using the 
“editing” approach.26 This particular analytic method encourages interpretation of the data using 
a team approach. Two investigators will independently read through the interview transcripts 
and highlight factors that appear to significantly impact antibiotic decision-making. The investi-
gators will then meet to discuss interpretations of the data, and transcripts will be re-reviewed to 
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