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Running Head: BENCHMARKING REPORT FOR APPENDICITIS
Abstract

Objective: To develop a severity-adjusted, hospital-level benchmarking comparative
performance report for postoperative organ space infection and antibiotic utilization in children
with complicated appendicitis.

Background: No benchmarking data exist to aid hospitals in identifying and prioritizing
opportunities for infection prevention or antimicrobial stewardship in children with complicated
appendicitis.

Methods: This was a multicenter cohort study using NSQIP-Pediatric data from 16 hospitals
participating in a regional research consortium, augmented with antibiotic utilization data
obtained through supplemental chart review. Children with complicated appendicitis who
underwent appendectomy from 07/01/2015 to 06/30/2020 were included. Thirty-day
postoperative OSI rates and cumulative antibiotic utilization were compared between hospitals
using observed-to-expected (O/E) ratios after adjusting for disease severity using mixed effects
models. Hospitals were considered outliers if the 95% confidence interval for O/E ratios did not
include 1.0.

Results: 1790 patients were included. Overall, the OSI rate was 15.6% (hospital range: 2.6-
39.4%) and median cumulative antibiotic utilization was 9.0 days (range: 3.0-13.0). Across
hospitals, adjusted O/E ratios ranged 5.7-fold for OSI (0.49-2.80, P=0.03) and 2.4-fold for
antibiotic utilization (0.59-1.45, P<0.01). Three (19%) hospitals were outliers for OSI (1 high
and 2 low performers), and eight (50%) were outliers for antibiotic utilization (5 high and 3 low
utilizers). Ten (63%) hospitals were identified as outliers in one or both measures.

Conclusions: A comparative performance benchmarking report may help hospitals identify and

prioritize quality improvement opportunities for infection prevention and antimicrobial
stewardship, as well as identify exemplar performers for dissemination of best practices.
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Introduction

Appendicitis is the most common abdominal surgical emergency in childhood and accounts for
the greatest relative burden of organ space infections (OSI) among all pediatric surgical
conditions.'* Management of appendicitis is also associated with the third highest number of
cumulative antibiotic treatment days in hospitalized children, behind only cystic fibrosis and
pneumonia.” ® When considering the morbidity associated with OSI and increase in antibiotic
resistance over the past decade, the need to optimize OSI prevention while limiting antibiotic
overuse should be considered a high priority goal in pediatric surgery.’

To date, no evidence-based consensus guidelines exist for the ideal length of postoperative
antibiotic treatment for OSI prevention in children with complicated appendicitis. Existing
evidence is limited by conflicting data, inadequate adjustment for disease severity, and use of
heterogeneous definitions and administrative data sources.* '°!° Paucity of robust comparative
effectiveness data has likely led to practice variation in antibiotic use for complicated
appendicitis observed across hospitals.!% !® This variation has resulted in different strategies in
antibiotic utilization for both empiric treatment of complicated appendicitis and in the
management of postoperative OSI, which in turn may influence both the incidence of organ
space infections and cumulative antibiotic utilization among hospitals. We hypothesized that
variation in risk-adjusted OSI rates and antibiotic utilization could potentially be leveraged
together as balancing measures to identify hospital-level process improvement opportunities, as
well as exemplar hospitals with best practices that could be disseminated through collaborative
networks.

With these considerations, the goal of this proof-of-concept analysis was to examine the potential
utility of a benchmarking comparative performance report for OSI and antibiotic utilization in
children with complicated appendicitis, particularly the ability to identify performance outliers.
More specifically, we aimed to evaluate utility of such a report by examining the distribution of
risk-adjusted postoperative OSI rates and cumulative antibiotic utilization as balancing measures,
and by exploring whether use of these measures could discriminate performance outliers in order
to identify opportunities for potential quality improvement efforts within a cohort of 16 hospitals
participating in a regional research consortium.

Methods
Study Design and Data Source

This was a multicenter study including 16 hospitals participating in the Eastern Pediatric Surgery
Network (EPSN) regional research consortium. Data from the American College of Surgeon’s
National Surgical Quality Improvement Program-Pediatric (NSQIP-Pediatric) were obtained and
augmented with supplemental chart review at each participating center. The NSQIP-Pediatric
database includes appendicitis-specific clinical data used to compare risk adjusted adverse event
and resource utilization data among its 160 member hospitals.!” NSQIP-Pediatric data are
collected by dedicated surgical clinical reviewers using standardized definitions and chart review
methods. Accuracy of these data are ensured by periodic auditing, mandatory recertification of
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reviewers, and the availability of American College of Surgeons clinical support to address
questions regarding data abstraction protocols.!”> '8

All study sites performed supplemental chart review to collect antibiotic utilization and operative
report data for patients identified in the NSQIP-Pediatric database. One of the study sites did not
participate in NSQIP-Pediatric, and an alternative chart abstraction process was undertaken to
replicate the NSQIP-Pediatric data collection process. A manual of operations with standardized
definitions and training videos were developed and reviewed by each site prior to data collection.
Data audits for each site were conducted by the data coordinating center after collection of the
first 10 cases to ensure accuracy and address any data collection questions. Study data were
uploaded directly to the data coordinating center using a secure transfer process. The American
College of Surgeons was not involved in the management or transfer of any study data. This
study was reviewed by the institutional review board of the data coordinating center, Boston
Children’s Hospital, and deemed exempt status (IRB-P00043683).

Study Cohort

Children (ages 3-17 years) who underwent appendectomy from July 1, 2015 to June 30, 2020 at
the 16 participating consortium hospitals as identified by NSQIP-Pediatric data were considered
for inclusion. Patients were included if they had complicated appendicitis as defined by NSQIP-
Pediatric based on the presence of at least one of four previously validated intraoperative criteria
described in the operative report, including a visible hole, abscess, extraluminal fecalith, and
diffuse fibrinopurulent exudate outside the right lower quadrant or pelvis (DFE).!%2°

Classification of Outcomes

Outcomes included 30-day postoperative OSI rate (including both NSQIP-Pediatric defined
organ space infection and/or need for postoperative drainage) and cumulative 30-day
postoperative antibiotic utilization in treatment days. Cumulative 30-day postoperative antibiotic
utilization was calculated as the sum of all postoperative antibiotic treatment days during the
index admission, additional antibiotic days prescribed at time of discharge to be completed at
home, and any additional days of antibiotic therapy prescribed following discharge for suspected
or recurrent surgical site infection (including during a hospital readmission). Cumulative 30-day
postoperative antibiotic utilization was used to capture each hospital’s comprehensive approach
to antibiotic management in children with complicated disease, including both empiric
postoperative treatment as well as any extension of treatment based on subsequent OSI
diagnosis.* 10- 13- 15

Statistical Analyses

Chi square and Wilcoxon rank sum tests were used for univariate comparisons. Generalized
linear mixed effects models were used to estimate hospital-level observed-to-expected ratios
(O/E) for each outcome, adjusting for hospitals’ individual patient characteristics and
appendicitis severity case-mix. Model covariates were selected a priori. Patient demographics
included in the model were age at time of operation, sex, race, and insurance status (public,
private, other, unknown). Appendicitis severity was adjusted for based on the presence of one
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versus multiple findings of complicated disease and for the presence of individual intraoperative
criteria (visible hole, extraluminal fecalith, abscess, DFE). The severity covariates have been
previously validated and are independently associated with infectious complications and resource
utilization.!”?° A logistic link was used for binary outcomes and a gamma link was used for
continuous outcomes. Hospital-level observed to expected (O/E) ratios for each measure were
estimated by exponentiating the shrinkage estimate of each hospital’s random effect.?! Models
with hospital-level random effects were compared to models without random effects to estimate
degree of hospital-level variation in outcomes. A Spearman correlation test was used to test
whether a correlation existed between hospital-level O/E ratios for OSI rates and cumulative
antibiotic utilization.

As a hospital’s antibiotic management and outcomes may vary with appendicitis severity, a
secondary analysis was performed limiting the cohort to children with high severity disease,
defined as those with multiple NSQIP-Pediatric intraoperative criteria of complicated disease
(visible hole, extraluminal fecalith, abscess, DFE).?’ The presence of multiple findings of
complicated disease has been associated with higher rates of postoperative OSI, readmission,
percutaneous drainage procedures, and greater resource utilization.'® 2

Analyses were performed with SAS statistical software (version 9.4; SAS Institute, Inc).
Statistical significance threshold was considered with a two-sided P<(0.05.

Defining Hospital-Level Performance Outliers

Hospitals were considered statistical outliers if the 95% confidence interval of their adjusted O/E
ratio did not include 1.0 for a given measure. Hospitals were considered exemplary if they had
lower-than-expected O/E ratios (<1.0) for both measures or a lower-than-expected O/E ratio for
one measure with an as-expected O/E ratio for the other. This definition was used as hospitals
identified as exemplars may have developed best practices for minimizing OSI risk, optimizing
antibiotic stewardship with reduced cumulative utilization, or both. Hospitals identified as
potentially in need of improvement were defined as those with a higher-than-expected O/E ratio
(>1.0) for OSI or antibiotic utilization, as these represent hospitals where there could exist
opportunities to improve their clinical outcomes or antibiotic stewardship.

Results

Patient Population and Appendicitis Severity

1790 patients with complicated appendicitis (hospital median: 109 [IQR 74-148]) from 16
hospitals were included in the analysis. The median age was 10 years (IQR 7-14) and 38.5% of
patients were female. 906 (50.6%) had one intraoperative finding of complicated disease
(hospital range: 28.2% to 73.1%) and 884 (49.4%) had high severity disease (hospital range:
26.9% to 71.8%).

Variation in 30-day Postoperative Organ Space Infection Rates
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The overall OSI rate was 15.6%, which ranged from 2.6% to 39.4% across hospitals. After
adjustment, the O/E ratios for OSI rate ranged 5.7-fold from 0.49 to 2.80 (P=0.03; Figure 1).
Three (19%) hospitals were statistical outliers for OSI, with one hospital having lower and two
having higher than expected OSI rates (Figure 1).

In the subgroup of patients with high severity disease, the OSI rate was 19.2%, which ranged
from 3.6% to 37.2% across hospitals. After adjustment, the O/E ratios for OSI rate ranged 3.7-
fold from 0.52 to 1.91 (P=0.07, Figure 1). One (6%) hospital was a statistical outlier based on
OSI rates (Figure 1).

Variation in 30-day Postoperative Cumulative Antibiotic Utilization

The median 30-day postoperative cumulative antibiotic utilization for the cohort was 9.0 days
(IQR 6.0-13.0), which ranged from 3.0 to 13.0 days across hospitals. O/E ratios for antibiotic
utilization ranged 2.4-fold, from 0.59 to 1.45 across hospitals (P<0.01 Figure 2). Eight (50%)
hospitals were statistical outliers for antibiotic utilization, with three (19%) hospitals having
lower and five (31%) hospitals having higher than expected cumulative antibiotic utilization
(Figure 2).

In the subgroup of patients with high severity disease, the median 30-day postoperative
cumulative antibiotic treatment utilization was 10.0 days (IQR 6.0-13.0), ranging from 3.5 to
12.0 across hospitals. O/E ratios ranged 2.1-fold, from 0.63 to 1.34 across hospitals (P=0.01;
Figure 2). Six (38%) hospitals were statistical outliers for antibiotic utilization, with four (25%)
having lower and two (13%) having higher than expected antibiotic utilization (Figure 2).

Assessment of Performance Outliers

In the analysis of all patients with complicated appendicitis, four (25%) hospitals were identified
with exemplary performance, one (6%) with a lower-than-expected OSI rate and three (19%)
with lower-than-expected cumulative antibiotic utilization (Figure 3). Six (38%) hospitals were
identified as potentially needing improvement. These included one (6%) with higher-than-
expected OSI rates and antibiotic utilization, one (6%) with higher-than-expected OSI rates, and
four (25%) with higher-than-expected antibiotic utilization (Figure 3). There was a moderate
positive correlation between hospitals’ O/E ratios for OSI rates and antibiotic utilization
(Spearman’s rho: +0.63, P=0.01).

In the subgroup analysis of patients with high severity disease, five (31%) hospitals were
identified with exemplary performance, one (6%) with a lower-than-expected OSI rate and four
(25%) with lower-than-expected cumulative antibiotic utilization (Figure 4). Two (12%)
hospitals were identified as needing improvement with higher-than-expected antibiotic
utilization (Figure 4). No significant correlation was found between hospitals’ O/E ratios for OSI
rates and antibiotic utilization in the subgroup of high severity disease (Spearman’s rho: +0.41,
P=0.11).

Discussion
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In this multicenter analysis of 1790 children from 16 hospitals with complicated appendicitis,
marked variation was observed in risk-adjusted rates of postoperative organ space infection and
cumulative antibiotic utilization. Observed-to-expected ratios of OSI rates ranged more than 5-
fold across hospitals, while observed-to-expected ratios of antibiotic utilization varied more than
2-fold, with performance and utilization outliers identified for both measures following
adjustment for differences in appendicitis severity and patient demographics among hospital
populations. These data suggest that a risk-adjusted comparative report can meaningfully
discriminate hospital performance and antibiotic utilization in children with complicated
appendicitis, with more than half of all hospitals identified as outliers in at least one measure.

To our knowledge, this is the first multicenter comparative performance analysis of OSI rates
and antibiotic utilization as balancing measures in children or adults with complicated
appendicitis. These data add to a growing body of evidence that substantial variation exists in
postoperative organ space infections rates and antibiotic utilization in children with complicated
appendicitis.'® '® Based on the principles of positive deviance, this risk-adjusted analysis aimed
to leverage the natural variation in practice and outcomes to identify opportunities for both
process improvement and collaborative knowledge sharing among hospitals.?

The validity of this multicenter comparative analysis was facilitated through adjustment for
patient demographic characteristics and disease severity using previously validated
intraoperative criteria.'”?° The wide variation in risk-adjusted outcomes observed across
hospitals was therefore likely driven by differences in management rather than differences in
patient populations being treated. Inter-hospital variation in adjusted OSI rates may be due to
differences in perioperative management, including antibiotic type and duration, technical
considerations such as method of appendectomy and management of peritoneal contamination,
and approach to postoperative OSI surveillance and diagnosis through use of laboratory and
imaging tests.?3?” With respect to surveillance, hospitals with lower thresholds to obtain imaging
(e.g., as driven by postoperative clinical pathways using mandatory laboratory or imaging
protocols) may disproportionately lead to the diagnosis and treatment of relatively mild or
subclinical OSI’s that would otherwise not at other hospitals. This could result in relatively
higher adjusted OSI rate and antibiotic utilization compared with hospitals with higher thresholds
for postoperative diagnostic imaging and may underlie the positive correlation between adjusted
OSI O/E ratios and antibiotic utilization characterized in this analysis. Despite this correlation, it
is noteworthy that most hospitals identified as outliers for antibiotic utilization (either higher or
lower than expected use) had as-expected adjusted rates of OSI’s. Drivers of variation in
antibiotic utilization may include differences in empiric postoperative management (including
use and duration of antibiotics following discharge) and differences in the approach to extending
antibiotic treatment for managing postoperative OSI’s.!% 13- 13:16 These data would suggest
opportunities may exist for many hospitals to reduce antibiotic utilization for improved
stewardship without risk for increased OSI rates. Optimizing antibiotic utilization by identifying
the shortest effective duration of therapy is important to reduce unnecessary antibiotic-related
adverse events for patients and minimize the development of resistant organisms.?®3
Furthermore, the magnitude of variation observed in the risk-adjusted outcomes suggests the
opportunities for both OSI reduction and antimicrobial stewardship improvement are substantial
if best practices from exemplar hospitals were identified, disseminated, and broadly
implemented.
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In this analysis, 31% of hospitals were identified as exemplary and 38% as potentially in need of
quality improvement based on OSI rates and cumulative antibiotic utilization. Identification of
high-performing outliers can provide a collaborative approach to facilitate quality improvement
through knowledge sharing and dissemination of best practices.?? Such as approach could be
particularly impactful if focusing on hospitals with both lower than expected OSI rates and
antibiotic utilization. Given the number and relatively wide geographic distribution of
participating hospitals, the variation observed in the present analysis is likely representative of
the variation that exists on a national scale. Identification of best practices developed at exemplar
hospitals could likely be widely generalizable and impactful. An example of this approach was
recently reported by the Pediatric Surgical Quality Collaborative (PSQC), which successfully
leveraged practice variation among its NSQIP-Pediatric member hospitals to characterize and
disseminate best practices for reducing CT utilization in children with suspected appendicitis.*?
Data from the present analysis has provided preliminary data for a PSQC collaborative currently
in development with the goal of creating a balancing measures report card for its 90-member
consortium.**

This analysis must be interpreted within the context of its limitations. Although rigorous methods
for data abstraction were employed by NSQIP-Pediatric and during supplemental chart review,
data collection was retrospective, and therefore potentially subject to errors in misclassification.
While this analysis demonstrated performance discrimination across its balancing measures, it
was unable to identify the specific practices associated with exemplary outcomes due to lack of
granularity in data regarding clinical practices including hospitals’ empiric antibiotic choice, use
of postoperative imaging, or other aspects in the care of children with complicated appendicitis.
Further efforts will need to explore these practices in more detail, such as use of qualitative
survey methodology to focus on hospitals with both lower than expected OSI rates and antibiotic
utilization. The analysis may have been underpowered to detect all performance outliers,
particularly at hospitals with smaller sample sizes. However, the analysis was able to identify
outliers on both sides of the performance and antibiotic utilization spectrum, supporting the
proof-of-concept that a benchmarking report can provide meaningful discrimination within
hospital networks. The risk-adjustment for patient demographic characteristics in this analysis
was limited to data available NSQIP-Pediatric (race/ethnicity, sex, age at operation, insurance
status). Other baseline characteristics of children presenting with appendicitis may influence
outcomes, though prior studies demonstrate that validated adjustment for disease severity, as
done in this analysis, is the most important driver of OSI risk.!>?* While this analysis included
geographically diverse hospitals, the participating institutions are largely academic, freestanding
children’s hospitals, and therefore these results may not be generalizable to other clinical
settings.

In conclusion, the results of this analysis suggest report cards based on postoperative organ space
infection and cumulative antibiotic utilization have utility in improving care of children with
complicated appendicitis through comparative benchmarking and identification of hospitals with
exemplary performance. Multi-institutional collaboratives like the EPSN and the PSQC are well
poised to act on these data through future qualitative investigation to identify and disseminate
best practices in the care of children with complicated appendicitis. The conceptual framework
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used in this analysis could also be applied to other surgical conditions where optimizing
outcomes and antimicrobial stewardship are important management considerations.
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Figure 1. Variation in observed-to-expected ratios for 30-day postoperative organ space
infection rates in children with complicated appendicitis. Hospitals are ranked by observed-
to-expected (O/E) ratios for their organ space infection rate in all children with complicated
disease. Unadjusted rates (%) of OSI are presented above the confidence interval of the O/E ratio
for each hospital.
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Figure 2. Variation in observed-to-expected ratios for 30-day postoperative cumulative
antibiotic utilization in children with complicated appendicitis. Hospitals are ranked by
observed-to-expected (O/E) ratios for their antibiotic utilization in all children with complicated
disease. Unadjusted means for antibiotic utilization in days are presented above the confidence
interval of the O/E ratio for each hospital.
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Figure 3. Relationship between 30-day postoperative organ space infection rates and
cumulative antibiotic utilization in children with complicated appendicitis at 16
hospitals. Hospital-level data are presented as observed-to-expected (O/E) ratios with 95%
confidence intervals, adjusted for patient characteristics and appendicitis severity.
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Figure 4. Relationship between 30-day postoperative organ space infection rates and
cumulative antibiotic utilization in children with high severity complicated appendicitis at
16 hospitals. Hospital-level data are presented as observed-to-expected (O/E) ratios with 95%
confidence intervals, adjusted for patient characteristics and appendicitis severity.
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