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Objectives: To describe the Children’s Hospital Association’s Improving Pediatric Sepsis
Outcomes sepsis definitions and the identified patients; evaluate the definition using a published
framework for evaluating sepsis definitions.

Design: Observational cohort.

Setting: Multicenter quality improvement collaborative of 46 hospitals from January 2017 to
December 2018, excluding neonatal 1CUs.

Patients: Improving Pediatric Sepsis Outcomes Sepsis was defined by electronic health record
evidence of suspected infection and sepsis treatment or organ dysfunction. A more severely ill
subgroup, Improving Pediatric Sepsis Outcomes Critical Sepsis, was defined, approximating septic
shock.

Interventions: Participating hospitals identified patients, extracted data, and transferred de-
identified data to a central data warehouse. The definitions were evaluated across domains of
reliability, content validity, construct validity, criterion validity, measurement burden, and
timeliness.

Measurements and Main Results: Forty hospitals met data quality criteria across four
electronic health record platforms. There were 23,976 cases of Improving Pediatric Sepsis
Outcomes Sepsis, including 8,565 with Improving Pediatric Sepsis Outcomes Critical Sepsis. The
median age was 5.9 years. There were 10,316 (43.0%) immunosuppressed or
immunocompromised patients, 4,135 (20.3%) with central lines, and 2,352 (11.6%) chronically
ventilated. Among Improving Pediatric Sepsis Outcomes Sepsis patients, 60.8% were admitted to
intensive care, 26.4% had new positive-pressure ventilation, and 19.7% received vasopressors.
Median hospital length of stay was 6.0 days (3.0-13.0 d). All-cause 30-day in-hospital mortality
was 958 (4.0%) in Improving Pediatric Sepsis Outcomes Sepsis; 541 (6.3%) in Improving
Pediatric Sepsis Outcomes Critical Sepsis. The Improving Pediatric Sepsis Outcomes Sepsis
definitions demonstrated strengths in content validity, convergent construct validity, and criterion
validity; weakness in reliability. Improving Pediatric Sepsis Outcomes Sepsis definitions had
significant initial measurement burden (median time from case completion to submission: 15 mo
[interquartile range, 13-18 mo]); timeliness improved once data capture was established (median,
26 d; interquartile range, 23-56 d).

Conclusions: The Improving Pediatric Sepsis Outcomes Sepsis definitions demonstrated
feasibility for large-scale data abstraction. The patients identified provide important information
about children treated for sepsis. When operationalized, these definitions enabled multicenter
identification and data aggregation, indicating practical utility for quality improvement.
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Pediatric sepsis was formally defined by a consensus conference in 2005 that used the
framework of Systemic Inflammatory Response Syndrome to define sepsis, severe sepsis,
and septic shock (1). Although alternative definitions for organ dysfunction in sepsis have
been proposed since, and efforts are underway to create new definitions for pediatric sepsis,
this remains the current definition of record (2-5). Originally developed for trial enrollment,
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these definitions are precise, but laborious to operationalize, particularly for benchmarking
and quality improvement (QI).

Definitions for sepsis vary and are deployed for purposes ranging from clinical identification
to research to administrative coding (6). Angus et al (7) have suggested a framework for
evaluating sepsis definitions that uses traditional measures of reliability and validity to
evaluate definitions on their strengths relative to their intended use (8).

The Children’s Hospital Association’s (CHA) Improving Pediatric Sepsis Outcomes (IPSO)
Collaborative created novel, functional sepsis definitions designed to facilitate large-scale
automated identification via electronic health record (EHR) extraction. In the first 2 years of
a multiyear QI campaign, 46 hospitals of varied size and type used these definitions to
ascertain cases and submit data to a central data warehouse. The objectives of this report are
as follows: 1) to describe the frequency, demographics, and outcomes of pediatric sepsis
cases ascertained using the IPSO Sepsis definitions and 2) to use the Angus framework to
retrospectively evaluate the performance of the IPSO Sepsis definitions within the domains
of reliability, validity, measurement burden, and timeliness.

MATERIALS AND METHODS
Study Design

This was an observational cohort study.

Setting and Patients

Definitions

This study included 46 hospitals participating in the first wave of the IPSO collaborative
from January 1, 2017, to December 31, 2018. Teams began collecting data in January 2017,
and the central data warehouse opened to accept data submissions in March 2017. Hospitals
ranged from 43 to 604 inpatient beds and included university-affiliated hospitals,
freestanding and non-freestanding pediatric hospitals, and urban and suburban hospitals.
Hospitals included pediatric patients following their institutional practices for pediatric care,
without age restriction. Neonatal ICUs were excluded from the initial phase of the IPSO
collaborative. Patients were included using the sepsis definitions described below. The aims
of the IPSO collaborative were to decrease sepsis-attributable mortality and hospital-onset
critical sepsis through structured QI. The collaborative centralized expertise to create a key
driver diagram and implementation bundles emphasizing early diagnosis and treatment, and
facilitated collaborative learning, data collection, and analysis through statistical process
control (9).

Two sets of sepsis definitions were created by members of a national expert advisory
committee and CHA staff members, including physicians, nurses, families, and hospital
executives with expertise in pediatric sepsis, Ql, and data quality and analysis. Physicians
and nurses represented pediatric subspecialties of critical care, emergency medicine, hospital
medicine, infectious diseases, hematology/oncology, and surgery.
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IPSO Sepsis was an inclusive definition intended to capture patients with sepsis treatment
initiated, not requiring a confirmed diagnosis of infection-related organ dysfunction (Table
1). It was designed to identify patients using fields already existing in the medical record
that could be automated for EHR extraction. A more severely ill subgroup, IPSO Critical
Sepsis, was defined to approximate septic shock (Table 1).

Patients met criteria for the IPSO Sepsis definition in several ways. Stand-alone criteria
indicated that clinicians in the hospital had identified the patient as either having sepsis or
requiring treatment for sepsis, as indicated by the use of a sepsis-specific order set,
International Classification of Diseases, 10th Revision (ICD-10) code for severe sepsis or
septic shock, or a positive huddle. Huddles were an improvement tool consisting of a
structured discussion among the clinical team of a patient in whom there was concern for
sepsis, with documentation of a decision to proceed with sepsis treatment or not. Additional
patients were identified who met multiple criteria: treatment consistent with sepsis (blood
culture, 1V antibiotics, = 2 IV fluid boluses, or = 1 bolus and a vasoactive agent) and one
additional criterion indicating severe infection (Table 1). IPSO Critical Sepsis was a
subgroup of IPSO Sepsis patients who received a third 1V fluid bolus or a vasoactive agent
in addition to receiving treatment consistent with sepsis. Boluses were required to be greater
than or equal to 5 mL/kg each, allowing for patient differences and evolving treatment
approaches to fluid volume and timing. In patients with multiple sepsis events during
hospitalization, data were collected from the first episode.

Data Source

The transfer of limited datasets from participating hospitals to the IPSO Registry for QI
purposes was governed by participation agreements at each hospital. The data transfer was
approved by appropriate bodies at each hospital, including Institutional Review Boards at
some hospitals but not others, reflecting varied interpretation of the requirements for QI data
governance. This secondary analysis study was considered exempt from institutional review
board review by the Colorado Multiple Institutions Review Board.

Participating hospitals used a data dictionary (Supplemental Digital Content 1, http://
links.lww.com/CCM/F680) to identify patients meeting sepsis definitions, extract data
elements and transfer de-identified data to an encrypted, HIPAA-compliant central data
warehouse (Prometheus Research, New Haven, CT). Each hospital determined the method
of patient identification and data extraction, based on informatics infrastructure, personnel,
and resources available. Patient identification and data extraction were performed using
queries of the EHR data warehouse, manual chart review, or a combination. Once identified,
patient data were entered either via a secure monthly batch upload of all visits or case-by-
case manually into a web portal designed for this purpose.

In order to support data gathering and standardization, the IPSO collaborative provided
participants with a detailed data dictionary, individual consultations, and weekly office hours
with data and QI consultants. Participating hospitals shared data tools via webinars, a
collaborative listserv, biannual inperson workshops, and an online repository of tools and
documents. Frequently, hospitals with shared EHR vendors shared coding scripts used in
data gathering.

Crit Care Med. Author manuscript; available in PMC 2021 October 01.


http://links.lww.com/CCM/F680
http://links.lww.com/CCM/F680

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Scott et al.

Measures

Analysis

RESULTS

Page 5

While guidelines for sepsis definitions were specific, variation was allowed in ascertainment
of secondary clinical measures, in keeping with the QI focus of the collaborative. A data
dictionary was disseminated and hospitals had discretion in implementation based on
available resources (Supplemental Digital Content 1, http://links.lww.com/CCM/F680). For
example, categories of immunosuppressed and immunocompromised patients were
described in guidance documents, but individual hospitals used a variety of means to assess
these variables, including manual chart review, EHR problem lists, or ICD-10 codes.
Similarly, organ dysfunction could be reported using any of several standard definitions or
scores that were locally available.

Standard descriptive statistics were used to report the characteristics of patients with IPSO
Sepsis and IPSO Critical Sepsis. Analyses were conducted in SAS 9.4 (SAS, Cary, NC).

In order to evaluate the domains of usefulness described in the Angus framework, we chose
proxy measures for each domain that could be ascertained in the dataset (Table 2). In order
to assess test-retest reliability, we measured the change in frequency of sepsis per 1,000
hospital admissions between 2017 and 2018. We considered a greater change to indicate less
reliability. In order to assess inter-rater reliability, we assessed the differences in sepsis
frequency between individual hospitals, considering a greater interquartile range to indicate
lower inter-rater reliability. To assess convergent validity, we assessed the proportion of
patients who had critical illness, as defined by the presence of any of the following variables:
new positive-pressure ventilation, lactate greater than or equal to 4 mmol/L, extracorporeal
membrane oxygenation, or ICU admission (10, 11). Concurrent criterion validity was
assessed by comparing the patients identified by the IPSO definitions with those identified in
preexisting institutional sepsis registries. In hospitals where registries existed, hospital sepsis
leaders reported to IPSO an estimated percentage of the patients in their independent
registries who were identified by IPSO definitions. Predictive criterion validity was assessed
by comparing the IPSO Sepsis mortality rate to rates reported in the literature. Timeliness
was assessed by measuring the median time to data submission, both initially and after data
submission was established. A site was considered established when it had submitted data
for up to 80% of months of the collaborative to date.

Content validity and measurement burden were assessed qualitatively by this author group,
composed of IPSO steering committee members and CHA data analysts, with expertise in
Ql, pediatric sepsis, and statistics. After reviewing the proxy measures of performance in
each domain, whether quantitative or qualitative, the authors used majority vote to classify
the definitions as having low, low to medium, medium, medium to high, or high
performance to aide interpretation.

From January 2017 to December 2018, 40 of 46 participating hospitals with 934,772 total
admissions met IPSO data quality criteria for inclusion in the aggregate data presented here.

Crit Care Med. Author manuscript; available in PMC 2021 October 01.


http://links.lww.com/CCM/F680

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Scott et al.

Page 6

Four different EHR vendors and paper medical records were used. Automatic EHR
extraction accounted for data gathering at 26 (56.5%) participating hospitals; the remainder
used mostly or entirely manual chart review.

There were 23,976 cases of IPSO Sepsis, representing 2.6% of admissions to participating
hospitals, including 8,565 (0.9%) with IPSO Critical Sepsis (Table 3). Many children had
complex care needs, including 43.0% with immunosuppression, 20.3% with central lines,
and 11.6% chronically ventilated. Critical care was required in a majority of patients, 60.8%
were admitted to the ICU, 26.4% experienced new positive-pressure ventilation, and 19.7%
received vasopressors.

Hospitals reported secondary variables based on local feasibility (Table 3). Most variables
were reported in 80-100% of cases, with a few notable exceptions. Organ dysfunction status
was reported in only 50.5% of cases and 28 hospitals, and positive-pressure ventilation
status was reported in 54.6% of cases and 30 hospitals; both variables were difficult to
extract automatically (Supplemental Digital Content 2, http://links.lww.com/CCM/F681).
There was a lag between the time that the central data warehouse opened to accept
submissions in the collaborative and submission of the first episodes, shown in Figure 1.

The characteristics of the IPSO Sepsis and IPSO Critical Sepsis definitions using proxy
measures for the domains in the Angus framework are presented in Table 2. The strengths of
the definitions were identified. There was high content validity, aligning with current
concepts of sepsis and septic shock. Convergent construct validity was medium to high, with
74% of IPSO Sepsis patients and 88% of IPSO Critical Sepsis patients demonstrating at
least one measure of critical illness (Table 4). Concurrent criterion validity was medium to
high, with hospitals reporting 80% overlap between patients identified by IPSO definitions
and patients in individual hospital registries (Supplemental Digital Content 3, http://
links.lww.com/CCM/F682), and predictive criterion validity was medium to high, with
mortality rates similar to those reported in prior U.S. emergency department (ED)-based
pediatric sepsis studies (12-15). The definitions were less strong in the domains of
reliability, where significant test-retest and interrater variation was noted. Measurement
burden was substantial, with medium cost, high safety, and medium complexity. Timeliness
had medium performance, initially requiring a median of 15 months to submit the first cases,
but accelerating to a median time of 26 days from case frequency to centralized data
submission (Table 2).

DISCUSSION

The IPSO Sepsis definitions are pragmatic definitions that were operationalized for large-
scale data abstraction in a multicenter quality initiative. The patients identified with these
definitions provide an important picture of children in whom sepsis treatment was initiated.
With a primary goal of identifying patients to drive QI, these definitions captured not only
patients who developed sepsis with organ dysfunction, but also those in whom early sepsis
was treated with organ dysfunction potentially averted. This cohort was more heterogeneous,
less severely ill than described previously in studies requiring organ dysfunction or ICU
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admission for inclusion. This cohort represents a fuller spectrum of children treated for
sepsis, and thus the children in whom it is important to measure processes of care for QI.

There was some imprecision inherent in the definitions. While the definitions ensured that
identified patients had sepsis treatment initiated, it was not possible to ensure through
automated parameters that sepsis treatment was completed for an illness ultimately
determined to be caused by infection. The definition focused on patients in whom infection
was being treated or critical care required, but it was possible for patients with other
underlying etiologies to meet criteria. While this would be unacceptable for some purposes,
such as a clinical trial, for this purpose, an automated definition promoted sustainable case
ascertainment and quality measurement. Since the goal of QI is to enhance outcomes by
reliably improving care delivery processes, identifying patients in whom clinicians initially
intended to treat sepsis was in keeping with this goal, even if an alternate final diagnosis was
retrospectively identified. The definition was subject to the limitation that the definition
could not distinguish whether a patient truly required sepsis treatment or was over-treated.
From an epidemiologic standpoint, the IPSO Sepsis cohort is expected to differ from
patients in whom severe sepsis is confirmed through labor-intensive clinical criteria such as
organ dysfunction, or the recently proposed pediatric sepsis surveillance definition in which
specificity and reproducibility are higher priorities (5).

IPSO Sepsis cases were most often first identified in the ED, and the patient characteristics
are similar to those reported in previous ED studies (12-15). The prevalence of ED cases
reflects a spectrum bias of these definitions, which used the first sepsis episode to identify
patients, and focused on treatment initiation as inclusion criteria, rather than ICU admission
or organ dysfunction. Notably, approximately 8% of patients cared for in these pediatric
settings were 18 years or greater. The care of adult patients in pediatric settings may be an
important area of future study. Similar to prior studies of pediatric sepsis, a substantial
proportion of patients had chronic illness.

The proxy measures of test-retest and inter-rater reliability have limitations. Although we
considered variation in sepsis frequency from year to year and between hospitals to indicate
less reliability, this variation could instead reflect true differences in frequency, due to
infectious outbreaks or differences in patient population. The increase in IPSO Sepsis
frequency from the first to the second year of the collaborative was likely due to increased
sepsis recognition and treatment promoted by the collaborative, a desired QI effect. The
definition might function less well if practice patterns in pediatric sepsis changed and might
require updating; for example, if recommendations for fluid therapy change, the definitions
could be modified accordingly.

Measurement burden and timeliness shared the requirement of a significant initial
investment to establish data capture and transfer, and improvement over time. Once data
gathering structures and procedures were established, the measurement burden decreased
and timeliness increased, as seen in the decreasing time to data submission as hospitals
submitted increasing amounts of data (Table 2). While the measurement burden for this
definition cannot be considered low given the personnel time required to create local
infrastructure, once established, it provided a sustainable, lower-burden data source for
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monitoring care over time. Once hospitals had established a data pipeline and “caught up”
on data submission (as indicated by having submitted data for at least 80% of prior
collaborative months), the median time from the end of a month to data submission for that
month was 26 days.

In the most recent pediatric septic shock clinical guidelines from the American College of
Critical Care Medicine (ACCM), the “performance bundle” was introduced. It indicated that
to improve sepsis outcomes, measurement of performance is needed (16). To measure
performance, a sepsis definition is required, ideally one that facilitates reliable and
logistically feasible ascertainment of similar patients over time. Existing studies of the
epidemiology of pediatric sepsis have ascertained cases from large administrative databases,
primarily using /nternational Classification of Diseases, 9th Revision/ICD-10 codes (17, 18).
There are important limitations to these codes, and significantly for QI, these codes do not
capture patients in whom early, appropriate treatment prevented deterioration. Definitions
for sepsis comprised of information available in the EHR, and ascertained reproducibly over
time, are important in order to improve quality in accordance with the ACCM guideline
performance bundle.

Organ dysfunction is an important part of current concepts of sepsis, however, formal
definitions are time-consuming to abstract manually and difficult to extract automatically
from charts or the EHR. The challenge of collecting these variables was demonstrated with
sites able to report organ dysfunction status for only half of IPSO Sepsis patients (Table 3).
They are difficult for many hospitals to implement routinely and the IPSO Sepsis definitions
are a useful alternative.

Since it was first described in 2016, the Angus framework for assessing sepsis definitions
has been considered in the analysis of several tools or definitions (7, 8). Applications ranged
from evaluation of ICU admission criteria to assessments of various sepsis definitions in
adults (19, 20). We were limited in our ability to assess quantitatively every domain, and
thus the measures reported were the best available proxies. This framework is an important
acknowledgment that no single sepsis definition will suit all purposes, from prospective
clinical identification to retrospective epidemiology to research trial enrollment. As research
seeks to identify meaningful endotypes of sepsis patients who might benefit from precision
therapeutics, there remains a need to also identify patients in the broader umbrella group of
sepsis syndrome, who benefit from shared universal therapies and processes. When
developing definitions, particularly for the heterogeneous entity of sepsis, this framework is
a useful tool to prioritize the domains most important for the given purpose of the definition.

An additional limitation is that only the first sepsis episode in each hospitalization was
recorded. This study is limited by potential reporting bias in measures which relied on self-
report and the subjectivity of the authors’ post hoc rating of the performance of the
definition in each domain. Finally, this study assessed these definitions during this particular
Ql initiative and the performance may reflect not only characteristics of the definitions, but
also fidelity of implementation at the participating sites.
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CONCLUSIONS

The IPSO Sepsis definitions demonstrated strengths in content validity, convergent construct
validity, and criterion validity. The definitions were weaker in reliability, although IPSO
Critical Sepsis, which identified a more severe subgroup of patients, had stronger reliability
than IPSO Sepsis. The definitions had a significant initial measurement burden to establish
data capture processes, but once established, became timely and sustainable.

The patients identified using these definitions represent one of the largest cohorts of sepsis
patients identified using a shared set of definitions for QI across multiple centers reported to
date to our knowledge. Despite some known limitations, these definitions identified patients
in whom clinicians initially intended to treat for sepsis, and thus measuring the quality of the
processes of care in these patients is an appropriate approach to sepsis QI. When
operationalized, these definitions enabled multicenter case identification and data
aggregation, indicating feasibility and practical utility for QI.
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Figure 1.

Completeness of sepsis data submitted to the central data warehouse over time. Percent
submitted represents the aggregate number of months of data submitted among all hospitals
divided by all participating hospital months of the collaborative that had occurred at that
point.
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