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Abstract

Objectives: To develop a consensus framework that can guide the process of classifying and
reviewing pediatric in-hospital cardiac arrest in the PICU.

Design: A three-round electronic Delphi consensus study with an additional in-person session
with pediatric resuscitation experts. The modified electronic Delphi consisted of survey questions
sent to the expert panel with the goals of (1) achieving consensus on definitions of avoidable,
potentially avoidable, and unavoidable PICU in-hospital cardiac arrest and (2) achieving
consensus and ranking of a list of factors that contribute to potentially avoidable PICU in-hospital
cardiac arrest.

Setting: Electronic surveys of resuscitation experts including pe- diatric critical care, cardiac
critical care, emergency medicine, and hospital medicine physicians, nurses, advance practice
nurses, and resuscitation researchers.

Patients: Not applicable.

Interventions: Not applicable.
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Measurements and Main Results: Over three rounds of an electronic Delphi, 24 resuscitation
experts participated. In Round 1, consensus was reached for the definitions of potentially
avoidable and unavoidable cardiac arrest. Consensus was not reached for avoidable cardiac arrest.
In Round 2, the expert panel agreed with seven factors from the literature and achieved consensus
on an additional seven factors. Consensus was achieved on the modified definition of avoidable
cardiac arrest. In Round 3, participants were asked to rank the contributing factors in order of their
importance. For the in-person session, the consensus definitions and contributing factors from the
modified electronic Delphi were presented to a multidisciplinary group of pediatric resuscitation
experts and reached consensus for all three definitions.

Conclusions: A multidisciplinary group of pediatric resuscitation experts generated a
consensus-based framework to classify and review pediatric in-hospital cardiac arrest in the PICU.
Future work will focus on the application of this framework and further validation of these
definitions and contributing factors for in-hospital cardiac arrest both within and outside the PICU.
(Pediatr Crit Care Med 2020; 21:992-999)
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BACKGROUND

Pediatric in-hospital cardiac arrest (IHCA) remains an infrequent but serious problem with
an estimated 7,100 children in the United States receiving in-hospital cardiopulmonary
resuscitation (CPR) annually for pulseless events (1). Although pediatric IHCA outcomes
have improved over recent decades, the mortality burden remains high with only 40%
survival to hospital discharge (2). Although ongoing efforts to improve the delivery of high
quality CPR may continue to improve survival trends, efforts should also focus on the
prevention of pediatric IHCA.

To date, systematic efforts to reduce the frequency of IHCA in pediatric patients have
focused on preventing cardiac arrest on the wards, prioritizing early identification of
clinically decompensating inpatients with rapid transfer to a higher level of care (3-6).
Some pediatric centers have shown a decrease in hospital-wide mortality rates and the rate
of resuscitation events outside the PICU with implementation of rapid response teams for
evaluation of decompensating patients (7, 8). Accordingly, the proportion of pediatric IHCA
occurring in the PICU rather than the ward has been steadily increasing, such that the vast
majority of pediatric IHCA now occurs in the PICU (9, 10). Despite this shift in event
location, parallel work to prevent IHCA within the PICU has been more gradual perhaps
because the events are not perceived as preventable in a higher risk population. Importantly,
there is no consensus definition of avoidable or potentially avoidable PICU IHCAs that
could be used to evaluate the effect of interventions targeted at prevention. Furthermore,
consensus definitions of avoidable, potentially avoidable, and unavoidable PICU IHCAs
could also be useful to target cases that would most benefit from in-depth formal event
review to identify modifiable contributing factors. Formal safety event reviews, including
root cause analyses and debriefing following resuscitation events, have been shown to
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decrease the occurrence of serious safety events in pediatric hospitals and improve IHCA
survival, respectively (11, 12).

The Delphi method provides a structured group communication technique well-suited to
gaining expert consensus on these complex and important questions (13). The overall aim

of this study was to develop a consensus framework to classify and review pediatric IHCA

in the PICU. First, we used the Delphi method to develop consensus around definitions of
avoidable, potentially avoidable, and unavoidable pediatric IHCA in the PICU. Second, to
improve understanding of events, we sought agreement around a list of important factors that
contribute to potentially avoidable PICU IHCA. Last, we developed a framework to guide
review of PICU IHCA using the consensus definitions and contributing factors.

MATERIALS AND METHODS

Study Design

To develop a consensus for framework for classifying and reviewing PICU IHCA events,
we used the Delphi method. The Delphi method is a well-established method for solving
problems, creating research agendas, and conducting needs assessments through expert
consensus (13). The Delphi method develops expert consensus through a six-step process
including the following: (1) Problem identification, (2) Literature search, (3) Survey
development, (4) Iterative survey rounds by a predetermined expert panel, (5) Feedback
between rounds to the experts, and (6) Summary of findings (13). Although the Delphi
process traditionally begins with an open-ended questionnaire, it is an acceptable and
common modification to use a structured questionnaire in the first round based on literature
review (14). We conducted a modified Delphi administered electronically (eDelphi) (15, 16).
Individual responses were deidentified. This study was determined to be nonhuman subjects
research by the Institutional Review Board at Cincinnati Children’s Hospital Medical
Center.

Literature Search

We completed a literature search for definitions of avoidable or preventable cardiac arrest
and for lists of factors contributing to potentially avoidable or preventable cardiac arrest

to derive the initial definitions and contributing factors evaluated during this study. The
reviewed articles were identified through a PubMed search using MeSH terms CPR and
prevention, as well as other general search terms including cardiac arrest, prevent, avoid,
intensive care, and pediatrics. In addition, articles cited by these initially identified articles
were also reviewed. These articles were reviewed by two of the authors (M.D., H.A.W.) and
assessed for inclusion. The definitions and contributing factors were mainly derived from the
adult literature due to a lack of pediatric studies (17-21).

Establishment of Expert Panel

A multidisciplinary group including physicians, nurses, resuscitation scientists, and experts
from key stakeholder organizations including the American Heart Association, International
Liaison Committee of Resuscitation, and the Society of Critical Care Medicine were invited
to participate in the consensus process. We generated a list of corresponding authors of key
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published studies on pediatric IHCA referenced in the 2015 American Heart Association
Guidelines (22). We used a snowball sampling technique (23), asking invitees to identify
other informed individuals, who were then asked to participate. Experts were defined as
anyone with in-depth knowledge of pediatric IHCA, acquired through practice or education
with no minimum years of experience being a requirement. No maximum or minimum
number of participants was established a priori; however, the authors did compile the list of
invited participants with gender and regional balance. Following agreement to participate in
the consensus process, all experts reviewed a document and video introducing them to the
study, including an introduction to the aims, process, and participation (video viewable here:
https://lyoutu.be/35zDFrAwXaY).

Survey and lIterative Feedback

The modified eDelphi consisted of three rounds of survey questions sent to the expert
panel with the goals of (1) achieving consensus on definitions of avoidable, potentially
avoidable, and unavoidable PICU IHCA and (2) achieving consensus on a list of factors
that contribute to potentially avoidable PICU IHCA. Figure 1 includes a visual depiction
of the rounds of the eDelphi, which are described below, and Appendix | (Supplemental
Digital Content 1, http://links.lww.com/PCC/B395) includes the full survey instruments as
they were distributed to the expert panel.

Round 1: Definition Consensus.—In the first round of the modified eDelphi, we
presented definitions of avoidable, potentially avoidable, and unavoidable PICU IHCA
with brief clinical examples to the expert panel. The definition of unavoidable PICU

IHCA was divided into three subdefinitions to address three distinct relevant clinical
scenarios (for survey instruments, see Appendix I, Supplemental Digital Content 1, http://
links.lww.com/PCC/B395). Experts were asked to rate their level of agreement with each
definition or subdefinition on a five-point Likert scale (strongly agree, agree, neither

agree nor disagree, disagree, strongly disagree). Free-text comments could be provided

for feedback on each definition. Consensus was defined a priori as greater than 90% of
participants either strongly agreeing or agreeing with the definition. We determined that
achieving consensus for a particular definition through multiple iterations would be feasible
if there was 51-90% agreement initially. If agreement was less than 50%, we determined
that achieving consensus would be unlikely and planned to abandon this component. This
level of consensus has been considered to be appropriate in prior Delphi studies and defined
as “clear consensus” (24, 25). The list of factors that contribute to potentially avoidable
PICU IHCA derived from the literature was presented to the expert panel. They were asked
to provide additional factors for inclusion in the list in Round 2.

Round 2: Contributing Factor Consensus.—We combined the list of factors that
contribute to potentially avoidable PICU IHCA derived from the literature with the expert
panel’s additions from Round 1. A list of 14 factors was presented to participants to

seek consensus on the importance of each factor’s contribution to potentially avoidable
IHCA. Experts were asked to rate their level of agreement that the factor was an important
contributor to potentially avoidable PICU IHCA on a five-point Likert scale (strongly agree,
agree, neither agree nor disagree, disagree, strongly disagree). Consensus was defined a
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priori as greater than 70% of participants either strongly agreeing or agreeing that the factor
was an important contributor. We set the threshold for consensus at 70% lower than the
threshold for consensus on the definitions, due to variability in patient populations served
with variable applicability of certain contributing factors. This level of consensus has been
considered to be appropriate in prior Delphi studies (26-30). For each of the 14 factors,
experts used the same Likert scale to rate their agreement that the contribution of the factor
to potentially avoidable PICU IHCA would be feasible to assess during retrospective event
review. Consensus was not sought for this component of the survey. Free-text comments
could be provided about each factor.

Due to a lack of consensus on the definition of avoidable PICU IHCA in Round 1,
modifications were made to this definition based on feedback from the expert panel, and
the modified definition was presented to the participants during Round 2. The same Likert
scale and threshold for consensus established for the definitions during Round 1 was used.

Round 3: Factor Ranking.—During Round 2, there was consensus among the expert
panel that all 14 factors were important contributors to potentially avoidable PICU IHCA,
and so no further consensus rounds were needed. Consensus was reached on the modified
definition of avoidable PICU IHCA. In Round 3, participants were asked to rank the
contributing factors in order of their importance. In addition, the study team grouped the
contributing factors into four categories (Diagnostic Factors, Treatment/Therapeutic Factors,
Communication, and Facilities and Resources), and participants were asked to rank the
categories in order of their importance in contributing to potentially avoidable PICU IHCA.

In-Person Session

RESULTS

Description

To further discussion around the definitions and contributing factors, as well as, identify
opportunities for application, the consensus definitions and contributing factors from the
modified eDelphi were presented on November 14, 2019, in Philadelphia, PA, to a
multidisciplinary group of pediatric resuscitation experts and researchers assembled for

a pediatric resuscitation research and quality collaborative meeting. All participants at

the Pediatric Resuscitation Quality Improvement Collaborative were invited to participate
including medical students, trainees, and nonclinical providers. Not all participants remained
for the entirety of the session. In-person participants were asked if they agreed or disagreed
with the expert panel’s definitions of avoidable, potentially avoidable, and unavoidable
PICU IHCA. Polling was performed by participants holding up cards marked with agree
or disagree (digital interactive polling was not technologically feasible in this location).
Feedback on the draft framework was also requested from participants.

of Expert Panel

A total of 55 experts were invited including 44 physicians, nine nurses, and two resuscitation
science nonclinical researchers through our snowball technique. Twenty-four experts (44%)
agreed to participate from 20 institutions throughout the United States, Canada, and Europe
(Appendix 1, Supplemental Digital Content 2, http://links.lww.com/PCC/B396). There was
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100% response rate for all rounds of the modified eDelphi. The experts were predominately
physicians (83%) who worked in the PICU (65%). Other disciplines represented were
pediatric hospital medicine, pediatric emergency medicine, and pediatric cardiac intensive
care. More than half were female, and the median years of clinical experience for physicians
and nurses was 13.5 years (interquartile range, 9.5-18 yr) (Table 1).

During the first round of the modified eDelphi, consensus was reached for the definitions
of potentially avoidable and unavoidable cardiac arrest. For the definition of potentially
avoidable cardiac arrest, 33.3% of participants (/7= 8) strongly agreed with the definition
and 58.3% of participants (7= 14) agreed. For the definition of unavoidable cardiac arrest,
all three scenarios reached greater than 90% of participants agreeing or strongly agreeing
with the definition. For the definition of avoidable cardiac arrest, initial consensus was

not reached with only 20 participants (83.3%) either agreeing or strongly agreeing with
the definition. Following revision of the definition using the participant comments, it was
presented again to the expert panel during Round 2, and 75.0% of participants (7= 18)
strongly agreed and 16.7% (n7= 4) agreed with the definition meeting consensus. See Table 2
for consensus results and definitions.

Contributing Factors

The expert panel agreed with seven factors recommended from the literature (17-21) and
achieved consensus on an additional seven factors identified by the study authors or expert
panel. Due to consensus being reached on the importance of all 14 factors in the second
round of the modified eDelphi, participants were also asked to rank contributing factors in
order of importance and to rank the importance of factor categories (for summary of results,
Appendix I11, Supplemental Digital Content 3, http://links.lww.com/PCC/B397).

Factors were plotted to assess the relationship between feasibility and importance (Fig. 2)
demonstrating that eight factors (57.1%) were thought to be feasible and important, five
factors (35.7%) were thought to be important but not feasible to assess, and one factor
(7.1%) was thought to be neither feasible nor important to assess. No factors were assessed
as being feasible but not important.

In-Person Session

Feedback during the in-person session demonstrated ongoing agreement with all three
definitions reaching greater than 90% consensus. Seven members of the original eDelphi
expert panel were also present at the in-person session and participated. In addition, during
application of definitions to sample cases, there was 100% agreement with case definition.
Consensus results from the in-person session as well as general feedback from participants
is presented in Appendix IV (Supplemental Digital Content 4, http://links.lww.com/PCC/
B398).

Proposed Framework for Event Review

The final result of the three rounds of eDelphi and the in-person session are presented in
Figure 3 and consists of the following: (1) an initial event review to determine if an in-depth

Pediatr Crit Care Med. Author manuscript; available in PMC 2022 February 02.


http://links.lww.com/PCC/B397
http://links.lww.com/PCC/B398
http://links.lww.com/PCC/B398

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dewan et al.

Page 7

event review or a serious safety event review is needed; (2) an in-depth event review to
identify possible contributing factors; (3) classification of events as avoidable, unavoidable,
or potentially avoidable; and (4) recommended action for type of review. After each PICU
IHCA, the framework would be applied and then we would expect the local version of

the framework to be enriched with additional details regarding review participants, review
specifics, and other important local factors.

DISCUSSION

Through this modified eDelphi approach, we developed a consensus framework for
classifying and reviewing PICU IHCA. This consensus has drawn on the contribution of

a large panel of pediatric resuscitation experts who participated in the initial consensus
gathering, as well as, an in-person session with further consensus, agreement, and
application to assess feasibility of use of this work. We achieved consensus on definitions
for avoidable, potentially avoidable, and unavoidable cardiac arrest within the PICU. In
addition, we also achieved consensus on 14 factors that may contribute to potentially
avoidable cardiac arrest to assist in evaluation of cases for review. Using these results, we
developed a PICU IHCA review framework focused on identification of contributing factors
that can be targeted for team- and system-level performance improvement efforts.

Improvement efforts within the PICU may be hampered by false reassurance that the care

of the ICU patient is optimized due to the increased cardiorespiratory and hemodynamic
monitoring and low nurse-patient ratio (31). This may lead to the belief that IHCA within
the PICU is inevitable and therefore cannot be avoided. However, data from adult ICUs
show that 10-40% of in-ICU IHCAs may be avoidable or potentially avoidable (18-20). As
the number of pediatric IHCAs continue to shift to within the PICU, there is an acute need
to identify avoidable cardiac arrests and develop tools to assist clinicians in preventing them.
Through the use of our consensus framework including expert definitions and contributing
factors, we propose that each PICU IHCA is reviewed using the framework to identify gaps
in care and opportunities for improvement.

Prior work to identify avoidable cardiac arrests has focused on retrospective chart review
and expert agreement without the establishment of clear a priori definitions (17-20). The
advantage of the proposed framework and consensus definitions is to facilitate standardized
review of PICU IHCA and development of metrics related to IHCA prevention. These
consensus definitions of avoidable, potentially avoidable, and unavoidable PICU IHCAs
can be used to identify cases on an ongoing basis that would most benefit from in-depth
formal event review. Using the developed framework (Fig. 3), local resuscitation leaders will
complete an initial event review, followed by a full more in-depth event review for events
that meet criteria for potentially avoidable IHCA or otherwise do not meet the immediate
definition of avoidable or unavoidable IHCA. It is our hope that an in-depth chart review
and personnel interviews to assess contributing factors will enable resuscitation leaders to
track possible contributing factors and, using quality improvement methodology, seek to
reduce their impact on future events. We expect that institutions will customize the expert
recommended list of contributing factors to their local context but recommend inclusion

of the eight factors assessed to be feasible and important (Fig. 2). By identifying those
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cases most likely to benefit from review, we hope to decrease the burden of these reviews
while optimizing lessons learned. Alternatively, we recommend that events meeting criteria
for avoidable IHCA undergo a root cause analysis per local serious safety event review
protocols (12). For events meeting criteria for unavoidable IHCA, we recommend a review
of CPR quality and team dynamics which may improve future IHCA survival (11).

There are multiple limitations to this study. First, there is no established sample size required
for an adequate Delphi process (32), so it is possible that we did not fully sample the range
of opinions and possible contributing factors. However, our addition of an in-person session
following the modified eDelphi attempted to address this limitation by further evaluating
the definitions and attempting applicability with an audience of resuscitation experts and
researchers. Second, our study is limited by the demographics of our respondents who
represent mostly the United States. This may limit the generalizability of these results to
PICU IHCA outside of the United States. Furthermore, we prioritized expertise in pediatric
critical care as we sought to create definitions for IHCA within the PICU. These definitions
may have limited applicability to other areas of the hospital including the cardiac ICU,
emergency department, operating rooms, and general ward.

CONCLUSIONS

We used a multidisciplinary group of pediatric resuscitation experts to generate an eDelphi
consensus-based frame- work to classify and review pediatric IHCA in the PICU. This
framework and consensus definitions can be used as metrics for quality improvement efforts
and benchmarking between institutions, as well as outcome measures for multicenter trials
aimed at reduction in avoidable events. Future work will focus on the application of this
framework and further validation of these definitions and contributing factors for IHCA both
within and outside the PICU.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Methodology for achieving consensus on definitions and contributing factors through three

electronic Delphi rounds.
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Figure 2.
Each factor is plotted by feasibility score versus importance score. Score was determined by

the average of the Likert Score (1 = strongly disagree, 2 = disagree, 3 = neither agree nor
disagree, 4 = agree, 5 = strongly agree).
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Figure 3.
Proposed consensus-based framework for PICU in-hospital cardiac arrest event review based

upon definitions and use of contributing factors. CPR = cardiopulmonary resucitation.
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TABLE 1.
Self-Report Characteristics of Participants
Characteristics n (%)
Healthcare profession
Physician 20 (83)
Pediatric intensive care 13 (65)
Pediatric hospital medicine 2 (10)
Pediatric emergency medicine 1(5)
Combined pediatric and cardiac intensive care 2 (10)
Cardiac intensive care 1(5)
Combined pediatric intensive and emergency care 1(5)
Nonphysician healthcare provider
Registered nurse/nurse practioner 3(13)
Resuscitation science researcher 1(4)

Median years of clinical experience (interquartile range)
Gender

Female

135 (9.0-18.0)

14 (58)
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