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Abstract

Objective—To characterize inappropriate shock delivery during pediatric in-hospital cardiac
arrest (IHCA).

Design—Retrospective cohort study.

Setting—An international pediatric cardiac arrest quality improvement collaborative (PediRES-
Q).

Patients—All IHCA events from 2015 to 2020 from the pediRES-Q Collaborative for which
shock and ECG waveform data were available.

Interventions—None.

Measurements and Main Results—We analyzed 418 shocks delivered during 159 cardiac
arrest events, with 381 shocks during 158 events at 28 sites remaining after excluding
undecipherable rhythms. We classified shocks as 1) appropriate (VF or wide complex =150/min);
2) indeterminate (narrow complex =150/min or wide complex 100-149/min); or 3) inappropriate
(asystole, sinus, narrow complex <150/min, or wide complex <100/min) based on the rhythm
immediately preceding shock delivery. Of delivered shocks, 57% were delivered appropriately
for VF or wide complex rhythms with a rate = 150/min. Thirteen percent were classified as
indeterminate. Thirty percent were delivered inappropriately for asystole (6.8%), sinus (3.1%),
narrow complex <150/min (11%), or wide complex <100/min (8.9%) rhythms. Eighty-eight
percent of all shocks were delivered in intensive care units or emergency departments, and 30% of
those were delivered inappropriately.

Conclusions—The rate of inappropriate shock delivery for pediatric IHCA in this international
cohort is at least 30%, with 23% delivered to an organized electrical rhythm, identifying
opportunity for improvement in rhythm identification training.
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INTRODUCTION

Approximately 15,000 children suffer in-hospital cardiac arrest (IHCA) in the United States
each year.(1, 2) Cardiac rhythms amenable to defibrillation (ventricular fibrillation [VF]
and pulseless ventricular tachycardia [pVT]) are documented by clinicians in up to 27%

of pediatric IHCA events.(3) Early defibrillation is associated with improved outcomes in
children with shockable rhythms and current American Heart Association (AHA) Pediatric
Advanced Life Support (PALS) guidelines recommend both early defibrillation and high-
quality cardiopulmonary resuscitation (CPR) in children suffering from cardiac arrest due
to VF or pVT.(4, 5) In children with a first documented rhythm of VF/pVT, sustained
return of spontaneous circulation (ROSC) ranges from 50% to 77%, with survival to
discharge ranging from 21% to 43%.(3, 4, 6-8) In a single-center study of adult IHCA

and OHCA patients, the rate of inappropriate shock delivery (defined as shock delivery to
non-VF/pVT rhythms) was 26%, with 20% of all shocks delivered to an organized rhythm.
(9) In contrast, the inappropriate interpretation of non-shockable rhythms as shockable by
automated external defibrillators (AEDS) is only between 4 and 6%, and is typically due to
artifact from chest compressions.(9, 10)

Characterization of inappropriate defibrillation attempts during pediatric cardiac arrest is
unknown. Inappropriate attempts to defibrillate for non-shockable rhythms may result in
harm due to conversion of organized rhythms into VF/pVT, myocardial injury, inappropriate
interruption of chest compressions, or delay of alternative effective therapies.(11, 12)
Understanding the character and burden of inappropriate shocks is necessary to develop
targeted training. To address this knowledge gap, we aimed to characterize inappropriate
shocks during pediatric IHCA in a large, international pediatric cardiac arrest quality
collaborative.

METHODS
Study Design and Setting

We performed a retrospective cohort study using data collected between 2015-2020

from the Pediatric Resuscitation Quality (pediRES-Q) Collaborative (ClinicalTrials.gov:
NCT02708134), a multi-center international collaborative of 50 children’s hospitals.

(13) The study (Quality of Pediatric Resuscitation in a Multicenter Collaborative. an
Observational Stud)y) is approved by the Institutional Review Board of the Research Institute
at the Children’s Hospital of Philadelphia (initial approval date July 14, 2015; effective
approval date September 28, 2022; approval number 15-012099). Trained personnel
collected data for pediatric cardiac arrest, including pre-existing conditions, demographics,
and outcomes in accordance with standard Utstein-style definition for cardiac arrest.(14)
The Data Coordinating Center (Children’s Hospital of Philadelphia) trains research staff,
hosts, and performs quality assurance on data entered into the REDCap (Research Electronic
Data Capture) tool.(15, 16) The study is also approved by local institutional review boards
or research ethics boards, per regional institutional requirements, and meets criteria for a
waiver of consent per Code of Federal Regulations 45 CFR 46.116(d) and 45 CFR 46.408(a)
and in accordance with paragraph 26 in the Helsinki Declaration.

Pediatr Crit Care Med. Author manuscript; available in PMC 2024 August 01.
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We included patients less than 18 years of age with at least one cardiac arrest submitted
to pediRES-Q from 2015-2020 with complete monitor/defibrillator files (ZOLL R-Series,
Chelmsford, MA) who received defibrillation during the IHCA event. Rhythms that were
undecipherable due to artifact were excluded from analysis.

ECG Waveform Analysis

A pediatric electrophysiologist (DLA) and a pediatric cardiac intensivist (TTR) analyzed the
waveform recorded by the monitor/defibrillator via the defibrillator pads immediately prior
to shock delivery. They independently classified rhythms immediately prior to shock as: 1)
appropriate (VF or wide complex =2150/min); 2) indeterminate (narrow complex =150/min
or wide complex 100-149/min); 3) inappropriate (asystole, sinus, narrow complex <150/
min, or wide complex <100/min). We chose these categories to delineate between clearly
appropriate shocks (i.e., VF or a wide complex tachycardia), shocks that may be appropriate
in some clinical contexts (i.e., a narrow tachycardia without clear sinus origin or slower
wide-complex tachycardias that may have been intended as cardioversion), and clearly
inappropriate shocks. Investigators did not have access to clinical data while determining
rhythm categories and all patients were presumed to be pulseless and in cardiac arrest as
they were receiving CPR. Disagreements were resolved by consensus of the two reviewers,
and none required arbitration by a third expert reviewer.

Data Analysis

RESULTS

We summarized demographic, clinical, and shock data using descriptive statistics. Data
analysis was performed using R Statistical Software (v4.1.2; R Core Team 2021).

From January 2015 to December 2020, there were 1,554 cardiac arrest events in the
pediRES-Q database with 884 available defibrillator files with 418 delivered shocks in 159
unique IHCA events. After excluding undecipherable shocks (N = 37), 381 shocks delivered
during 158 events at 28 sites remained, with a median duration of CPR of 26 minutes

(IQR 9, 47) minutes. The median age of patients was 6.4 years (IQR: 0.8-13.8), with 44
(28%) events in children less than 1 year, 47 (30%) in 1 to 8 year-olds, and 67 (42%) in

9 to 17 year-olds. Eighty-three (53%) of patients had a cardiac illness category and 139
(88%) events occurred in an intensive care unit (ICU) or emergency department. ROSC was
achieved in 74 events (47%), return of circulation via ECMO in 37 events (23%), and 47 did
not survive the event (30%). Ninety-eight patients (62%) survived to 24-hours and 61 (39%)
survived to discharge (Table 1).

Of delivered shocks, 219 (57%) were delivered appropriately for VF (139, 36%) or wide
complex rhythms with a rate =150/min (80, 21%) (Figure 1). Forty-nine (13%) were
classified as indeterminate, delivered for narrow complex =150/min (31, 8.1%) or wide
complex 100-149/min (18, 4.7%) rhythms. One-hundred and thirteen (30%) were delivered
inappropriately for asystole (26, 6.8%), sinus (12, 3.1%), narrow complex <150/min

(41, 11%), or wide complex <100/min (34, 8.9%) rhythms. Thus 23% of inappropriate

Pediatr Crit Care Med. Author manuscript; available in PMC 2024 August 01.
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shocks were for organized electrical rhythms. Furthermore, of shocks delivered in ICUs or
emergency departments (N = 337), 101 (30%) were inappropriate. Of shocks delivered in
other in-hospital locations (operating rooms or inpatient wards, N = 44, 12%), 27% were
inappropriate (Figure 1).

To evaluate for first shock accuracy, we conducted a subanalysis of available rhythms just
prior to the first shock in each event. Seventy-two first rhythms were identified as VF/pVT
by the treating clinicians; 66 had first rhythms that were decipherable. Despite the treating
clinician classification as VF/pVT, 47 of 66 (71%) were delivered appropriately, 6 (9%)
were classified as indeterminate, and 13 (20%) were delivered inappropriately.

DISCUSSION

In this large, international cohort of pediatric IHCA events requiring CPR, we found

that 30% of shocks delivered were inappropriate, with 80% of the inappropriate shocks
delivered to organized electrical rhythms: sinus rhythm, narrow complex <150/min, and
wide complex <100/min. Ninety percent of inappropriate shocks were delivered in critical
care and emergency department areas. In addition, of the 8.1% of events identified and
self-reported as an initial rhythm of VF or pVT by the treating clinicians, only 71% were
confirmed as appropriately shockable rhythms on expert review. This suggests opportunity
for improvement in rhythm identification training.

Our findings in a pediatric international cohort are remarkably similar to findings in adults.
(9) In a cohort of 635 manual shocks and 530 automated shocks, the authors found 26%

of manual shocks were delivered to non-VF or non-VT rhythms, similar to our rate of

30%. In the same cohort, 8% of inappropriate shocks resulted in a rhythm change to either
asystole, VF, or pVT. The rate of inappropriate shocks delivered by AEDs was significantly
less at 6%. However, AEDs required longer pauses to perform rhythm interpretation. In
children, automated rhythm detection is highly accurate (17), suggesting that automated
rhythm interpretation may be less likely to deliver inappropriate shocks and may be a useful
adjunct for IHCA.

Due to the nature of our data, we are unable to identify specific harms from inappropriate
defibrillation attempts in this cohort. However, in porcine models the delivery of more
shocks or higher energy shocks are associated with myocardial dysfunction.(11, 12, 18) In
addition, organized rhythms can be converted into VF/pVT by inappropriate shock delivery.

©)

Even in critical care areas, such as ICUs and emergency departments, 30% of all shocks
delivered were delivered inappropriately and 89% of all inappropriate shocks in our cohort
were delivered in critical care areas. This suggests that despite the presence of highly trained
personnel with experience in cardiac arrest care and advanced life support certification,
inappropriate shocks are commonly delivered.

The rate of inappropriate clinician interpretation in our study calls into question the accuracy
of prior studies that have relied on clinician interpretation of rhythm alone.(3, 4, 7) In our
cohort, 20% of first shocked rhythms and 30% of all shocked rhythms were misinterpreted

Pediatr Crit Care Med. Author manuscript; available in PMC 2024 August 01.
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as shockable. It is unclear if differences between pediatric and adult shock efficacy (6, 19)
are based upon unique pediatric physiology, or misinterpretation of non-shockable rhythms.

Our report characterizes actual rhythms for which shocks were delivered during pediatric
IHCA and identifies challenges for clinicians when interpreting rhythms during CPR

events. There are several limitations to our methodology: 1) we are unable to determine

the immediate post-shock rhythm as the clinicians usually immediately re-started CPR,
creating compression artifact, thus we cannot identify if the inappropriate shocks resulted

in patient harm or if practice change is required to prevent harm. 2) We cannot determine
true epidemiologic “prevalence” of shockable rhythms, as we were limited to IHCA events
that were shocked and where there was complete and interpretable pre-shock rhythm data
from monitor-defibrillator downloads, and 3) We may have underestimatedthe prevalence of
inappropriate shocks. Our experts gave discretionary “benefit of the doubt” to clinicians,
classifying any rhythm that did not meet usual FDA VF/pVT criteria into a liberally

defined “indeterminate” category. Thus, our independent expert review and interpretation

of the rhythms by a pediatric cardiac intensivist (TTR) and a pediatric electrophysiologist
(DLA), ensured that they were very conservative in their prospective definition and report of
“inappropriate shock”.

CONCLUSIONS

Across an international pediatric cardiac arrest network, the rate of inappropriate shock
delivery for pediatric IHCA was at least 30%, with 23% delivered to an organized electrical
rhythm. This presents an opportunity for improvement in rhythm identification training.
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Research In Context

. In pediatric in-hospital cardiac arrest, the rate of defibrillation attempts
delivered to rhythms other than VVF or pVT is not known

. Previous pediatric studies have relied on bedside clinician reporting of
rhythms, and the rate of inappropriate shock delivery in adults may be as
high as 26%

. In this cohort of international pediatric cardiac arrest patients, 30% of
defibrillation attempts were delivered to non-shockable rhythms

Pediatr Crit Care Med. Author manuscript; available in PMC 2024 August 01.
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At the Bedside

. In our pediatric in-hospital cardiac arrest cohort, 30% of shocks were
delivered to non-shockable rhythms

. No prior studies have examined the rate of inappropriate shock delivery in
children
. Clinicians should interpret rhythms carefully during compressions pauses in

pediatric cardiac arrest and consider improving rhythm identification training

Pediatr Crit Care Med. Author manuscript; available in PMC 2024 August 01.
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Figure 1.
Rhythm categories with representative ECG waveforms
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