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Effect of Physiologic Point-of-Care Cardiopulmonary Resuscitation

Training on Survival With Favorable Neurologic Outcome

in Cardiac Arrest in Pediatric ICUs
A Randomized Clinical Trial

The ICU-RESUS and Eunice Kennedy Shriver National Institute of Child Health;
and Human Development Collaborative Pediatric Critical Care Research Network Investigator Groups

IMPORTANCE Approximately 40% of children who experience an in-hospital cardiac arrest
survive to hospital discharge. Achieving threshold intra-arrest diastolic blood pressure (BP)
targets during cardiopulmonary resuscitation (CPR) and systolic BP targets after the return of
circulation may be associated with improved outcomes.

OBJECTIVE To evaluate the effectiveness of a bundled intervention comprising physiologically
focused CPR training at the point of care and structured clinical event debriefings.

DESIGN, SETTING, AND PARTICIPANTS A parallel, hybrid stepped-wedge, cluster randomized
trial (Improving Outcomes from Pediatric Cardiac Arrest—the ICU-Resuscitation Project
[ICU-RESUS]) involving 18 pediatric intensive care units (ICUs) from 10 clinical sites in the US.
In this hybrid trial, 2 clinical sites were randomized to remain in the intervention group and

2 in the control group for the duration of the study, and 6 were randomized to transition from
the control condition to the intervention in a stepped-wedge fashion. The index (first) CPR
events of 1129 pediatric ICU patients were included between October 1, 2016, and March 31,
2021, and were followed up to hospital discharge (final follow-up was April 30, 2021).

INTERVENTION During the intervention period (n = 526 patients), a 2-part ICU resuscitation
quality improvement bundle was implemented, consisting of CPR training at the point of care
on a manikin (48 trainings/unit per month) and structured physiologically focused debriefings
of cardiac arrest events (1 debriefing/unit per month). The control period (n = 548 patients)
consisted of usual pediatric ICU management of cardiac arrest.

MAIN OUTCOMES AND MEASURES The primary outcome was survival to hospital discharge
with a favorable neurologic outcome defined as a Pediatric Cerebral Performance Category
score of 1to 3 or no change from baseline (score range, 1[normal] to 6 [brain death or
death]). The secondary outcome was survival to hospital discharge.

RESULTS Among 1389 cardiac arrests experienced by 1276 patients, 1129 index CPR events
(median patient age, 0.6 [IQR, 0.2-3.8] years; 499 girls [44%]) were included and 1074 were
analyzed in the primary analysis. There was no significant difference in the primary outcome
of survival to hospital discharge with favorable neurologic outcomes in the intervention
group (53.8%) vs control (52.4%); risk difference (RD), 3.2% (95% Cl, -4.6% to 11.4%);
adjusted OR, 1.08 (95% Cl, 0.76 to 1.53). There was also no significant difference in survival to
hospital discharge in the intervention group (58.0%) vs control group (56.8%); RD, 1.6%
(95% Cl, -6.2% to 9.7%); adjusted OR, 1.03 (95% Cl, 0.73 to 1.47).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial conducted in 18 pediatric
intensive care units, a bundled intervention of cardiopulmonary resuscitation training at the
point of care and physiologically focused structured debriefing, compared with usual care,
did not significantly improve patient survival to hospital discharge with favorable neurologic
outcome among pediatric patients who experienced cardiac arrest in the ICU.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02837497
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Effect of Physiologic Point-of-Care Cardiopulmonary Resuscitation Training on Survival With Favorable Neurologic Outcome

study from 2019 estimated that more than 15000

hospitalized children in the US experience a cardiac

arrest and undergo cardiopulmonary resuscitation
(CPR) each year.! More than 95% of these events occurred in
an intensive care unit (ICU).? Survival outcomes after car-
diac arrest have plateaued between 2010 and 2018, and
approximately 60% of children who experience cardiac
arrest do not survive to hospital discharge.> American Heart
Association (AHA) CPR guidelines, which have historically
focused on CPR mechanics such as compression depth
and rate, currently highlight resuscitation training to intra-
arrest and postarrest physiologic targets as a strategy to
improve outcomes.*

In a single-center study,® a bundled intervention of CPR
training at the point of care and post-cardiac arrest event
debriefing improved survival to hospital discharge with
favorable neurologic outcome in pediatric patients who
underwent CPR in an ICU. The training and debriefing in this
prior study® emphasized intra-arrest and postarrest physi-
ologic targets, specifically diastolic blood pressure (DBP)®
and end-tidal CO, (ETCO,) during CPR,” and systolic blood
pressure (SBP) in the postarrest period.® To prospectively
evaluate the effectiveness of this intervention across mul-
tiple ICUs, this study was designed as a parallel, hybrid
stepped-wedge, cluster randomized interventional trial (Im-
proving Outcomes from Pediatric Cardiac Arrest—the ICU-
Resuscitation Project [ICU-RESUS]®) and was conducted at 18
pediatric ICUs at 10 sites in the US.

Methods

Trial Design

The design of this trial has been published,® and the protocol
and statistical analysis plan are available in Supplement 1.
The University of Utah central institutional review board
approved the project. Pediatric patients with cardiac arrest
and ICU clinicians were enrolled under a waiver of consent.
A data and safety monitoring board (DSMB) was appointed by
the National Heart, Lung, and Blood Institute.

To compare the intervention to usual care, a parallel,
hybrid stepped-wedge, cluster randomized trial was con-
ducted (eFigure 1 in Supplement 2). In this hybrid design, 3
ICUs were transitioned to treatment prior to patient enroll-
ment, 3 ICUs remained as control for the duration of the
study, and 12 ICUs transitioned every 7.3 months from con-
trol to intervention over the 4.5-year duration of the study.
This trial design was selected because the study intervention
was targeted to the ICU care environment and patient-level
randomization would have led to contamination of the con-
trol group. A hybrid design was used instead of a traditional
stepped-wedge design to improve statistical power.

Trial Centers and Patient Inclusion Criteria

The trial was conducted in 18 ICUs—a mixture of 9 pediatric
and 9 pediatric cardiac ICUs—across 10 clinical sites. Eight
sites (14 ICUs) of the Collaborative Pediatric Critical Care
Research Network (CPCCRN)'° formed the core of this trial.
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Key Points

Question Does a bundled intervention that emphasizes patient
physiology during cardiopulmonary resuscitation (CPR) training
and debriefing improve outcomes of pediatric patients who
receive CPR in the intensive care unit (ICU)?

Findings In this parallel, hybrid stepped-wedge, cluster
randomized trial that included 1129 pediatric patients with cardiac
arrest who received CPR in an ICU, an intervention of
physiologically focused CPR training at the point of care and
clinical event debriefing vs usual care did not significantly improve
survival to hospital discharge with favorable neurologic outcome
(53.8% vs 52.4%, respectively).

Meaning Among patients in pediatric ICUs, a bundled
intervention that emphasized physiologically focused CPR training
and structured clinical event debriefing did not significantly
improve patient survival to hospital discharge with favorable
neurologic outcome.

Two additional sites (4 ICUs) were recruited prior to study
start. All clinical sites committed to implementing the inter-
vention when scheduled by the randomization process.
Other resuscitation quality improvement (QI) initiatives were
permitted in these ICUs if they were not identical to this
study’s intervention. A standardized survey was sent quar-
terly to each site’s lead investigators to record start dates of
other resuscitation QI initiatives (eg, huddles focused on pre-
vention of or preparation for CPR). Patient inclusion criteria
for this study were (1) age 37 weeks’ corrected gestation or
older and 18 years or younger and (2) CPR of any duration
in the ICU. Patients were excluded, if prior to the arrest, they
(1) had documented goals of care that limited aggressive ICU
therapies; (2) were brain dead; or (3) had an out-of-hospital
cardiac arrest associated with the current hospitalization.
Race and ethnicity data, self-reported using fixed categories,
were obtained from entries in the electronic medical record.
These data were used to provide additional description of the
enrolled patients and to allow for assessment of generaliz-
ability of the study findings.

Randomization

Randomization was performed at the level of the hospital
sites enrolled in the study (Figure). The assignment of hospi-
tals to remain in either intervention or control for the dura-
tion of the study and the order of hospitals crossing over to
the intervention in a stepped-wedge fashion was selected
from all possible random computer-generated permutations
of the 10 clinical sites that would result in balanced enroll-
ment between intervention and control (<5% difference
between groups). Sites were notified 3 months prior to transi-
tion to prepare for implementation of the intervention. The
end of the transition period was delineated by the fourth ICU
debriefing session, a milestone selected because the effect of
the intervention on CPR quality and outcomes was not
expected to be immediate. For the 3 ICUs randomized to
remain in intervention for the duration of the study, imple-
mentation of the intervention occurred during the 3-month
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Figure. Flow of Patients Through the ICU-RESUS Study

18 US pediatric ICUs invited to participate
were included in the study
14 ICUs at 8 sites from the Collaborative
Pediatric Critical Care Research Network
4 |CUs at 2 sites invited separately

. charge)

Ve 18 ICUs randomized (12 with step»based‘ N
intervention, 6 without step-based /

15 Randomized to CPR training and postcardiac
debriefing sessions and transition (693 CPR
events screened)?

112 Excluded
70 Ineligible intervention or transition event?
51 CPR out of hospital

8 Do not resuscitate orders
7 CPR not needed
6 Terminal illness
1 Brain dead

42 Nonindex events®

15 Randomized to usual care (696 CPR
events analyzed)?

148 Excluded
43 Ineligible intervention®
27 CPR out of hospital
3 Do not resuscitate orders
9 CPR not needed
6 Terminalillness
1 Brain dead
105 Nonindex events®

581 Index CPR events analyzed

‘ 548 Index CPR events analyzed

55 Excluded (enrolled index events
during transition)

526 CPR events included in the primary analysis
(median per ICU, 30 [range, 3-110])

548 CPR included in the primary analysis
(median per ICU unit, 31 [range, 3-123])

2 Fifteen intensive care units (ICUs) contributed to both intervention and
control based on the stepped-wedge design.

b Events could have been excluded for more than 1reason.

€ Nonindex refers to subsequent cardiopulmonary resuscitation (CPR) events
after the first CPR event of a given hospitalization.

period prior to the study start date of October 1, 2016, with
the goal of having these ICUs completely transition to inter-
vention prior to collection of patient outcome data.

Treatment Groups

A description of the intervention has been published® and
is available in Supplement 1. The intervention was a 2-part
ICU QI bundle consisting of CPR training at the point of
care on a manikin and structured physiologically focused
postcardiac arrest debriefings. Oversight of the interven-
tion implementation was the responsibility of the unit
“physician-champion,” an individual with specific-interest
in resuscitation QI. The point-of-care CPR training sessions
were less than 2 minutes in duration, and each ICU during
the intervention period was expected to conduct 48 trainings
per month. The point-of-care training program leaders
included nurse educators and site physician-champions,
depending on the ICU. The manikins used (Resusci Anne
QCPR and Resusci Baby QCPR; Laerdal Medical) pro-
vided feedback on the quality of CPR mechanics targets
such as CPR rate and depth of compressions (eFigure 2
in Supplement 2). Standardized cue cards highlighting
intra-arrest CPR physiologic targets were reviewed at
each training (eFigures 3 and 4 in Supplement 2). The
debriefings were 1 hour in duration and held monthly. Case

JAMA March 8,2022 Volume 327, Number 10

presentations emphasized physiologic CPR®” and postarrest
care® targets using arterial catheter pressure tracings and
ETCO, waveforms. Other aspects of cardiac arrest care, such
as early recognition of arrest" and important postarrest care
goals® 1277 were targets of discussion (eFigure 5 in Supple-
ment 2). The study team provided presentation slides
(Microsoft PowerPoint) for use during debriefings via a
secure cloud-based sharing software (eRoom; Open Text
Corp) to ensure consistency across ICUs. Weekly report
cards detailing CPR performance during recent pediatric
ICU cardiac arrests were presented during the debriefings
(eFigure 6 in Supplement 2). Usual care consisted of ex-
isting resuscitation practices at the enrolled pediatric ICUs.
Due to the COVID-19 pandemic, the CPR training program
was paused beginning March 1, 2020, and reinstated when
state or local restrictions allowed. The monthly debriefing
sessions continued uninterrupted but were transitioned to
a virtual platform.

Data Collection

Standard cardiac arrest variables were collected by trained
research coordinators in accordance with published in-
hospital cardiac arrest guidelines.'® All data including out-
come assessments were based on the index cardiac arrest
(ie, the first event during the ICU hospitalization). Patients
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Table 1. Study Participant Characteristics by Treatment Group

No. (%)
Intervention (n = 526) Control (n = 548)
Demographic characteristics
Age
<1 mo 60 (11.4) 111(20.3)
1moto<ly 220 (41.8) 236 (43.1)
lyto<8y 143 (27.2) 112 (20.4)
8yto<l9y 103 (19.6) 89 (16.2)
Age, median (IQR), y 0.9 (0.3-5.8) 0.5(0.1-2.4)
Weight, median (IQR), kg 8.0 (4.4-19.1) 6.0 (3.7-12.6)
Boy 287 (54.6) 288 (52.6)
Girl 239 (45.4) 260 (47.4)
Race®
American Indian or Alaska Native 3/407 (0.7) 4/431 (0.9)
Asian 16/407 (3.9) 22/431 (5.1)
Black or African American 111/407 (27.3) 161/431 (37.4)
Multiracial 4/407 (1.0) 10/431(2.3)
Native Hawaiian or Other Pacific Islander 1/407 (0.2) 3/431(0.7)
White 272/407 (66.8) 231/431(53.6)
Ethnicity®
Hispanic or Latino 53/458 (11.6) 110/513 (21.4)
Not Hispanic or Latino 405/458 (88.4) 403/513 (78.6)
Diagnoses prior to cardiac arrest
Respiratory insufficiency 451 (85.7) 477 (87.0)
Hypotension 309 (58.7) 367 (67.0)
Congenital heart disease 267 (50.8) 349 (63.7)
Pulmonary hypertension 90(17.1) 84 (15.3)
Sepsis 80 (15.2) 98(17.9)
Kidney disease 70(13.3) 77 (14.1)
Pneumonia 68(12.9) 70(12.8)
Congestive heart failure 65(12.4) 72(13.1)
Malignancy 29 (5.5) 21(3.8)
Trauma 21 (4.0) 11 (2.0)
Characteristics prior to cardiac arrest
Illness category®
Medical
Cardiac 117 (22.2) 142 (25.9)
Noncardiac 215 (40.9) 172 (31.4)
Surgical
Cardiac 154 (29.3) 207 (37.8)
Noncardiac 21 (4.0) 20 (3.6)
Trauma 19 (3.6) 7 (1.3)
PRISM, median (IQR)? 4.0 (0.0-10.0) 4.0 (0.0-11.0)
Vasoactive inotropic score [2 h prior], median (IQR)® 0.0 (0.0-5.0) 0.0 (0.0-8.0)
Baseline PCPC scoref
1: Normal 318 (60.5) 335(61.1)
2: Mild disability 78 (14.8) 114 (20.8)
3: Moderate disability 59 (11.2) 51(9.3)
4: Severe disability 65 (12.4) 42 (7.7)
5: Coma or vegetative state 6(1.1) 6(1.1)
Baseline FSSf 6.0 (6.0-10.0) 6.0 (6.0-10.0)
(continued)
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Table 1. Study Participant Characteristics by Treatment Group (continued)

No. (%)

Intervention (n = 526)

Control (n = 548)

Interventions in ICU
Peripheral venous catheter
Invasive mechanical ventilation
Central venous catheter
End-tidal CO, monitoring
Vasoactive infusion?
Arterial catheter

Noninvasive ventilation

473 (89.9) 504 (92.0)
396 (75.3) 369 (67.3)
360 (68.4) 378 (69.0)
341 (64.8) 333(60.8)
257 (48.9) 306 (55.8)
248 (47.1) 300 (54.7)
73 (13.9) 125 (22.8)

Abbreviations: FSS, Functional Status Scale; ICU, intensive care unit;
PCPC, Pediatric Cerebral Performance Category; PRISM, Pediatric Risk
of Mortality.

2 Number (%) of patients unless otherwise indicated.

b Race and ethnicity data, self-reported using fixed categories, were obtained
from entries in the electronic medical record.

€ lliness category refers to the primary diagnosis at the time of the event as
determined by medical record review.

9 Most abnormal value for each of the 17 physiological variables of the PRISM IlI
was used to calculate the score during the time period from 2 to 6 hours prior
to the event. Higher values indicate more severe iliness (range, 0-74).

€ Calculated from the following equation: dopamine dose (pg/kg/min) +
dobutamine dose (pg/kg/min) + nitroprusside dose (pg/kg/min) +

(10 x milrinone dose [pg/kg/min]) + (100 x epinephrine dose (pg/kg/min)) +
(100 x norepinephrine dose [pg/kg/min]) + (100 x phenylephrine dose
[ug/kg/min]) + vasopressin dose (mU/kg/h).

f The PCPC and FSS scores were determined by medical record review. PCPC
score ranges from 1(normal) to 6 (brain death or death). Across the 6 domains
of the FSS (mental status, sensory functioning, communication, motor
functioning, feeding, and respiratory status), a score from 1(normal) to 5
(very severe dysfunction) was assigned. Total FSS score is the sum of the
scores across the 6 domains (range, 6-30). Baseline PCPC and FSS represent
subject status prior to the event leading to hospitalization.

8Vasoactive infusions include dobutamine, dopamine (>3 pg/kg/min),
epinephrine, nitroglycerin, nitroprusside, norepinephrine, phenylephrine,
and vasopressin.

still hospitalized at the end of the study period (March 31,
2021) were followed up for an additional 30 days. For the
analyses, each CPR event was subdivided into 30-second
epochs. Means for physiologic and CPR quality mechanics
data were calculated for each epoch. A mean of all epochs
was used in the survival analyses. Physiologic and CPR
mechanics data extraction and analysis details can be found
in Supplement 2.

Outcomes

The primary outcome was survival to hospital discharge
with favorable neurologic outcome, defined as a Ped-
iatric Cerebral Performance Category (PCPC) score'®-2° of 1 to
3 or no worse than baseline (score range, 1 [normal] to 6
[brain death or death]). The PCPC score was determined
through chart abstraction by the trained research coordina-
tors who were unblinded to the groups. The secondary out-
come was survival to hospital discharge. Exploratory and
post hoc outcomes highlighted as training targets included
(1) adequate DBP during CPR (=25 mm Hg for age <1 year,
>30 mm Hg for older children®); (2) target ETCO, during CPR
(=20 mm Hg)?}; and (3) postarrest systolic hypotension (<5th
percentile for age, sex, and height).®'* Additional explor-
atory and post hoc outcomes are available in eTable 1 in
Supplement 2.

Sample Size Calculation

A sample size of 1391 events was estimated to provide more
than 80% power to detect an increase from 40% to 51% in
survival with a favorable neurologic outcome. In a hybrid
design, the study duration is prespecified. Extending the trial
to achieve prespecified enrollment targets renders a priori

JAMA March 8,2022 Volume 327, Number 10

sample size estimations invalid. For this study, an enrollment
period of 4.5 years was conservatively selected a priori to
attain adequate power based on historical enrollment of
CPCCRN, resulting in a rigid study period from October 1,
2016, through March 31, 2021.%-22 Additional parameters for
estimation included a baseline CPCCRN primary outcome
rate of 40%,? an absolute improvement of 11%, an estimate
informed by the prior single-center study® and a concern
about a ceiling effect (ie, based on previous literature, rates of
survival with favorable neurologic outcome greatly exceed-
ing 50% were considered unlikely®2223), and an intracluster
correlation of 0.03.2*

Statistical Analysis

All analyses used the index ICU CPR event per hospital-
ization. Adjusted odds ratios (ORs) and P values for binary
outcomes were based on multivariable logistic regression
models with treatment group as the primary predictor,
unit as a random effect, and the following fixed covariates:
illness category,?® age category,2® Pediatric Risk of Mortality
(PRISM) III score between 2 to 6 hours prior to arrest as a
measure of pre-CPR illness severity to account for any poten-
tial practice changes in CPR use,?” first documented
rhythm,?® a piecewise-linear spline of time since trial start to
account for temporal trends unrelated to the intervention,
and time of day (weekday vs night and weekend).2® Adjusted
risk differences (RDs) and 95% CIs were bootstrapped
(n = 10 000) from the logistic regression model. Adjusted
mean differences for continuous outcomes are reported
based on multivariable linear regression models controlling
for the same covariates. There were no missing data for
the primary or secondary outcomes, and exploratory and
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Table 2. Characteristics of Patient Cardiopulmonary Resuscitation Events

No. (%)?

Intervention (n = 526)

Control (n = 548)

Event characteristics

Location of CPR event

Pediatric ICU 315 (59.9)
Pediatric cardiac ICU 211 (40.1)
CPR time®
Weekday 281 (53.4)
Weeknight or weekend 245 (46.6)
Immediate cause of the CPR event®
Respiratory decompensation 298 (56.7)
Hypotension as immediate cause of event 264 (50.2)
Arrhythmia 99 (18.8)
Cyanosis without respiratory decompensation 14 (2.7)
First documented rhythm
Bradycardia with poor perfusion 267 (50.8)
Pulseless electrical activity or asystole 226 (43.0)
Ventricular fibrillation or tachycardia 33(6.3)
Duration of CPR, min
Median (IQR) 6.0 (2.0-21.0)
<1 10 (1.9)
1t0 <6 246 (46.8)
6to 15 105 (20.0)
16 to 35 78 (14.8)
>35 87 (16.5)
Pharmacological interventions during CPR
Epinephrine 418 (79.5)
No. of epinephrine boluses, median (IQR) 3.0(1.0-6.0)
No. of patients 418
Epinephrine dosing interval, median (IQR), min 4.0 (3.0-5.7)
No. of patients 288
Minutes to first epinephrine bolus, median (IQR) 1.0 (0.0-2.0)
No. of patients 418
Sodium bicarbonate 236 (44.9)
Calcium 218 (41.4)
Fluid bolus 110 (20.9)
Atropine 55(10.5)
Lidocaine 18 (3.4)
Vasopressin 17 (3.2)
Amiodarone 16 (3.0)

206 (37.6)
342 (62.4)

286 (52.2)
262 (47.8)

286 (52.2)
316 (57.7)
84 (15.3)
34 (6.2)

285 (52.0)
212 (38.7)
51(9.3)

7.0 (2.0-26.0)
17 (3.1)

222 (40.5)
110 (20.1)
103 (18.8)

96 (17.5)

435 (79.4)
3.0 (1.0-6.0)
434

4.5 (3.3-7.0)

Abbreviations: CPR, cardiopulmonary
resuscitation; ICU, intensive care unit.

@ Number of patients (%) unless
otherwise indicated.

®Weekday is between 7 aM and 11 pm

297 Monday through Friday; weeknight

1.0 (0.0-2.0) is after 11 Pm Monday through

429 Thursday; weekend is from 11 pm
on Friday through 7 Am on the

279(50.9) following Monday.

218(39.8) € Immediate cause of the CPR event

167 (30.5) was determined by electronic

65 (11.9) _rnedlc_al record review. Slt_e primary
investigators provided guidance to

23(4.2) research coordinators when

20 (3.6) necessary. Patients could have

21(3.8) more than 1immediate cause of

aCPRevent.

post hoc outcomes were assessed using complete case analy-
sis. Interim analyses for efficacy were performed by the DSMB
at 2.5 and 3.5 years. No changes were made to the statistical
significance threshold based on these interim analyses. For the
final analysis of the primary outcome, as well as all second-
ary, exploratory, and post hoc analyses, a 2-sided P value <.05
was considered to indicate statistical significance. Because of
the potential for type I error due to multiple comparisons, find-
ings for secondary end points and analyses should be inter-
preted as exploratory. SAS software (version 9.4; SAS Insti-
tute Inc) was used for the statistical analyses.

Several post hoc exploratory analyses were performed.
First, the primary analysis was repeated among (1) patients

jama.com

who received at least 1 minute of CPR, (2) patients who
received at least 5 minutes of CPR, and (3) patients enrolled
prior to COVID-19 restrictions (March 1, 2020). Second, an
interaction between treatment and ICU was added to the
model to assess the effect of the intervention at each ICU;
homogeneity of treatment effect across ICUs was assessed by
testing the significance of treatment by ICU interaction.
Third, the underlying temporal trend in survival with favor-
able neurologic outcome, overall and by treatment group,
was assessed by modeling interaction between time and
treatment; homogeneity of treatment effect over time was
assessed by testing the significance of this interaction.
Fourth, changes in enrollment rate over time were assessed
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Table 3. Effect of a Cardiopulmonary Resuscitation Training and Debriefing Intervention in Pediatric Intensive Care Units on Survival

to Hospital Discharge After Cardiac Arrest

No./total (%) Risk differences (95% Cl), %P
Intervention Control
(n =526) (n = 548) Unadjusted Adjusted OR (95% Cl)>< P value
Primary outcome
Survival to hospital discharge 283 (53.8) 287 (52.4) 1.4(-4.5t07.4) 3.2(-4.6t011.4) 1.08 (0.76 to 1.53) .68

with favorable neurologic outcome®

Post hoc analysis of primary outcome

by length of CPR
Among patients with 21 min of CPR 274/516 (53.1)

123/300 (41.0)

275/531(51.8)

Among patients with =5 min of CPR 146/339 (43.1)

1.3(-4.7t07.4)
-2.1(-9.7t05.6)

3.0(-5.0t011.5)
2.3(-7.4t012.4)

1.07 (0.75 to 1.53) 72
1.04 (0.68 to 1.58) .87

Abbreviations: CPR, cardiopulmonary resuscitation; OR, odds ratio.

2 Adjusted results are based on models that controlled for age, time since trial
start, illness category, first documented rhythm, Pediatric Risk of Mortality,
and time of CPR and unit.

b Adjusted risk differences and 95% Cls were bootstrapped (n = 10 000) from
the logistic regression model.

€ 0dds of the outcome for the intervention group compared with the control
group. ORs for binary outcomes are based on logistic regression models.
d Favorable neurologic outcome was defined as no more than moderate

disability (1-3) or no worsening from baseline Pediatric Cerebral
Performance Category.

with negative binomial regression, accounting for time, treat-
ment, time x treatment interaction, and ICU (random effect).

. |
Results

Participants

Among 1389 pediatric ICU patients who had a cardiac arrest
between October 1, 2016, and March 31, 2021, 1129 index events
(81%) were enrolled in this study. The primary and secondary
outcomes were available for all enrolled patients. Fifty-five pa-
tients enrolled during the transition period prior to the fourth
debriefing were excluded (Figure), leaving 1074 patients’ in-
dex events included in the primary analysis. Among 548 pa-
tients with an arterial line in place at the time of cardiac ar-
rest, 397 (72%) had analyzable arterial line data; among 674
patients with ETCO, monitoring in place at the time of car-
diacarrest, 234 (35%) had analyzable ETCO, data. Table 1lists
characteristics of the intervention group (526 CPR events) and
control group (548 CPR events). Characteristics of CPR events
are presented in Table 2. Hospital site-level patient character-
istics are shown in eTable 2 in Supplement 2.

Intervention Fidelity

The mean (SD) length of the transition period was 104 (28) days
(range, 77-185). A total of 21323 CPR trainings at the point of
care were completed. Excluding the approximately 4-month
period when the training program was paused due to COVID-19
restrictions, the mean (SD) number of trainings completed per
month was 51 (15). A total of 440 structured postcardiac ar-
rest debriefings were performed, and the mean (SD) time be-
tween debriefings was 34 (20) days. Of the 15 sites included
in the control period, 7 (47%) had at least 1 other resuscita-
tion QI initiative active for at least 3 months. Descriptive analy-
ses of CPR training are presented in eTable 3 (Supplement 2);
debriefing, eTable 4 (Supplement 2); other QI initiatives,
eTable 5 (Supplement 2); and depiction of intervention fidel-
ity over time and in the context of the COVID-19 pandemic,
eFigure 7 (Supplement 2).

JAMA March 8,2022 Volume 327, Number 10

Primary Outcome

There was no significant difference in the primary outcome of
survival to hospital discharge with favorable neurologic out-
come between the intervention (53.8%) and control group
(52.4%); adjusted RD, 3.2%, (95% CI, -4.6% to 11.4%); ad-
justed OR, 1.08, (95% CI, 0.76 to 1.53). In post hoc analyses,
there was also no significant difference between the interven-
tion and control groups among patients who received CPR for
atleast 1 minute (adjusted OR,1.07[95% CI, 0.75t01.53; P = .72)
or at least 5 minutes (adjusted OR, 1.04; 95% CI, 0.68 to 1.58;
P = .87) (Table 3), or when the analysis excluded CPR events
after COVID-19 restrictions (adjusted OR, 1.08; 95% CI, 0.72 to
1.64; P = .70; eTable 6 in Supplement 2).

Secondary Outcome
Survival to hospital discharge was not significantly different
between the intervention (58.0%) and control groups (56.8%);
RD, 1.6% (95% CI, -6.2% t0 9.7%); adjusted OR, 1.03 (95% CI,
0.73t01.47, P = .85).

Exploratory Outcomes

CPR quality metrics did not differ significantly between the
groups (Table 4). However, CPR events were significantly more
likely to achieve intra-arrest DBP targets in the intervention
group (90.9%) vs control (80.4%); RD, 8.5% (95% CI, -0.2%
to 17.9%); adjusted OR, 2.18 (95% CI, 1.04 to 4.54, P = .04).

Post Hoc Analyses

Systolic hypotension was significantly less likely to occur
between O and 24 hours after return of circulation in the
intervention group (62.1%) vs the control group (71.4%); RD,
-11.7% (95% CI, —20.4% to -3.7%); adjusted OR, 0.59 (95% ClI,
0.37 to 0.93; P = .02) (eTable 7 in Supplement 2). Achieve-
ment of target ETCO, was not significantly different between
the intervention group (58.1%) and the control group
(54.3%); RD, -12.1% (95% CI, -32.2% to 6.7%); adjusted OR,
0.75 (95% CI, 0.30 to 1.88; P = .53). In the analysis of ICU-
specific treatment effects, no significant differences were
found in the primary outcome between the intervention and
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control groups. There was also no significant heterogeneity
of treatment effect across ICUs (P = .14, eTable 8 in Supple-
ment 2) or over time (P = .94), and no underlying significant
temporal changes in survival with a favorable neurologic out-
come in the intervention group (P = .51), in the control group
(P = .56), or overall (P = .39).

|
Discussion

In this multicenter study, CPR training at the point of care
and physiologically focused postcardiac arrest debriefings
in pediatric ICUs did not significantly improve survival to
hospital discharge with favorable neurologic outcome among
pediatric patients who received CPR. Among exploratory
physiologic outcomes that were highlighted as training tar-
gets, intra-arrest DBP targets were more likely to be achieved
during CPR during the intervention period when compared
with control conditions. In post hoc analyses, postarrest sys-
tolic hypotension was less common in the intervention group
than in the control group.

Survival rates of pediatric in-hospital cardiac arrest
remain less than 50 percent.?2* Because more than 95% of
pediatric CPR events occur in ICUs, invasive monitoring is
frequently available to guide resuscitation.? Laboratory and
clinical studies support shifting the focus of CPR from stan-
dardized targets, such as chest compression depth and rate,
to patient-centric physiologic targets, such as blood pressure
and ETCO,, which are in the causal pathway from cardiac
arrest to return of circulation and longer-term survival.30-34
The AHA currently recommends tailoring training and post-
arrest care to physiologic targets* to improve outcomes.
Although observational studies have demonstrated improved
outcomes when clinicians report using physiologic data
to guide resuscitation,® to our knowledge, no multicenter
randomized clinical trials assessing the effectiveness of
this approach in pediatric ICUs have been previously per-
formed. Additional strengths of this trial include a novel
hybrid design, a prepublished design and statistical analysis
plan,® and excellent adherence to the bundle despite COVID-
19 restrictions.

There are several possible explanations for failure of this
intervention to improve patient survival to hospital discharge
with a favorable neurologic outcome. First, in this study the
rate of survival to discharge with a favorable neurologic out-
come exceeded 50%, even in the control group, which is
higher than was assumed in the study sample size estimates
and is higher than any previous large-scale report of pediatric
ICU CPR.%22 This may have resulted in limited ability to
detect a significant improvement in outcomes, with a ceiling
effect primarily due to the control group having incorporated
physiologic-targeted CPR and postarrest care from previous
CPCCRN physiologically focused in-hospital cardiac arrest
studies,®”-36:37 AHA guideline publications,*3® or other
unmeasured physiologically directed resuscitation QI inter-
ventions. In support of this theory, more than 80% of
patients in the control group achieved the DBP targets
thought to be a primary determinant of improved survival,

JAMA March 8,2022 Volume 327, Number 10
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nearly a 20% absolute improvement compared with previous
CPCCRN data.® Second, it is possible that the high rate of
adequate DBP in the control group led to event survival
(= 89%), but other factors (eg, underlying illness) ultimately
determined patient outcome. Third, there may be a need for
more individualized DBP targets and additional investigation
into optimal individualized BP targets may be warranted.

Limitations

This study has several limitations. First, the 18 enrolled sites
were academic pediatric ICUs with an interest in physiologic
resuscitation that may limit generalizability to other nonaca-
demic pediatric ICUs or those with different staffing patterns
or incidence of CPR. Second, unit-level interventions to pre-
vent cardiac arrest may have rendered the initial sample size
estimates invalid. A formal exploratory analysis did not find
an association between rate of enrollment and the interven-
tion or rate of enrollment and COVID-19 restrictions, but
other initiatives to prevent cardiac arrest were active in some
units (high-risk identification, watcher programs, and unit
huddles).3° Third, this study only enrolled 81% of planned
patients, and it may have been underpowered to detect a
potentially important difference in outcomes between
groups, given the wide CIs around the ORs. Fourth, some dif-
ferences in baseline characteristics existed between the
groups, and there may be residual confounding despite
adjustment for site-level differences. Fifth, this study was
not designed to determine CPR utilization rates. Sixth, base-
line rates of the primary outcome of survival to hospital dis-
charge with favorable neurologic outcome were slightly
higher in clinical sites randomized to remain in the control
group for the duration of the study. Future trials using a
hybrid stepped-wedge cluster randomized trial design should
attempt to ensure that both enrollment and baseline primary
outcomes rates are balanced between groups to strengthen
study inferences. Seventh, although a hybrid design
improves statistical power, because not all ICUs contributed
to both control and intervention, this design may have also
weakened the inferences that can be drawn from the study.
Eighth, the study design may have underestimated the effect
of study participation on usual care sites because the DBP
targets of the intervention were derived from a previous
CPCCRN study. Ninth, 4 ICUs implemented training at the
point of care and/or debriefing during the control period,
albeit at a reduced intensity as permitted by the protocol,
which may have affected the study results. Tenth, the effect
of the intervention on longer-term outcomes is unknown.*°

.|
Conclusions

In this randomized clinical trial conducted in 18 pediatric
intensive care units, a bundled intervention of cardiopulmo-
nary resuscitation training at the point of care and physi-
ologically focused structured debriefing, compared with
usual care, did not significantly improve patient survival to
hospital discharge with favorable neurologic outcome among
pediatric patients who experienced cardiac arrest in the ICU.

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Utah user on 03/28/2025



Effect of Physiologic Point-of-Care Cardiopulmonary Resuscitation Training on Survival With Favorable Neurologic Outcome

ARTICLE INFORMATION
Accepted for Publication: January 31, 2022.

Authors/group members of the ICU-RESUS and
Eunice Kennedy Shriver National Institute of
Child Health and Human Development
Collaborative Pediatric Critical Care Research
Network Investigators: Robert M. Sutton, MD,
MSCE; Heather A. Wolfe, MD, MSHP; Ron W.
Reeder, PhD; Tageldin Ahmed, MD; Robert Bishop,
MD; Matthew Bochkoris, MD; Candice Burns, MD;
J. Wesley Diddle, MD; Myke Federman, MD; Richard
Fernandez, MD; Deborah Franzon, MD; Aisha H.
Frazier, MD; Stuart H. Friess, MD; Kathryn Graham,
MLAS; David Hehir, MD; Christopher M. Horvat,
MD, MHA; Leanna L. Huard, MD; William P. Landis;
Tensing Maa, MD; Arushi Manga, MD; Ryan W.
Morgan, MD, MTR; Vinay M. Nadkarni, MD, MS;
Maryam Y. Naim, MD, MSCE; Chella A. Palmer, MPH;
Carleen Schneiter, MD; Matthew P. Sharron, MD;
Ashley Siems, MD; Neeraj Srivastava, MD; Sarah
Tabbutt, MD, PhD; Bradley Tilford, MD; Shirley
Viteri, MD; Robert A. Berg, MD; Michael J. Bell, MD;
Joseph A. Carcillo, MD; Todd C. Carpenter, MD;

J. Michael Dean, MD; Ericka L. Fink, MD, MS; Mark
Hall, MD; Patrick S. McQuillen, MD; Kathleen L.
Meert, MD; Peter M. Mourani, MD; Daniel
Notterman, MD; Murray M. Pollack, MD; Anil Sapru,
MD; David Wessel, MD; Andrew R. Yates, MD;
Athena F. Zuppa, MD, MSCE.

Affiliations of Authors/group members of the
ICU-RESUS and Eunice Kennedy Shriver National
Institute of Child Health and Human
Development Collaborative Pediatric Critical
Care Research Network Investigators:
Department of Anesthesiology and Critical Care
Medicine, The Children's Hospital of Philadelphia,
University of Pennsylvania, Philadelphia (Sutton,
Wolfe, Graham, Hehir, Landis, Morgan, Nadkarni,
Naim, Berg, Zuppa); Department of Pediatrics,
University of Utah, Salt Lake City (Reeder, Palmer,
Dean); Department of Pediatrics, Children’'s
Hospital of Michigan, Central Michigan University,
Detroit (Ahmed, Tilford, Meert); Department of
Pediatrics, University of Colorado School of
Medicine, Children's Hospital Colorado, Aurora
(Bishop, Schneiter, Carpenter, Mourani);
Department of Critical Care Medicine, UPMC
Children's Hospital of Pittsburgh, University of
Pittsburgh, Pittsburgh, Pennsylvania (Bochkoris,
Horvat, Bell, Carcillo, Fink); Department of
Pediatrics, Washington University School of
Medicine, St Louis, Missouri (Burns, Friess, Manga);
Department of Pediatrics, Children’s National
Hospital, George Washington University School of
Medicine, Washington, DC (Diddle, Sharron, Siems,
Bell, Pollack, Wessel); Department of Pediatrics,
Mattel Children’s Hospital, University of California.
Los Angeles (Federman, Huard, Srivastava, Sapru);
Department of Pediatrics, Nationwide Children’s
Hospital, The Ohio State University, Columbus
(Fernandez, Maa, Hall, Yates); Department of
Pediatrics, Benioff Children’s Hospital, University of
California, San Francisco (Franzon, Tabbutt,
McQuillen); Department of Pediatrics, Nemours/
Alfred I. duPont Hospital for Children and Thomas
Jefferson University, Wilmington, Delaware (Frazier,
Hehir, Viteri); Department of Molecular Biology.
Princeton University, Princeton, New Jersey
(Notterman).

jama.com

Author Contributions: Drs Sutton and Reeder had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Sutton, Wolfe, Reeder, Landis,
Nadkarni, Schneiter, Siems, Berg, Bell, Dean, Hall,
Mourani, Pollack, Sapru, Yates, Zuppa.

Acquisition, analysis, or interpretation of data:
Sutton, Wolfe, Reeder, Ahmed, Bishop, Bochkoris,
Burns, Diddle, Federman, Fernandez, Franzon,
Frazier, Friess, Graham, Hehir, Horvat, Huard,
Landis, Maa, Manga, Morgan, Nadkarni, Naim,
Palmer, Schneiter, Sharron, Siems, Srivastava,
Tabbutt, Tilford, Viteri, Berg, Bell, Carcillo,
Carpenter, Dean, Fink, Hall, McQuillen, Meert,
Mourani, Notterman, Wessel, Yates, Zuppa.
Drafting of the manuscript: Sutton, Reeder, Diddle,
Landis, Nadkarni, Srivastava, Bell, Carcillo.

Critical revision of the manuscript for important
intellectual content: Sutton, Wolfe, Reeder, Ahmed,
Bishop, Bochkoris, Burns, Federman, Fernandez,
Franzon, Frazier, Friess, Graham, Hehir, Horvat,
Huard, Landis, Maa, Manga, Morgan, Nadkarni,
Naim, Palmer, Schneiter, Sharron, Siems, Srivastava,
Tabbutt, Tilford, Viteri, Berg, Bell, Carcillo,
Carpenter, Dean, Fink, Hall, McQuillen, Meert,
Mourani, Notterman, Pollack, Sapru, Wessel,
Yates, Zuppa.

Statistical analysis: Sutton, Reeder, Landis, Palmer,
Berg, Bell.

Obtained funding: Sutton, Nadkarni, Berg, Bell,
Carcillo, Dean, Meert, Mourani.

Administrative, technical, or material support:
Reeder, Federman, Fernandez, Graham, Horvat,
Huard, Landis, Maa, Sharron, Siems, Tilford, Berg,
Bell, Carcillo, Dean, Fink, Hall, Mourani, Notterman,
Pollack, Wessel, Yates.

Supervision: Sutton, Reeder, Bishop, Maa, Nadkarni,
Siems, Srivastava, Berg, Bell, Carcillo, Dean, Meert,
Sapru, Wessel, Yates.

Conflict of Interest Disclosures: Dr Sutton
reported receiving grants from the National
Institutes of Health (NIH) and serving as a volunteer
for the American Heart Association. Dr Morgan
reported receiving grant funding from the NIH
(K23HL148541) and volunteering for the American
Heart Association. Dr Carcillo reported receiving
grant funding from the NIH. Dr Carpenter reported
receiving grant funding from the NIH. Dr Dean
reported receiving grant funding from the NIH.

Dr Fink reported receiving grant funding from the
NIH and Neurocritical Care Society. Dr Hall reported
receiving grant funding from the NIH, serving on
the DSMBs of La Jolla Pharmaceuticals and AbbVie,
and earing income for licensing from Kiadis.

Dr Meert reported receiving grant funding from the
NIH. Dr Mourani reported receiving grant funding
from the NIH. Dr Pollack reported receiving grant
funding from the NIH and from Mallinckrodt
Pharmaceuticals, LLC. Dr Wessel reported receiving
grant funding from the NIH. Dr Zuppa reported
receiving grant funding from the NIH.

Funding/Support: This study was funded by grants
ROTHL131544 from the National Heart, Lung, and
Blood Institute and UOTHD0O49934,
UGIHD049981, UGIHD049983, UGIHD050096,
UGIHDO063108, UGIHD083166, UGIHD083170,
and UGTHDO83171 from the National Institute of
Child Health and Human Development.

Role of the Funder/Sponsor: The National Heart,
Lung, and Blood Institute and the National Institute

Original Investigation Research

of Child Health and Human Development had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The content is solely the responsibility
of the authors and does not necessarily represent
the official views of the National Heart, Lung, and
Blood Institute, National Institute of Child Health
and Human Development, or the NIH.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank Julie Mikulla,
Victoria Pemberton, and Mario Stylianou (National
Heart, Lung, and Blood Institute); Robert Tamburro
and Tammara Jenkins (National Institute of Child
Health and Human Development); Andrew M. Atz,
Brian S. Carter, Gregory L. Holmes, Abbie Bellamy,
and Arno Zaritsky (chair) (ICU-RESUS DSMB); Anne
Eaton, Shrey Goel, Yensy Zetino, and Denise
Villareal (Benioff Children’s Hospital, University of
California, San Francisco); Ann Pawluszka and
Melanie Lulic (Children's Hospital of Michigan,
Central Michigan University); Carolann Twelves,
Kellimarie Cooper, and MaryAnn Diliberto
(Children’s Hospital of Philadelphia, University of
Pennsylvania); Elyse Tomanio, Diane Hession, Neha
Patel, Ashley Wolfe, Mackenzie Little, and Kathryn
Stone (Children’s National Hospital, George
Washington University School of Medicine); Anna
Ratiu, Kinisha Gala, Jenny Hong, Neda Ashtari,
Christine Ahn, Tanaya Deshmukh, Man Yee Wong,
and Manvita Mareboina (Mattel Children’s Hospital,
University of California Los Angeles); Lisa Steele, Jill
Popelka, Janet Cihla, Maggie Flowers, Josey
Hensley, and Julie Breuer (Nationwide Children's
Hospital, The Ohio State University); Ramany John,
Gwen Pellicciotti, and Janice Jezyk (Nemours/
Alfred I. duPont Hospital for Children and Thomas
Jefferson University); Yamila Sierra, Alle
Rutebemberwa, Matthew Steinbeiss, Kimberly
Ralston, and Kathryn Malone (University of
Colorado School of Medicine and Children’s
Hospital Colorado); Alecia Peterson, Melissa
Pederson, David Austin, Whitney Coleman, Nael
Abdelsamad, Kylee Arbogast, Kerry Williams, Kent
Page, Monica Harding, Christopher Locandro,
Jessica Alvey, and Emily Startup (University of
Utah); Heather Zurbach, Ashleagh Martinez,
Leighann Koch, and Marcie M. Tharp (UPMC
Children’s Hospital of Pittsburgh, University of
Pittsburgh); and Tina Day, Lori Barganier, Amila
Tutundzic, Meghan Huff, and Pamela Stone
(Washington University School of Medicine), none
of whom were compensated.

REFERENCES

1. Holmberg MJ, Ross CE, Fitzmaurice GM, et al;
American Heart Association’s Get With The
Guidelines-Resuscitation Investigators. Annual
incidence of adult and pediatric in-hospital cardiac
arrest in the United States. Circ Cardiovasc Qual
Outcomes. 2019;12(7):e005580. doi:10.1161/
CIRCOUTCOMES.119.005580

2. BergRA, Sutton RM, Holubkov R, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network and for the
American Heart Association’s Get With the
Guidelines-Resuscitation (formerly the National

JAMA March 8,2022 Volume 327, Number 10

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Utah user on 03/28/2025

943



944

Research Original Investigation

Registry of Cardiopulmonary Resuscitation)
Investigators. Ratio of PICU versus ward
cardiopulmonary resuscitation events is increasing.
Crit Care Med. 2013;41(10):2292-2297. doi:10.
1097/CCM.0b013e31828cf0cO

3. Holmberg MJ, Wiberg S, Ross CE, et al. Trends in
survival after pediatric in-hospital cardiac arrest in
the United States. Circulation. 2019;140(17):
1398-1408. doi:10.1161/CIRCULATIONAHA.119.041667

4. Topjian AA, Raymond TT, Atkins D, et al;
Pediatric Basic and Advanced Life Support
Collaborators. 2020 American Heart Association
guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care: IV. Circulation.
2020;142(16_suppl_2):5469-5523. doi:10.1161/CIR.
0000000000000901

5. Wolfe H, Zebuhr C, Topjian AA, et al.
Interdisciplinary ICU cardiac arrest debriefing
improves survival outcomes*. Crit Care Med. 2014;
42(7):1688-1695. doi:10.1097/CCM.
0000000000000327

6. Berg RA, Sutton RM, Reeder RW, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network (CPCCRN) PICQCPR
(Pediatric Intensive Care Quality of
Cardio-Pulmonary Resuscitation) Investigators.
Association between diastolic blood pressure
during pediatric in-hospital cardiopulmonary
resuscitation and survival. Circulation. 2018;137(17):
1784-1795. doi:10.1161/CIRCULATIONAHA.117.032270

7. Berg RA, Reeder RW, Meert KL, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network (CPCCRN) Pediatric
Intensive Care Quality of Cardio-Pulmonary
Resuscitation (PICQCPR) investigators. End-tidal
carbon dioxide during pediatric in-hospital
cardiopulmonary resuscitation. Resuscitation. 2018;
133:173-179. doi:10.1016/j.resuscitation.2018.08.013

8. Topjian AA, Telford R, Holubkov R, et al;
Therapeutic Hypothermia After Pediatric Cardiac
Arrest (THAPCA) Trial Investigators. Association of
early postresuscitation hypotension with survival to
discharge after targeted temperature management
for pediatric out-of-hospital cardiac arrest:
secondary analysis of a randomized clinical trial.
JAMA Pediatr. 2018;172(2):143-153. doi:10.1001/
jamapediatrics.2017.4043

9. Reeder RW, Girling A, Wolfe H, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network (CPCCRN).
Improving outcomes after pediatric cardiac
arrest—the ICU-Resuscitation Project: study
protocol for a randomized controlled trial. Trials.
2018;19(1):213. doi:10.1186/513063-018-2590-y

10. Willson DF, Dean JM, Newth C, et al.
Collaborative Pediatric Critical Care Research
Network (CPCCRN). Pediatr Crit Care Med. 20067
(4):301-307. doi:10.1097/01.PCC.0000227106.
66902.4F

11. Christenson J, Andrusiek D, Everson-Stewart S,
et al; Resuscitation Outcomes Consortium
Investigators. Chest compression fraction
determines survival in patients with out-of-hospital
ventricular fibrillation. Circulation. 2009;120(13):
1241-1247. doi:10.1161/CIRCULATIONAHA.
109.852202

JAMA March 8,2022 Volume 327, Number 10

12. Topjian AA, Sanchez SM, Shults J, Berg RA,
Dlugos DJ, Abend NS. early electroencephalo-
graphic background features predict outcomes in
children resuscitated from cardiac arrest. Pediatr
Crit Care Med. 2016;17(6):547-557. doi:10.1097/
PCC.0000000000000740

13. Conlon TW, Falkensammer CB, Hammond RS,
Nadkarni VM, Berg RA, Topjian AA. Association of
left ventricular systolic function and vasopressor
support with survival following pediatric
out-of-hospital cardiac arrest. Pediatr Crit Care Med.
2015;16(2):146-154. doi:10.1097/PCC.
0000000000000305

14. Topjian AA, French B, Sutton RM, et al. Early
postresuscitation hypotension is associated with
increased mortality following pediatric cardiac
arrest. Crit Care Med. 2014;42(6):1518-1523. doi:10.
1097/CCM.0000000000000216

15. Bennett KS, Clark AE, Meert KL, et al; Pediatric
Emergency Care Medicine Applied Research
Network. Early oxygenation and ventilation
measurements after pediatric cardiac arrest: lack of
association with outcome. Crit Care Med. 2013;41
(6):1534-1542. doi:10.1097/CCM.0b013e318287f54c

16. Topjian AA, Gutierrez-Colina AM, Sanchez SM,
et al. Electrographic status epilepticus is associated
with mortality and worse short-term outcome in
critically ill children. Crit Care Med. 2013;41(1):215-
223. doi:10.1097/CCM.0b013e3182668035

17. Bembea MM, Nadkarni VM, Diener-West M,

et al; American Heart Association National Registry
of Cardiopulmonary Resuscitation Investigators.
Temperature patterns in the early postresuscitation
period after pediatric inhospital cardiac arrest.
Pediatr Crit Care Med. 2010;11(6):723-730. doi:10.
1097/PCC.0b013e3181dde659

18. Jacobs I, Nadkarni V, Bahr J, et al; International
Liason Committee on Resusitation. Cardiac arrest
and cardiopulmonary resuscitation outcome
reports: update and simplification of the Utstein
templates for resuscitation registries. A statement
for healthcare professionals from a task force of the
international liaison committee on resuscitation
(American Heart Association, European
Resuscitation Council, Australian Resuscitation
Council, New Zealand Resuscitation Council, Heart
and Stroke Foundation of Canada, InterAmerican
Heart Foundation, Resuscitation Council of
Southern Africa). Resuscitation. 2004;63(3):233-249.
doi:10.1016/j.resuscitation.2004.09.008

19. Pollack MM, Holubkov R, FunaiT, et al.
Relationship between the functional status scale
and the pediatric overall performance category and
pediatric cerebral performance category scales.
JAMA Pediatr. 2014;168(7):671-676. doi:10.1001/
jamapediatrics.2013.5316

20. Fiser DH, Long N, Roberson PK, Hefley G,
Zolten K, Brodie-Fowler M. Relationship of pediatric
overall performance category and pediatric cerebral
performance category scores at pediatric intensive
care unit discharge with outcome measures
collected at hospital discharge and 1- and 6-month
follow-up assessments. Crit Care Med. 2000;28(7):
2616-2620. doi:10.1097/00003246-200007000-
00072

21. Meaney PA, Bobrow BJ, Mancini ME, et al;
CPR Quality Summit Investigators, the American
Heart Association Emergency Cardiovascular Care
Committee, and the Council on Cardiopulmonary,
Critical Care, Perioperative and Resuscitation.

Effect of Physiologic Point-of-Care Cardiopulmonary Resuscitation Training on Survival With Favorable Neurologic Outcome

Cardiopulmonary resuscitation quality: [corrected]
improving cardiac resuscitation outcomes both
inside and outside the hospital: a consensus
statement from the American Heart Association.
Circulation. 2013;128(4):417-435. doi:10.1161/CIR.
0b013e31829d8654

22. Berg RA, Nadkarni VM, Clark AE, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network. Incidence and
outcomes of cardiopulmonary resuscitation in
PICUs. Crit Care Med. 2016;44(4):798-808. doi:10.
1097/CCM.0000000000001484

23. Girotra S, Spertus JA, Li Y, Berg RA, Nadkarni
VM, Chan PS; American Heart Association

Get With the Guidelines-Resuscitation
Investigators. Survival trends in pediatric in-hospital
cardiac arrests: an analysis from Get With the
Guidelines-Resuscitation. Circ Cardiovasc Qual
Outcomes. 2013;6(1):42-49. doi:10.1161/
CIRCOUTCOMES.112.967968

24. Moler FW, Silverstein FS, Holubkov R, et al;
THAPCA Trial Investigators. Therapeutic
hypothermia after in-hospital cardiac arrest in
children. N Engl J Med. 2017;376(4):318-329. doi:10.
1056/NEJM0a1610493

25. Matos RI, Watson RS, Nadkarni VM, et al;
American Heart Association’s Get With The
Guidelines-Resuscitation (Formerly the National
Registry of Cardiopulmonary Resuscitation)
Investigators. Duration of cardiopulmonary
resuscitation and illness category impact survival
and neurologic outcomes for in-hospital pediatric
cardiac arrests. Circulation. 2013;127(4):442-451.
doi:10.1161/CIRCULATIONAHA 112125625

26. Meaney PA, Nadkarni VM, Cook EF, et al;
American Heart Association National Registry of
Cardiopulmonary Resuscitation Investigators.
Higher survival rates among younger patients after
pediatric intensive care unit cardiac arrests. Pediatrics.
2006;118(6):2424-2433. doi:10.1542/peds.2006-
1724

27. Pollack MM, Patel KM, Ruttimann UE. PRISM IlI:
an updated Pediatric Risk of Mortality score. Crit
Care Med. 1996;24(5):743-752. doi:10.1097/
00003246-199605000-00004

28. Nadkarni VM, Larkin GL, Peberdy MA, et al;
National Registry of Cardiopulmonary Resuscitation
Investigators. First documented rhythm and clinical
outcome from in-hospital cardiac arrest among
children and adults. JAMA. 2006;295(1):50-57. doi:
10.1001/jama.295.1.50

29. Bhanji F, Topjian AA, Nadkarni VM, et al;
American Heart Association’'s Get With the
Guidelines-Resuscitation Investigators. Survival
rates following pediatric in-hospital cardiac arrests
during nights and weekends. JAMA Pediatr. 2017171
(1):39-45. doi:10.1001/jamapediatrics.2016.2535

30. Sutton RM, Friess SH, Naim MY, et al.
Patient-centric blood pressure-targeted
cardiopulmonary resuscitation improves survival
from cardiac arrest. Am J Respir Crit Care Med.
2014;190(11):1255-1262. doi:10.1164/rccm.201407-
13430C

31. Hamrick JT, Hamrick JL, Bhalala U, et al.
End-tidal Co,-guided chest compression delivery
improves survival in a neonatal asphyxial cardiac
arrest model. Pediatr Crit Care Med. 2017;18(11):
e575-e584. doi:10.1097/PCC.0000000000001299

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Utah user on 03/28/2025



Effect of Physiologic Point-of-Care Cardiopulmonary Resuscitation Training on Survival With Favorable Neurologic Outcome

32. Morgan RW, Sutton RM, Karlsson M, et al.
Pulmonary vasodilator therapy in shock-associated
cardiac arrest. Am J Respir Crit Care Med. 2018;197
(7):905-912. doi:10.1164/rccm.201709-18180C

33. Morgan RW, Kilbaugh TJ, Shoap W, et al;
Pediatric Cardiac Arrest Survival Outcomes PiCASO
Laboratory Investigators. A hemodynamic-directed
approach to pediatric cardiopulmonary
resuscitation (HD-CPR) improves survival.
Resuscitation. 2017;111:41-47. doi:10.1016/j.
resuscitation.2016.11.018

34. Naim MY, Sutton RM, Friess SH, et al.

Blood pressure- and coronary perfusion
pressure-targeted cardiopulmonary resuscitation
improves 24-hour survival from ventricular
fibrillation cardiac arrest. Crit Care Med. 2016;44
(11):e1111-e1117. doi:10.1097/CCM.
0000000000001859

35. Sutton RM, French B, Meaney PA, et al;
American Heart Association’s Get With The

jama.com

Guidelines-Resuscitation Investigators. Physiologic
monitoring of CPR quality during adult cardiac
arrest: a propensity-matched cohort study.
Resuscitation. 2016;106:76-82. doi:10.1016/j.
resuscitation.2016.06.018

36. Sutton RM, Reeder RW, Landis WP, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network (CPCCRN).
Ventilation rates and pediatric in-hospital cardiac
arrest survival outcomes. Crit Care Med. 2019;47
(11):1627-1636. doi:10.1097/CCM.
0000000000003898

37. Sutton RM, Reeder RW, Landis W, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Collaborative Pediatric
Critical Care Research Network (CPCCRN)
Investigators. Chest compression rates and
pediatric in-hospital cardiac arrest survival
outcomes. Resuscitation. 2018;130:159-166. doi:10.
1016/j.resuscitation.2018.07.015

Original Investigation Research

38. de Caen AR, Berg MD, Chameides L, et al.
Pediatric advanced life support: 2015 American
Heart Association guidelines update for
cardiopulmonary resuscitation and emergency
cardiovascular care: XII. Circulation. 2015;132(18)
(suppl 2):5526-5542. doi:10.1161/CIR.
0000000000000266

39. Gaies M, Cooper DS, Tabbutt S, et al.
Collaborative quality improvement in the cardiac
intensive care unit: development of the Paediatric
Cardiac Critical Care Consortium (PC4). Cardiol Young.
2015;25(5):951-957. doi:10.1017/51047951114001450

40. Topjian AA, Scholefield BR, Pinto NP, et al.
P-COSCA (Pediatric Core Outcome Set for Cardiac
Arrest) in children: an advisory statement from the
International Liaison Committee on Resuscitation.
Circulation. 2020;142(16):e246-e261. doi:10.1161/CIR.
0000000000000911

JAMA March 8,2022 Volume 327, Number 10

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Utah user on 03/28/2025

945



