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Abstract

Background: Survival following pediatric out-of-hospital cardiac arrest (OHCA) has improved
over the past 2 decades but data on survivors’ long-term outcomes are limited. We aimed to
evaluate long-term outcomes in pediatric OHCA survivors more than one year after cardiac arrest.

Methods: OHCA survivors <18 years old who received post-cardiac arrest care in the PICU

at a single center between 2008-2018 were included. Parents of patients <18 years and patients
>18 years at least one year after cardiac arrest completed a telephone interview. We assessed
neurologic outcome (Pediatric Cerebral Performance Category [PCPC]), activities of daily living
(Pediatric Glasgow Outcomes Scale-Extended, Functional Status Scale (FSS)), HRQL (Pediatric
Quality of Life Core and Family Impact Modules), and healthcare utilization. Unfavorable
neurologic outcome was defined as PCPC > 1 or worsening from pre-arrest baseline to discharge.

Findings: Forty four patients were evaluable. Follow-up occurred at a median of 5.6 years [IQR
4.4, 8.9] post-arrest. Median age at arrest was 5.3 [1.3,12.6] years; median CPR duration was 5
[1.5, 7] minutes. Survivors with unfavorable outcome at discharge had worse FSS Sensory and
Motor Function scores and higher rates of rehabilitation service utilization. Parents of survivors
with unfavorable outcome reported greater disruption to family functioning. Healthcare utilization
and educational support requirements were common among all survivors.
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Conclusions: Survivors of pediatric OHCA with unfavorable outcome at discharge have more
impaired function multiple years post-arrest. Survivors with favorable outcome may experience
impairments and significant healthcare needs not fully captured by the PCPC at hospital discharge.

Keywords

Out-of-hospital cardiac arrest; Outcomes; Pediatric cardiac arrest; Health-related quality of life;
Healthcare utilization

Introduction

Methods

An estimated 8 in 100,000 children in North America experience an out-of-hospital cardiac
arrest (OHCA) annually.! Up to 13% survive to hospital discharge, and of those, only 6-
20% have favorable neurologic function.1=3 While pediatric OHCA survival has improved
over the past decade,? these children remain at-risk of substantial long-term neurobehavioral
morbidity.*

The American Heart Association emphasizes the need to address the long-term impacts
of cardiac arrest on survivors.3 Data on long-term (>1 year after cardiac arrest)

survivor outcomes are mixed. A secondary analysis of a randomized, controlled trial
Therapeutic Hypothermia After Pediatric Cardiac Arrest Out-of-Hospital (THAPCA-OH)
among children with post-arrest coma upon admission to the pediatric intensive care unit
demonstrated that one-third of survivors discharged with severe neurologic impairment
improved within the first year after cardiac arrest.* However, several studies demonstrated
high rates of special education enrollment, chronic symptoms, cognitive impairment, and
emotional disabilities amongst survivors long-term.>~7 One recent study showed that,
although 73% of survivors had good neurobehavioral outcome defined by Pediatric Cerebral
Performance Category (PCPC) score of 1 or 2, almost 50% had lower 1Q scores, worse
attention, and slower processing speed two years post-cardiac arrest when compared to
normative data.> Data on survivor outcomes after 5 years post-arrest are limited.

The primary objectives of this study were to measure long-term (>1 year after cardiac arrest)
outcomes in pediatric OHCA survivors to characterize survivors’ neurologic outcomes,
functional status, survivor and family HRQL, survivor healthcare utilization, and barriers to
accessing health services. We secondarily evaluated change in survivor neurologic outcome
from hospital discharge to long-term follow-up.

Study design and participants

This was a cross-sectional study of children with OHCA who received post-arrest care in
the pediatric intensive care unit (PICU) at the Children’s Hospital of Philadelphia (CHOP)
between 2008-2018. This study was approved by the CHOP Institutional Review Board
(IRB 16-013130). Caregivers and children age >18 years at follow-up provided verbal
informed consent. Assent was obtained from children age =7 years at follow-up when
appropriate.
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Children were screened using an institutional cardiac arrest database and were eligible if
they were less than 18 years of age at the time of cardiac arrest and survived to hospital
discharge. For children with multiple OHCAs, we considered the earliest arrest to be the
index event. We excluded children who died between hospital discharge and follow-up,
were in foster care, and whose caregivers had limited English proficiency that precluded
participation in an English-language interview.

Demographic, Baseline, and cardiac Arrest/Clinical characteristics

We manually abstracted patient demographics including age at time of cardiac arrest, age

at follow-up, sex, race, and ethnicity from the electronic health record (EHR). Household
income and parental education were obtained directly from parents during the study
interview. Clinical data pertaining to the cardiac arrest and post-cardiac arrest care were
obtained from the EHR. We obtained pre-arrest (baseline) and discharge PCPC scores from
the institutional cardiac arrest database. For patients where no baseline PCPC score was
available in the institutional database, we (AT) reviewed the survivor’s EHR and generated a
baseline PCPC score.

Telephone interviews and Mail/Email surveys

Attrition

We conducted telephone interviews with eligible families over a 16-month period between
May 2020 and September 2021. We made five attempts at telephone contact with eligible
families using the telephone number(s) in the child’s EHR. After providing verbal consent,
caregivers, and survivors >18 years of age living independently were asked about the
survivor’s neurologic outcome, functional status, HRQL and healthcare utilization. All
interviews were conducted by two members of the study team (MRH or MW) using a
standardized interviewer script. At the end of the telephone interview, caregivers were asked
to complete supplemental questionnaires about the survivor’s neurologic, executive and
socioemotional functioning sent digitally via an emailed link or by postal mail. Participants
received telephone and email reminders to complete the additional surveys. Participants who
completed a phone interview and all supplementary instruments received a gift card.

Table 1 presents standardized measures and detailed instrument characteristics for all
measures collected via interview and supplemental questionnaires. To assess healthcare
utilization since arrest, we adapted Slomine et al.’s health utilization survey (HUS) for
parents1® as an interview script about children’s current medical conditions, medications,
assistive devices, subspecialty care, and educational needs. We also reviewed medical
services received since the index arrest event. The complete adapted HUS is available as
Appendix 1.

We classified patients into several groups: 1) failure to reach a family after a maximum of 5
attempts at telephone contact, 2) failure to maintain contact with a family after successfully
making initial contact or 3) failure to participate in an interview after providing consent.
Data from families who completed the telephone interview only (i.e., without completing the
additional surveys) were included in our analyses.

Resuscitation. Author manuscript; available in PMC 2023 June 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hickson et al.

Page 4

Data analyses

Results

We described outcomes for the entire cohort. We compared neurologic outcomes among
survivors according to favorable versus unfavorable neurologic outcome at hospital
discharge. “Favorable neurologic outcome” was defined as a discharge PCPC =1 or no
change in PCPC from pre-arrest baseline to discharge. “Unfavorable neurologic outcome”
was defined as a PCPC > 1 or a worsening in PCPC from pre-arrest baseline to discharge.
We further characterized change in neurologic outcome from hospital discharge to long-term
follow-up. We examined healthcare utilization and health care access among survivors.
Additionally, we compared baseline and discharge characteristics of patients who were
unavailable or lost to follow-up to those who completed follow-up.

Categorical data are presented as frequencies and percentages. Continuous variables are
presented as medians and interquartile ranges (IQR). Non-parametric data were compared
using the ranked sum test. Dichotomous data were compared using a chi-squared or Fisher’s
exact test. All statistical analyses were performed using Stata/SE version 17.0.

Of the 210 OHCA survivors who survived to hospital discharge, 24 died prior to follow-up
and nine were excluded (2 due to limited caregiver English proficiency and 7 due to
placement in foster care). We attempted to contact 177 eligible families, of whom 102 were
unable to be contacted/failed to maintain contact/or refused to participate after consenting,
28 declined, 3 had insufficient data, and 44 consented to study participation. PCPC data
were incomplete for one consented survivor who was excluded from analysis. Forty-four
survivors were analyzed (Fig. 1). We compared the baseline and discharge characteristics
of the 120 patients who were “not available” (unable to be contacted, failed to maintain
contact, refused to participate after consenting, or declined consent)to those who were
analyzed, to characterize any potential selection bias from our sampling methodology.
(Supplemental Table S1). Those who were not available u were more racially diverse but
otherwise similar to enrolled survivors in terms of demographics, such as baseline PCPC
and age at arrest; arrest characteristics, such as witnessed status, cause of arrest, duration of
CPR; and outcomes, such as hospital length of stay and discharge location. Survivors who
were not available were less likely to be White, have a pre-arrest diagnosis of congenital
heart disease, or receive bystander CPR.

Demographics

Demographic, cardiac arrest, post-arrest and discharge data are presented in Table 2. Median
age at cardiac arrest was 5.3 years [IQR 1.3, 12.6], with a range of 3.1 to 12.6years.
Nineteen (43%) survivors were female, and 31 (71%) were White. The most common cause
of arrest was drowning (33%). Median cardiopulmonary resuscitation (CPR) duration was
5[IQR 1.5, 7] minutes. Almost 40% had no pre-arrest comorbidities. The median length of
hospital stay was 11 (5, 20) days and 21% were discharged to a rehabilitation or nursing
facility.
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At hospital discharge, 13 (29.5%) patients had unfavorable neurologic outcome, and 31
(70.5%) participants had a favorable neurologic outcome, 22 (71%) with PCPC 1 and

9 (29%) with no change in PCPC from baseline. (Table 3) Children with a favorable
neurologic outcome did not differ in pre-arrest PCPC from those with unfavorable
neurologic outcome. (p = 0.85). Survivors with unfavorable neurologic outcome had

longer length of hospital stay, and were more likely to be discharged to a rehabilitation
(unfavorable: 38.5% vs favorable 6.5%) or nursing facility (unfavorable: 7.7% vs favorable
3.2%) (Table 2). Survivors with unfavorable neurologic outcome received more epinephrine
doses during resuscitation, but the number of epinephrine doses was not independent of CPR
duration (r=0.45, p< 0.0001).

Long-term Follow-up

Median time to follow-up from cardiac arrest was 5.6 [IQR 3.1-12.5] years and median
age at long-term follow-up was 12 [3-26] years. Twelve (27%) survivors were >18 years
at follow-up. Almost 64% of survivors had a PCPC of 1 at follow-up (versus 50% at
discharge).

Children with favorable outcome and unfavorable outcome at discharge did not differ
in PCPC, GOS-E, or PedsQL scores at long-term follow-up. In contrast, children with
unfavorable outcome at hospital discharge had significantly lower (worse) median FSS
Sensory and Motor Functionsub-scores.

Change from hospital discharge to Long-term Follow-up

Twelve (27%) survivors had an unfavorable outcome and 32 (73%) had a favorable outcome
at long-term follow-up. Seven (16%) with unfavorable outcome at discharge improved

and had a favorable outcome at long-term follow-up. (Fig. 2) Six (14%) with a favorable
outcome at discharge worsened and had unfavorable outcome at long-term follow-up. A
quarter of survivors had an improvement in PCPC by =1 between discharge and long-term
follow-up, whereas 18% had a worsening in PCPC.

Healthcare utilization

Many children received new health services post-arrest which they were still receiving at the
time of follow-up, including mental health (16%), physical therapy (32%), occupational
therapy (30%) and speech therapy (27%). More than half of survivors (52%) had an
individualized education program (IEP) at follow-up, including 45% of those with a
favorable discharge outcome. (Table 4a) Twenty-one percent had a new home health aide or
nurse post-arrest.

In comparison to survivors with a favorable outcome, survivors with unfavorable outcome
at discharge were more likely to receive physical therapy, occupational therapy, and
rehabilitation medicine.

Healthcare access

Thirty-four percent of caregivers reported that they were unable to access one or more
services they felt their child would have benefited from post-arrest, including 26% with
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children who had a favorable outcome at discharge (Table 4b). Nine percent of caregivers
thought their children would have benefited from mental health services they were unable to
access. A third of caregivers cited the absence of a physician referral or recommendation for
a specific service as the barrier to receiving that service.

Supplemental questionnaires

The VABS-3 was completed by 18 caregivers, the BASC-3 by 17, and BRIEF-2 by 27. The
median VVABS-3 total and domain scores for the entire sample were in the average range

for age (Table 3). Median BRIEF-2 and BASC-3 scores were also in the average range for
the sample overall. Children with favorable versus unfavorable outcomes at discharge did
not differ in BRIEF-2 or BASC-3, scores at long-term follow-up. In contrast, children with
unfavorable outcome at discharge had significantly lower (worse) median VABS-3 Adaptive
Behavior Composite scores as well as lower Daily Living Skills and Communication domain
scores at follow-up.

Discussion

In this single-center, cross-sectional study, we assessed outcomes in a convenience sample
of pediatric survivors from OHCA at a median of 5.6 years post-arrest. More than half of
survivors had a favorable outcome at discharge and long-term follow-up. Not surprisingly,
children with unfavorable outcome at hospital discharge had worse neurologic function at
long-term follow-up. However, some children who had unfavorable outcome at discharge
improved over time while others with a favorable outcome at discharge worsened, indicating
that outcomes are not static after discharge. Additionally, education services, mental health
support and pediatric subspecialty consultation were commonly utilized by all survivors
regardless of discharge outcome. Caregiver-reported barriers to healthcare access were
common among survivors independent of discharge outcome.

Half of survivors in our cohort had a favorable outcome at hospital discharge and 64%

had a favorable outcome at long-term follow-up. Fifty-seven percent had a PCPC of 1

at both discharge and long-term follow-up. These data differ from other pediatric OHCA
studies such as THAPCA-OH where 37% of survivors, with broadly normal pre-arrest
neurobehavioral functioning, had a PCPC of 1-2 at hospital discharge.1® THAPCA-OH
included patients who received at least 2 minutes of CPR, were invasively mechanically
ventilated, had a motor GCS <= 4 and had parental consent thus representing a far more
injured cohort than all-inclusive cardiac arrest patient population in our study. Hunfeld and
colleagues prospectively assessed long-term outcomes as standard of care, defined a “good”
outcome as PCPC =1 or 2, and found that 73% of their small OHCA cohort had a good
outcome at 24-month follow-up.® Differences in outcomes in our study may be due to
longer interval between arrest and follow-up or a selection bias due to difficulty successfully
contacting some families. However, comparing demographic and cardiac arrest data between
participants and those survivors who could not be contacted, we did not find significant
differences in most characteristics between groups.

Our data underscore the importance of longitudinal follow-up; 16% of children fared
worse and 14% improved in neurologic function over time. Discharge outcome does not
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necessarily predict long-term outcome. Notably, only 50% of our subjects had a PCPC

> 1 and thus were able to show improvement over time. Cognitive impairments may be
subtle or may not be assessed during the initial period of recovery which may be more
focused on physical rehabilitation. Similarly, other aspects of post-intensive care syndrome,
such as social or emotional impairment, may mask detection of cognitive deficits in the
immediate recovery period. Involvement of neuropsychologists or other skilled professionals
is necessary to detect these subtleties. Our findings among children who survive cardiac
arrest are comparable to the general PICU population who are at risk of ongoing medical
vulnerability, with increasing rates of morbidity and mortality from 9% at discharge to
nearly 21% at 3-year follow-up.2°

Unexpectedly, rates of healthcare utilization and educational support were high in our
sample despite normal median PCPC on hospital discharge. At the same time, one-third

of caregivers reported barriers to accessing services for their child post-arrest. Taken
together, these findings suggest that favorable outcome using the PCPC at discharge

may be insufficient to identify patients who are at risk for longer-term behavioral health

and educational challenges. Furthermore, our findings highlight the need for more robust
post-arrest assessments. The International Liaison Committee on Resuscitation Pediatric
Core Outcomes After Cardiac Arrest guidelines recognize the need to measure consistent
outcomes among cardiac arrest survivors, recommending assessment of brain, cognitive, and
physical function as well as daily life skills using the PCPC and PedsQL.21

Importantly, while the favorable and unfavorable group did not differ in global neurologic
outcome and quality of life measures, including the PCPC, GCS-E Peds, and PedsQL, those
with unfavorable outcomes at discharge had poorer sensory and motor function and, in

a subset with available data, poorer communication and daily living skills. Additionally,
there was a trend toward lower caregiver-reported family functioning in the group with
unfavorable outcome. These data support that a more granular assessment at 5-year follow-
up is concordant with gross PCPC score at discharge and emphasize the importance of

using an expanded set of instruments to assess outcomes in this population. Pediatric OHCA
survivors may benefit from screening and targeted interventions to address potential areas of
deficit longitudinally in partnership with caregivers, primary care providers, subspecialists,
therapists, and schools. Our findings highlight the impact of morbidity after cardiac arrest
on both survivors and their families and the importance of identifying children and families
who are at risk for long-term sequelae.

A growing number of pediatric centers have established multidisciplinary neurocritical
care or cardiac arrest follow-up clinics which provide longitudinal follow-up for patients
and families with the intent of improving longer term monitoring and care of this
population.?2-24 Providers have an important role in making families aware of therapy
options and educational supports post-arrest, and in partnering with caregivers to facilitate
access to these resources in order to address the complex array of physical, cognitive,
socioemotional, and family concerns that may arise after OHCA. Systematic approaches
to overcome potential barriers will be important for ongoing support and future success of
these patients.
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Our study has limitations. Based on our ability to reach families we present a convenience
sample of survivors who were primarily white, female, and of higher socioeconomic status.
As such, our findings may not be generalizable to all cardiac arrest survivors. The barriers
to access and impairments in this population may underestimate the unmet needs facing
lower socioeconomic and minority communities. We were unable to contact many eligible
families, likely due to the prolonged time between cardiac arrest and follow-up. Survivor
contact information came from the EHR and was often outdated; this may have been
particularly problematic for caregivers of more diverse socioeconomic backgrounds. The
inability to contact families may not have been random; caregivers of children with medical
complexity or increased morbidity may have been less readily available due to the greater
demands on their time made by raising more impaired or children with better overall
outcomes may no longer be followed in the healthcare system. Additionally, missing data
due to incomplete interviews with participants who paused the telephone interview and/or
did not complete the study instruments that were mailed or emailed posed a challenge.
Finally, 24 patients who were discharged alive had died by the time follow-up occurred.
Inability to assess these patients may have underestimated needs for some patients in the
first years after cardiac arrest. In-person recruitment, interviews at scheduled clinic visits,
and use of mobile devices to complete electronic surveys remotely are alternative strategies
that might improve enrollment numbers and study engagement.

Conclusions

When evaluating long-term outcomes in a cohort of all OHCA cardiac arrest survivors
admitted to a PICU, survivors with unfavorable outcome at discharge have more impaired
function multiple years post-arrest. Survivors with a favorable outcome may also experience
impairments and significant healthcare needs not fully captured by the PCPC. Pediatric
OHCA survivors may benefit from close follow-up and partnership with caregivers to ensure
optimal long-term recovery and access to services to support their recovery.
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v

186 alive at follow-up

24 died prior to follow-up

2 with limited caregiver English proficiency

A 4

177 called

7 in foster care

59 failure to make contact

A 4

41 failure to maintain contact

2 refused to participate after consenting

v

28 declined

A

44 consented and analyzed

Fig. 1-.
Participant screening, enrollment, and attrition.

v

3 insufficient data
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PCPC at Discharge

Distribution of PCPC at Follow-Up

PCPC at Follow Up

PCPC 1
(n=19)

PCPC 1 PCPC 2
(n=9) (n=3)

PCPC 3
(n=1)

0% 10% 208 30% 40% 50% 60% T0% 80% G90% 100%

Fig. 2 —. Distribution of PCPC at long-term follow-up based on Discharge PCPC.
Abbreviations: PCPC, Pediatric Cerebral Performance Category
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