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Abstract: 
Racial disparities exist within numerous aspects of medical care, but little is known about racial differences in timing and etiology of mortality in pediatric patients after out-of-hospital cardiac arrest (OHCA). This study aims to describe demographic and clinical variables, with an emphasis on race/ethnicity, among pediatric patients experiencing OHCA to better understand what factors may influence the decision and timing to withdrawal of life-sustaining-therapies (WLST). This study will be a retrospective, observational cohort study including patients <18 years at time of OHCA admitted to UCSF Children’s Hospitals between 2016-2020. Descriptive statistics will be reported along with preliminary analyses of whether an association exists between race, mortality, and timing to WLST. Ultimately this study aims to inform future, larger scale studies on race and outcomes in pediatric OHCA. 

Research question:
How do demographic and clinical factors influence timing of withdrawal-of-life-sustaining therapies in pediatric patients after out-of-hospital cardiac arrest?

Specific aims: 
1) To characterize demographic and clinical data and associations with cause and timing of mortality in pediatric patients experiencing OHCA
2) To identify incidence of early WLST (≤3 days) after pediatric OHCA 
3) To perform a preliminary analysis of how race/ethnicity and language may influence timing of WLST after pediatric OHCA

Significance:
Management of adult patients after cardiac arrest is highly protocolized with substantial research and guidelines to inform evidence-based management and guide neuroprognostication.1,2 Much less research exists on pediatric post-cardiac arrest management, specifically around what tools to use for neurologic prognostication. THAPCA was the first large set of studies to investigate management of pediatric patients after cardiac arrest and found that strict normothermia is no better than hypothermia for preventing mortality and morbidity.3,4 In these studies, the overall mortality rate from out-of-hospital cardiac arrest (OHCA) was high, with a one-year survival rate of only 33%. Brain death or withdrawal-of-life-sustaining-therapies (WLST) due to suspected poor neurologic prognosis were the cause of death in 80% of patients.3 This study suggested that a large burden of mortality after pediatric OHCA can be attributed to WLST. 

We have limited understanding of the clinical variables that are most predictive of later neurologic outcome in pediatric cardiac arrest, and the majority of our evidence is extrapolated from adult literature.5 As pediatric patients often have substantially different risk factors and etiology of cardiac arrest compared to adults, it cannot be assumed that outcomes of pediatric patients can be predicted using the same biomarkers and clinical variables used to prognosticate in adults. Several studies have explored the role of neuromonitoring tools such as EEG678 and brain MRI9 to assist with prognostication after pediatric OHCA, but use of these tools is not universal and the association between neuromonitoring and prognosis is still poorly understood. Due to our nascent understanding of prognostication after pediatric cardiac arrest, recent AHA guidelines suggest at least 72hrs of clinical monitoring post-arrest before formal discussion of neurologic outcome and prognosis.5 

Limited evidence from outside of the United States suggests that in contrast to these recent guidelines, WLST after pediatric cardiac arrest often occurs relatively soon after arrest, possibly resulting in a self-fulfilling prophecy and withdrawal of care in a subset of patients who may have ultimately recovered.10,11 Only one study from the United States has looked at timing of WLST after pediatric OHCA but included relatively old data (from 2005-2013) with limited information about patient demographics such as race, language, and socioeconomic status12 which have been shown to influence timing of WLST adult populations with cardiac arrest13 and other critical illnesses14,15. This study aims to characterize the demographic and clinical variables, with an emphasis on race, that may influence timing and decision-making around WLST after pediatric OHCA within a cohort of patients admitted to two quaternary care children’s hospitals between 2016-2020.  

Methods:
This study is an observational, retrospective, cohort study among all pediatric patients who experienced OHCA within 24hrs prior to admission to UCSF Mission Bay (MB) or Oakland (Oak) pediatric or cardiac ICUs between 1/1/2016-12/31/2020. Descriptive methods will be used to address Aims 1 and 2; analytic methods will be used to address Aim 3. 

Subjects:
The target population is all pediatric patients experiencing OHCA admitted to a hospital for post-arrest management in the United States. The accessible population includes all pediatric patients experiencing OHCA admitted to two major children’s hospitals (UCSF MB and Oak) between 2016-2020. As there are few quaternary care children’s hospitals in Northern California, the patients admitted to UCSF MB and CHO come from a large catchment area including Northern California, southern Oregon, and western Nevada and have broad racial and socioeconomic diversity. 
Cases of cardiac arrest during the specified time interval (2016-2020) will be identified through the Virtual Pediatric Systems (VPS) database at UCSF MB and Oak for all PICU admissions and the Pediatric Cardiac Critical Care Consortium (PC4) database for all CICU admissions. These national databases are used for quality improvement purposes and include the variable “cardiac arrest” as either a reason for admission or complication of admission. Additionally, a search of the electronic medical records through the UCSF Clinical and Translational Science Institute (CTSI) will identify cases of pediatric patients admitted during the specified interval with ICD-10 code I46.9 for cardiac arrest. Demographic and clinical variables will be extracted from the medical records, with clinical data up to June 30, 2021 available for review. For this study, cardiac arrest is defined as a cessation in cardiac perfusion with shockable and non-shockable rhythms including bradycardia requiring CPR with chest compressions for ≥1 minute by bystander or medical provider. OHCA will be defined as occurring outside of an inpatient hospital setting or emergency room. If patients experienced more than one cardiac arrest, the first arrest will be identified as the primary event. 

Summary of inclusion criteria:
· Age <18 at time of arrest
· Arrest occurred between 1/1/2016-12/31/2020
· Admitted to UCSF MB or Oak PICU or CICU for post-arrest management within 24hrs of time of arrest
· Cardiac arrest occurred outside of hospital inpatient admission/ED setting
· CPR for ≥1 minute by medical provider
· ROSC achieved for ≥20 minutes

These proposed strategies for participant selection aimed to recruit a diverse and representative population of pediatric patients who experience OHCA. The population of patients is limited geographically so may not be generalizable to other parts of the country; however, the population has racial, language, and socioeconomic diversity to improve potential generalizability. Additionally, only patients surviving to admission to UCSF will be included, thus a subset of patients with severe cardiac arrest not surviving long enough to transfer will not be included, which may underestimate the overall burden of mortality from pediatric OHCA. 

All data will be collected from existing electronic medical records, with the majority extracted from charts prior to or during the admission for post-cardiac arrest management. For patients transferred back to home institutions due to insurance or geographic reasons, the Care Everywhere function on Epic Systems will be used to determine date and outcome at discharge from the hospital. Mortality prior to discharge from ICU and hospital will be the primary outcome measures of mortality, though all-time mortality will also be noted, limited to records through June 30, 2021 (to extend through December 31, 2021). 





Measurements:
Primary predictor variables:
· Race/ethnicity (as family/self-reported) -> primary predictor variable, sex, age at arrest, language spoken by primary caregivers, zip code (and associated median household income as determined by Census.gov ACS 2015-2019)
Confounding variables:
· Location of admission, witnessed arrest, cause of arrest, duration of CPR (<10 mins; 10 – 30mins, >30 mins), duration to ROSC (<10 mins; 10 – 30mins, >30 mins), doses of code-dose epinephrine given during resuscitation, first monitored rhythm, shockable rhythm, initial pH, initial GCS, initial temp, weight at admission, hospital complications/comorbidities, pre-existing comorbidities
Outcome variables:
· Mortality prior to discharge from hospital -> primary outcome variable, mortality prior to discharge from ICU, mortality (all times) through June 30, 2021, 
· Time interval from date of arrest to date of death (days, categorized as ≤3 days vs. >3 days > primary outcome variable, time interval from admission date to date of death (days)
· Method of death (one of the following): Full resuscitation with re-arrest/cardiovascular collapse, Non-escalation, WLST- neuro reasons, WLST- systemic reasons, both WLST-neuro and WLST-systemic, brain death exam x1 then WLST, brain death exam x2 meeting brain death criteria

All data will be extracted from the electronic medical records by three investigators. An operations manual defining each variable, created prior to data collection, will reduce variability among investigators. For any cases with uncertainty or disagreement, two investigators (both pediatric neurology fellows) will review clinical details until a consensus is reached. For conflicting data present in the medical record, the most detailed account of the clinical scenario will be used (usually the ICU History & Physical note). Furthermore, a randomly generated set of cases will be reviewed by two investigators in full to assess overall interrater reliability and reduce risk of random error. Risk of systematic error may arise from errors or inconsistencies in the medical record but would be expected to affect all patients equally and would be unlikely to contribute to significant changes in the overall results given a relatively large study population. 

Statistical Analysis:

Hypotheses: 
Aims 1 and 2 are descriptive with no a priori hypotheses, though I anticipate a relatively high rate of WLST in the first 3 days post-arrest (~50%) based on pilot data and limited data from prior studies.11,12 

For Aim 3, I hypothesize that there will be no difference in mortality rates among pediatric White vs. Non-White patients after OHCA, based on data analyzing mortality after in-hospital cardiac arrest.16 I hypothesize that White families will have a higher incidence of early WLST compared to non-White families, as seen in adults with other acute conditions15 including cardiac arrest13, but with limited data in pediatrics the association could be in either direction, or may not exist.

The primary predictor variable (race) is a categorical nominal variable and the two primary outcome variables (mortality before hospital discharge and WLST at ≤3 days vs. >3 days) are categorical dichotomous variables. Based on sample size and power, race will either be categorized as a nominal variable (White/Black/Asian/Hispanic/Other) or simplified to White/Non-White, a dichotomous variable. Association between mortality and race and WLST≤3 days and race will be performed with Chi-square tests. All analyses will be two-tailed with an α of 0.05 and β of 0.20.

To mitigate the role of confounding variables, clinical variables will be reported and compared between racial groups to look for any significant differences. Any differences in clinical variables between groups will be accounted for using multivariate analyses. To look at race and association with time to WLST as a continuous variable, a Kaplan-Meier curve would be most appropriate, pending funding for assistance from a statistician for these more complex statistical analyses.

Estimated sample size/confidence interval widths:

Current sample size = 137
64 patients with mortality prior to discharge (46.7%)
Lower bound =38.2%, upper bound=55.4%
CI width =0.17

With my current sample size, I will have the power to detect an 17.2% difference in mortality between White/Non-white patients. If I wanted to detect a 10% difference in mortality rate (or effect size of 10%), and assuming a population of 27% White / 73% Non-white (current ratio in my data), I would have to recruit 1030 patients, which would be possible with additional sites or a wider date range. 

For timing to WLST, I have a smaller population from which to work – in my current sample of patients I have 64 patients who died prior to discharge, 31 of which underwent WLST for neurologic reasons. I can first perform chi-square tests to assess White vs. Non-White patients and relative proportion of patients who underwent WLST-neuro, but that comparison will have very low power (proportion = 48%, with lower bound 36%, upper bound 61%), able to detect an effect size of 25%. Among patients undergoing WLST (either for neurologic or systemic reasons) I likely will be underpowered in this current sample to detect differences in timing at ≤3 vs. >3 days in relation to race, but I will at least give descriptive statistics to inform future studies. 




Ethical considerations:

Given this study involves only chart review for data collection, there will be minimal risk posed to involved participants beyond potential for breach of confidentiality if HIPAA-related data were to be compromised. Patients’ names and medical record numbers will only be available in a secure patient key that will only be distributed temporarily to key investigators before being destroyed. Subsequently, all data will be de-identified as much as possible to avoid unnecessary breach of privacy. All involved investigators have undergone HIPAA and CITI training through UCSF. 

As the study raises questions of disparity and possible racial differences in healthcare outcomes, the findings of this study may spark controversy or may reflect negatively on involved healthcare systems. Ultimately the aim of this work is to identify any racial disparities with the goal of reducing them in future care, but short term may highlight challenging topics that must be handled with care. 
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