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Abstract

Aim—To describe the 1-year neurobehavioral outcome of survivors of cardiac arrest secondary to 

drowning, compared with other respiratory etiologies, in children enrolled in the Therapeutic 

Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital (THAPCA-OH) trial.

Methods—Exploratory analysis of survivors (ages 1–18 years) who received chest compressions 

for ≥2 minutes, were comatose, and required mechanical ventilation after return of circulation 
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(ROC). Participants recruited from 27 pediatric intensive care units in North America received 

targeted temperature management [therapeutic hypothermia (33°C) or therapeutic normothermia 

(36.8°C)] within 6 hours of ROC. Neurobehavioral outcomes included 1-year Vineland Adaptive 

Behavior Scales, Second Edition (VABS-II) total and domain scores and age-appropriate cognitive 

performance measures (Mullen Scales of Early Learning or Wechsler Abbreviated Scale of 

Intelligence).

Results—Sixty-six children with a respiratory etiology of cardiac arrest survived for 1-year; 

60/66 had broadly normal premorbid functioning (VABS-II ≥ 70). Follow up was obtained on 

59/60 (30 with drowning etiology). VABS-II composite and domain scores declined significantly 

from premorbid scores in drowning and non-drowning groups (p <0.001), although declines were 

less pronounced for the drowning group. Seventy-two percent of children had well below average 

cognitive functioning at 1-year. Younger age, fewer doses of epinephrine, and drowning etiology 

were associated with better VABS-II composite scores. Demographic variables and treatment with 

hypothermia did not influence neurobehavioral outcomes.

Conclusions—Risks for poor neurobehavioral outcomes were high for children who were 

comatose after out-of-hospital cardiac arrest due to respiratory etiologies; survivors of drowning 

had better outcomes than those with other respiratory etiologies.
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INTRODUCTION

Multicenter or population-based studies of pediatric out-of-hospital cardiac arrest (OHCA) 

are limited. In a recent, prospective, multicenter, randomized controlled trial, Therapeutic 

Hypothermia after Pediatric Cardiac Arrest, Out-of-Hospital (THAPCA-OH), the efficacy of 

two targeted temperature management strategies [therapeutic hypothermia (33°C) to 

therapeutic normothermia (36.8°C)] was examined. Children recruited to THAPCA-OH 

were comatose and required mechanical ventilation after return of circulation (ROC), and 

were at high risk for neurologic disability. Trial results showed that neither treatment arm 

conferred a significant benefit on survival with favorable functional outcome. (1)

Planned secondary analyses of this trial found substantial neurobehavioral morbidity in 

survivors one year later. (2, 3) Neurobehavioral outcomes included caregiver-reported 

functional skills in a range of domains [Vineland Adaptive Behavior Scales, Second Edition 

(VABS-II)] and age-appropriate cognitive performance measures (Mullen Scales of Early 

Learning or Wechsler Abbreviated Scale of Intelligence). While many children displayed 

severe to profound impairments on these measures, there was a range of outcomes; half 

functioned broadly within normal limits (within 2 SD of VABS-II means) and one third 

functioned similarly well on cognitive testing. Variables associated with worse outcome 

included older age and respiratory (compared with cardiac) etiologies. Neither reported 

outcomes separately for children with OHCA secondary to drowning or other respiratory 

etiologies.
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Drowning cases enrolled in THAPCA-OH were described in secondary studies. (4, 5) 

Hypothermia did not confer significant outcome benefit in comparison with normothermia 

and there was a high rate of culture-proven bacterial infection in both groups. (4) Among 

respiratory etiologies, drowning was associated with better outcomes. (5) Similarly, in an 

observational cohort, children with drowning etiologies were more likely to survive to 

hospital discharge compared to all other OHCA etiologies. (6) This cohort included children 

with lower risk for poor neurological outcome than those enrolled in the THAPCA-OH trial; 

all children with ≥ 1 minute of chest compressions were included (versus ≥ 2 minutes with 

coma after ROC in THAPCA-OH). Detailed neurobehavioral outcomes were not examined 

in these reports.

In a broader group of children with OHCA due to drowning, who received emergency 

medical services, most had unfavorable short-term neurologic outcome. (7) Long-term 

outcomes, however, varied in a similar group. Suominen and colleagues explored 

neurobehavioral outcome several years after OHCA due to drowning in children resuscitated 

and then admitted to intensive care. In that group, 57% had neurological dysfunction and 

40% had below average full-scale IQs; (8) longer submersion time was associated with 

worse cognitive outcome. There is also evidence that length of resuscitation is predictive of 

global outcome after drowning in children. (9)

To date, no study has examined detailed neurobehavioral outcomes one year after pediatric 

OHCA due to drowning or other respiratory etiologies, in children who remained comatose 

following ROC. Better understanding of the range of outcomes and outcome predictors in 

these children would be helpful for neuroprognostication. The objective of this study, 

restricted to a distinct and well-characterized sub-group of THAPCA-OH enrolled subjects 

who survived for at least one year, is to compare neurobehavioral outcomes in OHCA cases 

due to drowning with those due to other respiratory etiologies. Based on the limited 

literature available, we hypothesized that children with OHCA due to drowning would have 

better neurobehavioral outcomes than those with OHCA due to other respiratory etiologies.

METHODS

Study Setting and Population

The THAPCA-OH trial was conducted in 36 pediatric intensive care units (PICUs) in the 

United States (U.S.) and Canada from September 1, 2009 through December 31, 2012. 

Details of the THAPCA-OH trial were previously published. (10, 11) The trial was approved 

by the Institutional Review Boards at all sites, the Data Coordinating Center, and Outcome 

Center.

Children >48 hours and <18 years of age who had an OHCA with chest compressions for ≥2 

minutes, and required mechanical ventilation after ROC met the original trial inclusion 

criteria. Major exclusion criteria for the THAPCA-OH Trial included the inability to be 

randomized within 6 hours of ROC, a Glasgow Coma Scale motor score of 5 or 6, a decision 

by clinicians to withhold aggressive treatment, OHCA due to trauma, and drowning in ice 

water. The inclusion and exclusion criteria are detailed in the primary outcome paper 

supplemental appendix. (1)
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Of the 66 survivors who had respiratory etiologies, 60 had pre-OHCA VABS-II scores ≥70 

and were eligible for the THAPCA-OH primary outcome analysis. This report analyzes 1-

year neurobehavioral outcomes in 59 of these 60 survivors who were recruited from 27 of 

the 36 THAPCA-OH PICU sites. Children were grouped based on reported OHCA etiology 

(drowning versus other respiratory etiology).

Measures

Neurobehavioral Functioning

Vineland Adaptive Behavior Scales, Second Edition (VABS-II): (12) VABS-II measures 

caregiver report of functional skills and provides age-corrected standard scores [mean=100, 

standard deviation(SD)=15] in four domains (communication, daily living, socialization, 

motor skills) and an overall adaptive behavior composite. Higher scores denote better 

functioning. In THAPCA-OH, a favorable outcome was defined as a score within 2SD of the 

age-corrected standard score mean (≥70). Each domain includes several subdomains with 

developmentally sequenced items, starting with skills typically observed in infancy. VABS-II 

includes a parent/caregiver rating form and a survey interview (using caregiver as informant) 

that yield comparable scores. (12)

Cognitive Performance

Wechsler Abbreviated Scale of Intelligence (WASI): (13) WASI measures intellectual or 

general cognitive functioning. Normative data are based on a standardization sample highly 

representative of the English-speaking United States population aged from 6–89. The 

Vocabulary subtest requires individuals to orally define words. The Matrix Reasoning 

subtest, a measure of non-verbal fluid reasoning, requires individuals to view incomplete 

gridded patterns and select correct responses. Age-corrected standardized t-scores are 

available for both. When combined, these subtests yield age-corrected standard scores 

(mean=100, SD=15) for general intellectual functioning (Full Scale IQ).

Mullen Scales of Early Learning (Mullen): (14) The Mullen, a measure of cognitive 

functioning designed for infants and young children, has four scales (visual reception, fine 

motor, receptive language, and expressive language). Normative data are available through 

age 5-years-8-months. Age-corrected standardized scores are available for each scale as t-

scores and for overall early learning composite as a standard score.

For this report, all t-scores (Mullen and WASI) and v-scores (VABS-II) were transformed to 

standard scores. Scores >115 are above average, 85–115 are average, 70–84 are below 

average, and 50–69 are well below average. The lowest possible Mullen composite score is 

49. For Mullen scales, raw scores below the lowest score on the normative table for age were 

referred to as lowest possible scores.

Other Descriptive Measures

Family Assessment Device: (15) Pre-OHCA family functioning was measured using the 

General Functioning Scale of the Family Assessment Device (FAD), a 12-item self-reported 

measure, scored 0–4; scores ≥2 indicate abnormal functioning.
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Pediatric Cerebral Performance Category (PCPC) and Pediatric Overall Performance 
Category (POPC): (16, 17) PCPC measures neurological functioning whereas POPC 

measures overall health (including neurological functioning). Although these clinician-rated 

scales (scored 1–6 with lower scores associated with better function) provide no detailed 

measurements, they have often been used to report pediatric cardiac arrest outcomes, and 

facilitated comparison between THAPCA-OH and other studies. (18)

Procedures

Within 24 hours of enrollment, a primary caregiver completed the VABS-II rating form to 

determine pre-OHCA baseline functioning. Site research coordinators reviewed instructions 

for form completion and responses for accuracy. In some cases, coordinators read items to 

caregivers and recorded responses. Demographic variables (age, sex, race, ethnicity, 

caregiver education level, and family functioning) were collected. Premorbid neurological 

and overall functioning (PCPC/POPC) was rated by research staff using medical records or 

caregiver report. OHCA-related variables (etiology, epinephrine doses, randomization 

treatment) were collected.

One year following OHCA, a trained research assistant at one site (Kennedy-Krieger 

Institute, Baltimore, MD), unaware of treatment group assignment, conducted a semi-

structured telephone interview to assess neurobehavioral function (including VABS-II). 

Subsequently, children participated in on-site cognitive testing. Children ≥6 years who were 

reported to have no consistent means of functional communication on the 1-year VABS-II 

did not undergo additional testing and were assigned lowest possible scores for outcome 

analyses.

Data Analysis

Change in VABS-II scores were calculated for each child (1-year – pre-OHCA score). 

Distributions of continuous variables were compared between groups using the Wilcoxon 

rank sum test. Signed rank tests were used to test differences between two continuous 

variables (e.g. between premorbid and 1-year scores). Categorical variables were examined 

using Fisher’s exact test or the Cochran-Armitage test for trend. Standard linear regression 

models were employed to predict 1-year VABS-II score. Predictor variables included 

premorbid continuous and categorical factors. A multivariable regression model was fit 

using premorbid predictors which showed an association (p<0.05) in univariate models. No 

adjustments for multiple comparisons were made in these analyses. All analyses were 

performed using SAS software, version 9.4 (SAS Institute).

RESULTS

Demographics and Pre-OHCA Baseline Functioning

Thirty children were included in the Drowning group and 29 in the Other Respiratory 

Etiology (Other) group. Of the 29 children in the Other group, etiologies were classified as 

non-drowning asphyxia for eleven, near-miss sudden infant death syndrome for five, apnea 

for three, and other respiratory causes (e.g., asthma, tracheostomy tube issue, pneumonia, 

smoke inhalation) for ten.
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Demographic variables are described in Table 1. Age distribution did not differ significantly; 

19/30 (63%) of the Drowning group and 16/29 (55%) of the Other group were <4 years at 

randomization. At 12 month follow up, ages ranged from 1.1 to 16.9 years. The majority 

were white and not Hispanic. Mean premorbid VABS-II scores were average for age. Almost 

all children had normal PCPC ratings at pre-OHCA baseline.

There were differences in demographic variables between the Drowning and Other groups. 

The Other group had more pre-existing conditions prior to cardiac arrest (primarily due to 

lung/airway disease) and more children with mild to moderate POPC ratings. Additionally, 

fewer children in the Other group had chest compressions administered by a bystander. 

Premorbid family functioning was also perceived as more problematic in this group, 

although the mean scores for both groups were within the normal range.

Neurobehavioral Functioning

Table 2 displays mean pre-OHCA scores, 1-year follow-up, and mean absolute change from 

baseline to follow up for VABS-II adaptive behavior composite and domain scores for the 

Drowning and Other groups. Composite and domain scores declined significantly for both 

groups; however, the Drowning group had significantly smaller declines in overall 

composite [Drowning/Other (median decline) −20.5/−44] as well as communication 

[Drowning/Other (median decline) −20/−51] and motor [Drowning/Other (median decline) 

−18/−54.5] domain scores.

Table S1a and S1b display the distributions of scores for the composite and domains. At 1-

year follow-up, 53% (16/30) of the Drowning group had composite VABS-II scores ≥ 70, 

compared with 31% (9/29) for the Other group. Similar proportions were noted for most 

domains.

Similarly, 43% (13/30) of the Drowning group had composite scores within 1 SD (15 points) 

of their pre-OHCA baselines, in contrast with 14% (4/29) for the Other group. Trends for 

domain scores within 1 SD of baselines were similar [Drowning/Other - Communication 

(33%/17%); Daily Living, (40%/14%); Motor, (48%/14%)]. Within the Socialization 

Domain, the proportion of children within 1SD of baseline was similar between groups 

[Drowning/Other – (30%/28%)].

Figure 1 depicts percentage of children with cognitive functioning [Cognitive composite 

scores (early learning composite from Mullen or 2-subtest composite from the WASI)] in the 

above average, average, below average, and well below ranges, and percentage with lowest 

possible scores (for all cases and separately by etiology group). Forty-eight percent of the 

Drowning group was either not eligible for testing on the WASI or obtained the lowest 

possible Mullen score compared to 68% of the Other group. Similarly, 28% of Drowning 

group obtained scores that were average to above, whereas only 7% achieved average scores 

in the Other group and no child obtained an above average score.

Additional cognitive test performance details are presented in Tables S2 and S3. On Mullen 

Scales, 40% (6/15) in the Drowning group obtained overall composite scores in the average 

range, whereas no child in the Other group (0/17) obtained an average score (Table S2). For 
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the children ≥ 6 years, very few children obtained average WASI scores (Drowning – 10% 

(1/10) and Other – 18% (2/11) (Table S3).

Predictors of Neurobehavioral Outcome

Table 3 displays results of univariate and multivariate regression analyses that examined 

predictors of 1-year VABS-II composite score. In the univariate analyses older age at 

OHCA, number of epinephrine doses, and non-drowning etiology of OHCA were associated 

with worse outcome. No other demographic variables predicted outcome. In a multivariate 

model which included these three predictors, all three variables remained significant and the 

overall model predicted 33% of the variance on the 1-year VABS-II score.

DISCUSSION

This is the first detailed, prospective study of long-term neurobehavioral outcomes in 

pediatric OHCA survivors due to drowning and other respiratory etiologies who were 

admitted to a PICU and remained comatose within 6 hours of ROC. Caregiver-reported 

neurobehavioral functioning declined significantly for all domains, including 

communication, daily living, socialization, and motor skills. Overall, children with drowning 

etiology had better functional and cognitive outcome than those with other respiratory 

etiologies. Older age at CA, number of epinephrine doses, and non-drowning respiratory 

etiology predicted worse neurobehavioral outcome. When controlling for age and number of 

epinephrine doses, drowning etiology continued to be associated with better neurobehavioral 

outcome. Other demographic and CA-characteristics, including witnessed arrest and targeted 

temperature treatment group, were not predictive of outcomes.

Strengths of this study are the prospective design, high follow-up rate, and detailed 

neurobehavioral outcome measures that assess multiple domains of functioning, including 

caregiver-report and objective performance. Our sample was restricted to a well-

characterized group of children who sustained OHCA of respiratory etiology and who were 

comatose within the first several hours after resuscitation (pain localization or 

responsiveness to commands were THAPCA-OH exclusion criteria).

Similar to the results of studies of all survivors of the THAPCA-OH Trial who were eligible 

for the primary outcome, (1–3) this subgroup of children with OHCA due to respiratory 

etiologies have considerable neurobehavioral morbidity, including significant declines in all 

domains of neurobehavioral functioning. Additionally, the majority of these children 

displayed well below average cognitive functioning or were assigned the lowest possible 

score. It is important to emphasize that the THAPCA-OH group was limited to children at 

very high risk for severe neurological injury after CA as inclusion criteria mandated at least 

two minutes of chest compressions and a GCS motor score of <5 after ROC. As a result, 

while our findings can help clinicians tasked with early prognostication to better understand 

the range of neurobehavioral outcomes in children at highest risk for neurobehavioral 

morbidity after OHCA due to drowning and other respiratory etiologies, they cannot be 

generalized to all OHCA survivors with respiratory etiologies. This point is highlighted by 

comparing drowning survivors from this report to a recent study of very long term 

neurocognitive outcome (median of 8 years) in 21 surviving children who required CPR 
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after drowning. (8) In that study, only 4/20 (5%) had cognitive composite scores of <70, 

whereas 15/25 (60%) in our study fell into that category.

Despite the poor averaged group outcomes, it is important to emphasize that we found a 

broad range of outcomes, with 20% of cases displaying above average cognitive function in 

the Drowning group. Moreover, overall neurobehavioral outcomes were better in the 

Drowning group compared to those with other respiratory etiologies. While only children 

with broadly normal pre-OHCA baseline neurobehavioral functioning were included, more 

children in the Other group had pre-existing medical conditions that may have impacted 

recovery over the course of the 12 month follow-up period. Pre-OHCA family functioning 

was also significantly better in the Drowning group. Despite these differences, neither pre-

existing conditions nor premorbid family functioning were significant predictors of 12-

month outcome in the regression analyses.

Drowning etiology was associated with better outcome, even after controlling for other 

significant predictors of outcome (age and epinephrine doses). Better outcome following 

drowning relative to other OHCA etiologies has been previously reported. (4, 5) While 

previous reports cannot be directly compared to our population, as we only examined 

survivors, it is possible that those with certain respiratory etiologies (such as asthma) had a 

significant period of hypoxia due to respiratory distress prior to OHCA and therefore may 

have incurred a more severe hypoxic insult.

Other variables associated with worse outcome included older age and more epinephrine 

doses. The association between older age and worse outcome is consistent with findings 

from the larger group of THAPCA-OH survivors. (2, 3) In part, this association could reflect 

age-related differences in the sensitivity of the test measures, i.e., VABS-II scores may 

reflect less impairment at the younger age since expectations for functional skills are 

minimal in very young children and deficits relative to peers become more apparent over 

time. Greater number of epinephrine doses was associated with worse outcome at 12 

months, congruent with prior studies. Higher number of epinephrine doses has been 

consistently associated with mortality following pediatric CA. (6, 19, 20) In survivors of the 

THAPCA-OH with normal premorbid functioning, number of epinephrine doses was 

associated with 12 month VABS-II scores in univariate analysis, and remained a significant 

predictor of outcome in a multivariate model controlling for age, etiology (respiratory, 

cardiac, or other). (3)

Our results need to be considered in the context of several limitations. The sample sizes are 

small and the Other group includes a range of etiologies which makes interpreting 

differences from the Drowning group difficult. Data collection in the THAPCA-OH protocol 

did not include some sources of variation in patient characteristics and treatment that could 

influence outcome (e.g. submersion duration for the Drowning group, EMS response time, 

temperature upon arrival, neuroimaging abnormalities, seizure burden, duration of coma, 

medications, rehabilitation services received). Moreover, the limited number of children 

aged >6 years who were eligible for testing precluded meaningful analysis of functioning in 

specific neuropsychological domains (e.g., executive functions, memory).
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Conclusion

In this population of children who incurred OHCA due to respiratory etiologies and were 

comatose after resuscitation, and were enrolled in the THAPCA-OH trial, there was 

substantial neurobehavioral morbidity one year later. Younger age, fewer doses of 

epinephrine, and drowning etiology (versus all other respiratory etiologies) were associated 

with better 12-month neurobehavioral outcomes.
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Figure 1. 
Overall Cognitive Performance 1 year after OHCA by etiology
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Table 1

Demographics by Group

Primary respiratory etiology

P-valueDrowning (N = 30) Other (N = 29)

Age at Randomization (years): Mean (SD) 4.6 (4.16) 5.1 (5.41) 0.4261

Male 21 (70.0%) 21 (72.4%) 1.0002

Race 0.2042

 Black or African American 7 (23.3%) 9 (31.0%)

 White 20 (66.7%) 13 (44.8%)

 Other/Unknown 3 (10.0%) 7 (24.1%)

Ethnicity 0.7942

 Hispanic or Latino 6 (20.0%) 4 (13.8%)

 Not Hispanic or Latino 23 (76.7%) 23 (79.3%)

 Stated as Unknown 1 (3.3%) 2 (6.9%)

Caregivers highest education received 0.6663

 Some high school or less 6 (20.0%) 7 (24.1%)

 High school graduate or General Educational Development (GED) 7 (23.3%) 10 (34.5%)

 Vocational school or some college 10 (33.3%) 4 (13.8%)

 College degree 3 (10.0%) 4 (13.8%)

 Graduate or doctoral degree 4 (13.3%) 4 (13.8%)

Average FAD score: Mean (SD) 1.3 (0.42) 1.5 (0.37) 0.0341

Pre-existing Conditions

 Prenatal condition 1 (3.3%) 9 (31.0%) 0.0062

 Lung or airway disease 3 (10.0%) 14 (48.3%) 0.0022

 Congenital heart disease 1 (3.3%) 2 (6.9%) 0.6122

 Gastrointestinal disorder 1 (3.3%) 6 (20.7%) 0.0522

 Neurologic condition 3 (10.0%) 3 (10.3%) 1.0002

 Other 2 (6.7%) 7 (24.1%) 0.0802

 Any pre-existing condition 9 (30.0%) 18 (62.1%) 0.0192

Cardiac arrest witnessed 7 (23.3%) 14 (48.3%) 0.0952

Chest compressions administered by bystander 26 (86.7%) 17 (58.6%) 0.0252

Total number of doses of epinephrine administered by EMS and at hospital4: Mean 
(SD)

2.6 (2.60) 2.1 (1.25) 0.8311

Estimated duration of chest compressions5 0.4253

 Unable to determine 1 (3.3%) 2 (6.9%)

 Up to 15 minutes 9 (30.0%) 10 (34.5%)

 15 to 30 minutes 13 (43.3%) 13 (44.8%)

 More than 30 minutes 7 (23.3%) 4 (13.8%)

Pre-cardiac arrest VABS Adaptive Behavior Composite Score: Mean (SD) 100.8 (12.81) 99.7 (15.87) 0.7961
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Primary respiratory etiology

P-valueDrowning (N = 30) Other (N = 29)

Pre-cardiac arrest PCPC 0.5333

 Normal = 1 29 (96.7%) 27 (93.1%)

 Mild disability = 2 1 (3.3%) 2 (6.9%)

Pre-cardiac arrest POPC 0.0113

 Good = 1 29 (96.7%) 21 (72.4%)

 Mild disability = 2 1 (3.3%) 6 (20.7%)

 Moderate disability = 3 0 (0.0%) 2 (6.9%)

Treatment Assigned 0.1872

 Hypothermia 21 (70.0%) 15 (51.7%)

 Normothermia 9 (30.0%) 14 (48.3%)

First Recorded Temperature6: Mean (SD) 36.6 (1.58) 36.3 (1.35) 0.4661

1
P-value is based on the Wilcoxon rank-sum test.

2
Fisher’s exact test.

3
Two-sided Cochran-Armitage test for trend.

4
The number of doses of Epinephrine received was missing for one patient in the ‘Other’ group.

5
The category ‘Unable to determine’ excluded from p-value calculation.

6
Temperature recorded measured at the time of targeted temperature management or shortly after.
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