
ORIGINAL ARTICLE

A Bayesian Interpretation of a Pediatric Cardiac
Arrest Trial (THAPCA-OH)
Michael O. Harhay, Ph.D.,1,2 Bryan S. Blette, Ph.D.,1,2 Anders Granholm, M.D.,3 Frank W. Moler, M.D., M.S.,4

Fernando G. Zampieri, M.D., Ph.D.,5,6 Ewan C. Goligher, M.D., Ph.D.,7,8,9 Monique M. Gardner, M.D.,10

Alexis A. Topjian, M.D., M.S.C.E.,10 and Nadir Yehya, M.D., M.S.C.E.10

Abstract
BACKGROUND Pediatric out-of-hospital cardiac arrest results in highmorbidity andmortality.

Currently, there are no recommended therapies beyond supportive care. The THAPCA-OH

(Therapeutic Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital) trial compared hypo-

thermia (33.0�C) with normothermia (36.8�C) in 295 children. Good neurobehavioral outcome

and survival at 1 year were higher in the hypothermia group (20 vs. 12% and 38 vs. 29%, respec-

tively). These differences did not meet the planned statistical threshold of P,0.05. To ensure

that a potentially efficacious therapy is not prematurely discarded, we reassessed THAPCA-OH

using a Bayesian statistical perspective.

METHODSWe performed a Bayesian analysis, interpreting the trial in probabilistic terms

(i.e., the probability that therapeutic hypothermia had any benefit, and overall absolute

improvements greater than 2%, 5%, and 10% for 1-year neurobehavioral outcome and

survival). Our primary analyses used noninformative priors, meaning that the analyses

were based on the observed trial data without any information added by the priors.

In the absence of pediatric trials to derive informative prior distributions, we used:

(1) downweighted priors from adult trials; and (2) a previously published set of critical

care priors that span benefit, equipoise, and harm.

RESULTS In the primary analyses, the probability of any benefit from hypothermia was

94% for both the neurobehavioral outcome and survival at 1 year. For both outcomes, the

probability of benefit was .75% for all informative prior integrations with the THAPCA-OH

results, except those with the most pessimistic priors.

CONCLUSIONS There is a high probability that hypothermia provides a modest benefit in

neurobehavioral outcome and survival at 1 year. (ClinicalTrials.gov number, NCT00878644.)
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Introduction

P ediatric out-of-hospital cardiac arrest (OHCA)
has substantial morbidity and mortality.1-4 Early
trials of therapeutic hypothermia compared with

usual care in adult OHCA showed improved outcomes.5,6

Subsequent adult trials comparing therapeutic hypothermia
(33�C) with therapeutic normothermia (37.5�C) or less
hypothermia (36�C), such as the TTM (Target Temperature
Management 33�C versus 36�C after Out-of-Hospital Cardiac
Arrest) trial7 and TTM2 (Targeted Hypothermia versus
Targeted Normothermia after Out-of-Hospital Cardiac
Arrest),8 did not show benefit with hypothermia, whereas
the HYPERION (Therapeutic Hypothermia after Cardiac
Arrest in Nonshockable Rhythm) trial9 (33� vs. 37�C) did
show benefit. For pediatric OHCA, the THAPCA-OH
(Therapeutic Hypothermia after Pediatric Cardiac Arrest
Out-of-Hospital10) trial is, to the best of our knowledge, the
sole randomized trial investigating the impact of therapeu-
tic hypothermia on outcomes in children (ClinicalTrials.gov
number, NCT00878644).

THAPCA-OH suggested that children treated with therapeu-
tic hypothermia (33.0�C) may have a higher proportion of
good neurobehavioral outcome, defined as a Vineland Adap-
tive Behavior Scales second edition (VABS-II) score (scores
range from 20 to 160, with higher scores indicating better
function) �70 (20 vs. 12%; P50.14), and survival at 1 year
(38 vs. 29%; P50.13) than those treated with therapeutic nor-
mothermia (36.8�C). However, because THAPCA-OH used a
frequentist statistical design powered to detect an absolute
improvement of 20% in good neurobehavioral outcome,10,11

it concluded that therapeutic hypothermia “did not confer a
significant benefit in survival with a good functional out-
come at 1 year.”10

Approximately 7,000 children experience OHCA annually
in the United States,3 making recruitment of large sample
sizes for trials difficult. A feasibility study from the Paediat-
ric Intensive Care Audit Network of 33 United Kingdom
and Republic of Ireland pediatric intensive care units con-
cluded that OHCA interventional trials were infeasible on
the basis of low prevalence, despite 50.5% mortality.12

Until other trials are conducted, clinicians must leverage all
available data for decision-making, even when those data
are obtained from underpowered randomized controlled
trials. Therefore, to aid in the interpretation and application
of the THAPCA-OH results for additional research and
guideline consideration, we reanalyzed THAPCA-OH using

a Bayesian statistical framework to provide a probabilistic
interpretation of the efficacy of therapeutic hypothermia in
this population.

Methods
This was an unplanned Bayesian analysis of THAPCA-OH.10

We adhered to the Reporting of Bayes Used in Clinical
STudies guideline13 and followed a standardized Bayesian
framework for reanalyzing critical care trials proposed by
Zampieri et al.14 THAPCA-OH trial data were obtained from
the National Heart, Lung, and Blood Institute Biologic Speci-
men and Data Repository Information Coordinating Center.15

THAPCA-OH

THAPCA-OH was a multicenter trial (n5295 randomly
assigned patients from 38 children’s hospitals) comparing
the efficacy of therapeutic hypothermia (33.0�C) versus
therapeutic normothermia (36.8�C) for 48 hours followed
by slow rewarming and normothermia through 120 hours.
Comatose children .48 hours and ,18 years of age with
OHCA requiring �2 minutes of cardiopulmonary resusci-
tation who needed mechanical ventilation after return of
circulation were eligible. Major exclusion criteria included
inability to randomly assign within 6 hours of return of cir-
culation, Glasgow Coma Scale motor response of 5 or 6,
decision to withhold aggressive treatment, or major trauma
associated with the arrest. Eligible participants were ran-
domly assigned in a 1:1 ratio using permuted blocks strati-
fied according to clinical center and age (,2, �2 to ,12,
and �12 years).

OUTCOMES AND ANALYTIC SAMPLE

In this secondary analysis, we examined the two outcomes
from the original trial for which there were reported treat-
ment effect estimates: (1) the primary outcome of survival
with a good neurobehavioral outcome at 1 year in evalu-
able patients (n5260; 25 were excluded for poor prearrest
neurobehavioral status defined as a VABS-II score ,70
and 10 for missing outcome data); and (2) survival at
1 year (n5287; eight with unknown survival status). Good
neurobehavioral outcome was defined as an age-corrected
standard score on the VABS-II �70 at 1 year of observa-
tion among those with prearrest VABS-II scores �70.10,16

BASICS OF A BAYESIAN REANALYSIS

Bayesian analyses compute the plausible distribution of val-
ues for the treatment effects (termed the posterior probability
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distribution) given the observed trial results (termed
the likelihood function) and, where relevant, prior beliefs
about the plausible range of values for the treatment effect
(termed priors or prior probability distributions).17-21 The use
of noninformative priors means that the posterior depends
on the observed trial data only without any additional in-
formation added by the prior. Informative priors may be
based on previous empirical data or derived to represent a
prespecified range of prior optimism, skepticism, or pessi-
mism about treatment effects. We used all three approaches
(referred to hereafter as noninformative, evidence-based,
and standardized) to specify priors for this study.

BAYESIAN PRIORS

Because THAPCA-OH is a completed trial, we could not pre-
specify our analysis and priors before trial results were
unblinded and published. Thus, our primary analyses exam-
ined the results of the trial using noninformative priors. This
allowed us to evaluate THAPCA-OH in terms of the probabil-
ity of harm and benefit based on the observed trial data with-
out any information added by the priors. Thus, the primary
analysis makes no formal prior assumptions about the treat-
ment effect. In the case of THAPCA-OH, there were few pre-
vious pediatric studies to guide the design of informative
evidence-based priors, except retrospective studies22,23 with
significant heterogeneity and risk of bias. Available adult5,6

and neonatal24,25 cardiac arrest trials reflected distinct popu-
lations from pediatrics. Likewise, systematic reviews and
meta-analyses conducted after THAPCA-OH have yielded
inconsistent results.26-28 Therefore, we took two additional
approaches to determining priors for the current study.

First, we derived three evidence-based priors regarding the
effect of therapeutic hypothermia based on the following: (1)
a recent meta-analysis by Granfeldt et al.29; (2) a weighted
average of the TTM and TTM2 trials30; and (3) the HYPE-
RION trial,9 which included the empirical data we consid-
ered most relevant to THAPCA-OH (Fig. 1A). These are
referred to as Granfeldt, TTM, and Hyperion, respectively.
Each of these was downweighted by 50% (equivalent to dou-
bling the reported variance) because of clinical differences
between adult and pediatric populations. For example, the
Granfeldt meta-analysis reported a log relative risk of ln(1.2)
with a variance of approximately 0.03, and thus the corre-
sponding prior in our analysis had a mean of ln(1.2) and a
variance of approximately 0.06. Only the primary outcome
was examined by using evidence-based priors, as effect sizes
for survival at 1 year were not reported uniformly in all stud-
ies considered.

We next examined an extensive continuum (n59) of stan-
dardized priors previously constructed as part of a Bayesian
framework specific to critical care trials (Fig. 1B and Table
S1; the Supplementary Appendix is available with the full
text of the article at evidence.nejm.org).14 These standard-
ized priors were designed to cover several potential scenar-
ios, from potential harm (i.e., pessimistic priors) to true
equipoise (i.e., neutral priors, including skeptical but neu-
tral priors) to benefit (i.e., optimistic priors). As a result of a
lack of pediatric trial data, for each of the beliefs, we exam-
ined three varying degrees of prior strength: strong, mod-
erate, and weak.

STATISTICAL ANALYSIS

To align with the original analysis, we analyzed the same
population of evaluable participants for both outcomes.10

The results are presented as absolute and relative benefits,
as opposed to absolute and relative risk, to align with
the presentation in the original trial, with higher values
reflecting benefit. Separate Bayesian regression models
were fit for both the neurobehavioral outcome and sur-
vival outcome for each (evidence-based and standardized)
prior distribution. Two types of models are used through-
out this article: (1) evidence-based priors were defined on
the log(relative risk) scale and corresponded to treatment
effect coefficients in log-binomial models; and (2) stan-
dardized priors (in the original publication14) were defined
on the log(odds ratio) scale and corresponded to treatment
effect coefficients in logistic models (Fig. 1). Each model
adjusted for the age group randomization stratification factor
and marginalized across age groups by using g-computation
following the procedure described by Granholm et al.31

Default weakly informative priors were used for the age
group parameter in each model. Regressions were run for
eight Markov chains with 5,000 iterations, including 2,500
warm-up iterations. Model convergence was assessed as pre-
viously described,31 with all diagnostics deemed adequate.

Posterior distributions for the absolute risk benefit and
relative-risk benefit were sampled and plotted for each of
the models. Posterior medians and percentile-based 95%
credible intervals were calculated from each posterior dis-
tribution. To aid clinical interpretation, we also calculated
the probability of a treatment benefit greater than various
clinically meaningful thresholds of the absolute and rela-
tive scale for each prior. Probability of severe harm was
assessed by using a cutoff of20.05 for the absolute benefit
parameter and 1/1.25 for the relative benefit parameter. All
analyses were performed in R version 4.1.2 (R Foundation
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for Statistical Computing), and all Bayesian regressions
were fit using Stan version 2.21.0 with the R interface to
stan and the brms R package.32 All R code used in the anal-
ysis is publicly available.33

Results
For the primary outcome, as in the original trial, 260 trial
participants were evaluated and had a VABS-II score �70

before OHCA. The frequency of the composite outcome
of survival with a good neurobehavioral outcome at 1 year
was 20% in the therapeutic hypothermia group and 12%
in the therapeutic normothermia group, resulting in a fre-
quentist relative benefit of 1.54 (95% confidence interval,
0.86 to 2.76; P50.14) or an absolute improvement of 7.3
percentage points (95% confidence interval,21.5% to 16.1%)
as previously reported.10 Under a noninformative prior, the
posterior probability of any improvement in survival with a
good neurobehavioral outcome was 94%, the posterior
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Figure 1. Priors Used for the Bayesian Reanalysis of the THAPCA-OH Trial.10
Evidence-based (Panel A) and standardized (Panel B) priors used for the Bayesian reanalysis of the THAPCA-OH Trial.10 A corresponding
summary of the standardized priors is provided in Table S1 and adapted from Zampieri et al.14 Representations of the priors on the absolute
risk difference scale are provided as dashed lines in Figures 3 and 4. Note that log(relative benefit, [RB]) and log(odds ratio, [OR])50 are the
same as RB and OR51. ln(OR)51 is the same as ORffi2.7. Granfeldt refers to the recent meta-analysis by Granfeldt et al.,29 and Hyperion
refers to the HYPERION (Therapeutic Hypothermia after Cardiac Arrest in Nonshockable Rhythm) trial.9 ESS denotes effective sample size;
THAPCA-OH, Therapeutic Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital; and TTM, Targeted Temperature Management trials.30
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probability of any harm was 6% (Fig. 2A), and the posterior
median absolute benefit was 6.8 percentage points (95%
credible interval, 21.9 to 15.4), similar to the frequentist esti-
mate provided in the original article (Table 1). The posterior
probability of a relative benefit .1.1 in survival with good
neurobehavioral outcome was 88%. The posterior probability
of improved survival at 1 year was also 94% (Fig. 2B). Results
of the noninformative prior analysis on the relative scale are
presented in Figure S1.

We next examined how THAPCA-OH would be inter-
preted across our three evidence-based priors and a range
of theoretical standardized priors (Fig. 1 and Table S1).
Our Bayesian analyses using evidence-based priors (Fig. 3,
Fig. S2, and Table 1) yielded largely the same conclusions
as those from the standardized framework (Fig. 4, Fig. S3,
and Table 1). In particular, the analysis showed strong evi-
dence of benefit under the Granfeldt- and Hyperion-based
priors, which were similar to optimistic standardized

priors (Fig. 4), with posterior probabilities of any benefit
.90% and �85% for a relative benefit of .1.1. Under the
TTM prior, benefit (66%) was more likely than harm
(34%), but large benefits were unlikely, mimicking the
conclusions from the strong neutral prior analysis.

Each standardized prior and resulting posterior probability
distribution are depicted in Figure 4 and Figure S3. It is
noteworthy that the standardized optimistic prior mean is
lower than the observed log(odds ratio) from THAPCA-OH;
that is, even the standardized optimistic priors are pulling
the posterior probability distributions toward the null. Table 1
shows that only the moderate pessimistic and strong pessi-
mistic priors result in trial interpretations of a low probabil-
ity of any benefit (47% and 16% probabilities, respectively).
All other priors suggest probabilities upward of 75% of any
benefit. Higher benefits become increasingly limited to the
weak neutral prior and the optimistic priors once increasing
to an absolute benefit of 2% or relative benefit of .1.1.
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Figure 2. Posterior Probability Distributions from a Bayesian Analysis on the Absolute Benefit (i.e., Risk)
Difference Scale Using a Noninformative Prior.

Bayesian analysis of the THAPCA-OH (Therapeutic Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital) trial.10 Panel A depicts
the Bayesian posterior probability distribution for the primary composite outcome of good neurobehavioral outcome at 1 year. Panel B
depicts the posterior probability distribution for the secondary outcome of 1-year survival. The legend indicates the shading of the
posterior probability distribution indicating different trial interpretations. For example, the light blue shading to the right of a null value
of 0 on the x-axis indicates that 94% of the probability distribution supports a trial interpretation of an absolute benefit difference .0.
The two darker blue shades indicates the region of the posterior probability distribution congruent with an interpretation of harm.
Probability of severe harm (�1% for both outcomes) of the therapeutic hypothermia treatment was assessed using a cutoff of 20.05 for
the absolute benefit parameter. Figure S1 presents these results on the relative benefit scale. P denotes probability.
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Stated differently, there is a probability of some benefit
regardless of the selected prior. Results for the Bayesian
analysis for 1-year survival had nearly identical numerical
values and interpretation (Tables S2 and S3 and Figs. S4
and S5).

Discussion
This reexamination of THAPCA-OH through a Bayesian
perspective showed that, in children with OHCA,

treatment with therapeutic hypothermia has a high proba-
bility of good neurobehavioral outcome and survival at 1
year relative to therapeutic normothermia. This result was
consistent across several informative priors. Although the
95% credible interval for the estimate of absolute improve-
ment with a noninformative prior included zero (21.9 to
15.4), from a Bayesian standpoint, this estimate shows a
high probability of benefit from treatment (specifically,
94%). In contrast, when frequentist confidence intervals
include zero, this merely signifies that the null hypothesis
cannot be rejected, and no additional inference about
treatment benefit is permitted. In Bayesian analyses, the

Median ABD = 4.4
95% CrI: (−1.2, 10.3)

Median ABD = 7.0
95% CrI: (−0.9, 14.7)

Median ABD = 0.5
95% CrI: (−1.9, 2.9)
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Figure 3. Bayesian Reanalysis Using Evidence-Based Priors.
Reanalysis of the THAPCA-OH (Therapeutic Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital) trial10 using the evidence-based
priors (dashed line) described in the Methods section. The solid line and shaded distribution represent the updated trial interpretation (i.e.,
posterior probability distribution of the absolute benefit [i.e., risk difference] of the primary outcome of good neurobehavioral outcome in
THAPCA-OH when incorporated with each prior). Light blue indicates the region of the updated posterior probability distribution congruent
with an interpretation of benefit (i.e., absolute benefit difference [ABD].0). Dark blue indicates the region of the updated posterior
probability distribution congruent with an interpretation of harm (i.e., ABD ,0). Figure S2 presents these results on the relative benefit
scale. Granfeldt refers to the recent meta-analysis by Granfeldt et al,29 and Hyperion refers to the HYPERION (Therapeutic Hypothermia
after Cardiac Arrest in Nonshockable Rhythm) trial.9 CrI denotes credible interval; and TTM, Targeted Temperature Management trials.30
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posterior probabilities complement the credible intervals
by indicating how much of the probability density lies
above or below zero (or any clinically relevant threshold
value) and thus clarify the strength of the evidence in sup-
port of treatment benefit or harm. With the noninformative
prior, the probability of any benefit from hypothermia was
94% for both neurobehavioral outcome and 1-year sur-
vival. Our interpretation of these numbers is that, although
harm from therapeutic hypothermia cannot be ruled out,
the risk of harm, given these data, is low (6%). Decisions
about treatment based on these probabilities must incorpo-
rate additional considerations about the intervention, such

as other risks, costs, prognosis, and patient or family pref-
erences. By directly addressing the primary question raised
by patients and clinicians — what are the probabilities of
benefit and harm? — Bayesian posterior probabilities maxi-
mize the information available from trials for clinical deci-
sion-making.

Indeed, the possibility of a Bayesian reanalysis for
THAPCA-OH was suggested in the first letters responding
to its publication,34 an intuitive recognition that describing
therapeutic hypothermia as “not confer[ing] a significant
benefit in survival with a good functional outcome at one

Median ABD = 5.2
95% CrI: (−1.6, 12.1)

Median ABD = 6.6
95% CrI: (−2.1, 15.3)

Median ABD = 2.9
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Median ABD = 3.4
95% CrI: (0.2, 6.8)
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95% CrI: (−2.8, 6.3)
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95% CrI: (−5.0, 1.6)
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Figure 4. Bayesian Reanalysis Using Standardized Critical Care Priors.
Reanalysis of the THAPCA-OH (Therapeutic Hypothermia after Pediatric Cardiac Arrest Out-of-Hospital) trial10 using the standardized
critical care priors (dashed line) from Zampieri et al.14 and summarized in Table S1. The solid line and shaded distribution represent the
updated trial interpretation (i.e., posterior probability distribution of the absolute benefit [i.e., risk difference] of the primary outcome of
good neurobehavioral outcome in THAPCA-OH when incorporated with each prior). Light blue indicates the region of the updated
posterior probability distribution congruent with an interpretation of benefit (i.e., absolute benefit difference [ABD] .0). Dark blue
indicates the region of the updated posterior probability distribution congruent with an interpretation of harm (i.e., ABD ,0). Figure S3
presents these results on the relative benefit scale. CrI denotes credible interval.
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year” may have been an unfortunate statistical conclusion
required by the traditional frequentist framework when, in
fact, a potentially important clinical benefit was not ruled
out. The original publication noted this possibility in the
discussion,10 and such a conclusion is supported by our
Bayesian analysis and a previous analysis by Tasker and
Akhondi-Asl.35 THAPCA-OH is not unique in this regard
and is one of several recently published critical care trials
that has stirred debate about trial interpretation and led to
concern that a promising therapy could be discarded.
Other examples include ANDROMEDA-SHOCK,36 EOLIA
(ECMO to Rescue Lung Injury in Severe ARDS),37 and the
COVID STEROID 2 (Higher vs. Lower Doses of Dexameth-
asone in Patients With COVID-19 and Severe Hypoxia)
trial,38 all of which identified a sizeable improvement in out-
comes that were not statistically significant using a frequent-
ist approach. Although any missed intervention for an illness
is a loss to society and a failure of medical research, the pub-
lic health impact of pediatric OHCA alongside limited ran-
domized trials, as well as the difficulty or inability to conduct
new trials, make the failure to fully consider the clinical utility
of therapeutic hypothermia especially salient.

There are currently no therapies to improve outcomes
from pediatric OHCA beyond supportive care. Differences
in the etiology, arrest characteristics, and outcomes of
pediatric OHCA3 make extrapolation of adult data prob-
lematic, as the relative risks and benefits of a particular
therapy, including therapeutic hypothermia, cannot be
assumed to be parallel to those of adults. Trial outcomes
and rehabilitation trajectories likely differ between chil-
dren and adults as the pediatric brain is still developing at
the time of cardiac arrest, thus making the need to fully
analyze and interpret the limited pediatric data more com-
pelling. Although THAPCA-OH was a relatively small
trial, the benefit of therapeutic hypothermia was consis-
tent with earlier adult trials,5,6 as well as the more con-
temporary adult HYPERION trial, which included initial
presenting rhythms that were more consistent with pediatric
OHCA.9 Our posterior probabilities favored benefit of thera-
peutic hypothermia (at least 75% probability of any benefit
and .50% probability of a relative benefit of .1.1) in all
except the most strongly pessimistic priors. Of importance,
the pessimistic priors provided here are highly unlikely on
the basis of the existing literature. In other words, therapeu-
tic hypothermia was favored over the entire range of plausi-
ble priors informing pediatric OHCA, as no adult or pediatric
data support the substantial harm (relative risk, 0.8 for good
neurobehavioral outcome) reflected by the pessimistic stan-
dardized prior. The pessimistic priors, therefore, are more

appropriately considered a sensitivity analysis reflecting an
extremely unlikely scenario.

In recent years, there has been an increase in Bayesian
trial reanalysis in critical care,14,17,31,39-41 and the number
of trials designed and analyzed primarily under a Bayesian
framework is rising.17,42,43 Undoubtedly, Bayesian analy-
ses can be a helpful tool by which to augment the interpre-
tation of critical care trials.18,19,39-41,44,45 This is both
because the interpretation of results from a trial con-
ducted using frequentist methods can be rigid (i.e., binary)
and, especially in critical care, trial results are sensitive to
improbable assumptions made during the design phase.
As critical care outcomes improve over time, historic epi-
demiologic and outcome data become outdated, affecting
the reasonableness of the inputs for power calculations.
Furthermore, overly optimistic expectations about the
effect of treatments can influence trial design and inter-
pretation.17,46 Of note, our reanalysis showed low proba-
bility, even under optimistic priors, of a beneficial effect of
therapeutic hypothermia as large as the postulated 20%
absolute improvement. It is widely appreciated that such
estimates are speculative. Thus, we believe there are com-
pelling arguments for the continued use of Bayesian meth-
ods to enhance both the design and analysis of trials to
improve the ability of trials to resolve challenging ques-
tions in clinical practice.

There is also a broader debate in the medical community
about interpreting large, but not statistically significant,
effects in trials that stems from confusion and frustration
regarding the meaning — and thus interpretation — of
P values and null hypothesis testing using the frequentist
framework.14,47 Many superiority trials such as THAPCA-OH
are designed assuming a null hypothesis of no treatment
effect. P values then provide evidence of how (in)compatible
trial results are with that assumption, with the common
binary interpretation that P�0.05 is compatible with the null
and P,0.05 is incompatible. Furthermore, P values provide
limited information regarding the size or clinical significance
of the measured treatment effect, which is the underlying
information of interest. As a result, large effects that do
not cross this binary threshold often emerge as highly
controversial. In this specific instance, on the basis of the
THAPCA-OH trial, the International Liaison Committee on
Resuscitation recommends a better frequentist THAPCA-OH
interpretation that there is “inconclusive evidence to support
or refute the use of induced hypothermia (32�C to 34�C)
compared with active control of temperature at normother-
mia (36�C to 37.5�C; or an alternative temperature) for
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children who achieve return of spontaneous circulation
but remain comatose after OHCA or in-hospital [cardiac
arrest].”48 These interpretations show the limitation of using
null hypothesis testing and the misconception that trials
which fail to reach arbitrary P value thresholds are negative.
Such trials may be more accurately termed indeterminate,49

but this precision in language and interpretation is rare in the
abstracts of most trial manuscripts. Consequently, research-
ers, readers, and editors often equate trials with P.0.05 as
providing no evidence regarding the true treatment effect or,
worse, suggesting that it provides evidence of intervention
inefficacy.50 As we report with THAPCA-OH, which found at
least a 75% probability of any benefit with therapeutic hypo-
thermia under all plausible priors, it is possible for a trial with
P.0.05 to largely support a conclusion of efficacy.

There are limitations to the current analyses. Foremost,
ideally, all analyses should be prespecified — along with
the priors that will be used for Bayesian analyses — before
the trial results are unblinded. When the opportunity for
prespecification is not available, standardization of priors
then becomes a way to minimize potential post hoc bias,
as they encapsulate a wide range of harm and benefit sce-
narios; however, as occurred in our analyses with the pes-
simistic priors, these scenarios are still hypothetical and
may not perfectly capture reality. The additional use of
evidence-based priors helps mitigate this issue. Relatedly,
the sample size of the THAPCA-OH trial was small.
Yarnell et al.41 examined the relationship between Bayes-
ian and frequentist results in critical care trials. Because
frequentist designs generally use a null hypothesis of no
effect, such as in THAPCA-OH, as opposed to an effect
less than a minimal clinically important difference, even
large frequentist trials with highly significant P values can
yield low posterior probabilities of clinically meaningful
benefit if the treatment effects are very small; however,
they also showed that decreases in sample size progres-
sively increased the susceptibility of trial results to varying
priors. In the current study, we can see that our small sam-
ple size led to variable interpretations across the different
standardized priors; therefore, we suggest the strongest
emphasis be placed on the primary analysis that used a
noninformative prior. Second, our reanalysis focused on
the overall, or average, treatment effect and did not exam-
ine heterogeneity of treatment effects. Third, a prior pre-
planned analysis51 pooled THAPCA-OH and THAPCA-IH
(Therapeutic Hypothermia after In-Hospital Cardiac Arrest
in Children), which focused on in-hospital cardiac arrest;
however, we focused only on OHCA, and thus our reanaly-
sis should not be extrapolated to in-hospital cardiac arrest.

In conclusion, a post hoc secondary analysis of THAPCA-OH
in a Bayesian framework using noninformative, evidence-
based, and standardized priors was most consistent with
an interpretation that children who remained comatose
after OHCA and received therapeutic hypothermia had
higher probabilities of a good neurobehavioral outcome
and survival at 1 year than those who received therapeutic
normothermia, supporting the use of therapeutic hypother-
mia after pediatric OHCA.
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