
 

© 2017 American Medical Association. All rights reserved. 

Supplementary Online Content 

 

Laptook AR, Shankaran S, Tyson JE, et al; Eunice Kennedy Shriver National Institute of Child 

Health and Human Development Neonatal Research Network. Effect of therapeutic hypothermia 

initiated after 6 hours of age on death or disability among newborns with hypoxic-ischemic 

encephalopathy: a randomized clinical trial. JAMA. Published October 24, 2017. 

doi:10.1001/jama.2017.14972 

 

eAppendix.Supplementary Material for Bayesian Analyses 

eReferences 

eTable 1. Baseline Characteristics for Infants Lost to Follow-up and With Outcome 

eTable 2. Other prespecified and Exploratory Outcomes (Not Prespecified) 

eFigure. Esophageal Temperature Profile for Each Group 

 

 

This supplementary material has been provided by the authors to give readers additional 

information about their work. 

 



 

© 2017 American Medical Association. All rights reserved. 

eAppendix. Supplementary Material for Bayesian Analyses 

Background Information  

Bayesian inference focuses on the probability of hypothesized treatment effects given the 

observed data. In contrast, classical frequentist statistics focuses on the likelihood that the 

observed (or more extreme) data would be obtained assuming that the null hypothesis is true.  

Frequentist statistics address the question: What is the likelihood that this excess or a larger 

difference between groups would have occurred if the null hypothesis—e.g., that treatment has 

no effect on the outcome--is correct (i.e., the probability of the observed data if the null 

hypothesis, H0, is correct, Pr(data|H0) )? Bayesian statistics addresses a fundamentally different 

question that is more clinically relevant: What is the probability that the intervention has no 

effect on the outcome (or conversely, the probability that it does), given the data obtained in the 

trial and any prior evidence (i.e., the probability that the hypothesis is correct based on the 

observed data, Pr(H0|data)). Bayesian analyses provide direct estimates of treatment effect that 

are not obtainable from conventional frequentist analyses [1,2]. They also provide direct 

estimates of the probability of a treatment effect of a specific magnitude, which may be quite 

important in assessing the probability that the benefits outweigh the hazards or that there is at 

least a minimum clinically important difference.  

In a Bayesian analysis, the probability of treatment effect, either benefit or harm, is estimated by 

combining prior evidence with data from the current study. The result referred to as the posterior 

probability indicates the likelihood of benefit or harm from the treatment being studied. In 

contrast to Bayesian analyses, conventional frequentist analyses do not explicitly incorporate 

evidence from other relevant studies or skepticism about implausible large treatment effects. 

The reader must informally incorporate external evidence on her own when interpreting results 

from a study. 

Concerns about Bayesian analyses have largely been related to choosing an overly optimistic 

prior probability (or a prior based on weak evidence), thus producing overly optimistic posterior 

probabilities of treatment benefit. This concern did not apply to this trial because we utilized a 

neutral estimate of treatment effect (RR = 1.0).  This use of a prior RR of 1.0 in Bayesian 

analyses “shrinks” the RR estimate at the study conclusion closer to the null, resulting in more 

conservative estimates of the treatment effect than with conventional frequentist estimates. We 

also conducted analyses using skeptical (RR=1.1) and enthusiastic (RR=0.72) priors.  

In their statement on p-values, the American Statistical Association states that studies should 

not simply rely on a p-value or statistical significance since neither is a good measure of 

evidence of benefit [3]. They state that where appropriate, results should be supplemented with 

other approaches, including Bayesian methods. These methods are uncontested for evaluation 

of diagnostic tests and have been recommended by the FDA for studies of medical devices [4]. 

Use of Bayesian methods in oncology [5] is widespread, and has also been adopted in NIH 

funded neurological trials (with FDA oversight), including an interventional trial for status 

epilepticus [6]. 
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Description of Bayesian analyses and implementation details 

We used Bayesian log binomial models to analyze the primary outcome of death or 

moderate/severe disability and secondary outcomes of death, severe disability, and mild 

disability. We used a Bayesian linear regression model to analyze Bayley cognitive scores. All 

models included stratifying variables post-natal age (≤12; >12 hours) and stage of 

encephalopathy at randomization (moderate; severe).  

In the log binomial models, we used Normal(0, sd=0.35) neutral priors (normal distribution) in 

the log relative risk (RR) scale for the treatment group (hypothermia or non-cooling), which have 

a 95% prior interval of 0.5–2.0 in the RR scale. This prior is based on the largest likely effect 

size identified for major outcomes in randomized trials. For the intercept term, we used a 

Normal(0,10) prior and a weakly informative Normal(0,1) priors for all other parameters in the 

model (excludes RR > 7  or < 0.14). An enthusiastic prior of Normal(log(0.72), sd=0.35) and 

skeptical prior of Normal(log(1.1),sd=0.35) were also used for the primary and secondary 

outcomes. For these models we report posterior medians and 95% credible intervals (CrI) for 

the RR. 

In linear regression models of the Bayley cognitive scores, a Normal(0, sd=5) neutral prior was 

used for the group mean difference, which was based on the data observed in the previous 

NRN hypothermia trial [7]. In the same models, a Normal(0, sd=20) prior was used for the 

intercept and a Normal(0, sd=10) for the other covariates. For these models, we report posterior 

means and 95% CrI for group differences. 

We fitted all Bayesian models via Markov chain Monte Carlo methods (MCMC) using JAGS 

(version 4-6) [8] and OpenBUGS (3.2.3) [9] through R (version 3.2.5) [10]. For each analysis, 

we ran 3 MCMC chains with starting values randomly drawn from the estimated parameters 

from a frequentist log binomial model. A burn-in of 1,000 iterations was used, with sampling 

from a further 10,000 iterations for each chain. To monitor convergence, trace plots and the 

Gelman-Rubin convergence diagnostic (Rhat) were used for all parameters.  

For all analyses, the trace plots show good mixing of the 3 chains with Rhat < 1.01 for all 

parameters, indicating convergence. 
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eTable 1. Baseline Characteristics for Infants Lost to Follow-up and With Outcome 
Characteristic Lost to follow-up With outcome p 

valuea 
 N  N   

Age at randomization hrs – mean (sd) 11 16 (6) 157 15 (5) 0.58 

 Randomization at ≥ 6 to ≤ 12 h – n (%) 11 3 (27.27%) 157 51 (32.5%) 
>.99 

 Randomization at > 12 to 24 h – n (%) 11 8 (72.73%) 157 106 (67.5%) 

Transferred from birth hospital – n (%) 11 11 (100%) 157 135 (86.0%) 0.36 

 In hospital setting – (%) 11 11 (100%) 135 133 (98.5%) >.99 

 Out of hospital setting – (%) 11 0 (100%) 135 2 (1.5%)  

Infant characteristics      

 Gestational age (wks) – mean (sd) 11 39 (2) 157 39 (1) 0.24 

 Birth weight gr- mean (sd) 11 3352 (699) 157 3340 (531) 0.94 

 Length cm- mean (sd) 11 51 (4) 155 51 (3) 0.87 

 Head circumference cm- mean (sd) 11 35 (2) 154 34 (2) 0.62 

 Male sex - no. (%) 11 7 (63.6%) 157 95 (60.5%) >.99 

Delivery Room – n (%)      

 Intubation in delivery room 11 5 (45.5%) 155 87 (56.1%) 0.54 

 Chest compressions 11 2 (18.2%) 155 42 (27.1%) 0.73 

 Medications 11 1 (9.1%) 155 19 (12.3%) >.99 

 Continued resuscitation at 10 min 11 6 (54.6%) 154 110 (71.4%) 0.31 

 Time to spontaneous  
     respirations > 10min 

11 4 (36.4%) 152 54 (35.5%) >.99 

Apgar score - (median,Q1-Q3, % < 5)      

 1 min after birth 11 (2,1-2,100%) 156 (2,1-2,84.0%) 0.77 

 5 min after birth 11 (4,3-5,54.55%) 157 (4,3-6,50.3%) 0.94 

 10 min after birth 9 (4,3-5,54.55%) 131 (6,4-7,27.5%) 0.88 

 20 min after birth 4 (7,6.5-8,0%) 28 (7,5.5-7,10.7%) 0.51 

Cord Blood – mean (sd)      

 pH 10 6.99 (0.24) 116 6.97 (0.15) 0.76 

 pCO2 (mmHg) 7 77.9 (32.3) 102 80.6 (28.1) 0.8 

 pO2 (mmHg) 7 33.3 (33.2) 93 24.5 (22.0) 0.33 

 Base deficit (mEq/L) 6 15.3 (8.1) 97 14.3 (5.4) 0.65 

1st post-natal hour – mean (sd)      

 pH 11 7.15 (0.17) 147 7.16 (0.15) 0.83 

 pCO2 (mmHg) 11 36.1 (11.4) 147 39.4 (17.3) 0.54 

 pO2 (mmHg) 11 107.6 (82.3) 146 97.7 (70.7) 0.66 

 Base deficit (mEq/L) 11 14.9 (6.0) 144 14.1 (6.7) 0.69 

At randomization (prior to or at baseline) 
 n (%) 

     

Encephalopathy      

 Moderate encephalopathy 11 9 (81.8%) 157 142 (90.5%) 
0.31 

 Severe encephalopathy 11 2 (18.2%) 157 15 (9.6%) 

Seizures 11 9 (81.8%) 157 110 (70.1%) 0.51 
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Anticonvulsants 9 7 (77.8%) 141 95 (67.4%) 0.72 

Volume expansion 11 2 (18.2%) 157 58 (36.9%) 0.20 

Blood transfusions 11 0 (0%) 154 9 (5.8%) >.99 

Inotropic support 11 2 (18.2%) 157 26 (16.6%) >.99 
a
Chi square test for testing equality of proportions, Fisher exact test when  n < 5, Two-sample t-test for 

means 
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eTable 2. Other prespecified and Exploratory Outcomes (Not 
Prespecified) 

 

 Hypothermia  
(n = 

69a)/No.(%) 

Non-cooled  
 (n = 

70a)/No.(%) 

P value Absolute Difference  
(95% CI) 

Age at follow-up, mean (SD) 20.5(2.8) 20.6(2.9) 0.83 0.1 (-1-1.2) 
Pre-specified     
Disability (mild, moderate 
and severe)b 

    

Among moderate 
encephalopathy 

24 (37.5) 25 (36.2) 0.14 0.01 (-0.15-0.18) 

Among severe 
encephalopathy 

2 (40.0) 0 (0.0) 0.67 0.40 (-0.03-0.83) 

Not pre-specified     
Death or moderate/severe 
disabilityc 

    

Among moderate 
encephalopathy 

14 (20.3) 17 (23.3) 0.69 0.03 (-0.11-0.17) 

Among severe 
encephalopathy 

5 (55.6) 5 (83.3) 0.58 0.28 (-0.16-0.72) 

Deathb      
Among moderate 
encephalopathy 

5 (7.3) 4 (5.5) 0.74 0.02 (-0.06-0.1) 

Among severe 
encephalopathy 

4 (44.4) 5 (83.3) 0.29 0.39 (-0.05-0.83) 

Bayley cognitive scores      
≥ 85 53 (77.9) 49 (70.0) 0.47 0.08 (-0.07-0.23) 
70-84 9 (13.2) 10 (14.3)  0.01 (-0.1-0.13) 
< 70 6 (8.8) 11 (15.7)  0.07 (-0.04-0.18) 
Mean (SD) 91.5±16.3 86.6±16.6 0.08 4.9 (-2.95-12.75) 

Bayley language scores     
≥ 85 35 (53.0) 38 (55.1) 0.59 0.02 (-0.15-0.19) 
70-84 19 (28.8) 15 (21.7)  0.07 (-0.08-0.22) 
< 70 12 (18.2) 16 (23.2)  0.05 (-0.09-0.19) 
Mean (SD) 85.9±19.7 85.8±21.4 0.96 0.1 (-9.87-10.07) 

Bayley motor scores     
≥ 85 49 (73.1) 44 (62.9) 0.48 0.1 (-0.05-0.26) 
70-84 9 (13.4) 14 (20.0)  0.07 (-0.06-0.19) 
< 70 9 (13.4) 12 (17.1)  0.04 (-0.08-0.16) 
Mean (SD) 89.2±17.9 86.2±21.0 0.36 3 (-6.4-12.4) 

Cerebral Palsy     
Mild  4 (5.8) 5 (7.1) >0.99 0.01 (-0.07-0.1) 
Moderate 3 (4.4) 4 (5.7)  0.01 (-0.06-0.09) 
Severe 5 (7.3) 4 (5.7)  0.02 (-0.07-0.1) 

Sensory deficits     
Blindness 2 (2.9) 3 (4.3) >0.99 0.01 (-0.05-0.08) 
Hearing impaired 3 (4.4) 4 (5.7)  >0.99 0.01 (-0.06-0.09) 
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Seizure disorderd 7 (10.1) 2 (2.9) 0.20 0.07 (-0.01-0.15) 
Normal infantse 43 (55.1) 45 (56.7) 0.82 0.02 (-0.14-0.17) 
Growth     
Weight, kg 11.4±1.5 11.6±1.5 0.48 0.2 (-0.51-0.91) 

Weight < 10% 4 (5.8) 3 (4.3)  0.02 (-0.06-0.09) 
Height, cm 82.3±4.0 83.0±4.7 0.40 0.7 (-1.37-2.77) 

Height < 10% 3 (4.4) 5 (7.1)  0.03 (-0.05-0.11) 
Head circumference, cm 47.1±2.1 47.2±2.6 0.68 0.1 (-1.02-1.22) 

Head circumference < 
10% 

3 (4.4) 5 (7.1)  0.03 (-0.05-0.11) 

CI: confidence interval 
a 
Unless indicated as mean (SD), results are n (%).  Means, (SD), and percentages are based on survivors 

for whom data were available: 69 survivors in the hypothermia group and 70 in the non-cooled group. 
Missing data for eTable 2: Bayley cognitive scores (1 missing), Bayley language score (3 missing), Bayley 
motor score (2 missing) 
b
Among hypothermia survivors there were 64 with moderate and 5 with severe encephalopathy. Among 

control survivors, there were 69 with moderate and 1 with severe encephalopathy.  
c 
Means and percentages are based on infants with primary outcome: 78 in the hypothermia group and 79 in 

the non-cooled group 
d 
Seizure disorder is seizures following discharge and continued anti-epileptic drugs until follow-up 

e
 Percentages are based on infants with a primary outcome (78 in hypothermia and 79 in non-cooled groups) 
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eFigure. Esophageal Temperature Profile for Each Group 

 

The non-cooled group is represented by red circles and line and the hypothermia group is represented by blue circles and line.  

Values are mean and the variance measure at each data point is a standard deviation.  The number of infants in each group with 

recorded temperatures at each time point is indicated below the plot.  Esophageal temperature at baseline was 36.3 (.32) and 36.6 

(1.0)oC for hypothermia and non-cooled groups, respectively (absolute difference, 0.32 (95% CI, 0.01-0.62, p=.04).  Baseline 
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esophageal temperature > 37.5ºC occurred in 7 of 78 (9.0%) and 8 of 77 (10.4%) infants, and > 38oC occurred in 1 of 78 (1.3%) and 

2 of 77 (2.6%) infants of the hypothermia and non-cooled groups, respectively. 


