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significant improvement in neurological function among 
survivors of out-of-hospital cardiac arrest (OHCA) with 
an initial shockable rhythm.2 However, several questions 
remain regarding the optimal target temperature, duration 
of cooling, and utility of TTM in OHCA patients with 

T argeted temperature management (TTM) at 
32–36°C is a strategy of reducing the core body 
temperature of survivors of sudden cardiac arrest 

to minimize neurological damage caused by severe hypoxia.1 
Initial clinical trials examining this technique demonstrated 
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Background:  The 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care recommend that comatose patients with return of spontaneous circulation after cardiac arrest have targeted temperature man-
agement (TTM). However, the duration of TTM remains to be elucidated.

Methods and Results:  We conducted a cluster randomized trial in 10 hospitals to compare 12–24 vs. 36 h of cooling in patients 
with cardiac arrest who received TTM. The primary outcome was the incidence, within 1 month, of complications including bleeding 
requiring transfusion, infection, arrhythmias, decreasing blood pressure, shivering, convulsions, and major adverse cardiovascular 
events. Secondary outcomes were mortality and favorable neurological outcome (Cerebral Performance Categories 1–2) at 3 
months. Random-effects models with clustered effects were used to calculate risk ratios (RR). Data of 185 patients were analyzed 
(12- to 24-h group, n=100 in 5 hospitals; 36-h group, n=85 in 5 hospitals). The incidence of complications within 1 month did not 
differ between the 2 groups (40% vs. 34%; RR 1.04, 95% confidence interval [CI] 0.67–1.61, P=0.860). Favorable neurological 
outcomes at 3 months were comparable between the 2 groups (64% vs. 62%; RR 0.91, 95% CI 0.72–1.14, P=0.387).

Conclusions:  TTM at 34°C for 12–24 h did not significantly reduce the incidence of complications. This study did not show superior-
ity of TTM at 34°C for 12–24 h for neurologic outcomes.
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Study Patients
Between March 31, 2012 and December 31, 2014, consecu-
tive patients with successful return of spontaneous circula-
tion (ROSC) after OHCA who received TTM in the 10 
participating facilities were enrolled in the present study if 
they met the following criteria: (1) age ≥18 years; (2) stable 
hemodynamics after ROSC (including stabilization by 
drugs or assisted circulation, such as IABP or VA-ECMO); 
(3) remaining in a comatose state (Glasgow Coma Scale <8 
points) after ROSC; and (4) presumed cardiac etiology of 
cardiac arrest according to the Utstein style guidelines.5 
The exclusion criteria were pregnancy, acute aortic dissec-
tion, pulmonary thromboembolism, drug poisoning, and 
poor daily activity before onset.

Randomization
Prior to study enrollment, eligible sites were randomly 
assigned 1 : 1 to the 12- to 24-h group or the 36-h group 
(Figure). The allocation process was conducted by a statis-
tician in clinical research center. Allocation was based on 
a random number allocation table generated using SAS. 
Allocation was done using a block randomization method 
stratified by the estimated number of cardiogenic cardiac 
arrests patient per year at the institution. It was not pos-
sible to mask the allocation of each facility. However, the 
status of facilities other than one’s own and the allocation 
status overall were not disclosed to the principal investiga-
tors during the study period.

TTM Protocol
According to the TTM protocol, after sedation with anal-
gesia, ice-cold intravenous fluid was administered over 
30–60 min to initiate therapeutic hypothermia. If the 
patient was hemodynamically unstable, hypothermia man-
agement with catecholamines and assisted circulation 
devices was initiated. CAG was performed when deemed 
necessary. Initiation or maintenance of therapeutic hypo-
thermia was attempted by 1 of the following 2 methods 
with 3 devices: (1) surface cooling with a cooling device 
and self-adhesive, hydrogel-coated pads (Arctic Sun 2000; 
Medivance, Louisville, KY, USA); (2) blood cooling using 
an endovascular cooling device (CoolGard 3000; Alsius, 
Irvine, CA, USA); and (3) VA-ECMO with a heat 
exchanger unit (Heater-cooler system, MSH-15; Senko, 
Tokyo, Japan). Mild hypothermia (34°C) was maintained 
for 12–24 or 36 h based on group assignment. Rewarming 
was conducted slowly and gradually and took at least 24 h. 
The TTM protocol was determined by each institution 
individually.

Data Collection
All event times were measured by the dispatch center 
clock, and times of collapse and first bystander resuscita-
tion attempts were obtained from bystanders. Cardiac 
arrest was defined as the cessation of cardiac mechanical 
activity, manifesting as unresponsiveness, apnea (or gasp-
ing breathing), and the absence of a pulse. The arrest was 
presumed to be from a cardiac cause unless it was known 
to have been caused by a non-cardiac cause, including 
trauma, drowning, and asphyxia. Resuscitation attempts 
were documented by both paramedics and the attending 
physicians according to Utstein Style reporting guidelines.5

First documented pulseless rhythm was defined as the 
first electrocardiogram rhythm documented at the time the 
patient became pulseless and, for those patients with 

non-shockable rhythms.
A recent randomized clinical trial of 355 adults with 

OHCA found no significant difference in the prevalence of 
favorable neurological outcomes at 6 months for patients 
treated with TTM at 33°C for 48 h compared with 24 h 
(69% vs. 64%, respectively).3 Although that study may 
have had limited power to detect clinically important dif-
ferences, prolonged TTM at 33°C did not result in better 
neurological outcomes. Similarly, an analysis of unpub-
lished data from Japan showed no significant difference in 
the proportion of patients with a survival and favorable 
neurological prognosis when patients were divided into 2 
groups according to a cut-off value of 28 h at 34°C.4 
Because the group with <28 h of TTM in that registry had 
significantly fewer complications such as lethal arrhythmia, 
pneumonia, or bleeding,4 we designed the present cluster 
randomized study to compare the safety of hypothermia 
treatment at 34°C for patients with OHCA for 12–24 vs. 
36 h of cooling.

Methods
Design and Setting
We conducted a cluster randomized trial to evaluate the 
appropriate cooling duration (12–24 vs. 36 h) as part of TTM 
after resuscitation for cardiac arrest (Japanese Population-
based Utstein-style with defibrillation and basic/advanced 
Life Support Education and implementation-Hypothermia 
in Duration of Cooling (J-PULSE-Hypo-DC) trial). An 
overview of this study has been registered with the University 
Hospital Medical Information Network (UMIN) Clinical 
Trials Registry (ID: UMIN000007615).

All facilities that were national or local government-
designated tertiary emergency medical centers, advanced 
cardiovascular centers, or emergency departments of 
university hospitals taking part in the J-PULSE-Hypo trial 
in Japan were eligible to take part in this study. Ten facilities 
took part in this study with the approval of the ethics 
committee at each hospital. These facilities were assigned 
to either the 12- to 24-h TTM group (n=5 hospitals) or the 
36-h TTM group (n=5 hospitals; Supplementary Figure). 
All facilities in both groups had similar capabilities to 
perform an intra-aortic balloon pump (IABP), urgent 
coronary angiography (CAG), primary percutaneous 
coronary intervention (PCI), and venoarterial extracorpo-
real membrane oxygenation (VA-ECMO). There was no 
difference in the total number of OHCA treatments before 
the study and in the cooling method during TTM between 
the 2 groups.

The present study was conducted in accordance with the 
ethical guidelines for epidemiological studies and was 
approved by the Ethics Committee of the National Cerebral 
and Cardiovascular Center (M22-87-2). In addition, the 
relevant review boards in all 10 participating centers 
approved the study protocol. In participating hospitals, 
information concerning study objectives, methods, data 
management, and the right to refuse registration was dis-
closed to individual presenting patients. Informed consent 
before the introduction of TTM was waived because of the 
life-threatening situation. Information was delivered to the 
next of kin, and consent was obtained during or after the 
introduction of TTM in the usual manner at each hospital. 
The study procedures were performed in accordance with 
the Declaration of Helsinki.
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by an independent committee under masked allocated 
groups.

Secondary outcomes were mortality and favorable neu-
rological outcome (Cerebral Performance Categories 
[CPC]) at 24 h, 7 days, and 1 and 3 months. The favorable 
neurological outcome was defined according to the 
Glasgow-Pittsburgh CPC of 1 (good performance) or 2 
(moderate disability) on a 5-category scale.5

Data Safety and Monitoring Board
This study set and held the Data Safety and Monitoring 
Board. This Board evaluated the primary endpoint of com-
plications during the study in the setting, where group 
assignment was not disclosed.

Sample Size
Sample size calculations were performed on the basis of 
results from a previous study.6 We assumed that the inci-
dence of complications in the 12- to 24- and 36-h groups 
would be 36% and 56%, respectively. Based on additional 
assumptions of an interclass correlation of 0.1, a power of 
0.9, and a 2-sided P value of 0.01, a total of 232 patients 
would be needed. If the dropout rate was set at 20%, then 
280 patients would be needed.7

Statistical Analyses
The baseline characteristics for the 2 groups were summa-

unwitnessed or unmonitored arrests, it represents the first 
rhythm documented at the time a monitor arrives and is 
applied. Index events are defined as the patient’s first car-
diac arrest event during this hospitalization. In the present 
study, the categories of acute respiratory compromise lead-
ing to cardiopulmonary arrest and cardiopulmonary arrest 
were combined into a single category that comprises ‘car-
diac arrest’. The timing of cooling induction, the cooling 
method, the target body temperature, the speed of rewarm-
ing, the management of adverse events, and the use of 
sedatives and muscle relaxants in TTM were according to 
the standards used during routine clinical practice at the 
participating facilities.

Study Outcomes
The primary outcome was the incidence of complications 
within 1 month. Complications included infection, bleed-
ing requiring transfusion, arrhythmia (new-onset prema-
ture ventricular contraction, non-sustained ventricular 
tachycardia [NSVT], sustained ventricular tachycardia, 
ventricular fibrillation [VF]/pulseless VT, paroxysmal 
supraventricular tachycardia, atrial fibrillation or atrial 
flutter, sick sinus syndrome, or atrioventricular block), 
decreasing blood pressure, shivering, convulsions and major 
adverse cardiac and cerebrovascular events (MACCE; car-
diovascular death, non-fatal myocardial infarction, non-
fatal stroke, or non-fatal pulmonary embolism) evaluated 

Figure.    Flow chart of study patients. TTM, targeted temperature management.
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comes between the intervention and control groups. In the 
analysis, we used random (mixed) effects models under the 
missing-at-random assumption to the ITT population. We 
included variation of the allocated clusters in the model in 
order to allow for the possibility that outcome measures 
from individuals within the allocated cluster may not be 

rized using descriptive statistics. The significance of differ-
ences between groups were evaluated using the Chi-squared 
test for binary and categorical data and the Wilcoxon 
rank-sum test for non-parametric data. The primary anal-
yses followed the intention-to-treat (ITT) principle and 
compared the proportion of primary and secondary out-

Table 2.  Targeted Temperature Management Status and Subsequent Treatment Among Patients Undergoing 
Targeted Temperature Management for 12–24 or 36 h

12- to 24-h group  
(n=100)

36-h group  
(n=85) P value

Duration at target temperature (min) 24 [14–24] 36 [36–41] <0.001

Time to intervention (min)

    Time from collapse to start of TTM 56 [36–95]   60 [42–125] 　0.207

    Time from ROSC to start of TTM 27 [18–55] 37 [20–64] 　0.205

  �  Time from start of TTM to achievement of 
target temperature

199 [60–390] 154 [100–210] 　0.338

TTM methods used 　0.229

    Body surface 74 (74) 56 (66)

    Intravascular 26 (26) 29 (34)

Subsequent treatment

    CAG 89 (89) 75 (89) 　0.870

    PCI 51 (51) 33 (39) 　0.097

    IABP 44 (45) 39 (46) 　0.894

    VA-ECMO 34 (35) 16 (19) 　0.016

Rewarming duration (h) 9.5 [5.8–14]  12.0 [8.0–22.0] 　0.023

Unless indicated otherwise, data are presented as the median [interquartile range] or n (%).CAG, coronary angiography; 
IABP, intra-aortic balloon pumping; PCI, percutaneous coronary intervention; ROSC, return of spontaneous circula-
tion; TTM, targeted temperature management; VA-ECMO, venoarterial extracorporeal membrane oxygenation.

Table 1.  Baseline Characteristics of Patients Undergoing Targeted Temperature Management for 12–24 or 36 h

12- to 24-h group  
(n=100)

36-h group  
(n=85) P value

No. assigned hospital 5 5

Demographic characteristics

    Age (years) 67 [57–75] 59 [47–68] <0.001

    Male sex 76 (76) 73 (86) 　0.091

Arrest witnessed

    Bystander 86 (86) 69 (81) 　0.375

Resuscitation factors

    Bystander-initiated CPR 55 (55) 61 (72) 　0.019

    Bystander AED use 23 (23) 17 (17) 　0.621

    Shockable rhythm on EMT arrival 66 (66) 54 (64) 　0.726

Clinical status at hospital arrival

    ROSC before admission 62 (62) 53 (62) 　0.981

    Time from collapse to ROSC (min) 17 [12–25] 20 [16–27] 　0.047

    Time from collapse to hospital arrival (min) 33 [26–47] 31 [25–38] 　0.189

Primary disease – A

    Acute coronary syndrome 51 (51) 33 (39)

    Brugada syndrome 4 (4) 3 (4)

    Vasospastic angina pectoris 0 (0) 4 (5)

    Long QT syndrome 9 (9) 14 (16)

    Other 13 (13) 28 (33)

    Missing data 23 (23) 3 (4)

Unless indicated otherwise, data are presented as the median [interquartile range] or n (%). ABecause there was a 
significant difference in the amount of missing data between the 2 groups, a P value has not been listed. AED, auto-
mated external defibrillator; CPR, cardiopulmonary resuscitation; EMT, emergency medical technician; ROSC, return 
of spontaneous circulation.
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pulseless VT).8 All statistical analyses were conducted 
using SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results
Enrollment and Patient Characteristics
In all, 208 consecutive patients with OHCA were initially 
screened and 185 patients were ultimately enrolled in the 
study (Figure). Although the planned sample size was 280, 
the study was stopped after the enrollment of 185 patients 

independent in the analysis of the cluster randomized 
trial.7 The method was used to estimate risk ratio (RR) as 
a measure of the effect and to calculate the associated 95% 
confidence intervals (CIs). Multivariable analyses were 
performed to adjust for the possible effects of an imbalance 
in baseline variables. We also analyzed the data using the 
inverse probability of censoring weighted method for miss-
ing data. The censoring probability was calculated by a 
logistic model with baseline variables (age, sex, witness, 
bystander cardiopulmonary resuscitation CPR, and VF/

Table 3.  Primary Outcome After Targeted Temperature Management in Patients Undergoing Targeted Temperature Management for 
12–24 or 36 h

No. patients (%) Crude AdjustedA

12- to 24-h group  
(n=100)

36-h group  
(n=85)

RR  
(95% CI) P value RR  

(95% CI) P value

Complications within 1 month 40 (40) 29 (34) 0.85 (0.58–1.25) 0.450 1.04 (0.67–1.61) 0.860

    Infection 6 (6) 14 (17)

    Bleeding requiring transfusion 19 (19) 15 (18)

    Arrhythmia 10 (10) 1 (1)

    Hypotension 7 (7) 1 (1)

    Shivering 11 (11) 2 (2)

    Convulsion 4 (4) 6 (7)

    MACE 2 (2) 0 (0)

AAdjusted for hospital as a random effect. CI, confidence interval; MACCE, major adverse cardiac and cerebrovascular events (cardiovascular 
death, non-fatal myocardial infarction, non-fatal stroke, or non-fatal pulmonary embolism); RR, risk ratio.

Table 4.  Secondary Outcomes After Targeted Temperature Management for 12–24 or 36 h

No. patients (%) Crude

12- to 24-h group  
(n=100)

36-h group  
(n=85)

RR  
(95% CI) P value

Mortality

    24 h 4 (4) 2 (2) 0.59 (0.11–3.13) 0.689

    7 days 14 (14; n=99) 6 (7) 0.49 (0.20–1.24) 0.156

    1 month 18 (20; n=92) 14 (17; n=81) 0.88 (0.47–1.66) 0.845

    3 months 21 (26; n=80) 15 (19; n=77) 0.74 (0.41–1.33) 0.347

Favorable neurological outcome (CPC 1–2)

    7 days 53 (58; n=92) 44 (52; n=84) 1.10 (0.84–1.44) 0.545

    1 month 56 (62; n=90) 48 (59; n=81) 1.05 (0.82–1.34) 0.755

    3 months 51 (64; n=80) 48 (62; n=77) 1.02 (0.82–1.30) 0.870

Model 1 Model 2 Model 3

RR  
(95% CI) P value RR  

(95% CI) P value RR  
(95% CI) P value

Mortality

    24 h 0.53 (0.39–0.72) <0.001 NA NA

    7 days 0.76 (0.62–0.93) 　0.007 0.84 (0.66–1.08) 0.178 0.84 (0.66–1.08) 0.167

    1 month 0.91 (0.62–1.32) 　0.612 1.06 (0.66–1.69) 0.823 1.08 (0.67–1.74) 0.755

    3 months 0.74 (0.44–1.26) 　0.300 0.93 (0.50–1.76) 0.830 0.94 (0.50–1.75) 0.835

Favorable neurological outcome (CPC 1–2)

    7 days 1.11 (0.82–1.51) 　0.495 1.33 (1.03–1.70) 0.027 1.34 (1.04–1.73) 0.022

    1 month 1.02 (0.75–1.37) 　0.916 1.17 (0.82–1.68) 0.389 1.19 (0.83–1.68) 0.344

    3 months 0.91 (0.72–1.14) 　0.387 1.16 (0.87–1.53) 0.311 1.15 (0.87–1.53) 0.315

Model 1 was adjusted for hospital (random effect); Model 2 was further adjusted for age, sex, witness, bystander cardiopulmonary resuscitation, 
and ventricular fibrillation (VF)/pulseless ventricular tachycardia; and Model 3 was adjusted for all factors in Model 2 using inverse probability 
censoring for missing data. CI, confidence interval; CPC, Cerebral Performance Category; NA, not applicable; RR, risk ratio.
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ficient supporting evidence. In neonates with hypoxic–isch-
emic brain injury, TTM at 33°C for 72 h is standard 
practice,12,13 and prolonged cooling for 120 h in 1 trial 
resulted in significant harm.12 In 2017, Kirkegaard et al3 
conducted a randomized multicenter study, recruiting 355 
patients from 6 European countries and comparing a stan-
dard cooling duration of 24 h with a prolonged cooling 
duration of 48 h. In that study, there was no significant 
difference in the primary outcome, with favorable neuro-
logical outcomes at 6 months (64% vs. 69% in the 24- and 
48-h duration groups, respectively; RR 1.08, 95% CI 0.93–
1.25, P=0.33).3 Conversely, significantly more patients had 
hypotension in the 48- than 24-h group (62% vs. 49%, 
respectively; P=0.013). Therapeutic hypothermia is also 
expected to cause bleeding by altering the functionality of 
clotting enzymes, decreasing fibrinogen levels, and inhibit-
ing platelet function.14–16 The question remains whether 
hypothermia consequently increases the risk of bleeding or 
hypotension. In the present study, among patients who 
received TTM at 34°C, the incidence of both bleeding 
requiring transfusion and decreases in blood pressure were 
comparable between the 24- and 36-h cooling groups. 
Rates of other adverse events, such as arrhythmia, shivering, 
convulsion, or MACCE, were also comparable between 
the 2 groups (Table 2). Long-term thermoregulatory ther-
apy can now be performed more safely with the advent of 
thermoregulatory systems with automatic thermoregula-
tion, and thus future protocols for thermoregulatory ther-
apy should be subdivided.

In the present study, favorable neurological outcomes at 
3 months were also comparable between the 2 groups. This 
result supports those reported by Kirkegaard et al.3 How-
ever, the prevalence of patients with favorable neurological 
outcomes was lower in the present study compared with 
the study of Kirkegaard et al.3 These differences may be 
derived from the lower prevalence of bystander CPR, 
lower shockable rhythm (and longer time from collapse to 
ROSC) in the present study than in the study of Kirkegaard 
et al.3 In particular, regarding initial cardiac arrest rhythm, 
the present study included 35% patients with non-shock-
able rhythm, whereas Kirkegaard et al3 included 11% 
patients with non-shockable rhythm. Recently, the multi-
center HYPERION trial, a randomized controlled trial 
including 584 patients with cardiac arrest in a non-shock-
able rhythm due to any cause, showed that moderate ther-
apeutic hypothermia at 33°C for 24 h led to a higher 
percentage of patients who survived with a favorable neu-
rological outcome at Day 90.17 In the present study the 
target temperature was set at 34°C because the study pro-
tocol was written prior to the publication of the TTM. If 
we had set the target temperature lower than 34°C, the 
prevalence of favorable neurological outcomes may have 
increased.

The duration of TTM in the prolonged-cooling group 
was set to 36 h. There is no scientific evidence that specifically 
supports 36–48 h or other durations longer than 24 h. The 
36-h period was selected as the median value of cooling 
duration based on a previous observational study managed 
by our study group,6 and to balance a clear augmentation 
of “cooling dose” against an expected prolonged intensive 
care unit stay and the risk of more adverse events.

Study Limitations
Although the present study was a cluster randomized 
study, patient enrollment was stopped after 185 patients 

due to study budget reasons.
The clinical characteristics of the study patients are pre-

sented in Table 1. The median age of the study patients 
overall was 60 years (interquartile range [IQR] 52–70 
years), 149 patients (81%) were male, 120 patients (65%) 
showed an initial shockable rhythm, and 115 patients 
(62%) had ROSC before admission. Among the study 
patients, surface cooling was used in 130 patients (70%) 
and an endovascular cooling device was used in 55 patients 
(30%). There were no significant differences in baseline 
clinical characteristics between the 12- to 24- and 36-h 
groups except for age (median [IQR] 67 [57–75] vs. 59 
[47–68] years, respectively; P<0.001), the rate of bystander-
initiated CPR (55% vs. 61%, respectively; P=0.019), and 
the time from collapse to ROSC (17 [12–25] vs. 20 [16–27] 
minutes, respectively; P=0.047).

Table 2 shows the TTM status and subsequent treat-
ment. The median (IQR) duration of target temperature 
was 24 h (14–24 h) in the 12- to 24-h group and 36 h (IQR 
36–41 h) in the 36-h group. There were no significant dif-
ferences in time to intervention and TTM methods between 
the 2 groups. There were also no significant differences in 
subsequent treatment between the 12- to 24- and 36-h groups 
except for ECPR (35% vs. 16%, respectively; P=0.016).

Primary Outcome: Incidence of Complications Within 1 
Month
The follow-up rate was 94% (n=173) at 1 month and 85% 
(n=157) at 3 months (Figure). Complications within 1 month 
occurred in 40 patients (40%) in the 12- to 24-h group and 
in 29 patients (34%) in the 36-h group. The primary out-
come did not differ significantly between the 2 groups 
(adjusted RR 1.04, 95% CI 0.67–1.61, P=0.86; Table 3).

Table 4 shows mortality and favorable neurological out-
come (secondary outcomes) in the 2 groups. Mortality at 7 
days and 1 and 3 months did not differ significantly after 
adjustment for imbalanced baseline characteristics (age and 
bystander CPR) and established risk factors (sex, the rate 
of witnessing the arrest, and the presence of VF/pulseless 
VT). Regarding favorable neurological outcomes, there 
was a significant difference in good functional outcomes 
(CPC 1–2) at 7 days (RR 1.34, 95% CI 1.04–1.68, P=0.022) 
after adjustment for imbalanced baseline characteristics 
and missing data. However, there were no significant dif-
ferences in favorable neurological outcomes at 1 or at 3 
months between the 2 groups. Other long-term secondary 
outcomes at 1 and 3 months did not differ between the 2 
groups.

Discussion
This study is the first cluster randomized controlled trial in 
Japan to evaluate the appropriate duration of cooling in 
patients with ROSC after OHCA. The major findings of 
this study are that: (1) there was no significant difference in 
complications associated with cooling duration and no 
differences in outcomes between the 12- to 24-h and the 
36-h cooling groups; and (2) favorable neurological out-
comes at 3 months were also comparable between the 2 
groups.

The ideal duration of TTM, as well as the ideal tech-
nique to provide TTM, remain to be elucidated. Current 
resuscitation guidelines give a weak recommendation for 
TTM at 32–36°C for at least 24 h.9 This recommendation 
is based on protocols of pioneer studies,10,11 and lacks suf-
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Data Availability
The deidentified participant data will not be shared.
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due to budgetary reasons. Because the statistical power of 
the study was insufficient to detect a difference in the inci-
dence of complications, further research is warranted. In 
addition, there were significant differences in age, 
bystander-initiated CPR, and time from collapse to ROSC 
between the 2 groups. Because this study had only 5 clus-
ters per arm owing to practical issues with recruiting par-
ticipants and the number of study patients was low, there 
may have been an imbalance among the groups; our study 
may have had residual confounding due to cluster effects.

Unlike studies in Europe and the US, the present study 
included patients whose event was not witnessed. There-
fore, there may have been some patients who had delayed 
initiation of TTM. It is necessary to study the effect of 
temperature control therapy on cardiac arrest patients 
with a similar severity of primary brain damage at the time 
of ROSC. However, the issue is that currently there is no 
standard evaluation method for primary brain damage 
after ROSC.

Conclusions
Differences in the duration of cooling were not associated 
with clear benefits in patients with cardiac arrest who 
received therapeutic hypothermia after resuscitation. How-
ever, this study may have had limited power to detect 
clinically important differences, and further research is 
warranted.
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