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IMPORTANCE Comatose survivors of out-of-hospital cardiac arrest experience high rates of
death and severe neurologic injury. Current guidelines recommend targeted temperature
management at 32 °C to 36 °C for 24 hours. However, small studies suggest a potential
benefit of targeting lower body temperatures.

OBJECTIVE To determine whether moderate hypothermia (31 °C), compared with mild
hypothermia (34 °C), improves clinical outcomes in comatose survivors of out-of-hospital
cardiac arrest.

DESIGN, SETTING, AND PARTICIPANTS Single-center, double-blind, randomized, clinical
superiority trial carried out in a tertiary cardiac care center in eastern Ontario, Canada. A total
of 389 patients with out-of-hospital cardiac arrest were enrolled between August 4, 2013,
and March 20, 2020, with final follow-up on October 15, 2020.

INTERVENTIONS Patients were randomly assigned to temperature management with a target
body temperature of 31 °C (n = 193) or 34 °C (n = 196) for a period of 24 hours.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality or poor
neurologic outcome at 180 days. Neurologic outcome was assessed using the Disability
Rating Scale, with poor neurologic outcome defined as a score greater than 5 (range, 0-29,
with 29 being the worst outcome [vegetative state]). There were 19 secondary outcomes,
including mortality at 180 days and length of stay in the intensive care unit.

RESULTS Among 367 patients included in the primary analysis (mean age, 61 years; 69 women
[19%]), 366 (99.7%) completed the trial. The primary outcome occurred in 89 of 184 patients
(48.4%) in the 31 °C group and in 83 of 183 patients (45.4%) in the 34 °C group (risk
difference, 3.0% [95% CI, 7.2%-13.2%]; relative risk, 1.07 [95% CI, 0.86-1.33]; P = .56). Of the
19 secondary outcomes, 18 were not statistically significant. Mortality at 180 days was 43.5%
and 41.0% in patients treated with a target temperature of 31 °C and 34 °C, respectively
(P = .63). The median length of stay in the intensive care unit was longer in the 31 °C group
(10 vs 7 days; P = .004). Among adverse events in the 31 °C group vs the 34 °C group, deep
vein thrombosis occurred in 11.4% vs 10.9% and thrombus in the inferior vena cava occurred
in 3.8% and 7.7%, respectively.

CONCLUSIONS AND RELEVANCE In comatose survivors of out-of-hospital cardiac arrest,
a target temperature of 31 °C did not significantly reduce the rate of death or poor neurologic
outcome at 180 days compared with a target temperature of 34 °C. However, the study may
have been underpowered to detect a clinically important difference.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02011568
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D espite significant advances in resuscitation medicine
in recent decades, the prognosis of comatose survi-
vors of out-of-hospital cardiac arrest remains poor.

Among patients who survive to hospital admission, mortality
remains high and survivors are subject to substantial neuro-
logic dysfunction.1

Two early pivotal trials demonstrated improved clinical
outcomes in comatose survivors of out-of-hospital cardiac
arrest managed with therapeutic hypothermia.2,3 The trial
conducted by Bernard et al3 compared a target core tempera-
ture of 33 °C with normothermia, while the Hypothermia
After Cardiac Arrest (HACA) trial2 compared a target core
temperature between 32 °C and 34 °C with normothermia.
Both trials limited enrollment to comatose survivors of out-
of-hospital cardiac arrest secondary to a shockable rhythm.
More recently, the Therapeutic Hypothermia After Cardiac
Arrest in Nonshockable Rhythm (HYPERION) trial4 showed
favorable neurologic outcomes with a target temperature of
33 °C, compared with normothermia, in comatose survivors
of cardiac arrest with a nonshockable rhythm.

In contrast, in the Target Temperature Management at 33 °C
vs 36 °C After Out-of-Hospital Cardiac Arrest (TTM) trial,5 a tem-
perature target of 33 °C compared with 36 °C did not confer
a reduction in the rate of death or poor neurologic function.
As a result, post–cardiac arrest care guidelines were modified
to recommend target temperatures of 32 °C to 36 °C.6-8

Animal studies, observational studies in humans, and a
small pilot trial have suggested that moderate therapeutic
hypothermia with a target temperature between 28 °C
and 32 °C confers neuroprotection and could improve clini-
cal outcomes in comatose survivors of cardiac arrest.9-11

However, to date, no randomized clinical trial has evaluated
a target temperature less than 32 °C. The Moderate vs Mild
Therapeutic Hypothermia in Comatose Survivors of Out-of-
Hospital Cardiac Arrest (CAPITAL CHILL) trial was designed
to assess whether moderate hypothermia (target temperature
of 31 °C), compared with mild hypothermia (target tempera-
ture of 34 °C), improves clinical outcomes in comatose survi-
vors of out-of-hospital cardiac arrest.

Methods
Trial Design
This study was a single-center, double-blind, randomized
clinical trial. Patients with out-of-hospital cardiac arrest sur-
viving to hospital admission and referred for post–cardiac
arrest care were recruited at the University of Ottawa Heart
Institute, a tertiary cardiac care center servicing a population
of more than 1.2 million people in eastern Ontario, Canada. In
this regional system of care, patients presenting with out-of-
hospital cardiac arrest were assessed in the emergency
department of referring hospitals and transferred immedi-
ately to the cardiac center if the cause of the arrest was
deemed likely to be cardiac.

The study protocol and statistical analysis plan are pro-
vided in Supplement 1. The Cardiovascular Research Meth-
ods Centre at the University of Ottawa Heart Institute con-

ducted and coordinated the trial and was responsible for
collecting all trial data. Members of an independent adjudica-
tion committee, blinded to the study group assignments,
reviewed the events; members of an independent data and
safety monitoring committee oversaw the safety of the trial.
The study was approved by the Ottawa Health Science Net-
work Research Ethics Board. Written informed consent was
obtained from substitute decision makers, as soon as circum-
stances permitted, and from patients with sufficient neuro-
logic recovery.

Patients
We included patients 18 years of age or older following out-
of-hospital cardiac arrest who at the time of admission re-
mained comatose, as defined by a Glasgow Coma Scale score
of 8 or lower. Patients were recruited irrespective of initial
rhythm found at the time of the cardiac arrest. The main ex-
clusion criteria were known inability to perform activities of
daily living, cardiac arrest secondary to intracranial bleed, se-
vere coagulopathy with clinical evidence of major bleeding,
coma not attributable to the cardiac arrest, and life expec-
tancy of less than 1 year due to reasons unrelated to the car-
diac arrest.

Randomization
Eligible patients were randomly assigned to temperature
management with a target body temperature of either 31 °C
(moderate hypothermia) or 34 °C (mild hypothermia) in a 1:1
ratio immediately after insertion of an endovascular cooling
catheter. Randomization was performed with the use of per-
muted blocks of size 4 and 6 and stratified by first docu-
mented rhythm at the time of the cardiac arrest. Initial
rhythms were classified as shockable (ventricular fibrillation
or pulseless ventricular tachycardia) or nonshockable (asys-
tole or pulseless electrical activity). Sets of patient numbers
and associated treatments were provided in sealed, opaque,
serially numbered envelopes to ensure allocation conceal-
ment and avoid selection bias.

Blinding
The treating physician, patients, and family members were
blinded to group allocation. Bedside nurses were the only

Key Points
Question Does moderate hypothermia (target temperature of
31 °C) compared with mild hypothermia (target temperature of
34 °C) reduce the rate of death or poor neurologic outcome in
comatose survivors of out-of-hospital cardiac arrest?

Findings In this randomized clinical trial that included 367 adults
with out-of-hospital cardiac arrest, 180-day all-cause mortality or
poor neurologic outcome among those randomized to receive
hypothermia treatment at 31 °C vs 34 °C was 48.4% vs 45.4%,
respectively. This difference was not statistically significant.

Meaning In comatose survivors of out-of-hospital cardiac arrest, a
target temperature of 31 °C did not significantly reduce the rate of
death or poor neurologic outcome at 180 days compared with a
target temperature of 34 °C.
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members of the health care team aware of temperature as-
signment and were responsible for managing the endovascu-
lar cooling catheter as per trial protocol. Covers were used to
conceal all temperature monitors, and temperature charts were
kept separate from patients’ records. Physicians performing
follow-up assessments were blinded to group allocation, as
were all members of the event adjudication committee.

Targeted Temperature Management and Interventions
Paramedics and transferring facilities were encouraged
to initiate temperature management using ice packs as
soon as possible after return of spontaneous circulation.
On arrival at the cardiac center, active cooling was per-
formed using an endovascular cooling catheter (Zoll Quattro
catheter) inserted via the femoral vein into the inferior
vena cava and connected to a temperature management
system (Thermogard XP Temperature Management System,
Zoll Medical Corporation). This system consists of a pump
that circulates sterile saline from the external device
through balloons mounted on a catheter, enabling direct
cooling or warming of blood. In this study, the device con-
trolled the temperature of the saline by remotely sensing a
patient’s temperature via a nasopharyngeal probe when fea-
sible or by a temperature-sensing urinary bladder catheter.
All patients received anticoagulation therapy with intrave-
nous unfractionated heparin to prevent thrombus forma-
tion on the endovascular cooling catheter.12 As immediate
coronary angiography was recommended for all patients on
arrival at the cardiac center, the cooling catheter was
inserted in the catheterization laboratory; if the decision
was to proceed without immediate cardiac catheterization,
then the cooling catheter was inserted in the intensive care
unit. The sedation, analgesia, and neuromuscular blockade
protocols used during therapeutic hypothermia are pro-
vided in Supplement 1.

Patients were maintained at their assigned target tempera-
ture for 24 hours. After this period, patients were actively re-
warmed at a rate of 0.25 °C/h until a temperature of 37 °C was
reached. This temperature was maintained such that the du-
ration of rewarming plus normothermia totaled 48 hours.

If therapeutic hypothermia was considered to be con-
tributing to a serious adverse event, a temperature incre-
ment of 3 °C was permitted at the discretion of the treating
physician. In cases in which, despite this temperature incre-
ment, therapeutic hypothermia was still considered to be
contributing to a serious adverse event, a second increment
of 3 °C to reach a temperature of 37 °C was permitted if
applicable (ie, if temperature was already 37 °C, then no
change was made). This process was completed without
revealing treatment assignment.

Decisions to withdraw life-sustaining therapy were based
on a multimodal neuroprognostication strategy that included
serial neurologic examinations, electroencephalography,
computed tomography, and magnetic resonance imaging of
the brain. Decisions were made by a multidisciplinary team
that included a critical care physician, a neurologist, and a
palliative care specialist, working in conjunction with
patients’ families.

Study Outcomes
The primary outcome was a composite of all-cause mortal-
ity or poor neurologic outcome at 180 days after randomiza-
tion. Neurologic outcome was assessed using the Disability
Rating Scale (DRS), an 8-item ordinal scale that evaluates
functional dependence.13 This functional scale was used as
a proxy for assessing neurologic recovery: the maximum
score a patient can obtain on the DRS is 29 (extreme vegeta-
tive state): a person with no disability would score 0. In this
study, poor neurologic outcome was defined as a DRS
score greater than 5. The DRS was chosen because of its
reliability and validity in the assessment of neurologic func-
tion following acquired brain injury.14 As an additional
assessment, the Modified Rankin Scale, which ranges from
0 to 6, with 0 representing no symptoms and 6 representing
death, was used.15,16 A Modified Rankin Scale score between
4 and 6 was used to define a poor neurologic outcome. Neu-
rologic outcomes were assessed by a specialist in rehabilita-
tion medicine.

Secondary outcomes included death during the initial
hospitalization, at 30 days, and at 180 days; stroke during
the initial hospitalization and at 180 days; stent thrombosis;
seizures; kidney replacement therapy; pneumonia; cardio-
genic shock; need for antiarrhythmic therapy (other than
β-blockers); recurrent cardiac arrest after randomization
requiring cardiopulmonary resuscitation; major bleeding;
proportion of survivors discharged home from the hospital;
peak creatinine kinase level; left ventricular ejection frac-
tion measured by transthoracic echocardiography at 3 days
and at 3 months; length of stay in the unit; and length of
stay in the hospital. A central committee, blinded to treated
assignment, adjudicated the primary outcome, stroke, and
stent thrombosis. A neurologist, blinded to treated assign-
ment, adjudicated seizures.

Neurologic outcomes were reported as nonprespecified
neurologic outcomes. Thrombus found in the inferior vena cava
detected by abdominal ultrasound and deep vein thrombosis
by Doppler ultrasound of the lower extremities were re-
ported as serious adverse events; it was established practice
to obtain these tests on days 3 and 5, respectively, for all pa-
tients during the study period.

Subgroups
Subgroup analyses were performed to assess the robustness
of the results in relation to specific variables of interest. The
following subgroups were prespecified: age, initial rhythm,
ST-segment elevation myocardial infarction, and timing of car-
diac catheterization and percutaneous coronary interven-
tion. Sex was added as a subgroup post hoc.

Sample Size Calculation
The sample size was calculated with an expected rate of
the primary outcome of 50% in the 34 °C group based on
available studies.2,3,17 A sample size of 340 patients was
required to detect a 30% relative risk reduction, a reduction
that was used in other studies,2,3 with 80% power and a
type I error of .05. Minimal loss to follow-up was expected.
However, the sample size was increased to 360 patients
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(180 per group) to account for a potential crossover rate of
3%. No interim analysis was planned.

Statistical Analysis
The primary analysis was performed including all patients
who were randomized to a study therapy group and received
the therapy. A secondary analysis was performed including
all patients who were randomized to a study therapy group,
regardless of whether or not they received the therapy.
In addition, a per-protocol analysis was performed that in-
cluded all patients who received the intended study therapy
without a major protocol violation or loss to follow-up. Mul-
tiple imputations were used for any missing outcomes using
the Markov chain Monte Carlo method with Jeffreys nonin-
formative prior distribution.

Descriptive statistics were used to compare patients
randomized to 31 °C or 34 °C target temperatures with re-
spect to baseline variables. For the primary outcome analy-
sis, the χ2 test was used to compare the 31 °C and 34 °C target
temperature groups, and relative risks (RRs) and 95% CIs were
calculated as well as risk differences and their 95% CIs. A P < .05
was considered statistically significant.

A logistic regression analysis was conducted to assess the
consistency of the target temperature on the primary out-
come, taking the randomization stratification factor (ventricu-
lar fibrillation or pulseless ventricular tachycardia initial
rhythm) into consideration; as well, a logistic regression analy-
sis was conducted as a sensitivity analysis to assess the effect
of the target temperature on the primary outcome while ac-
counting for a priori clinically important baseline character-
istics (ie, age, sex, prior stroke, diabetes, kidney function, and
presence of ST-segment elevation myocardial infarction).

For discrete secondary outcomes, RRs, risk differences and
their 95% CIs were calculated. In addition, the cumulative in-
cidence of mortality at 180 days was estimated using the
Kaplan-Meier method and hazard ratios (HRs) and 95% CIs
were calculated. The proportional hazards assumption was as-
sessed using graphical tests (ie, log-negative-log plot) and nu-
merical tests (ie, test of the interaction term group × time).

For continuous secondary outcomes, mean differences and
95% CIs were calculated. For the subgroup analyses, RRs and
95% CIs for the primary outcome were calculated for each sub-
group, and subgroup differences were assessed based on the
test for the interaction of the treatment group by subgroup

Figure 1. Participant Flow

591 Adults resuscitated following out-of-hospital
cardiac arrest screened for eligibility

389 Randomized

193 Randomized to target body
temperature of 31 °C (moderate hypothermia)
184 Received intervention as randomized

8 Withdrawn from study by surrogate request
1 Did not receive intervention due to perforated

esophagus diagnosed after randomization

1 Lost to follow-up (moved out of country)

184 Included in primary analysis
9 Excluded (did not receive intervention)

183 Included in primary analysis
13 Excluded (did not receive intervention)

196 Randomized to target body temperature of 34 °C
(mild hypothermia)
183 Received intervention as randomized
10 Withdrawn from study by surrogate request
3 Did not receive intervention due to refractory

shock developing after randomization

202 Excluded
87 Did not meet inclusion criteria

14 Did not achieve return of spontaneous
circulation

53 Glasgow Coma Scale score >8
20 In-hospital cardiac arrest

115 Met 1 or more exclusion criteria

13 Legal surrogate declined consent

32 Refractory cardiogenic shock
20 Died prior to randomization

7 Residing in nursing home or unable to
reside independently

11 Do-not-resuscitate order or limitations in care
9 Known bleed (with clinical evidence)

4 Endovascular cooling device not available

2 Known coagulation disorder
(international normalized ratio >2.0)

2 Living outside of Canada
2 Suspected or confirmed acute

intracranial bleed 

11 Other reasons

2 Life expectancy <1 y due to cause unrelated
to arrest

Randomization was stratified by first
documented rhythm at the time of
the cardiac arrest. Initial rhythms
were classified as shockable
(ventricular fibrillation or pulseless
ventricular tachycardia) or
nonshockable (asystole or pulseless
electrical activity). All cases of
withdrawal of consent were by a legal
surrogate.
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within the generalized linear model using the binomial distri-
bution and a log link.

Because of the potential for type I error due to multiple
comparisons, findings for analyses of secondary end points
should be interpreted as exploratory. Analyses were con-
ducted using SAS version 9.4 (SAS Institute Inc).

Results
Patient Characteristics
Between August 2013 and March 2020, 591 patients with out-
of-hospital cardiac arrest were screened; 504 met the inclu-

sion criteria (Figure 1). Of these, 115 had at least 1 exclusion
criteria. Among the 389 patients randomized in the study,
consent was subsequently withdrawn by a legal surrogate for
8 patients in the 31 °C group and for 10 patients in the 34 °C
group. One patient in the 31 °C group and 3 patients in the
34 °C group did not receive the intervention for clinical rea-
sons, leaving 184 and 183 patients, respectively, for inclusion
in the primary analysis. One patient in the 31 °C group was
lost to follow-up after hospital discharge.

The baseline characteristics of patients were similar
between the 2 groups (Table 1). The mean age of patients
was 61.0 years in the 31 °C group and 61.7 years in the 34 °C
group; 82.6% and 79.8% were men, respectively. The cause

Table 1. Baseline Participant Characteristicsa

Characteristics
Moderate hypothermia (31 °C)
(n = 184)

Mild hypothermia (34 °C)
(n = 183)

Age, mean (SD), y 61.0 (14.2) 61.7 (13.3)

≥75, No. (%) 37 (20.1) 32 (17.5)

Sex, No. (%)

Female 32 (17.4) 37 (20.2)

Male 152 (82.6) 146 (79.8)

Medical history, No. (%)

Hypertension 109 (59.2) 102 (55.7)

Dyslipidemia 98 (53.3) 89 (48.6)

Current smoker 69 (37.5) 74 (40.4)

Diabetes 47 (25.5) 41 (22.4)

Previous myocardial infarction 47 (25.5) 31 (16.9)

Previous percutaneous coronary intervention 27 (14.7) 16 (8.7)

Previous coronary artery bypass graft surgery 24 (13.0) 13 (7.1)

Previous stroke or transient ischemic attack 15 (8.2) 6 (3.3)

Body mass index, mean (SD)b 29.0 (9.9) 28.3 (5.7)

Systolic blood pressure, mean (SD), mm Hgc 128.3 (31.5) 128.7 (29.4)

Heart rate, mean (SD) /minc 100.3 (26.7) 97.8 (27.5)

Bystander witnessed cardiac arrest, No. (%) 157 (85.3) 152 (83.1)

Bystander performed cardiopulmonary
resuscitation, No. (%)

127 (69.0) 124 (67.8)

First monitored rhythm, No. (%)

Shockable (ventricular fibrillation
or pulseless ventricular tachycardia)

158 (85.9) 158 (86.3)

Nonshockable (asystole or pulseless
electrical activity)

26 (14.1) 25 (13.6)

Glasgow Coma Scale score, median (IQR)d 3 (3-3) 3 (3-3)

Baseline laboratory values

Serum pH, mean (SD) 7.3 (0.1) 7.3 (0.1)

Serum lactate, mean (SD), mmol/Le 4.6 (3.4) 4.4 (3.8)

Creatinine clearance, mean (SD), mL/min 82.2 (33.0) 81.7 (35.1)

Inotropic or pressor support, No. (%) 79 (42.9) 77 (42.3)

ST-segment elevation myocardial infarction, No. (%)f 64 (34.8) 73 (39.9)

Fibrinolytic agent following resuscitation, No. (%)g 8 (4.4) 11 (6.0)

Critical time intervals, median (IQR), min

From 911 call to basic life supporth 0 (0-2) 0 (0-2)

From 911 call to advanced life supporti 9 (6-12) 9 (6-12)

From 911 call to return of spontaneous
circulationj

23 (15-35) 20 (14-31)

From basic life support to return
of spontaneous circulationj

20 (14-35) 18 (12-25)

From 911 call to randomization 228 (167-313) 204 (146-297)

a Data were collected on a daily basis
by the research coordinator who
had access to medical charts and
ambulance call reports.

b Calculated as weight in kilograms
divided by the square of height
in meters.

c Baseline blood pressure and heart
rate information was obtained from
emergency department records.

d The Glasgow Coma Scale assesses
neurologic state based on eye,
motor, and verbal responsiveness.
Scores range from 3 to 15; a score of
3 indicates complete
unresponsiveness; 15 is normal.
Score information was obtained
from emergency department
records; 17% had a score greater
than 3.

e Normal range for serum lactate is
0.5-2.5 mmol/L.

f Diagnosis was established on the
first electrocardiogram performed
in the ambulance or in the
emergency department
demonstrating ST-segment
elevation myocardial infarction.

g Fibrinolytic therapy was given for
ST-segment elevation myocardial
infarction after return of
spontaneous circulation.

h Basic life support was defined as
bystander-initiated
cardiopulmonary resuscitation.

i Advanced life support was defined
by the arrival of the paramedics at a
patient’s side.

j Times were estimated from
ambulance call reports if return of
spontaneous circulation occurred
before ambulance arrival.
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of arrest was cardiac in 96.7% of patients in the 31 °C group
and in 94.6% in the 34 °C group (eTable 1 in Supplement 2).
Immediate coronary angiography was performed in 97.3% of
patients in the 31 °C group and in 96.7% in the 34 °C group
(eTable 2 in Supplement 2). Percutaneous coronary interven-
tion was performed in 56.3% and 58.7% of patients, respec-
tively. Mechanical support with an intra-aortic balloon was
required for 6.1% and 10.7% of patients, respectively. Con-
comitant medications and procedures in the intensive care
unit are listed in eTable 3 in Supplement 2.

Target Temperature Management
The median temperature at the time of randomization was
35.2 °C in both groups. Figure 2 depicts the temperature
curves for the 2 groups expressed as medians and IQRs. The
median time from randomization to target temperature
achievement was 208 minutes in the 31 °C group and 120
minutes in the 34 °C group.

Outcomes
Primary Outcome
Follow-up information at 180 days was available for 366 of
367 patients. The primary outcome occurred among 89 of
184 patients (48.4%) randomized to the 31 °C group and
among 83 of 183 patients (45.4%) randomized to the 34 °C
group (risk difference, 3.0% [95% CI, −7.2% to 13.2%]; RR,
1.07 [95% CI, 0.86-1.33]; P = .56) (Table 2). The lack of a sig-
nificant difference in the primary outcome was consistent
after adjusting for baseline covariates (eTable 4 in Supple-
ment 2) as well as across all subgroups, as illustrated in the
eFigure in Supplement 2.

Secondary Outcomes
Secondary outcomes are listed in Table 2. All-cause mortality
at 180 days was 43.5% in the 31 °C group and 41.0% in the 34 °C
group (risk difference, 2.5% [95% CI, −7.6% to 12.6%]; RR, 1.06
[95% CI, 0.83-1.35]; P = .63). The Kaplan-Meier curves for prob-
ability of survival at 180 days for all patients randomized to a
target temperature of 31 °C or a target temperature of 34 °C are
shown in Figure 3 (HR, 1.09 [95% CI, 0.80-1.50]; P = .58);
Figure 3 also shows the curves for patients presenting with a
shockable rhythm (HR, 1.20 [95% CI, 0.82-1.73]; P = .34) and
for those presenting with a nonshockable rhythm (HR, 0.78
[95% CI, 0.43-1.43]; P = .40). There was evidence supporting
the proportional hazards assumption (P = .49).

The median length of stay in the intensive care unit was
longer in the 31 °C group compared with the 34 °C group (10
days vs 7 days, respectively; P = .004). Otherwise, there were
no significant differences in secondary outcomes between the
2 groups (Table 2).

Nonprespecified Outcomes
Among patients surviving to 180 days, poor neurologic out-
come, as measured by a DRS score greater than 5, was
recorded for 8.7% in the 31 °C group and 7.4% in the 34 °C
group (risk difference, 1.3% [95% CI, −6.1% to 8.6%]; RR, 1.17
[95% CI, 0.47-2.91]; P = .74). The breakdown of neurologic
scores is shown in eTable 5 in Supplement 2. Likewise, no dif-
ference was found between the 2 groups when poor neuro-
logic outcome was defined as a score of 4 to 6 at 180 days on
the Modified Rankin Scale (45.9% vs. 43.7%, respectively;
risk difference, 2.2% [95% CI, −8.0% to 12.4%]; RR, 1.05 [95%
CI, 0.84-1.32]; P = .76).

Figure 2. Median Body Temperature During the Intervention in Patients Randomized to Moderate Hypothermia (31 °C) or Mild Hypothermia (34 °C)
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The early postresuscitative state of patients and the use of ice packs prior to
arrival at the cardiac center may have contributed to baseline temperatures
being below normal. Randomization was done immediately once the
endovascular device was inserted and shown to be functional. Rewarming was
commenced 24 hours after reaching the target temperature at a rate of
0.25 °C/h until 37 °C was reached. This temperature was maintained such that
the total period from the onset of rewarming was 48 hours. The curves show

the medians; error bars indicate IQRs. The median time from randomization to
target temperature was 208 (IQR, 163-282) minutes in the 31 °C group and 120
(IQR, 80-174) minutes in the 34 °C group. Nonadherence to the study protocol
was noted for 7 patients in each group. In addition, per protocol, temperature
was adjusted upward by 3 °C for hemodynamic reasons in 31 patients (16.8%) in
the 31 °C group and in 10 patients (5.5%) in the 34 °C group (P = .001).
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Post Hoc Outcomes
Withdrawal of life-sustaining therapy occurred for 61 pa-
tients (33.2%) in the 31 °C group and for 65 patients (35.5%) in
the 34 °C group (eTable 6 in Supplement 2). The main reason
for withdrawal of life-sustaining therapy was neurologic fu-
tility. The median time to withdrawal of life-sustaining therapy
was 5 days in the 2 groups (P = .78).

Adverse Events
Deep vein thrombosis occurred in 21 of 184 patients (11.4%) ran-
domized to the 31 °C group and in 20 of 183 patients (10.9%)
randomized to the 34 °C group (risk difference, 0.5% [95% CI,
−6.0% to 6.9%]; RR, 1.04 [95% CI, 0.59-1.86]; P = .88). Throm-
bus in the inferior vena cava was documented by abdominal
ultrasound in 7 of 184 patients (3.8%) randomized to the 31 °C

group and in 14 of 183 patients (7.7%) randomized to the 34 °C
group (risk difference, −3.9% [95% CI, −8.6% to 0.9%]; RR, 0.50
[95% CI, 0.21-1.20]; P = .11).

Secondary Analysis
As shown in eTable 7 and eTable 8 in Supplement 2, there were
no differences in the results when the primary outcome was
analyzed for the population that included all patients who were
randomized to a study therapy group, regardless of whether
or not they received the therapy (risk difference, 2.4% [95%
CI, −7.8% to 12.6%]; RR, 1.05 [95% CI, 0.85-1.30]; P = .64), and
for the population that included all patients who received the
intended study therapy without a major protocol violation or
loss to follow-up (risk difference, 4.4% [95% CI, −6.2% to
14.7%]; RR, 1.10 [95% CI, 0.88-1.37]; P = .42).

Table 2. Primary and Secondary Outcomesa

Outcomes
Moderate hypothermia (31 °C)
(n = 184)

Mild hypothermia (34 °C)
(n = 183)

Difference, %
(95% CI)

Relative risk
(95% CI) P value

Primary outcome

Death or poor neurologic outcome
(DRS score >5) at 180 db

89 (48.4) 83 (45.4) 3.0 (−7.2 to 13.2) 1.07 (0.86-1.33) .56

Secondary outcomes

Death during initial hospitalization 80 (43.5) 74 (40.4) 3.0 (−7.1 to 13.1) 1.08 (0.85-1.37) .56

Death at 30 d 79 (42.9) 73 (39.9) 3.0 (−7.0 to 13.1) 1.08 (0.84-1.37) .55

Death at 180 d 80 (43.5) 75 (41.0) 2.5 (−7.6 to 12.6) 1.06 (0.83-1.35) .63

Stroke during initial hospitalization 8 (4.4) 3 (1.6) 2.7 (−0.8 to 6.2) 2.65 (0.71-9.84) .22

Stroke at 180 d 8 (4.4) 3 (1.6) 2.7 (−0.8 to 6.2) 2.65 (0.71-9.84) .22

Stent thrombosis 2 (1.1) 4 (2.2) −1.1 (−3.7 to 1.5) 0.50 (0.09-2.68) .45

Seizures 23 (12.5) 13 (7.1) 5.4 (−0.7 to 11.5) 1.76 (0.92-3.37) .08

Kidney replacement therapy 17 (9.2) 17 (9.3) 0.1 (−6.0 to 5.9) 0.99 (0.52-1.89) .99

Pneumonia 124 (67.4) 116 (63.4) 4.0 (−5.7 to 13.7) 1.06 (0.92-1.23) .42

Cardiogenic shock 71 (38.6) 61 (33.3) 5.3 (−4.6 to 15.1) 1.16 (0.88-1.52) .29

Need for anti-arrhythmic therapyc 56 (30.4) 66 (36.1) −5.6 (−15.3 to 4.0) 0.84 (0.63-1.13) .25

Recurrent cardiac arrest requiring CPR 20 (10.9) 17 (9.3) 1.6 (−4.6 to 7.7) 1.17 (0.63-2.16) .62

TIMI non-CABG major bleeding
within 7 dd

43 (23.4) 36 (19.7) 3.7 (−4.7 to 12.1) 1.19 (0.80-1.76) .39

Blood transfusion 36 (19.6) 41 (22.4) −2.8 (−11.2 to 5.5) 0.87 (0.59-1.30) .50

Survivors discharged to home
from hospitale

93/103 (90.3) 99/107 (92.5) 2.2 (−9.8 to 5.4) 0.98 (0.90-1.06) .56

Peak creatine kinase, mean (SD), IU/Lf 3400 (4039) 2882 (3679) 518 (−277 to 1312) .20

LVEF at 3 d, mean (SD), % 41.6 (13.8) 41.8 (15.1) −0.2 (−3.3 to 2.9) .89

LVEF at 3 mo, mean (SD), %g 46.2 (12.1) 50.7 (13.3) −4.5 (−11.0 to 2.0) .17

Length of stay in unit, median, (IQR), d 10 (7-15) 7 (6-12) 1.4 (−1.2 to 4.1)h .004

Length of hospital stay, median (IQR), di 22 (16-30) 20 (13-36) −0.4 (−5.1 to 4.3)h .27

Adverse events

Deep vein thrombosis 21 (11.4) 20 (10.9) 0.5 (−6.0 to 6.9) 1.04 (0.59-1.86) .88

Inferior vena cava thrombus 7 (3.8) 14 (7.7) −3.9 (−8.6 to 0.9) 0.50 (0.21-1.20) .11

Abbreviations: CABG, coronary artery bypass graft surgery;
CPR, cardiopulmonary resuscitation; LVEF, left ventricular ejection
fraction; TIMI, thrombolysis in myocardial infarction.
a Data are expressed as No. (%) of patients unless otherwise specified.

Secondary outcomes were recorded during the initial hospitalization unless
otherwise specified.

b The Disability Rating Scale (DRS) score ranges from 0 to 29, with 29 being the
worst outcome (vegetative state).

c Excluding β-blockers.
d TIMI non-CABG major bleeding was defined as any intracranial bleeding or

clinically overt signs of hemorrhage associated with a decrease in hemoglobin

of �5 g/dL (or, when hemoglobin was not available, an absolute decrease in
hematocrit of �15%). Non-CABG bleeding indicates that bleeding did not take
place in the context of CABG.

e Data missing for 3 patients; unknown if discharged directly to home from
hospital.

f The normal range for creatinine kinase is 30-250 IU/L.
g Data missing for 157 patients.
h Expressed as difference in means (95% CI).
i Excludes rehabilitation and palliative centers.
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Figure 3. Probability of Survival at 180 Days for All Patients, Patients Presenting With a Shockable Rhythm,
and Patients Presenting Without a Shockable Rhythm

0

No. at risk

0 30 60 15012090 180

100

80

Pr
ob

ab
ili

ty
 o

f s
ur

vi
va

l, 
%

Days since randomization

60

40

20

Mild hypothermia
Moderate hypothermia 184 104 103 103103103 103

183 110 109 108108108 108

Moderate (31 °C)

Mild (34 °C)

All patientsA

30

No. at risk

0 30 60 90 120 150 180

100

80

Pr
ob

ab
ili

ty
 o

f s
ur

vi
va

l, 
%

Hours since randomization

60

40

20

Mild hypothermia
Moderate hypothermia 158 98 97 979797 97

157 107 106 105105105 105

Moderate (31 °C)

Hazard ratio for death, 1.20 (95% CI, 0.82-1.73); log-rank P =.34

Hazard ratio for death, 0.78 (95% CI, 0.43-1.43); log-rank P =.40

Hazard ratio for death, 1.09 (95% CI, 0.80-1.50); log-rank P =.58

Mild (34 °C)

Patients with shockable rhythmB

0

No. at risk

0 60 90 120 150 180

100

80

Pr
ob

ab
ili

ty
 o

f s
ur

vi
va

l, 
%

Hours since randomization

60

40

20

30

Mild hypothermia
Moderate hypothermia 26 6 6 6 6 66

26 3 3 3 3 33

Moderate (31 °C)

Mild (34 °C)

Patients with nonshockable rhythmC

Kaplan-Meier curves estimating the
probability of survival at 180 days for
patients randomized to moderate
hypothermia (target temperature of
31 °C) or mild hypothermia (target
temperature of 34 °C). The follow-up
time for all patients was 180 days.
Initial rhythms were classified as
shockable (ventricular fibrillation or
pulseless ventricular tachycardia) or
nonshockable (asystole or pulseless
electrical activity) on the basis of the
first documented rhythm at the time
of the cardiac arrest.
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Discussion

In this randomized clinical trial conducted in comatose sur-
vivors of out-of-hospital cardiac arrest admitted to a tertiary
cardiac center, moderate therapeutic hypothermia targeting
a body temperature of 31 °C, compared with mild therapeutic
hypothermia targeting a body temperature of 34 °C, did not
show a significant difference in the rate of all-cause mortality
or poor neurologic outcome at 180 days. This result was con-
sistent across subgroups. The rates of secondary outcomes were
similar between the 2 groups, except that there was a longer
length of stay in the intensive care unit in the 31 °C group com-
pared with the 34 °C group.

There are limited data to assess the effect of moderate
therapeutic hypothermia in comatose survivors of out-of-
hospital cardiac arrest. In a study by Lopez-de-Sa et al,11 36 pa-
tients with a witnessed out-of-hospital cardiac arrest were ran-
domly assigned to target temperature management with either
32 °C or 34 °C. Among those with an initial shockable rhythm,
significantly more patients were alive and free of severe de-
pendence at 6 months in the group randomized to 32 °C com-
pared with those randomized to 34 °C (61.5% vs 15.4%). Sub-
sequently, the Finding the Optimal Cooling Temperature After
Out-of-Hospital Cardiac Arrest I (FROST-I) trial18 randomly as-
signed 150 comatose survivors of a witnessed cardiac arrest
with initial shockable rhythm in a 1:1:1 ratio to target tempera-
ture management with either 32 °C, 33 °C, or 34 °C. This rela-
tively small trial, which may have been underpowered, did not
find a difference in neurologic outcomes at 90 days between
the different temperature targets.

The results of the current trial do not support the use of
moderate therapeutic hypothermia to improve neurologic out-
comes in comatose survivors of out-of-hospital cardiac ar-
rest. Furthermore, the longer length of stay in the cardiac in-
tensive care unit in the 31 °C group compared with the 34 °C
group would likely add to overall costs.

To our knowledge, this study is the first randomized clini-
cal trial to evaluate the benefits of therapeutic hypothermia with
a target temperature below 32 °C. An endovascular cooling de-
vice was used in all patients, which allowed rapid cooling, rig-
orous maintenance of target temperatures, and controlled ac-
tive rewarming. This trial evaluated the treatment effect of
moderate therapeutic hypothermia in comatose survivors of out-
of-hospital cardiac arrest and should be interpreted alongside
the TTM trial5 (33 °C vs 36 °C), the FROST-I trial18 (32 °C vs 33 °C
vs 34 °C), and the Time-Differentiated Therapeutic Hypother-
mia (TTH48) trial19 (24 hours vs 48 hours of target tempera-
ture at 33 °C), all of which have reported neutral results.

One important consideration is that there may not be a
single, optimal target temperature for all patients with car-
diac arrest, as the treatment effect of therapeutic hypother-
mia could be modulated by several clinical variables.20-22

Many experts advocate a move toward a personalized ap-
proach to targeted temperature management following car-
diac arrest guided by patient and index event characteris-
tics, risk factor profile, biological markers, and response
to early therapies.23 Although this trial was not designed to
address this question, significant differences in subgroups
analyses were not found.

There has been much controversy as to the value of
hypothermia. The Targeted Hypothermia vs Targeted Nor-
mothermia After Out-of-Hospital Cardiac Arrest (TTM2)
trial24 has recently reported that targeted hypothermia at
33 °C did not improve survival at 180 days compared with
targeted normothermia at 37.5 °C or less. The current study
adds to the spectrum of target temperature management, as
it did not find any benefit of even further lowering tempera-
tures to 31 °C.

Targeted hypothermia was the first neuroprotective in-
tervention thought to improve outcomes in comatose survi-
vors of out-of-hospital cardiac arrest. The uncertainty that
has surrounded the optimal target temperature has stimu-
lated 2 decades of research and has led to improvement in
multiple facets of post–cardiac arrest care. It remains un-
known whether avoidance of fever is protective.

Limitations
This study has several limitations. First, the majority of pa-
tients in this study had cardiac arrest secondary to a primary
cardiac etiology. As a result, the findings may not be appli-
cable to cardiac arrest of all etiologies. Second, the trial was
conducted in a single center. However, the trial protocol was
highly standardized and the trial was conducted in a highly spe-
cialized cardiac arrest center. Third, the sample size was based
on a 15% absolute risk reduction, and there may be a concern
that the study was underpowered. Fourth, the number of pa-
tients presenting with a nonshockable rhythm was relatively
small, and further research may be needed for this subgroup.

Conclusions
In comatose survivors of out-of-hospital cardiac arrest, a tar-
get temperature of 31 °C did not significantly reduce the rate of
death or poor neurologic outcome at 180 days compared with
a target temperature of 34 °C. However, the study may have been
underpowered to detect a clinically important difference.

ARTICLE INFORMATION

Accepted for Publication: August 30, 2021.

Author Contributions: The principal investigator,
Dr Le May, had full access to all of the data in the
study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.
Concept and design: Le May, Glover, Hibbert,
Labinaz, Marshall, Maze, Wells.

Acquisition, analysis, or interpretation of data: Le
May, Osborne, Russo, So, Chong, Dick, Froeschl,
Glover, Hibbert, Marquis, De Roock, Labinaz,
Bernick, Marshall.
Drafting of the manuscript: Le May, Russo, So,
Maze.
Critical revision of the manuscript for important
intellectual content: Le May, Osborne, Russo, So,
Chong, Dick, Froeschl, Glover, Hibbert, Marquis, De

Roock, Labinaz, Bernick, Marshall, Wells.
Statistical analysis: Russo, Hibbert, Bernick, Wells.
Obtained funding: Le May.
Administrative, technical, or material support: Le
May, Osborne, Dick, Glover, Hibbert, Labinaz,
Marshall.
Supervision: Le May, Chong, Froeschl, Marquis,
Labinaz.

Research Original Investigation Moderate vs Mild Therapeutic Hypothermia for Comatose Out-of-Hospital Cardiac Arrest Survivors

1502 JAMA October 19, 2021 Volume 326, Number 15 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Poria Medical Center User  on 12/06/2021

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.15703


Conflict of Interest Disclosures: Dr So reported
attendance at ad board meetings with JAMP
Canada, Servier Canada, and AstraZeneca Canada
and receipt of grants from Spartan Biosciences,
Roche Diagnostics, Aggredyne, and Zacros
Diagnostics. No other disclosures were reported.

Funding/Support: The trial was an
investigator-initiated study, and funding was
provided by the University of Ottawa Heart
Institute Cardiac Arrest Program.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit
the manuscript for publication. Specifically, the
funder did not control the decision regarding to
which journal the manuscript was submitted.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank all the nurses
and technical staff working in the catheterization
laboratories and in the cardiac intensive care unit
for the dedication and enthusiasm that contributed
to the success of this study. We also thank the
members of the data and safety monitoring
committee (Michael R. Mooney, MD [chair],
Minneapolis Heart Institute, Minneapolis,
Minnesota; John Koval, PhD, Department of
Epidemiology and Biostatistics, University of
Western Ontario, London, Ontario, Canada; Sean
van Diepen, MD, Mazankowski Heart Institute,
University of Alberta Hospital, Edmonton, Alberta,
Canada) and the members of the event
adjudication committee (David Birnie, MD [chair],
University of Ottawa Heart Institute, Ottawa,
Ontario, Canada; Pablo Nery, MD, University of
Ottawa Heart Institute, Ottawa, Ontario, Canada;
Tadeu Fantaneanu, MD, University of Ottawa, The
Ottawa Hospital, Ottawa, Ontario, Canada) for their
invaluable support.

REFERENCES

1. Moulaert VR, Verbunt JA, van Heugten CM,
Wade DT. Cognitive impairments in survivors of
out-of-hospital cardiac arrest: a systematic review.
Resuscitation. 2009;80(3):297-305. doi:10.1016/j.
resuscitation.2008.10.034

2. Hypothermia After Cardiac Arrest Study Group.
Mild therapeutic hypothermia to improve the
neurologic outcome after cardiac arrest. N Engl J Med.
2002;346(8):549-556. doi:10.1056/NEJMoa012689

3. Bernard SA, Gray TW, Buist MD, et al. Treatment
of comatose survivors of out-of-hospital cardiac
arrest with induced hypothermia. N Engl J Med.
2002;346(8):557-563. doi:10.1056/NEJMoa003289

4. Lascarrou JB, Merdji H, Le Gouge A, et al;
CRICS-TRIGGERSEP Group. Targeted temperature
management for cardiac arrest with nonshockable

rhythm. N Engl J Med. 2019;381(24):2327-2337. doi:
10.1056/NEJMoa1906661

5. Nielsen N, Wetterslev J, Cronberg T, et al;
TTM Trial Investigators. Targeted temperature
management at 33°C versus 36°C after cardiac
arrest. N Engl J Med. 2013;369(23):2197-2206. doi:
10.1056/NEJMoa1310519

6. Berg KM, Soar J, Andersen LW, et al; Adult
Advanced Life Support Collaborators. Adult
Advanced Life Support: 2020 international
consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with
treatment recommendations. Circulation. 2020;142
(16)(suppl 1):S92-S139. doi:10.1161/CIR.
0000000000000893

7. Nolan JP, Sandroni C, Böttiger BW, et al.
European Resuscitation Council and European
Society of Intensive Care Medicine guidelines 2021:
post-resuscitation care. Intensive Care Med. 2021;
47(4):369-421. doi:10.1007/s00134-021-06368-4

8. Panchal AR, Bartos JA, Cabañas JG, et al; Adult
Basic and Advanced Life Support Writing Group.
Part 3: Adult Basic and Advanced Life Support:
2020 American Heart Association guidelines for
cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2020;142(16)(suppl
2):S366-S468. doi:10.1161/CIR.
0000000000000916

9. Benson DW, Williams GR Jr, Spencer FC,
Yates AJ. The use of hypothermia after cardiac
arrest. Anesth Analg. 1959;38:423-428. doi:10.1213/
00000539-195911000-00010

10. Leonov Y, Sterz F, Safar P, Radovsky A.
Moderate hypothermia after cardiac arrest of 17
minutes in dogs: effect on cerebral and cardiac
outcome. Stroke. 1990;21(11):1600-1606. doi:10.
1161/01.STR.21.11.1600

11. Lopez-de-Sa E, Rey JR, Armada E, et al.
Hypothermia in comatose survivors from
out-of-hospital cardiac arrest: pilot trial comparing
2 levels of target temperature. Circulation. 2012;126
(24):2826-2833. doi:10.1161/CIRCULATIONAHA.112.
136408

12. Maze R, Le May MR, Froeschl M, et al;
Cardiovascular Percutaneous Intervention Trial
Investigators. Endovascular cooling catheter
related thrombosis in patients undergoing
therapeutic hypothermia for out of hospital cardiac
arrest. Resuscitation. 2014;85(10):1354-1358. doi:
10.1016/j.resuscitation.2014.05.029

13. Gouvier WD, Blanton PD, LaPorte KK,
Nepomuceno C. Reliability and validity of the
Disability Rating Scale and the Levels of Cognitive
Functioning Scale in monitoring recovery from
severe head injury. Arch Phys Med Rehabil. 1987;68
(2):94-97. doi:10.1097/00001199-198712000-00015

14. Kongpolprom N, Cholkraisuwat J. Long-term
survival and functional neurological outcome in

conscious hospital survivors undergoing
therapeutic hypothermia. Indian J Crit Care Med.
2019;23(1):20-25. doi:10.5005/jp-journals-10071-
23107

15. Rankin J. Cerebral vascular accidents in patients
over the age of 60, II: prognosis. Scott Med J. 1957;
2(5):200-215. doi:10.1177/003693305700200504

16. van Swieten JC, Koudstaal PJ, Visser MC,
Schouten HJ, van Gijn J. Interobserver agreement
for the assessment of handicap in stroke patients.
Stroke. 1988;19(5):604-607. doi:10.1161/01.STR.19.5.
604

17. Mooney MR, Unger BT, Boland LL, et al.
Therapeutic hypothermia after out-of-hospital
cardiac arrest: evaluation of a regional system to
increase access to cooling. Circulation. 2011;124(2):
206-214. doi:10.1161/CIRCULATIONAHA.110.986257

18. Lopez-de-Sa E, Juarez M, Armada E, et al.
A multicentre randomized pilot trial on the
effectiveness of different levels of cooling in
comatose survivors of out-of-hospital cardiac
arrest: the FROST-I trial. Intensive Care Med. 2018;
44(11):1807-1815. doi:10.1007/s00134-018-5256-z

19. Kirkegaard H, Søreide E, de Haas I, et al.
Targeted temperature management for 48 vs 24
hours and neurologic outcome after out-of-hospital
cardiac arrest: a randomized clinical trial. JAMA.
2017;318(4):341-350. doi:10.1001/jama.2017.8978

20. Okazaki T, Hifumi T, Kawakita K, Kuroda Y;
Japanese Association for Acute Medicine
Out-of-Hospital Cardiac Arrest Registry. Targeted
temperature management guided by the severity of
hyperlactatemia for out-of-hospital cardiac arrest
patients: a post hoc analysis of a nationwide,
multicenter prospective registry. Ann Intensive Care.
2019;9(1):127. doi:10.1186/s13613-019-0603-y

21. Testori C, Sterz F, Holzer M, et al. The beneficial
effect of mild therapeutic hypothermia depends on
the time of complete circulatory standstill in
patients with cardiac arrest. Resuscitation. 2012;83
(5):596-601. doi:10.1016/j.resuscitation.2011.11.019

22. Wallmüller C, Testori C, Sterz F, et al. Limited
effect of mild therapeutic hypothermia on outcome
after prolonged resuscitation. Resuscitation. 2016;
98:15-19. doi:10.1016/j.resuscitation.2015.09.400

23. Kleinman ME, Perkins GD, Bhanji F, et al. ILCOR
scientific knowledge gaps and clinical research
priorities for cardiopulmonary resuscitation and
emergency cardiovascular care: a consensus
statement. Resuscitation. 2018;127:132-146. doi:10.
1016/j.resuscitation.2018.03.021

24. Dankiewicz J, Cronberg T, Lilja G, et al;
TTM2 Trial Investigators. Hypothermia versus
normothermia after out-of-hospital cardiac arrest.
N Engl J Med. 2021;384(24):2283-2294. doi:10.
1056/NEJMoa2100591

Moderate vs Mild Therapeutic Hypothermia for Comatose Out-of-Hospital Cardiac Arrest Survivors Original Investigation Research

jama.com (Reprinted) JAMA October 19, 2021 Volume 326, Number 15 1503

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Poria Medical Center User  on 12/06/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.15703?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.15703
https://dx.doi.org/10.1016/j.resuscitation.2008.10.034
https://dx.doi.org/10.1016/j.resuscitation.2008.10.034
https://dx.doi.org/10.1056/NEJMoa012689
https://dx.doi.org/10.1056/NEJMoa003289
https://dx.doi.org/10.1056/NEJMoa1906661
https://dx.doi.org/10.1056/NEJMoa1310519
https://dx.doi.org/10.1161/CIR.0000000000000893
https://dx.doi.org/10.1161/CIR.0000000000000893
https://dx.doi.org/10.1007/s00134-021-06368-4
https://dx.doi.org/10.1161/CIR.0000000000000916
https://dx.doi.org/10.1161/CIR.0000000000000916
https://dx.doi.org/10.1213/00000539-195911000-00010
https://dx.doi.org/10.1213/00000539-195911000-00010
https://dx.doi.org/10.1161/01.STR.21.11.1600
https://dx.doi.org/10.1161/01.STR.21.11.1600
https://dx.doi.org/10.1161/CIRCULATIONAHA.112.136408
https://dx.doi.org/10.1161/CIRCULATIONAHA.112.136408
https://dx.doi.org/10.1016/j.resuscitation.2014.05.029
https://dx.doi.org/10.1097/00001199-198712000-00015
https://dx.doi.org/10.5005/jp-journals-10071-23107
https://dx.doi.org/10.5005/jp-journals-10071-23107
https://dx.doi.org/10.1177/003693305700200504
https://dx.doi.org/10.1161/01.STR.19.5.604
https://dx.doi.org/10.1161/01.STR.19.5.604
https://dx.doi.org/10.1161/CIRCULATIONAHA.110.986257
https://dx.doi.org/10.1007/s00134-018-5256-z
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.8978?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.15703
https://dx.doi.org/10.1186/s13613-019-0603-y
https://dx.doi.org/10.1016/j.resuscitation.2011.11.019
https://dx.doi.org/10.1016/j.resuscitation.2015.09.400
https://dx.doi.org/10.1016/j.resuscitation.2018.03.021
https://dx.doi.org/10.1016/j.resuscitation.2018.03.021
https://dx.doi.org/10.1056/NEJMoa2100591
https://dx.doi.org/10.1056/NEJMoa2100591
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.15703

