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The use of therapeutic hypothermia in adult patients with return of spontaneous circulation was
authorized a little more than three years ago based on preliminary evidence that there was an association
with an improvement in neurologic outcome. Recently, two large, randomized, methodologically sound
studies were published that suggest that the initiation of prehospital therapeutic hypothermia does not
improve survival or neurologic status among patients with Return of Spontaneously Circulation (ROSC).
Further, there may be some harm in that there was more frequent re-arrest in the patients that received
Therapeutic Hypothermia. These two studies, published in the New England Journal of Medicine and the
Journal of the American Medical Association, along with an accompanying JAMA editorial, are attached.

As a result of this recent evidence, myself, the REMAC, and our local cardiology colleagues believe
that it is no longer appropriate to initiate prehospital therapeutic hypothermia as there is no evidence
of benefit, and potential harm in doing so.

Attached to this Advisory is an updated Adult Return of Spontaneous Circulation Protocol reflecting this

change. The Pediatric ROSC Protocol remains unchanged. This protocol replaces the previous one of

the same title and is effective immediately. Agencies are expected to remove any equipment used to
provide therapeutic hypothermia immediately and notify all ALS providers of this change.

The practice of medicine is evolving, and as we continue to find ways to optimize the care of our patients,
we are sure to witness more changes in our expected standards of care.
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3.2 RETURN OF SPONTANEOUS CIRCULATION

CRITERIA
e The following is for a patient with Return of Spontaneous Circulation (ROSC) as evidenced by a
palpable pulse following CPR, electrical, or drug therapy for a patient previously pulseless.

1. Routine medical care.

2. Following ROSC, the patient should be reassessed and a complete neurologic exam, including GCS and
pupillary response.

EMT STOP
3. Determine blood glucose and perform 12-lead EKG.
4. Maintain MAP > 65 mmHg

Dopamine 5-10 mcg/kg/min IV/IO titrated to maintain MAP >65 mmHg using a rate-limiting device.
Use Y-site secondary tubing running into free-flowing normal saline primary tubing.

5. Transport to a STEMI center facility capable of performing Percutaneous Coronary Intervention regardless
of the presence of STEMI Criteria on EKG. If recurrent cardiac arrest during transport, transport to closest
Emergency Department.
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ABSTRACT

BACKGROUND

Unconscious survivors of out-of-hospital cardiac arrest have a high risk of death or
poor neurologic function. Therapeutic hypothermia is recommended by interna-
tional guidelines, but the supporting evidence is limited, and the target tempera-
ture associated with the best outcome is unknown. Our objective was to compare
two target temperatures, both intended to prevent fever.

METHODS

In an international trial, we randomly assigned 950 unconscious adults after out-of-
hospital cardiac arrest of presumed cardiac cause to targeted temperature manage-
ment at either 33°C or 36°C. The primary outcome was all-cause mortality through
the end of the trial. Secondary outcomes included a composite of poor neurologic
function or death at 180 days, as evaluated with the Cerebral Performance Category
(CPC) scale and the modified Rankin scale.

RESULTS

In total, 939 patients were included in the primary analysis. At the end of the trial,
50% of the patients in the 33°C group (235 of 473 patients) had died, as compared
with 48% of the patients in the 36°C group (225 of 466 patients) (hazard ratio with
a temperature of 33°C, 1.06; 95% confidence interval [CI], 0.89 to 1.28; P=0.51). At
the 180-day follow-up, 54% of the patients in the 33°C group had died or had poor
neurologic function according to the CPC, as compared with 52% of patients in the
36°C group (risk ratio, 1.02; 95% CI, 0.88 to 1.16; P=0.78). In the analysis using the
modified Rankin scale, the comparable rate was 52% in both groups (risk ratio,
1.01; 95% CI, 0.89 to 1.14; P=0.87). The results of analyses adjusted for known
prognostic factors were similar.

CONCLUSIONS

In unconscious survivors of out-of-hospital cardiac arrest of presumed cardiac
cause, hypothermia at a targeted temperature of 33°C did not confer a benefit as
compared with a targeted temperature of 36°C. (Funded by the Swedish Heart-Lung
Foundation and others; TTM ClinicalTrials.gov number, NCT01020916.)
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NCONSCIOUS PATIENTS ADMITTED TO

critical care units after out-of-hospital

cardiac arrest are at high risk for death,
and neurologic deficits are common among those
who survive.! Two previous trials, involving pa-
tients who remained unconscious after resusci-
tation from cardiac arrest (of presumed cardiac
cause, with an initial shockable rhythm), com-
pared therapeutic hypothermia (32°C to 34°C for
12 to 24 hours) with standard treatment. These
trials showed a significant improvement in neu-
rologic function®3 and survival® with therapeutic
hypothermia.

Therapeutic hypothermia (also called targeted
temperature management) is now recommended
in international resuscitation guidelines, and its
use has been extended to cardiac arrest of other
causes and with other presenting rhythms as
well as to the in-hospital setting.* Although a
Cochrane review supports these guidelines,> some
investigators have suggested a need for additional
trials to confirm or refute the current treatment
strategy.>® Furthermore, one trial showed that
fever developed in many patients in the standard-
treatment group.3 It is therefore unclear whether
the reported treatment effect was due to hypo-
thermia or to the prevention of fever, which is
associated with a poor outcome.®** We conducted
a trial to investigate the benefits and harms of two
targeted temperature regimens, both intended to
prevent fever, in a broader population of patients
with cardiac arrest than previously studied.

METHODS

TRIAL DESIGN

The Target Temperature Management 33°C versus
36°C after Out-of-Hospital Cardiac Arrest (TTM)
trial was a randomized clinical trial recruiting
patients in 36 intensive care units (ICUs) in Eu-
rope and Australia. The rationale for and design
of the trial, as well as the statistical analysis
plan, have been published previously.1?13 The
protocol (available with the full text of this arti-
cle at NEJM.org) was approved by the ethics com-
mittees in each participating country and institu-
tion. An independent data and safety monitoring
committee reviewed the data and performed one
prespecified, blinded interim analysis. The steering
group (see the Supplementary Appendix, available
at NEJM.org) vouches for the accuracy and com-
pleteness of the data and analysis and for the
adherence of this report to the trial protocol.
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PATIENTS

We consecutively screened patients 18 years of age
or older who were unconscious (a score of <8 on
the Glasgow Coma Scale [on which scores range
from 3 to 15, with lower scores indicating re-
duced levels of consciousness]) on admission to
the hospital after out-of-hospital cardiac arrest of
presumed cardiac cause, irrespective of the initial
rhythm. Eligible patients had more than 20 con-
secutive minutes of spontaneous circulation after
resuscitation.’* The main exclusion criteria were
an interval from the return of spontaneous circu-
lation to screening of more than 240 minutes,
unwitnessed arrest with asystole as the initial
rhythm, suspected or known acute intracranial
hemorrhage or stroke, and a body temperature of
less than 30°C. A full list of exclusion criteria is
provided in the Supplementary Appendix. In ac-
cordance with national requirements and the
principles of the Declaration of Helsinki, written
informed consent was waived, delayed, or ob-
tained from a legal surrogate, depending on the
circumstances, and was obtained from each pa-
tient who regained mental capacity.'>

RANDOMIZATION AND TRIAL INTERVENTION
After being screened for eligibility, patients were
randomly assigned in a 1:1 ratio to targeted tem-
perature management with a target body tempera-
ture of either 33°C or 36°C. Randomization was
performed centrally with the use of a computer-
generated assignment sequence. Intervention as-
signments were made in permuted blocks of vary-
ing size and were stratified according to site.

Health care professionals caring for the trial
patients were aware of the intervention assign-
ments because of inherent problems with blind-
ing of body temperature. Physicians performing
neurologic prognostication, assessors of neuro-
logic follow-up and final outcome, study admin-
istrators, statisticians, and the authors were un-
aware of the intervention assignments. During
the analysis phase, the intervention groups were
identified only as 0 and 1, and the manuscript
was written and approved by all the authors be-
fore the randomization code was broken.*®

The intervention period of 36 hours com-
menced at the time of randomization. Sedation
was mandated in both groups until the end of
the intervention period. The goal was to achieve
the assigned temperature as rapidly as possible
with the use of ice-cold fluids, ice packs, and
intravascular or surface temperature-management
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TARGETED TEMPERATURE MANAGEMENT AFTER CARDIAC ARREST

devices at the discretion of the sites. Details of
the trial interventions, including the manage-
ment of an initial body temperature below the
assigned target, are provided in the Supplemen-
tary Appendix.

After 28 hours, gradual rewarming to 37°C in
hourly increments of 0.5°C was commenced in
both groups. At 36 hours, mandatory sedation was
discontinued or tapered. After the intervention
period, the intention was to maintain the body
temperature for unconscious patients below 37.5°C
until 72 hours after the cardiac arrest, with the
use of fever-control measures at the discretion of
the sites.

NEUROLOGIC PROGNOSTICATION AND
WITHDRAWAL OF LIFE-SUSTAINING THERAPIES

A physician who was unaware of the intervention
assignments performed a neurologic evaluation
72 hours after the end of the intervention for pa-
tients who remained unconscious and issued a
recommendation for the continuation or withdraw-
al of therapy. The trial protocol established pre-
specified criteria for withdrawal of life-sustaining
therapy'? (see the Supplementary Appendix). All
clinical decisions remained at the discretion of the
treating team.

FOLLOW-UP AND OUTCOMES
All surviving patients were followed until 180 days
after the enrollment of the last patient. The pri-
mary outcome was all-cause mortality through the
end of the trial. The main secondary outcome was
a composite of poor neurologic function or death,
defined as a Cerebral Performance Category*”'8
(CPC) of 3 to 5 and a score of 4 to 6 on the modi-
fied Rankin scale,'®2° at or around 180 days. The
CPC scale ranges from 1 to 5, with 1 representing
good cerebral performance or minor disability,
2 moderate disability, 3 severe disability, 4 coma
or vegetative state, and 5 brain death. Scores on
the modified Rankin scale range from 0 to 6,
with 0 representing no symptoms, 1 no clinically
significant disability, 2 slight disability, 3 moderate
disability, 4 moderately severe disability, 5 severe
disability, and 6 death. Mortality at 180 days and
individual neurologic scores were also analyzed
separately. Other secondary outcomes were the
CPC at discharge from the ICU and from the hos-
pital and the best (numerically lowest) reported
CPC during the trial period. Predefined serious
adverse events?* were recorded up to day 7 in the
ICU. Data collection and verification for all trial
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data and for the outcome measures are described
in the Supplementary Appendix.

STATISTICAL ANALYSIS
We estimated that a sample of 900 patients would
provide 90% power to detect a 20% reduction in
the hazard ratio for death in the 33°C group as
compared with the 36°C group, at a two-sided
alpha level of 0.05. Alternatively, to detect a rela-
tive risk reduction of 20%, with the assumption
of a mortality of 44% in the 33°C group versus
55% in the 36°C group, a sample of 850 patients
would be needed. On the basis of these assump-
tions, a sample of 950 patients was chosen, to
allow for a loss to follow-up of 50 patients.

The principal trial analyses were performed
in the modified intention-to-treat population,
defined as all randomly assigned patients except
those withdrawing consent for use of all trial
data and those not fulfilling inclusion criteria
and never receiving the intervention.?? Additional
analyses were performed in the intention-to-treat
population, which included all randomly assigned
patients except those withdrawing consent, and
in the per-protocol population, which excluded
patients with one or more major protocol viola-
tions (listed in the Supplementary Appendix).

The Wilcoxon signed-rank test was used to
compare distributions of continuous outcome
measures. Kaplan—-Meier survival curves were
compared between the intervention groups with
the use of the log-rank test. Relative risks were
compared with the use of Cochran—-Mantel-
Haenszel statistics. Trends were assessed with
the use of the Cochran—-Armitage test. Logistic-
regression and Cox analyses were performed as
appropriate, with adjustment for site and for five
baseline variables: age, sex, presence or absence
of shockable rhythm, presence or absence of
circulatory shock on admission, and the time
from cardiac arrest (or from the emergency call
for unwitnessed cardiac arrests) to the return of
spontaneous circulation. Odds ratios were con-
verted to relative risks.?®> All primary analyses
were adjusted for site.2* Temperature data were
analyzed with the use of a mixed model with
repeated measures. The effect of time was mod-
eled with the use of a polynomial; the use of com-
pound symmetry and first-order autoregressive
covariance structures was compared, and the
better-fitting model was used. SAS software, ver-
sion 9.3, and SPSS software, version 17.1, were
used for all analyses. All tests were two-sided
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Table 1. Characteristics of the Modified Intention-to-Treat Population before Randomization.*

33°C Group 36°C Group
Characteristic (N=473) (N =466)
Demographic characteristics
Age —yr 64+12 64+13
Male sex — no. (%) 393 (83) 368 (79)
Medical history — no. (%)
Chronic heart failure 32 (7) 29 (6)
Previous AMI 107 (23) 36 (18)
Ischemic heart disease 145 (31) 115 (25)
Previous cardiac arrhythmia 87 (18) 79 (17)
Arterial hypertension 193 (41) 181 (39)
Previous TIA or stroke 35 (7) 38 (8)
Diabetes mellitus 61 (13) 80 (17)
Asthma or COPD 48 (10) 49 (11)
Previous percutaneous coronary intervention 58 (12) 50 (11)
Previous coronary-artery bypass grafting 47 (10) 42 (9)
Characteristics of the cardiac arrest
Location of cardiac arrest — no. (%)

Place of residence 245 (52) 255 (55)

Public place 197 (42) 188 (40)

Other 31(7) 22 (5)

Bystander witnessed cardiac arrest — no. (%) 420 (89) 418 (90)
Bystander performed CPR — no. (%) 344 (73) 339 (73)
First monitored rhythm — no. (%)

Shockable rhythm 375 (79) 377 (81)
Ventricular fibrillation 349 (74) 356 (77)
Nonperfusing ventricular tachycardia 12 (3) 12 (3)
Unknown rhythm but responsive to shock 5(1) 5(1)
Perfusing rhythm after bystander-initiated defibrillation 9(2) 4 (1)

Asystole 59 (12) 54 (12)

Pulseless electrical activity 37 (8) 28 (6)
Unknown first rhythm, not responsive to shock or not shocked 2 (<0.5) 6 (1)

Time from cardiac arrest to event — ming.

Start of basic life support
Median 1 1
Interquartile range 0-2 0-2

Start of advanced life support
Median 10 9
Interquartile range 6-13 5-13

Return of spontaneous circulation
Median 25 25
Interquartile range 18-40 16-40
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Table 1. (Continued.)

Characteristic
Clinical characteristics on admission
First measured body temperature — °C
Glasgow Coma Scale scoref

Median

Interquartile range
Corneal reflex present — no./total no. (%)
Pupillary reflex present — no./total no. (%)
Serum pH
Serum lactate — mmol/liter
Circulatory shock — no. (%)9

ST-segment elevation myocardial infarction — no. (%)

33°C Group (N=473)  36°C Group (N=466)

35213 35311
3
34
264407 (65)
344/460 (75)

3
3-4
258/392 (66)
363/458 (79)

7.240.2 7.240.2
6.744.5 6.744.5
70 (15) 67 (14)
190 (40) 194 (42)

* Plus—minus values are means +SD. P>0.05 for all comparisons. AMI denotes acute myocardial infarction, COPD chron-
ic obstructive pulmonary disease, CPR cardiopulmonary resuscitation, and TIA transient ischemic attack.

T In the 36°C group, data for location of cardiac arrest and first monitored rhythm were missing for one patient.

i For unwitnessed arrests, intervals were calculated from the time of the emergency call.

§ Scores on the Glasgow Coma Scale range from 3 to 15, with lower scores indicating reduced levels of consciousness.
The distribution of Glasgow Coma Scale motor scores is provided in Table S1 in the Supplementary Appendix.

§ Circulatory shock was defined as a systolic blood pressure of less than 90 mm Hg for more than 30 minutes or end-
organ hypoperfusion (cool extremities, a urine output of <30 ml per hour, and a heart rate of <60 beats per minute).

and adjusted for multiple comparisons. A P value
of 0.05 or less was considered to indicate statis-
tical significance.

RESULTS

PATIENTS
A total of 950 patients were enrolled between No-
vember 2010 and January 2013; of these patients,
476 were randomly assigned to the 33°C group
and 474 to the 36°C group. The modified inten-
tion-to-treat population (the primary-analysis
population) consisted of 473 patients assigned
to 33°C and 466 assigned to 36°C (Fig. S1 in the
Supplementary Appendix). The two groups had
similar prerandomization characteristics (Table 1).
Glasgow Coma Scale scores on admission, cardio-
vascular Sequential Organ Failure Assessment
scores, and details of diagnostic procedures, in-
terventions, and the use of health services are
provided in Tables S1, S2, and S3, respectively, in
the Supplementary Appendix.

TEMPERATURE INTERVENTION
The mean values of the initial recorded body
temperature (tympanic) were 35.2°C and 35.3°C in
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the 33°C and 36°C groups, respectively. Tempera-
ture was managed with an intravascular cooling
catheter in 24% of patients and with a surface
cooling system in 76% of patients in both groups.
The temperature curves are depicted in Figure 1
(P<0.001 for separation of the curves). Three pa-
tients in the 33°C group and four in the 36°C
group did not receive the assigned intervention
(Table S4 in the Supplementary Appendix). Six-
teen patients assigned to the 33°C group were re-
warmed before reaching the intended time point
of 28 hours after randomization, at the discre-
tion of the treating physician and as allowed by
the protocol (Table S5 in the Supplementary Ap-
pendix). Additional information regarding shiv-
ering and fever is available in the Supplementary
Appendix.

WITHDRAWAL OF LIFE-SUSTAINING THERAPY
During the first 7 days of hospitalization, life-
sustaining therapy was withdrawn in 247 patients
(132 in the 33°C group and 115 in the 36°C group).
Reasons for withdrawal of life-sustaining therapy
included brain death, multiorgan failure, and
ethical concerns (Table S7 in the Supplementary
Appendix). A protocol-defined approach to neu-
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Figure 1. Body Temperature during the Intervention Period.
Shown are body-temperature curves in the 33°C and 36°C groups for the 860 patients in whom a bladder tempera-
ture was recorded. In the remaining 79 patients, the temperature was recorded with an intravascular or esophageal
probe, with a similar temperature profile (data not shown). Rewarming was commenced at 28 hours after random-
ization. The temperature curves display the means, and the I bars indicate +2 SD (95% of the observations are with-
in the error bars).

Table 2. Outcomes.

Hazard Ratio
or Risk Ratio
Outcome 33°C Group 36°C Group (95% Cl)* P Value
no. ftotal no. (%)
Primary outcome: deaths at end of trial 235/473 (50) 225/466 (48) 1.06 (0.89-1.28) 0.51

Secondary outcomes

Neurologic function at follow-upT

CPCof3-5 251/469 (54) 242/464 (52) 1.02 (0.88-1.16) 0.78
Modified Rankin scale score of 4-6  245/469 (52) 239/464 (52) 1.01 (0.89-1.14) 0.87
Deaths at 180 days 226/473 (48) 220/466 (47) 1.01 (0.87-1.15) 0.92

* The hazard ratio is shown for the primary outcome, and risk ratios are shown for the secondary outcomes. Cl denotes
confidence interval.

T The neurologic follow-up was specified in the protocol to be performed at 180 days +2 weeks, but the time to follow-up
was in some cases several weeks longer for logistic reasons. The Cerebral Performance Category (CPC) scale ranges
from 1 to 5, with 1 representing good cerebral performance or minor disability, 2 moderate cerebral disability (function
is sufficient for independent activities of daily life), 3 severe cerebral disability, 4 coma or vegetative state, and 5 brain
death. Scores on the modified Rankin scale range from 0 to 6, with 0 representing no symptoms, 1 no clinically signifi-
cant disability despite some symptoms, 2 slight disability (patient is able to look after own affairs without assistance),
3 moderate disability (patient requires some help but is able to walk unassisted), 4 moderately severe disability (patient
is unable to attend to own bodily needs), 5 severe disability (patient is bedridden), and 6 death.
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rologic prognostication was used to make rec-
ommendations regarding the continuation or
withdrawal of life-sustaining therapy (Table S8
in the Supplementary Appendix).

FOLLOW-UP AND OUTCOMES
Follow-up was obtained by means of a face-to-face
interview with the patient (for 86% of patients), a
structured telephone interview with the patient
(6%), a telephone call to the patient or a relative
(5%), or a telephone call to a proxy provider of
information (i.e., a staff member of a nursing
home or a general practitioner) (3%). The last fol-
low-up assessment was performed on July 9, 2013.
The mean period of follow-up for all patients was
256 days.

At the end of the trial, 235 of 473 patients in the
33°C group (50%) and 225 of 466 patients in
the 36°C group (48%) had died (hazard ratio in the
33°C group, 1.06; 95% confidence interval [CI],
0.89 to 1.28; P=0.51) (Table 2 and Fig. 2). The
groups did not differ significantly with respect
to the composite outcome of death or poor neu-
rologic function at 180 days with the use of ei-
ther the CPC or the modified Rankin scale score
(risk ratio for a CPC of 3 to 5 in the 33°C group,
1.02; 95% CI, 0.88 to 1.16; P=0.78; and risk ratio
for a score of 4 to 6 on the modified Rankin
scale in the 33°C group, 1.01; 95% CI, 0.89 to
1.14; P=0.87) (Table 2). The neurologic scores on
both scales are shown in Table 3 and in Table S9
in the Supplementary Appendix. There were no
significant differences in the distribution of CPCs
or modified Rankin scale scores between the two
groups (P=0.85 and P=0.67 for trend, respec-
tively). With the use of the best reported CPC
during the trial (Table 3), the relative risk of
death or poor neurologic function in the 33°C
group was 1.04 (95% CI, 0.89 to 1.17; P=0.67).

Similar results were obtained in adjusted
analyses and in the intention-to-treat and per-
protocol populations (see the Supplementary
Appendix, including Tables S10 and S11). The
effect of the intervention was consistent across
predefined subgroups (Fig. S2 in the Supplemen-
tary Appendix).

One or more serious adverse events occurred
in 439 of 472 patients in the 33°C group (93%)
as compared with 417 of 464 patients in the
36°C group (90%) (risk ratio, 1.03; 95% CI, 1.00 to
1.08; P=0.09). Hypokalemia was more frequent in
the 33°C group (19%, vs. 13% in the 36°C group,
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Figure 2. Probability of Survival through the End of the Trial.
Shown are Kaplan—Meier estimates of the probability of survival for patients
assigned to a target temperature of either 33°C or 36°C and the number of
patients at risk at each time point. The P value was calculated by means of
Cox regression, with the effect of the intervention adjusted for the stratifi-
cation variable of study site.

P=0.02). For the full list of serious adverse
events, see Table S12 in the Supplementary Ap-
pendix. The presumed causes of death as as-
sessed by the trial investigators were similar in
the two groups (Table S13 in the Supplemen-
tary Appendix).

DISCUSSION

In this international, multicenter, randomized
trial, we compared a target body temperature of
33°C with one of 36°C in patients who had been
resuscitated after out-of-hospital cardiac arrest of
presumed cardiac cause. There were no signifi-
cant differences between the two groups in over-
all mortality at the end of the trial or in the com-
posite of poor neurologic function or death at
180 days. The results were consistent in six pre-
defined subgroups. We did not find any harm
with a targeted temperature of 33°C as compared
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Table 3. Neurologic Scores.*

Variable 33°C Group  36°C Group

CPC at follow-upy

Total no. of patients 469 464

Category — no. (%)
1 195 (42) 183 (39)
2 23 (5) 39 (8)
3 17 (4) 20 (4)
4 6 (1) 2(0.5)
5 228 (49) 220 (47)

P value for trend 0.85

Best, or lowest numerical, CPC during trial

Total no. of patients 472 466

Category — no. (%)
1 209 (44) 205 (44)
2 25 (5) 41 (9)
3 37 (8) 37 (8)
4 201 (43) 183 (39)
5 NA NA

P value for trend 0.89

Modified Rankin scale score at follow-upy

Total no. of patients 469 464

Score — no. (%)
0 38 (19) 89 (19)
1 69 (15) 83 (18)
2 50 (11) 34 (7)
3 17 (4) 19 (4)
4 8(2) 11(2)
5 9 (2) 3(2)
6 228 (49) 220 (47)

P value for trend 0.67

* P values for trend were calculated with the use of the
Cochran—Armitage test. NA denotes not applicable.

T The neurologic follow-up was specified in the protocol
to be at 180+14 days, but the time to follow-up was in
some cases several weeks longer for logistic reasons.

with 36°C. However, it is worth recognizing that
for all outcomes, none of the point estimates were
in the direction of a benefit for the 33°C group. On
the basis of these results, decisions about which
temperature to target after out-of-hospital cardiac
arrest require careful consideration.

After publication of the seminal trials of thera-
peutic hypothermia after cardiac arrest,>? this
approach was recommended in international
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guidelines,* despite arguments by some investi-
gators that the evidence was weak, owing to the
risk of bias and small samples.®2> The subse-
quent debate has focused on two issues. The first
issue is whether therapeutic hypothermia should
be extended to patients outside the originally
described populations.2°2® It may be reasoned
that the potential benefits of temperature man-
agement on brain injury due to circulatory arrest
would be the same irrespective of the cause of
arrest. However, whole-body hypothermia influ-
ences all organ systems, and any potential ben-
efit should be balanced against possible side
effects.? The population of patients with cardiac
arrest is heterogeneous, and the potential risks
and benefits of temperature intervention may
not be the same across subgroups. The second
issue is the most beneficial target temperature for
therapeutic hypothermia.?® The recommended
temperature of 32° to 34°C has been extrapolated
from experiments in animals3'-32; however, similar
results have been observed with milder cooling.3?

A difference between our trial and earlier
trials»? is that we did not allow the natural tra-
jectory of temperature evolution in either group;
we actively controlled the temperature during the
intervention period and aimed to prevent fever dur-
ing the first 3 days after cardiac arrest. We enrolled
patients with out-of-hospital arrests of presumed
cardiac cause, in line with enrollment in earlier
trials, but our sample was larger and we had fewer
exclusion criteria, with approximately 20% of par-
ticipants having nonshockable rhythms. Other
published studies involving patients with cardiac
arrest who were admitted to the ICU have shown
baseline characteristics and mortality that are in
keeping with our findings, supporting the gen-
eralizability of our results.3438

Our trial had several limitations. First, ICU
staff members were aware of the assigned target
temperature during the stay in the ICU. We
aimed to minimize this problem by using robust
outcomes and blinded outcome assessment. We
also applied rigorous guidelines for neurologic
prognostication and end-of-life decisions. Sec-
ond, in one country, ethical approval required
written consent from a legal surrogate before
randomization, resulting in exclusion of a sub-
stantial proportion of eligible patients. Third, we
do not have detailed data on the dose and type
of sedation or the use of neuromuscular block-
ing agents. However, the sites were instructed to
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treat the groups similarly, and surrogate markers
(e.g., the presence of shivering and the number
of days that sedation affected neurologic evalua-
tion) did not differ between groups.

The mortality in both groups in our trial may
be lower than that in the control group of the
Hypothermia after Cardiac Arrest trial.> These two
trials are not easily comparable with respect to
study populations. Furthermore, prehospital and
critical care management have changed during the
past decade.3*3° Nevertheless, it is important to
acknowledge that there may be a clinically relevant
benefit of controlling the body temperature at 36°C,
instead of allowing fever to develop in patients
who have been resuscitated after cardiac arrest.°

In conclusion, our trial does not provide evi-
dence that targeting a body temperature of 33°C
confers any benefit for unconscious patients
admitted to the hospital after out-of-hospital
cardiac arrest, as compared with targeting a body
temperature of 36°C.
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Effect of Prehospital Induction of Mild Hypothermia on Survival
and Neurological Status Among Adults With Cardiac Arrest
A Randomized Clinical Trial

Francis Kim, MD; Graham Nichol, MD, MPH; Charles Maynard, PhD; Al Hallstrom, PhD; Peter J. Kudenchuk, MD;
Thomas Rea, MD, MPH; Michael K. Copass, MD; David Carlbom, MD; Steven Deem, MD; W. T. Longstreth Jr, MD;
Michele Olsufka, RN; Leonard A. Cobb, MD

E Editorial

IMPORTANCE Hospital cooling improves outcome after cardiac arrest, but prehospital cooling

Supplemental content at
immediately after return of spontaneous circulation may result in better outcomes.
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OBJECTIVE To determine whether prehospital cooling improves outcomes after resuscitation
from cardiac arrest in patients with ventricular fibrillation (VF) and without VF.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial that assigned adults with
prehospital cardiac arrest to standard care with or without prehospital cooling, accomplished
by infusing up to 2 L of 4°C normal saline as soon as possible following return of spontaneous
circulation. Adults in King County, Washington, with prehospital cardiac arrest and
resuscitated by paramedics were eligible and 1359 patients (583 with VF and 776 without VF)
were randomized between December 15, 2007, and December 7, 2012. Patient follow-up was
completed by May 1, 2013. Nearly all of the patients resuscitated from VF and admitted to the
hospital received hospital cooling regardless of their randomization.

MAIN OUTCOMES AND MEASURES The primary outcomes were survival to hospital discharge
and neurological status at discharge.

RESULTS The intervention decreased mean core temperature by 1.20°C (95% Cl, -1.33°C to
-1.07°C) in patients with VF and by 1.30°C (95% Cl, -1.40°C to -1.20°C) in patients without VF
by hospital arrival and reduced the time to achieve a temperature of less than 34°C by about 1
hour compared with the control group. However, survival to hospital discharge was similar
among the intervention and control groups among patients with VF (62.7% [95% Cl,
57.0%-68.0%] vs 64.3% [95% Cl, 58.6%-69.5%], respectively; P = .69) and among patients
without VF (19.2% [95% Cl, 15.6%-23.4%] vs 16.3% [95% Cl, 12.9%-20.4%], respectively;

P = .30). The intervention was also not associated with improved neurological status of full
recovery or mild impairment at discharge for either patients with VF (57.5% [95% Cl,
51.8%-63.1%] of cases had full recovery or mild impairment vs 61.9% [95% Cl, 56.2%-67.2%]
of controls; P = .69) or those without VF (14.4% [95% Cl, 11.3%-18.2%] of cases vs 13.4%
[95% C1,10.4%-17.2%] of controls; P = .30). Overall, the intervention group experienced
rearrest in the field more than the control group (26% [95% Cl, 22%-29%] vs 21% [95% ClI,
18%-24%], respectively; P = .008), as well as increased diuretic use and pulmonary edema on
first chest x-ray, which resolved within 24 hours after admission.
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CONCLUSION AND RELEVANCE Although use of prehospital cooling reduced core temperature
by hospital arrival and reduced the time to reach a temperature of 34°C, it did not improve
survival or neurological status among patients resuscitated from prehospital VF or those
without VF.
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rain injury causes morbidity and mortality after resus-

citation from cardiac arrest, and many patients never

awaken.* Hypothermia is a promising treatment that
can help brain recovery. In randomized trials of humans re-
suscitated from prehospital ventricular fibrillation (VF), mild
hypothermia (32-34°C) for 12 to 24 hours improved neurologi-
cal recovery and survival despite delays of 4 to 8 hours in
achieving goal temperatures.>® Hospital-based induction of hy-
pothermia is now recommended for patients who remain co-
matose after resuscitation from VF.”#

The optimal timing for induction of hypothermia is uncer-
tain. In animal models of cardiac arrest, the benefit of hypother-
mia declines when it is started more than 15 minutes after
reperfusion.® Bernard et al'*** hypothesized that early initiation
of cooling in the field after return of spontaneous circulation
(ROSC) would improve both survival and neurological outcome.
Rapid cooling after resuscitation from cardiac arrest with an in-
travenous infusion of cold saline appears feasible and safe.> How-
ever, no benefit was observed among 234 patients resuscitated
from prehospital VF and then randomized to early field cooling.*®

The only randomized trial of prehospital hypothermia in
patients resuscitated from cardiac arrest without VF (ie, first
rhythm of asystole or pulseless electrical activity) lacked power
to detect a difference in outcomes.'* Therefore, we evaluated
whether early prehospital cooling improved survival to hos-
pital discharge and neurological outcome in patients with a pre-
senting arrest rhythm of VF or without VF. We also examined
whether prehospital cooling was associated with adverse ef-
fects in the prehospital and hospital phases of care.

Methods

Participants

The trial was conducted under waiver from informed con-
sent during emergency research conditions in accordance with
all applicable federal regulations, including investigational new
drug provisions by the US Food and Drug Administration, ap-
proval by the institutional review board at the University of
Washington and all the acute care hospitals in Seattle and King
County, Washington, and oversight by an independent data and
safety monitoring board. Study personnel contacted the pa-
tient’s family as soon as feasible after enrollment to explain
the study and seek written informed consent to review the
medical records of each patient. Families of deceased pa-
tients were notified of their participation by mail.

Study Setting and Population

This randomized trial assigned adults with prehospital cardiacar-
rest to standard care with or without prehospital cooling with an
infusion of up to 2 L of 4°C normal saline as soon as possible fol-
lowing ROSC.

Seattle and King County, Washington, emergency medi-
cal services (EMS) serve a population of nearly 2 million resi-
dents and respond to more than 1100 nontraumatic cardiac ar-
rests annually using a 2-tiered response. First-tier responders
are trained in high-performance cardiopulmonary resuscita-
tion and are equipped with automated external defibrilla-
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tors. Second-tier responders are paramedics who provide ad-
vanced cardiac life support including defibrillation, intubation,
and administration of resuscitation drugs.

Cardiac arrest was defined as being unconscious due to a
sudden pulseless collapse and ROSC was defined as a return
of a palpable pulse after cardiac arrest. The inclusion criteria
included ROSC, tracheal intubation, intravenous access, suc-
cessful placement of esophageal temperature probe, and un-
consciousness. Exclusion criteria included traumatic cardiac
arrest, age younger than 18 years, being awake, following com-
mands, and having a temperature of less than 34°C. All causes
of cardiac arrest were considered, including those presenting
with VF and those without VF. Eligible patients were random-
ized to receive standard care alone (control) or standard care
plusinduction of mild hypothermia (intervention). Paramed-
ics called an emergency department (ED) physician at Harbor-
view Medical Center to verify eligibility and to learn treat-
ment assignment. Randomization was stratified by first
recorded rhythm (VF or without VF) and destination hospital
and by using randomly permuted blocks of concealed size to
ensure temporal equality of assignment in each stratum.

Sample Size

We based the sample size calculations on the results of our pi-
lot study*? and planned separate analyses for patients with VF
and those without VF. For patients with initial VF, we as-
sumed a survival rate of 65% with the intervention and 50%
with the control (standard care alone). With a 2-sided signifi-
cance level of .05, a power of 90%, and 6 interim analyses with
a conservative O’Brien-Fleming boundary, 483 patients with
VF were needed to detect a 30% relative improvement in sur-
vival with cooling in the field. The sample size for patients with-
out VF was determined by the expected recruitment of pa-
tients with VF and was estimated to be approximately 756. This
provided a power of 90% to detect a worsening of survival from
20% to 10% with a P value of .05 (1-sided test).

Study Intervention
For patients randomized to the intervention group, paramed-
ics gave up to 2 L.of 4°C normal saline, 7 to 10 mg of pancuronium,
and 1 to 2 mg of diazepam.'? The saline was infused through a
peripheral intravenous line, 18-gauge or larger, using a pressure
baginflated to 300 mm Hg, with a goal temperature of less than
34°C. If the patient had recurrent arrest during transport,
standard resuscitation protocols were started, and the saline
infusion was stopped until circulation again returned. The in-
tervention and control groups were otherwise treated the same
according to standard prehospital resuscitation protocols.
Paramedics transported patients to all acute care hospi-
tals in King County, Washington, and provided information
sheets describing the study to ED physicians and nurses. All
participating hospitals in King County receiving patients re-
suscitated from VF and 1 hospital receiving patients without
VF used cooling protocols involving surface and intravascu-
lar cooling devices for up to 24 hours. Serial temperatures (mea-
sured by esophageal or tympanic thermometers) and whether
the patient received hospital cooling were abstracted from the
hospital charts.
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Outcome Measures

The primary outcomes were survival and neurological status
at hospital discharge. Paramedics, ED staff, inpatient physi-
cians, and nursing staff at receiving hospitals were not blinded
to treatment assignment; however, study personnel who ab-
stracted the medical records for the primary outcome were un-
aware of study allocation.

Safety data were collected as follows. We collected initial
blood pressure, heart rate, use of pressors, rearrest or recurrent
VF from standard run reports that provide paramedic documen-
tation of the resuscitation. From hospital records, we collected
data on demographics; whether cooling was initiated or contin-
ued in the hospital; blood pressure, heart rate, and pulse oxim-
etry data during the first 12 hours; first arterial blood gas; first
chest film interpretations (we abstracted data when the interpret-
ing radiologist mentioned pulmonary edema, pulmonary con-
gestion, hilar abnormalities, cardiomegaly, pleural effusion); use
of intravenous diuretics; and use of pressors (eg, dobutamine,
dopamine, norepinephrine, epinephrine, phenylephrine). We
also collected data on the number of days ventilated and perfor-
mance of reintubation as indirect measures of adverse pulmo-
nary effects from fluid administration. Any use of antibiotics
during hospital stay was used as a surrogate for infection.

We determined the number of days to death without awak-
ening and to awakening, which was defined as the patient fol-
lowing commands, having comprehensible speech, or both.
Neurological status at time of discharge was assessed by re-
viewing daily progress records and nursing notes and was as-
signed as full recovery, mildly to moderately impaired, se-
verely impaired, comatose, or dead.'>'®

Statistical Methods

Safety analyses were performed on the combined groups with VF
and without VF. Efficacy analyses were performed separately for
the groups with VF and without VF and were based on the
intention-to-treat principle. We used SPSS version 19.0 (SPSS Inc)
to perform the statistical analyses. Differences between the groups
were analyzed with the t test for normal variables, the Wilcoxon
rank sum test for nonnormal variables, and the ¥ statistic for cat-
egorical variables. Two-tailed tests were performed with an alevel
of .05. Continuous values were presented as mean =+ 1 SD.

. |
Results

Enrollment and Randomization

The study began on December 15,2007, and the 1364th patient
was enrolled on December 7, 2012. Patient follow-up was com-
pleted on May 1, 2013. During the enrollment period, partici-
pating paramedics attended to 5696 patients with cardiac ar-
rest (Figure 1). Most patients (n = 3319; 58%) were ineligible
because cardiopulmonary resuscitation was not successful. A
total of 1013 eligible patients were not enrolled because 497 were
simply missed (49%), 211 were deemed by the paramedics as
being too unstable (21%), and 305 were due to other reasons
(30%) (eg, equipment failure, hospital arrival prior to random-
ization, and inability to obtain randomization information). Of
2377 eligible patients, 1364 were enrolled (57%).
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Five patients were withdrawn from the study and their data
records were not used because they were incarcerated at the time
of enrollment. Their unintentional enrollments were recorded
and reported as protocol violations to the institutional review
board. Thus, 1359 patients were included in the primary analy-
sis. Eleven patients or their representatives did not consent for
review of hospital medical records, and only their prehospital,
ED, and discharge data were used in the primary analysis. Two
patients were enrolled who did not meet all eligibility require-
ments; however, both were included in the primary analysis.

Baseline characteristics of the enrolled patients appear in
Table 1 and were not significantly different by VF status be-
tween the 2 treatment groups.

Interventions
None of the patients randomized to standard care alone (291 with
VF and 380 without VF) received prehospital cooling. Most but
not all of the patients randomized to cooling (292 with VF and
396 without VF) received 4°C normal saline intravenously be-
fore hospital arrival. The intervention decreased mean core tem-
perature by 1.20°C (95% CI, -1.33°C to -1.07°C) in patients with
VF and by 1.30°C (95% CI, -1.40°C to -1.20°C) in patients with-
out VF by hospital arrival and reduced the time to achieve a tem-
perature of less than 34°C by about 1 hour compared with the
control group. Twelve patients with VF (4%) and 27 patients
without VF (7%) did not receive any fluid. Almost 50% of all pa-
tients (with VF or without VF) received 2 L of fluid (eTable 1in
Supplement). The reasons why the full 2 L were not adminis-
tered included recurrent arrest, death in the field, and lack of
time before hospital arrival to complete the infusion.
Temperatures at randomization did not differ between
treatment groups for patients either with VF or without VF, but
those at admission to the ED did differ significantly, as did the
temperature differences between the time of randomization
and hospital arrival (eTable 1 in Supplement). Among pa-
tients with VF, 26% (95% CI, 21%-31%) of the intervention group
had a temperature of less than 34°C at the time of hospital ar-
rival. Among patients without VF, 29% (95% CI, 25%-34%) of
the intervention group had a temperature of less than 34°C.
Of enrolled patients with VF who survived to hospital ad-
mission, 448 (77%) received hospital cooling with an equal num-
ber having field cooling (n = 224) or not (n = 224). The average
time to reach a goal temperature was calculated for patients who
reached a temperature of less than 34°C. Patients randomized
to prehospital cooling and who also received hospital cooling
achieved a goal temperature by a mean (SD) of 4.2 (3.0) hours
(95% CI, 3.8-4.6 hours) compared with 5.5 (3.7) hours (95% CI,
5.0-6.0 hours) in patients who only received hospital cooling
(P < .001; eTable 2 in Supplement), suggesting that out-of-
hospital cooling reduced time to goal temperature by more than
1 hour. A similar effect was observed in patients without VF.

Outcomes

Among patients with VF, 62.7% (95% CI, 57.0%-68.0%) of the
intervention group and 64.3% (95% CI, 58.6%-69.5%) of the
control group survived to discharge (P = .69). Among pa-
tients without VF, 19.2% (95% CI, 15.6%-23.4%) of the inter-
vention group and 16.3% (95% CI, 12.9%-20.4%) of the control
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group survived to discharge (P = .30). Among both patients with
VF and those without VF, significant differences in neurologi-
cal status at time of discharge between the intervention and
control groups were not evident (Table 2). The intervention was

Induction of Mild Hypothermia for Cardiac Arrest

also not associated with improved neurological status of full
recovery or mild impairment at discharge for either the group
with VF (57.5% [95% CI, 51.8%-63.1%] of cases had full recov-
ery or mild impairment vs 61.9% [95% CI, 56.2%-67.2%] of con-

Figure 1. Study Flow Diagram

5696 Patients with out-of-hospital cardiac
arrest assessed for eligibility

—> 233 Temperature <34°C

3319 Excluded (not eligible)?
2823 No return of pulse

163 Following commands
219 Other reasons®

2377 Eligible

to participate

1364 Randomized®

N 497 Eligible but not enrolled

583 With ventricular fibrillation
776 Without ventricular fibrillation

1013 Excluded (not enrolled)

211 Unstable or rearrest
305 Other reasons

292 With ventricular fibrillation

396 Without ventricular fibrillation
randomized to receive standard

380 Without ventricular fibrillation
randomized to receive standard

E4

291 With ventricular fibrillation
randomized to receive standard randomized to receive standard
care plus induction of mild care alone
hypothermia 291 Received standard care as
274 Received intervention as randomized

randomized

18 Did not receive intervention
as randomized (no cold fluid
administered)

v

care plus induction of mild care alone
hypothermia 380 Received standard care as
364 Received intervention as randomized

randomized

32 Did not receive intervention
as randomized (no cold fluid
administered)

v

292 Included in primary analysis ‘ ‘

291 Included in primary analysis ‘ ‘

396 Included in primary analysis ‘ ‘ 380 Included in primary analysis

No patients were lost to follow-up.
@ Some patients were excluded for more than 1reason.

®Included traumatic cardiac arrest, age younger than 18 years, no esophageal
temperature, or no intravenous catheter.

< Ofthe 1364 patients enrolled, prehospital emergency medical services records and
discharge data from only 1359 patients were used for the analyses of primary out-
comes because 5 patients were later found to be incarcerated at the time of enroll-
ment, thus data from these patients were not included in any of the analyses.

Table 1. Baseline Characteristics of Randomized Eligible Patients (n=1359)°

With Ventricular Fibrillation

Without Ventricular Fibrillation

Intervention Control Intervention Control
(n=292) (n=291) (n =396) (n =380)
Age, y 62.1(14.2) 62.1 (15.6) 68.3 (16.3) 67.5 (16.5)
Men, No. (%) 227 (78) 217 (75) 216 (55) 205 (54)
Witnessed cardiac arrest, No. (%) 208 (71) 215 (74) 212 (54) 196 (52)
CPR before EMS arrival, No. (%) 199 (68) 186 (64) 196 (50) 200 (53)
Time from call to randomization, min (n =288) (n =286) (n =389) (n=373)
32.9(10.6) 32.5(9.5) 34.4(10.6) 35.2(12.6)
Time from call to first responder ar- (n =290) (n=291) (n =395) (n=379)
rival, min 5.3(2.0) 52(.1) 5.4(2.1) 5.2(2.1)
Sustained ROSC, No. (%) 273 (94) 274 (94) 354 (89) 343 (90) Abbreviations: CPR, cardiopulmonary
Time from call to sustained ROSC, min (n=142) (n = 146) (n=178) (n =159) resuscitation; EMS, emergency
25 (14) 24 (13) 28 (14) 27 (14) medical services; NA, not applicable;
Time to first shock, min® (n=175) (n=179) NA NA ROSC- r-eturn of spontaneous
9.4 (3.3) 9.2 (2.5) circulation.
Heart rate at randomization, (n =284) (n =285) (n =389) (n=370) @ Values are expressed as mean (SD)
beats/min 109 (28) 113 (28) 110 (30) 106 (31) unless otherwise indicated.
Systolic blood pressure at randomiza- (n=271) (n =275) (n=374) (n =354) b For cardiac arrest occurring before
tion, mm Hg 140 (37) 144 (39) 130 (43) 131(41) EMS arrival
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Table 2. Status at Time of Discharge

With Ventricular Fibrillation

Without Ventricular Fibrillation

(n = 583) (n =776)
No. (%) [95% ClI] No. (%) [95% CI]
Intervention Control Intervention Control
(n=292) (n=291) P Value (n =396) (n =380) P Value
Vital status
Dead 109 (37.3) 104 (35.7) 320(80.8) 318(83.7)
[32.0-43.0] [30.5-41.4] 69 [76.6-84.4] [79.6-87.1] 30
Alive 183 (62.7) 187 (64.3) ’ 76 (19.2) 62 (16.3) ’
[57.0-68.0] [58.6-69.5] [15.6-23.4] [12.9-20.4]
Neurological status at discharge
Full recovery 125 (42.8) 145 (49.8) 36(9.1) 34 (8.9)
[37.3-48.5] [40.7-52.1] [6.6-12.3] [6.5-12.2]
Mildly impaired 43 (14.7) 35(12.0) 21(5.3) 17 (4.5)
[11.1-19.2] [8.8-16.3] [3.5-8.0] [2.8-7.0]
Severely impaired 6(2.1) 8(2.7) 5(1.3) 2 (0.5)
[0.9-4.4] [1.4-5.3] o [0.5-2.9] [0.1-1.9] —
Disabled (severity unknown) 2(0.7) 0 ' 0 0 '
[0.2-2.5]
Comatose 4(1.4) 7(2.4) 12 (3.0) 7 (1.8)
[0.5-3.5] [1.2-4.9] [1.7-5.2] [0.9-3.8]
Alive (status unknown) 3(1.0) 2(0.7) 2 (0.5) 2 (0.5)
[0.4-3.0] [0.2-2.5] [0.1-1.8] [0.1-1.9]

Figure 2. The Proportion of Comatose Patients Achieving Either Death Without Awakening or Awakening as a Function of Days After Cardiac Arrest

for Enrolled Patients

[A] With ventricular fibrillation

Without ventricular fibrillation
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The area between the 2 curves represents the proportion of patients who
remain comatose. All patients at time = O are comatose and over time either
awaken or die without awakening. A, There were 568 patients with ventricular
fibrillation (VF) and known event times (284 in intervention group and 284 in
control group). For patients with initial rhythm of VF at 7 days, 157 patients died
without awakening (28%), 355 had awakened (62%), and 56 were still
comatose (10%). At 30 days, 34 more patients died without awakening, 14

more had awakened, and 8 patients remained comatose. B, There were 771
patients without VF but with known event times (395 in the intervention group
and 376 in the control group). At 7 days, 566 patients died without awakening
(73%), 138 had awakened (18%), and 67 were still comatose (9%). At 30 days,
46 more patients died without awakening, 8 more had awakened, and 13
patients remained comatose.

trols; P = .69) or without VF (14.4% [95% CI, 11.3%-18.2%] of
cases Vs 13.4% [95% CI,10.4%-17.2%] of controls).

Next we examined the effect of intervention groups on the
proportion of patients who either awakened from a coma or died
without awakening (Figure 2). For randomized patients with VF,
the proportion of patients who awakened was higher than the
proportion who died without awakening; however, significant
differences between the intervention and control groups were
absent (Figure 2A). Most randomized patients without VF died
without awakening, but again significant differences between

jama.com

the intervention and control groups were lacking (Figure 2B).
Median length of stay was similar for the intervention and con-
trol groups among those with VF (9.1 days [25th-75th percen-
tiles, 6.4-15.2 days] and 9.4 days [25th-75th percentiles, 6.2-
15.3 days], respectively, P = .75 by Wilcoxon rank sum test) and
among those without VF (11.8 days [25th-75th percentiles, 8.4-
16.6 days] and 10.5 days [25th-75th percentiles, 6.3-16.8 days],
respectively, P = .45 by Wilcoxon rank sum test).

Post hoc analyses examined use of coronary angiography
within 6 hours of hospital admission and any withdrawal or
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Table 3. Prehospital, Emergency Department, and In-Hospital Safety Data

Intervention

Rearrest postrandomization?® (n = 686)

176 (26) [22 to 29]
Use of pressors postrandomization® (n = 686)

62 (9)[7to11]

Prehospital deaths® (n = 688)

9(1.3)[0.7 to 2.5]
Time from first dispatch to hospital arrival, min® (n = 654)

51(50t052)[13]
First heart rate on ED arrival, beats/min® (n = 665)

89 (86 t092) [39]
First systolic blood pressure on ED arrival, mm Hg® (n = 666)

116 (112 to 120) [54]
Difference from randomization to ED arrival

Heart rate, beats/min® (n=651)
-21(-24to -18) [40]

Systolic blood pressure, mm HgP (n=624)
-18 (-22 to -14) [56]

Deaths in emergency department® (n = 688)

88(12.8)[10.5t0 15.5]
Use within first 12 h of arrival

Pressors? (n=674)
374 (56) [52 to 59]
Diuretics® (n=674)
119 (18) [15to0 21]
Use of diuretics within 12-48 h of arrival® (n =667)
151 (23) [20 to 26]
First arterial blood gas
pHP (n=612)
7.16 (7.14t0 7.18) [0.23]
Pao,, mm Hg® (n = 609)
189 (178 t0 200) [135]
Paco,, mm Hg (n = 670)
59 (57to61)[28]
First Sao, on ED arrival, %" (n=601)
94 (9310 95) [10]
Pulmonary edema
First chest film® (n=631)
256 (41) [37 to 44]
Second chest film? (n = 498)
133 (27)[23to 31]
Third chest film? (n =420)
104 (25) [21 to 29]
Antibiotic use® (n=673)
434 (64) [61to 68]
Glucose >300 mg/dL? (n=674)
168 (25) [22 to 28]

Control P Value
(n=671)
138(21)[18to 24] .008
(n=671)
59(9)[7to11] .82
(n=671)
11 (1.6)[0.9t0 2.5] .61
(n =629)
49 (48 t0 50) [14] .006
(n =632)
93 (90 to 96) [40] .07
= 637)
116 (112 to 120) [51] .84
(n=616)
-17 (-20to -14) [40] .09
(n=647)
-20(-24to -16) [56] 47
(n=671)
85(12.7)[10.4 t0 15.4] .95
(n = 647)
365 (56) [53 to 60] 93
(n = 648)
81(13)[10to 15] .009
(n = 640)
109 (17) [14 to 20] 01
(n =590)
7.20(7.18t07.22)[0.29] .005
(n =585)
218 (206 to 230) [144] <.001
(n=641)
58 (55to 61) [34] .36
(n=573)
96 (9510 97) [8] .02
(n=609)
184 (30) [27 to 34] <.001
(n = 464)
123 (27)[23to 31] .95
(n =392) Abbreviations: ED, emergency
81(21)[17 to 25] 23 department; Sao,, oxygen saturation.
(n = 649) 2 Indicates values are expressed as
418 (64) [61 to 68] .98 No. (%) [95% Cl].
(n = 648) ®Indicates values are expressed as
208 (32) [29 to 36] .004

mean (95% Cl) [SD].

change in the level of life support during hospitalization to assess
whether randomization to prehospital cooling was associated with
treatment decisions for admitted patients. Among patients ad-
mitted to the hospital, no significant differences between treat-
ment groups were evident for early coronary angiography within
6 hours from hospital arrival (25% for the intervention groups vs
27% for the control groups) or reduction in level or withdrawal
of life support (44% for both intervention and control groups).

Safety

Prehospital deaths and deaths in the ED between the inter-
vention and control groups did not differ significantly for pa-
tients with VF or those without VF (Table 3). The use of pres-
sors by paramedics was similar (9% for both treatment groups);
however, the proportion of patients who had a rearrest dur-
ing transport (defined as loss of pulse) was 26% in the inter-

JAMA Published online November 17,2013

vention group compared with 21% in the control group
(P =.008). The intervention group had significantly lower oxy-
genation, increased pulmonary edema on first chest x-ray, and
greater use of diuretics during the first 12 hours of hospital-
ization compared with the control group (Table 3). The inci-
dence of pulmonary edema noted on subsequent chest x-
rays during hospitalization, the number of days receiving
ventilation, the incidence of reintubation, and the use of an-
tibiotics (a surrogate marker for infection) were not signifi-
cantly different between the treatment groups.

|
Discussion

This large randomized trial found that prehospital, rapid in-
fusion of up to 2 L. of 4°C normal saline did induce mild hypo-
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thermia faster than standard care but did not improve sur-
vival or neurological status at discharge after resuscitation from
prehospital shockable (VF) or nonshockable (without VF) car-
diac arrest. The resuscitation and intervention were per-
formed by paramedics from EMS agencies with a high overall
rate of resuscitation. The intervention reduced core body tem-
perature by hospital arrival, and patients reached the goal tem-
perature about 1 hour sooner than in the control group. The
intervention was associated with significantly increased inci-
dence of rearrest during transport, time in the prehospital set-
ting, pulmonary edema, and early diuretic use in the ED. Mor-
tality in the out-of-hospital setting or ED and hospital length
of stay did not differ significantly between the treatment
groups.

Current guidelines for postresuscitation care recom-
mend application of induced hypothermia in the hospital to
patients resuscitated from prehospital VF.® The optimal tim-
ing, duration, and method of cooling remain unclear but ani-
mal studies have provided a strong rationale for early induc-
tion of therapeutic hypothermia soon after ROSC.° Infusion of
cold intravenous fluid is an attractive strategy to achieve early
cooling because of its portability, ease in administration, and
potential widespread availability in the prehospital setting.

During the enrollment period of the current trial, Bernard
et al'® published their results from a prehospital cooling study
in patients resuscitated from VF. There were 234 patients with
VF randomized to rapid cooling with 2 L of ice-cold lactated
Ringer solution or to cooling after hospital admission and 47.5%
of the paramedic-cooled group had a favorable outcome at hos-
pital discharge vs 52.6% of the hospital-cooled group. Even
though the paramedic-cooled group was colder at hospital ar-
rival, differences in temperature between the intervention and
control groups disappeared within 1 hour.

The results of the current randomized study, in conjunc-
tion with the prior randomized human investigation,'* do not
support the routine use of cold saline following ROSC among
patients resuscitated from prehospital cardiac arrest. Why did
prehospital hypothermia not improve outcomes in this study
given prior promising results? Potential bias from incomplete
blinding seems an unlikely explanation. Perhaps early cool-
ing needs to be applied during resuscitation and not after ROSC
to achieve the desired benefit.

Early cooling during resuscitation might attenuate the cas-
cade of reperfusion injury that begins with ROSC."” This use
of intra-arrest cooling is supported by animal studies, al-
though a recent trial that used evaporative intranasal cooling
during attempted resuscitation suggests that intra-arrest hy-
pothermia was not associated with a large clinical effect.'®
Whether earlier cooling will improve survival and outcomes
in humans awaits further study.

The dose or method of hypothermia may have been sub-
optimal. The study used a goal threshold temperature of 34°C
rather than 33°C. A lower temperature goal may have af-
forded better clinical outcomes. Importantly, the method of
prehospital hypothermia may have been associated with early
harm that could have masked subsequent improvement.

There are some potential limitations of the current trial.
First, patients randomized to the intervention were more likely
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to experience rearrest and pulmonary edema, although early
deaths did not differ by treatment status. Rearrest possibly
worsened brain ischemia that did not affect early mortality but
manifested as increased risk of death later during the hospi-
talization.

Second, in an animal model of cardiac arrest, induction of
hypothermia using intravenous volume loading was associ-
ated with significantly decreased coronary artery perfusion pres-
sure compared with postresuscitation surface cooling
methods.' In animal and human studies, decreased coronary
artery perfusion pressure is associated with a decrease in sur-
vival. In addition, cold prehospital fluid administration was as-
sociated with significant reduction in first arterial blood gas pH
and Pao, levels (Table 3), which are both predictors of poor out-
comes. Thus, a potential benefit from prehospital cooling may
have been mitigated by these associated adverse effects.

Third, we measured end points at the time of hospital dis-
charge to help ensure comprehensive outcome ascertain-
ment. Functional status can improve for at least 6 months af-
ter resuscitation from cardiac arrest,?° but the current study
could not detect such alate intervention effect. However, func-
tional status at hospital discharge is a strong predictor of long-
term survival.”

These potential limitations should be considered in the
context of the trial’s strengths. The investigation evaluated a
generalizable, low-cost intervention for a condition that ac-
counts for substantial public health mortality. The study was
conducted in an EMS system with an established record of re-
search and prehospital resuscitation, which are characteris-
tics essential for successfully completion of such a trial. The
investigation achieved robust randomization and had ad-
equate power to detect clinically significant differences in sur-
vival or neurological status at discharge in patients resusci-
tated from VF. The effect of prehospital hypothermia in this
trial was not likely to be modified or confounded by the qual-
ity of prehospital emergency care because the baseline out-
comes achieved by EMS agencies that participated in this study
were high.

In addition, the effect of out-of-hospital hypothermia was
unlikely to be modified by the quality of hospital-based care
because post hoc secondary analyses did not demonstrate a
relationship between outcomes and early angiography or with-
drawal of life support. Lastly, a high percentage of admitted
patients received hospital cooling and achieved tempera-
tures of less than 34°C, thereby minimizing the effects of hos-
pital cooling on outcomes. Thus, we believe that our results
have both internal and external validity.

. |
Conclusions

Early out-of-hospital cooling by rapid infusion with 4°C of nor-
mal saline reduced core temperature by more than 1°C and re-
duced the time to achieve the therapeutic temperature goal
of 34°C by more than 1 hour. Nonetheless, early, rapid cooling
did not improve survival or neurological status at discharge
in patients with VF or without VF. Rapid fluid administration
was associated with higher rates of rearrest during transport
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and increased transient pulmonary edema, which resolved
within the first 24 hours. Although hypothermia is a promis-
ing strategy to improve resuscitation and brain recovery fol-
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Randomized Clinical Trial Progress to Inform Care
for Out-of-Hospital Cardiac Arrest

Christopher B. Granger, MD; Lance B. Becker, MD

Approximately 300000 patients experience out-of-hospital car-
diac arrest per year in the United States, and less than 10% sur-
vive to hospital discharge.! Regional heterogeneity in out-

comes, with a 5-fold greater
& likelihood of survival follow-
ing ventricular fibrillation
arrest in Seattle, Washington,
than in counties in Alabama, has underscored the opportunity
to improve care.! National programs that define best practice
around community, emergency medical services (EMS), and
hospital strategies to improve care are being implemented>3 and
promise to substantially improve survival. An important ele-
ment of evidence-based care is therapeutic hypothermia.*> In
this issue of JAMA, Kim and colleagues® report findings from
an ambitious and successful large randomized clinical trial that
provides the first good new evidence in more than 10 years, and
the first generated in the United States, regarding hypother-
mia following cardiac arrest.

The clinical evidence for the benefit of hypothermia has
been primarily derived from 2 randomized trials published a
decade ago with a total of 352 patients with out-of-hospital car-
diac arrest who had ventricular fibrillation (VF) or pulseless
ventricular tachycardia. In an Australian trial, 77 patients were
randomized (according to day of the week) within 2 hours of
return of spontaneous circulation (ROSC) to a group that re-
ceived surface cooling or to a control group that included pas-
sive rewarming.” In the cooling group, a temperature of 33.5°C
was achieved after 120 minutes of cooling, and cooling was con-
tinued for 12 hours. The second trial, from Austria, random-
ized 275 patients with VF to surface cooling to a target of 32°C
to 34°C for core temperature vs normothermia.® Cooling be-
gan at a median time of 105 minutes and target temperature
was achieved a median of 8 hours after ROSC and continued
for 24 hours. In each trial, there was a 16% to 24% absolute im-
provement in favorable neurological outcome.

However, there are many unanswered questions regard-
ing therapeutic hypothermia. Would more trials be helpful to
be certain about the degree of benefit of hypothermia in VF ar-
rest? Does cooling work for patients with arrest and asystole or
pulseless electrical activity? Is there an optimal duration of treat-
ment? What is the optimal target temperature? Is intravascular
cooling as or more effective than surface cooling? Is there greater
benefit in earlier initiation of cooling, earlier achievement of tar-
get temperature, or both? These questions have not been ad-
dressed in adequate randomized clinical trials, although exten-
sion or amplification of the benefits seen in the early trials might
have major health consequences. In addition, randomized clini-
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cal trials of cardiac arrest, particularly in the out-of-hospital set-
ting, are enormously challenging, because of the need both to
follow procedures involving authorization for waiver of in-
formed consent and to conduct trials in the underresourced and
fragmented environment of EMS.

It is in this context that the trial by Kim and colleagues® is
an important contribution. A total of 1359 patients, which is
more than 3 times as many as in the prior trials”-® combined,
with out-of-hospital cardiac arrest (583 with VF and 776 with-
out VF) were randomly assigned to prehospital cooling with
up to 2 L of 4°C saline or control. Mean core temperature de-
creased by more than 1°C by the time of hospital arrival with
prehospital cooling. The interval required to reach target tem-
perature decreased from 5.5 hours (hospital only cooling) to
4.2 hours (prehospital and hospital cooling) in the VF group
and from 4.0 hours to 3.0 hours in the group without VF. De-
spite these differences in achieving earlier cooling, the pri-
mary outcome, survival to hospital discharge, was not im-
proved with hypothermia initiated in the out-of-hospital
setting. Among the 583 patients with VF, 62.7% of the inter-
vention group and 64.3% of the control group survived to dis-
charge, whereas among the 776 patients without VF, 19.2% of
the intervention group and 16.3% of the control group sur-
vived to discharge. There were no significant differencesin neu-
rological status at time of discharge between the intervention
and control groups.

Why was survival not improved? Either the modestly faster
achievement of hypothermia was not sufficiently beneficial to
show better survival, or there was harm that balanced the ben-
efit of the faster hypothermia. The hypothesis was a good one.
If hypothermia is beneficial after cardiac arrest, it stands to rea-
son that earlier application of hypothermia should be better than
delayed cooling. Earlier application of hypothermia has been
shown to be beneficial in animal models,®*° and more rapid in-
duction of hypothermia could be protective against a cascade
of reperfusion injury events, inflammatory insults, and cellu-
lar deterioration that develop during the postresuscitation pe-
riod. However, these animal studies demonstrated no differ-
ence in outcome when cooling was performed at 1 hour following
ROSC compared with 4 hours following ROSC, which is consis-
tent with the findings in the study by Kim et al. The benefit of
earlier cooling in animal studies is associated with cooling im-
mediately upon ROSC® or with cooling during the cardiac ar-
rest (termed intra-arrest cooling) prior to ROSC.'° Consistent with
the animal data, the current study suggests that improving the
time from achieving target temperature from 5 hours to 4 hours
does not substantially improve clinical outcome.
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Additionally, there is some evidence of harm associated
with the cooling method used in the study by Kim et al.® There
was an 11% higher absolute rate of pulmonary edema on the
initial chest radiograph and lower oxygen saturation on emer-
gency department arrival with the intervention group. The vol-
ume of saline (2 L given rapidly) appears to have produced
negative hemodynamic effects in the period after ROSC for
some patients. This is consistent with animal data that dem-
onstrate a reduction in coronary perfusion pressure when sa-
line volume loading is done to achieve cooling.™ This adverse
effect on hemodynamics was not observed when cooling was
achieved without delivering a large volume of saline. Thus this
may be an adverse effect from the method of cooling selected
for the study, not an effect of hypothermia. Alternate meth-
ods of cooling such as external skin cooling devices, intrave-
nous cooling catheters, and intranasal cooling devices that do
notrely on large volume saline infusions are available. The use
of intravenous saline for cooling after cardiac arrest is com-
mon in the United States, and this study should provide a note
of caution for the use of rapid infusions for hypothermia by
all clinicians who use this method. In addition, even though
this trial is large, it was powered to show a 30% improvement
in outcome and a modest treatment effect may have been
missed. Ongoing trials' could reinforce or challenge the re-
sults of this trial.

How should this trial influence practice? One question is
whether the results are broadly generalizable because qual-
ity of cardiac arrest care is very high in Seattle, as reflected by

64% hospital survival and 58% survival with good neurologi-
cal recovery for patients with VF in this trial. Yet the trial pro-
vides clear evidence that in the setting of high-quality care,
out-of-hospital hypothermia by infusion of cold saline does not
substantially improve survival. Emergency medical services
agencies should concentrate on other means to improve sur-
vival from cardiac arrest. These include optimizing dispatch
processes, ensuring quality cardiopulmonary resuscitation,
transporting of patients to hospitals capable of providing qual-
ity cardiac arrest care, and measuring and continuously im-
proving quality measures of cardiac arrest care.” Moreover, the
study conclusions apply to out-of-hospital initiation of cool-
ing with rapid infusion of cold saline, and they should not be
extended to use of other methods of hypothermia initiated in
the emergency department or continued during the initial
phase of postresuscitation care in the intensive care unit.

The clinical trial by Kim et al® also highlights the impor-
tance of conducting rigorous randomized trials of interven-
tions, such as hypothermia, for out-of-hospital cardiac arrest
in the United States. Even though thousands of cardiac arrest
patients in the United States are treated with hypothermia, it
is unfortunate that it has taken 10 years since the publication
of the initial randomized hypothermia trials for the first such
US study to be published. More trials are needed to answer vi-
tal questions regarding the use of hypothermia. This random-
ized trial, and others being conducted, will lead to better care,
more efficient use of resources, and improved outcomes for
patients with out-of-hospital cardiac arrest.
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