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

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% 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 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% CI,
57.0%-68.0%] vs 64.3% [95% CI, 58.6%-69.5%], respectively; P = .69) and among patients
without VF (19.2% [95% CI, 15.6%-23.4%] vs 16.3% [95% CI, 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% CI,
51.8%-63.1%] of cases had full recovery or mild impairment vs 61.9% [95% CI, 56.2%-67.2%]
of controls; P = .69) or those without VF (14.4% [95% CI, 11.3%-18.2%] of cases vs 13.4%
[95% CI,10.4%-17.2%] of controls; P = .30). Overall, the intervention group experienced
rearrest in the field more than the control group (26% [95% CI, 22%-29%] vs 21% [95% CI,
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.
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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B

rain injury causes morbidity and mortality after resuscitation from cardiac arrest, and many patients never
awaken.1-4 Hypothermia is a promising treatment that
can help brain recovery. In randomized trials of humans resuscitated from prehospital ventricular fibrillation (VF), mild
hypothermia (32-34°C) for 12 to 24 hours improved neurological recovery and survival despite delays of 4 to 8 hours in
achieving goal temperatures.5,6 Hospital-based induction of hypothermia is now recommended for patients who remain comatose after resuscitation from VF.7,8
The optimal timing for induction of hypothermia is uncertain. In animal models of cardiac arrest, the benefit of hypothermia declines when it is started more than 15 minutes after
reperfusion.9 Bernard et al10,11 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 intravenous infusion of cold saline appears feasible and safe.12 However, no benefit was observed among 234 patients resuscitated
from prehospital VF and then randomized to early field cooling.13
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.14 Therefore, we evaluated
whether early prehospital cooling improved survival to hospital discharge and neurological outcome in patients with a presenting arrest rhythm of VF or without VF. We also examined
whether prehospital cooling was associated with adverse effects in the prehospital and hospital phases of care.

Methods
Participants
The trial was conducted under waiver from informed consent during emergency research conditions in accordance with
all applicable federal regulations, including investigational new
drug provisions by the US Food and Drug Administration, approval 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 patient’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 patients were notified of their participation by mail.

Study Setting and Population
This randomized trial assigned adults with prehospital cardiac arrest 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 following ROSC.
Seattle and King County, Washington, emergency medical services (EMS) serve a population of nearly 2 million residents and respond to more than 1100 nontraumatic cardiac arrests annually using a 2-tiered response. First-tier responders
are trained in high-performance cardiopulmonary resuscitation and are equipped with automated external defibrilla46

tors. Second-tier responders are paramedics who provide advanced 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, successful placement of esophageal temperature probe, and unconsciousness. Exclusion criteria included traumatic cardiac
arrest, age younger than 18 years, being awake, following commands, 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 randomized to receive standard care alone (control) or standard care
plus induction of mild hypothermia (intervention). Paramedics called an emergency department (ED) physician at Harborview Medical Center to verify eligibility and to learn treatment 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 pilot study12 and planned separate analyses for patients with VF
and those without VF. For patients with initial VF, we assumed a survival rate of 65% with the intervention and 50%
with the control (standard care alone). With a 2-sided significance 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 survival with cooling in the field. The sample size for patients without VF was determined by the expected recruitment of patients 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, paramedics gave up to 2 L of 4°C normal saline, 7 to 10 mg of pancuronium,
and 1 to 2 mg of diazepam.12 The saline was infused through a
peripheral intravenous line, 18-gauge or larger, using a pressure
bag inflated 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 intervention and control groups were otherwise treated the same
according to standard prehospital resuscitation protocols.
Paramedics transported patients to all acute care hospitals in King County, Washington, and provided information
sheets describing the study to ED physicians and nurses. All
participating hospitals in King County receiving patients resuscitated from VF and 1 hospital receiving patients without
VF used cooling protocols involving surface and intravascular cooling devices for up to 24 hours. Serial temperatures (measured 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 physicians, and nursing staff at receiving hospitals were not blinded
to treatment assignment; however, study personnel who abstracted the medical records for the primary outcome were unaware 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 documentation of the resuscitation. From hospital records, we collected
data on demographics; whether cooling was initiated or continued in the hospital; blood pressure, heart rate, and pulse oximetry data during the first 12 hours; first arterial blood gas; first
chest film interpretations (we abstracted data when the interpreting radiologist mentioned pulmonary edema, pulmonary congestion, 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 performance of reintubation as indirect measures of adverse pulmonary 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 awakening and to awakening, which was defined as the patient following commands, having comprehensible speech, or both.
Neurological status at time of discharge was assessed by reviewing daily progress records and nursing notes and was assigned as full recovery, mildly to moderately impaired, severely impaired, comatose, or dead.15,16

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 χ2 statistic for categorical variables. Two-tailed tests were performed with an α level
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 completed on May 1, 2013. During the enrollment period, participating paramedics attended to 5696 patients with cardiac arrest (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 randomization, and inability to obtain randomization information). Of
2377 eligible patients, 1364 were enrolled (57%).
jama.com
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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 analysis. 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 requirements; 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 between 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 before hospital arrival. The intervention decreased mean core temperature 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 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. Twelve patients with VF (4%) and 27 patients
without VF (7%) did not receive any fluid. Almost 50% of all patients (with VF or without VF) received 2 L of fluid (eTable 1 in
Supplement). The reasons why the full 2 L were not administered 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 patients with VF, 26% (95% CI, 21%-31%) of the intervention group
had a temperature of less than 34°C at the time of hospital arrival. 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 admission, 448 (77%) received hospital cooling with an equal number 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-ofhospital 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 patients without VF, 19.2% (95% CI, 15.6%-23.4%) of the intervention 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 neurological status at time of discharge between the intervention and
control groups were not evident (Table 2). The intervention was

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 recovery 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
3319 Excluded (not eligible)a
2823 No return of pulse
233 Temperature <34°C
163 Following commands
219 Other reasonsb
2377 Eligible to participate
1013 Excluded (not enrolled)
497 Eligible but not enrolled
211 Unstable or rearrest
305 Other reasons

1364 Randomizedc
583 With ventricular fibrillation
776 Without ventricular fibrillation

292 With ventricular fibrillation
randomized to receive standard
care plus induction of mild
hypothermia
274 Received intervention as
randomized
18 Did not receive intervention
as randomized (no cold fluid
administered)

291 With ventricular fibrillation
randomized to receive standard
care alone
291 Received standard care as
randomized

396 Without ventricular fibrillation
randomized to receive standard
care plus induction of mild
hypothermia
364 Received intervention as
randomized
32 Did not receive intervention
as randomized (no cold fluid
administered)

380 Without ventricular fibrillation
randomized to receive standard
care alone
380 Received standard care as
randomized

292 Included in primary analysis

291 Included in primary analysis

396 Included in primary analysis

380 Included in primary analysis

c

No patients were lost to follow-up.
a

Some patients were excluded for more than 1 reason.

b

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

Of the 1364 patients enrolled, prehospital emergency medical services records and
discharge data from only 1359 patients were used for the analyses of primary outcomes because 5 patients were later found to be incarcerated at the time of enrollment, thus data from these patients were not included in any of the analyses.

Table 1. Baseline Characteristics of Randomized Eligible Patients (n=1359)a
With Ventricular Fibrillation

48

Without Ventricular Fibrillation

Intervention
(n = 292)

Control
(n = 291)

Intervention
(n = 396)

Control
(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)
32.9 (10.6)

(n = 286)
32.5 (9.5)

(n = 389)
34.4 (10.6)

(n = 373)
35.2 (12.6)

Time from call to first responder arrival, min

(n = 290)
5.3 (2.0)

(n = 291)
5.2 (2.1)

(n = 395)
5.4 (2.1)

(n = 379)
5.2 (2.1)

Sustained ROSC, No. (%)

273 (94)

274 (94)

354 (89)

343 (90)

Time from call to sustained ROSC, min

(n = 142)
25 (14)

(n = 146)
24 (13)

(n = 178)
28 (14)

(n = 159)
27 (14)

Time to first shock, minb

(n = 175)
9.4 (3.3)

(n = 179)
9.2 (2.5)

NA

NA

Heart rate at randomization,
beats/min

(n = 284)
109 (28)

(n = 285)
113 (28)

(n = 389)
110 (30)

(n = 370)
106 (31)

a

Values are expressed as mean (SD)
unless otherwise indicated.

Systolic blood pressure at randomization, mm Hg

(n = 271)
140 (37)

(n = 275)
144 (39)

(n = 374)
130 (43)

(n = 354)
131 (41)

b

For cardiac arrest occurring before
EMS arrival.
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Table 2. Status at Time of Discharge
With Ventricular Fibrillation
(n = 583)

Without Ventricular Fibrillation
(n = 776)

No. (%) [95% CI]

No. (%) [95% CI]

Intervention
(n = 292)

Control
(n = 291)

Intervention
(n = 396)

Control
(n = 380)

109 (37.3)
[32.0-43.0]

104 (35.7)
[30.5-41.4]

320 (80.8)
[76.6-84.4]

318 (83.7)
[79.6-87.1]

183 (62.7)
[57.0-68.0]

187 (64.3)
[58.6-69.5]

76 (19.2)
[15.6-23.4]

62 (16.3)
[12.9-20.4]

Full recovery

125 (42.8)
[37.3-48.5]

145 (49.8)
[40.7-52.1]

36 (9.1)
[6.6-12.3]

34 (8.9)
[6.5-12.2]

Mildly impaired

43 (14.7)
[11.1-19.2]

35 (12.0)
[8.8-16.3]

21 (5.3)
[3.5-8.0]

17 (4.5)
[2.8-7.0]

6 (2.1)
[0.9-4.4]

8 (2.7)
[1.4-5.3]

5 (1.3)
[0.5-2.9]

2 (0.5)
[0.1-1.9]

Disabled (severity unknown)

2 (0.7)
[0.2-2.5]

0

0

0

Comatose

4 (1.4)
[0.5-3.5]

7 (2.4)
[1.2-4.9]

12 (3.0)
[1.7-5.2]

7 (1.8)
[0.9-3.8]

Alive (status unknown)

3 (1.0)
[0.4-3.0]

2 (0.7)
[0.2-2.5]

2 (0.5)
[0.1-1.8]

2 (0.5)
[0.1-1.9]

P Value

P Value

Vital status
Dead
Alive

.69

.30

Neurological status at discharge

Severely impaired

.59

.74

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

B

1.00

Without ventricular fibrillation
1.00

Proportion Achieving Outcomes

Proportion Achieving Outcomes

Death without awakening
0.80
Coma
0.60

0.40
Awakening
0.20

Intervention
Control

0.80

0.60
Death without awakening
0.40
Coma
0.20
Awakening

0

0
0

5

10

15

20

25

30

Days Since Cardiac Arrest

0

5

10

15

20

25

30

Days Since Cardiac Arrest

The area between the 2 curves represents the proportion of patients who
remain comatose. All patients at time = 0 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

the intervention and control groups were lacking (Figure 2B).
Median length of stay was similar for the intervention and control groups among those with VF (9.1 days [25th-75th percentiles, 6.4-15.2 days] and 9.4 days [25th-75th percentiles, 6.215.3 days], respectively, P = .75 by Wilcoxon rank sum test) and
among those without VF (11.8 days [25th-75th percentiles, 8.416.6 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

jama.com
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Table 3. Prehospital, Emergency Department, and In-Hospital Safety Data
Intervention

Control

P Value

(n = 686)
176 (26) [22 to 29]

(n = 671)
138 (21) [18 to 24]

.008

(n = 686)
62 (9) [7 to 11]

(n = 671)
59 (9) [7 to 11]

.82

Prehospital deathsa

(n = 688)
9 (1.3) [0.7 to 2.5]

(n = 671)
11 (1.6) [0.9 to 2.5]

.61

Time from first dispatch to hospital arrival, minb

(n = 654)
51 (50 to 52) [13]

(n = 629)
49 (48 to 50) [14]

.006

First heart rate on ED arrival, beats/minb

(n = 665)
89 (86 to 92) [39]

(n = 632)
93 (90 to 96) [40]

.07

(n = 666)
116 (112 to 120) [54]

(n = 637)
116 (112 to 120) [51]

.84

Heart rate, beats/minb

(n = 651)
−21 (−24 to −18) [40]

(n = 616)
−17 (−20 to −14) [40]

.09

Systolic blood pressure, mm Hgb

(n = 624)
−18 (−22 to −14) [56]

(n = 647)
−20 (−24 to −16) [56]

.47

(n = 688)
88 (12.8) [10.5 to 15.5]

(n = 671)
85 (12.7) [10.4 to 15.4]

.95

Pressorsa

(n = 674)
374 (56) [52 to 59]

(n = 647)
365 (56) [53 to 60]

.93

Diureticsa

(n = 674)
119 (18) [15 to 21]

(n = 648)
81 (13) [10 to 15]

.009

(n = 667)
151 (23) [20 to 26]

(n = 640)
109 (17) [14 to 20]

.01

(n = 612)
7.16 (7.14 to 7.18) [0.23]

(n = 590)
7.20 (7.18 to 7.22) [0.29]

.005

(n = 609)
189 (178 to 200) [135]

(n = 585)
218 (206 to 230) [144]

<.001

PaCO2, mm Hgb

(n = 670)
59 (57 to 61) [28]

(n = 641)
58 (55 to 61) [34]

.36

First SaO2 on ED arrival, %b

(n = 601)
94 (93 to 95) [10]

(n = 573)
96 (95 to 97) [8]

.02

First chest filma

(n = 631)
256 (41) [37 to 44]

(n = 609)
184 (30) [27 to 34]

<.001

Second chest filma

(n = 498)
133 (27) [23 to 31]

(n = 464)
123 (27) [23 to 31]

.95

Third chest filma

(n = 420)
104 (25) [21 to 29]

(n = 392)
81 (21) [17 to 25]

.23

(n = 673)
434 (64) [61 to 68]

(n = 649)
418 (64) [61 to 68]

.98

(n = 674)
168 (25) [22 to 28]

(n = 648)
208 (32) [29 to 36]

.004

Rearrest postrandomizationa
Use of pressors postrandomizationa

First systolic blood pressure on ED arrival, mm Hgb
Difference from randomization to ED arrival

Deaths in emergency departmenta
Use within first 12 h of arrival

Use of diuretics within 12-48 h of arrivala
First arterial blood gas
pHb
b

PaO2, mm Hg

Pulmonary edema

Antibiotic usea
Glucose >300 mg/dLa

change in the level of life support during hospitalization to assess
whetherrandomizationtoprehospitalcoolingwasassociatedwith
treatment decisions for admitted patients. Among patients admitted to the hospital, no significant differences between treatment 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 intervention and control groups did not differ significantly for patients with VF or those without VF (Table 3). The use of pressors by paramedics was similar (9% for both treatment groups);
however, the proportion of patients who had a rearrest during transport (defined as loss of pulse) was 26% in the inter50

a

Indicates values are expressed as
No. (%) [95% CI].

b

Indicates values are expressed as
mean (95% CI) [SD].

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

Discussion
This large randomized trial found that prehospital, rapid infusion 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 survival or neurological status at discharge after resuscitation from
prehospital shockable (VF) or nonshockable (without VF) cardiac arrest. The resuscitation and intervention were performed by paramedics from EMS agencies with a high overall
rate of resuscitation. The intervention reduced core body temperature by hospital arrival, and patients reached the goal temperature about 1 hour sooner than in the control group. The
intervention was associated with significantly increased incidence of rearrest during transport, time in the prehospital setting, pulmonary edema, and early diuretic use in the ED. Mortality 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 recommend application of induced hypothermia in the hospital to
patients resuscitated from prehospital VF.8 The optimal timing, duration, and method of cooling remain unclear but animal studies have provided a strong rationale for early induction of therapeutic hypothermia soon after ROSC.9 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 al13 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 hospital discharge vs 52.6% of the hospital-cooled group. Even
though the paramedic-cooled group was colder at hospital arrival, differences in temperature between the intervention and
control groups disappeared within 1 hour.
The results of the current randomized study, in conjunction with the prior randomized human investigation,13 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 cooling needs to be applied during resuscitation and not after ROSC
to achieve the desired benefit.
Early cooling during resuscitation might attenuate the cascade of reperfusion injury that begins with ROSC.17 This use
of intra-arrest cooling is supported by animal studies, although a recent trial that used evaporative intranasal cooling
during attempted resuscitation suggests that intra-arrest hypothermia was not associated with a large clinical effect.18
Whether earlier cooling will improve survival and outcomes
in humans awaits further study.
The dose or method of hypothermia may have been suboptimal. The study used a goal threshold temperature of 34°C
rather than 33°C. A lower temperature goal may have afforded 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
jama.com
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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 hospitalization.
Second, in an animal model of cardiac arrest, induction of
hypothermia using intravenous volume loading was associated with significantly decreased coronary artery perfusion pressure compared with postresuscitation surface cooling
methods.19 In animal and human studies, decreased coronary
artery perfusion pressure is associated with a decrease in survival. In addition, cold prehospital fluid administration was associated with significant reduction in first arterial blood gas pH
and PaO2 levels (Table 3), which are both predictors of poor outcomes. 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 discharge to help ensure comprehensive outcome ascertainment. Functional status can improve for at least 6 months after resuscitation from cardiac arrest,20 but the current study
could not detect such a late intervention effect. However, functional status at hospital discharge is a strong predictor of longterm survival.21
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 accounts for substantial public health mortality. The study was
conducted in an EMS system with an established record of research and prehospital resuscitation, which are characteristics essential for successfully completion of such a trial. The
investigation achieved robust randomization and had adequate power to detect clinically significant differences in survival or neurological status at discharge in patients resuscitated from VF. The effect of prehospital hypothermia in this
trial was not likely to be modified or confounded by the quality of prehospital emergency care because the baseline outcomes 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 withdrawal of life support. Lastly, a high percentage of admitted
patients received hospital cooling and achieved temperatures of less than 34°C, thereby minimizing the effects of hospital 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 normal saline reduced core temperature by more than 1°C and reduced 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
JAMA January 1, 2014 Volume 311, Number 1
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and increased transient pulmonary edema, which resolved
within the first 24 hours. Although hypothermia is a promising strategy to improve resuscitation and brain recovery fol-
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