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ABSTRACT

Background Cardiac arrest outside the hospital is
common and has a poor outcome. Studies in labora-
tory animals suggest that hypothermia induced short-
ly after the restoration of spontaneous circulation may
improve neurologic outcome, but there have been
no conclusive studies in humans. In a randomized,
controlled trial, we compared the effects of moder-
ate hypothermia and normothermia in patients who
remained unconscious after resuscitation from out-
of-hospital cardiac arrest.

Methods The study subjects were 77 patients who
were randomly assigned to treatment with hypother-
mia (with the core body temperature reduced to 33°C
within 2 hours after the return of spontaneous circula-
tion and maintained at that temperature for 12 hours)
or normothermia. The primary outcome measure was
survival to hospital discharge with sufficiently good
neurologic function to be discharged to home or to
a rehabilitation facility.

Results The demographic characteristics of the
patients were similar in the hypothermia and normo-
thermia groups. Twenty-one of the 43 patients treat-
ed with hypothermia (49 percent) survived and had
a good outcome — that is, they were discharged
home or to a rehabilitation facility — as compared
with 9 of the 34 treated with normothermia (26 per-
cent, P=0.046). After adjustment for base-line differ-
ences in age and time from collapse to the return of
spontaneous circulation, the odds ratio for a good
outcome with hypothermia as compared with normo-
thermia was 5.25 (95 percent confidence interval,
1.47 to 18.76; P=0.011). Hypothermia was associated
with a lower cardiac index, higher systemic vascular
resistance, and hyperglycemia. There was no differ-
ence in the frequency of adverse events.

Conclusions Our preliminary observations suggest
that treatment with moderate hypothermia appears to
improve outcomes in patients with coma after resus-
citation from out-of-hospital cardiac arrest. (N Engl J
Med 2002;346:557-63.)

Copyright © 2002 Massachusetts Medical Society.

ARDIAC arrest outside the hospital is a

major cause of unexpected death in devel-

oped countries, with survival rates ranging

from less than 5 percent to 35 percent.!3
In patients who are initially resuscitated, anoxic neu-
rologic injury is an important cause of morbidity
and mortality.*
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Currently, the treatment of patients with coma af-
ter resuscitation from out-of-hospital cardiac arrest
is largely supportive. Because cerebral ischemia may
persist for some hours after resuscitation,’ the use of
induced hypothermia to decrease cerebral oxygen de-
mand has been proposed as a treatment option. Al-
though this suggestion has been supported by studies
in animal models,”12 the studies in humans that have
been reported to date have been uncontrolled or ret-
rospective.13-18

After a pilot study that suggested the feasibility,
safety, and possible efficacy of this treatment,!® we
conducted a prospective, controlled trial comparing
moderate induced hypothermia with normothermia
in comatose survivors of out-of-hospital cardiac arrest.

METHODS
Study Design

The study was performed in Melbourne, Australia, between
September 1996 and June 1999. The ambulance service has treat-
ment protocols that follow the recommendations of the Australian
Resuscitation Council.! Patients were enrolled in the study when
the following criteria were fulfilled: an initial cardiac rhythm of
ventricular fibrillation at the time of arrival of the ambulance, suc-
cessful return of spontancous circulation, persistent coma after the
return of spontaneous circulation, and transfer to one of four par-
ticipating emergency departments. The exclusion criteria were an
age of less than 18 years for men, an age of less than 50 years for
women (because of the possibility of pregnancy), cardiogenic shock
(a systolic blood pressure of less than 90 mm Hg despite epineph-
rine infusion), or possible causes of coma other than cardiac arrest
(drug overdose, head trauma, or cerebrovascular accident). Patients
were also excluded if an intensive care bed was not available at a
participating institution.

After the return of spontancous circulation had been accom-
plished outside the hospital, cligible patients were randomly as-
signed to hypothermia or normothermia according to the day of the
month, with patients assigned to hypothermia on odd-numbered
days. For these patients, the paramedics began measures in the field
to initiate hypothermia by removing the patient’s clothing and ap-
plying cold packs (CoolCare, Cheltenham, Victoria, Australia) to
the patient’s head and torso. The treatment of patients assigned
to normothermia followed usual prehospital treatment protocols.

On arrival at a participating emergency department, the pa-
tients underwent routine initial assessment and treatment, includ-
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ing mechanical ventilation and correction of cardiovascular instabil-
ity. After an evaluation of neurologic status, all patients were given
intravenous midazolam (2 to 5 mg) and vecuronium (8 to 12 mg).
Arterial blood gas values, corrected for temperature, were used to
adjust the ventilator to maintain a partial pressure of arterial oxy-
gen of 100 mm Hg and a partial pressure of arterial carbon dioxide
of 40 mm Hg. The mean arterial blood pressure was maintained
between 90 and 100 mm Hg by infusion of epinephrine or nitro-
glycerin, as indicated. Thrombolytic therapy was administered to
patients with electrocardiographic changes suggestive of acute my-
ocardial infarction, unless it was contraindicated. Intravenous
heparin was administered if the history, electrocardiogram, or both
suggested an ischemic coronary syndrome without infarction. All
patients were given a lidocaine bolus (1 mg per kilogram of body
weight) followed by an infusion (2 mg per minute for 24 hours)
in an attempt to prevent recurrent ventricular tachyarrhythmias.
Potassium was given intravenously to maintain a serum level of
4.0 mmol per liter, and insulin was administered subcutancously
to maintain a blood glucose level of 180 mg per deciliter (10 mmol
per liter) or less. Aspirin was administered to all patients.

Core body temperature was monitored by reading the tympanic
temperature or bladder temperature until a pulmonary-artery cath-
cter was placed. Initial investigations in the emergency depart-
ment included 12-lead electrocardiography and measurement of
arterial blood gases, electrolytes, glucose, creatine kinase (total and
MB fractions), and lactate. These measurements were repeated at
1 to 3 hours (on admission to the intensive care unit) and at 6, 12,
18, and 24 hours after arrival at the hospital. Complete blood
counts were performed on arrival and repeated at 12 and 24 hours.

After the admission of the patient to the intensive care unit, a
pulmonary-artery catheter was inserted, and hemodynamic data
were obtained 1 to 3, 6, 12, 18, and 24 hours after arrival at the
hospital. Some patients (7 of 39 undergoing hypothermia and 11
of 33 undergoing normothermia) were treated without the use of
a pulmonary-artery catheter, as requested by the attending physi-
cian in the intensive care unit.

The study was approved by the Medical Standards Committee
of the Metropolitan Ambulance Service and the institutional eth-
ics committee at each participating hospital. Because of the emer-
gency conditions under which this study was performed, written
informed consent for participation in the study was sought from
the next of kin as soon as possible after the arrival of the patient
at the hospital.

Treatment Protocol

Patients assigned to hypothermia underwent initial basic cool-
ing measures in the ambulance. After arrival at the hospital, they
underwent vigorous cooling in the emergency department (or the
intensive care unit if a bed was immediately available), as soon as
possible after the initial assessment, by means of extensive appli-
cation of ice packs around the head, neck, torso, and limbs. When
the core temperature reached 33°C, the ice packs were removed,
and this temperature was maintained until 12 hours after arrival
at the hospital while the patient continued to be sedated and par-
alyzed with small doses of midazolam and vecuronium, as re-
quired, to prevent shivering that might lead to warming. Begin-
ning at 18 hours, the patients were actively rewarmed for the next
6 hours by external warming with a heated-air blanket, with con-
tinued sedation and neuromuscular blockade to suppress shiver-
ing. Patients assigned to normothermia were also sedated and
paralyzed initially, but the target core temperature was 37°C. Pas-
sive rewarming was used in these patients if there was mild spon-
tancous hypothermia on arrival.

After 24 hours, patient care followed the usual intensive care
unit protocols. Patients who had regained consciousness underwent
extubation and were transferred to a coronary care unit. Active life
support was withdrawn from most patients who remained deeply
comatose at 72 hours. Patients with an uncertain prognosis un-
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derwent tracheostomy and were discharged from the intensive
care unit.

Assessment of Outcome

When the patients were ready for discharge from the hospital,
they were assessed by a specialist in rehabilitation medicine who
was unaware of the treatment group. On the basis of this evalua-
tion, patients were discharged to home, to a rehabilitation facility,
or to a long-term nursing facility. Discharge home or to a reha-
bilitation facility was regarded as a good outcome, whereas death
in the hospital or discharge to a long-term nursing facility, whether
the patient was conscious or unconscious, was regarded as a poor
outcome.

Statistical Analysis

The primary outcome measure was survival to hospital discharge
with sufficiently good neurologic function to be sent home or to
a rehabilitation facility. Secondary outcome measures included the
hemodynamic, biochemical, and hematologic effects of hypother-
mia. Statistical analysis was performed with the Stata statistical
package.20 Continuous variables, such as vital signs and biochem-
ical results, were analyzed by repeated-measures analysis of vari-
ance, which was modeled by generalized estimating equations
with unstructured correlation and robust standard errors. Data for
some variables were insufficient at certain time points, and for these
a first-order autoregression correlation structure with robust stand-
ard errors was used. Base-line data (measurements on arrival at
the hospital) were compared by t-tests for continuous variables
and by the chi-square test or Fisher’s exact test for categorical
variables. An adjusted odds ratio for a good outcome as com-
pared with a bad outcome was calculated by multivariate logistic
regression.

On the basis of our previous study,!¢ it was determined that a
sample of 62 patients (31 in each group) would be required to
show a change in the rate of a good outcome (discharge to home
or to a rehabilitation facility) from 14 percent to 50 percent, with
a power of 80 percent and a significance level of 0.05. An analysis
of results from 62 eligible patients found that the outcome in the
control group was better than our previously published rate,'¢ but
that there was a strong trend toward improved outcome in the hy-
pothermia group. The study was continued for a further 12 months,
at which time 84 patients had been eligible for enrollment, 77 had
been enrolled, and 72 had been treated according to the correct
treatment assignment.

RESULTS
Characteristics of the Patients

Eighty-four patients were eligible for enrollment
in the study over a period of 33 months. Data on sev-
en of these patients were excluded from the analysis
(five because they were transferred from the initial
hospital to a nonparticipating intensive care unit and
two because the next of kin refused consent for data
collection). Of the remaining 77 patients, 43 were
assigned to hypothermia and 34 to normothermia.

The clinical characteristics of the 77 patients are
shown in Table 1. Four patients assigned to hypother-
mia did not receive this treatment because the emer-
gency physician erred by not initiating cooling (three
patients) or because the patient was inadvertently re-
warmed shortly after admission to the intensive care
unit (one patient). One patient who was assigned
to normothermia became moderately hypothermic
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TABLE 1. CLINICAL CHARACTERISTICS OF THE 77 PATIENTS
WITH ANOXIC BRAIN INJURY WHO WERE ELIGIBLE
FOR RANDOMIZATION.*

HyYPOTHERMIA NORMOTHERMIA P

CHARACTERISTIC (N=43) (N=34) VALUE
Age (yr) 0.55
Median 66.8 65.0
Range 49-89 41-85

Male sex (%) 58 79 0.05

Arrest witnessed (%) 95 94 0.81

Bystander performed cardiopulmo- 49 71 0.05
nary resuscitation (%)

Time from collapse to emergency- 2.1*19 2.7%£3.0 0.32
medical-services call (min)

Time from call to emergency- 79+3.1 8.3x2.8 0.60
medical-services arrival (min)

Time from arrival to first DC 2.5+2.2 2.0+1.2 0.22
shock (min)

Time from first shock to return of ~ 13.6+*11.2  12.1%x7.9 0.48
spontaneous circulation (min)

Time from collapse to return of 265+129  25.0£89 0.54
spontaneous circulation (min)

Number of DC shocks 4.2+3.0 4.1+3.2 0.87

Dose of epinephrine (mg) 22*21 2.2*19 0.97

*Plus—minus values are means =SD. DC denotes direct current.

(33°C) for a prolonged period (four hours) during
emergency angioplasty. We analyzed data for these
patients on arrival at the emergency department but
not on admission to the intensive care unit or at 6,
12,18, and 24 hours. Outcomes for all patients were
analyzed.

Systemic and Cerebral Characteristics

The hemodynamic data for the first 24 hours are
shown in Table 2. In the hypothermia group, the core
temperature decreased from 34.9°C 30 minutes af-
ter return of spontancous circulation to 33.5°C 120
minutes after the return of spontancous circulation,
a decrease of 0.9°C per hour. In the hypothermia
group, 59 percent required an infusion of epineph-
rine during the first 24 hours, as compared with 49
percent of the normothermia group. Two patients,
both in the normothermia group, had cardiac com-
plications in the first 24 hours. One patient had car-
diogenic shock and died at two hours, and another
had complete heart block at eight hours, which was
treated with transvenous cardiac pacing.

The biochemical data during the first 24 hours are
shown in Table 3. Three patients with chronic renal
failure who were undergoing long-term dialysis were
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enrolled in the study (two treated with hypothermia
and one with normothermia); however, the creati-
nine levels of these patients (7.9 to 11.3 mg per dec-
iliter [700 to 1000 wmol per liter]) are not included.
These patients underwent dialysis after admission.
No other patient required renal support.

The hematologic data are shown in Table 4. Be-
cause many patients were treated with anticoagulants
and clotting times were adjusted to the therapeutic
range, it was not possible to compare coagulation
times between the two groups. Three patients (one
undergoing hypothermia and two undergoing nor-
mothermia) received thrombolytic therapy, and three
(two undergoing hypothermia and one undergoing
normothermia) underwent urgent angioplasty. There
were no significant hemorrhagic complications in ei-
ther group.

Outcomes

The outcomes of the patients at discharge from
the hospital are shown in Table 5. Twenty-one of 43
patients in the hypothermia group (49 percent) were
considered to have a good outcome (discharged to
home or to a rehabilitation facility), as compared
with 9 of 34 in the normothermia group (26 percent,
P=0.046). Univariate analysis revealed that the pa-
tient’s age and the time from collapse to return of
spontaneous circulation significantly affected the out-
come. For each two-year increase in age, there was a
9 percent decrease in the likelihood of a good out-
come (odds ratio, 0.91; 95 percent confidence inter-
val, 0.84 to 0.98; P=0.014), and each additional 1.5
minutes in the time from collapse to return of spon-
taneous circulation was associated with a 14 percent
decrease in the likelihood of a good outcome (odds
ratio, 0.86; 95 percent confidence interval, 0.78 to
0.94; P=0.001). Cardiopulmonary resuscitation ad-
ministered by a bystander was associated with a non-
significant improvement in outcome (odds ratio, 1.40;
95 percent confidence interval, 0.55 to 3.57; P=
0.49). According to multivariate logistic-regression
analysis with adjustment for base-line differences in
age and in time from collapse to return of spontane-
ous circulation, the odds ratio for good outcome in
the hypothermia group as compared with the nor-
mothermia group was 5.25 (95 percent confidence
interval, 1.47 to 18.76; P=0.011).

The primary cause of death was considered to be
cardiac failure in 5 of the 22 patients in the hypo-
thermia group who died (these deaths occurred be-
tween 18 and 48 hours after collapse) and 4 of 23
in the normothermia group (these deaths occurred
between 2 and 50 hours after collapse). One patient
each in the hypothermia and normothermia groups
was diagnosed as brain-dead, on day 2 and day 4, re-
spectively. The remaining deaths in both groups re-
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TABLE 2. PHYSIOLOGICAL AND HEMODYNAMIC VALUES.*

TREATMENT ADMISSION ADMISSION
VARIABLE GRroupP T0 ED 10 ICU 6 Hr 12 Hr 18 Hr 24 Hr
Number of patients Hypothermia 43 39 39 39 39 38
Normothermia 34 33 32 32 32 31
Temperature (°C) Hypothermia 35.0£1.18 33.3£0.98¢t 32.7*1.191t  33.1x0.89% 36.0x1.24% 37.4+0.85t
Normothermia ~ 35.5+0.90 36.0+0.76t 37.1+0.75 37.4+0.58t 37.3+0.56t 37.3%£0.59t
P valuet 0.02 <0.001 <0.001 <0.001 <0.001 0.60
Mean arterial blood pressure Hypothermia 90.4+18.89 108.7+20.891 97.0+14.92 89.5*13.16 88.8+9.17 89.1+x12.9
(mm Hg) Normothermia  87.2%+21.46 94.4+18.80 92.2+13.00 90.8*14.16 91.3+12.96 92.1*+11.76
P valuet 0.51 0.02 0.16 0.82§ 0.38 0.24
Pulse (per minute) Hypothermia 97+22.5 82+21.6§ 72+17.1§ 70+17.6 80+18.2§ 89+17.9t
Normothermia 105+30.4 100+17.0 100+21.9 94+17.9 97+16.8 99+15.5
P valuet 0.18 0.001 <0.001 <0.001 <0.001 0.02
Cardiac index (liters/min/m?  Hypothermia 2.0 2.1 2.4 2.9 34
of body-surface area)y (1.2-4.4) (0.9-4.2) (0.8-4.9) (1.5-7.3)§ (1.6-6.8)§
Normothermia 2.6 2.7 3.2 3.3 3.0
(1.4-5.5) (1.4-6.1) (1.2-6.1) (1.5-5.8) (1.8-5.7)
P valuet 0.01 0.16 0.10 0.12 0.54
Systemic vascular resistance Hypothermia 2213 1808 1564 1198 987
(dyn-sec-cm~5)q (599-4645) (836-4531)  (439-4280) (402-2833)§ (551-2500)§
Normothermia 1356 1278.5 1056 964 1072
(481-2545) (346-2841) (340-3163) (479-2204)t (591-1998)
D valuet 0.02 <0.001 0.002 0.23 0.50

*Plus—minus values are means =SD. Medians and ranges (in parentheses) are given for the cardiac index and systemic vascular resistance, which were
log-transformed before analysis of variance was performed, because of nonparametric distribution. One patient in the hypothermia group and two in the
normothermia group died during the first 24 hours. ED denotes emergency department, and ICU intensive care unit.

1P<0.05 for the comparison with the value on admission to the emergency department.

1D values are for the differences between the hypothermia and the normothermia groups.

§P<0.01 for the comparison with the value on admission to the emergency department.

{Cardiac index and systemic vascular resistance values are given for the 32 patients treated with hypothermia and the 22 patients treated with normo-

thermia who had a pulmonary-artery catheter.

sulted primarily from severe neurologic injury and
withdrawal of all active therapy. These deaths occurred
between days 2 and 30. The difference in mortality
rates between the hypothermia group (51 percent)
and the normothermia group (68 percent) did not
reach statistical significance (P=0.145).

DISCUSSION

Cerebral reperfusion injury occurs when cerebral
blood flow is restored after cardiac arrest and resus-
citation.?! Increased intracellular levels of glutamate,
an excitatory neurotransmitter released from presyn-
aptic terminals, activate ion-channel complexes that
cause calcium to shift from the extracellular to the
intracellular fluid, leading to the accumulation of ox-
ygen free radicals and the activation of degradative en-
zymes. In addition, cerebral hemodynamics may re-
main abnormal after resuscitation from cardiac arrest.>

Randomized, controlled studies of pharmacologic
interventions to improve patients’ neurologic outcome
after cardiac arrest have tested thiopental,?? cortico-
steroids,? lidoflazine,?* and nimodipine?® but have

found no benefit. The use of hypothermia after re-
suscitation from cardiac arrest has been studied in
laboratory animals.”12 These studies demonstrated
significantly improved outcome when moderate hy-
pothermia was induced after resuscitation. However,
the mechanism by which hypothermia may be ben-
eficial is uncertain. Hypothermia decreases cerebral
oxygen demand and may thus provide protection from
ongoing cerebral ischemia. Hypothermia also reduces
the glutamate level and the subsequent production of
oxygen free radicals.26 Moreover, hypothermia decreas-
es intracranial pressure,?” which may be raised in some
patients after resuscitation from cardiac arrest.28

There is concern that hypothermia may have ad-
verse effects on cardiac function, coagulation, the im-
mune system, and acid—base status. Accidental hy-
pothermia is associated with increased mortality in
patients with major trauma?® or sepsis syndrome.30
On the other hand, induced hypothermia has been
studied with promising results in patients with se-
vere stroke3!32 and with variable results in patients
with severe head injury.2733.34
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TABLE 4. HEMATOLOGIC VALUES.*

VARIABLE TREATMENT GROUP

Number of patients Hypothermia
Normothermia

Platelet count (X10-3/mm?3) Hypothermia
Normothermia

D valuef
Hypothermia

Normothermia
D valuef

White-cell count (X10-3/mm?)

109 (5.7-21.5)
1.1 (6.3-25.3)

Apmission To ED 12 Hr 24 Hr
43 39 38
34 32 31
209+65.7 193+60.21 190+63.3t
221*63.4 217%+63.0 199+54.2%
0.46 0.24 0.82

14.5 (55-304)§  14.6 (7.1-35.3)§
14.6 (8.5-29)§ 15.8 (9.8-25.3)§
0.46 0.12 0.34

*Values for platelet counts are means =SD. Medians and ranges (in parentheses) are given for white-cell counts, which
were log-transformed before analysis of variance was performed, because of nonparametric distribution. One patient in
the hypothermia group and two in the normothermia group died during the first 24 hours. ED denotes emergency de-

partment.

1P<0.05 for the comparison with the value on admission to the emergency department.

1P values are for the differences between the hypothermia and the normothermia groups.

§P<0.01 for the comparison with the value on admission to the emergency department.

The results of our study suggest that moderate in-
duced hypothermia lasting for 12 hours is not asso-
ciated with clinically significant adverse effects. Al-
though hypothermia decreased the pulse rate and
increased systemic vascular resistance, there were no
clinically significant cardiac arrhythmias in the hypo-
thermia group. The levels of creatine kinase (both
the total and the MB fractions) were similar in both
groups, suggesting that hypothermia does not in-
crease the extent of myocardial damage in patients
resuscitated after cardiac arrest. The increase in po-
tassium at 24 hours in the hypothermia group has
been previously observed during rewarming!s and was
not considered to be clinically important. The in-
crease in blood glucose has also been previously de-
scribed in patients with hypothermia.3s

Although previous studies have shown adverse ef-
fects on platelet and white-cell counts when hypo-
thermia is used for more prolonged periods,!43* we
found no statistically significant differences between
the two groups when hypothermia was used for 12
hours. Although we did not specifically test immune
function, no clinically significant infections were
noted in either group.

There are several limitations to this study. Because
it was not feasible to blind clinicians to the patients’
treatment-group assignments, there is a possibility
that bias affected patient care and outcome. Howev-
er, we attempted to treat all patients according to a
protocol that minimized individual variation among
physicians. It is unlikely that therapy was withdrawn
from any patient inappropriately, since this was al-
ways a consensus decision of the treating medical
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TABLE 5. OUTCOME OF PATIENTS AT DISCHARGE
FROM THE HOSPITAL.

HYPOTHERMIA  NORMOTHERMIA

OuTtcomE* (N=43) (N=34)
number of patients
Normal or minimal disability (able to care for 15 7
self, discharged directly to home)
Moderate disability (discharged to a rehabil- 6 2
itation facility)
Severe disability, awake but completely 0 1

dependent (discharged to a long-term
nursing facility)

Severe disability, unconscious (discharged 0 1
to a long-term nursing facility)
Death 22 23

*The difference between the rates of a good outcome (normal or with min-
imal or moderate disability) in the hypothermia and the normothermia groups
(49 percent and 26 percent, respectively) was 23 percentage points (95 per-
cent confidence interval, 13 to 43 percentage points; P=0.046). The unad-
justed odds ratio for a good outcome in the hypothermia group as compared
with the normothermia group was 2.65 (95 percent confidence interval, 1.02
to 6.88; P=0.046). The odds ratio for a good outcome in the hypothermia
group as compared with the normothermia group, after adjustment by logistic
regression for age and time from collapse to return of spontaneous circulation,
was 5.25 (95 percent confidence interval, 1.47 to 18.76; P=0.011).

and nursing staff, made in consultation with the fam-
ily of the patient.

Out-of-hospital randomization of patients in emer-
gency medical systems is problematic. We used the
method of odd and even days because it was the only
one feasible for immediate use by large numbers of
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ambulance officers and by the physicians in four emer-
gency departments. Despite the potential for bias in
randomization, it appears that the two patient groups
were comparable. In particular, the degree of anoxic
neurologic insult, as indicated by the duration of car-
diac arrest, was similar in both groups. In fact, the
higher rate of bystander cardiopulmonary resuscita-
tion among the patients treated with normothermia
would be expected to improve the outcome in this
group. Improved outcome in the group treated with
hypothermia might be explained by the exclusion of
patients with a poor prognosis; however, we are not
aware of eligible patients who were not included in
the outcome analysis.

The assessment of outcome after cardiac arrest has
been debated.’¢ In this study, we considered the
place to which the patient was discharged by a reha-
bilitation physician who was unaware of initial treat-
ment protocols (home, rehabilitation facility, or long-
term nursing facility) to be an important outcome
measure. Although a patient may be discharged to a
long-term nursing facility because of a lack of social
support, this was not the case in the one conscious
patient (in the normothermia group) who was dis-
charged to a long-term nursing facility.

We conclude that induced hypothermia improves
outcomes in patients who are comatose after resusci-
tation from out-of-hospital cardiac arrest. However,
treatment assignment was not blinded, and there is
the possibility that some aspects of care differed be-
tween the groups. Therefore, further studies are re-
quired to confirm these findings and determine the
optimal duration of hypothermia.
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MILD THERAPEUTIC HYPOTHERMIA TO IMPROVE THE NEUROLOGIC
OUTCOME AFTER CARDIAC ARREST

THE HYPOTHERMIA AFTER CARDIAC ARREST STuDY GROUP*

ABSTRACT

Background Cardiac arrest with widespread cere-
bral ischemia frequently leads to severe neurologic
impairment. We studied whether mild systemic hypo-
thermia increases the rate of neurologic recovery af-
ter resuscitation from cardiac arrest due to ventricu-
lar fibrillation.

Methods In this multicenter trial with blinded as-
sessment of the outcome, patients who had been re-
suscitated after cardiac arrest due to ventricular fibril-
lation were randomly assigned to undergo therapeutic
hypothermia (target temperature, 32°C to 34°C, meas-
ured in the bladder) over a period of 24 hours or to
receive standard treatment with normothermia. The
primary end point was a favorable neurologic out-
come within six months after cardiac arrest; second-
ary end points were mortality within six months and
the rate of complications within seven days.

Results Seventy-five of the 136 patients in the hy-
pothermia group for whom data were available (55
percent) had a favorable neurologic outcome (cerebral-
performance category, 1 [good recovery] or 2 [moder-
ate disability]), as compared with 54 of 137 (39 per-
cent) in the normothermia group (risk ratio, 1.40; 95
percent confidence interval, 1.08 to 1.81). Mortality at
six months was 41 percent in the hypothermia group
(56 of 137 patients died), as compared with 55 per-
cent in the normothermia group (76 of 138 patients;
risk ratio, 0.74; 95 percent confidence interval, 0.58 to
0.95). The complication rate did not differ significant-
ly between the two groups.

Conclusions In patients who have been success-
fully resuscitated after cardiac arrest due to ventricular
fibrillation, therapeutic mild hypothermia increased
the rate of a favorable neurologic outcome and re-
duced mortality. (N Engl J Med 2002;346:549-56.)
Copyright © 2002 Massachusetts Medical Society.
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N estimated 375,000 people in Europe

undergo sudden cardiac arrest yearly.! Re-

covery without residual neurologic damage

after cardiac arrest with global cerebral is-
chemia is rare. After cardiac arrest with no blood flow
for more than five minutes, the generation of free
radicals, together with other mediators, during reper-
fusion creates chemical cascades that result in cere-
bral injury.2 Until recently, there was no therapy with
documented efficacy in preventing brain damage af-
ter cardiac arrest.

Several studies have shown that moderate systemic
hypothermia (30°C)3 or mild hypothermia (34°C)*38
markedly mitigates brain damage after cardiac arrest in
dogs. The exact mechanism for this cerebral resuscita-
tive effect is not clear. A reduction in cerebral oxygen
consumption®! and other multifactorial chemical and
physical mechanisms during and after ischemia have
been postulated.!16 These include retardation of de-
structive enzymatic reactions, suppression of free-rad-
ical reactions, protection of the fluidity of lipoprotein
membranes, reduction of the oxygen demand in low-
flow regions, reduction of intracellular acidosis, and
inhibition of the biosynthesis, release, and uptake of
excitatory neurotransmitters.

Preliminary clinical studies have shown that patients
treated with mild hypothermia after cardiac arrest have
an improved neurologic outcome, without important
side effects, as compared with the outcome in his-
torical controls.!7-20

We compared mild hypothermia with standard nor-
mothermia in patients who had had cardiac arrest
due to ventricular fibrillation. The primary end point

Michael Holzer, M.D., Universititsklinik fiir Notfallmedizin, Vienna,
Austria, assumes overall responsibility for the integrity of the report. Ad-
dress reprint requests to Dr. Fritz Sterz, Universititsklinik fiir Notfall-
medizin, Allgemeines Krankenhaus der Stadt Wien, Wihringer Giirtel 18—
20/6D, 1090 Vienna, Austria or at fritz.sterz@akh-wien.ac.at.

*The investigators who participated in the Hypothermia after Cardiac
Arrest Study Group are listed in the Appendix.
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was a favorable neurologic outcome within six months
after cardiac arrest.223 Secondary end points were
mortality at six months and the incidence of compli-
cations during the first seven days. Nine centers in
five European countries participated in the study.

METHODS
Patients

Patients seen consecutively in the emergency department in
whom spontaneous circulation had been restored after cardiac ar-
rest were eligible for the study. The criteria for inclusion were a
witnessed cardiac arrest, ventricular fibrillation or nonperfusing
ventricular tachycardia as the initial cardiac rhythm, a presumed
cardiac origin of the arrest, an age of 18 to 75 years, an estimated
interval of 5 to 15 minutes from the patient’s collapse to the first
attempt at resuscitation by emergency medical personnel, and an
interval of no more than 60 minutes from collapse to restoration
of spontaneous circulation.

Patients were excluded if they met any of the following criteria:
a tympanic-membrane temperature below 30°C on admission, a
comatose state before the cardiac arrest due to the administration
of drugs that depress the central nervous system, pregnancy, re-
sponse to verbal commands after the return of spontaneous circu-
lation and before randomization, evidence of hypotension (mean
arterial pressure, less than 60 mm Hg) for more than 30 minutes
after the return of spontancous circulation and before randomiza-
tion, evidence of hypoxemia (arterial oxygen saturation, less than
85 percent) for more than 15 minutes after the return of sponta-
neous circulation and before randomization, a terminal illness that
preceded the arrest, factors that made participation in follow-up
unlikely, enrollment in another study, the occurrence of cardiac ar-
rest after the arrival of emergency medical personnel, or a known
preexisting coagulopathy.

Study Design

The study was designed as a randomized, controlled trial with
blinded assessment of the outcome. The protocol and consent pro-
cedure were approved by the institutional review board of each
participating center. For all patients, the requirement of informed
consent was waived in accordance with the ethical standards of
the local institutional review board and the guidelines for good
clinical practice of the European Agency for the Evaluation of Me-
dicinal Products.2* The patient’s family was informed about the tri-
al, and the protocol specified that if there were any objections,
the patient would be withdrawn from the study. However, there
were no objections.

Treatment assignments were randomly generated by computer
in blocks of 10, with stratification according to center. Sealed en-
velopes containing the treatment assignments were provided by
the biostatistics center. Immediately after a patient had been en-
rolled, an envelope was opened, and the patient was assigned to
the specified group.

Personnel involved in the care of patients during the first 48
hours after cardiac arrest could not be blinded with respect to treat-
ment assignments. However, the physicians responsible for assessing
the neurologic outcome within the first six months after the arrest
were unaware of the treatment assignments.

Treatment

All patients received standard intensive care according to a de-
tailed protocol. Sedation was induced by the intravenous admin-
istration of midazolam (0.125 mg per kilogram of body weight per
hour initially) and fentanyl (0.002 mg per kilogram per hour ini-
tially), and the doses were adjusted as needed for 32 hours for the
management of mechanical ventilation. To prevent shivering, pa-
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ralysis was induced by the intravenous administration of pancuro-
nium (0.1 mg per kilogram) every 2 hours for a total of 32 hours.
Intracranial pressure was not monitored.

The temperature on admission was measured with an infrared
tympanic thermometer (Ototemp LighTouch, Exergen, Watertown,
Mass.). Further temperature measurements were made with a blad-
der-temperature probe (Foley catheter). Patients randomly as-
signed to the normothermia group were placed on a conventional
hospital bed, and normothermia was maintained. Those randomly
assigned to the hypothermia group were cooled to a target tem-
perature of 32°C to 34°C with the use of an external cooling de-
vice (TheraKool, Kinetic Concepts, Warcham, United Kingdom).
This device consists of a mattress with a cover that delivers cold air
over the entire body. The goal was to reach the target bladder tem-
perature within four hours after the return of spontaneous circula-
tion. If this goal was not achieved, ice packs were applied. The tem-
perature was maintained at 32°C to 34°C for 24 hours from the
start of cooling, followed by passive rewarming, which we expect-
ed would occur over a period of 8 hours.

Data Collection

Data on cardiac arrest for individual patients were recorded in the
Utstein style.25 Laboratory tests were performed at base line, 12 and
48 hours after cardiac arrest, and as clinically indicated. Risk factors
for an unfavorable outcome (hypotension or a nonfatal cardiac ar-
rest after resuscitation) were documented.

Outcome

The primary outcome was a favorable neurologic outcome with-
in six months, defined as a Pittsburgh cerebral-performance cat-
egory of 1 (good recovery) or 2 (moderate disability) on a five-
category scale; the other categories were 3 (severe disability), 4 (a
vegetative state), and 5 (death).2!23 The neurologic outcome was
determined without knowledge of the patient’s treatment assign-
ment. Patients with good recovery or moderate disability had suf-
ficient cerebral function to live independently and work at least
part-time.

Secondary end points were overall mortality at six months and
the rate of complications during the first seven days after cardiac
arrest. Bleeding of any severity, pneumonia, sepsis, pancreatitis, re-
nal failure, pulmonary edema, seizures, arrhythmias, and pressure
sores were recorded. Since an individual patient might have more
than one complication at a time, the occurrence of at least one com-
plication of any kind per patient was also documented.

Statistical Analysis

Continuous variables, which were not normally distributed, are
reported as medians and interquartile ranges. Categorical variables
are reported as counts and percentages. Primary and secondary
outcomes were binary, and the chi-square test or Fisher’s exact test,
as appropriate, was used to compare outcomes in the hypothermia
and normothermia groups. Trends across subgroups were meas-
ured with an extension of the Wilcoxon rank-sum test.2¢ The dif-
ference in risk between the two groups, with the corresponding
95 percent confidence interval, was calculated as a measure of the
absolute risk, which was then used to calculate the number need-
ed to treat. Risk ratios are reported as a measure of relative risk.

We used a multivariate logistic-regression model to determine
whether the association between the intervention and the primary
and secondary outcomes (neurologic recovery and mortality) was
confounded by base-line differences between the study groups.
All the covariables listed in Table 1 were entered into the model,
except for the dose of epinephrine, which was excluded because
of collinearity with the interval from the patient’s collapse to the
restoration of spontaneous circulation. We converted odds ratios
to risk ratios using the following formula:
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.

CHARACTERISTIC

Age — yr
Median
Interquartile range
Female sex — no./total no. (%)
Medical history — no./total no. (%)
Diabetes
Coronary heart disease
Cerebrovascular disease
NYHA class III or IVt
Location of cardiac arrest — no./total no. (%)
Home
Public place
Othert
Arrest witnessed — no./total no. (%)§

Presumed cardiac origin of arrest — no./total no. (%)§
Ventricular fibrillation or pulseless ventricular tachycardia

— no./total no. (%)§

Basic life support provided by bystander — no./total no. (%)

NORMOTHERMIA HYPOTHERMIA
(N=138) (N=137)
59 59
49-67 51-69*
32/138 (23) 33/137 (24)
26/138 (19) 11/135 (8)
59/138 (43) 43/135 (32)
11/138 (8) 10/135 (7)

16/132 (12)  14/130 (11)
70,/138 (51
53/138 (38

) 69,135 (51)
)
15,138 (11)
)
)
)

48/135 (36)
18,135 (13)
134/137 (98)
135,137 (99)
133,137 (97)

135,138 (98
132/138 (96

68/138 (49)  59/137 (43)

Interval between collapse and restoration of spontaneous

circulation — min{
Median
Interquartile range
Total epinephrine dose — mg
Median
Interquartile range

Hypotension after resuscitation — no./total no. (%)
Subsequent nonfatal arrest — no./total no. (%)
Thrombolysis after resuscitation — no./total no. (%)

22 21
17-33 15-28
3 3
1-6 1-5*
68/138 (49)  75/137 (55)

11,138 (8)
24/133 (18)

15,137 (11)
27,135 (20)

*Data were not available for two patients.

TNYHA denotes New York Heart Association.

fOther locations included a physician’s office, the workplace, and the hospital.

§Although this was a criterion for inclusion in the study, in a few cases, the initial information was

incorrect.

{Data were not available for three patients in the normothermia group and four in the hypothermia

group.

risk ratio = odds ratio+([ 1 —incidence in normothermia group]+
incidence in normothermia group X odds ratio).?

Confounding can be assumed if the crude risk ratio differs from
the adjusted risk ratio. Goodness of fit was assessed with the Hos-
mer—Lemeshow chi-square test. A reasonable fit can be assumed
if the result is not significant at the 5 percent level. Analysis was
carried out according to the intention-to-treat principle. Stata soft-
ware (version 7, Stata, College Station, Tex.) was used to analyze
the data.

RESULTS

The study was carried out between March 1996
and January 2001. Since the enrollment rate was low-
er than expected and funding had ended by July
2000, enrollment was stopped at this date.

A total of 3551 patients were assessed for eligibil-
ity; 3246 of these patients did not meet the inclusion
criteria, and 30 were not included because of logistic
problems. Thus, 275 patients were enrolled, with 137
patients randomly assigned to the hypothermia group

N Engl ] Med, Vol. 346, No. 8 -

and 138 to the normothermia group (i.c., the group
that received standard care after resuscitation). Hy-
pothermia was discontinued early in 14 patients for
the following reasons: death (6 patients), arrhythmia
and hemodynamic instability (3), technical problems
with the cooling device (2), liver rupture (1), previ-
ous random assignment to the hypothermia group
(1), and an error in the duration of cooling (1). All
randomized patients were included in the analysis of
mortality. One patient in each group was lost to fol-
low-up for neurologic status.

At base line, the patients in the two groups were
generally similar, although the patients in the nor-
mothermia group were more likely to have a history
of diabetes mellitus or coronary heart disease and to
have received basic life support from a bystander than
were those in the hypothermia group. These differ-
ences appear to have been due to random variation
(Table 1).
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Cooling

In patients randomly assigned to the hypothermia
group, the median interval between the restoration
of spontaneous circulation and the initiation of cool-
ing was 105 minutes (interquartile range, 61 to 192).
The median interval between the restoration of spon-
taneous circulation and the attainment of a temper-
ature between 32°C and 34°C was 8 hours (inter-
quartile range, 4 to 16). In 19 patients, the target
temperature could not be reached. Ice packs were
required for 93 of the 132 patients for whom data
were available (70 percent). The median duration of
cooling was 24 hours (interquartile range, 24 to 25),
and among patients in whom the target temperature
was reached, it was maintained for a median of 24
hours (interquartile range, 12 to 29). Passive rewarm-
ing to a temperature above 36°C lasted for a median
of 8 hours (interquartile range, 8 to 12). The tem-
perature curves for the normothermia and hypother-
mia groups are shown in Figure 1.

Outcome at Six Months

A total of 75 of the 136 patients (55 percent) in
the hypothermia group had a favorable neurologic
outcome, as compared with 54 of the 137 (39 per-
cent) in the normothermia group (risk ratio, 1.40;
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Hypothermia (n=123)

95 percent confidence interval, 1.08 to 1.81) (Table
2). To prevent one unfavorable neurologic outcome,
6 patients would need to be treated with hypothermia
(95 percent confidence interval, 4 to 25 patients). Af-
ter adjustment for a history of diabetes mellitus, a
history of coronary heart disease, and receipt of basic
life support from a bystander, the risk ratio changed
only marginally (data not shown). After adjustment
for all the base-line variables shown in Table 1, the
risk ratio increased slightly, to 1.47 (95 percent con-
fidence interval, 1.09 to 1.82).

The rate of death six months after cardiac arrest
was 14 percentage points lower in the hypothermia
group than in the normothermia group (risk ratio
for the hypothermia group, 0.74 [95 percent confi-
dence interval, 0.58 to 0.95]) (Table 2 and Fig. 2).
On the basis of the difference in the risk of death
between the two groups, 7 patients would need to
be treated with hypothermia (95 percent confidence
interval, 4 to 33 patients) to prevent 1 death. After
adjustment for base-line differences in the propor-
tions of patients with a history of diabetes mellitus, a
history of coronary heart disease, and receipt of basic
life support from a bystander, the risk ratio changed
only minimally (data not shown). After adjustment for
all the base-line variables shown in Table 1, the effect

Normothermia (n=124)

T T
12 16

36 40 44 48

Hours after Restoration of Spontaneous Circulation

Figure 1. Bladder Temperature in the Normothermia and Hypothermia Groups.

The T bars indicate the 75th percentile in the normothermia group and the 25th percentile in the hypothermia group. The target
temperature in the hypothermia group was 32°C to 34°C, and the duration of cooling was 24 hours. Only patients with recorded

temperatures were included in the analysis.
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TABLE 2. NEUROLOGIC OUTCOME AND MORTALITY AT SIX MONTHS.

OuTcoME NORMOTHERMIA HYPOTHERMIA  Risk RATIO (95% CI)* P VALUET
no./total no. (%)
Favorable neurologic outcomet 54,137 (39) 75/136 (55) 1.40 (1.08-1.81) 0.009

Death 76/138 (55) 56/137 (41)  0.74 (0.58-0.95)  0.02

*The risk ratio was calculated as the rate of a favorable neurologic outcome or the rate of death in
the hypothermia group divided by the rate in the normothermia group. CI denotes confidence interval.

tTwo-sided P values are based on Pearson’s chi-square tests.

fA favorable neurologic outcome was defined as a cerebral-performance category of 1 (good re-
covery) or 2 (moderate disability). One patient in the normothermia group and one in the hypother-

mia group were lost to neurologic follow-up.
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Figure 2. Cumulative Survival in the Normothermia and Hypothermia Groups.

Censored data are indicated by tick marks.

of hypothermia on mortality was slightly stronger
(risk ratio, 0.62; 95 percent confidence interval, 0.36
to 0.95).

Most of the patients with unfavorable neurologic
outcomes died within six months after discharge
from the hospital. In this subgroup of patients, mor-
tality after discharge did not differ significantly ac-
cording to the assigned treatment (Table 3).

Complications

The proportion of patients with any complication
did not differ significantly between the two groups
(93 of 132 patients in the normothermia group [70

percent] and 98 of 135 in the hypothermia group
[73 percent], P=0.70). Sepsis was more likely to de-
velop in the patients with hypothermia than in those
with normothermia, although this difference was not
statistically significant (Table 4). The total number
of complications was not significantly higher in the
hypothermia group than in the normothermia group
(P=0.09).

DISCUSSION

Our results show that among patients in whom
spontaneous circulation had been restored after cardi-
ac arrest due to ventricular fibrillation, systemic cool-
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TABLE 3. DEATHS BEFORE DISCHARGE AND DEATHS
AFTER DISCHARGE ACCORDING TO THE
CEREBRAL-PERFORMANCE CATEGORY.

OutcomE NORMOTHERMIA HYPOTHERMIA
Death in hospital — no. 69 50
Not discharged — no. 2 2
Death after discharge — no./
total no. discharged*
CPC1 0/30 1/45
CPC 2 0/12 0/19
CPC 3 1/16 1/14
CPC 4 6/8 4/6

*One patient in the normothermia group and one in the hypothermia
group were lost to follow-up. There were no significant differences be-
tween the two groups (chi-square=0.30, with 3 df; P=0.96). A cerebral-
performance category (CPC) of 1 indicates good cerebral performance (the
patient is alert and has normal cerebral function). CPC 2 indicates moder-
ate disability (the patient is alert and has sufficient cerebral function to live
independently and work part-time). Such patients might have hemiplegia,
seizures, ataxia, dysarthria, dysphasia, or permanent memory loss or other
mental changes. CPC 3 indicates severe cerebral disability (the patient is
conscious but dependent on others for daily support because of impaired
brain function). CPC 4 indicates a vegetative state.

ing to a bladder temperature between 32°C and
34°C for 24 hours increased the chance of survival
and of a favorable neurologic outcome (a cerebral-
performance category of 1 or 2), as compared with
standard normothermic life support.

The use of moderate hypothermia after cardiac ar-
rest was initially reported in the late 1950s and early
1960s.2830 Although the target temperature was low-
er in these studies than in ours and the method and
duration of cooling also differed from those in our
study, the results were similar. However, the findings
were inconclusive, and the rate of complications was
higher than that observed with the mild hypother-
mia used in our study. There were no further inves-
tigations of hypothermia as a resuscitative measure
until the 1990s, when laboratory studies demon-
strated the benefit of mild hypothermia.+3816 These
studies led to preliminary clinical studies of mild hy-
pothermia.

In the study by Bernard et al.,)” cooling was in-
duced more rapidly (with ice packs) and for a short-
er period than in our study. Nevertheless, the results
were similar to ours. The neurologic outcome has
also been consistently favorable in studies of mild
hypothermia in animals.313¢ In the pilot studies by
Yanagawa et al.18 and Nagao et al.,’® the frequency of
a favorable neurologic outcome was similar to that in
our study, although the method and duration of
cooling in these studies differed from those in our
study. In contrast to these encouraging findings, a
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TABLE 4. COMPLICATIONS DURING THE FIRST SEVEN DAYS
AFTER CARDIAC ARREST.*

COMPLICATION NORMOTHERMIA HYPOTHERMIA

no./total no. (%)
26/138 (19)

Bleeding of any severityt 35/135 (26)

Need for platelet transfusion 0/138 2/135 (1)
Pneumonia 40/137 (29) 50/135 (37)
Sepsis 9/138 (7)  17/135 (13)
Pancreatitis 2/138 (1) 1/135 (1)
Renal failure 14,138 (10) 13/135 (10)
Hemodialysis 6/138 (4) 6/135 (4)
Pulmonary edema 5/133 (4) 9/136 (7)
Seizures 11/133 (8) 10/136 (7)
Lethal or long-lasting arrhythmia 44,138 (32) 49/135 (36)
Pressure sores 0/133 0/136

*None of the comparisons between the two groups, performed with the
use of Pearson’s chi-square test, indicated significant differences.

tThe sites of bleeding were mucous membranes, the nose, the urinary
tract, the gastrointestinal tract, subcutaneous tissue, and skin, as well as in-
tracerebral and intraabdominal sites.

study of hypothermia in patients with traumatic
brain injury® showed no improvement in the neu-
rologic outcome. The reasons for this discrepancy
are thought to include the different pathogenesis of
direct central nervous system injury, as well as the
late initiation of cooling in some of the patients and
variations in intensive care and life support among
participating hospitals.35:3¢

Although the proportions of patients with any
complication did not differ significantly between the
two treatment groups in our study, a detailed analy-
sis of the complications and an analysis of the total
number of complications revealed a trend toward a
higher rate of infectious problems in the hypother-
mia group. Nevertheless, the benefit of hypothermia
exceeded its possible adverse effects.

One limitation of our study was the fact that the
attending physicians could not be blinded to the
treatment assignments. The relative risk may be slight-
ly exaggerated in studies that are not double blind.3”
Although the outcome was assessed without knowl-
edge of the treatment assignments, we did not verify
that the blinding was successful. Even if it was not
successful in a few cases, we do not believe that any
bias that might have been introduced would have
been strong enough to invalidate our findings.

The study population was restricted to a group of
patients with a high risk of brain damage because of
the specified interval between the patient’s collapse
and the first attempt at resuscitation by emergency
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medical personnel, as well as other factors, so only
8 percent of the patients assessed for eligibility were
included in the trial. Further studies are warranted to
determine whether our findings apply to patients at
lower risk for brain damage and to those with cardiac
arrest due to causes other than ventricular fibrillation.
Treatment with hypothermia may be of value in
terms of public health. Each year, cardiac arrest occurs
in approximately 375,000 people in Europe,! about
30,000 of whom would meet our inclusion criteria.
We can be 95 percent confident that treatment with
hypothermia would prevent an unfavorable neuro-
logic outcome in 1200 to 7500 of these patients.

Supported by grants from the Biomedicine and Health Programme
(BIOMED 2) implemented under the Fourth RTD Framework Pro-
gramme 1994-1998 of the European Union (BMH4-CD-96-0667), the
Austrian Ministry of Science and Transport (GZ 5.550/12-Pr/4,/95 and
GZ 650.0251/2-1V/6/96), and the Austrian Science Foundation
(P11405-MED).

K. Heaton and R. Meier (Kinetic Concepts, Wareham, United King-
dom) provided technical support and the TheraKool cooling device.

We are indebted to the nurses and staff of the parvticipating centers
for their enthusiastic cooperation, to Elnine Ward for editorial as-
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APPENDIX

The following investigators participated in the Hypothermia after Cardi-
ac Arrest Study Group (the number of patients enrolled at each center is
shown): Chair, Central Coordinating Office —M. Holzer (Univer-
sitdtsklinik fiir Notfallmedizin, Vienna, Austria); Steering Committee —
E. Cerchiari (Ospedale Niguarda Ca’Granda, Milan, Italy), P. Martens
(A.Z. Sint Jan, Bruges, Belgium), R. Roine (Helsinki University Hospital,
Helsinki, Finland), E. Sterz (Universititsklinik fiir Notfallmedizin, Vienna,
Austria); Central Coordinating Office — P. Eisenburger, C. Havel, J.
Kofler, E. Oschatz, K. Rohrbach, W. Scheinecker, W. Schorkhuber; hospital
investigators — W. Behringer, A. Zeiner (Universititsklinik fiir Notfall-
medizin, Vienna, Austria; 88 patients); A. Valentin (Krankenhaus Rudolf-
stiftung, Vienna, Austria; 2 patients); M. De Meyer (A.Z. Sint Jan, Bruges,
Belgium; 35 patients); O. Takunen, M. Tiainen (Helsingin Yliopistollisen
Keskussairaalan, Helsinki, Finland; 71 patients); S. Hachimi-Idrissi, L.
Huyghens (Academisch Ziekenhuis van de Vrije Universiteit Brussel, Brus-
sels, Belgium; 25 patients); M. Fischer, P. Walger (Medizinische Fakultat
der Rheinischen Friedrich-Wilhems-Universitat Bonn, Bonn, Germany; 15
patients); A. Bartsch, M. Foedisch (Evangelisches Waldkrankenhaus Bonn,
Bonn, Germany; 15 patients); E. Cerchiari (Ospedale Niguarda Ca’Granda,
Milan, Italy; 12 patients); M. Bonizzoli, E. Pagni (Azienda Ospedalieria
Careggi, Florence, Italy; 12 patients); Monitoring Committee — A.N.
Laggner (Universititsklinik fiir Notfallmedizin, Vienna, Austria), A. Katt
(Rettungs- und Krankenbeférderungsdienst der Stadt Wien, Vienna, Aus-
tria), B. Schneider (randomization procedure) (Institut fiir Medizinische
Statistik, Universitit Wien, Vienna, Austria); Data Analysis — M. Miillner
(Universititsklinik fiir Notfallmedizin, Vienna, Austria).
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