
Editorial

European Journal of Anaesthesiology 2003; 20: 511–514
© 2003 European Academy of Anaesthesiology

ISSN 0265-0215

Resuscitative hypothermia after cardiac arrest in adults

Over the past 30 years, the fundamental principles of
resuscitation following cardiac arrest have remained
largely unchanged. Attempts to restore the circulation
are based initially on external support of the circula-
tion and respiration with defibrillation and drug ther-
apy to achieve definitive treatment. Unfortunately,
return of spontaneous circulation (ROSC) does not
always equate with a successful outcome for the
patient. It has been estimated that in the USA, of
those patients ‘successfully’ resuscitated, 60% die as a
result of brain injury [1] and only 3–10% resume their
former life-style. Similarly, dismal results have been
reported following out-of-hospital cardiac arrest [2,3]
and after in-hospital cardiac arrest. Madl and col-
leagues [4] found that of those patients admitted to the
intensive care unit (ICU) with ROSC, only 25% were
discharged with a cerebral performance category score
of 1 or 2 (good recovery or moderate disability). Such
consistently poor outcomes, often after cardiac arrest
lasting little more than 5 min, have prompted many
researchers in this field to investigate pharmacothera-
peutic methods to try and ameliorate brain injury. 
A long list of adjuvants has been tried in man, but
consistently failed to significantly improve outcome
[5–11]. However, recently, there has been considerable
encouragement by the findings in two independent
studies that in adult, victims of cardiac arrest second-
ary to ventricular fibrillation, mild hypothermia
induced after ROSC appears to be beneficial [12,13].

Therapeutic hypothermia is not a new concept.
Moderate hypothermia (28–32°C) was first described
in the early 1950s to protect the brain against the
global ischaemia that occurs during some cardiac sur-
gery [14] and by the early 1960s had become standard
practice in this type of surgery. The first successful
use of therapeutic hypothermia after cardiac arrest in
man was described in the late 1950s [15,16], but did
not gain favour and was subsequently abandoned.
While the reasons for this are unclear, it was probably
because of the uncertain benefits and difficulties with
its application [17]; particularly, when compared with

the advent of external defibrillation [18], mouth-to-
mouth ventilation [19] and closed-chest cardiac com-
pression [20], all of which occurred at around the
same time.

Research in therapeutic hypothermia after cardiac
arrest was not rejuvenated until the late 1980s. At
this time, Safar and colleagues discovered that mild
hypothermia, accidentally present during cardiac
arrest in a dog model, appeared to mitigate hypoxic
brain injury [21]. Subsequently, in a series of animal
studies, they demonstrated that mild hypothermia,
induced during resuscitation, was associated with
improved functional recovery and reduced-cerebral
histological deficits [22–24]. The combination of
hypothermia with haemodilution and hypertension
to promote cerebral blood flow resulted in the best
functional and histological outcome in this model 
of cardiac arrest [25]. Unfortunately, the benefits of
hypothermia appeared to be lost when onset was even
minimally delayed (15 min) until after ROSC [26].

In 1997, Bernard and colleagues reported their
preliminary results of the use of mild hypothermia in
comatosed survivors of out-of-hospital cardiac arrest
[27]. The neurological outcome of 22 patients in whom
mild hypothermia was induced on arrival in the emer-
gency department and maintained for 12 h was com-
pared with 22 historic case-matched controls. They
found a significant improvement in Glasgow Outcome
Scores (GOS) and a reduction in mortality in those
patients who had a period of hypothermia, with little
evidence of any increase in complications. Subse-
quently, Yanagawa and colleagues [28] were unable to
confirm these findings. In a smaller group of patients
(n � 13), they found no difference in outcome at 
6 months compared to historic controls and an increase
in pneumonic complications. In 2000, Zeiner and
colleagues reported the results of a feasibility trial of
hypothermia after cardiac arrest [29]. Mild hypother-
mia was induced in comatosed survivors of out-of-
hospital cardiac arrest using head and body surface
cooling. This was started within 5 min of arrival in
the emergency department and maintained for 24 h.
A twofold improvement in outcome occurred in those
patients, who completed the study compared with
historic controls and again no significant complica-
tions related to the use of hypothermia. The results of
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these studies were particularly encouraging because
hypothermia appeared to be effective, despite not
being induced until after ROSC, and often with sig-
nificant delays in reaching target temperatures.

Both the most recent studies were prospective, ran-
domized trials comparing treatment with mild
hypothermia vs. normothermia. The European study
was conducted in nine centres in five different coun-
tries [12], while the Australian study took place in
four hospitals in Melbourne [13]. The criteria for entry
into both trials were similar: out-of-hospital cardiac
arrest in adults due to presumed ventricular fibrilla-
tion and persistent coma despite return of sponta-
neous circulation. In order to try and select patients
most likely to benefit, exclusion criteria eliminated
those patients with cardiac arrest of non-cardiac aeti-
ology and those with severe cardiogenic shock. There
were some differences between the two studies. In
Europe, randomization using sealed envelopes occurred
in the emergency department. Those assigned to
hypothermia were cooled to a target temperature of
32–34°C using cold air delivered over the body sur-
face plus ice packs, if necessary (70% of patients), the
aim being to reach the target temperature within 4 h
of ROSC. This was then maintained for 24 h after
which patients were rewarmed passively. In Australia,
pseudo-randomization (odd vs. even numbered days)
was used to allocate patients to the treatment group.
This enabled paramedics to commence cooling using
cold packs to the head and torso before arrival at hos-
pital. The target temperature was 33°C, maintained
for 12 h after admission after which active rewarming
commenced at 18 h.

The primary outcome measure, defined prospec-
tively by both groups, was a favourable neurological
outcome (Cerebral Performance Category (CPC) 1 or 2
in Europe, discharge to home or rehabilitation facility
in Australia). In Europe, 275 patients were entered
into the study over nearly 5 yr. In the hypothermia
group, of the 136 patients for whom data were avail-
able, 75 (55%) had a favourable neurological outcome
at 6 months, compared with 54 of 137 (39%) in the
normothermia group (relative risk (RR): 1.40; 95%
confidence interval (CI): 1.08–1.81; number needed to
treat (NNT): 6). At 6 months, 56/137 (41%) patients
had died in the hypothermia group vs. 76/138 (55%)
in the normothermia group (RR: 0.74; 95% CI:
0.58–0.95; NNT: 7). The target temperature could
not be achieved in 19 of the patients in the hypother-
mia group. In the Australian study, 77 patients were
randomized over a period of nearly 3 yr. In the
hypothermia group, 21/43 (49%) patients had good
neurological function at discharge compared with 9/34
(26%) in the normothermia group (RR: 1.85; 95% 
CI: 0.97–3.49; NNT: 4). Mortality at discharge was
22/43 (51%) in the hypothermia group and 23/34

(68%) in the normothermia group (RR: 0.76; 95% 
CI: 0.52–1.10; NNT: 6).

Both studies are open to criticism, but of the two,
the European study is methodologically the stronger.
It is obviously impossible to blind the clinicians
involved in the care of these patients, which can
introduce bias. The European study involved a highly
selected group of patients; of the patients assessed,
less than 10% (275/3551) were enrolled. The num-
ber of patients assessed in the Australian study is not
stated, but enrolment of only 84 patients over 3 yr
suggests a similar degree of selectivity. Some patients
in the normothermia group had an increase in core
temperature after return of spontaneous circulation
to as high as over 38°C, as is often seen after cardiac
arrest and which is known to be detrimental [30,31].

Although both groups reported no significant
increase in the rate of complications in those patients
treated with hypothermia, the Australian hypother-
mia group had a lower cardiac index, higher sys-
temic vascular resistance and more hyperglycaemia
than patients in the control group. In Europe, there
were 22% more complications in the hypothermia
group, in particular pneumonia, bleeding and sepsis.

How does it work?

It was originally believed that the benefits of hypother-
mia were due to a reduction in cerebral oxygen require-
ments. In the normal brain, the cerebral metabolic
rate for oxygen decreases by approximately 50% for
an 8°C reduction in brain temperature [32], an effect
due to a reduction in both normal electrical activ-
ity and metabolic activity responsible for cellular
integrity. While this may help explain a protective
effect during periods of cerebral ischaemia, much of
the neuronal damage seen is due to ‘reperfusion injury’,
resulting in death of neurons, particularly in the vul-
nerable regions of the hippocampus and cerebellum.
As cerebral blood flow is restored, oxidative metabo-
lism of arachidonic acid generates free radicals, lead-
ing to peroxynitrite production, lipid peroxidation
and cell membrane damage. The sudden restoration
of intracellular ATP results in phosphorylation and
inhibition of factors responsible for translation and
initiation of protein synthesis, thereby inhibiting cell
repair, while simultaneously signalling for apoptosis.
At the same time, increased catecholamine concentra-
tions, both endogenous and exogenous, reduce insulin
secretion causing inhibition of growth factor receptor
tyrosine kinase activity, further inhibiting protein
synthesis and impairing mitochondrial resistance to
free radical damage [33–35]. Unlike when a drug has
been used to block a single facet of this onslaught,
hypothermia may provide protection against many
of these deleterious biochemical mechanisms.
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On the basis of the current evidence, should we be
using mild hypothermia in cardiac arrest patients who
remain comatose after ROSC? In their editorial, Safar
and Kochanek recommend ‘the use of mild hypother-
mia in survivors of cardiac arrest – as early as possible
and for at least 12 h’ [36]. It would be hard to refute
this suggestion for those patients who fit the criteria
used in the European and Australian studies. How
easy would it be for us to follow these recommenda-
tions? The treatment of most of these patients will
include admission to a critical care unit for a period of
sedation, ventilation and haemodynamic monitoring.
The addition of therapeutic mild hypothermia would
not be too difficult to achieve nor would it extend sig-
nificantly the length of stay on the critical care unit.
What about extending this therapeutic option to
those patients who remain comatose after in-hospital
cardiac arrest? Although many in-hospital cardiac
arrests are non-cardiac in origin [37] and the role of
hypothermia has not been studied extensively in this
group of patients, it is entirely possible that those
patients who remain comatose after in-hospital arrest
of cardiac aetiology might benefit. Further support for
the use of mild hypothermia in specific circumstances
is expected very shortly in the form of an advisory
statement from the International Liaison Committee
on Resuscitation (ILCOR).

Cooling techniques and monitoring

External cooling techniques are easy to apply, but are
not efficient at reducing core temperature. Techniques
include: cooling blankets, ice packs to the groins,
axillae and neck, wet towels and fanning, and a cool-
ing helmet [38]. An intravenous (i.v.) infusion of
30 mL kg�1 of crystalloid at 4°C over 30 min reduces
core temperature significantly [39]. Extracorporeal
cooling methods are efficient [40], but too invasive to
apply in the pre-hospital environment and most emer-
gency departments. An intravascular heat exchange
device that enables rapid, precise cooling is now
available [41].

During cooling, shivering must be prevented with
neuromuscular block and sedation. Careful tempera-
ture monitoring is important as the incidence of com-
plications, particularly dysrhythmias, infection and
coagulopathy increase, if core temperature falls below
32°C. Continuous temperature monitoring can be
undertaken with a bladder probe or a pulmonary artery
catheter.

The future

Following cardiac arrest, achieving ROSC remains
the first and most important step towards patient 
survival. Therefore, we must continue our efforts to

determine those interventions that improve the
chances of ROSC. However, we must be mindful that
in man, cardiac arrest lasting more than 5 min is asso-
ciated with a poor outcome, usually, as a result of
cerebral damage caused by global ischaemia and
reperfusion injury. This has been termed the ‘meta-
bolic phase’ of resuscitation, and therapeutic inter-
ventions targeted at this phase will be required in
those patients, where the circulation is absent for a
prolonged period [42]. Mild hypothermia would
appear to be an effective therapy for this phase of resus-
citation, but many questions now remain to be
answered. What is the best method of cooling, how
fast and for how long? Is 33–34°C optimal and how
should the patient be rewarmed? Finally, would the
use of adjunctive therapy, such as antioxidants, fur-
ther enhance the effects of hypothermia [43]? We
await further studies in the use of mild hypothermia
in patients, who remain comatose after resuscitation
from cardiac arrest with great interest.
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