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C ardiac arrest is a major cause of 
death in the industrialized world.1 
More than 275,000 out-of-hospi-

tal cardiac arrests are treated annually by 
the emergency medical services in Euro-
pean countries.2 The global incidence of 
out-of-hospital cardiac arrest (OHCA) 
ranges from 35 to 125 cases per 100,000 
people, with 25% of these being less than 
65 years of age.3,4 Despite recent advances 
in resuscitation science and practice, sur-
vival from OHCA remains far from satis-
factory.5,6

Severe post anoxic brain damage is an 
important cause of morbidity and mortal-
ity in patients who initially undergo suc-
cessful resuscitation. The induction of 
mild therapeutic hypothermia (TH) in se-
lected patients surviving out-of-hospital 
sudden cardiac arrest and return of spon-
taneous circulation (ROSC) has a major 
impact on long-term neurologically intact 
survival and may prove to be one of the 
most promising clinical advances in the 
field of resuscitation.

History

The utility of hypothermia in medicine 
has been recognized since antiquity. Hip-
pocrates, the world’s first modern doctor, 
advocated the packing of wounded sol-
diers’ limbs in snow and ice.7 Historical 
evidence from later years refers to the re-

cords of Napoleonic surgeon Barron Lar-
rey, who observed that injured officers 
who were kept closer to a fire after being 
operated upon survived less often than in-
fantrymen who were left in a cold enviror-
ment.7

The first medical article concerning 
hypothermia was published in 1945 and 
focused on the effects of hypothermia on 
patients suffering from severe head inju-
ry.7 In the 1950’s, hypothermia received 
its first medical application, being used 
in intracerebral aneurysm surgery to cre-
ate a bloodless field.7 Most of the early 
research, however, focused on the appli-
cations of deep hypothermia, defined as a 
body temperature between 20-25°C. Such 
an extreme drop in body temperature is 
accompanied by a whole host of side ef-
fects, which made the use of deep hypo-
thermia impractical in most clinical situ-
ations.

During this period, sporadic reports 
of the therapeutic use of mild hypother-
mia appeared, with body temperature be-
ing kept between 32-34°C. In the 1950s, 
Rosomoff demonstrated the positive ef-
fects of mild hypothermia after brain isch-
emia and traumatic brain injury in dogs. 
In the 1980s further animal studies indi-
cated the ability of mild hypothermia to 
act as a general neuroprotectant following 
a blockage of blood flow to the brain.8

In 1999, during a skiing accident, An-
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na Bagenholm’s heart stopped for more than three 
hours and her body temperature dropped to 13.7°C 
before she was successfully resuscitated.9

After studies of safety and feasibility had been 
conducted,10,11 2 randomized studies, published in 
February 2002 in the New England Journal of Medi-
cine,12-13 provided the evidence base for the establish-
ment of TH as a means of improvement of patient 
outcomes in comatose survivors of cardiac arrest.

The Hypothermia After Cardiac Arrest (HACA) 
study12 was a randomized multicenter trial that in-
cluded 274 patients who remained comatose af-
ter being resuscitated from ventricular fibrillation 
(VF) cardiac arrest. These patients were random-
ized to be treated with either mild hypothermia (cool-
ing to 32-34ºC with an external cooling device for 24 
hours) or standard post-resuscitation treatment. At 
six months, 75/136 patients (55%) in the hypother-
mia group had a favorable neurologic outcome as 
compared with 54/137 (39%) in the standard treat-
ment group (risk ratio, RR, 1.40; 95% confidence 
interval, CI, 1.08-1.81, estimated number needed to 
treat, NNT=6). Mortality at six months was also low-
er in the hypothermia group (56/137=35% of patients 
died), as compared with 55% in the normothermia 
group (76/138 patients; RR 0.74; 95% CI 0.58-0.95, 
NNT=7).12 The NNT is very low and comparable to 
other important emergent treatments, such as cardiac 
catheterization for acute coronary syndromes.

In the second trial, 77 OHCA patients with VF 
were randomized to either 12 hours of hypothermia 
(followed by active rewarming) or to normothermia 
during post-resuscitation treatment. TH was associ-
ated with a higher frequency (21/43, 49%) of good pa-
tient outcome (survival to hospital, discharge to home 
or a rehabilitation facility) compared with 9/34 (26%) 
in the normothermic group.13

Definition and pathophysiology

Hypothermia is a condition in which an organism’s 
temperature drops below that required for normal 
metabolism and body functions. There is a contin-
uum regarding the effects of increasing hypother-
mia on human metabolism and clinical status. For 
treatment of cardiac arrest mild TH (32-34°C) is em-
ployed. Cardiac arrest and ROSC represent a case 
of whole body ischemia-reperfusion injury that may 
cause enormous biochemical structural and func-
tional insults, leading to progressive cell destruction, 
multi-organ dysfunction, and death.14,15

Most early hypotheses suggested that hypother-
mia reduces the harmful effects of ischemia by mere-
ly decreasing the body’s need for oxygen.7 For every 
Celsius degree drop in body temperature, cellular 
metabolism slows by 5-7%.16 Thus initial therapeutic 
attempts were based on the application of deep hypo-
thermia, because it is more effective than milder de-
grees of hypothermia in reducing metabolic rhythm 
and energy demands.17

Recent data, however, suggest that even a mod-
est reduction in temperature can function as a neuro-
protectant.18 Therefore, hypothermia may offer organ 
protection, not only by decreasing cellular metabol-
ic needs, but also by inhibiting temperature-sensitive 
pathways of the ischemia reperfusion cascade.

Mechanisms of protection

Neuronal ischemia may culminate in cell death be-
cause of excessive calcium influx into the neuron 
cells through stimulation of the N-methyl D-aspar-
tate (NMDA) receptor.19 The receptor is activated by 
glycine and stimulated by excitatory neurotransmit-
ters such as aspartate and glutamate, which increase 
during ischemia and cause neurological damage in 
proportion to their concentration.20-23 The release of 
these neurotransmitters during ischemia is tempera-
ture-dependent, and even mild hypothermia is effec-
tive in reducing their levels.24,25

Apart from protection of neuronal cells from cal-
cium overload, hypothermia can minimize ischemic 
cell damage by avoiding the activation and transfor-
mation of astroglial cells to phagocytes, thus reducing 
cell damage caused by the release of proinflammatory 
cytokines and free radicals.26 It may also significantly 
reduce the extent of ischemic brain injury by increas-
ing levels of brain-derived neurotrophic factor and 
other neurotrophins after ischemia.27

Hypothermia also acts to prevent apoptosis 
thanks to its beneficial effects on the interaction be-
tween pro-apoptotic and anti-apoptotic proteins. 
Among other actions, hypothermia may increase the 
levels of anti-apoptotic proteins such as Bcl-2, block 
the tumor necrosis factor pathway of apoptosis, in-
hibit the stress-activated signaling pathways, and also 
exert a direct inhibitory effect on the caspase path-
way.28-31

It has also been established that hypothermia de-
creases cerebral oxygen consumption, glucose utiliza-
tion and brain metabolism. These effects are accom-
panied by a proportional decrease in cerebral blood 
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flow.32-33 It is possibly due to these effects that hypo-
thermia may decrease post-ischemic cellular levels of 
lactate and other wastes from anaerobic metabolism, 
thus decreasing cellular acidosis.34

Several other mechanisms have been proposed to 
explain the cytoprotective effect of hypothermia after 
an ischemic insult. It has been speculated that TH may:
•	 decrease the concentrations of thromboxane A2, 

thus ameliorating its vasoconstrictor and pro-
thrombotic effects.35

•	 reduce free radicals that are produced during 
the ischemia-reperfusion procedure and limit the 
resulting cell damage.36

•	 decrease the production of inflammatory cyto-
kines, leukotrienes, and inflammatory cells such 
as macrophages.33,37

•	 decrease the cytotoxic edema formed after ischemia, 
reduce the disruption of the blood–brain barrier and 
decrease the damage to the endothelial vas culature.38

•	 suppress epileptogenic electrical activity, being 
effective in both non-convulsive status epilepticus 
and in cases of generalized tonic-clonic seizures.39

The mechanisms of action of TH are summarized in 
Table 1.

Finally, in the heart, hypothermia may decrease 
the area of injury, promote epicardial blood flow, de-

crease myocardial metabolic demand, preserve high-
energy phosphate stores, and enhance mitochondrial 
membrane stability.40-42 There is experimental evi-
dence suggesting that the greatest benefit is achieved 
when the heart is cooled before reperfusion.43

Hypothermia in VF and non-VF cardiac arrest

The first studies to provide strong evidence for the 
routine use of TH in post-resuscitation care, i.e. the 
HACA trial and the study of Berard in Australia, 
were conducted in comatose survivors of OHCA with 
VF as the first documented rhythm.12-13 Following the 
publication of these trials, the International Liaison 
Committee on Resuscitation (ILCOR) suggested the 
routine use of TH in this group of patients.44

The inclusion of hypothermia into the interna-
tional guidelines discouraged further studies with pa-
tient randomization into control groups without hy-
pothermia. Thus, additional evidence supporting the 
use of hypothermia in survivors of ventricular fibril-
lation or ventricular tachycardia (VF/VT) OHCA 
comes mostly from small, non-randomized cohorts of 
patients. The most important relevant evidence was 
published recently in a report from a prospective co-
hort of 1145 survivors from OHCA in Paris. In this 

Table 1. The mechanisms of action of therapeutic hypothermia. Modified from González-Ibarra FP, Varon J and López-Meza EG. Thera-
peutic hypothermia: critical review of the molecular mechanisms of action. Front Neur. 2011; 2: 4.

Reduces extracellular levels of excitatory neurotransmitters
Decreases brain glycine levels after ischemia
Increases levels of BDNF and other neurotrophins after ischemic injury
Avoids proliferation, migration, transformation, and activation of astroglial cells
Decreases P53 protein levels in the brain and apoptotic neuronal death
Affects the levels of proteins Bcl-2 and cytochrome C
Blocks the TNF pathway of apoptosis
Affects stress-activated signaling pathways avoiding cell apoptosis
Prevents apoptosis by inhibiting the caspase pathway
Blocks the proteins responsible for mediating caspase-independent apoptosis
Induces the formation of cold shock proteins
Lowers lactate levels from anaerobic metabolism decreasing cellular acidosis
Improves brain glucose metabolism and preserves glucose reserves in the brain
Reduces free radical levels after neuronal damage
Blocks delta-PCK and preserves function of epsilon-PCK after ischemia
Reinforces Akt pathway and carries out structural alterations in PTEN
Decreases production of inflammatory cytokines and leukotrienes
Decreases inflammatory cells’ functions as macrophages
Suppresses epileptogenic electrical activity
Reduces disruption of blood–brain barrier
Decreases damage of the endothelial vasculature
Decreases the concentrations of thromboxane A2

BDNF – brain-derived neurotrophic factor; TNF – tumor necrosis factor; PCK – protein kinase C; Akt – protein kinase B; PTEN – phosphatase and tensin 
homolog.
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study, if the cause of cardiac arrest was VF/VT, treat-
ment with TH had an independent association with 
increased odds of a good neurological outcome (ad-
justed odds ratio, 1.90; 95% CI, 1.18-3.06).45

Extrapolation of these data to cardiac arrests with 
non-shockable initial rhythms seems reasonable, but is 
supported only by lower-level data derived from non-
randomized trials and trials using historical controls.46-49 
No beneficial effect of TH on neurological outcomes in 
survivors of cardiac arrest was shown in the previously 
mentioned large observational study by Dumas et al.45 
In a recent meta-analysis of non-randomized trials con-
ducted up to March 2010, Kim et al found that, in adult 
patients resuscitated from non-shockable cardiac arrest, 
TH was associated with reduced in-hospital mortality.50 
However, they pointed out that most of the studies had 
substantial potential sources of bias and therefore the 
overall quality of the evidence was very low. By contrast, 
in a more recent trial, Nielsen et al failed to show any 
clear benefit in neurological outcome with TH in coma-
tose survivors after cardiac arrest.51

The possible reasons for this diversity of results 
have not been clearly defined. Patients presenting 
with a non-shockable rhythm may have had a VF/
VT arrest initially, which has gradually degenerated 
into a non-shockable rhythm because the patients re-
mained unattended for a significant period of time. 
In these patients the resuscitation process is expect-
ed to be longer, compared to patients who are still 
in shockable rhythms, and this could lead to a higher 
rate of post-resuscitation circulatory shock. There is 
also a chance that the amount of hypothermia given 
in the studies could have been insufficient.

Post-arrest treatment of survivors of cardiac ar-
rest with a non-shockable initial rhythm is becom-
ing an increasingly important issue, because the pro-
portion of cardiac arrest patients with non-shockable 
rhythms is increasing in recent registries. According 
to the recent guidelines, hypothermia in non-shock-
able patients is of possible benefit, and therefore TH 
should by no means be withheld in this group of pa-
tients.52,53 It is to be hoped that ongoing randomized 
controlled trials will give convincing answers to these 
important clinical questions.

When to start cooling

It has been hypothesized that early achievement of 
mild TH immediately after successful resuscitation and 
ROSC might offer the maximum benefit in terms of 
both neurological outcome and survival. However, the 

optimal timing of induction of TH remains uncertain.
Effective temperature lowering can be initiat-

ed in the pre-hospital setting. Kim et al have shown 
that pre-hospital administration of cold intravenous 
fluid in resuscitated OHCA patients was not associ-
ated with adverse effects and resulted in a significant 
temperature decrease by hospital arrival.54 There was 
also some clinical evidence for the beneficial effects 
of early TH induction. In their case series, Wolff et 
al demonstrated that the time to coldest temperature 
was an independent predictor of good neurological 
outcome in patients undergoing endovascular cooling 
after cardiac arrest.55

The finding of a beneficial effect of early cooling 
was not unanimous among studies. In a recent ran-
domized controlled trial, Bernard et al were unable to 
find any improvement in patient outcomes at hospital 
discharge of paramedic-initiated pre-hospital cooling 
compared with cooling commenced in the hospital.56 
Further evidence in line with these data was provided 
by Nielsen et al in a report from a multicenter, inter-
national registry-based case series of 986 comatose 
post-cardiac arrest patients. Again, the time to initia-
tion of cooling was not associated with an improved 
neurological outcome post discharge.51

Methods of cooling

Several methods have been used for the induction of 
hypothermia. Rapid infusion of large-volume (30 ml/
kg), ice-cold (4°C) intravenous fluids (normal saline 
or Ringer’s lactate) is a successful and easy way to 
cool cardiac arrest patients.54,57-60 Administration of 
cold intravenous fluid to resuscitated OHCA patients 
is feasible in the pre-hospital setting before arrival at 
the emergency department.54,56,61 The use of simple 
icepacks placed in the groin, armpits, and around the 
head and neck has been shown to be adequate in in-
ducing hypothermia.62,63 Conventional cooling blan-
kets or pads,62,64,65 and external devices using circulat-
ing water or air blankets have also been used for non-
invasive surface cooling.

Cold intravenous fluid and/or cooling pads can be 
used in conjunction with surface or internal cooling 
devices to facilitate the induction of hypothermia.63,66 
Ice-cold fluids alone cannot maintain hypothermia,67 
but the addition of icepacks can keep the tempera-
ture in the target range (32-34°C).57 In order to avoid 
episodes of overcooling, which are rather common 
with the use of cooling blanket/mattress or ice bags,68 
more sophisticated devices have been developed for 
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external cooling, with capabilities for continuous tem-
perature feedback and tight control of body tempera-
ture within the desired limits.67,68

Trans-nasal evaporative cooling and helmet cool-
ing devices are also used for inducing local brain hy-
pothermia in the pre-hospital setting.49,70 There is 
now evidence that pharmacological induction of hy-
pothermia is feasible and may possibly represent a 
new method for rapid on-site induction of hypother-
mia in patients resuscitated from cardiac arrest.71

Endovascular cooling devices have been devel-
oped to initiate and maintain hypothermia. They con-
sisted of a closed system with a central venous cath-
eter (femoral or subclavian) and an external heat 
exchange system, which contains saline circulating 
through balloons within the catheter. The patient is 
cooled or warmed as venous blood passes over each 
balloon, exchanging heat without infusing saline into 
the patient. The system is adjusted to achieve and to 
maintain a target temperature (32.5-33.5°C), with the 
patient’s core temperature being automatically mea-
sured by a sensor probe applied at the nasal septum 
or esophagus.58,64,66 These devices have been found 
to be more reliable than external methods of cooling 
in maintaining patients’ target temperature.64 No im-
provement has been shown, however, for patient out-
comes with the use of these devices in comparison to 
noninvasive methods of cooling.

The available methods of cooling are summarized 
in Table 2.

Rewarming can be achieved with either the same 
method for external or internal temperature control 
used to cool the patient, or passive rewarming. The 
optimal rate of rewarming is not known, but the con-
sensus is currently to let the temperature rise about 
0.25-0.5°C per hour.53,72

Therapeutic hypothermia and primary coronary 
intervention (PCI)

Recently, primary PCI has been established as a 
means of alleviating ischemia in survivors of cardiac 
arrest with ST-elevation myocardial infarction and/
or other strong evidence of persistence of myocardi-
al ischemia after ROSC.73,74 It is, however, a matter 
of concern whether TH could be applied at the same 
time as coronary angiography and intervention.

In survivors of cardiac arrest with ST-segment el-
evation myocardial infarction, Knafelj et al demon-
strated that patients who were treated with primary 
PCI and hypothermia, which was induced externally 
with ice packs, had a better cerebral performance cat-
egory on discharge than historical controls treated 
with PCI but without hypothermia.75

Recent evidence underlines the need to use these 
interventions as part of an integrated, well planned 
protocol of post-resuscitation care. In a prospective, 
observational study Sunde et al demonstrated a ben-
efit in discharge rate from hospital, neurological out-
come and 1-year survival, after standardization of 
post-resuscitation care using a protocol that included 
revascularization with PCI and TH.76 Similar effects 
were yielded in the subgroup of patients recovering 
from VF cardiac arrest in Göteborg, Sweden.77

In contrast with the aforementioned findings, in a 
recent analysis of data from the prospective German 
Resuscitation Registry only PCI was associated with a 
better neurological patient outcome in patients surviving 
OHCA, while mild TH was not among the independent 
predictors of a good neurological outcome.78 The incon-
clusive results perhaps indicate differences in patient 
characteristics and allocation to treatment in local regis-
tries. It is therefore difficult to draw definite conclusions 
regarding the combined use of these therapeutic modal-
ities without the results of randomized trials.

There is also concern regarding a possible increase 
in bleeding complications, because cardiac arrest and 
hypothermia may both compromise the coagulation 
system, while anticoagulant and antithrombotic medi-
cation are necessary adjunctive measures to coronary 
interventions. While the overall risk for bleeding re-
quiring transfusion is low (4%) in patients undergoing 
TH, it increases to 6.2% in patients who also undergo 
PCI and is significantly higher than the corresponding 
risk of 2.8% in patients undergoing only TH.51

It seems, however, that the combination of prima-
ry PCI and hypothermia (interventional or external) 
is feasible and relatively safe and merits consideration 

Table 2. Methods of cooling patients undergoing therapeutic hy-
pothermia.

1. Invasive
Intravascular heat exchange system
Cardiopulmonary bypass

2. Noninvasive
Rapid infusion of 30 ml/kg cold fluids
Ice- and/or cold-packs
Water circulating blankets:

torso wraparound
leg wraps

Air circulating blankets
Water circulating gel-coated pads
Intranasal cooling
Cool caps
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as a therapeutic option in survivors of cardiac arrest 
after a myocardial infarction.

Complications of hypothermia

A large prospective, observational registry reviewed 
the adverse events that occurred in all patients treat-
ed with TH following OHCA.79 Complications were 
common, but only sustained hyperglycemia and sei-
zures treated with anti-convulsants were associated 
with increased mortality. Other frequent complica-
tions included pneumonia (48%), arrhythmias (7-
14%), and metabolic and electrolyte disorders (5-
37%). Sepsis (4%) and bleeding (6%) were less com-
mon and occurred more frequently with the use of 
any intravascular device—such as cooling devices, 
intra-aortic balloon pumps or angiography—but nei-
ther were associated with an increase in mortality. As 
there was no control group it was difficult to ascertain 
whether the observed complications were due to the 
hypothermia or due to the OHCA itself.

In a controlled trial and cohort studies mild hypo-
thermia was shown to increase systemic vascular re-
sistance and be the cause of arrhythmias (usually bra-
dycardia).66 It also impairs coagulation and increases 
bleeding,12,76,80 although the effect of hypothermia on 
coagulation is not easy to distinguish from the effect of 
antithrombotic and antiplatelet drugs that may be ad-
ministered to patients undergoing TH. There is also 
evidence that hypothermia can impair the immune sys-
tem and increase infection rates,81-83 but other studies 
have shown no difference in pneumonia84 or sepsis.12

Shivering caused by hypothermia will increase 
metabolic rate and heat production. Hence, optimal 
sedation must be given to reduce or prevent shiver-
ing. The clearance of sedative drugs and neuromus-
cular blockers is reduced by up to 30% at a core tem-

perature of 34°C, an effect that can be explained, at 
least in part, by slowing of the function of cytochrome 
P450 during hypothermia.85

The complications encountered most frequently dur-
ing therapeutic hypothermia are summarized in Table 3.

Contraindications for hypothermia according to 
guidelines include severe systemic infection, estab-
lished multiple organ failure, and preexisting medical 
coagulopathy (fibrinolytic therapy is not a contraindi-
cation for TH).53

Implementation

Although mild TH in comatose survivors of cardiac 
arrest has been strongly recommended by the guide-
lines since 2003,44 implementation rates continue to 
be low worldwide and it seems that TH has not yet 
been accepted by the majority of physicians. Satisfac-
tory rates of implementation are, however, reported 
from the UK and the Netherlands.86,87

Several factors have been recognized that limit 
a thorough implementation of TH. Adoption by ad-
ditional centers is mainly impeded by lack of aware-
ness of supporting data, concerns about its efficacy in 
the local patient population, and difficulties and costs 
anticipated for the implementation of TH. Hypother-
mia is, however, underused even in institutions where 
it has already been adopted. This is mainly associated 
with a lack of awareness of TH among personnel, un-
certainties concerning the logistics of how to achieve 
hypothermia, suboptimal inter-professional collabo-
ration, and a lack of familiarity resulting from infre-
quent use. Implementation is also affected by scien-
tific background, with a more satisfactory implemen-
tation in anesthesiology and intensive care units.88-91

In a recent report from Canada, treating more 
than 10 cardiac arrests per year and being a physi-
cian for less than 10 years were strong independent 
predictors for the adoption of TH.92 According to the 
authors, the finding that more experienced physicians 
are less likely to adopt TH may reflect the more re-
cent exposure of younger physician to academic cen-
ters and the associated emphasis on novel therapies.

A single-center local experience in Greece

There is no official report concerning the extent to 
which TH is used, while only a few reports have been 
published regarding the use of hypothermia in Greece.93

In our institution, during a 2-year period of im-
plementation of TH, 30 patients with out-of-hospital 

Table 3. Complications of therapeutic hypothermia.

Shivering
Increased systemic vascular resistance
Arrhythmias (usually bradycardia)
Excess diuresis
Electrolyte disturbance (hypophosphatemia, hypokalemia,

hypomagnesemia and hypocalcemia)
Decreased insulin sensitivity, insulin secretion, hyperglycemia
Impairment of coagulation, particularly in patients undergoing

percutaneous coronary intervention
Impairment of immune system, increased rate of infections
Increased levels of amylase
Decreased clearance of sedative drugs and neuromuscular

blockers
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VF cardiac arrest were successfully resuscitated and 
hospitalized after the return of spontaneous circula-
tion. Sixteen patients were cooled using ice-cold in-
travenous fluids and icepacks, while 9 patients were 
treated with hypothermia with an endovascular cool-
ing device. During the same period, in 5 patients with 
ROSC TH was not performed. It was considered un-
necessary in 1 due to the very short duration of resus-
citation efforts, futile in another because of signifi-
cant co-morbidities that were revealed by a review of 
the patient’s history after ROSC, while in 3 it was not 
possible to maintain the intended target patient tem-
perature using icepacks. Data were also collected on 
12 consecutive patients from the era immediately be-
fore the implementation of hypothermia.

Cooling is started immediately after ROSC by in-
fusion of 30 ml/kg ice-cold saline. When an intrave-
nous cooling device was not available, patient tem-
perature was maintained for the next 24 h using cold 
packs, which were placed in the groin, axillae, and 
along the neck. Although the use of simple icepacks 
is inexpensive, it is time-consuming for nursing staff, 
is usually associated with significant temperature fluc-
tuations, and does not enable controlled rewarming.

To overcome the difficulties involved in main-
taining hypothermia with ice packs, a commercially 
available endovascular cooling device was employed. 
This device senses the patient’s temperature using 
an esophageal thermometer and then adjusts the pa-
tient’s core temperature using an endovascular cath-
eter that is inserted through the femoral vein. Tem-
perature is controlled by an external heat exchange sys-

tem, as described previously. Regardless of the method 
used for cooling, temperature was measured through 
an esophageal thermometer and was lowered to 32-
34°C for 24 hours. Subsequently, patients underwent 
passive warming if maintenance of hypothermia was 
performed with external cooling, or were slowly re-
warmed at a rate of 0.2-0.5°C per hour if internal cool-
ing was used. Every effort was made to keep patients 
normothermic (preventing fever) for at least another 
24 h after rewarming had been achieved. Extra bolus-
es of cisatracurium were administered with a standard 
regimen for patient sedation (midazolam alone or with 
fentanyl) when there was a need to control shivering.

Patient outcomes and complications are shown in 
Table 4.

It seems that overall survival, particularly surviv-
al without neurological damage, is increased with the 
use of TH. The results are not yet statistically signifi-
cant, but most probably this has to do with the small 
number of patients in this report. These results are in 
accordance with previous reports12,13 showing the fa-
vorable effect of mild hypothermia on the mental sta-
tus of patients surviving OHCA. More patients need 
to be followed, however, before definite conclusions 
can be drawn regarding the overall benefit in terms 
of mortality and neurologically intact survival. More-
over, the limited number of patients and the use of 
historical controls prevent us, at this point, from es-
timating the magnitude of the contribution of hypo-
thermia to improved patient outcomes in comparison 
to other patient- or treatment-related factors.

There were no excess complications in patients 

Table 4. Outcomes and complications of patients resuscitated from cardiac arrest treated with therapeutic hypothermia in comparison 
with historical controls.

 Control Total External Intravascular p*
 period hypothermia cooling cooling
 N=12 N=25 N=16 N=9

Patient outcomes:
Survival n (%) 3 (25) 13 (52) 9 (56) 4 (44) 0.17
CPC 1-2 1 (8) 10 (40) 7 (44) 3 (33) 0.06

Complications:
Recurrent seizures 1 (8) 2 (8) 1 (6) 1 (11) 1.0
Minor bleeding 2 (17) 11 (44) 5 (31) 6 (67) 0.15
Major bleeding† 0  1 (4) 0  1 (11) 1.0
Infections 6 (50) 16 (64) 10 (63) 6 (67) 0.48
Pneumonia 4 (33) 10 (40) 6 (38) 4 (44) 0.98
Atrial fibrillation 2 (17) 4 (16) 3 (19) 1 (11) 1.0
Bradycardia 1 (8) 3 (12) 2 (13) 1 (11) 1.0

*p values refer to the difference between patients treated in the control period and total patients treated with hypothermia as judged by Fischer exact test. 
†Bleeding requiring transfusion. 
CPC – cerebral performance category.
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undergoing TH. This, however, may also have to do 
with the small number of patients, because an in-
creased rate of bleeding complications and infections 
may be expected in patients treated with TH in the 
long run. There was only 1 incidence of bleeding re-
quiring transfusion, while all other bleedings were mi-
nor bleedings from puncture sites. Paroxysmal atrial 
fibrillation was probably the most notable sustained 
arrhythmia, and was easily controlled with electrolyte 
replacement, alone or in combination with amioda-
rone administration. There were no remarkable ven-
tricular arrhythmias other than premature ventricular 
extrasystoles and salvos of non-sustained VT. Brady-
cardia was not accompanied by hemodynamic com-
promise and rather represented adaptation to the de-
creased metabolic rate during hypothermia.

Recurrent seizures requiring anticonvulsant treat-
ment were observed in 3 patients during the first hours 
after ROSC. Of these, 1 patient who exhibited an isch-
emic infarct in the temporal lobe continued to exhibit 
convulsions several days later, despite intense anticon-
vulsive treatment.

Conclusion

Mild TH in OHCA survivors is a well-documented 
therapy that provides a significant improvement in 
neurological functional recovery at hospital discharge 
and lower mortality. Currently there is a clear-cut in-
dication for survivors of VF OHCA, but it is also a 
reasonable treatment for patients with non-VF and 
in-hospital arrest. It can be induced easily, even in the 
pre-hospital setting, and there are now several meth-
ods for external cooling as well as internal cooling de-
vices. There are a number of complications associated 
with hypothermia, such as arrhythmias, bleeding dis-
orders and infection, but none seems to be associat-
ed with adverse patient outcomes. Despite the strong 
evidence for its efficacy, universal implementation is 
hampered by significant difficulties. It seems that pa-
tients can benefit from TH when it is adopted as part 
of an integrated protocol of post-resuscitation care.
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