
EDUCATIONAL OBJECTIVE: Readers will be able to enumerate the indications, contraindications, benefits, 
and possible risks of mild therapeutic hypothermia for survivors of cardiac arrest

Hypothermia after cardiac arrest:  
Beneficial, but slow to be adopted

■■ ABSTRACT

Survivors of cardiac arrest due to ventricular tachycar-
dia or ventricular fibrillation have improved neurologic 
outcomes if they are cooled to a core body temperature 
of 32°C to 34°C for 24 hours as soon as possible after 
reaching the hospital. 

■■ KEY POINTS

This treatment is indicated for comatose adult patients 
who have had a witnessed cardiac arrest, whose initial 
cardiac rhythm is ventricular fibrillation or pulseless ven-
tricular tachycardia, and who have return of spontaneous 
circulation with basic and advanced cardiac life support.

Contraindications include hemorrhagic stroke, a Glasgow 
Coma Scale score of 8 or higher, cardiac arrest due to 
drug overdose, and preexisting hypothermia. Relative 
contraindications include baseline coagulopathy and 
severe hypotension (mean arterial pressure < 60 mm Hg) 
that is not correctable by fluid infusion, vasopressors, or 
invasive hemodynamic support.

Adverse effects have included hypokalemia, brady- 
arrhythmia, ventricular tachycardia, hypotension, seizures, 
hyperglycemia, a transient decrease in the glomerular 
filtration rate, abnormal coagulation studies, and an 
increased incidence of pneumonia and sepsis.
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A 30-year-old man experienced an epi-
sode of syncope while at work. He fully 

recovered consciousness within 2 minutes, 
but the emergency services team was called. 
As he was being loaded into the ambulance 
he again lost consciousness, and he was not-
ed to be in ventricular fibrillation. Advanced 
cardiac life support was immediately started 
and continued for 50 minutes before a hemo-
dynamically stable spontaneous rhythm was 
obtained. 
 On arrival at the emergency department 
of the local hospital, he was intubated to pro-
tect his airway, as he was comatose. A 12-lead 
electrocardiogram showed ST-segment eleva-
tions in leads V1, V2, and V3 and a wide QRS 
complex with an rSR´ pattern, consistent with 
right bundle branch block. 
 Mild therapeutic hypothermia was initi-
ated by infusing intravenous saline solution 
chilled to 4°C and by applying cooling blan-
kets, and he was transferred to our hospital on 
an emergency basis for further management. 
Here, hypothermia was maintained using an 
intravenous cooling catheter. 

 ■ HYPOTHERMIA: BENEFICIAL, 
BUT SLOW TO BE ADOPTED

Mild therapeutic hypothermia is a recom-
mended therapeutic intervention for out-
of-hospital cardiac arrest due to ventricular 
fibrillation. Nonetheless, first-responders, 
emergency-room staff, and intensive-care 
teams have been slow to adopt and integrate 
it into a comprehensive postresuscitation 
strategy. This article summarizes the evi-
dence supporting this therapy and how it is 
performed. 
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 ■ PROPOSED MECHANISMS OF BENEFIT

Mild therapeutic hypothermia is thought to 
protect against anoxic brain injury in survi-
vors of cardiac arrest via several mechanisms:
•	 Decreasing neuronal metabolism in the 

early stage of ischemic injury
•	 Decreasing glucose and oxygen consump-

tion by the brain,1 which reduces supply-
demand mismatch

•	 Decreasing the release of excitatory amino 
acids (eg, glutamate) that normally trig-
ger cytotoxic cascades in the intermediate 
phase of injury2 

•	 Reducing the production of harmful reac-
tive oxygen species3 

•	 Maintaining cellular pH4 
•	 Reducing cell death5 
•	 Slowing the breakdown of the blood-brain 

barrier that worsens cerebral edema.6

 ■ CLINICAL DATA  
SUPPORTING HYPOTHERMIA 

There has been an interest in therapeutic hy-
pothermia for several decades. In the 1950s, 
it was used in small numbers of cases in a 
variety of cardiac arrest situations.7,8 Inter-

est was rekindled in the mid-1990s after a 
number of animal studies suggested it might 
be beneficial in prolonged cerebral ischemia 
and anoxia,9,10 and reports of case-series de-
scribed its use in adults with out-of-hospital 
cardiac arrest.11,12

 In October 2002, the International Liai-
son Committee on Resuscitation (ILCOR), 
made up of executive members of several or-
ganizations including the American Heart 
Association, recommended that “unconscious 
adult patients with spontaneous circulation 
after out-of-hospital cardiac arrest” should be 
cooled to 32°C to 34°C [89.6°F–93.2°F] for 12 
to 24 hours “when the initial rhythm was ven-
tricular fibrillation.”13 

Two large randomized trials
This position statement was based largely on 
the results of two randomized clinical trials 
published simultaneously earlier in 2002.14,15 
These two trials were important not only be-
cause they were the largest randomized trials 
of this therapy to that point, but also because 
they used meaningful, prospectively defined 
clinical end points: all-cause mortality and de-
gree of cognitive preservation as assessed using 
the Glasgow-Pittsburgh Cerebral Performance 
Category (CPC) scale. 
 The CPC scale ranges from 1 to 5. A score 
of 1 or 2 indicates that a patient may be able 
to go home or to an acute rehabilitation facil-
ity; scores of 3 to 5 indicate worse outcomes 
(TABLE 1).
 Bernard et al14 performed a randomized 
trial in four centers in Australia, assigning 77 
patients either to a goal temperature of 32°C to 
34°C or to normothermia for 12 hours, with all 
other resuscitative measures being the same in 
both groups. The primary outcome measured 
was survival to hospital discharge with suffi-
cient neurologic function to be discharged to 
home or to a rehabilitation facility, ie, a CPC 
score of 1 or 2.
 In the hypothermia group, 21 (49%) of 
the 43 patients survived and had an outcome 
that was considered “good” (ie, they were dis-
charged home or to a rehabilitation facility), 
compared with 9 (26%) of the 34 patients in 
the normothermia group (unadjusted odds ra-
tio 2.65, 95% confidence interval [CI] 1.02–
6.88, P = .046). Proportionally fewer patients 

Expert panels 
have endorsed 
mild 
therapeutic 
hypothermia 
for cardiac 
arrest survivors 
in ventricular 
fibrillation

TABLE 1

Glasgow-Pittsburgh  
Cerebral Performance Category

Class 1
Conscious, alert, and oriented, with normal cognitive functions

Class 2
Conscious and alert with moderate cerebral disability  
  (can perform simple activities of daily living, work at least part-time)

Class 3
Conscious, with severe disability, fully dependent on others  
  for daily support due to severe impairment of cognitive function

Class 4
Comatose or in persistent vegetative state

Class 5
Certified brain-dead or dead by traditional criteria

ADAptED FROM INFORMAtION IN tEAsDALE G, JENNEtt B. AssEssMENt OF COMA AND IM-
pAIRED CONsCIOUsNEss. A pRACtICAL sCALE. LANCEt 1974; 2:81–84.
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in the hypothermia group died—22 (51%) of 
43 vs 23 (68%) of 34; however, the difference 
was not statistically significant (P = .145).
 The Hypothermia After Cardiac Arrest 
Study Group15 screened 3,551 European pa-
tients who suffered out-of-hospital cardiac ar-
rest15; 275 patients were randomized to mild 
therapeutic hypothermia or normothermia for 
24 hours. The primary outcome was the per-
centage of patients who had a CPC score of 1 
or 2 (vs 3 to 5) at 6 months, and the secondary 
outcome was the rate of death at 6 months.
 At 6 months, 75 (55%) of the 136 patients 
in the hypothermia group had a CPC score of 
1 or 2, compared with 54 (39%) of the 137 pa-
tients in the normothermia group (P = .009). 
The rate of death was also lower with hypo-
thermia: 55% vs 41% (P = .02). 
 In both trials, patients were included only 
if their cardiac arrest was witnessed, if their 
initial cardiac rhythm was ventricular fibril-
lation or pulseless ventricular tachycardia, if 
circulation spontaneously returned within 60 
minutes with standard basic and advanced 
cardiac life support protocols, and if they were 
still comatose on arrival at the hospital. They 
were excluded if they were over age 75, if 
they had suffered a cerebrovascular accident 
at the time of cardiac arrest, or if the arrest 
was caused by trauma or drug overdose. In ad-
dition, the European trial excluded patients 
who suffered another cardiac arrest after the 
initial return of spontaneous circulation but 
before cooling was started.

The standard of care
In view of the available clinical data, the 2002 
ILCOR guidelines and a 2005 statement from 
the American Heart Association advocated 
mild therapeutic hypothermia for survivors of 
out-of-hospital ventricular tachycardia or fi-
brillation.16 Subsequently, this therapy has be-
come more widely practiced and accepted as the 
standard of care among critical-care providers. 
 Of note, some public health officials and 
local governments are strongly promoting this 
treatment for survivors of cardiac arrest in the 
community.17 More and more of these groups 
are mandating that these patients be transport-
ed only to hospitals that have therapeutic hy-
pothermia protocols in place, bypassing those 
not equipped to provide this treatment.18

 ■ INDICATIONS, CONTRAINDICATIONS, 
AND GRAY AREAS

What are the indications and contraindica-
tions to the use of hypothermia after out-of-
hospital cardiac arrest? What are some of the 
“gray areas”?
 Indications. This treatment is indicated 
for comatose adults who have had a witnessed 
cardiac arrest, whose initial cardiac rhythm 
was ventricular fibrillation or pulseless ven-
tricular tachycardia, and whose circulation 
spontaneously returned in less than 60 minutes 
with basic and advanced cardiac life support. 
This carries a class I recommendation, level of 
evidence B, and was recently reinforced in the 
2010 update to the American Heart Associa-
tion guidelines for cardiopulmonary resuscita-
tion.19

 Absolute contraindications include hem-
orrhagic stroke (which must be proved by 
computed tomography) and cardiac arrest due 
to trauma (TABLE 2). Other major contraindi-
cations are a Glasgow Coma Scale score of 8 
or higher before the initiation of mild thera-
peutic hypothermia, cardiac arrest due to drug 
overdose, and preexisting hypothermia (< 
34°C) when first-responders arrive.  
 Relative contraindications include base-
line coagulopathy and severe hypotension 

Do not delay  
angioplasty  
for STEMI  
while applying  
hypothermia

TABLE 2 

Contraindications to  
mild therapeutic hypothermia

Absolute contraindications
Hemorrhagic stroke 
Cardiac arrest due to trauma  
Glasgow Coma Scale > 8 on arrival of emergency medical services 
Preexisting hypothermia (< 34°C; 93.2°F) 
Uncontrolled active bleeding 
Uncontrolled hemodynamically unstable arrhythmias

Relative contraindications
Prolonged cardiac arrest (> 60 minutes) 
Refractory hypotension despite fluid and vasopressor support 
Thrombocytopenia (platelet count < 50 × 109/L) or 
  baseline coagulopathy 
Pregnancy 
Terminal condition or poor baseline status  
  (unable to carry out simple activities of daily living)
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(mean atrial pressure < 60 mm Hg) that is not 
correctable by fluid infusion, vasopressors, or 
invasive hemodynamic support.
 Gray areas. There are not enough data to 
make a firm recommendation about whether 
to apply mild therapeutic hypothermia if a 
witnessed cardiac arrest with ventricular fibril-
lation or ventricular tachycardia occurs in the 
hospital, but data from out-of-hospital cardiac 
arrest patients appear applicable for hospital-
ized patients. 
 The data are also quite limited and equiv-
ocal on its use for out-of-hospital cardiac ar-
rest in patients whose initial cardiac rhythm 
is pulseless electrical activity or asystole,20,21 
likely because of the competing risk of comor-
bidities and the resultant lower baseline sur-
vival rate in these patients.
 Consequently, for in-hospital postar-
rest patients with any initial rhythm and for 
out-of-hospital cardiac arrest patients with 
rhythms other than ventricular tachycardia 
or ventricular fibrillation, the 2010 guideline 
recommendation on the use of mild therapeu-
tic hypothermia is less enthusiastic (class IIb, 
level of evidence B).19 
 There are also few data on the use of mild 
therapeutic hypothermia in post-arrest pa-
tients in circulatory shock requiring vasopres-
sors or intra-aortic balloon counterpulsation, 
largely limited to case series and comparisons 
with historical controls.22,23 Further investi-
gation is clearly needed in these areas. Until 
then, it should be considered at the physi-
cian’s and the team’s  discretion, on a case-by-
case basis.

 ■ HYPOTHERMIA IN CASES  
OF VENTRICULAR FIBRILLATION  
AND ACUTE CORONARY SYNDROME

The value of coronary angiography after out-
of-hospital cardiac arrest was first highlighted 
by Spaulding et al,24 who performed it urgently 
in 84 consecutive survivors of out-of-hospital 
cardiac arrest, 36 of whom had ST-segment el-
evation myocardial infarction (STEMI). An-
giography uncovered an acute coronary occlu-
sion in 40 (48%) of the 84 patients.
 In this series, ST-segment elevation was a 
strong predictor of acute coronary occlusion 
(odds ratio 4.3; 95% CI 1.6–2.0; P = .004). 

However, 9 patients without chest pain or 
ST elevation were also found to have an oc-
cluded infarct-related artery. Successful an-
gioplasty was an independent predictor of 
survival, highlighting the importance of an 
angiographic definition in this population. 
 These findings were recently confirmed 
in the larger Parisian Region Out of Hospital 
Cardiac Arrest (PROCAT) registry in 435 pa-
tients who had no obvious extracardiac cause 
of arrest, for whom successful culprit coronary 
angioplasty was associated with survival.25

Angioplasty comes first,  
but neither treatment need be delayed
Efforts to induce hypothermia must not be 
allowed to delay the door-to-balloon time of 
post-arrest patients in the setting of STEMI. 
The top priority is establishing patency of the 
infarct-related artery with a goal of salvaging 
ischemic myocardium and obtaining mechan-
ical and electrical stabilization. 
 Fortunately, mild therapeutic hypothermia 
does not necessarily delay emergency revas-
cularization if hypothermia protocols are well 
established. In fact, induction of mild thera-
peutic hypothermia prior to or on arrival at 
the catheterization laboratory has been shown 
to be feasible and safe.26,27 
 We believe that all centers performing pri-
mary percutaneous coronary intervention for 
STEMI should have immediate access to and 
expertise in mild therapeutic hypothermia. 
Regional planning and integration of STEMI 
and out-of-hospital cardiac arrest networks 
will ensure that most patients with STEMI 
have access to this treatment when it is indi-
cated.

Does hypothermia help the heart? 
Does it increase bleeding?
Researchers have been interested in therapeu-
tic hypothermia as a means of reducing myo-
cardial infarct size,28,29 but clinical trials have 
not shown a clear-cut benefit in this regard. 
However, these investigations have also added 
to the evidence that antiplatelet and antico-
agulation therapy in patients undergoing mild 
therapeutic hypothermia does not result in a 
statistically significant excess of major bleed-
ing events, which is a potential concern. 
 Of note, these studies were neither pow-

Active bleeding  
requiring  
transfusion 
warrants  
consideration  
of stopping the 
hypothermia
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ered nor specifically designed to evaluate for 
major bleeding as an end point. Therefore, 
these complications should still be carefully 
monitored for.

 ■ IS THERE AN OPTIMAL TIME TO BEGIN 
MILD THERAPEUTIC HYPOTHERMIA?

Experimental data suggest that mild therapeu-
tic hypothermia should be started as soon as 
possible after a comprehensive clinical evalua-
tion indicates the patient is eligible.30–33 How-
ever, clinical data are not robustly in favor of 
starting it before the patient reaches the hos-
pital rather than on hospital arrival.
 In a recent randomized trial in 2,334 survi-
vors of out-of-hospital cardiac arrest, outcomes 
were no better if hypothermia was started by 
paramedics than if it was started on arrival at the 
hospital (47.5% vs 52.6% discharged to home or 
rehabilitation; 95% CI 0.70–1.17; P = .43).34 
 Earlier data from smaller studies had sug-
gested that prehospital initiation of hypother-
mia (for example, using chilled intravenous 
saline infusions) in carefully selected patients 
with out-of-hospital cardiac arrest was safe 
and showed a nonsignificant trend toward bet-
ter outcomes.20,35 
 The randomized controlled trials that 
showed hypothermia to be beneficial used very 
slow cooling methods; consequently, it is rea-
sonable to allow up to 6 hours from initial pre-
sentation to first-responders to start it. There 
are, however, no conclusive data in humans 
for or against starting it later than 6 hours af-
ter presentation. Most experts believe that its 
potential neurologic and mortality benefits are 
largely lost if it is delayed more than 6 hours.
 The overall message from these data seems 
to be that, in patients who survive cardiac 
arrest outside the hospital with ventricular 
tachycardia or fibrillation, mild therapeutic 
hypothermia is effective and safe and should 
be started as soon as possible after arrival at 
the hospital.

 ■ METHODS FOR INDUCING  
AND MAINTAINING HYPOTHERMIA

Cooling the patient
To cool the patient and keep him or her 
cold, caregivers have used ice packs placed 

around the head, groin, and axillae; intra-
venous infusion of saline maintained at 4°C 
(39°F); and cooling-air blankets. More re-
cently, thermal wraps and intravascular cool-
ing catheters have been used.36–38 The newer 
methods are more effective in rapidly bring-
ing patients to the target temperature of 32 
to 34°C (usually within 3 or 4 hours) and 
keeping them within this range, and they 
auto-adjust their output on the basis of mea-
sured core temperature. 
 The Pre ROSC Intranasal Cooling Effec-
tiveness (PRINCE) trial demonstrated the 
safety and efficacy of nasopharyngeal cooling 
using a perfluorocarbon aerosol given via a na-
sopharyngeal cannula in patients with out-of-
hospital cardiac arrest.39

Monitoring the core temperature
The patient’s core temperature is most 
commonly monitored with a probe in the 
esophagus, bladder, rectum, or pulmonary 
artery.40 
 Of these, the bladder and rectum are con-
sidered “intermediate” monitoring sites, as 
their temperatures tend to lag behind the core 
temperature. Furthermore, the bladder tem-
perature can be significantly altered by the 
flow of urine, which can vary considerably 
during the cooling and rewarming process. 
 Esophageal temperature monitoring is rel-
atively noninvasive and tends to reliably and 
accurately reflect core temperature as long as 
the probe is placed far enough down (about 45 
cm from the nose in an average adult) that it 
is not affected by proximity to the trachea. 
 Pulmonary artery catheters are considered 
the gold standard for core temperature moni-
toring, but they pose risks such as bloodstream 
infection and large-vessel damage. In practice, 
many patients admitted to the coronary inten-
sive care unit after out-of-hospital cardiac ar-
rest require pulmonary artery catheterization 
anyway for other indications, and in these 
situations it is the preferred method of moni-
toring the core temperature.
 However, no approach is ideal in terms of 
measuring the temperature in the critical end 
organs. Rather, core temperature monitoring 
serves as a guide to help ensure consistent 
clinical practice in attaining and maintaining 
mild therapeutic hypothermia.

The balance  
of evidence  
indicates that  
the benefit  
of this 
treatment  
exceeds its risks
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Preventing shivering
To achieve and maintain the goal tempera-
ture, the body’s natural response to a decrease 
in core temperature—shivering—must be 
watched for and eliminated. A number of 
drugs may be used for this purpose.41 
 Paralytic drugs are used to reduce shiver-
ing; nursing staff must be trained to monitor 
for signs of occult shivering (eg, jaw vibration) 
and adjust the dose of paralytic drug according-
ly. Since the patients are paralyzed, they must 
also receive continuous intravenous sedation.
 Other commonly used drugs that decrease 
the hypothalamic drive to shiver include bus-
pirone (BuSpar), a serotonin 5HT-1A partial 
agonist, and meperidine (Demerol), an opiate 
agonist of kappa and mu receptors.

Rewarming after 24 hours
Rewarming is conventionally started after 24 
hours of mild therapeutic hypothermia, at a 
rate no greater than 0.5°C (1°F) per hour.
 Because sedation is used during the hypo-

thermia period of 24 hours, a washout period 
for these medications is necessary, and the 
neurologic prognosis of cardiac arrest patients 
who undergo mild therapeutic hypothermia 
cannot be adequately assessed until 72 hours 
after rewarming.

 ■ ADVERSE EFFECTS  
OF MILD THERAPEUTIC HYPOTHERMIA

In clinical trials of mild therapeutic hypother-
mia, adverse effects have included hypokale-
mia, bradyarrhythmia, ventricular tachycar-
dia, hypotension, seizures, hyperglycemia, a 
transient decrease in the glomerular filtration 
rate, abnormal coagulation studies, and an 
increased incidence of pneumonia and sepsis 
(TABLE 3). 
 Some of these effects are predictable. De-
creasing the body temperature causes potassi-
um to shift into the cells, and this same potas-
sium will leave the intracellular space during 
the rewarming phase. For this reason, aggres-
sive potassium repletion for mild hypokalemia 
(potassium levels of 3.0–3.5 mmol/L) during 
mild therapeutic hypothermia can result in 
dangerous hyperkalemia during rewarming 
and should generally be avoided.
 As another example, the enzymes involved 
in coagulation are less effective at lower tem-
peratures. Thus, if it occurs, active bleeding 
requiring transfusion warrants consideration 
of stopping the hypothermia.
 Adverse effects should be watched for (eg, 
by checking electrolyte levels frequently, mon-
itoring blood glucose, continuous electroen-
cephalographic monitoring during the cooling 
phase, and avoiding placement of intracardiac 
catheters once the goal temperature is reached) 
and addressed as they happen. However, in a 
recent review of this subject42 the balance of 
evidence continued to indicate that the benefit 
of this treatment exceeds its risks.

 ■ OUR PATIENT RECOVERS

After 24 hours of therapeutic hypothermia, 
our patient was gradually rewarmed to a nor-
mal temperature, and sedation and paralysis 
were discontinued.
 Analysis of his prearrest and postarrest 
12-lead electrocardiograms revealed a type 

TABLE 3

Potential adverse effects associated with  
mild therapeutic hypothermia

Cardiovascular
Hypotension 
Bradyarrhythmia 
Ventricular tachyarrhythmia

Renal and electrolyte
Hypokalemia during cooling (mainly due to intracellular shift) 
Cold-induced diuresis causing hypomagnesemia, hypophosphatemia,  
  or both 
Transient decrease in glomerular filtration rate

Endocrine and metabolic
Dysglycemia due to decreased insulin secretion 
Pancreatitis

Infectious
Hospital- or ventilator-associated pneumonia 
Sepsis

Neurologic
Seizures (unclear if due to initial central nervous system insult or  
  due to mild therapeutic hypothermia, but must be monitored for)

Hematologic
Worsened coagulopathy, resulting in significant bleeding

HYPOTHERMIA AFTER CARDIAC ARREST
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I Brugada pattern (coved ST elevation and 
negative T waves in V1, V2, and V3, caused by  
abnormal repolarization due to inherited mu-
tations in SCN5A). Cardiac catheterization 
revealed normal coronary arteries, and MRI 
revealed no evidence of arrhythmogenic right 
ventricular cardiomyopathy or other structur-
al abnormalities.
 In the next 72 hours the patient was 
successfully extubated, and he gradually re-

turned to full neurologic function. Before he 
went home a few days later, a single-lead car-
dioverter-defibrillator was implanted to pre-
vent sudden cardiac death. All of his first-
degree relatives were encouraged to undergo 
genetic screening for SCN5A mutations. 
The patient is currently back to his previ-
ous high level of functioning as a marketing 
manager, husband, and father of two young 
children.	 ■
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