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Abstract Therapeutic hypothermia (TH) is the intentional
reduction of core body temperature to 32°C to 35°C, and is
increasingly applied by intensivists for a variety of acute
neurological injuries to achieve neuroprotection and reduction
of elevated intracranial pressure. TH improves outcomes in
comatose patients after a cardiac arrest with a shockable
rhythm, but other off-label applications exist and are likely to
increase in the future. This comprehensive review summarizes
the physiology and cellularmechanism of action of TH, aswell
as different means of TH induction and maintenance with
potential side effects. Indications of TH are critically reviewed
by disease entity, as reported in the most recent literature, and
evidence-based recommendations are provided.
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Introduction

Intensivists are increasingly using therapeutic hypothermia
(TH) after acute neurological injures for its neuroprotective
effects and ability to reduce elevated intracranial pressure.

The 2 sentinel multicenter, randomized, controlled trials,
which marked the beginning of a new era of TH, were
published in 2002, and these trials established firm evidence
for the beneficial use of hypothermia as a therapy to mitigate
neurological injury after cardiac arrest [1, 2].

In this review, we will discuss definitions of TH, its
physiology and mechanism of action, means of cooling,
potential side effects, and the existing evidence and indica-
tions of TH (excluding normothermia) in neurologically
injured patients.

Defining Therapeutic Hypothermia

TH is defined as intentional reduction of core body temper-
ature (Tc) to 32°C to 35°C [3], although no consensus exists
regarding the exact level of cooling. Experts favor the
following definitions: mild hypothermia (Tc34°C to 35.9°C),
moderate hypothermia (Tc 32°C to 33.9°C), moderate-deep
hypothermia (Tc 30°C to 31.9°C), and deep hypothermia
(Tc<30°C) [3]. Despite the lack of consensus in terminology,
previous studies demonstrated that body temperature
does not need to be less than 32°C to achieve neuro-
protection [1, 2, 4–7]. In fact, induced hypothermia to
temperatures below 32°C has been associated with significant
side effects, such as refractory cardiac arrhythmias and
coagulopathies that can be very difficult to manage [8, 9].

Historical Aspects

The use of hypothermia for clinical purposes has ancient
roots. Hippocrates advocated the packing of wounded
soldiers in snow and ice in 400 BC [10]. Clinical interest
in hypothermia was regained in the 1930s and 1940s,
with observations and case reports describing successful
resuscitation of drowning victims who were hypothermic,
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even after prolonged periods of asphyxia [11]. The first
scientific report describing clinical applications of TH in
traumatic brain injury (TBI) was published in 1943 [12].
Subsequently, series of case reports using deep-to-
moderate hypothermia (Tc 30°C to 34°C) after cardiac
arrest were published in the late 1950s and early 1960s
[8, 9, 13]. Due to adverse collateral effects observed at
very low temperatures, 30 years passed with no further
clinical investigations of hypothermia. Finally, in the
1990s laboratory studies demonstrated the benefit of mild
hypothermia in dogs after cardiac arrest [14]. In the last
decade, pivotal randomized clinical trials have provided
direct evidence of a benefit of mild hypothermia to
improve neurological outcome after cardiac arrest and
perinatal asphyxia [1, 2, 4–7].

Physiology and Mechanisms of Action

Hypothermia promotes its therapeutic effects in the secondary
or latent phase after the initial injury [15]. This phase
evolves within hours following the neurological insult
and is characterized by the initiation of cascades of acute
inflammatory response, vasogenic and cytotoxic edema,
impaired brain metabolism, and apoptosis. These lead to
delayed neuronal loss, which may be preventable by
hypothermia [16].

Detrimental Effects of Fever

Fever (body temperature >38.3°C) occurs in up to 70%
of neurologically injured patients, and typically it is not
an isolated event, but rather a sustained response seen for
as long as 2 weeks following injury [17, 18]. Elevated
body temperature can be secondary to infection or a
consequence of severe neurological insults. Only half of
the febrile episodes are attributable to infection, with
nosocomial pulmonary infections representing the largest
contributor [19]. Observational and retrospective studies
have demonstrated that fever is associated with poor
neurological outcome in the first 72 h after cardiac
arrest [20, 21], stroke [22], intracerebral hemorrhage
[23], subarachnoid hemorrhage [24], and traumatic brain
injury [25–27]. In spinal cord injuries, animal studies
have revealed that induced hyperthermia immediately
after the injury is associated with increased tissue damage
and worse outcomes compared to normothermic conditions
[28].

Elevated body temperature exacerbates the inflammatory
cascade [29–31] and increases neuronal excitoxicity [32].
In an experimental microdialysis study of focal ischemia,
glutamate release was significantly higher in hyperthermic
than normothermic rats, indicating the importance of focal
brain temperature on neurotransmitter release [33].

Pathophysiology

Therapeutic hypothermia is neuroprotective by attenuating
secondary injury after the primary neurological insult.
The underlying mechanisms involve multiple cellular
and molecular pathways. It is clinically effective because
of its global effects on all aspects of these pathophysiologic
processes. The most obvious physiologic consequence of
hypothermia is reduction of cerebral metabolism, as estimated
by glucose and oxygen consumption. It has been shown that
for every 1°C drop in body temperature, cerebral metabolic
rate decreases by 6 to 7% [34, 35]. Energy depletion as in
ischemia or abrupt tissue injury, as in TBI, is followed by
necrosis and apoptosis. Hypothermia can alter apoptosis by
inhibiting caspase activation, decreasing mitochondria
dysfunction, and protecting cell wall integrity [36–38].
At a cellular level, interruption of oxygen supply initiates
anaerobic glycolysis resulting in metabolic acidosis. The
subsequent influx and accumulation of calcium is exacerbated
by ion pump failure. This high concentration of calcium
leads to release of excitatory neurotransmitter glutamate
into the extracellular space. Excess glutamate triggers the
excitotoxic cascade that can ultimately result in cell
injury and death [39]. Even mild decreases in tempera-
ture have been shown to ameliorate these detrimental
effects [40–42]. Brain injury activates the inflammatory/
immune response [43, 44]. Glial and endothelial cells
mediate this by releasing cytokines and interleukins that
in turn promote leukocyte diapedesis across the blood
brain barrier [45, 46]. This inflammatory cascade causes
additional neurotoxicity and apoptosis. There is strong
evidence in experimental and clinical studies that hypo-
thermia suppresses multiple aspects of this inflammatory
reaction [30, 47, 48]. By the same token, mounting of
the inflammatory response increases vascular permeability
leading to vasogenic edema [49]. Concurrently, cytotoxic
edema also develops via direct free radical damage, homeo-
static failure, and the same inflammatory response. These
parallel processes accrue to produce brain edema and
increased intracranial pressure. Mild hypothermia can
reduce blood brain barrier disruption, preserve cell membrane
integrity, and thereby decrease intracranial pressure
(ICP)-related complications [49, 50].

Damaged brain tissue can have higher temperature than
noninjured areas [51–53]. The difference between brain and
body temperature can increase in brain-injured patients by
0.1°C to 2°C [54, 55]. The injured area may have a higher
temperature secondary to higher cellular metabolism from
activation of the previously mentioned mechanisms. The
injured tissue cannot dissipate heat secondary to lack of
blood flow drainage because of local brain edema [56, 57].
This process can quickly tumble into a vicious cycle,
especially in the setting of systemic fever [58]. Hypothermia
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arrests this deleterious process and allows for dissipation of
heat generated by these local destructive processes.

Initiation of Therapeutic Hypothermia

Animal models suggest that any delay in the initiation of
TH may diminish or even abrogate the beneficial effect
of this therapy. Unfortunately, no data are available from
large scale clinical trials to confirm the time dependence
of treatment in humans. Nevertheless, it seems reasonable that
hypothermia should be initiated as early as possible after the
cardiac arrest [59].

TH requires the patients to be on mechanical ventilation
with stable hemodynamic support, including intravenous
fluids, and, if necessary, inotropic agents or vasopressors
[59]. Before TH after cardiac arrest is induced, sedation,
analgesia, and paralysis with neuromuscular blocking agents
should be initiated to prevent shivering and discomfort.
Induction of TH for ICP management may not always
require a paralytic agent.

The process of TH is divided into 3 phases: 1) induction,
2) maintenance, and 3) rewarming. During the induction
phase, multiple collateral effects are common, which can
be minimized by cooling patients as quickly as possible
to be able to reach the more hemodynamically stable
maintenance phase. This can be accomplished by using
a combination of different cooling methods, such as infusion
of cold fluids, ice-packs, intranasal cooling, surface cooling
devices, or intravascular cooling. Measurement of Tc is
essential in target therapeutic management, which should
be measured at central sites. For Tc measurements, the
esophageal probe is preferred, but may be influenced by
the temperature of fluids introduced via the nasogastric
tube. The bladder temperature probe has been shown to
be reliable in measuring Tc, unless the patient experien-
ces oliguria. Once the Tc decreases below 33.5°C, the
patient tends to become more stable, with less risk for
fluid loss or intracellular shifts, a cessation or significant
diminishment of shivering. During the maintenance
phase, tight control of the target temperature should be
achieved, with minor or no fluctuations (maximum, 0.2°C to
0.5°C). In this phase, attention should shift toward the
prevention of longer term side effects, such as pneumonia,
wound infections, and bedsores [60]. Finally, the rewarming
phase can lead to severe electrolyte abnormalities (mostly
hyperkalemia), caused by shifts from the intracellular to the
extracellular compartment, and elevation of ICP. Both can be
largely prevented by slow and controlled rewarming, with a
warming rate of 0.2°C to 0.5°C/h. This allows the kidneys to
excrete the excess potassium and prevents rebound ICP
elevations [3, 61]. A detailed description of the physiological
changes and potential side effects of hypothermia is listed
in Table 1.

For all survivors that have been cooled after cardiac arrest
in whom a primary cardiac origin such as an ST-elevation
myocardial infarction (STEMI) is suspected, revasculariza-
tion should be considered [62]. Combining TH with primary
percutaneous coronary intervention (PCI) in STEMI is
emerging as a new approach to further improve outcomes,
and may be more efficacious than either therapy alone.
The role of urgent PCI in hypothermic patients after a
non-STEMI is uncertain [62].

Determination of the prognosis after cardiac arrest may
be difficult in patients undergoing TH. Both human and animal
data suggest that monitoring with electroencephalography
(EEG) and somatosensory-evoked potentials may correlate
with neurological outcomes [63–66]. The bi-spectral index,
which is a processed, simplified EEG monitoring tool,
quantifies EEG waves and allows monitoring of the level
of consciousness. It is commonly used in the operating
room to measure the depth of anesthesia, and it ranges
from zero (equivalent to a fully suppressed isoelectric
EEG) to 100 (awake patient) [67]. Two small cohort
studies have suggested that bi-spectral index may predict
early neurological outcome after cardiac arrest [68, 69].
In addition, it may be used to confirm the level of
sedation during the period of neuromuscular blockade.
Additional research is warranted to confirm these findings.

Monitoring of paralysis depth with train-of-four testing
is commonly used in nonhypothermic patients. However,
caution is warranted during TH because peripheral nerve
conduction is significantly slowed by cooling, and train-
of-four testing may not be a reliable monitoring method
at low body temperatures [70].

Cooling Methods

Cooling can be categorized as systemic or local brain cooling,
as well as intravascular versus surface cooling. The method of
cooling may be chosen based on specific parameters, such as
induction rate to target temperature, stability of temperature
control, rate of adverse events, profile of physiologic compli-
cations, practicality, and cost in various clinical settings.

Surface Cooling

The general principle of surface cooling relies on the
creation of a temperature gradient between the skin and
the core. Some surface cooling techniques may require
manual temperature adjustments, whereas others have
automated feedback control mechanisms. “Conventional
surface cooling” typically refers to cooling with ice
packs or air-circulating cooling blankets/mattresses. This
was the original method used on patients in 1 of the
sentinel studies demonstrating improved survival outcomes in
cardiac arrest with therapeutic hypothermia [1]. The cooling
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rate for ice packs is approximately 1°C/h [3], and these are
commonly placed around the head, neck, groin, and axillae.
The rate for air-circulating cooling blankets is slower at
0.5°C/h [3], and these are placed over or under the
patient. Disadvantages to the conventional cooling methods
include difficult to control temperatures, a slow cooling rate,
frequent need to replace ice packs in the maintenance phase,
and difficulties to control rewarming speed. Although

conventional cooling methods are more readily accessible
and inexpensive, they also have the risk of overcooling,
which may lead to coagulopathy, skin damage, and increased
shivering. In a retrospective study byMerchant et al. [71] of 32
patients in 3 large centers who underwent surface cooling
using a mattress/blanket or ice bag, 63% of patients had
temperature less than 32°C for more than 1 h. Temperature
fluctuations also occurred throughout both the induction and

Table 2 Recommended TH Levels and Length of Treatment Based on Disease Entity

Indication Goal Temperature Maintenance of TH

Coma after cardiac arrest with a shockable rhythm 32-34°C 12-24 h

Moderate-to-severe perinatal asphyxia 32-34°C 72 h

Refractory ICP 32-34°C Unclear, at least ≥12 hours

ICP 0 intracranial pressure; TH 0 therapeutic hypothermia.

*[3]

Table 1 Physiological Changes and Potential Side Effects of Hypothermia*

Temperature Effect Cause Treatment

<35.9°C Sinus bradycardia Likely due to decrease myocardial
contractility

If symptomatic, isoprenaline or dopamine.
In extreme cases, insert a pacing wire.
Atropine not effective

Hypovolemia Due to cold diuresis (increase atrial
natriuretic peptide, decrease
Antidiuretic hormone (ADH),
and tubular dysfunction)

IV fluids, vasopressors, inotropic agents.
Mechanical cardiac assistance, if needed

Impaired coagulation Platelet dysfunction does not begin
until temperature <35°C. Clotting
factors are affected only with
temperature <33°C due to impaired
liver function.

Coagulation test may not show abnormalities
unless performed at the patient’s actual core
temperature. Active bleeding in polytrauma
patients should be controlled before
hypothermia is initiated. Desmopressin may
improve platelet function during cooling

Infections Impair immune function and decrease
inflammatory responses, decrease
secretion of cytokines and suppression
leukocyte migration and phagocytosis

Pay specific attention to catheter insertion sites
and surgical wounds. Consider surveillance
cultures and antibiotic prophylaxis

Shivering Increase sympathetic tone, brain attempt to
generate shivering to abolish hypothermia

Magnesium IV; adequate sedation (propofol,
benzodiazepines) and analgesia (meperidine,
opiates); paralytics. Other options:
dexmedetomidine, clonidine, neostigmine,
tramadol

Increased drug levels and/or
enhanced effect of a drug

Reduced perfusion of the liver and reduced
production of bile leading to decreased
excretion. May also induce tubular
dysfunction in the kidneys

Specific focus to sedation and analgesia;
benzodiazepines and opiates can accumulate.
Adjust infusion rates, use bolus doses rather
than increasing continuous infusion

Hyperglycemia Decrease insulin sensitivity and reduce
insulin secretion by pancreatic islet cells

Increase insulin doses during induction and
decrease during rewarming

Electrolyte disorders
(Loss of K, Mg, Phos, Ca)

Increased renal excretion (cause by cold
diuresis and tubular dysfunction)

Repletion as needed. Potassium levels may rise
during rewarming, slow rewarming can give
time to the kidneys to excrete excess
potassium

<30°C Cardiac arrhythmias:
atrial fibrillation,
ventricular fibrillation,
and ventricular tachycardia

Probable coronary vasoconstriction
and coronary ischemia

Difficulty in treating given myocardium at
deep hypothermia becomes less responsive
to anti-arrhythmic drugs and defibrillation

ADH 0 xxxxx; IV 0 intravenous
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maintenance phases. This phenomenon has been consistently
demonstrated in subsequent studies comparing different
cooling methods [72–74]. Fans, washing the patient with
alcohol baths, and ice immersions should not be used, as they
are unpractical in the intensive care unit setting and ineffective
for the maintenance and rewarming phases [3].

More sophisticated surface cooling devices with the
ability to cool quickly and reliably and capable of automatic
temperature feedback have been invented. The Arctic Sun
Temperature Management System (Medivance, Louisville,
CO) uses 4 water-circulating pads lined with a hydrogel
facilitating heat conduction between the skin and the pads.
The pads are placed on the back, abdomen, and both thighs
covering approximately 40% of body surface area [75].
The induction rate is about 1.5°C to 2.0°C/h. In the first
prospective, randomized trial using this device by Mayer
et al. [75] in 47 patients with various neurological injuries,
Arctic Sun (Medivance) was compared to water-circulating
blankets to achieve normothermia in fever. In this study, the
Arctic Sun group experienced a 75% reduction in fever
burden compared to the group using water-circulating
blankets. Patients also spent less time being febrile and
were normothermic faster [75]. In this study, shivering
was more common in the Arctic Sun group at 39% of the
patients compared to 8% of conventionally treated
patients. The prevalence of shivering among different
surface cooling techniques is difficult to quantify, given
that few studies report shivering rates. In the reported
comparison study, the authors did not find a statistically
significant difference in mean GCS score between the 2
cooling methods, and it remains unclear whether decreasing
fever burden improves outcome. Disadvantages of this gel
pad system include high cost, lack of reusability, and the
potential for skin breakdown from cutaneous vasoconstric-
tion, especially in patients that already require systemic
vasopressors for hemodynamic instability [75]. There are
other wrapping type surface cooling techniques available
that also use servomechanism temperature control, including
the Blanketrol device (Cincinnati Sub-Zero, Cincinnati, OH).
These less expensive devices encircle instead of adhering
directly to the patient’s skin [3, 76], which decreases efficacy.

Pre-refrigerated cooling pads are highly portable and can
be stored in a cooling box inside ambulances. One example
is the Emcools Pad System (Emcools, Vienna, Austria),
which consists of pre-cooled hydrogel pads. Uray and
Malzer [77] studied the feasibility of these pads for out-of-
hospital surface cooling in 15 patients, initiated at an average
of 12 minutes after return of spontaneous circulation. Target
temperature of 33°C was achieved within an average of
50 minutes. All subjects were cooled for 24 h by exclusively
using the pads.When the target temperature rose to greater than
33.5°C, additional pads were applied to the thorax and abdo-
men. Advantages of this pad include ability to initiate

hypothermia in the field, portability, and ease of use. A disad-
vantage to this pad system is the necessity for manual temper-
ature control with a high probability of uncontrolled
fluctuations.

Water immersion is the fastest method for lowering core
body temperature [3]. The automated cold water immersion
Thermosuit System (Life Recovery Systems, Kinnelon, NJ)
works by the convective-immersion mechanism and
circulates ice water from a perforated top-sheet and an
under-blanket across the skin surface at a rate of 14 L/min
[78]. In a swine study, it has been shown to achieve target
temperature of 33°C in 9 minutes. In humans, it had a median
cooling time of 3°C/h with median time-to-target time of
37 minutes. Once target temperature is reached, the water
is purged and the patient is removed from the device.
Disadvantages of such fast cooling rates include increased
risks of electrolyte shifts, arrhythmias, and the potential for
overcooling. In addition, it is unclear whether this system
should be used only as an induction method in addition to
other modalities for maintaining steady temperature control.

Intravascular Cooling

Infusion of Ice-Cold Fluids

One major disadvantage of surface cooling is the slow speed
of cooling. Intravascular cooling bypasses the peripheral
compartment and can achieve cooling of the core in a
smaller amount of time. The use of intravenous ice-cold
fluids in patients resuscitated from cardiac arrest as a rapid,
safe, and easy means of inducing hypothermia is supported
by several studies [79–81]. One study used 4°C Lactated
Ringer’s solution infused for 30 min in 22 resuscitated
cardiac arrest patients and showed a decrease in median Tc
of 1.7°C, as well as beneficial hemodynamic, renal, and
acid–base effects [80]. Infusing up to 30 ml/kg ice-cold
4°C saline has been shown to effectively and quickly
lower Tc by 4.0±0.3°C within 60 minutes when used in
combination with surface cooling [79]. The same study
abated concerns that intravenous cooling may lead to
hypotension and heart failure. There was an increase in
mean arterial pressure by 15 mmHg, and no patients
developed pulmonary edema [79].

Intravascular Cooling Catheters

In addition to the infusion of ice-cold fluids, catheter-based
cooling systems exist. Currently, there are 2 commercially
available devices with similar designs (the Alsius System,
Alsius Corp., Irvine, CA and the Celsius Control System,
Innercool Therapies, San Diego, CA). Both function as a
central venous catheter with an additional cooling system.
The Alsius (Alsius Corp.) catheter has 3 cylindrical balloons
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filled with saline in a closed system near the tip of the
catheter with a feedback system to the bedside unit. Using a
core temperaturemonitor, the patient’s temperature is regulated
via an automatic adjustment of the saline temperature in the
cylindrical balloons [82]. The Celsius (Innercool Therapies)
catheter has a flexible distal metallic heat transfer unit, which
contains cold saline and a patient body temperature sensing
probe. It is also connected to a bedside unit that automatically
regulates the circulation temperature to maintain core
temperature [83]. In both systems, catheters are inserted into
a central vein, most commonly the inferior vena cava via
femoral access.

Advantages of endovascular cooling devices include
shorter time to target temperature and the ability to
maintain a more stable temperature compared to conventional
methods, such as ice packs and cooling mattresses [84, 85].
The disadvantages of endovascular cooling devices include
that it is an invasive procedure and it carries a high risk of deep
venous thrombosis (DVT), bacteremia, and sepsis. In a study
of TBI patients, the incidence of asymptomatic DVT was as
great as 50% when using endovascular cooling devices [86].
A sixfold increase of the nosocomial bloodstream infection
rate (13% vs a control rate of 2%) was found in another
study of endovascular cooling catheters [82]. Therefore,
endovascular cooling is currently only used in patients in
whom cooling is expected to last no longer than 24 h,
with prompt removal of the catheter after this time period
to prevent DVT and bacteremia.

Head-to-head comparisons of surface and endovascular
cooling devices after cardiac arrest have revealed similar
cooling efficacy and numbers of adverse effects, except that
the surface group experienced more hyperglycemia, whereas
the endovascular group experienced more hypomagnesemia
[87]. Although it has been proposed that catheter cooling
may result in less shivering [75], this study did not show
any difference in the rate of shivering between the 2
methods [87]. The study was not sufficiently powered to find
a difference in survival or neurological outcome.

Intranasal Cooling

Recently, brain cooling via local methods has been described
as a rapid, portable, and less invasive means of hypothermia
induction. Two systems exist: 1) an evaporative system using
a coolant sprayed into the nose, and 2) a conductive system
that uses cold saline circulated via intranasal balloons. In the
first method, nasal catheters connected to a bottle containing
perfluorochemicals are inserted into the nostrils. The coolant
with high evaporative properties is sprayed along the
nasal passage ways. In the human body, these chemicals
are biologically nonreactive [88]. This method was evaluated
in a safety and feasibility study of 84 cardiac arrest
patients in the emergency room setting [88]. Patients

were solely cooled with this device for 1 h and were
then transitioned to other systemic methods. The study
showed that nasopharyngeal cooling reduced tympanic
temperature by median of 2.3°C and core temperature
by 1.1°C. This method was also studied as an adjunct
to systemic cooling in a multicenter study of 200 cardiac
arrest patients in the pre-hospital setting during ongoing
resuscitation [89]. Time-to-target temperature of 34°C
was shorter in the treatment group with intranasal cooling
started in the field [89]. In a recent study using intranasal
cooling in a more heterogeneous cohort of 15 patients in the
intensive care unit with intracerebral hemorrhage, trauma,
and ischemic stroke, patients underwent induction of
cooling with the RhinoChill System (BeneChillI, San
Diego, CA) [91]. Core, brain, and tympanic temperatures
were reduced by 1.1°C, 1.4°C, and 2.2°C, respectively,
within 60 minutes of the induction phase. In all studies,
the most frequent device-related adverse events were
nasal discoloration and epistaxis. In a recent study of
ten healthy volunteers, Covaciu et al. [90] demonstrated
that brain cooling using intranasal cooling with circulat-
ing cold saline (20°C) balloon catheters can be achieved
affectively in non-intubated patients without shivering.
The indication to cool awake patients remains to be
established. One disadvantage of intranasal cooling devices
is the exclusion of patients with basal skull fractures. Intrana-
sal cooling has not been studied for the maintenance of
hypothermia.

Cool Caps for Infants

Selective head cooling with mild systemic hypothermia in
infants suffering from hypoxic-ischemic encephalopathy
(HIE) as a result of perinatal asphyxia was first piloted in
a randomized controlled trial in 1998 [91]. Using a cooling
cap in neonates is considered more efficient compared to
adults because of large head-to-torso size ratio. Reduction in
temperature is achieved by running 10°C water through a
coil of tubing wrapped around the infant’s scalp for 72 hours
[91]. Other studies have showed improvement in short-term
computed tomographic changes [92], neurodevelopment
outcome at 18 months [5], or combined outcome of severe
disability and death [93]. As with other surface cooling
methods, some devices are adjusted manually or auto-
matically via a feedback mechanism [93]. Potential adverse
events include scalp edema, thrombocytopenia, hypoten-
sion, and bradycardia [94]. Recently, the cool cap device
was retrospectively compared to a whole body wrap with
automatic feedback mechanisms [95]. The cool cap was
inferior in maintaining target rectal temperature (76%
of the time in cool cap compared to 97% in whole
body wrap) and had an overshoot of the temperature
by 0.8°C [95].
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To date, there have been no prospective clinical trials in
children that compare whole body cooling versus selective
head cooling with mild systemic hypothermia in terms of
mortality and long-term survival characteristics.

Local Cerebral Cooling in Adults

Disadvantages of systemic whole body cooling include
shivering and the potential for infections. Similar to the cool
cap in infants, local cerebral cooling using a cooling helmet,
sometimes in combination with neck cooling, has been tried
in the adult [96–99]. However, due to a smaller head-to-
body ratio in adults compared to infants, cooling helmets are
less commonly used in adults, as the induction rate is slow
and maintaining target temperature is difficult [100].
Recently, a different method of local cerebral cooling to
achieve normothermia has been studied in a small cohort
of febrile subarachnoid hemorrhage patients [101], using
3 differently shaped neck pads consisting of the same
hydrogel-coated water circulating pads used by the Arctic
Sun System (Medivance, Louisville, CO) covering the
carotid triangles. With this method, brain temperature
was decreased by 0.5±0.3°C after 5 h. No hemodynamic
side effects or shivering was observed. The study did not
target hypothermia; therefore, it is not clear how effective
this method may be at lower temperature goals.

Evidence-Based Review of the Clinical Application
of Therapeutic Hypothermia

Patients in Whom Therapeutic Hypothermia
has Been Proven Beneficial

Witnessed Cardiac Arrest with a Shockable Rhythm
(Ventricular Fibrillation or Pulseless Ventricular
Tachycardia)

The publication of 2 sentinel multicenter, randomized
controlled trials in The New England Journal of Medicine in
2002 established firm evidence for the beneficial use of TH in
resuscitated patients after cardiac arrest with a shockable
rhythm [1, 2].

One of the trials was conducted by the Hypothermia
After Cardiac Arrest Study group, and randomized 275
comatose survivors of a cardiac arrest with a shockable
rhythm (ventricular fibrillation [VF] or pulseless ventricular
tachycardia) to either hypothermia (target temperature 32°C
to 34°C, for 24 h with the use of air-cooled blankets) or to
standard treatment [1]. At 6-months post-arrest, 55% of the
cooled patients had a good outcome compared with 39%
of the normothermia group (risk ratio for a favorable
outcome with hypothermia, 1.40; 95% confidence interval

[CI], 1.08 to 1.81). In the other published trial from Australia,
investigators enrolled 77 comatose survivors of a cardiac
arrest with an initial shockable rhythm (VF or ventricular
tachycardia) [2]. Patients were randomly assigned to
hypothermia (target temperature, 33°C for 12 h with the
use of ice packs only, initiated in the field) or standard
treatment. At the time of hospital discharge, 49% of
patients who were cooled had good neurological outcomes
compared with 26% of the control group (odds ratio [OR] for
a favorable neurological recovery with hypothermia therapy,
5.25; 95% CI, 1.47 to 18.76). A subsequent meta-analysis
indicated that the number needed to treat to provide a
favorable neurological outcome was 6 [102].

Both trials have received significant criticism, given that
neither study included data reflecting the depth or severity
of coma before randomization, or took into consideration
the arrest and resuscitation times. Furthermore, in the
hypothermia groups of both trials, goal temperatures
were achieved late after 8 h or more, or not at all. Yet, the
results were striking and likely underestimate the beneficial
therapeutic effects. As a result, therapeutic hypothermia
(cooling to 32-34°C for 12–24 h, see Table 2) is now
included as a recommended treatment in the American Heart
Association Resuscitation Guidelines of comatose survivors
after cardiac arrest with a shockable rhythm [103].

Perinatal Asphyxia

Among term infants, HIE due to acute perinatal asphyxia
remains an important cause of neurodevelopmental deficits
in childhood. Until the last decade, management of a
newborn with HIE had consisted largely of supportive care.
In the last 6 years, 3 large, randomized, placebo-controlled
trials have shown that TH initiated within 6 h of birth reduces
death and disability in these infants [5–7].

The Cool-Cap trial used selective head cooling with mild
systemic hypothermia for treatment of asphyxia and enrolled
234 infants [5]. Infants with moderate-to-severe asphyxia
confirmed by biochemical, clinical, neurological, and EEG
data were included. Patients were cooled to 34 to 35°C for
72 h within 5.5 h of their birth. At the 18-month follow-up, the
overall rate of adverse outcome (death or severe disability)
was not different between the cooled and the normothermic
group (55% vs 66%; Relative risk (RR), 0.61 95% CI, 0.34 to
1.09; p00.1). However, after controlling for baseline clinical
severity in a post-hoc analysis, hypothermia was shown to
improve outcome (OR, 0.52; 95% CI, 0.28 to 0.97).

In a different multicenter trial of 208 patients with
perinatal asphyxia [6], infants with HIE were cooled with
cooling blankets to 33.5°C within 6 h of birth for 72 h.
At the 18-month follow-up, death, or moderate or severe
disability was significantly less in the hypothermia group
compared to the control group (44% vs 62%; risk ratio,
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0.72; 95% CI, 0.54 to 0.95; p00.01), without an increase
in major disability among survivors.

The Total Body Hypothermia for Neonatal Encepha-
lopathy (TOBY) trial enrolled 325 infants with moderate-
to-severe asphyxia [7]. The hypothermia group was
cooled to 33°C to 34°C for 72 h using gel packs. At
the 18-month follow up, infants in the cooled group
had an increased rate of survival without neurological
abnormality (relative risk, 1.57; 95% CI, 1.16 to 2.12;
p00.03). Among survivors, cooling resulted in reduced
risks of cerebral palsy (relative risk, 0.67; 95% CI, 0.47
to 0.96; p00.03). A recent meta-analysis including 10
randomized controlled trials (n01320) revealed the
number needed to treat to achieve increased survival
with normal neurological function after HIE to be
8 [104].

Although there are no randomized trials in the pediatric
population on the effect of therapeutic hypothermia after
cardiac arrest, the findings in the adult population prompted
the American Heart Association to extend the recommenda-
tion of therapeutic hypothermia to young children and ado-
lescents who remain comatose after resuscitation from
sudden, witnessed, out-of-hospital VF cardiac arrest (see
Table 2) [105].

Patients in Whom Therapeutic Hypothermia has Not Been
Proven Beneficial and May be Detrimental

TBI

Several studies have been published, both in children and in
adults, during the last 2 decades that have evaluated the
effect of hypothermia on outcome following severe TBI
(GCS≤8). More than 10 randomized controlled trials have
not yielded consistent findings at the effects of therapeutic
hypothermia in TBI [106, 107]. A recent Cochrane meta-
analysis evaluated the effect of hypothermia to <35°C for at
least 12 consecutive hours on outcome in TBI in a total of
23 trials and 1614 patients, and concluded that there was no
beneficial effect of hypothermia [108]. One might argue that
a delayed initiation of hypothermia after injury might be
contributory to the negative findings. However, as has been
shown most recently, even the application of very early
hypothermia after severe TBI (within 2.5 h after injury)
did not confirm the usefulness of hypothermia as a primary
neuroprotective treatment [109].

In children, 2 randomized trials could not demonstrate
any beneficial effect of hypothermia on outcome [110, 111].
Recently, a large, multicenter, randomized, placebo-
controlled trial involving 225 children with severe TBI
(GCS≤8) did not reveal a difference between groups, with
a tendency toward worse outcome in the hypothermia group
(mean temperature, 33.1°C±1.2°C) due to a higher

mortality rate in patients >7 years of age [112]. A current
ongoing trial enrolling children <16 years of age is attempt-
ing to show benefit by extending the cooling period (32°C to
33°C) to 48 h with a slow re-warming phase of 1°C every 12
to 24 h [113].

Currently, there is no indication for the use of TH
after TBI for neuroprotection. TH, however, may still
be useful in TBI in the control of refractory intracranial
hypertension.

Patients in Whom the Benefit from Therapeutic
Hypothermia is Unclear

Traumatic Intracranial Hypertension

Many clinical trials studying TH in severe TBI reported the
effect of hypothermia on intracranial hypertension and
found it to be efficacious in reducing elevated ICP [114].
However, the failure of TH on overall outcome after TBI
may be due to possible intracranial rebound hypertension
associated with rewarming, which can be difficult to control.

In a recent review, TH was compared to other therapies
for reduction of elevated ICP [115]. The effect of TH on
lowering ICP was as effective as hyperventilation, mannitol,
and barbiturates, but less effective than hypertonic saline,
cerebrospinal fluid drainage, and decompressive craniectomy.

It has been suggested that TH should be used until ICP is
controlled regardless of the length of treatment. This was
supported by a Chinese trial of 215 patients with severe TBI,
which compared TH for ICP control for 2 days versus 5 days
[116]. Cooling began 3 h after injury, and the target temper-
ature was 33°C to 35°C. In the short duration TH group, ICP
was observed to rebound significantly with rewarming, al-
though this was not observed in the long duration TH group.
The 6-month outcomes were also significantly better in the
long duration TH group, with no difference in side effects
between groups.

TH may be considered for TBI patients with elevated ICP,
keeping in mind that it has not shown to improve long-term
neurological outcome after TBI. Also, the optimal target tem-
perature and duration of treatment are unknown (see Table 2).

Ischemic Stroke

TH is a plausible application after acute ischemic stroke,
given the beneficial effect after cardiac arrest [1, 2]. A meta-
analysis of animal studies including 3353 animals treated
with hypothermia after acute stroke indicated a robust
benefit of hypothermia in infarct size or functional outcome.
Hypothermia reduced infarct size by 44% (95% CI, 40–47%)
[117]. However, hypothermia was induced extremely early
(prior to the stroke, or within less than 3 h) in these studies,
which may not be feasible in clinical practice.
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Several small human trials have investigated the safety
and feasibility of TH after thrombolysis after ischemic
stroke, given safety concerns of increased coagulopathy in
TH [118–122]. Currently, a larger randomized, multicenter
phase 2/3 trial is being conducted to further evaluate safety
and efficacy of TH in ischemic stroke (Clinicaltrials.gov.
No. NCT01123161).

Based on the current evidence, it remains unclear
whether hypothermia after ischemic stroke is beneficial
for improving clinical outcome.

Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) can be complicated by
elevated intracranial pressure, global and focal brain edema,
as well as delayed ischemia from cerebral vasospasm. Fever
has been associated with worse outcomes [123, 124], so that
the most recently published guidelines for SAH recommend
aggressive treatment of fever to normothermia [125]. No clear
evidence exists in using hypothermia after SAH. A single
trial of hypothermia after SAH conducted in Switzerland
reported the feasibility and safety of long-term hypothermia
(>72 h) in the treatment of severe brain edema after SAH in
patients with a Hunt and Hess grade of 4 or 5 [126]. Among
156 patients with SAH, 21 patients were treated with mild
hypothermia (target temperature, 33°C to 34°C) combined
with barbiturate coma. Nine patients were treated for <72 h
and 12 for >72 h. Functional independence at 3 months
(Glasgow Outcome Scale score, 4 or 5) did not differ between
the 2 groups, as the study was underpowered. In all patients,
the most common form of complication was infection.
Case reports in patients with SAH stated that rewarming
following TH and the side effects from TH may aggravate the
pre-existing hypoperfusion [127–130], whereas others claim
an uneventful course if rewarming is performed slowly [131].
To date, no evidence exists confirming or refuting the benefit
of TH after SAH.

Spinal Cord Injuries

Hypothermia as an acute treatment for traumatic spinal
cord injury received popular attention with the 2007
case of a United States professional football player. He
had sustained a C3-C4 fracture dislocation with an
American Spinal Injury Association scale (ASIA) A
during a game. Hypothermia was initiated in the field
and continued en route to the hospital, followed by 24 h
of systemic cooling. He had almost a complete neurological
recovery [132, 133].

Recently, a retrospective study compared 14 patients with
complete cervical spinal cord injuries (ASIA A) treated with
intravascular hypothermia (target temperature, 33°C) for
48 h to a control group of 14 patients treated without

hypothermia [134]. The authors reported that 44% of the
hypothermia group versus 21% of the control group had at
least a 1-grade improvement in ASIA score. The study
lacked sufficient power and no definite differences in outcome
were seen. Group differences in timing of surgery and steroids
given further complicate the analysis. Until the results of
further trials are available, the American Association of
Neurological Surgeons and the Congress of Neurological
Surgeons agree there is insufficient scientific evidence to
support or oppose systemic or local hypothermia for
traumatic spinal cord injury [114].

Hepatic Encephalopathy

Hepatic encephalopathy and brain edema leading to intra-
cranial hypertension are 2 major complications in patients
with acute liver failure [135]. It is estimated that 20% of
patients with acute liver failure die from increased ICP while
awaiting transplantation. Given the ability of TH to reduce
elevated ICP in TBI, TH has been applied to comatose liver
failure patients with brain edema in an attempt to prevent
ICP related brain injury while awaiting liver transplantation
[114]. In a small observational study of patients with
acute liver failure awaiting orthotopic liver transplantation,
refractory increased ICP were cooled to a core temperature of
32°C to 33°C for 10 to 118 h, with a median of 32 h [136]. On
average, ICP was reduced from 36.5 to 16.3 mmHg at 4 h,
which was sustained at 24 h (16.8±1.5 mmHg; p<0.0001).
Thirteen of these patients were then able to undergo successful
liver transplant and had complete neurological recovery.
Hypothermia was also associated with a significant reduction
in arterial ammonia concentration.

In 2007, the United States Acute Liver Failure Study
Group published consensus recommendations that “ICP
should be monitored for all patients with advanced hepatic
encephalopathy who are awaiting orthotopic liver transplan-
tation.” The group also observed that “the induction of
moderate hypothermia appears to be promising as a bridge
to orthotopic liver transplantation,” but did not make
specific recommendations for its use [137].

Cardiac Arrest with Non-Shockable Rhythms

In the last decade, only a few studies have evaluated the
potential benefit of induced hypothermia in out-of-hospital
cardiac arrest with a non-shockable rhythm, and these
have provided conflicting results. In a small randomized
placebo-controlled trial of 30 patients, induced hypothermia
demonstrated a beneficial effect in non-shockable rhythm
patients [96], whereas in a more recent trial, induced
hypothermia was related to a trend toward a harmful
effect [81]. In observational studies, mixed results were
also reported [4].
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Recently, a large observational study from France
showed no benefit from induced hypothermia in patients
presenting with a non-shockable rhythm [4]. Prospectively
collected data from 1145 cardiac arrest survivors with
shockable and non-shockable rhythms were retrospectively
analyzed. Therapeutic hypothermia (target temperature,
32°C to 34°C, cooling for 24 h) confirmed improved
outcome in patients with a shockable rhythm (44% vs
29%; adjusted OR, 1.9; 95% CI, 1.18 to 3.06; p<0.001).
In contrast, in the patients who presented with a non-
shockable rhythm pulseless electrical activity (PEA/asystole),
therapeutic hypothermia did not improve outcome (15% vs
17%, adjusted OR, 0.71; 95%CI, 0.37 to 1.36; p00.48) with a
trend toward a worse outcome. These results emphasize that
benefits of therapeutic hypothermia in patients with shockable
rhythms cannot be extrapolated to patients with non-
shockable rhythms, calling for a large, randomized, con-
trolled trial of hypothermia in asystole and PEA cardiac
arrest.

Conclusions

Therapeutic hypothermia should be applied to inpatients who
are unable to follow verbal commands after a cardiac arrest with
a shockable rhythm, including children and adults. Therapeutic
hypothermia should also be considered in the treatment of
moderate-to-severe hypoxic encephalopathy in asphyxiated
newborns. Hypothermia should be initiated as soon as possible
in these patients to achieve its optimal beneficial effect.
Presently, there is no evidence that exists to support the
use of hypothermia in patients with acute TBI.

There is considerable potential for hypothermia to
have favorable impact on the outcome of elevated intracranial
pressure, ischemic stroke, subarachnoid hemorrhage, spinal
cord injuries, and hepatic encephalopathy, but further
studies are needed to establish its efficacy in improving
outcomes in these neurological insults.

The management of side effects seems to be crucial
throughout the entire therapeutic process. As intensivists
gain more experience with technological advances and the
management of complications associated with hypothermia,
widespread applications may become more feasible.
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