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Abstract
This article is one of ten reviews selected from the
Annual Update in Intensive Care and Emergency
Medicine 2015 and co-published as a series in Critical
Care. Other articles in the series can be found online
at http://ccforum.com/series/annualupdate2015.
Further information about the Annual Update in
Intensive Care and Emergency Medicine is available
from http://www.springer.com/series/8901.

Introduction
The use of hypothermia for clinical purposes dates back
to antiquity. For example, Hippocrates advocated packing wounded patients in snow and ice to reduce
hemorrhage [1]. The concept that hypothermia can provide neuroprotection also has roots in the past where it
was observed that infants abandoned and exposed to
cold often remained viable for prolonged periods. In
modern medicine, clinical interest in hypothermia developed in the 1930s and 1940s with case reports of
successful resuscitation of drowning victims despite prolonged asphyxia. The first scientific paper on the clinical
application of hypothermia in severe head injury patients, was published in 1943 [2]. Clinical trials on
hypothermia were first started in the 1960s [3,4] but
they were soon discontinued because of adverse effects
and unclear benefits. Very deep hypothermia (30°C or
lower) was used in most of these studies. Renewed interest in hypothermia developed in the 1980s when animal
studies demonstrated that there was some benefit when
mild hypothermia (32–35°C) was used.
Severe neurological injury is now a recognized consequence of cardiac arrest following successful resuscitation. In post-cardiac arrest patients who survive to
admission to the intensive care unit (ICU) but subsequently die, irreversible brain injury is the most common
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cause of death [5]. Cerebral damage occurs not only during cardiac arrest but also during the phase of reperfusion due to generation of free radicals and other
mediators [6]. Randomized controlled trials (RCTs)
using pharmacological interventions, such as thiopental
[7], corticosteroids [8], lidoflazine [9] and nimodipine
[10], found no benefit in improvement of neurological
outcome. Targeted temperature management has been
demonstrated in major studies to be a potent neuroprotective measure in post-resuscitation care following cardiac arrest [11,12]. The mechanism by which targeted
temperature management works is complex and still not
fully understood.
Hyperthermia following cardiac arrest has been shown
to be associated with unfavorable neurological outcome.
For each degree rise in temperature above 37°C there
was an increased association with severe disability, coma
or persistent vegetative state [13]. The mechanism of
hyperthermia remains to be defined but several have
been proposed, including increased heat production due
to increased production of endogenous catecholamines,
decreased heat loss or altered distribution of body heat
due to vasoconstriction [14]. Loss of thermoregulatory
mechanisms is seen in patients with stroke due to lesions in the anterior region of the hypothalamus [15].
One other cause of hyperthermia after cardiopulmonary
resuscitation (CPR) can be infection. Infection can be
secondary to pulmonary aspiration or gut translocation
of bacteria and toxins following global ischemia during
and after CPR [16,17].
The mechanism by which hyperthermia affects the ischemic brain is known from various animal studies. The
release of neurotransmitters is increased by hyperthermia and decreased by hypothermia [18]. An additional
mechanism is production of oxygen radicals during the
reperfusion period. There is a 4- to 5-fold increase in
oxygen radicals during the hyperthermic phase [19,20].
Hyperthermia also influences brain metabolism by adenosine triphosphate (ATP) depletion and by adenylate
energy changes in cortical and subcortical regions. These
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changes in ATP metabolism in combination with metabolic insults are highly correlated with the release of
endogenous glutamate and aspartate [21]. Hyperthermia also markedly enhances calpain activation, which
is a calcium-sensitive cysteine protease, and spectrin
(microtubule-associated protein-2) proteolysis in cortical
pyramidal neurons soon after the onset of reperfusion, an
effect that becomes marked by 4 and 24 hours, in association with morphological evidence of irreversible neuronal injury [22].
There are several mechanisms by which targeted temperature management may improve neurological outcome
when used after reperfusion. Hypothermia reduces the
cerebral metabolic rate for oxygen (CMRO2) by 6%
for every 1°C reduction in brain temperature > 28°C.
This effect is partly due to reduced normal electrical activity [23]. Targeted temperature management is thought to
suppress many of the chemical reactions associated with
reperfusion injury. These reactions, as mentioned previously, are associated with hyperthermia and include free
radical production, excitatory amino acid release, and calcium shifts, which can in turn lead to mitochondrial damage and apoptosis. Hypothermia attenuates pro-apoptotic
signals, such as cytochrome c release, Fas and Bax upregulation, and caspase activation and activates antiapoptotic mechanisms, such as the Erk1/2 pathway and
the Akt pathway [24]. The expression of p53 is enhanced
by hypothermia, promoting repair after focal ischemia
[25]. The levels of neuron-specific enolase, a marker of
neuron death, are also reduced in patients treated with
hypothermia following CPR [26].
Rapid rewarming exaggerates neural injury partly by
modulating cellular and molecular mechanisms, as discussed above. In experimental models of traumatic brain
injury (TBI) and stroke, rapid rewarming led to loss of
cerebral autoregulation. Controlled rewarming, as in targeted temperature management, protects vascular reactivity and also reduces the oxygen radical-mediated
endothelial and smooth muscle cell injury in brain
vessels [27,28].
Targeted temperature management aims to attenuate
this secondary cascade of events and to prevent or
minimize the impact of this secondary injury mechanism
[29-31]. Targeted temperature management has become
standard therapy following cardiac arrest. It is recommended by major organizations providing resuscitation
guidelines, including the European Resuscitation Council,
International Liaison Committee on Resuscitation (ILCOR)
and American Heart Association [32,33].
The term ‘targeted temperature management’ has replaced ‘therapeutic hypothermia’ or ‘mild hypothermia’
to emphasizethe importance of defining a complete
temperature profile. Manipulating the body temperature,
intentionally, has become oneof the treatment strategies

Page 2 of 6

with an impact on outcome post-cardiac arrest. Targeted temperature management can be dividedinto three
phases:
1) intentional change from current temperature to
lower temperature – ‘induction’;
2) maintenance of that temperature for a time –
‘maintenance’; and
3) change to a new temperature value by increase in
temperature at a specific rate to a normothermic
target – ‘rewarming’.
In earlier studies, there was emphasis on rapid introduction of cooling [34], but a recent RCT did not demonstrate any benefit in terms of speed to achieve
therapeutic hypothermia in comparison to targeted
temperature management [11]. Induction of hypothermia
is not easy and can be associated with complications,
including decreased cardiac output, arrhythmias, bleeding
diathesis, electrolyte disturbances, and insulin resistance.
Therefore, cooling should be achieved in an easy, controllable manner. The emphasis of targeted temperature management is tight maintenance of temperature.

Cooling techniques
Currently available cooling techniques can be divided
into three main categories:
1) Conventional cooling techniques
2) Surface cooling systems
3) Intravascular cooling systems.
Conventional cooling systems

Cold saline, crushed ice or ice bags have been used as
the easiest way to induce hypothermia. Cold saline infusion has been shown to be effective in inducing
hypothermia but not so effective in maintaining target
temperature [35]. The main advantages of cold intravenous fluid are its easy availability and low cost. Volumes of up to two liters of intravenous fluids can be
safely administered post-cardiac arrest [36]. Some studies
have shown that saline or Ringer’s lactate in combination
with ice bags can achieve acceptable reductions in
temperature [37].
Conventional cooling methods, in addition to being useful and cost-effective for the induction of hypothermia,
can be used as adjuncts to other more advanced cooling
devices [38]. The disadvantages of using conventional
cooling techniques are that they are labor intensive; moreover, unintentional cooling below target temperature is
common and can have deleterious effects [39]. Conventional cooling systems are also less effective at maintaining
temperature when compared to surface or intravascular
cooling systems [40].
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Surface cooling systems

Intravascular cooling systems

Surface cooling systems work by circulating cold fluid or
cold air through blankets or pads that are wrapped
around the patient. There is a range of products currently available, including cooling blankets (Curewrap™
with CritiCool by MTRE, Yavne, Israel; Kool-Kit® with
Blanketrol III, by Cincinnati Sub-Zero, Cincinnati, OH)
and surface pads (InnerCool STX by Philips, Best,
Netherlands; Artic Sun® by Medivance, Louisville, CO)
(Table 1). A study comparing the Cincinnati SubZero system, a water-circulating cooling blanket, to the
Medivance Artic Sun® hydrogel-coated water-circulating
energy transfer pads, showed that the pads were superior in controlling fever in critically ill neurologic
patients [41]. A study comparing the Arctic Sun surface system with the invasive intravascular Coolgard
(Zoll, Chelmsford, MA) system in post-cardiac arrest
patients showed similar survival to hospital discharge
and comparable neurologic function at follow-up. Interpretation of device efficacy (cooling/rate), though,
was limited by concurrent use of cold saline and ice
bags [42]. The EMCOOLS cooling system (Vienna,
Austria) uses adhesive non-invasive HypoCarbon® pads
with a carbon-based cooling gel and provides cooling
rates of 3.5°C/h. There is no feedback system or computer control. The technology uses the thermal conductivity properties of the carbon-based gel to provide a
highly effective cooling rate. Because if its ease of application and high cooling rate it can be used in the prehospital setting [43].
The advantages with using surface systems are ease
of application and rapid initiation of treatment. Most
of the devices have computerized auto-feedback mechanisms allowing the user to set target temperature and
the system modifies the water temperature using the
feedback from patient’s skin and core temperature
sensors.
The disadvantages of these systems are rare risk of
skin burns and skin irritation [44]. The initiation of
hypothermia varies between different devices and can
range from 2–8 hours. Maintenance of temperature may
also be difficult. Shivering is more commonly seen with
surface systems than with other systems [41], which may
necessitate the use of muscle relaxants.

There are two devices currently available on the market:
Thermoguard XP temperature management system (Zoll)
and InnerCool RTx with Accutrol catheter (Philips).
The Thermoguard XP system uses percutaneously placed
central venous catheters, which can be placed in subclavian, internal jugular or femoral veins. Temperature
control is achieved by circulating cool or warm saline in a
closed loop through the catheter’s balloon [45]. Zoll offers
different types of catheters, which can be used to adapt to
different clinical needs (Table 2).
The InnerCool RTx endovascular cooling system uses
a specific catheter, Accutrol, which has an integrated
temperature sensor for precise control of temperature in
all three phases of temperature management, without
the possibility of lag in core temperature measurement
that may be inherent with rectal or bladder temperature
probes. There is no additional central venous access provided with the catheter [46].
Both these systems have computerized temperature
control with an auto-feedback mechanism. The intravascular cooling systems provide precise temperature control during maintenance and rewarming phases of
temperature management. There are fewer incidences of
failure to reach target temperature and less overcooling
than with other systems. There is also less shivering
compared to surface devices [47]. Despite these advantages, however, there was no difference in outcome when
compared to surface cooling systems [48]. There is an
added risk of catheter-related bloodstream infection,
venous thrombosis and complications related to insertion of intravascular lines.
Other cooling methods

An extracorporeal cooling method using KTEK-3
(Kawasumi, Tokyo, Japan) has been used in postcardiac arrest patients in Japan [49]. This technique can
only be employed in places where an extracorporeal device is available and needs trained personnel to deliver
care. RhinoChill® is a novel intranasal cooling system,
designed to provide early and rapid initiation of patient
cooling [50]. It was shown to effectively reduce temperature in pre-hospital intra-arrest patients [51]. There
is no temperature feedback mechanism and the main

Table 1 Surface cooling devices
Company

Device

Type of cooling

Salient feature

MTRE

CritiCool

Surface blanket

Water-filled body shaped wrap covers the skin

Yes

Philips

InnerCool STX

Surface pads

Non-adhesive surface pads

Yes

EMCOOLS

Flexipads

Surface pads

Hypocarbon-based pads

No

C.R. Bard

ArticSun

Surface pads

Adhesive pads

Yes

This table shows commonly available devices and is by no means complete.

Auto-feedback
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Table 2 Catheter specifications for the Thermoguard XP system (Zoll)
Catheter name

Cool line®

Solex®

ICY®

Quattro®

Number of heat exchange balloons

2

Serpentine balloon

3

4

Number of infusion lumens

3

3

3

3

Insertion site

Subclavian Internal jugular Femoral

Internal jugular

Femoral

Femoral

Length

22 cm

25 cm

38 cm

45 cm

Adapted from Zoll Catheter Specification Sheet [45].

application of this device is in the pre-hospital setting for
induction of hypothermia.
There have been case reports on the use of continuous
renal replacement therapy (CRRT) for induction and
maintenance of hypothermia [52,53]. Selective brain
cooling by hypothermic retrograde jugular vein flush
and intranasally has been investigated in animal models
and this may be relevant in conditions where whole
body hypothermia may be detrimental, such as cardiac
arrest associated with polytrauma [54,55]. Further investigations are being conducted into use of intrapulmonary
perflurochemical fluids for induction and maintenance
of hypothermia and also to support gas exchange and
pulmonary structure [56]. The esophageal route is also
being investigated, because of the close proximity of the
esophagus to blood flow from the heart and great vessels. Initial animal and mathematical studies have shown
that the esophageal route is safe and effective for inducing, maintaining and reversing hypothermia [57,58].

Conclusion
Various cooling methods and techniques are currently
available to achieve targeted temperature management.
There are three phases of targeted temperature management: Induction, maintenance and rewarming. Different
cooling methods vary in their effectiveness for each
phase of cooling. The most beneficial time to commence
hypothermia is debatable. The current recommendation
by ILCOR is to start hypothermia as soon as possible
and to aim for a temperature between 32–34°C. However, a recently concluded RCT showed no evidence to
support inducing hypothermia, but an emphasis on
maintenance of temperature and avoiding pyrexia; there
was also no association of time to target temperature
and neurological outcome [11].
A study comparing different cooling methods in ICU
patients concluded that water circulating blankets, gelpads and intravascular devices are almost equivalent
for inducing hypothermia but intravascular devices are
superior in maintaining target temperature [40]. The
performances of the different devices may change as
technology evolves; however, each method has its own
limitations and the combination of conventional methods
and automatic computer-processed feedback devices seems
a safe option.

Temperature management is no longer just a question
of whether a patient is cool, but has evolved into a complex treatment management procedure. It is, therefore,
paramount to ensure precise control of temperature during all three phases of temperature management, especially during the phase of rewarming during which a
passive, uncontrolled rise in temperature can be deleterious to the patient. The development of different devices
aimed at greater precision in monitoring and managing
temperature in cardiac arrest patients will help to make
treatment safe and easy.
This review on the different cooling methods is written at a time where news on targeted temperature management breaks daily and, therefore, cannot claim to be
complete but rather a snap shot in a rapidly developing
field. With so many different devices available and the
likelihood of new devices emerging, the device used
should be selected according to its ability to effectively
maintain temperature within the therapeutic range with
the fewest possible adverse effects while being as minimally invasive as possible.
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