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ABSTRACT Q

Therapeutic hypothermia in acute resuscitation 
medicine has a long history, but its currently recom-
mended use dates back to work in the mid-1960s 
by the late Dr. Peter Safar and colleagues. Compared 
with normothermia, mild therapeutic hypothermia, 
induced right after restoration of spontaneous 
circulation in comatose survivors of cardiac arrest, 
leads to 1 additional patient with intact neurological 
outcome for every 6 patients treated. Demonstrating 
benefi t from therapeutic hypothermia in other acute 
neurological insults, such as traumatic brain injury, 
has been more diffi cult. Current research to optimize 
the benefi ts of mild therapeutic hypothermia in 
cardiac arrest is focused on hypothermia’s profound 
effects on drug metabolism, determining the best 
anesthetics and sedatives to use with cooling, and 
identifying compounds that may promote induction 
of hypothermia or create a poikilothermic state. 
Future applications of therapeutic hypothermia may 
include induction of emergency preservation and 
resuscitation to buy time for damage-control surgery 
in patients with exsanguination cardiac arrest.

T herapeutic hypothermia has been a central focus 
of research at the Safar Center for Resuscitation 
Research since the center was founded—as the 
International Resuscitation Research Center—

at the University of Pittsburgh School of Medicine in 
1979. In this article, which is based on my 2008 Bak-
ken Lecture, I will discuss historical, contemporary, 
and futuristic applications of therapeutic hypothermia. 
Given that the key mission of the Safar Center is “to 

save hearts and brains too good to die,” the basis of my 
discussion will consist of how therapeutic hypothermia 
impacts both heart and brain—and the lessons that can 
be learned in each case.

  Q THERAPEUTIC HYPOTHERMIA: 
A HISTORICAL PERSPECTIVE

The late Dr. Peter Safar and his colleague, the late Dr. 
Hubert Rosomoff, played an instrumental role in the use 
of therapeutic hypothermia in the early 1960s in patients 
with acute neurological insults. Their classic 1965 pub-
lication, “Management of the comatose patient,”1 con-
tained recommendations that in many ways outline the 
current use of mild therapeutic hypothermia as recom-
mended by the American Heart Association and the 
International Liaison Committee on Resuscitation.2 In 
addition, in 1964, Dr. Safar recommended in his his-
toric “fi rst ABCs of resuscitation” that hypothermia be 
used in patients who remain comatose after successful 
restoration of spontaneous circulation (Figure 1).3 That 
recommendation holds true in today’s guidelines.2 How-
ever, therapeutic hypothermia in acute resuscitation 
medicine has a remarkably long history. 

Baron Dominique Jean Larrey, surgeon-in-chief of 
the Napoleonic armies and the father of modern mil-
itary medicine, observed in 1814 that the wounded 
“privileged” soldiers lying closer to the campfi re died 
sooner than those in more remote, colder areas.4 Sim-
ilarly, Dr. Charles Phelps, surgeon to the New York 
City Police Department, in 1897 recommended the 
use of the “ice cap” for traumatic brain injury.5 

In the 1980s, however, therapeutic hypothermia 
began to fall out of favor. This resulted, in part, from 
overzealous application in some patients, who were 
treated for durations longer than a week and at tem-
peratures in the moderate (28°C to 32°C) rather than 
mild (33°C to 35°C) range. This led to an increase in 
complications.6 Laboratory studies in a rat model of 
global cerebral ischemia by Busto et al 7 in 1987 and in a 
canine model of cardiac arrest by Leonov et al8 in 1990 
demonstrated that benefi t could be produced using mild 
cooling after the insult. This and parallel work in neona-
tology led to the ultimate breakthrough that translated 
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into improved outcomes with the use of mild therapeu-
tic hypothermia in adults with cardiac arrest9,10 and in 
newborns with hypoxic-ischemic encephalopathy.11 

Clinicians and scientists familiar with hypo-
thermia might suggest that its potential therapeutic 
benefi t has been known for decades, given the use of 
hypothermic circulatory arrest for neuroprotection 
and cardioprotection in open heart surgery. However, 
one of the most interesting aspects of neuroprotec-
tion provided by mild therapeutic hypothermia is 
that it is not clearly linked to attenuation of energy 
failure.7 Unlike the setting of deep hypothermic cir-
culatory arrest—where the induction of hypothermia 
occurs before the insult, and levels of hypothermia are 
such that energy failure is prevented—mild cooling, 
applied after cardiac arrest, appears to confer benefi t 
by other mechanisms. Effects on cell signaling, oxida-
tive and nitrative stress, apoptosis, excitotoxicity, and 
other mechanisms appear to mediate this benefi t.12,13 

  Q THERAPEUTIC HYPOTHERMIA: 
CONTEMPORARY APPLICATION

Use in cardiac arrest
Compared with normothermia, mild therapeutic 
hypothermia, induced immediately after restoration 
of spontaneous circulation in comatose survivors of 
ventricular fi brillation cardiac arrest, leads to 1 addi-
tional patient with intact neurological outcome for 
every 6 patients treated.9 This is a remarkable effect 
given the extremely poor overall outcomes observed 
after out-of-hospital cardiac arrest. Studies in animal 
models, however, suggest that the therapeutic poten-
tial of mild hypothermia can be maximized with 
application either during or as early as possible after 
the insult.14 However, clinicians in the fi eld of car-
diology appropriately have cause for concern about 
the possibility that even mild cooling could reduce 
that potential for successful defi brillation or lead to 
re-arrest. In 2005, an important paper by Boddicker 
et al15 explored the impact of mild hypothermia on 
defi brillation success in experimental ventricular 
fi brillation in pigs and found, remarkably, that the 
success rate actually improved with mild or moderate 
hypothermia! That report opened the door for a num-
ber of studies that are now focused on rapid cooling 
during cardiopulmonary resuscitation (CPR) and on 
the rapid induction of mild hypothermia using intra-
venous cooling.16,17 

Support for the use of intra-arrest cooling came ini-
tially from work in animal models of cardiac arrest—
fi rst from the work of Abella et al18 in a mouse model 
of potassium-induced cardiac arrest, and later from a 

canine model in work by Nozari et al.19 In the latter 
study, delaying the onset of mild hypothermia dur-
ing advanced cardiac life support markedly worsened 
both multisystem organ failure and survival. Cardio-
vascular function in that model appeared to be sub-
stantively improved by early intra-arrest cooling. 

The potential for the use of intravenous cooling in 
patients with a bolus of crystalloid to induce mild hypo-
thermia was pioneered in a seminal paper by Bernard 
et al.16 In that report, an approximately 2°C reduction 
in core temperature could be achieved with infusion of 
about 30 mL/kg of fl uid over 30 minutes. Mean arterial 
blood pressure increased mildly, and the intervention 
was well tolerated when applied early after restoration 
of spontaneous circulation. Kim and colleagues20 built 
upon that initial work and demonstrated the feasibility 
of the use of intravenous iced normal saline to induce 
mild hypothermia by paramedics in the prehospital 
setting. This approach, and its impact on neurological 

FIGURE 1. Classic publication of the “fi rst ABCs of resuscitation” 
by the late Dr. Peter Safar. As shown, therapeutic hypothermia was 
recommended for use in comatose patients who achieve restoration 
of spontaneous circulation, even in the 1960s.3 

Reprinted, with permission, from Journal of the Iowa Medical Society 
(Safar P. Community-wide cardiopulmonary resuscitation. J Iowa Med Soc 1964; 54:629–635).
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outcome and survival, is currently being evaluated in 
a randomized controlled trial. Combining intra-arrest 
cooling with the use of intravenous fl uids is the obvious 
next step. This could facilitate rapid induction, which 
could then be maintained with commercially available 
surface cooling devices.21 

Cardiac arrest vs traumatic brain injury
One of the interesting aspects of the benefi cial effects 
of mild therapeutic hypothermia in the setting of 
cardiac arrest relates to the following question: Why 
is hypothermia effective in improving neurological 
outcome after cardiac arrest while it has been more 
diffi cult to demonstrate benefi t in other acute neuro-
logical insults, such as traumatic brain injury?22 

Application of hypothermia in cardiac arrest may 
represent something of a “perfect storm.” First, a 
recent study by Berger et al23 provides some insight 
into the time course of neuronal death after cardiac 
arrest versus traumatic brain injury. In that study of 
children who suffered either cardiac arrest or severe 
traumatic brain injury requiring management in the 
intensive care unit, peak levels of the serum bio-
marker of neuronal death, neuron-specifi c enolase 
(NSE), occurred days after cardiac arrest, whereas 
they occurred generally within a few hours of trau-
matic brain injury. This suggests a broader therapeu-
tic window for the application of mild hypothermia 
in cardiac arrest as opposed to traumatic brain injury. 
In addition, the only neuroprotective therapy used 
in cardiac arrest is mild hypothermia. In contrast, 
in traumatic brain injury, myriad therapies are part 
of standard of care, including intracranial pressure 
monitoring and cerebrospinal fl uid drainage, manni-
tol, hypertonic saline, barbiturates, and surgical inter-
ventions such as decompressive craniectomy.24 These 
intracranial pressure–directed therapies in traumatic 
brain injury may confer a variety of neuroprotec-
tive actions, thus raising the bar for hypothermia to 
show benefi t. A similar case could be made regarding 
the surgical treatment of subarachnoid hemorrhage, 
where hypothermia has been ineffective.25 

Efforts to optimize hypothermia
Given the benefi t of mild therapeutic hypothermia in car-
diac arrest, we and other investigative teams are actively 
pursuing ways to further optimize its effects beyond the 
use of a more rapid induction, as discussed above. 

One of the most overlooked areas of study relates 
to hypothermia’s profound effects on drug metabo-
lism; despite the need for many drugs in critically 
ill patients after cardiac arrest, knowledge of how 
hypothermia alters drug metabolism and how best to 

adjust drug doses is limited. Therapeutic hypothermia 
has recently been shown, during cooling, to directly 
inhibit binding of drugs to the active site of the key 
drug-metabolizing enzyme, cytochrome P450.26 In 
contrast, in the setting of experimental cardiac arrest 
and resuscitation, mild hypothermia also protects 
against induction of cytokines such as interleukin-6, 
which downregulates cytochrome P450. Thus, mild 
hypothermia reduces drug metabolism during cooling 
but leads to a better recovery of drug metabolism after 
rewarming. This dichotomous effect will need to be 
studied at the bedside. Hypothermia can also reduce 
drug effects.26 Thus, until we know how to optimally 
dose various therapies in patients treated with hypo-
thermia, it is probably best to carefully monitor levels 
(when possible) and also drug effects. The best exam-
ple of this at the bedside is the use of monitoring neuro-
muscular blockade in patients treated with vecuro-
nium or pancuronium during mild hypothermia. 

Another interesting area of study involves defi ning 
the best anesthetics or sedatives to use with cooling. 
For example, a recent report by Statler et al27 showed 
that hypothermia was much less effective as a neuro-
protectant after experimental traumatic brain injury 
in rats anesthetized with fentanyl than with isofl urane. 
In that study, fentanyl was unable to blunt the stress 
response to cooling. Given the variety of sedatives 
and analgesics used at the beside in both neurointen-
sive care units and coronary care units, understanding 
which agents work best with hypothermia could fur-
ther enhance hypothermia’s therapeutic benefi t.

There is also a search for agents that may promote 
induction of hypothermia or create a poikilothermic 
state, thereby facilitating tolerance of the hypother-
mic state without a stress response. One agent that has 
shown some promise in the setting of experimental 
cardiac arrest is the endogenous peptide neurotensin, 
which has direct effects on temperature regulation at 
the hypothalamic level. In an experimental model of 
asphyxial cardiac arrest in rats, Katz et al28 reported 
that the neurotensin analog NT69L facilitated induc-
tion of hypothermia and improved outcome. Another 
agent that has been touted to induce a state of “hiber-
nation on demand” is hydrogen sulfi de gas. A recent 
experiment by Blackstone et al29 demonstrated induc-
tion of deep hypothermia and a hibernation-like state 
in mice allowed to breathe hydrogen sulfi de gas at 80 
parts per million. This state was completely revers-
ible upon discontinuation of the agent. Unfortu-
nately, studies in large animal models have not been 
able to demonstrate induction of hypothermia with 
this approach.30 Nevertheless, these drugs represent 
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prototypes for future exploration; if the right agent is 
found, it could lead, in theory, to markedly enhanced 
effi cacy of cooling. 

  Q FUTURISTIC APPLICATIONS 
OF THERAPEUTIC HYPOTHERMIA

Emergency preservation and resuscitation
Exsanguination cardiac arrest is one of the most refrac-
tory types of cardiac arrest, with mortality rates gen-
erally greater than 95%.31 Obviously, therapies such 
as CPR are ineffective in the absence of an adequate 
circulating blood volume. 

In 1984, Dr. Peter Safar and military expert Col 
Ronald Bellamy pioneered a new approach to exsan-
guination cardiac arrest that they called suspended 
animation for delayed resuscitation. The concept was a 
logical one—namely, in the setting of otherwise lethal 
trauma-induced exsanguination cardiac arrest, a tran-
sient state of preservation would be induced to buy 
time for damage-control surgery, and then a delayed 
resuscitation would be carried out using cardiopul-
monary bypass. Our center has worked on this con-
cept since 1988 in studies funded initially by the US 
Navy and later by the US Congress. Ultimately, we 
coined the phrase emergency preservation and resuscita-
tion (EPR) for this method. Using a canine model of 
exsanguination cardiac arrest, we fi rst demonstrated 
the feasibility of this approach by inducing a state 
of preservation via an aortic fl ush of iced saline.32 A 
schematic of the protocol is presented in Figure 2. 

In initial reports,32–34 we targeted relatively brief 
insults ranging from 15 to 60 minutes. We determined 
that for insults at or beyond 60 minutes, profound lev-
els of hypothermia (tympanic temperature of ~10°C) 
were most effective.34 In subsequent studies, we demon-
strated that pharmacologic adjuncts to hypothermia 
were relatively ineffective. Indeed, only one agent, the 
brain-penetrating antioxidant Tempol, enhanced the 
effi cacy of profound hypothermia.35 We also demon-
strated that the prolonged use (36 to 48 hours) of 
mild hypothermia after the acute application of EPR 
further enhanced neurological outcomes as compared 
with more rapid rewarming.36 Similarly, unlike drugs, 
the addition of energy substrates (namely, dissolved 
oxygen and 2.5% dextrose) to the fl ush facilitated the 
ability to achieve remarkably long EPR durations in 
experimental exsanguination cardiac arrest—as long 
as 3 hours of preservation at approximately 10°C.37 
These fi ndings could also have important implications 
for optimizing conventional use of deep hypothermia 
circulatory arrest in cardiac or neurological surgery. 
We also have recently developed a rat model of EPR 

using a miniaturized cardiopulmonary bypass system. 
It is used to screen novel therapeutic adjuncts to EPR 
and to study mechanisms of neuroprotection in this 
special paradigm.38,39 

Two other investigative teams, one at Harvard 
University and another at the Vienna General Hos-
pital, have also been exploring the use of EPR-related 
technologies—and observing similar success. Alam 
et al40 have used a low-fl ow EPR approach in pigs 
to facilitate damage-control surgery after otherwise 
lethal traumatic insults. Janata et al41 have success-
fully used EPR in the setting of refractory normo-
volemic cardiac arrest, simulating the typical cardiac 
arrest victim who cannot be resuscitated in either the 
fi eld or the emergency department.

Finally, the EPR concept recently received fund-
ing to proceed to a clinical trial in civilian trauma. 
The study, to be led by Dr. Samuel Tisherman, one of 
the pioneers of this approach at the Safar Center, will 
include several trauma centers in the United States 
and target otherwise lethally injured trauma victims 
with exsanguination cardiac arrest. 
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