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Learning Objectives: 1) to familiarize the reader
with contemporary studies on the application of
resuscitative hypothermia in the treatment of
traumatic brain injury and hemorrhagic shock, 
2) to  describe the potential mechanisms for the
beneficial effects of hypothermia in these settings, 
3) to present some recent findings from both
laboratory and clinical studies of resuscitative
hypothermia conducted at the University of
Pittsburgh, 4) to discuss possible side effects and
limitations of the application of therapeutic
hypothermia, and 5) to discuss future directions for
novel applications of hypothermia.

Abstract
There have been some exciting advancements in the
field of therapeutic hypothermia during the past 7
years. Studies have shown the beneficial effects of
mild hypothermia after ventricular fibrillation cardiac
arrest and its use has been recommended by two
leading medical groups. Ongoing work in the areas of
the therapeutic efficacy of mild cooling and methods
for rapid reduction and use during field resuscitation
have been presented. The importance of mild cooling
during CPR—a subject of intense investigation by the
late Dr. Peter Safar near the end of his career—is
beginning to become evident in laboratory studies.
Mild hypothermia is also under additional
investigation for use as treatment of severe traumatic
brain injury. Further work is needed in this area in
both children and adults because of controversial
findings in the recent adult multicenter clinical trial.
There also have been developments in the area of the
potential applications of hypothermia in resuscitation
from hemorrhagic shock. The studies of this
controversial use are still in the experimental stage.
Finally, we discuss a novel approach to treatment of
exsanguination cardiac arrest by application of
suspended animation with delayed resuscitation.
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In 1997, our group at the Safar Center for Resuscitation
Research consulted on an article for the ITACCS-sponsored
monograph on hypothermia in trauma that was entitled
Therapeutic Hypothermia After Traumatic Brain Injury or
Hemorrhagic Shock:  From Mild Cooling to Suspended
Animation.1 Having been asked to update that article for
TraumaCare in 2004, we take a look back and a glimpse
forward on the topic of therapeutic hypothermia in the
collective field of resuscitation medicine.

From 1997 to 2004

Unquestionably, the most exciting and important
development in the field of therapeutic hypothermia for
resuscitation medicine came in February 2002. In that month,
two separate studies were reported in the New England
Journal of Medicine demonstrating beneficial effects of mild
hypothermia (~33°C) after ventricular fibrillation (VF) cardiac
arrest (CA) in adults.2-4 Sterz and his multicenter group in
Europe2 and Bernard et al3 in Australia reported significant
beneficial effects on outcome when hypothermia was initiated
after restoration of spontaneous circulation. In the study by
Sterz and colleagues,2 to prevent one unfavorable outcome,
six patients would need to be treated with hypothermia.
Cooling was continued for either 12 hours in the study by
Sterz and colleagues2 or 24 hours in the study by Bernard and
colleagues.3 Even more surprising to our group in Pittsburgh
was the fact that cooling was effective even though the time to
target temperature was about 12 hours in the study by Sterz
and colleagues.2 This suggests benefit of hypothermia after
cardiac arrest even with delayed application. One mechanism
that may be involved is the ability of mild cooling to block
delayed neuronal death, which is likely to develop as part of
an activated apoptosis cascade after CNS injury.5-7 Blockade of
the release of the key initiator of the mitochondrial intrinsic
pathway of apoptosis—cyctochrome C—by mild hypothermia
was recently shown in experimental brain ischemia.7 Of
interest, successful delayed application of mild hypothermia
has been shown in experimental animal models.8 These two
clinical studies prompted a recent Level I recommendation of
the American Heart Association (AHA) and the International
Liaison Committee on Resuscitation (ILCOR) for the use of
mild hypothermia after VFCA in adults.9

It is, however, widely recognized that therapeutic
hypothermia is most efficacious when applied either before or
early after CNS insults. In this regard, there have been two
important studies that we believe will further expand the
therapeutic efficacy of mild cooling. In 2003, in a study of 22
adults, Bernard et al10 reported that 30 mL/kg bolus over 30
min of an ice cold (4°C) lactated Ringer’s solution is safe and
reduces care core temperature by ~2°C when administered
after establishing stable restoration of spontaneous circulation
(ROSC) in CA victims. This is a simple, inexpensive, and very
feasible approach to rapid induction of mild hypothermia.
Ambulances should develop systems to have several liters of
ice cold fluid readily available. More recently, in an
experimental laboratory model of CA in dogs simulating field
resuscitation, Nozari et al11 carried this concept further and
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reported that mild hypothermia was powerfully effective in
improving survival and outcome when initiated during
protracted CPR and ACLS. Clinical trials of the use of mild
cooling during CPR should be pursued. Of note, that work
was one of several that CPR pioneer Dr. Peter Safar believed to
be of special importance to the optimization of hypothermia,
during his investigation in the final 15 months of his life.12

Traumatic Brain Injury

Remarkably, in 1997 there was little hope that
hypothermia would be effective in CA, but much optimism
that it would become standard of care in the setting of severe
traumatic brain injury (TBI). That optimism was based on the
study of the beneficial effect of moderate hypothermia (32°C)
on outcome published by Marion et al.13 This study followed a
long series of positive reports on the effect of moderate
hypothermia in experimental TBI. However, Clifton et al,14 in
2001, reported on the failure of moderate hypothermia (32°C)
in 392 patients in a study that staggered the momentum
behind the application of this therapy in CNS injury. Mild and
moderate hypothermia had been shown consistently to have
the most powerful beneficial effect on outcome of any therapy
in experimental TBI; why had it failed? And now, in light of
the positive trials in CA, why would therapeutic hypothermia
be effective in CA but not in severe TBI? This topic was
recently reviewed.15 One of the answers may lie in the mire of
the challenges of carrying out a multicenter study of this
magnitude and in the complex therapeutic setting of severe
TBI. Issues such as differences in the approaches taken
between centers to achieve the target cerebral perfusion
pressure and intracranial pressure (i.e., fluid versus pressor)
along with the fact that a number of patients in both groups
presented with hypothermia on admission have been
discussed in separate reports.16,17 Another intriguing possibility
is the fact that unlike TBI, there is generally no application of
other brain-oriented therapies (ICP monitoring, mannitol,
hypertonic saline) in CA. Thus, hypothermia was compared
with a number of other brain-oriented therapies in TBI that
may already be mitigating most or all of the secondary damage
that is therapeutically manipulable by cooling. 

The optimal temperature, duration, and rate of
rewarming could also be factors that need to be defined for
successful application of therapeutic hypothermia. It is
interesting that in CA mild hypothermia (33–36°C) is generally
used, while in TBI moderate hypothermia (32°C) is generally
the target. Recently, Tokutomi et al18 reported that extremely
mild hypothermia (35.5°C) may be optimal in clinical TBI.
Similarly, rapid rewarming may be particularly harmful to
traumatically injured brains.19 Finally, sex may be an important
factor in determining the efficacy of hypothermia in TBI. Bayır
et al20 recently reported that lipid peroxidation (assessed by
CSF levels of F2-isoprostane) after severe TBI in adults was
markedly increased on day 1 in male patients, but not in
female patients. Hypothermia was only able to affect this
mechanism in men. Further clinical and laboratory study of
hypothermia in TBI is needed.

An additional area of investigation that is ongoing in
Pittsburgh in the area of hypothermia in TBI is the multicenter
safety and feasibility study of infants and children by P. David
Adelson and his group.21 This work actually includes two
studies: a multicenter trial in cases in which the time of injury
is less than 6 hours before enrollment and a second trial that
includes children presenting with secondary deterioration and
child abuse victims where the time of injury is not defined. As

these studies are being carried out by Dr. Adelson and
colleagues, our investigators at the Safar Center have
performed a comprehensive assessment of the effect of
therapeutic hypothermia (32–33°C) applied for 48 hours on
CSF biochemistry in these infants and children. Our data
support a powerful beneficial effect of hypothermia on a
battery of markers of oxidative injury.20 However, the effect of
hypothermia appears to be selective since we did not observe
reductions in the posttrauma increase in a number of other
markers of secondary damage.22 As additional data emerge
from this trial, we hope we will be able to better understand
and tailor the use of hypothermia in pediatric and adult TBI.

Hypothermia in Hemorrhagic Shock

Since publication of our review in 1997, there have been
a number of developments in the area of the potential
applications of hypothermia in resuscitation from hemorrhagic
shock. These studies have been exclusively carried out in
experimental models since the use of mild cooling during
traumatic hemorrhagic shock is more controversial than its
use in cerebral resuscitation and preservation. Tisherman and
co-investigators at the Safar Center23-28 have led the way in the
investigation of this potential use of mild hypothermia.

In a series of studies in rats, mild cooling during shock
was found to increase survival in both uncontrolled and
pressure-controlled models.23-28 In this setting, cooling appears
to confer a systemic benefit since local gut cooling was
insufficient to confer protection.27 One possible mechanism
for the benefit of hypothermia in this setting is shown by the
work of Weisser et al.29 They reported that mild cooling
improves myocardial contractility during shock. Finally, in a
recent study, Wu et al28 demonstrated a beneficial effect of
mild IV cooling on survival in a pig model of trauma and
hemorrhagic shock. A surprising finding in that study was the
fact that rapid cooling with IV iced saline was not as effective
as somewhat slower controlled cooling with room
temperature IV fluids. Although additional investigation of this
controversial but interesting application of mild hypothermia
is needed in large-animal models of hemorrhagic shock,
clinical feasibility trials could be initiated.

Suspended Animation with Delayed Resuscitation for
Exsanguination Cardiac Arrest

Finally, our group has been intensely studying a very
novel approach to the treatment of victims of exsanguination
CA. This work has been recently reviewed,30 but has been
developed as part of a novel approach to the high field
mortality from rapid exsanguination seen in combat casualties.
Using an aortic flush of iced (~ 2°C) saline initiated at 2
minutes after established exsanguination CA in a dog model
that includes 72 hours of contemporary ICU care, preservation
times of up to 2 hours have been achieved with normal long-
term outcome.31 A brain temperature of ~10°C is used with
this approach to achieve good outcome for arrest times
beyond 60 minutes. The effect of profound hypothermic
preservation has been also found to be efficacious even in the
setting of exsanguination CA with superimposed tissue trauma
(splenic laceration and laparotomy); however, the addition of
postresuscitation plasma exchange was necessary for optimal
outcome.32 In current studies in our laboratory we are testing
if this suspended animation approach is still successful in
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achieving normal outcome if prolonged hemorrhagic shock
(1.5–2.5 hours) precedes exsanguination CA. The beneficial
effects of this extremely novel approach to trauma
resuscitation are remarkable. The first clinical application of
suspended animation with delayed resuscitation is being
considered in the civilian of exsanguination CA from
penetrating trauma.30
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