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Introduction

In clinical practice today, there is no therapy that
will cure traumatic brain injury (TBI) or spinal
cord injury (SCI). Furthermore, there are no
clinically available neuro rescue or neuroprotec-
tive therapies. Management of patients suffering
from either TBI or SCI is based on optimizing
general physiology and avoiding exacerbating
conditions, such as seizure, hypotension, or
hypoxia. Induced hypothermia or targeted tem-
perature management is a promising potential
therapy for TBI and SCI. Preclinical animal
models, especially rats and mice, of both TBI and
SCI provide provocative evidence that induced
hypothermia is highly beneficial for improving
both neurological outcome and survival. Unfor-
tunately, similar evidence in humans is lacking.
There have been a number of clinical trials
conducted but the outcomes have not supported
widespread clinical adoption. Nevertheless, the
ease of application, relatively low toxicity, dra-

matic benefit in preclinical models, and lack of
any other effective therapeutic options make
hypothermia still worthy of consideration.

Background

The central nervous system (CNS) is comprised of
the brain and spinal cord. Both have gray matter
and white matter. Graymatter is primarily neurons
whereaswhitematter is axons, glia, and astrocytes.
The CNS is highly dynamic with a consequently
high metabolic demand. To meet this demand, the
CNS receives 15 %of cardiac output and accounts
for 20–25 % of total body oxygen and 25 % of
glucose consumption [1]. Jain and colleagues,
employing a noninvasive technique that uses
magnetic resonance susceptometry-based oxime-
try and venous oxygen saturation demonstrate that
in humans, global cerebral metabolic rate
(CMRO2) is about 130 mol per 100 g per min [2].
Others report cerebral oxygen consumption rate in
adults as 3.5 ml per 100 g per min [3]. The gray
matter uses about 94 % of CNS oxygen con-
sumption whereas the white matter uses approxi-
mately 6 % [3]. Almost 80 % of gray matter
oxygen consumption is devoted to glutamate-
mediated neurotransmission [1]. Under normal
conditions, the blood flow to the CNS is autoreg-
ulated to about 50 ml per 100 g tissue per minute.
Autoregulation is the process whereby cerebral
bloodflow ismaintained at this constant rate over a
wide range of systemic blood pressures.
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When injured, the CNS becomes pressure
passive. Autoregulatory function is compromised
so the CNS is dependent on the systemic blood
pressure for adequate perfusion. So, when the
CNS is injured, systemic blood pressure rises.
The injured tissue is able to receive the perfusion
it requires whereas the uninjured tissue is able to
autoregulate so as not to be over perfused [4].

Injury has 2 phases—primary and secondary
[4]. Primary injury refers to tissue destruction
resulting directly from the inciting event. This
occurs virtually instantaneously and is complete
very soon after injury. Secondary injury is the
cascade of events that include inflammation, free
radical production, and release of excitatory
mediators such as calcium and glutamate. This
develops shortly after injury and develops over
time in hours to days. The best approach for
mitigating primary injury is prevention. Pre-
treatment may be an option analogous to aspirin
for primary prevention of sudden coronary syn-
drome. However, a clinically effective TBI or
SCI pretreatment therapy has not yet been iden-
tified. Secondary injury is an opportunity to treat.
The period of development is a window in which
an effective treatment can be ameliorative.

Hypothermia is believed to reduce neu-
roinflammatory processes, cause a reduction in
CMRO2, and improve the efficiency of glucose
and energy metabolism [5]. Hibernating animals
have been shown to tolerate very low perfusion
states for prolonged periods. This became a basis
for investigating induced hypothermia as a
potential treatment for TBI and SCI. Many basic
science investigators have and are exploring this
field. In 1994, Dietrich and colleagues showed in
a TBI rat model that reduction of core body
temperature to 30 °C resulted in significantly less
neuron necrosis and brain contusion volume [6].
Since then, a number of investigators have con-
firmed these findings in rats and other animal
subject species.

In 2002, two landmark studies were published
demonstrating human clinical efficacy for
induced hypothermia or targeted temperature
management in patients who suffer
out-of-hospital cardiac arrest and remain

unconscious. One study was performed by Ber-
nard and colleagues in which 77 patients were
randomized to either hypothermia to 33 oC or
normothermia [7]. Hypothermia was induced
within 2 h of return-to-spontaneous circulation
and maintained for 12 h. They found that 49 % of
the hypothermia patients were able to leave the
hospital to either home or a rehabilitation facility
versus only 26 % of the normothermia patients.
The other study enrolled 275 patients and also
randomized them to either induced hypothermia
to 32–34 oC [8]. In this group, hypothermia was
induced within 4 h of return-to-spontaneous cir-
culation and maintained for 24 h. They were
rewarmed over 8 h. The hypothermia group did
much better than the normothermia. About 41 %
of hypothermia patients died as compared to
55 % of normothermia and, of those who sur-
vived, 55 % had favorable neurological recovery
versus 39 %, respectively.

A Cochrane database systematic review was
conducted in 2012 by Arrich et al. [9]. They
confirmed the efficacy of induced mild
hypothermia for improving outcome after cardiac
arrest. Since its efficacy has been revealed, this
therapy has become part of clinical practice
guidelines for managing adult cardiac arrest [10].

Unfortunately, a recent 2015 study by Moler
and co-workers did not demonstrate the same
efficacy when induced hypothermia was used for
pediatric patients who suffered cardiac arrest
[11].

Thus, for adult patients with impaired con-
sciousness after cardiac arrest, targeted tempera-
ture management, or induced hypothermia
provides clear benefit.

Traumatic Brain Injury

In 1997, Marion and colleagues demonstrated the
first conclusive evidence showing that mild
hypothermia had a benefit in improving clinical
outcome in patients who suffered TBI [12].
Unfortunately, it was temporary. There were
better outcomes with induced hypothermia at 3
and 6 months after injury. However, this benefit
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was not sustained so that by 12 months after
injury, there was no difference between the
hypothermia group versus the normothermia
group. Importantly, very severely impaired
patients, i.e., those with admission GCS scores of
3–4, did not have any benefit at any time with
hypothermia.

An interesting finding of the 1997 Marion
et al. study was that both glutamate and IL-1
levels were significantly decreased in the
hypothermia group [12]. Glutamate is an excita-
tory amino acid implicated in secondary
neuro-injury. IL-1 is an important proinflamma-
tory cytokine. This suggests that hypothermia did
reduce excitatory amino acid release and neu-
roinflammation as previously hypothesized.
However, the study was not designed to deter-
mine if lower hypothermia levels would have led
to even more glutamate and IL-1 suppression or if
even that would have had greater clinical impact.

In 2001, Clifton and colleagues studied whe-
ther an earlier induction and longer period of
hypothermia would be beneficial [13]. They
achieved hypothermia within 8 h of injury and
maintained it for 24 h. Unfortunately, outcome
and mortality were not significantly different
between the 2 groups.

In 2002, post hoc analysis of the 2001 Clifton
et al. study revealed that patients who were
hypothermic on admission and then subsequently
maintained in a hypothermic state had better
clinical outcomes [14]. This suggested that
the induction of hypothermia very quickly after
injury with subsequent maintained cooling could
be beneficial. This seemed rational as preclinical
animal studies induced hypothermia within
minutes after injury and outcomes were signifi-
cantly better.

In 2010, Clifton and co-workers conducted a
trial to test the hypothesis that very early and
even longer period of induced hypothermia
would provide clinical benefit [15]. Patients were
cooled to 33 °C within 2.5 h of injury and
maintained for 48 h. Unfortunately, in spite of
this achievement, after 232 patients were

enrolled, interim analysis did not reveal any
clinical benefit. The study was terminated due to
futility. Thus, it appears in humans, even very
early induction of hypothermia is not beneficial.

In 2015, Andrews and colleagues of the
Eurotherm3225 consortium studied the impact of
adding induced hypothermia to controlling
increased intracranial pressure (ICP) in the set-
ting of TBI [16]. Hypothermia added to standard
of care treatments, such as mannitol, was able to
control ICP better than without temperature
management. Fewer patients needed third tier
intervention such as decompressive hemi-
craniectomy for ICP control. However, an overall
benefit could not be demonstrated for adding
hypothermia. Instead, there was a worse outcome
as more patients had a favorable outcome in the
control group as opposed to hypothermia.

For pediatric TBI victims, induced hypother-
mia also has not been shown to improve outcome.
In 2008, Hutchison et al. reported a study of
pediatric TBI patients where induced hypothermia
was associated with increased toxicity but without
benefit [17]. In fact, there was a concerning trend
toward more patients with poor outcomes and
death in the hypothermia group. This study was
followed by a study in 2013 by Adelson and
associates [18]. Unfortunately, this study was
terminated early for lack of efficacy. Most
recently, in 2015, Beca and co-investigators
showed no clinical benefit following hypother-
mia. Thus, hypothermia is not used for improving
TBI outcome in the pediatric TBI population.

However, there may be hope for hypothermia
as a treatment for TBI. A number of systematic
literature reviews have concluded that although
there is insufficient evidence presently to endorse
the routine use of induced hypothermia for
improving TBI clinical outcome, there may be
benefit from hypothermia in specific TBI popu-
lations [19–21]. The most effective depth of
temperature reduction, duration of hypothermia,
and other goal directed strategies are needed.
They all conclude that additional well controlled
randomized studies are warranted.
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Spinal Cord Injury

Very few human clinical studies have been
conducted evaluating the efficacy of induced
hypothermia or targeted temperature manage-
ment for ameliorating SCI. There is only one
prospective study of induced hypothermia as a
treatment for acute SCI [22]. The remaining lit-
erature is limited to case reports, case series, and
retrospective analysis.

In 2008, Kwon et al. conducted a systematic
review of the literature of induced hypothermia
for SCI. They noted that preclinical animal
studies revealed conflicting results. Furthermore,
over the prior 2 decades, there were no published
peer reviewed human clinical studies using local
induced hypothermia for SCI and none ever for
systemic induced hypothermia [22].

In 2009, Levi et al. conducted a small retro-
spective SCI case series that showed that sys-
temic hypothermia with surgery may be
beneficial. At 12-months post-injury, 6 patients
demonstrated improvement of at least one ASIA
grade; 3 patients moved to grade B, 2 to grade C,
and 1 to grade D. Any improvement that did
occur happened within the first 3-months. The
extent that surgical decompression accounted for
this improvement could not be determined.

In 2013 Dididze et al. published a case con-
trolled prospective study of induced systemic
hypothermia [23]. To date, this is the largest such
trial. Most of the hypothermia patients also
underwent early surgical decompression. The
patients that improved did so within 3 months. As
in the Levi study, the relative role of surgical
decompression could not be ascertained. Notably,
the thromboembolic rate in the prospective cohort
group remained significant despite prophylaxis.

In 2014, a small prospective case-series of
local epidural cooling was described by Hanse-
bout and Hansebout [24]. All of these SCI ASIA
A patients underwent surgical decompression
and also received dexamethasone. Most of them
(80 %) demonstrated some degree of sensory and
motor recovery over the next 5 years. This is
important as most patients with complete

SCI ASIA A rarely recover any function below
the level of injury. Of the enrolled patients, 65 %
exhibited some improvement; 30 % improved to
ASIA grade B, 25 % to ASIA grade C, and 10 %
to ASIA grade D. Two patients even regained the
ability to walk. Of note, even though patients
uncommonly recover from ASIA grade A to
ASIA grade C, when they do, it typically takes
3–5 years. As some patients had a very pro-
longed recovery, there remains the possibility
that some of these may have recovered without
hypothermia treatment.

For SCI, there is suggestive evidence that
induced hypothermia, either systemic or local,
may be clinically beneficial. However, the lack
of any randomized well controlled prospective
human clinical trials prevents endorsement of
either approach as standard of care practice.

Managing Intracranial Hypertension

Induced hypothermia may have utility in reduc-
ing elevated ICP. In particular, the use of tem-
perature management may reduce the need for
more invasive ICP interventions such as
decompressive hemicranitectomy.

An important hallmark of TBI management is
keeping ICP below 20 mmHg. A retrospective
review by Sadaka and associates shows that there
is clinical evidence supporting the use of induced
hypothermia to manage elevated ICP [25].
Reducing systemic temperature to between 32°–
35 °C can decrease ICP by 5 mmHg [16, 26].
However, this may be accompanied by a reduc-
tion in cerebral blood flow. For patients suffering
from severe TBI (GCS <5), Tokutomi et al.
advocate cooling to 35 °C instead of lower
temperatures to obtain ICP levels <20 mmHg
[27]. Work by Andrews et al. have shown that
adding induced hypothermia to clinical man-
agement options for elevated ICP recalcitrant to
medical therapy can reduce the need for neuro-
surgical interventions [16]. A cautionary note is
that even with ICP control, induced hypothermia
has not been shown to improve outcome.
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Conclusions

An effective neuroprotection or neurorescue
therapy is desperately needed for both TBI and
SCI. There simply is no cure for these dreaded
conditions. Sadly, at this time, there is insuffi-
cient evidence to support the routine use of
induced hypothermia or targeted temperature
management for improving outcome from TBI or
SCI. However, as the investigators all noted,
there are still reasons to continue exploring the
potential of this therapy.

Disclaimer

The opinions expressed herein belong solely to
those of the authors. They do not and should not
be interpreted as belonging to or being endorsed
by the Uniformed Services University of the
Health Sciences, the Dept of Defense or any
other element of the US federal government.
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