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ABSTRACT

Applying therapeutic hypothermia (TH) for the purposes of
neuroprotection, originally termed “hibernation,” started nearly
100 years ago. As advances in the medical and surgical
management of patients with neurotrauma has increased
survivability and minimized primary damage, significant research
has been directed at identifying neuroprotective mechanisms that
might mitigate the secondary damage which leads to neurological
worsening and impedes recovery. As therapeutic hypothermia
cooling systems have improved to the point where it is practical and
safe for general application, interest in providing such treatment in
conditions such as spinal cord injury, traumatic brain injury, stroke,
and cardiac arrest has increased. This manuscript will review the
mechanisms by which therapeutic hypothermia mitigates secondary
neurological injury, the clinical scenarios where therapeutic
hypothermia is being applied via Spinal Cord Injury (SCI),
Traumatic Brain Injury (TBI), and Stroke (CVA), and review published
studies utilizing therapeutic hypothermia for central nervous system
neuroprotection in translational studies.
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Introduction- History of Hypothermia as

a Neuroprotectant
As knowledge regarding neurotrauma revealed the
complex pathophysiology of “secondary neural

injury cascades,” interest in preventing such
secondary damage wusing hypothermia (and
preventing hyperthermia) re-emerged.

Neuroprotection  via  applying  hypothermia,
originally termed “hibernation,” started nearly 100
years ago. Initially, the treatment was used in
patients with intracranial abscess and high fevers
which could leading to severe brain injury’. More
recently, sophisticated cooling systems using
thermocouples and feedback sensors have enabled
precise and sustained core temperature regulation.
Thus, the safety of hypothermia improved so that
that it is practical and widely applied. These
advances fueled further interest in hypothermia
research, as neuroprotection protocols have been
developed for multiple central nervous system
pathologies, including traumatic brain injury (TBI)
and spinal cord injury (SCI). Finally, multiple studies
have been published to support hypothermia as safe
and effective to improve the long-term outcome of
these neurological catastrophes (foot note). This
paper will serve to review such studies and mention
the most recent.

Historical publications on the use of therapeutic
hypothermia (TH) in clinical neuroprotection began
in 1943 with a case of traumatic brain injury. The
process was termed “generalized refrigeration?”. In
1951 and 1956, two additional case reports
utilizing TH — “hibernation” on patients with brain
abscesses were published3. Later studies focused on
development of animal models and the idea that TH
could reduce secondary damage after brain trauma
by reducing cerebral ischemia4. A study published
in 1996 revealed seven of 10 patients given
moderate hypothermia (core temperature 32.5°C—
33.0°C for 24 hrs.) with severe closed head injury
(Glasgow Coma Scale score < 7) made a “good”
recoverys. The effects seen were reductions in
intracranial  hypertension,  cerebral  oxygen
consumption, and cerebral ischemia. Another study
found the cooling group (n=46) subjected to TH had
reduced seizures and more patients recovering to a
good recovery/moderate disability level vs.
remaining at a severe disability /vegetative/dead
levelé. However, concerns were also raised in these
studies regarding potential hazards of the TH
treatment as although reversible with re-warming,
increased levels of lipase and pancreatitis were
seen. While a statistically significant increase in the
PTT and PT, just out of the normal range, was found
during and after re- warming, there were no
clinically significant problems with bleeding®.
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Core temperature regulation and

hypothermia.

Therapeutic hypothermia is defined simply as the
reduction of mean body core temperature to create
some medical benefit’. As warm-blooded mammails,
humans regulate their core body temperature within
a constant and narrow range and will not tolerate
even short periods of hypothermia without engaging
compensatory mechanisms. Hypothermia induces a
variety of human responses to combat hypothermia.
These thermoregulatory mechanisms in humans have
two components: behavioral and hypothalamic’.
External behavioral mechanisms fo increase core
temperature could include clothing, shelter, warm
baths, or seeking environments with higher external
temperature. In the ICU setting, patients often have
no or limited control over these mechanisms.

Arteriovenous shunting, inducted vasoconstriction,
and shivering are all internal mechanisms of
reducing hypothermia. In any type of TH treatment,
these compensatory mechanisms need fo be
curtailed, monitored, or modified. The site of internal
thermoregulation is most likely the hypothalamus®.
Involuntary shivering creates muscle activity that
increases metabolic heat production as the
temperature drops below 36.5C. Shivering is
initiated by regional vasoconstriction and becomes
severe at core temperatures under 35.5C. Non-
shivering thermogenesis does occur in adults to
combat hypothermia but plays a minor role
compared to shivering®. Shivering is a highly
effective mechanism that increases metabolic heat
production many times over, thus effectively raising
core body temperature.

Mechanism of

hypothermia

METABOLIC RATE OF OXYGEN CONSUMED
Reduction in the metabolic rate of oxygen consumed
by the brain and spinal cord is the primary
neuroprotective effect of hypothermia applied as
therapy in acute neurotrauma'®. By reducing the
metabolic rate of oxygen consumption, the energy
rate utilized might be reduced and glucose
utilization might be improved. One measure of brain
oxygen consumption places the magnitude of the
reduction at 5% for each degree Celsius the body
temperature is reduced’0.

neuroprotection in

Often, neurotrauma causes a hypermetabolic state
as the damaged neuronal tissue deals with repair.
As inflammatory mediators and free radicals are
“cleaned up,” lactate accumulates and alters PH
creating an acidotic state. Applied hypothermia, by
slowing metabolism, has been thought to reduce
interstitial lactate accumulation. For every degree
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(Celsius) that body temperature decrease, the PH
increases by 0.016'! supporting the theory that TH
protects from neurological injury by reducing
acidosis. Despite the “neatness” of this theory, other
investigators  have  questioned the  actual
measurements and theory altogether4.

Clinical Application

PATIENT EVALUATION OVERVIEW

Patients felt to be candidates for TH include all
patients with conditions exacerbated by secondary
injury to the central nervous system. The mechanisms
of such secondary injury include Woallerian
degeneration, vascular ischemia, formation of
cytotoxic edema hyperinflammatory response, ionic
alterations, accumulation of neurotransmitters in a
pathologic fashion, release of arachidonic acid,
production of free radicals, and failure of ATP
dependent processes. The protective effects of
hypothermia involve suppression of the injury-
induced immune response detailed above and thus,
over-inflammation'2.13, The protective effect also
occurs by reducing vasogenic edema, inhibiting
polymorphonuclear chemotaxis' and reducing
gliosis'>. Hypothermia also reduces glutamate-
mediated neurotoxicity and further oxygen free
radical production’s. Such processes are seen
classically in traumatic brain and SCI, where
prevention of secondary neuronal damage through
TH has been of great interest. Similarly, patients
who have post-acute ischemic stroke (CVA) and
hemorrhagic stroke (ICH) also fit the profile of those
who could potentially benefit from TH'7. Later we
will present specific outcome studies, recent and
remote, establishing the efficacy.

In the setting of neurotrauma, when a new
intervention is proposed, complete neurological
recovery is typically the main aspiration. However,
we would argue, with even small or incremental
gains, patients can often see tremendous functional
improvements and quality of life gains. Therefore,
interventions that allow even small incremental
neurological improvements can be extremely helpful
and satisfying. For example, in stroke patients a
smaller “penumbra” can make the difference
between ambulatory and non-ambulatory status.
For cervical SCl patients, incremental recovery of just
one spinal level can translate into meaningful gains
in the ability to perform self- care (Activities of Daily
Living (ADL) and functional tasks. For example,
improving from a C6 SClI level to a C7 injury level
can translate into the ability to propel a manual
wheelchair or manipulate a vurinary catheter.
Improvement to a C8 level increases hand function
to the point that an assistive device may not be
needed with upper limb ADL activities such as eating
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or dressing.

The setting of CNS ischemia is an even more
promising area for TH. In comatose survivors of
cardiac arrest two high quality studies showed that
therapeutic hypothermia not only significantly
improved survival but also improved the neurologic
outcome after different courses of cooling
treatment’8. Compared to historical controls without
hypothermia, 56% of patients showed favorable
neurological outcome vs. 26% in the normothermia
control group’?.

Another group where TH is being explored is in
those with aneurysmal subarachnoid hemorrhage
(SAH)20. Therapeutic hypothermia has been utilized
to treat the development of delayed cerebral
ischemia which can lead to cerebral infarction
associated with poor outcomes. The focus of
hypothermia treatment has been to reduce cerebral
vasospasm (CVS), a delayed morphological
narrowing of cerebral arteries, occurring 4 to 10
days after SAH. TH has also been considered for
patients with SAH during aneurysm surgery?! or
patient who present immediately after rupture.

COOLING METHODOLOGIES

The development of closed-circuit intravascular
cooling catheters has greatly enhanced the safety
and efficacy of hypothermia delivery. External
cooling through transcutaneous pads or suits can
provide a non-invasive method for reducing body
temperature, but precise control remains elusive and
surface heat exchange devices can interfere with
sensory neurologic testing?22.

Two brands of FDA approved catheters have
become commercially available utilizing closed-
circuit feedback mechanisms to regulate heat
exchange?3. These devices increase the rate at
which core body temperature can be reduced and
effectively regulate the temperature within a
narrow therapeutic window?4,  Because skin
sensation contributes disproportionately to the
perception and discomfort of cooling, endovascular
cooling is also far more comfortable for awake
patients than surface cooling. Skin counter-warming
can also be used together with endovascular cooling
to lower the shiver threshold and improve comfort
without adversely affecting the core temperature?s.

Bradycardia is a predictable consequence of
cooling, with a mean decrease in 10- 12 beats per
minute when comparing baseline to target
temperature?s. Intravenous adrenergic agents, which
are frequently used to treat hypotension from
neurogenic shock, can be helpful for treating
induced bradycardia2¢ Intravenous pacing for
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excessive rate depression in refractory cases can be
used temporarily as well if necessary.

Shivering associated with systemic cooling creates
patient discomfort, increases metabolic demands,
and can lead to difficulties in reaching target body
temperature. For patients not on mechanical
ventilation the management of shivering can
typically be accomplished with the use of
pharmacologic agents. In a review by Kranke,
meperidine, 25mg was found to be an effective
agent for control of acute symptoms?’. Control of
shivering will be at the discretion of the treating
center, and because of its adverse effects on patient
comfort and effects on body temperature, should be
pharmacologically treated. Shivering is more
common following thoracic level injuries and is less
commonly encountered with cervical SCI patients.

Hypothermia in the spinal cord injury

population

HISTORICAL PERSPECTIVE

therapeutic hypothermia has been applied in the
setting of SCI for the past seven decades?8. The lack

of proven neuroprotectants for acute SCI
underscored the urgency and importance of
exploring alternative interventions. The idea of

utilizing TH in the area of SCI cord injury was
brought forth in the 1950’s in a dog model and in
1968 in a study on primates2? 30, Localized spinal
cord cooling with a simple liquid perfusion unit
produced effective selective reduction of spinal cord
temperature. “Thirteen monkeys who had complete
lower extremity paraplegia following induced
impact injury at T10 followed by incision of the dura
4 hours later and localized spinal cord cooling for 3
more hours showed an excellent return of
neurological function™1.  Studies like this led to
initially increased interest in local vs systemic cooling
the spinal cord in humans. In addition, local
application of cooling in SCI was possible for short
periods of time because the injured segment of the
spinal cord is exposed for a short period of time as
most patients with traumatic SCI had to undergo
surgery.

Despite this early interest, enthusiasm for therapeutic
for treatment of SCI waned in the 1970’s and
1980’s due findings published that suggested new
pharmacological agents were effective for
neuroprotection. These initial studies results created
great excitement in the use of high dose
methylprednisolone, which for a period became
standard care for acute SCI32 33 34 35, Other anti-
inflammatory infusion agents such as nalaxone and
tirilazad mesylate also showed initial
neuroprotective promise. In the mid 1990’s, doubt
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emerged regarding the use of methylprednisolone3¢
and the other agents proved ineffective. Further
analysis of the original published research
suggested a higher rate of complications and the
amount of neurological recovery was felt to be
minimal37, and ultimately high dose
methylprednisolone for SCl was abandoned in many
specialized canters and research focus returned to
hypothermia.

The feasibility and utility of using hypothermia
reached widespread public awareness with the use
of hypothermia in the management of a high
visibility NFL game when Kevin Everett 38 was
treated with TH and made dramatic functional gains
in the following months. Many Americans, for the first
time, witnessed the patient’s injury and then saw him
walk across the stage at an awards show months
later. After such a perceived threshold of benefit
and safety had been reached, further advances
focused on refining the time and duration of cooling
and the importance of the pace of rewarming.

Although many focus on complete cure, in this patient
population incremental improvements in long-term
neurological function of even just one level can have
a significant health-related and socioeconomic
impact.

ANIMAL SPINAL CORD INJURY STUDIES

In 1992, Martinez-Arizala and Green at the
University of Miami reported that pre- and post-
treatment with moderate hypothermia (31-32°C)
was effective in decreasing the degree of
hemorrhage at the site of primary injury in rats3®.
This study provided evidence that an early cooling
strategy was the desired approach vs later cooling.
The idea was by lessening the deleterious effects of
tfrauma on the spinal cord microvasculature one
could reduce local swelling. The study also confirmed
that more aggressive cooling was not necessary to
realize hypothermia’s neuroprotective effects.

Follow-up studies at the University of Miami Miller
School of Medicine by Dietrich and colleagues
demonstrated that systemic hypothermia resulted in
concomitant epidural cooling that was
neuroprotective for contusive injuries in rat studies40.
Open field locomotor testing demonstrated that rats
exposed to hypothermia exhibited improved scores
as early as one week following injury. Furthermore,
this trend continued throughout the study and
became more significant by the end of the 44 days
studied 40,

Histologic analysis of the contused spinal cord at 7-
and 44-days post-injury demonstrated hemorrhagic
necrosis, cell loss, axonal swelling, and vacuolization
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typically seen following SCl. However, in the
hypothermia-treated group sparing of grey and
white matter was seen with smaller associated
contusion volumes and reduced rostral-caudal
spread. Histology demonstrated a mean 15.8%
reduction in lesion size in the hypothermia-treated
animals4’.

These findings in a thoracic model of rodent SCI
have been confirmed using a recently developed rat
model for C5 cervical spinal cord injury as described
by Pearse, et al.lRats randomized to receive
moderate hypothermia at 33° C delivered
externally for two hours after injury were found to
have improved neurological outcomes in forelimb
function 42, This study confirmed work done back in
1979 where measures of forelimb gripping force
were reduced significantly in the normothermic
animals versus the animals where hypothermia was
applied(p<0.05)43. The weight-supported forelimb
hanging test showed significantly improved ability
as well from 3.3 + 1.1 seconds to 5.8 + 1.0 seconds
(p<0.01) [43].

More recent studies included Hosier et al., who found
that hypothermia improves motor function seven
days after a traumatic spinal cord injury compared
with controls in female rats#4. Xu et al. in 2016 found
that rats treated with local epidural saline infusion
hypothermia achieved significantly higher BBB
scores than control up to 3 weeks after injury45.
Finally, in 2019, Jorge et al. found that inducing
hypothermia via systemic surface cooling in rats with
thoracic spinal cord injury had significantly higher
BBB scores 6 weeks after injury46. Finally, according
to a 2022 systematic review evaluating neurological
recovery and postoperative complications after
therapeutic hypothermia found that among the 24
preclinical animal studies, both systemic and local

hypothermia significantly improved neurologic
recovery, including improvements in urinary
function47.

CLINICAL EVIDENCE OF EFFICACY - EVALUATION
OF OUTCOMES

Levi published in 2009, a pilot clinical study to assess
the safety and effects of moderate intravascular
hypothermia (33.0 + 0.5° C) in the setting of acute
traumatic cervical spinal cord injury48. Patients were
cooled intravascularly with a target temperature of
33.0 °C per hour at a maximum rate of 0.5° C per
hour, with maintenance of hypothermia for 48 hours
using the Alsius CoolGard® Icy Catheter (Zoll
Medical, Chelmsford, Massachusetts), an FDA
approved (510k #K030421) cooling catheter
placed into the femoral vein. This was followed by
slow re-warming at 0.1° C per hour to prevent
rebound hyperthermia.  Catheter  placement
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occurred in the Emergency Department and patients
were managed in the intensive care unit while
hypothermic. “There was no contraindication to early
surgery, traction, or imaging. Blood pressure
support was utilized as needed to maintain a mean
arterial pressure of > 90 mm Hg. A second
confirmatory neurological exam was performed 12
hours after injury with no sedation. Over a period
of 25 months 14 eligible patients were enrolled into
the treatment. None of the patients received the
high dose solumedrol protocol.”48

The distribution of injuries included C4 (21.4%), C5
(50%), and Cé (28.6%). There were no instances of
neurological worsening, and at median 1 year
follow-up 6 of 14 patients (42.8%) converted from
complete to incomplete SCl. “Three (21.4%)
regained sensory function, converting to AISA B, and
three regained motor function converting to AISA C
(14.3%) or D (7.1%)"48. All recoveries occurred
when transferred to inpatient acute
neurorehabilitation.

Dididze et al, published findings on 35 complete
ISNCSCI A SCI patients undergoing modest cooling
(33 degrees). Four converted to ISNCSCI B in <24
h post injury. Fifteen of total 35 patients (43%)
improved at least one ISNCSCI grade at latest
follow up 10.07 (£1.03) months. Both retrospective
(n=14) and prospective (n=21) groups revealed a
similar number of respiratory complications4°.
Currently the University of Miami Miller School of
Medicine is conducting a multicenter trial on patients
undergoing hypothermia immediately after acute
SCI with multiple outcome measures.

In looking back at what has also been published, a
meta-analysis done on 2022 by Shin et al, on the
effect of hypothermia in acute spinal cord injury
(SCI) found that more than half of patients
experience  neurological improvement  after
hypothermia. The meta- analysis included eight
retrospective studies with a total of 103 patients
who were provided hypothermia treatment for SCI.
Interestingly, of the patient pools studied, the
proportion of patients who improved after systemic
hypothermia was 70.9% as opposed to 52.5% in
those who had local hypothermia. This outcome is
attributed to lower levels of apoptosis and anti-
inflammatory effects, though there may also be
more associated complications®0. Overall, it seems
that protocols calling for mild hypothermia for
shorter durations and severe hypothermia for
prolonged periods have not shown favorable
outcomes®!. Rather, the goal is a “Goldilocks” result
with early initiation of moderate hypothermia for
prolonged periods has shown the best outcomes+’.
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Hypothermia in the stroke population
Investigation into the use of hypothermia treatment
for ischemic stroke was first documented in 1987 as
reducing neuronal death. Approximately 87% of all
strokes, one of the leading causes of death and
disability in the world, are ischemic32. Therapeutic
hypothermia has been slowly accepted as one of the
most reliable neuroprotective therapies for several
cerebral disorders including stroke33 34, Any
improvement in the early outcome of ischemic stroke
can lead to earlier entry to rehabilitation programs
and eventual outcome and quality of life.

Like the pathophysiological effects discussed above,
it is felt that hypothermia improves outcome of stroke
via reduction in secondary cell damage. To date,
numerous pre-clinical studies have shown that cooling
affects multiple pathways at various stages of
ischemic stroke (54). In the early stage of stage of
ischemia, disruption of ionic homeostasis results in
release of excitatory neurotransmitters due to
increased intracellular calcium and release of
excitatory neurotransmitters. Downstream, effects
such as mitochondrial dysfunction leads to increased
reactive oxygen species (ROS) generation35.

Cold induced protein is another factor that may
affect the neuroprotective effects of hypothermiasé.
Sun, et al¥ studied cold-inducible RNA-binding
protein (CIRBP) and cold-inducible RNA-binding
motif protein 3 (RBM3) as the major cold induced
proteins produced. Hypothermia was then found to
activate the expression of CIRBP 57. Multiple studies
found the expression of CIRBP could exert protective

effects against oxidative stress and apoptosis38 59
60

The secondary effects of ischemia and more
neuronal death includes apoptosis, oxidative stress,
excitotoxic  and inflammatory pathwaysé!.
Therapeutic hypothermia is thought to affect almost
every one of these pathways and thus its robust
protective effecté2. Thus, therapeutic hypothermia is
a became and continues to be looked as a promising
and attractive therapy for ischemic stroke
neurological minimization.

Outcome Studies — Acute phase
Therapeutic cooling has been documented to
decrease brain oxygen consumption and glucose
metabolism by about 5% per degree Celsius®s,
while also preserving high- energy phosphate
compounds, such as ATP, and maintaining tissue pH
preventing acidosis®4. Therapeutic hypothermia has
also been shown to “prevent the accumulation or
release of excitotoxic amino acids such as
glutamated3” with obvious presumed benefit.

Hypothermia as a Neuroprotectant for Neurorehabilitation Eligible Patients

Finally, hypothermia was demonstrated to attenuate
“ischemia-induced downregulation of GIuR2 and
would thus expect to reduce toxic calcium influx
through this channel’¢5,

Subacute Phase

The time of secondary injury is thought to occur
between one and seven days after ischemic strokeé4.
Hypothermia is felt to affect both the intrinsic and
extrinsic (cell receptors) effects of neuronal injury.
Cooling was found to suppress the intrinsic
(mitochondrial) pathway by regulating the
expression of BCL-2 family members, reducing
cytochrome C release and decreasing caspase
activation 38. The extrinsic pathway was improved
by suppress the expression of both apoptosis-
inducing death receptors FAS, and its ligand FASLé3.
A recently reported mechanism includes the role of
dynamin-1, which is a protein described in
exocytosis and synaptic transmission. “Dynamin is
also upregulated in the brain in stroke models and
its deficiency or inhibition is protective%s.”
Therapeutic hypothermia was found to reduce
dynamin expression.

Chronic Stage

The final question is whether hypothermia might
affect recovery and repair mechanisms that occur in
the brain long after the acute and subacute stages
of injury. In the chronic stage, it was demonstrated
that “endogenous restorative processes are
activated, leading to  neurogenesis  and
synaptogenesis®’.” Xiong et al®8, reported that
therapeutic hypothermia was reported to enhance
both maturation of neural progenitor cells and
proliferation of neural stem cells, which can promote
post-ischemic neurogenesis and synaptogenesis.
Additionally, one report ¢4 showed that hypothermia
“prevents post-ischemic reactive gliosis and glial
scar formation.”

Outcome studies

In studies of large animals first hypothermia was
proven able and safe. Wangé® found induced
hypothermia in brain tissue of rhesus monkeys within
10 min, and the lowest cerebral temperature could
be reduced to 33.9C. During the procedure, the vital
signs of experimental animals were stable, and no
adverse reaction such as brain edema and
vasospasm occurred®?. In 2016, Mattingly’® and
colleagues developed a model of middle cerebral
artery occlusion in swine with an aneurysm clip. 1A-
SCI was induced by placing a dual lumen balloon
occlusion catheter in the ipsilateral common carotid
artery during reperfusion. The hypothermia
induction lowered the cerebral hemisphere
temperature to 30C within 25 min and found this
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significantly reduced infarct volume on magnetic
resonance imaging”°.

Recently, Caroff and colleagues’!, found that
continuous infusion of hypothermic saline (4.5C) for
25 minutes at a rate of 22 ml per minute lowered
the ipsilateral brain temperature to 31-32C.
“Subsequent imaging examinations revealed that
this method reduced the final infarct volume down to
less than one tenth71”,

The first study describing the safety and feasibility
of IA-SCI in humans appeared in 2010 with 18
patients and 10 min of cooling with hypothermic
saline”2. Temperature was reduced by 0.84C with
no adverse effects. In a pilot study of 26 patients
with acute ischemic stroke, hypothermia applied
within 8 hours cooling ischemic brain tissue by at
least 2 degrees C by infusing 50 ml of cold isotonic
saline”3. No complications occurred. After this safety
study, a prospective study of patients who had
thrombectomy alone vs thrombectomy plus
hypothermia showed “reduced the infarct volume,
and also promoted the proportion of functional
independence at 90 days numerically’4”. As a result
of this pilot study, two larger studies are ongoing.

Hypothermia in Traumatic Brain Injury
Traumatic brain injury is the primary cause of
worldwide morbimortality in young people (<45
years old)”3. The annual incidence of TBI in the USA
has been estimated to be 1.4 million cases, with
50,000 related deaths76, As stated above, a series
of secondary pathophysiological mechanisms, which
increase and perpetuate the damage caused by the
initial insult. The mechanisms of this secondary
damage are cerebral ischemia and hypoxiq,
excitotoxicity, inflammation, oxidative stress,
metabolic dysfunction, seizures, brain edema and
intracranial pressure (ICP) elevation, namely,
intracranial hypertension (IH), through diminished
brain perfusion pressure. IH is one of the clearest
major determinants of outcome”’. Prophylactic
hypothermia therapy is believed to attenuate early
cerebral inflammation and inflammatory cascades
as a means of neuroprotection, evidence of which is
measured through primary and secondary outcomes
in several clinical trials78. Studies also demonstrated
hypothermia could reduce intracranial pressure?®.

Clinical outcomes have been inconsistent. In a
guideline review in 2017, level Il B recommendations
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from the Brain Trauma Foundation did not support
early or short- term (within 48 hours of injury)
prophylactic hypothermia for patients with diffuse
injury due to low-quality evidence80 81, However, in
smaller studies, better outcomes were seen. Marion
et al. in a 1997 published a randomized study
involving 84 patients with severe TBl who were
treated using mild hypothermia (33°C for 24 h).
“There was a significantly better neurologic
recovery at 3 months and at 6 months among the
patients with GCS scores of 5—7 at the time of
admission to the hospital82”, Clifton et al,83 published
two studies that showed that late hypothermia had
no impact on outcome. A 2009 Cochrane review
included 23 trials and 1,614 patients with the
following criteria: early hypothermia, target
temperatures of 35°C for at least 12 h and the need
for hospitalization84. Authors concluded that patients
treated with hypothermia had better results with
mortality and neurologic outcomes. However, this
association was statistically significant in studies only
with poor methodological quality. Andresen looked
at 20 patients for cooling after TBI. Their target was
to reduce intracranial hypertension. They found in
patients with intracranial hypertension upon their
intervention, the ICP levels were 23 mmHg [19-24;
IQR] before hypothermia versus 13 mmHg [10.3—
24; IQR] during hypothermia (p=0.003)78.

Conclusions

From published case reports, pilot studies, and
animal data, the use of therapeutic hypothermia in
the setting of neurotrauma deserves further study.
Could therapeutic hyperthermia become the
standard intervention in all acute episodes of
neurotrauma?

Only time and the outcome of future studies will tell.
However, the potential promise of preservation or
even return of lost neurological function after acute
neurotrauma using TH is both intriguing and exciting.
Therefore, we support the initiation of future studies.
Additionally, the authors have proposed and
submitted an IRB approved large multi- center study
protocol to the national Institutes of Health. The study
would investigate the outcomes of applying TH to
patients after acute SCI using novel techniques and
large patient groups. Hopefully, if funded the study
will carry the weight and power necessary to answer
the question proposed on whether TH should be used
as standard treatment at all SCI centers when
treating acute injuries of this type.
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