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ABSTRACT

Neurologic injury is the most common cause of death in patients with out-of-hospital cardiac
arrest (OHCA). Targeted temperature management or therapeutic hypothermia (TH) is com-
monly recommended for survivors of cardiac arrest as a common final pathway of various
mechanisms to alleviate the neurologic injury. Induced hypothermia can be separated into three
phases: induction, maintenance and rewarming; and each phase produces several changes in
normal physiology. The induction of mild to moderate TH to a target temperature 32 °C to
34 °C in the initial hours after cardiac arrest improves the neurologic outcome of resuscitated
patients. However, recent studies failed to provide convincing data for the beneficial effects of
TH in practice. The main focus for early management of severe traumatic brain injury (TBI)
is to eliminate the hazards of secondary injury, especially hypotension and hypoxia, which are
known to herald worse outcomes. The administration of mild TH has also been shown to im-
prove neurological outcomes in severe TBI. Although, the exact mechanisms are still elusive,
it is known that hypothermia exerts its effects in many pathways of injury in TBI. The utility of
TH, in addition to treatment for cardiac arrest, is noted in the course of acute brain injuries. It
should be noted that the evidence is not yet sufficient to recommend routine use of TH for TBI
outside of research settings.

KEY WORDS: Therapeutic hypothermia (TH); Hypothermia; Trauma management; Targeted
temperature management; Traumatic brain injury (TBI); Trauma.

ABBREVIATIONS: ATP: Adenosine triphosphate; BTF: Brain Trauma Foundation; GCS: Glas-
gow Coma Scale; ICP: Intracranial pressure; OHCA: Out-of-hospital cardiac arrest; ROSC:
Return of Spontaneous Circulation; TBI: Traumatic Brain Injury; TH: Therapeutic Hypother-
mia.

INTRODUCTION

Neurologic injury is the most common cause of death in patients with out-of-hospital cardiac
arrest (OHCA) and contributes to the mortality of in-hospital cardiac arrest."! Neural tissue is
damaged in traumatic injury as well. Traumatic brain injury (TBI) may be classified based on
severity, ranging from ‘mild’ to ‘severe’, most commonly based on the Glasgow Coma Scale
(GCS). There are two injury phases in TBI. Primary injury occurs immediately at the time of
impact, and includes the tear, shear or haemorrhage due to the acceleration-deceleration or ro-
tational forces. The process triggers multiple biochemical cascades in hours or days, which is
termed secondary brain injury. Evolution of secondary damage mechanisms has been studied
many times in the experimental setting, and can be divided into three distinct phases: acute,
sub-acute and chronic. In another point of view, these hazards include ischaemic, cytotoxic and
inflammatory processes.

The immediate interventions in TBI comprise ensuring maintenance of perfusion of

the brain with oxygenated blood. ‘Airway, breathing, circulation’ confers to this prioritization.
Post-TBI cerebral ischaemia may occur due to a combination of mechanical vessel distortion,

Page 30



http://dx.doi.org/10.17140/EMOJ-3-137

EMERGENCY MEDICINE

Open Journal

ISSN 2379-4046

()penventio

PUBLISHERS

http://dx.doi.org/10.17140/EMOJ-3-137

hypotension, loss of cerebral blood flow autoregulation, insuffi-
cient nitric oxide or vasospasm.? Therapeutic hypothermia (TH)
may offer the prospect of an extended window to restore the
integrity of circulation, with the brain maintained in a protective,
hypometabolic state.

The promising idea of ‘human refrigeration’ was advo-
cated first for the management of TBI and brain tumours by Fay
in the 1940's who reported its application in 124 cases.’

TH has been historically classified into: mild (34.5-36.5
°C), moderate (34.5-32 °C), marked (28-32 °C) and profound
hypothermia (<28 °C).*¢ Induced hypothermia can be separated
into three phases: induction, maintenance and rewarming, ea-
chphase produces several changes in normal physiology.

TH is practised mainly in the treatment of adult cardi-
ac arrest and neonatal hypoxic-ischemic encephalopathy. Some
evidence indicate that hypothermia could be useful in neuro-
logic injuries, such as stroke, subarachnoid hemorrhage and
TBI. The administration of mild TH has been shown to improve
neurological outcomes and can prevent severe brain damage af-
ter OHCA.”®

Different mechanisms of effect have been postulated
for TH in mitigating the hazards of hypoxia and ischemia in the
tissues and the organism as a whole. TH decreases the metabolic
rate to restore the supply and demand of O,, attenuates excito-
toxicity, limits inflammation, prevents energy adenosine triphos-
phate (ATP) depletion, reduces free radical production and also
intracellular calcium overload to avoid apoptosis.®

Dating back to the pioneer studies of Fay, nearly 75
years of basic and clinical evidence support therapeutic value of
induced hypothermia.*® However, its availability in the manage-
ment trauma is not studied in depth. Hypothermia has long been
viewed as a threat to trauma victims and thought to be associated
with increased mortality. Nonetheless, some recent reports poin-
ted out beneficial effects in selected situations.

RATIONALE FOR USE: ANIMAL STUDIES

Hypothermia was shown to potentiate the activation of vari-
ous molecular mechanisms which are involved in cell survival
pathways. This promising finding occurred specifically in the
pre-synaptic mossy fibres in the stratum lucidum of the hippo-
campus, which indicates an important role of hypothermia in
cell survival.” One of the mechanisms that postulate the protec-
tive effect of hypothermia against hazards of TBI is attenuation
of the expression of various pro-inflammatory cytokines taking
part in the pathogenesis of TBI such that Interleukin-1f (IL-1p),
IL2, IL6 and TGFB-2.'%11

A study showed that IL-10 production was reduced in
rat microglia cultures under hypothermic conditions, suggesting
that the neuroprotective effects of hypothermia may paradoxi-
cally involve the suppression of anti-inflammatory cytokines as
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well.”? Cooling also suppressed the X-linked inhibitor of apop-
tosis protein cleavage thus promoting its binding onto caspases
and inhibiting the protease activity.'* Using an ischaemia-reper-
fusion model, Kobayashi et al'* screened 24,000 genes using
high density oligonucleotide microarray and found that the exp-
ression of 33 genes were temperature-dependent. Hypothermia
has an impact on a range of protein kinases involved in cellular
transcription regulation. This leads to a diminution of necrosis,
and a secondary reduction in the inflammation that would ot-
herwise contribute to the cycle of secondary injury.

In a recent study Moffatt et al”® conducted a systema-
tic review and culminated data on 327 animals cooled to <20
°C after hemorrhagic shock in these trials. Evidence regarding
profound hypothermia suggests that this form of resuscitation
modality could be beneficial to the patients with hemorrhagic
shock. Animal studies, as a whole, demonstrate a clear benefit
of the use of TH in the management of TBI. Although, the exact
mechanisms are still elusive, it is known that hypothermia exerts
its effects in many pathways of injury in TBI.

Cooling modulates production of a range of inflamma-
tory mediators implicated in secondary brain injury. Chen et al'®
assayed levels of six of these in a swine model of lethal haemor-
rhage, applying cardiopulmonary bypass with ahyperkalaemic
perfusion fluid after 30 minutes of haemorrhage. Animals that
were cooled demonstrated reduced serum levels of pro-inflam-
matory IL-6, compared to normothermic animals. Levels of a
protective heat shock protein, Heat-shock protein-7 (HSP-70),
and an anti-inflammatory cytokine, IL-10, were found to be
elevated in the cooled animals. Other inflammatory cytokines
released by activated microglia and astrocytes in the context of
injury include IL-1f, IL-18 and TNF-a, and modulation of this
response is observed in hypothermia.'”

The Theoretical Rationale for Cooling

Hyperthermia must be avoided following cardiac arrest. Failure
to control a patient’s core temperature is associated with the de-
velopment of fever and worse neurologic outcome.”®'*!1° Accor-
ding to an observational study of 151 patients, the risk of death
increases for each degree over 37 °C during the first 48 hours
after cardiac arrest (odds ratio [OR] 2.26; 95% CI 1.24-4.12).1
Under the concept of cardiocerebral resuscitation, patients with
return of spontaneous circulation (ROSC) following OHCA
should receive post-resuscitation care including urgent mild TH
and cardiac catheterization.?

Cooling can be beneficial according to well-demonst-
rated clinical principles. First, intracranial hypertension is a firm
predictor of neurological deterioration and increased mortality
in head injury.”! Secondly, cooling has been demonstrated to
control intracranial pressure (ICP).

In 2009 Tokutomi et al*? conducted a comparison study

on ICP and biochemical parameters in patients cooled to 35 °C
(compared with historical controls cooled to 33 °C). They conc-
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luded that cooling patients to 35 °C is safe and the ICP reduction
effects of 35 °C hypothermia are similar to those of 33 °C hypo-
thermia.

Patients who are not neurologically intact following
resuscitation from cardiac arrest should have their temperatu-
re managed. The only absolute contraindication for temperature
management is an advanced directive that proscribes aggressive
care or a medical scenario for which such care is not appropriate.
TH should not be used in patients with active non-compressible
bleeding, but TTM (targeted temperature maintained <36 °C) in
this population is reasonable. Either TH or TTM may be used in
pregnant or hemodynamically unstable patients, and those rece-

iving coronary catheterization or thrombolytics.>** Fever pre-
vention is recommended in all cardiac arrest patients without an
advanced directive proscribing the necessary interventions.'s!

Induced Hypothermia in Traumatic Brain Injury

Hypothermia has long been used in subarachnoid hemorr-
hage (SAH) (more than a half century) when it was used as a
neuroprotective measure against bleeding or ischemia during
aneurysm repair surgery. The usefulness of mild TH has also
been studied in patients with severe TBI.>** Table 1 demonst-
rates properties of the outstanding human studies that were re-
viewed in the present study.

Table1: Main Characteristics of the Outstanding Human Studies that were Explained and Reviewed in the Present Study.

Investigator(s)

Sample size

Objectives

Results

Effect of TH versus standard management in severe

TH resulted in improved neurologic outcome with minimal

pressure

Clifton et al® 46 - . e -
non-penetrating brain injury toxicity in severe head injury.
. . Treatment with moderate TH for 24 hours in patients with
) 26 Neurologic recovery at 3 months and at 6 months in .
Marion et al 84 severe TBI hastened neurologic recovery and may have
severe TBI )
improved the outcome
To examine the levels of thromboxane B2 and 6-keto  Moderate hypothermia may reduce prostanoid production
Aibiki et al?” 26 prostaglandin F1 alpha production in arterial and after TBI, there by attenuating an imbalance of thrombox-
internal jugular bulb sera in patients with TBI. ane A2 and prostaglandin 12
Jiang et al?® 87 To investigate the protective effects of long-term (3- ngg:ti rwitr: |Isde\':';:|ic_]gllflcantly improves outcomes in
9 14 days) mild TH (33-35 °C) on outcome P ’
:;?;1?;::2; vc\)/? sg\]/:'?‘:'lgl -lv-vl;:r:slc?vtji?rg?r:nial Mild TH should not be used for the treatment of severe TBI
Shiozaki et al*® 91 with low ICP because this therapy conveys no advantage

over normothermia in such patients.

Mclntyre et al®'

Systematic review

of 12 trials

Toexplore the effects of depth, duration, and rate of
rewarming after discontinuation of TH on mortality
and neurologic outcome in TBI

TH may reducerates of mortality and poor outcome in
TBI. Outcomes were influenced, by depth and duration
of TH and rate of rewarming after discontinuation of TH.

Peterson et al*?

Systematic review

of 13 trials

Effects of TH on mortality, favorable neurologic
outcome, and adverse effects in adults with TBI

Findings support previous findings that TH constitutes a
beneficial treatment of TBI in specific circumstances.

Sadaka and Veremakis®

Systematic review

Effect of TH in patients with TBI on ICP

A significant reduction of ICP was noted in all of the patients

Dunkley and McLeod*

review of 8 trials

tients with TBI

of 18 trials
Clifton et al** 392 Effect of early TH (2-5 h) versus normothermia in the No impact on the neurologic outcome is observed.
course of severe TBI.
. To assess whether very early induction of TH impro-  Did not confirm the utility of TH as a primary neuro protecti-
Clifton et al®*® 232 ) )
ves outcome in severe TBI ve strategy in severeTBI
TH had increased benefits in patients with haematoma-ty-
Systematic To demonstrate the efficacy of TH in adult pa- pe injuries as opposed to those with diffuse injury and

contusions. TH should recommence if rebound intracranial
hypertension is observed.

Tight hemodynamic management and slow rewarming,
together with prolonged TH did not improve the neurological

in severe or critical trauma

Maekawa et al*® 148 Benefits of TH in patients with severe TBI : ) . f
outcomes or risk of mortality compared with strict tempera-
ture control
The fever control group had a significant reduction of
Hifumi et al® 129 Compare the effectiveness of the two TH regimens TBI-related mortality compared with the TH group. Fever

control may be considered instead of TH in patients with
TBI.

Sydenham et al*®

systematic review
of 23 trials (1614

To estimate the effect of mild TH for TBI on mortality

There is no evidence that hypothermia is beneficial in the
treatment of TBI. TH may be effective in reducing death and

ming improved mortality in children with TBI

randomised and long-term functional outcome complications unfavourable outcomes for TBI, but significant benefit was
patients) only found in low-quality trials.
. ™ To compare the effect of long-term versus short- Prolonged TH (5. days) ".“as more effective thgn conv_entlo-
Jiang et al 215 h ) nal TH (2 days) in reducing the number of patients with poor
term mild TH on the outcome of severe TBI patients )
neurological outcomes.
Adelson et al’2 115 To assess whether TH for 48-72 h with slow rewar- Hypothermia for 48 h with slow rewarming does not reduce

mortality after pediatric severe TBI.
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TBI is the most common cause of death in young po-
pulation. Acute care of TBI comprise mainly elimination of the
risk of secondary injuries, namely, hypoxia, hypotension, and
hyperthermia. TH is seen as a critical intervention following
acute neurologic injury, although most of the researches have
yielded inconclusive results concerning efficacy so far. In the
case of TBI, clinical trials have shown conflicting results, des-
pite almost uniform efficacy seen in preclinical experiments. In
head and spinal trauma, mild cooling may help to limit secon-
dary injury. More preclinical and clinical research is needed to
better define whether there could be a role for induced hypother-
miain the case of spinal cord injuries.*

Several systematic reviews suggested that the best re-
sults were elicited with the treatment mode in which mild TH
had been maintained for >48 h, and that the rate of rewarming
had been very slow.>'? A systematic review by Sadaka et al*
culminated data from 13 randomized clinical trials and 5 ob-
servational studies regarding effects of intracranial hypertension
in those with TBI using TH. A significant reduction of ICP was
noted in all of the patients.

“The National Acute Brain Injury Study: Hypothermia
(NABIS: H)” was a prospective, multicenter, randomized trial
which enrolled 392 patients with 16 to 65 years of age with coma
following TBI conducted in 2001.3* The patients were randomly
assigned to be treated with hypothermia (33 °C initiated within 6
hours after injury), maintained for 48 hours by means of surface
cooling, or normothermia. They concluded that the procedure is
not effective in improving outcomes in patients with severe TBI.
Nonetheless, subsequent analyses identified several factors that
might improve the effects of mild TH for treating patients with
TBI in clinical settings. Authors suggested that hypothermia was
not induced quickly enough to produce a benefit in normother-
mic patients, and that rewarming patients who arrived hypother-
mic was detrimental.

Ten years later, NABIS: H II was performed as a ran-
domised, multicentre clinical trial of young patients with seve-
re TBI who were enrolled within 2.5 h of injury at six sites in
the USA and Canada.*® Patients were either cooled to 33 °C for
48 h and then gradually rewarmed or treated at normothermia.
This trial did not confirm the utility of hypothermia as a primary
neuroprotective strategy in patients with severe TBI. Nonethe-
less, exploratory subgroup analyses revealed that in patients
with surgically removed hematomas the hypothermia group had
better outcomes, while in patients with diffuse brain injuries the-
re was no significant difference in outcomes.

Very recently, Dunkley and McLeod have culminated
data from eight peer-reviewed studies and concluded that TH
had increased benefits in patients with haematoma-type injuries
as opposed to those with diffuse injury and contusions.*® It also
suggests that cooling should be reconsidered if rebound intrac-
ranial hypertension ensues. They postulated that TH can have a
positive impact on patient outcome, but more research is requi-
red.

Emerg Med Open J

Early after penetrating brain injury (PBI). Regional
cerebral oxygen tension and consumption significantly decrea-
sed in the ipsilateral cortex in the PBI group compared with the
control group.’’” At the same time point, glucose uptake was sig-
nificantly reduced globally in the PBI group compared with the
control group.

The guideline of the Brain Trauma Foundation (BTF)
constructed the base for a meta-analysis of eight relatively com-
parable RCTs, and pointed out a significant risk reduction of
mortality (RR 0.51; 95% CI 0.33-0.79) and favourable neuro-
logical outcomes (RR 1.91; 95% CI 1.28-2.85) when hypother-
mia was maintained longer than 48 hours.* This was in accord
with the findings of Mclntyre et al*'. These results prompted
BTF to issue a Level III recommendation for the use of hypot-
hermia in TBI in adult patients.

Maekawa et al*® conducted a multicenter controlled
Brain-Hypothermia (B-HYPO) Study- in patients with severe
TBI (GCS 4-8). The randomized controlled trial was designed in
Japan to compare the neurological outcomes between TH (32-34
°C) and strict temperature control (35.5-37 °C) for patients with
TBI between 2002 and 2008. There were no significant differen-
ces in the likelihood of poor neurological outcome or mortality
between the two groups. One year later, Hifumi et al*® performed
a post-hoc study to re-evaluate data based on the severity of tra-
uma as abbreviated injury scale (AIS) 3-4 or AIS 5 and com-
pare Glasgow Outcome Scale score and mortality at 6 months.
The fever control group demonstrated a significant reduction of
TBI-related mortality compared with the MTH group (9.7% vs.
34.0%, p=0.02) and an increase of favorable neurological outco-
mes (64.5% vs. 51.1%, p=0.26) in patients with AIS 3-4, althou-
gh the latter was not statistically significant.

Marion, conducted a study that randomized 82 patients
and compared Glasgow Outcome Scores at 3, 6, and 12 months
in 1997.2° They found no difference in mortality, but more pa-
tients in the hypothermia group had better outcomes. Analysis
by initial severity level revealed that the benefit occurred in the
patients who were less severely injured (with initial GCS scores
of 5 to 7) while there was no statistically significant benefit in
patients who were more severely injured (those with lower GCS
of 3 or 4).

A systematic review of 22 randomized controlled trials
of mild-to-moderate hypothermia (32 to 35 °C) following TBI
noted a small but significant decrease in the risk of death (RR
0.76, 95% CI 0.60-0.97) or poor neurologic outcome (RR 0.69,
95% CI 0.55-0.86) among more than 1,300 patients treated, but
noted that significant benefit was seen only in low quality tri-
als.* The time-dependent effect of hypothermia was evaluated
by Jiang et al. for TBI.*! This randomized study of 215 patients
with severe TBI demonstrated that prolonged hypothermia
(5+1.3 days) was more effective than conventional hypothermia
(2+0.6 days) in reducing the number of patients with poor neuro-
logical outcomes. Cooling blankets were used in both patients
arms to reach 33-35 °C of rectal temperature. In a more recent
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multicenter, multinational, randomised controlled trial on indu-
ced hypothermia, Adelson et al*> hypothermia for 48 h with slow
rewarming does not reduce mortality of improve global functio-
nal outcome after paediatric severe traumatic brain injury.

Hypothermia can be administered either early after in-
jury and prior to intracranial pressure elevation, in which case it
is termed “prophylactic,” or as a treatment for refractory intra-
cranial pressure elevation, typically referred to as “therapeutic.”

Guidelines: BTF has published guidelines to highlight and mi-
tigate effects of TBI in humans in 2016 and cited “prophylactic
hypothermia”as a Level IIB recommendation - i.e., low-quality
body of evidence.** They mentioned that “early (within 2.5 h),
short-term (48 h post-injury), prophylactic hypothermia is not
recommended to improve outcomes in patients with diffuse in-

L3

jury”.

The Pediatric TBI Guidelines provided the knowledge
and background for standard management of children following
severe TBI and highlighted that there are very few clinical stu-
dies to date.** Despite the lack of clinical data in children, TH
may be considered in the setting of refractory intracranial hyper-
tension.

Treatment of intracranial pressure may be considered at
a threshold of 20 mmHg.

Level II—Moderate hypothermia (32-33 °C) beginning early af-
ter severe TBI for only 24 hrs duration should be avoided,;
Level II—Moderate hypothermia (32-33 °C) beginning within 8
hrs after severe TBI for up to 48 hrs’ duration should be conside-
red toreduce intracranial hypertension;

Level II—If hypothermia is induced for any indication, rewar-
ming at a rate of 0.5 °C per hour should be avoided;

Level III—Moderate hypothermia (32-33 °C) beginning early
after severe TBI for 48 hrs duration may be considered.®

Hypothermia induction should be started as soon as
possible to minimize neurologic damage. Infusing cold fluids,
e.g., Ringer’s lactate >25 ml/kg at 4°C, is the easiest and most
effective method for inducing hypothermia.*

Fever worsens outcome after stroke and probably se-
vere head injury, presumably by aggravating secondary brain
injury.”’ Current approaches emphasize maintaining normother-
mia through the use of antipyretic medications, surface cooling
devices, or even endovascular temperature management cathe-
ters. However, this approach has not been systematically tested
with regard to clinical outcome. Similarly non-induced hypot-
hermia has been associated with an increase in mortality after
TBL#

Induced hypothermia has been a proposed treatment for
TBI based upon its potential to reduce ICP as well as to provi-
de neuroprotection and prevent secondary brain injury.** On the
other hand, some systematic reviews and meta-analyses found
similar but more borderline benefits for death and neurologic
outcome as well as an increased risk for pneumonia.’!**#-5! Two
trials of hypothermia therapy in children with TBI have shown
no improvement in neurologic or other outcomes; one showed a
non-significant increase in mortality.*>>

Mclntyre et al*! conducted a systematic review of all
randomized controlled trials of TH for at least 24 hours compa-
red to normothermia in victims of TBL.*! They concluded that
TH may reduce the risks of mortality and poor neurologic outco-
me in adults with TBI. Outcomes were influenced, however, by
depth and duration of hypothermia as well as rate of rewarming
after discontinuation of the procedure.

Substantial variability among studies in the depth and
duration of hypothermia, as well as the rate of rewarming limit
the ability to draw conclusions from these studies. A newer trial
examined the potential benefit of TH when initiated within two

Table 2: Emergent and Intensive Care Management of Patients with TBI via Induced Hypothermia.

Step Why necessary?

Notes-pitfalls

Tight control of serum

glucose neuronal membrane damage and sepsis

Hyperglycemia is associated with excitotoxicity,

There is a decrease in insulin sensitivity and insulin secretion.
Hyperglycemia should be treated with I.V. insulin therapy and close
monitoring

Monitor cardiac rhythm Avoid arrhythmia.

Ventricular arrhythmias are seen more commonly in severe hypothermia.

Electrolyte disorders Hypokalemia and hypomagnesemia

Can cause arrhythmias, muscle weakness and altered mental status

pH, coagulation markers, electrolytes, renal

Monitor blood parameters  andhepatic function. Drug metabolism may be

distorted, thus drug levels should also be studied.

Care for potential infective
sources

Provide good oral hygiene, monitér IV lines,
administer respiratory therapy and keep suctioning.
Gut lumen washout and administration of
non-absorbable antibiotics through the nasogastric
(NG) tube in patients cooled for three days or longer
(PKHT)

Slow rewarming

(<=0.1°C/ hour) and halt or reverse the rewarming
in response to prolonged ICP spikes. Monitor for
hyperkalaemia.

Rewarming at a rate of >0.5°C per hour should be avoided.

Emerg Med Open J
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to five hours of TBI in a selected group of younger patients and
found no benefit of treatment on mortality or neurologic outco-
mes.* Given the uncertainties surrounding its appropriate use,
some authors put forth that TH treatment should be limited to
clinical trials, or to patients with elevated ICP refractory to other
therapies.***3 Table 2 describes emergent and intensive care
management of patients with TBI via induced hypothermia.

CONCLUSION

Although, the exact mechanisms are still elusive, it is known
that hypothermia exerts its effects in many pathways of injury
in TBI. TH has a potential to improve outcomes in trauma and
specifically, TBI when applied early to gain time for intervention
to restore the circulation, and as a way of preventing secondary
injury. It should be noted that the evidence is not yet sufficient
to recommend routine use of TH for TBI outside of research
settings.
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