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The effect of therapeutic temperature management
on cell death and apoptosis in resuscitative attempts

Abstract

Cardiac arrests (CA) occurred in- and out-of-hospital is the plague of the modern day
and therapeutic temperature management (TTM) is claimed to be a remedy against
this. TTM is practised mainly in the treatment of adult cardiac arrest and neonatal
hypoxic-ischemic encephalopathy (HIE). Neurologic injury is the most common
cause of death in patients with OHCA. TTM is commonly recommended for survivors
of cardiac arrest as a common final pathway of various mechanisms to alleviate the
neurologic injury. TTM 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 TTM to a target temperature 32 to 34°C in the initial
hours after cardiac arrest improves the neurologic outcome of resuscitated patients.
TTM acts in many fields by affecting several injury mechanisms concurrently to
reduce death rate of the brain cell. This article is written to review the current literature
to summarize data regarding cellular injury following CA and effects attributed to the
procedure of TTM in the emergency setting.
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Introduction

Therapeutic temperature management (TTM) is launched to be a
solution against high mortality rate of in- or out-of-hospital cardiac
arrests (CA). The technique is mostly undertaken in the treatment of
adult CA and neonatal hypoxic-ischemic encephalopathy (HIE). It
is also performed to provide neuroprotection during certain types of
surgery and after serious events that threatens the brain.

TTM 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)."? The technique can be separated into three phases: induction,
maintenance and rewarming; and each phase produces several changes
in normal physiology. Very recent literature data pointed out that in
real-world practices without a strictly controlled environment, TTM
can improve survival and favorable neurological outcome in post-CA
patients independent of initial rhythm.* Furthermore, international
consensus groups and committees recommended TTM for adults
with CA with an initial shockable rhythm at a constant temperature
between 32°C and 36°C for at least 24hours.* In the post-resuscitative
period, TTM is thought to mitigate neurologic reperfusion injury by
decreasing cerebral oxygen consumption and biochemical damage.5
TTM was postulated to offer an extended therapeutic window
to restore the integrity of circulation, with the brain maintained
in a protective, hypo-metabolic state. Prolonged, moderate
cerebral hypothermia initiated within a few hours after severe HIE and
maintained until resolution of the acute phase of delayed cell death is
reported to reduce acute brain injury in term infants and in adults after
CA.% The specific mechanisms of hypothermic neuro protection are
not yet clear, partly because TTM suppresses a myriad of potential
injurious factors. This article is written to review the current literature

to summarize data regarding cellular injury following CA and effects
attributed to the procedure of TTM in the emergency setting.

Cardiac arrest, cell death and TTM

In the course of ischaemic brain injury, necrotic cell death or
apoptosis can ensue in the brain cells.” More specifically, there are
three phases of brain injury in patients with CA.%’ The first phase
is intra-arrest ischemic injury due to absence of blood flow. Failure
of energy, ischemic depolarization of cell membranes, release of
excitatory amino acids, and cytosolic calcium overload are noted in
this phase. Irreversible injury can ensue should prolonged ischemia
takes place. The second phase comprises immediate reperfusion
injury seen after successful resuscitation. In this phase, the resumption
of oxidative phosphorylation can cause production of reactive
oxygen species, calcium overload and permeability transition in the
mitochondria, which trigger cell death signaling. The third phase
consists of post-reperfusion injury encountered late after resuscitation.
Secondary calcium overload in the neural cells, pathologic protease
activation, and altered gene expression and inflammation can occur
and can last for several days.!’ Proper resuscitation is essential and
effective in restoring energy stores in the brain tissue. A diminution
in cerebral metabolism at low temperatures may enlighten why
hypothermia can protect brain cells in ischaemic conditions. It has
been shown empirically that brain glucose turnover is reduced by
5% for every degree the temperature is lowered." Assuming a direct
correlation between metabolism and neuroprotection, cooling to
33°C, for example, should end up with a one-fifth reduction in cellular
damage.'>"3

Mild hypothermia (32°C to 34°C) induced via TTM technique
for brain protection was performed for a long time in a number of
surgical procedures and circulatory arrest states. The synthesis,
release and uptake of certain catecholamines and neurotransmitters
are inhibited by TTM.'*!5 Inhibition of glutamate and dopamine, for
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example, prevents probable damage to the tissues.'®!'” Blood-brain
barrier is reportedly maintained via TTM;!® TTM also helps protection
of adenosine triphosphate (ATP) stores.!” TTM acts in many fields by
affecting several injury mechanisms concurrently® to reduce death
rate of the brain cell. Apoptosis can be halted by TTM affecting both
caspase-dependent and caspase-independent cellular mechanisms.
In addition, certain cold shock proteins can augment cell survival by
inhibiting apoptosis specifically during cooling.'> The accumulation
and release of glutamate are decreased, and thus effects on glutamate
receptors can reduce hazards of calcium influx into cells.” Hypothermia
can inhibit inflammatory responses to ischaemia, such that formation
of oxygen free radicals, reactive nitrogen compounds, cytokines and
matrix metalloproteases.?’-*

Inflammatory and immune response

Post-arrest patients have a modest systemic inflammatory
response compared to healthy controls, associated with lower
HLA-DR expression and attenuated immune response to Gram-
negative and Gram-positive antigens.? Inhibition of the exaggerated
systemic inflammatory response syndrome is thought to be one
of the mechanisms through which TTM can mitigate the harmful
effects of ischemia-reperfusion. In a pig model of CA, TTM reduced
expression of pro-inflammatory cytokines within the brain.** Also in
other models of hyper-inflammatory conditions, TTM reduced organ
failure associated with a decrease of the inflammatory response.>?
Cooling modulates production of a range of inflammatory mediators
implicated in secondary brain injury. Chen et al.,** assayed levels
of six of these in a swine model of lethal haemorrhage, applying
cardiopulmonary bypass with a hyperkalaemic perfusion fluid after
30minutes of haemorrhage. Cooled animals exhibited decreased
serum levels of pro-inflammatory IL-6, compared to controls. Levels
of a protective heat shock protein, 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 include IL-1pB, IL-18 and TNF-a, and modulation of this
response is observed in the process of TTM.*!

Beurskens et al.,” conducted a cohort study to enlighten the
impact of TTM on immune response after CA. They reported that CA
patients maintained in mild hypothermia (at 36°C) had higher plasma
cytokines levels than that of healthy controls, which was not apparent
in patients kept at 33°C. Immune response to toll-like receptor (TLR)
ligands in patients after CA was generally reduced and associated with
lower HLA-DR expression. Patients kept at 33°C had preserved ability
of immune cells to respond to lipopolysaccharide and lipoteicoic acid
compared to patients kept at 36°C. These differences disappeared
over time. HLA-DR expression did not differ between 33°C and
36°C. Patients with a body temperature of 33°C did not differ from
patients with a body temperature of 36°C, suggesting TTM does not
affect immune response in patients with CA.

Some animals studies focused on cell survival
andTTM

Hypothermia was shown to potentiate the activation of various
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 hippocampus, which
indicates an important role of hypothermia in cell survival.?> One of
the mechanisms that postulate the protective effect of hypothermia
against hazards of head injury is attenuation of the expression of
various pro-inflammatory cytokines taking part in the pathogenesis
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of injury such that IL-1pB, IL2, IL6 and TGFf-2.33* A study showed
that IL-10 production was reduced in rat microglia cultures under
hypothermic conditions, suggesting that the neuroprotective effects
of hypothermia may paradoxically involve the suppression of anti-
inflammatory cytokines as well.>> Cooling also suppressed the
X-linked inhibitor of apoptosis protein cleavage thus promoting
its binding onto caspases and inhibiting the protease activity.*
Using an ischaemia-reperfusion model, Kobayashi et al.,’” screened
24,000 genes using high density oligonucleotide microarray and
found that the expression 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
otherwise contribute to the cycle of secondary injury. In a recent study
Moffatt et al.,* conducted a systematic 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 TTM in the management of cell survival in
the context of head injury. Although the exact mechanisms are still
unknown, it is apparent that hypothermia exerts its effects in many
pathways of injury in brain trauma.’

Conclusion

TTM acts in many fields by affecting several injury mechanisms
concurrently to reduce death rate of the brain cell. Although the exact
mechanisms are still unknown, it is apparent that hypothermia exerts
its effects in many pathways of injury in both patients with head
trauma and those resuscitated from arrest situations.
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