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Abstract

Therapeutic hypothermia has been used for millennia, but more recently, tar-
geted temperature management has caught physician’s interest as the main neu-
roprotective strategy for cardiac arrest patients who remain comatose after return
of spontaneous circulation. Randomized clinical trials have shown benefits in
neurologic and mortality outcomes when lowering body’s core temperature to
mild-to-moderate ranges of hypothermia, in conjunction with strict hyperthermia
prevention measurements. The International Liaison Committee on Resuscitation
recommends in their current guidelines to use a target temperature between
32 °C and 36 °C, for at least 24 h, in post-cardiac arrest patients, regardless of
their initial rhythm (shockable vs. non-shockable). Therapeutic hypothermia
consists of three well-defined phases: induction, maintenance, and rewarming.
Each of these phases has very specific physiologic and clinical considerations for
optimal patient management. The optimal dose, the induction and maintenance
method, and the temperature monitoring technique remain unclear and are the
focus of future research. Despite the overwhelmingly positive data regarding the
benefits of therapeutic hypothermia, this technique remains underused. Clinicians
should be familiar with this therapeutic intervention.
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17.1 Overview

Cardiac arrest (CA) remains as one of the main causes of death, accounting for over
500,000 deaths per year just in North America [1]. Overall, CA survival seems to be
improving due to advances in cardiopulmonary resuscitation and post-cardiac arrest
care. Targeted temperature management (TTM) or therapeutic hypothermia (TH)
has demonstrated to improve survival and neurologic outcome when used as a
postresuscitation technique in patients with postanoxic/hypoxic encephalopathy
[2-5]. For its utilization in CA, support came from the results of two multicenter
randomized controlled trials (RCTs) in 2002 and 45 nonrandomized studies. The
American Heart Association and the European Resuscitation Council recommend
TTM use since 2003, and despite the overwhelming positive results, the implemen-
tation rate of TTM in many countries remains low [6].

Nielsen and coworkers in 2013 reported results from a large randomized clinical
trial in 2013, in which they cooled down CA patients to either 33 °C or 36 °C and
found no survival or neurological outcome difference. This trial remains highly con-
troversial with people accepting Nielsen’s study results and others remaining con-
vinced that 32-34 °C are adequate target temperatures. The TTM Trial by Nielsen
has been criticized for its possible selection bias, delays in cooling initiation of up
to4 h, up to 10 h to reach a target temperature of 33 °C, and excessively fast rewarm-
ing rate, among other issues [7].

Following Nielsen’s findings, a leading center in CA conducted a retrospective
cohort study after changing their TTM approach from 33 °C to 36 °C, and they
found their fever rates increased (0% vs 19%), and there was a decrease in alive
discharges (71% vs 58%) and home discharge with good neurological outcome
(71% vs 56%) [8].

In this chapter, the authors will review the history of TH, pathophysiology of
ischemic-reperfusion injury, protective mechanisms of TTM, physiology of cool-
ing, current indications for TH, controversies, and future directions.

17.2 Historical Aspects of Therapeutic Hypothermia

Therapeutic hypothermia dates back millennia. Hippocrates recommended the use
of snow and ice packing to diminish blood loss in the injured [9]. The modern clini-
cal use has been documented for the last 217 years [10]. In 1803, the “Russian
method of resuscitation” was described as burying in snow CA patients in an attempt
to resuscitate them [11]. The surgeon Baron Dominique-Jean Larrey was intrigued
by how injured soldiers could sustain the pain in cold temperatures and described
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how injuries exposed to either ice or cold temperatures bled less when compared to
those in warmer weather. In 1812, Baron Larrey, as Napoleon’s chief surgeon, dur-
ing the Russian campaign, used TH to better preserve wounded limbs and as an
anesthesia method prior to amputations [12].

Dr. Temple Fay, the head of the Neurosurgery Department at Philadelphia’s
Temple University Hospital, is attributed as having introduced TH, both localized
and whole body, to the modern medical setting. Fay conducted a series of experi-
ments in the 1990s to assess the effects of varying temperatures on tissue growth of
both normal and cancerous cells. He reported that cellular differentiation in chicks
practically stopped at 32.2 °C. With these findings, he felt confident applying his
knowledge at the bedside, thus beginning the largest series of hypothermia experi-
ments in humans of its time, which would eventually end up catalyzing hypothermia
usage in mainstream modern medicine [9, 13, 14].

Fay’s first hypothermia patient was a woman with metastatic breast cancer and
neoplasm-related pain. He started his therapy by applying cold locally to the breast
tumor area for weeks. After repeat biopsies, regression was noted, and the local
infection seemed cured. With this evidence at hand and concerned of the persistent
generalized pain, he decided to attempt to reach deeper structures. In 1938, Fay
“cooled” this lady to 32 °C for 24 h, utilizing what he called “generalized refrigera-
tion” (ice packs), and successfully rewarmed her. He reported a reduction in pain
symptoms in 95.7% of surviving patients with a mortality rate of 10% [14, 15].

Bigelow and McBirnie found a possible use for TH during cardiac surgery in an
animal model. They reported that during deep hypothermia (<25 °C), the area of
neurological injury had less bleeding, cerebral edema, and inflammatory response
[16]. One year later, in 1954, Rosomoff and collaborators demonstrated a direct
relationship between core body temperature and intracranial pressure. These
researchers proved that hypothermia decreased the cerebral blood flow and the met-
abolic rate in dogs as they were cooled from 35 °C to 26 °C [17, 18].

Benson, a professor of anesthesia at Johns Hopkins, conducted in 1958 the first
clinical trial of TH outside the operating room, specifically in comatose post-cardiac
arrest patients. This therapeutic measure showed 50% survival in the hypothermia
group (33 °C) vs. 14% in the normothermic group [19].

Although studies in the 1970s showed promising results, between the 1960s and
1990s, TH research slowed down due to the recognition of clinical complications
(mainly cold-induced coagulopathies). True resurgence of interest for TH occurred
until the late 1980s, with advances in management of coagulopathies [14, 20].

It was not until 2002 that the American Heart Association (AHA), followed by the
European Resuscitation Council in 2003, recommended TH as a post-resuscitative
measure for out-of-hospital cardiac arrest patients that remained comatose after
return of spontaneous circulation (ROSC). This recommendation was based on the
results from two multicenter, prospective, randomized, controlled, clinical trials pub-
lished in 2002 [21, 22]. One of the studies was conducted in Europe, in which 275
patients with cardiac arrest secondary to ventricular fibrillation were enrolled; 137
patients were managed at mild hypothermic ranges (32-34 °C) for 24 h, and 138
were normothermic control patients. The hypothermia group showed improved
favorable outcomes in 55% of patients vs. 39% in the normothermic group [3].
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The other 2002 study was done by Bernard and colleagues in Australia, in which
they enrolled 77 patients, all of which had an initial rhythm of ventricular fibrilla-
tion. They were divided into two groups: a hypothermia group (a target temperature
of 33 °C for 12 h) with 43 patients and a normothermia control group with 34
patients. Forty-nine percent of patients in the hypothermia group had a favorable
neurological outcome vs. 26% in the normothermia group [2].

These two randomized, clinical trials once again sparked physician’s interest in
TH, not only inside the operating room, or in post-cardiac arrest patients, but also in
many other instances. However, before talking about present-day indications, it is
imperative to review the pathophysiology of ischemic/reperfusion injury and the
physiologic rationale behind the beneficial effects that hypothermia confers when
used promptly in postanoxic/hypoxic patients.

17.3 Pathophysiology of Ischemic Insult
and Reperfusion Injury

The return of spontaneous circulation after a CA in which the patient was subject to
prolonged whole-body ischemia will give place to a complex pathophysiological
state, originally coined postresuscitation disease by Dr. Vladimir Negovsky in 1970
[23]. Although appropriate for its time, “postresuscitation” implies that resuscita-
tion has been achieved, due to which in 2008 the term was changed to post-cardiac
arrest syndrome (PCAS) [24].

Even though prolonged whole-body ischemia will cause global tissue and organ
damage, there will be additional insult during and after ROSC due to reperfusion
injury. Ischemia/reperfusion response, post-cardiac arrest brain injury, post-cardiac
arrest myocardial stunning, and persistent damage by the underlying pathology pre-
cipitating the cardiac arrest are the main components of PCAS [24-26]. The clinical
presentation of PCAS resembles a systemic inflammatory response syndrome
(SIRS)/sepsis-like state which will vary individually depending on the severity of
the ischemic injury, the underlying cause of the CA, and the patient’s comorbidities
[27-29]. Making this even more complex, determining the exact incidence and
prevalence of this phenomenon is a challenging task, as there is no simple diagnos-
tic test; hypotension, reduced cardiac output, usage of vasopressors, and laboratory
abnormalities, among others, have been used as screening methods for PCAS but
have failed to be reliable [28, 30, 31].

A pathophysiological approach to PCAS would be to define the phases according
to time. The immediate post-arrest phase occurs in the first 20 min after ROSC. Early
post-arrest phase lasts from 20 min to the first 12 h after ROSC, a period in which
early therapeutic interventions might be the most beneficial. The intermediate phase
is between 12 h and 72 h post-ROSC, during which ischemia/reperfusion injuries
are still ongoing and aggressive treatment can still be initiated. Lastly, the recovery
phase extends beyond 3 days, when prognostication is easier and outcome is more
predictable [24, 25]. Understanding the pathophysiology behind the ischemia/reper-
fusion injury that occurs during the CA and afterward during PCAS will be the
deciding factor for adequate individualized treatment for patients.
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The ischemic injury starts seconds after the arrest even if the patient experienc-
ing the CA is lucky enough to have a bystander who can initiate cardiopulmonary
resuscitation (CPR) in an early fashion. Under perfect conditions, CPR generates
1.3 I/min of forward flow (15-25% of normal cardiac output), which can only main-
tain about 30% of the baseline cerebral blood flow (CBF). This flow rate usually is
not able to generate a coronary flow that keeps up with the demands of a dysfunc-
tional heart [32-34]. Due to this, brain injury and myocardial instability manage-
ment have proved to be the main survival determinants after a CA [35]. In 2005,
Laver and company identified that two-thirds of post-cardiac arrest patients admit-
ted to the intensive care units died due to neurological injury [36].

The central nervous system (CNS) receives about 30% of total cardiac output
[37]. During CA, the CBF stops completely, reducing the delivery of oxygen and
glucose. Consciousness is lost within the first 10 s, and by 20 s, the neurological
oxygen reserve is depleted, followed by isoelectric electroencephalographic activity
in the next couple of seconds [20, 34]. As previously mentioned, even with CPR, the
CBF is only 15-30% of the baseline [37]. The CNS is only suited to tolerate brief
periods of ischemia as glucose and adenosine triphosphate (ATP) stores are com-
pletely lost by 5 min of circulatory arrest, making this a critical period during which
tissue can still be salvaged [19, 38, 39]. Energy depletion enhances anaerobic
metabolism increasing lactate, hydrogen, and phosphate production, promoting tis-
sue acidosis [34, 40]. The pathological mechanisms that ensue after cardiac arrest
will lead to cell death by both necrosis and apoptosis.

During ischemia, due to the depletion of oxygen and glucose, there will be a
rapid reduction/depletion of ATP production and ATP reserves. By not having
enough oxygen available to be used as the final electron acceptor in the mitochon-
dria, there is a REDOX shift toward reduction, causing an increase of electron-rich
metabolites which cannot follow the regular mitochondrial cytochrome oxidase
pathway. This begins an electron “leakage” within the mitochondria, thus starting
the production of reactive oxygen species (ROS), also known as free radicals, dur-
ing the ischemia phase [41-43]. At the same time, ATP deficiency generates a dis-
ruption of ion homeostasis by affecting the transmembrane transport structures like
Na*/K+-ATPase and Ca**-ATPase pumps. Inhibition of these pumps leads to an ion
gradient shift, which causes an increase in interstitial K* and intracellular Ca*, giv-
ing rise to an excitotoxic release of extracellular glutamate from presynaptic nerve
terminals and astrocytes [44—46].

Even in the subacute phase of ischemic/reperfusion insult, after restoration of
circulation and replenishment of energy reserves, tissue injury will persist. The
damage will come from nocive pathways that started during the acute ischemia
phase, plus secondary reperfusion mechanisms, all happening simultaneously [47].

N-Methyl-D-aspartate (NMDA) receptors are activated by the, previously
described, increase of extracellular glutamate, as well as the increase of body tem-
perature that occurs after ROSC [19, 20]. Activation of NMDA receptors further
increases intracellular Ca** levels via glutamate receptor-gated ion channels [48].
By activating NMDA receptors, the postsynaptic cells will have an influx of Na* and
ClI-, thus generating an intracellular hyperosmolar state with consequent influx of
water to the cell. The end result of this influx will be a decrease of the inhibitory
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effect that Mg?* has on NMDA receptors, thus making them more sensitive to glu-
tamate levels, which allows more Ca®* entrance, promoting cellular edema and
eventual neuronal necrosis [40, 49]. It’s important to understand that this increase in
intracellular Ca** creates a harmful positive feedback loop that dictates glutamate
release, all of which is completely dependent on the severity of the ischemia [50].
Overall, the elevation of intracellular Ca> will activate a cascade of calcium-
dependent enzymatic pathways (proteases, nucleases, and lipases) that contribute to
cell membrane disintegration and eventual tissue necrosis [37, 48].

In normal conditions, the endoplasmic reticulum and the mitochondria can
sequester Ca** if the intracellular levels increase, but during anoxia and ischemia,
this regulatory mechanism is impaired [40]. Calcium regulation by the mitochon-
dria is ATP and oxygen dependent, and as explained, within seconds to minutes
after the CA*, the ATP and oxygen reserves are completely depleted [19, 20, 34].
During ischemia, as Ca** influx is first happening, the mitochondria are able to buf-
fer some of it by sequestering some of the Ca**, which leads to mitochondrial depo-
larization and overall mitochondrial dysfunction [9, 40].

The mitochondrial dysfunction is mainly caused by an increase in the perme-
ability of the inner mitochondrial membrane (IMM) that occurs due to both the
electron leakage and the opening of permeability transition pores (PTPs) [42, 49].
These pores are multiprotein complexes that create nonselective pores in the IMM
that contribute to the IMM depolarization, which transforms the mitochondria
from an ATP producer organelle to an ATP consumer by reversing the ATP syn-
thase pump action, in an attempt to maintain the membrane potential [51].
Mitochondrial PTPs appear to be sensitive to Ca’*, pH, voltage changes, and
REDOX reactions. With reperfusion, mitochondria are at high risk of PTP open-
ing due to the increase of intracellular Ca?* levels, the alkalosis seen as the acido-
sis is washed away, and the increase of ROS that first started with the electron
leakage and the synthesis of nitric oxide due to glutamate excess [9, 50, 52, 53].

After ROSC, due to the sudden oxidative stress experienced with reperfusion and
reoxygenation, there will be a secondary rapid increase of ROS, mainly in highly
metabolically active organs, like the brain and heart [43, 41, 54]. These free radicals
are a result of different pathways, mainly mitochondrial dysfunction, uncoupled
nitric oxide synthase, glutamate and consequent activation of NMDA receptors,
arachidonic acid, and catecholamines [40, 41, 54, 55].

Since 1995, Globus and colleagues demonstrated that ROS production and glu-
tamate release into extracellular space are temperature dependent [40, 56]. This
becomes clinically relevant when we take into consideration the pyrexia that patients
experience post-ROSC, as this pyrexia enhances the damaging effects of free radi-
cals, when patient’s temperature increase by >0.5 °C over 37 °C [19, 20]. Free radi-
cals will cause oxidative damage, post-ROSC, by acting in DNA, lipid membranes,
proteins, and enzymes, eventually leading to cell death [40, 41, 54].

Both ischemia and reperfusion mechanisms play a big role in the cell’s fate.
Ischemia primes mitochondria for PTP opening, and reperfusion triggers PTP open-
ing. Depending on the severity of PTP opening, the mitochondrial membrane depo-
larization will be either transient or sustained. If the depolarization is severe,
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cytochrome C, along with other apoptogenic factors (apoptosis-inducing factor,
Smac/DIABLO, and Apa-1), can leak from the intermembrane space into the cyto-
sol, activating both caspase-dependent and caspase-independent pathways which
culminate in mitochondrial-mediated apoptosis days to weeks after the ischemia
episode [40, 51, 52, 54, 57].

The combination of elevation of intracellular Ca’* and production of ROS due to
ischemia/reperfusion mechanisms contributes to cell membrane disintegration and
eventual neuronal death by either necrosis or apoptosis, mainly observed in neuro-
logic and myocardial tissue [19, 20, 43, 58].

Due to the nature of the pathophysiology described in PCAS, the main goals of
treatment in post-cardiac arrest patients should be identifying and treating the pre-
cipitating cause of the cardiac arrest, minimizing the brain injury, controlling the
cardiovascular dysfunction, and managing any metabolic issues that arise from the
ischemic/reperfusion insult [24]. One therapeutic approach that allows healthcare
providers to address multiple of these potential issues is TH, as it has proven to have
beneficial effects in multiple of the damaging pathways of the ischemic/reperfu-
sion insult.

17.4 Protective Mechanisms and Effects
of Therapeutic Hypothermia

Therapeutic hypothermia was first used under the rationale that its protective mech-
anism was completely due to slowing the metabolic rate, specifically the cerebral
metabolism [59]. Cerebral oxygen consumption, glucose utilization, and lactate
production are all temperature-dependent processes which benefit from hypother-
mia induction [19]. Cerebral metabolic rate is estimated to decrease 6—7% for each
1 °C below a body core temperature of 37 °C [60].

During the ischemic episode, CBF has either completely stopped or is signifi-
cantly reduced. As circulation is restored (ROSC), hyperemia occurs in cerebral
vessels, followed by a steady decline of blood flow over a period of hours.
Therapeutic hypothermia has shown to blunt the hyperemia episode seen in the
immediate post-ROSC phase. Avoiding this increase of blood flow allows the brain
to preserve its energy reserves of ATP and to maintain the pH [50].

As previously explained, ATP is needed to maintain ion gradients, and when
reserves are depleted, as it happens during ischemia, there is a rapid calcium influx
which leads to the increased release of glutamate and other excitotoxic amino acids.
Hypothermia plays a role in preventing this excitotoxic cascade by limiting the cal-
cium influx by multiple mechanisms. Preserving ATP levels minimizes ion pump
malfunction, reducing intracellular calcium entrance. One study showed that hypo-
thermia decreases the ischemia-induced downregulation of the glutamate receptor 2
(GluR2) subunit of the AMPA receptor, which is thought to play a role in limiting
calcium influx [61]. Hypothermia further prevents calcium influx by affecting
NMDA receptors. N-Methyl-D-aspartate receptors are temperature dependent, so as
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patients are cooled down, these receptors are inhibited [20, 48]. Also, hypothermia
reduces brain glycine levels which makes NMDA receptors more responsive to glu-
tamate levels, so by reducing glycine levels, the NMDA-glutamate pathway is
blunted [40].

The protection TH confers to post-cardiac arrest patients cannot be fully
explained by the prevention of ATP depletion or blunting of the excitotoxic cascade
due to a decrease of intracellular calcium influx and glutamate release. Still during
the acute ischemic phase, TH affects early gene expression. Expression of 70-kDa
inducible heat shock protein (HSP70) increases during hypothermia, thus enhanc-
ing its neuroprotective properties [50].

During the subacute phase of PCAS (1-7 days post-ischemia), reperfusion path-
ways in conjunction with the ischemic mechanisms can widen the tissue injury [47].
Free radical formation is the main pathway by which reperfusion injures organs
[41]. Therapeutic hypothermia is useful in this subacute phase as ROS production is
another temperature-dependent process which slows down from cooling the patient
[19]. Additionally, inflammatory responses activate during this period, which lead
to cell death by both necrosis and apoptosis. Hypothermia affects these cell death
pathways in a way that favors cell survival [4].

In an ischemia setting, necrosis is caused because of the intracellular swelling
due to the ion pump malfunction. By allowing ion pumps to work, hypothermia
decreases cellular necrosis. The other cell death pathway is apoptosis, which con-
sists of two main pathways. The intrinsic pathway is found at mitochondrial level
and is initiated in response to “death signals” (DNA damage, hypoxia, and mito-
chondrial membrane instability). This pathway is highly regulated by antiapoptotic
molecules, such as those of BCL-2 family; apoptotic signals lead to a release of
cytochrome c from within the mitochondria to the cytosol, where it will activate the
caspase 9, which in turn activates caspase 3, eventually leading to apoptosis [40,
50]. Cooling can interfere with the intrinsic pathway by modifying the expression
of BCL-2 family members, decreasing cytochrome c release by the mitochondria
and decreasing caspase activation [62].

The extrinsic pathway starts outside the cell, by the activation of death receptors,
the FAS (apoptosis-inducing receptor) and FASL (ligand) being the most studied
extrinsic signaling pathway. Activation of death receptors leads to caspase 8 activa-
tion, which, same as in the intrinsic pathway, activates caspase 3, leading to apopto-
sis. Apoptosis has shown to suppress the expression of both FAS and FASL, thus
decreasing activation of the extrinsic pathway [50].

At the same time, while blunting cell death pathways, hypothermia has shown to
promote neuronal growth. Brain-derived neurotrophic factor (BDNF), glial cell-
derived neurotrophic factor (GDNF), and neurotrophin all help preserve neuronal
integrity, and hypothermia significantly increases its levels[40, 50]. The synergy
between hypothermia and BDNF has been reported to decrease neuronal damage
and reduce infarction size up to 40% [63].

In a way, TH decreases the magnitude of the damaging pathways that ensue dur-
ing and after a CA. The protective mechanisms come from preventing or decreasing
the energy depletion, thus diminishing the overall metabolic malfunction that
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develops afterward. In addition, TH promotes cell survival while blunting the cell
death pathways. Each of the three separate phases of injury seen in PCAS can
potentially benefit from TTM. The therapeutic usefulness will vary accordingly to
the severity of the ischemia, the cause of the CA, and the baseline comorbidities of
different patients, but overall, TTM will allow the body’s metabolism to slow down,
preventing further tissue damage and allowing, to some extent, the injured cells to
heal and regain function [64].

17.5 Physiology of Cooling and Clinical Considerations

As core body temperature decreases, for each 1 °C below 37 °C, the cerebral metab-
olism decreases 6—7%, along with brain oxygen and glucose consumption [60].
Therapeutic hypothermia improves the oxygen delivery to the ischemic areas of the
brain. Intracranial pressure (ICP) is reduced with TH because of a hypothermia-
induced vasoconstriction that decreases cerebral blood flow, thus decreasing ICP
and providing an anticonvulsant effect on the patient (which can be used to treat
refractory status epilepticus) [40].

The main physiologic responses to mild-to-moderate TH in the cardiovascular
system are a decrease in heart rate and an increase of the systemic vascular resis-
tance [65]. Recent studies have associated bradycardia during TH with better out-
come [66, 67]. This bradycardia is attributed to a prolonged action potential, as well
as less spontaneous repolarization of the cardiomyocyte [68]. In 2002, Lewis and
associates analyzed heart contractility of 10 patients who were under hypothermia,
at 33 °C, and reported that patients had an impaired contractility when the heart rate
was “artificially” sustained during hypothermia, thus demonstrating that the heart’s
contractility is directly related to a low heart rate [69]. Hypothermia will be accom-
panied by a release of catecholamine, which will cause an increase of the stroke
volume and initially an increase in cardiac output. As core temperature continues to
decrease, the effect over cardiac output will shift, but the mean arterial pressure will
be preserved due to the increase of the peripheral vascular resistance [58].

The catecholamine surge will also cause coronary artery vasodilation, improving
myocardial perfusion and oxygenation. This is clinically important, as TH not only
diminishes the overall metabolic rate and the oxygen demand but also increases
oxygen delivery to both brain and heart [50, 70].

When core temperature is 32 °C, the metabolic rate is 50-60% of baseline. The
oxygen consumption and carbon dioxide production shift in a parallel manner, giv-
ing rise to important respiratory considerations. Mechanical ventilation settings
need to be adjusted frequently because if left unchanged, patients are at risk of
hyperventilating [19], which could in turn cause cerebral vasoconstriction and affect
the oxygen delivery to an already injured brain. To manage ventilator settings
appropriately, blood gases should be taken frequently, especially during the induc-
tion phase [4].

Therapeutic hypothermia causes increased renal blood flow, which in turn causes
what is known as “cold diuresis.” This diuresis is especially relevant during
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induction phase, as the diuresis can cause hypovolemia, manifesting as hypoten-
sion. During this same phase, potassium will shift intracellularly, leading to hypo-
kalemia. Correction of the hypokalemia during induction phase can be harmful later
on during the maintenance and rewarming phases as the potassium will exit the cell
and cause rebound hyperkalemia. From an acid-base perspective, for every 1 °C
below 37 °C, the intracellular pH increases 0.016 points [65].

The ischemic injury in conjunction with hypothermia causes intestinal dysfunc-
tion. Patients will have a delayed gastric emptying due to a decrease of peristalsis
[71]. Traditionally, enteral feeding has been deferred until rewarming phase, but
recent studies have shown that enteral nutrition is feasible in patients undergoing
TH. It is important to keep in mind that predictive equations will most likely over-
estimate the patient’s nutritional needs due to the decrease in metabolic rate. Further
research is needed to define optimal feeding rates [72, 73].

Some associations between hypothermia and coagulopathies have been reported
[74]. At temperatures <35 °C, there will be mild platelet dysfunction, with some
inhibition of the coagulation cascade, prolonging both prothrombin and partial
thromboplastin times [75]. At the same time, with hypothermia, there is an increased
incidence of neutropenia, being pneumonia a common infection seen during
TH [47].

17.6 Applications and Indications of Targeted
Temperature Management

In the past decades, CA research has focused on methods to obtain more easily and
at a higher rate ROSC [24]. Cardiopulmonary resuscitation continues being the
treatment of choice to counteract CA, and despite the huge effort put into promoting
early initiation of CPR, mortality and neurologic morbidity remain high in post-
cardiac arrest patients with ROSC [46]. So, how do we manage post-cardiac arrest
patients? Therapeutic hypothermia with TTM is a therapeutic intervention that has
been implemented in an attempt to minimize the mortality and the neurologic dam-
age experienced in the PCAS. The initial rationale behind the clinical implementa-
tion of TTM was that it decreases the metabolic rate, thus allowing the injured brain
to heal [64].

In 2002, two multicenter, prospective, controlled RCTs showed a favorable neu-
rological outcome in post-cardiac arrest patients with ROSC who underwent hypo-
thermia vs. those who were managed with a normothermia approach [2, 3]. One
year after these clinical trials, the Advanced Life Support Task Force of the
International Liaison Committee on Resuscitation (ILCOR) wrote an advisory
statement, recommending for the first time that comatose adult patients with ROSC
after out-of-hospital cardiac arrest (OHCA) should undergo TH with TTM
(32-34 °C for 12-24 h) when initial rhythm, during the arrest, was ventricular fibril-
lation [21].

Nielsen and colleagues, in 2013, published an RCT that compares TTM at 33 °C
with TTM at 36 °C in OHCA patients, focusing in survival and neurological
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outcomes [76]. The results showed no difference in either outcome between both
target temperature groups, leading to a debate regarding expanding target tempera-
ture to 36 °C instead of 32 °C-34 °C, as the 2010 guidelines recommended. Many
centers understood Nielsen’s results as TTM no longer being required or that fever
control would suffice post-cardiac arrest management, which is not at all the case
[6, 59].

The ILCOR does not take part in the debate regarding ideal target temperature
that sparked after Nielsen’s TTM Trial. Instead, they continue to recommend TTM
use and expanded their previous temperature range recommendation of 32-34 °C to
a constant target temperature between 32 °C and 36 °C [77]. Specific information
about the ideal duration of TTM is lacking [59], due to which current recommenda-
tion is temperature control for at least 24 h since achievement of selected target
temperature, as it was done in the two largest randomized clinical trials in 2002 [77].

Traditionally, TTM had been reserved only for patients who remained comatose
after OHCA with an initial shockable rhythm [21, 64, 78, 79]. In 2015, the Advanced
Life Support Task Force of the International Liaison Committee on Resuscitation
and the American Heart Association Emergency Cardiovascular Care Committee
and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation
published an advisory statement with the most recent and current recommendations
for TH with TTM in post-cardiac arrest patients [77]. Between 2010 and 2015,
clinical trials showed a neurological benefit when TTM was used for both OHCA
with initial non-shockable rhythm and in-hospital cardiac arrest (IHCA) regardless
of initial rhythm [80-84], which prompted a change to prior guidelines. Current
guidelines recommend to:

e Initiate TTM for adult patients who remain comatose after ROSC in OHCA
which initially had a shockable rhythm.

e Initiate TTM for adult patients who remain comatose after ROSC in OHCA
which initially had a non-shockable rhythm.

e Initiate TTM for adult patients who remain comatose after ROSC in IHCA,
regardless of initial rhythm.

By making these strong recommendations, the task force group is stating that
essentially there are no patients in whom temperature control between 32 °C and
36 °C is contraindicated [85]. After 24 h of temperature control in between that
range, slow rewarming is recommended (<0.25 °C/h), followed by strict hyperther-
mia management [6, 77, 85]. This way, the ILCOR supports TTM as a protective
intervention from a neurologic and cardiovascular standpoint [77, 86].

There is conflicting data on benefit and risk of cooling induction in a prehospital
setting [87-92]. Current guidelines recommend against usage of large volumes of
cold fluid in a prehospital setting for induction of TH right after ROSC and make no
comment on other prehospital cooling techniques [85].

One year after the release of the current guidelines, in 2016, Schenone et al.
presented a meta-analysis and systematic review in which they reviewed the mortal-
ity and neurologic outcome when utilizing expanded criteria for targeted
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temperature in OHCA survivors [93]. Fifty-one percent of the patients included in
the meta-analysis had initially a shockable rhythm, with arrest times ranging from
20 to 34.6 min (a mean of 24.6) [93], which compares with the downtimes in the
TTM trial, which excluded patients with downtimes of more than 20 min [76].
Schenone showed that the use of TH correlates with a higher survival rate and a bet-
ter neurological outcome after OHCA, regardless of initial rhythm and with a more
flexible downtime window. These results seem to help elucidate the questions
regarding TTM usage, favoring TTM use in all cardiac arrest patients, even when
patients had a longer downtime or a delay in initiation of therapy [94].

Despite the overwhelming positive evidence of TTM in post-cardiac arrest
patients, TTM remains underutilized [86, 95-99]. It is our opinion that we should
initiate TTM in all cardiac arrest patients with ROSC, regardless of their downtime
and initial rhythm, when feasible.

Success utilizing TH in cardiac arrest’s RCTs, coupled with physiologic knowl-
edge on the hypothermia topic, has motivated physicians on expanding the utiliza-
tion of TH to other pathologies apart from PCAS [64]. There is data of benefit in
diseases like ischemic stroke [ 100—102], traumatic brain injury [103], near-drowning
[104], neonatal hypoxic-ischemic encephalopathy [105], hepatic encephalopathy
[106—-108], and acute respiratory distress syndrome [ 109], among others. Therapeutic
hypothermia protocols might differ in target temperature and duration of TTM in
these other clinical indications.

17.7 Time Window and Timing

The extent of neurologic damage seen in post-cardiac arrest patients is primarily
related to the duration of ischemia [20]. The first 5 min after the circulatory arrest
delimits the classic threshold in which brain tissue can still be completely salvaged
[38, 39]. For this reason, reaching the selected target temperature (32-36 °C) as
quickly as possible after ROSC is the main goal in post-cardiac arrest care [19].
Laboratory analysis has shown that the therapeutic window for hypothermia is ini-
tiation in less than 6 h after ROSC; however, clinical trials do not support this find-
ing, and currently, we remain without a defined therapeutic window [110].

Animal studies have shown neurologic benefit with very early initiation of
TTM after ROSC [111, 112]. However, human studies have failed to provide
definitive data regarding prehospital induction of TH [47, 113]. Physicians have
even looked into initiating hypothermia during the intra-arrest phase, utilizing
different techniques, with inconclusive results [88, 114]. Nonetheless, clinical
studies have shown a remarkable therapeutic benefit from TTM even when cool-
ing initiation was delayed for several hours [93, 104]. Taking all this into consid-
eration, the reality is that TTM remains being a neuroprotective intervention,
which ideally should be started as early as possible, in a hospital environment.
The traditional time window to achieve target temperature after obtaining ROSC
is 4 h, but patients with delayed induction of hypothermia can still benefit from
being cooled down [94].
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The ideal duration of TTM in order to obtain a good neurological outcome
remains unknown. The ILCOR originally had recommended 12-24 h of TTM at
32-34 °C [21, 78, 79]. A recent multicenter RCT, in 2017, compared TTM use for
48 h with TTM use for 24 h and reported no significant differences between both
groups in neurologic outcome or survival rate at 6-month follow-up [115]. Current
resuscitation guidelines recommend at least 24 h of TTM between 32 °C and 36 °C
[85]. However, a clinical trial has yet to prove benefit from TTM for durations lon-
ger than 24 h [115]. Then again, dose-finding RCTs cannot assume there is an opti-
mal fixed duration that can be applied to all the post-cardiac arrest patient
population [116].

17.8 Cooling Techniques

There are multiple techniques to induce TH [60, 117]. Current recommendations do
not specify the optimal method for initiating and/or maintaining TH, as the ideal
cooling device has yet to be developed, and there is insufficient evidence to recom-
mend a specific cooling method [85, 118]. The ideal cooling device would have a
high cooling rate with short induction times, preferentially would be directed toward
target organs (brain and heart), would be easy to transport (lightweight, portable,
and durable), and could be used in a prehospital setting, maybe even during cardio-
pulmonary resuscitation. The main modalities used nowadays are surface and inva-
sive cooling [47, 119].

Surface cooling methods are relatively easy to use but take a longer time to cool
down patients to the desired target temperature (2-8 h). They include circulating
cold-water blankets, cold air-forced blankets, self-adhesive hydrogen-coated pads,
and less sophisticated methods like ice packs and cold-water immersion.

Immersing patients in cold water is an option but should be avoided as it compro-
mises monitoring temperature, and it is troublesome to defibrillate patients, as it
takes time to dry them off [47]. Ice-pack usage remains a viable cost-effective
option that can be used in conjunction with more advanced cooling techniques.
Main disadvantages of ice packs, other than being labor intensive, are that uninten-
tional overcooling past target temperature is common and if applied directly to the
skin, they can cause skin necrosis [117]. One of the major drawbacks from surface
techniques is that the shivering response seen during the induction phase is increased
[20]. Due to this, appropriate prevention and/or treatment of the shivering is needed
as the increased oxygen consumption could mitigate the protective mechanisms that
TH confers [4].

Invasive endovascular cooling methods were developed mainly because of the
major drawbacks of surface cooling [47]. Methods included in this modality are
infusion of cold intravenous fluid (4 °C), cold carotid infusions, single-carotid
artery perfusion with extracorporeal cooled blood circulation, ice water nasal
lavage, cardiopulmonary bypass, cold peritoneal lavage, nasogastric and rectal
lavage, and esophageal cold-water circulating device [47, 120]. Cold intravenous
fluid infusion has shown to be easily available and cost-effective in inducing
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hypothermia, but not in maintaining it. Up to two liters of cold intravenous fluid is
safe to administer in post-cardiac arrest patients [117].

Overall, endovascular cooling methods have shown to have faster cooling rates
and, more importantly, more time within target temperature with less temperature
fluctuations. Tight temperature control, limiting temperature fluctuations, might
become more important with the newer recommendations to manage patients at
temperatures up to 36 °C, as a shivering episode could lead to a 1.5 °C increase in
temperature, placing the patient in the febrile territory [121].

A newer method is through an esophageal device. This device maintains standard
orogastric tube functions while cooling down patients at a rate of 1.3 °C/h, with
minimal temperature fluctuations [120].

In many cases, a combination of hypothermia induction methods is used to reach
target temperature in a faster manner [4]. Maintenance of TH is usually done based
on the characteristics of the patient, in conjunction with the physician’s expertise
with different devices, as well as the availability of different methods [120].

17.9 Monitoring Temperature

Therapeutic hypothermia levels are classically divided into four: mild, 34-36 °C;
moderate, 28-32 °C; deep, 17-27 °C; and profound, 4-16 °C [19]. Induced TH is
currently recommended in a mild-to-moderate (32-36 °C) fashion, as in between
this temperature range the protective mechanisms have shown to outweigh the pos-
sible complications [85].

Regardless of the hypothermia induction method and the TTM maintenance
technique, reliable continuous temperature monitoring is imperative for adequate
neuroprotection [110]. Even though the brain is the main end-organ target of TTM,
core temperature is usually the one measured in order to have tight temperature
control [122]. Despite it being more than 15 years since the release of the first TTM
recommendations, current guidelines do not recommend a specific site for tempera-
ture measurement [21, 85].

Monitoring can be done with a variety of invasive or noninvasive probes, includ-
ing pulmonary artery catheter, nasopharyngeal, esophageal, tympanic membrane,
bladder, and rectal [19]. Blood in the pulmonary artery catheter is considered the
“gold standard” of core temperature measurement, as it has a higher accuracy and
precision than other monitoring methods [123], but its use in an emergency setting
can be impractical.

Physicians need to take into consideration that the devices used to measure tem-
perature during a hypothermia regimen were not designed to detect quick shifts in
temperature. Inevitably, these temperature monitoring devices will be “lagging”
behind in time when compared to “true” core temperature. This time lag will be
greater when cooling is being done at fast rates (as seen in newer cooling devices).
Due to this, during the induction phase, the measured temperature will be constantly
behind the actual core temperature. It means that the cooling device will keep
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cooling down the patient even if the target core temperature has been achieved, and
by the time the measured temperature reflects the target temperature, the patient’s
core temperature may be significantly below the therapeutic range [71].

Nasopharyngeal and esophageal temperatures have shown to correlate better
with brain temperature than other body site temperatures further away from the
brain, during TH [124, 125]. Tympanic membrane temperature is readily available
in a noninvasive manner and seems to correlate well with brain temperature [75];
however, measurement can be impaired when there is an ear canal obstruction (i.e.,
ear wax). If tympanic temperature is the choice, cooling of the head should be
avoided to reduce the chance of “false” readings [126—128]. Rectal probes are not
ideal, as fecal impaction can disrupt measurements when compared to intracranial
temperature [47]. Bladder probe is another option that seems to correlate well with
pulmonary artery temperatures, making it an easy-to-use option [20].

17.10 Therapeutic Hypothermia Phases
A TH cycle is clinically divided into three phases [60]:

1. Induction phase, defined as the period since the patient is first being cooled down
until reaching the selected target temperature. The aim is to get the patient’s core
temperature to a desired target temperature between 32 °C and 36 °C as quickly
as possible.

2. Maintenance phase starts as soon as target temperature has been reached. The
main goal is to manage core temperature strictly, with minimal or no fluctuation
in body core temperature (maximum fluctuation of 0.2-0.5 °C).

3. Rewarming phase occurs after at least 24 h of TH. Rewarming should be done at
a slow rate, ranging from 0.25 °C to 0.5 °C/h.

Each phase has their own clinical considerations that need to be kept in mind.
When attempting to cool down a patient, counter-thermoregulatory mechanisms
will activate [71]. At a core temperature of 36.5 °C, there will be vasoconstriction of
the skin in an attempt to decrease the body’s heat loss. In this case, the vasoconstric-
tion of skin vessels makes more difficult inducing hypothermia, especially when
using surface cooling methods. In addition, about 1 °C below skin vessels vasocon-
striction, shivering will kick in attempting to maintain body temperature by increas-
ing heat production [129]. If left untreated, shivering will increase the systemic
oxygen consumption, decrease the neurologic oxygenation, increase the ICP, and
will interfere with the cooling rate, prolonging induction’s phase duration [110, 130].

Patient’s shivering while inducing hypothermia can be treated with sedatives,
anesthetics, opiates, magnesium, neuromuscular blockade, etc. Despite neuromus-
cular paralytic agents being an option, they should probably be avoided, if possible
[130]. First, when utilizing paralytic agents, there will be muscular blunting, but
centrally, there won’t be any effect. Second, paralytic agents can mask seizure
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activity. Third, sedatives in conjunction with anesthetics can usually manage the
shivering and can help with the cooling rate as they can cause vasodilation. Lastly,
paralysis may mask insufficient sedation [4].

Short-term paralysis seems appropriate as a first-line option to treat shivering in
patients in whom hemodynamic stability is a concern (in whom sedatives and/or
analgesics could cause hypotension) [131]. It appears reasonable that paralysis
should be used only when appropriate sedation and analgesia failed to manage shiv-
ering. But, even then, shivering response decreases past the 33.5 °C mark. For this
reason, the sedation strategy should aim for a high bolus dose during the induction
phase, continued by a relatively low dose during maintenance phase, as there will be
a decreased drug clearance [71].

The induction phase represents the period during which the patient is at highest
risk for short-term side effects like hypovolemia, electrolyte imbalances, and hyper-
glycemia [65]. Hypovolemia can develop due to hypothermia-induced ‘“cold-
diuresis” or a fluid shift toward the extravascular space. Electrolyte disorders occur
by a combination of an increased renal excretion (by both cold diuresis and tubular
dysfunction) and an intracellular shift. Magnesium and K* depletion are especially
important [4]. The recommendation is to keep K* at a level between 3.0 and
3.5 mmol/l during the induction phase (and maintenance phase) to avoid the risk of
rebound hyperkalemia during rewarming phase (see later) [110]. Magnesium sup-
plementation is important, as several studies have shown a relationship between
hypomagnesemia and increased mortality in the intensive care unit (ICU) [132,
133]. Giving Mg?** to these patients is also useful as Mg?* happens to be an NMDA
receptor antagonist that increases the shivering threshold [60]. Hyperglycemia hap-
pens due to the decrease in insulin sensitivity and a reduction of insulin secretion by
the pancreatic islet cells, caused by the hypothermia [47].

Management during the induction phase is critical for the patient’s outcome,
with frequent adjustments to ventilator settings, sedation, insulin and vasopressor
dosage, and fluids and electrolyte management. A way to minimize these side
effects is by shortening the induction phase duration by reaching the maintenance
phase as quickly as possible, which can be obtained by combining cooling tech-
niques [4].

The maintenance phase is characterized by patient “stability” when compared to
the induction phase. The shivering response diminishes past the 33.5 °C mark [71].
The risk for hypovolemia or electrolyte imbalance is less of a concern during this
phase. Attention should be given to the prevention of infections, pressure ulcers, and
deep venous thrombosis prophylaxis [71].

After completing at least 24 h of TH, the best approach for rewarming and con-
tinuing temperature management remains unknown [85]. Rewarming after TH
should be done at a slow rate, between 0.25 °C and 0.5 °C/h, as plasma electrolytes,
intravascular volume, and metabolic rate can shift quickly during rewarming [60,
134]. Studies have shown that a fast rewarming rate is associated with a worse out-
come [135, 136].

During the rewarming phase, it is common for patients to present shivering and
hypotension [20]. Shivering should be controlled as it can eliminate the protective
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effects of TH by increasing the overall metabolic rate. Hypotension is caused by a
redistribution of intravascular fluid, as skin vessels dilate with the temperature going
up [137].

In patients in whom intracranial hypertension is being controlled with TH, the
rewarming rate should be even slower; recommended rewarming rate is 0.5-1 °C/
day [47]. After achieving normothermia, in the post-therapeutic hypothermia phase,
studies have noted that hyperthermia presents in a considerable amount of patients
[138, 139]. Rebound hyperthermia management is key in the post-rewarming
period, as it also is associated with worse neurological outcome [140]. Further
research is required to define a maximum safe target temperature post-rewarming
and the duration of hyperthermia prevention post-cardiac arrest [118].

17.11 Complications

Hypothermia causes physiologic changes in all the organs of the body [141]. It is
important to differentiate between these physiologic changes that occur and the true
side effects and complications of TH. But, even after making this distinction, some
of these normal physiologic changes are unwanted in critically ill patients, requiring
prompt medical management. Other side effects are expected but will not endanger
patient’s lives [71]. The most important complications of TH will be discussed below.

Bradycardia is the most common heart dysrhythmia during TH. However, it is
important to remember that myocardial contractility is highly related with a low
heart rate (at least in this temperature setting), due to which patients should not
receive chronotropic medications in order to keep the heart rate up. Forty beats per
minute can be considered a normal heart rate for patients being managed at
32 °C. Overall, the risk of developing life-threatening dysrhythmias is very low at
temperatures above 30 °C [58]. In a more profound hypothermia regimen, patients
usually start with atrial fibrillation, which can shift to any dysrhythmia, most com-
monly being to either ventricular fibrillation or ventricular tachycardia. A major
clinical consideration to keep in mind is that at profound hypothermia levels, dys-
rhythmias are harder to manage with anti-arrhythmic drugs because myocardial tis-
sue is less responsive [71]. Appropriate care involves constant reliable temperature
monitoring not only to diminish temperature fluctuations but also to prevent going
below the recommended therapeutic range [110].

A major concern with hypothermia is the supposed predisposition for bleeding.
Hypothermia causes some degree of platelet dysfunction, decreases platelet count,
and affects kinetics within the coagulation cascade, affecting both prothrombin and
partial thromboplastin times [20, 47]. Clinically, this does not represent a major
concern in patients who are not actively bleeding when hypothermia is induced.
However, the situation changes when patients are actively bleeding prior to cooling
them down. In this case, the bleeding should be stopped prior to initiating tempera-
ture management. When bleeding is a concern, it is worth knowing that platelet
dysfunction does not happen until the temperature is <35 °C and the coagulation
cascade is not blunted until the temperature is <33 °C [4, 142]. These temperature
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levels are the basis for some authors recommending higher temperatures of TH for
patients in whom bleeding is a concern, but this bleeding risk is not a reason to not
initiate TH [110].

One of the major protective attributes of TH is the inhibition of various inflam-
matory pathways [40]. With this inhibitory effect, its inherent that there will also be
impairment of the immune system response. Inhibition of proinflammatory cyto-
kines, leukocyte migration, and phagocytosis make the body more susceptible to
infections [71]. Other factor that further enables infection development is the
hypothermia-induced hyperglycemia, caused by both increased insulin resistance
and diminished insulin secretion [142].

The most common infection seen in TH patients is pneumonia. Information
regarding what aspect of TH (duration, temperature, method, etc.) causes the
increased risk for infection remains unknown. An increased incidence of infection
during hypothermia opens up the debate regarding prophylactic administration of
antibiotics, but guidelines remain neutral on the topic [143]. Even if antibiotics are
used prophylactically or not, prevention of pressure ulcers during hypothermia
should be a big priority as hypothermia increases the risk of wound infection.
Special attention should be given to surgical wounds or catheter insertion sites
[71, 144].

A clinical tie-in with the increased risk of wound infection is the possibility of
skin necrosis if direct cold injury occurs. As previously explained, hypothermia
induction can be done through multiple methods. If surface cooling is the option
selected, one possibility is that if cold substances (i.e., ice, pads with hydrogel) are
applied directly on top of the skin, there will be severe peripheral vasoconstriction
which can lead to skin necrosis [145]. Again, wound prevention is very important
during TH.

17.12 Controversies

In 2013, Nielsen and colleagues published the TTM Trial. This international RCT
reported that TTM at 33 °C conferred no benefit regarding survival rate and neuro-
logic outcome when compared to a target temperature of 36 °C [76]. This publica-
tion sparked a debate within the hypothermia community that threatened TTM usage.

The results from the Nielsen’s TTM Trial are usually interpreted as if TH only
confers protective mechanisms by controlling/preventing fever in post-cardiac
arrest patients. This hypothesis is partially true in the sense that fever in post-cardiac
arrest patients has been shown to be harmful in those who had an ischemic event
[146]. For years authors have stated the detrimental effect that hyperthermia has on
prognosis, but hyperthermia prevention is not the only mechanism by which TH
confers beneficial effects [118]. The question that Nielsen was seeking to answer
with this trial is very valid, but the execution of the study was probably suboptimal.

The study design was an international RCT, which involved 36 intensive care
units (ICUs) in Europe and Australia. During 26 months, patients 18 years or
older, who suffered an OHCA, who remained comatose at least 20 min after
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ROSC were screened to form part of the trial. The main exclusion criteria were
that more than 240 min had passed since ROSC until screening and asystole as
initial rhythm [76].

Between November 2010 and January 2010, 950 patients were enrolled in the
TTM Trial (476 assigned to 33 °C and 474 assigned to 36 °C). These numbers mean
that on average each center was enrolling only one patient per month into the trial.
Were all post-cardiac arrest patients with ROSC screened for this study? We believe
physicians were subconsciously preselecting patients who they thought could ben-
efit from TH [146].

Additionally, a major concern within the design of this study is the time allow-
ance for screening of up to 4 h [147]. Animal studies and pathophysiologic knowl-
edge support that early induction of hypothermia correlates with better protective
effectiveness [111, 112]. Thus, with the design of the study, patients could go up to
4 h, before initiating the cooling process, with some patients not reaching target
temperature after up to 10 h post-ROSC. This skews their proposed analysis and
results, as medical literature states that the time window to reach target temperature
to have the greatest effectiveness is 4 h [7].

Clinical data and patient characteristics play a big role when comparing both
groups (33 °C vs. 36 °C). The patients in the 33 °C group were already hypothermic
upon admission, which in this setting means a more severe brain injury. This alone
might define the study patient population as heterogeneous, thus affecting the inter-
pretation of results [76].

Rewarming rate has shown to affect the outcome of patients. Studies have shown
that fast rewarming is associated with poorer outcomes and that fast rewarming can
even negate the benefits that TH provides. In the TTM Trial, patients were rewarmed
at a rate of 0.5 °C/h, which could translate to a mitigation of the beneficial effects of
patients cooled down to either 33 °C or 36 °C [148]. Literature has stress that
rewarming should be slow, and guidelines state that the rate of 0.5 °C/h was based
on clinical surveys, rather than a scientifically proven benefit [60].

After the release of the TTM Trial, some major medical centers in the world
stopped inducing TH on their post-cardiac arrest patients or changed target tempera-
ture to 36 °C [6]. This has become one of the major concerns after Nielsen’s trial;
due to the misunderstanding that strict normothermia and hyperthermia avoidance
would apparently yield the same results as a hypothermia regimen, there has been
some trend to stop using hypothermia, between the mild-to-moderate range, in the
post-cardiac arrest patient population. Temperature control at 36 °C is harder as the
shivering response is increased and a single shivering episode could increase tem-
perature to 37.5 °C, putting the patient in the febrile territory, and more importantly,
brain temperature is usually 0.34-2.0 °C above body core temperature, and avoiding
brain hyperthermia is one of the main post-cardiac arrest goals [121]. It is impera-
tive to debunk the misinterpreted results from the TTM Trial that can lead to more
harm than good.

There is no doubt that the TTM Trial shows the benefits from strict hyperthermia
control in diminishing postanoxic brain injury in cardiac arrest patients. But, is this
information sufficient to state that TH confers no additional benefit than strict fever
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prevention? We believe that the study has shown the importance of strict hyperther-
mia control after a TH regimen, but that does not mean that fever control is the only
method by which TH confers benefits to CA patients. The results from the TTM
Trial show that fever control could suffice, to some extent, in some CA patients, but
we do not believe 36 °C should become the new ideal target temperature. This trial
raises important questions regarding ideal target temperature to specific patient
population [7].

Recently, an open-label RCT, which included 25 French ICUs, compared moder-
ate TH at 33 °C for 24 h with targeted normothermia at 37 °C for 48 h. The study
included 581 patients, 284 in the hypothermia group and 297 in the normothermia
group. They assessed neurological and mortality outcome on day 90 after random-
ization. Lascarrou and colleagues reported that 10.2% of patients in hypothermia
group had a favorable neurologic outcome, compared to the normothermia group
which had a good neurologic outcome in 5.7% of patients. Mortality at 90 days after
randomization did not differ in both groups [149].

This RCT has some important limitations. First, the primary outcome was
assessed through a phone interview. Second, an important proportion of patients
were hyperthermic, despite the TTM, especially those in the normothermia group.
Third, patients in the hypothermia group had TTM for up to 64 h, compared to only
48 h in the normothermia group. Lastly, as stated in the paper, an outcome change
in one patient would make a difference in dictating if hypothermia was statistically
significant, compared to normothermia, regarding the primary outcome [149].

Despite the important limitations of this study, it demonstrates the importance of
TH in post-cardiac arrest patient. Patients in the normothermia group had a much
higher incidence of hyperthermia, which correlates with the data that states that
normothermia is more difficult to maintain than hypothermia [7]. Many questions
remain unanswered, which should be the focus on future research.

17.13 Future Directions

Despite the overwhelmingly positive evidence regarding TTM, this therapy remains
underused [95-98]. Focus should be put into promoting and educating healthcare
providers in the usage of TH. Standardization of guidelines and recommendations
is required to achieve a higher adequate usage of this beneficial therapy. The ILCOR
has attempted to standardize TH usage through their recommendations which are
updated every 5 years [21, 78, 60, 85]. Despite all the research in the TH field, many
questions remain unanswered. As it has been explained, there still is confusion on
the target temperature during induced hypothermia, remaining as one of the main
challenges that researchers have: How low should we go in temperature for the
optimal protection? We know that mild-to-moderate hypothermia confers organic
protection in patients with ischemic events, but an ideal temperature has yet to be
defined [59].

Traditionally, hypothermia is maintained for at least 24 h in post-cardiac arrest
patients, but this time duration needs to be looked into, as the recommendation
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stems from the time used in the major RCTs. Research is required to identify if
certain patient population could benefit from a longer or shorter hypothermia regi-
men [115].

A major area of interest is the post-rewarming period. It is known that a slower
rewarming rate is better than a fast one, but there is no definite study that shows
what should be the optimal target temperature in the post-rewarming phase and for
how long should patients have strict hyperthermia avoidance. This aspect is very
relevant, as there is evidence that fast rewarming and/or poor temperature control
after rewarming can mitigate the beneficial effects of TH [135, 150].

Studies have shown that early hypothermia induction is associated with better
outcomes in post-cardiac arrest patients [88, 113]. But, how early can we start cool-
ing down patients? Data has shown that the initiation of hypothermia during the
intra-arrest phase is possible and might be feasible. Cooling down patients this way
would not only shorten the time until the desired target temperature is reached but
would also promote TTM usage [151].

Targeted temperature management could expand to other clinical scenarios in the
next couple of years. Study after study has shown the positive effects of hypother-
mia in the body. Healthcare providers need to acknowledge the beneficial effects of
induced hypothermia for certain patient populations and start integrating it as part
of their therapeutic options [19, 20].
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