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Abstract
Purpose of Review  Targeted temperature management (TTM) has been the mainstay of 
secondary brain injury prevention for unconscious cardiac arrest survivors. In this ever-
changing landscape of post-cardiac arrest care, TTM practices are evolving with emergence 
of new evidence. We discuss the pre-clinical data paving the scientific premise for tempera‑
ture control in hypoxic-ischemic brain injury and dissect through landmark TTM trials. We 
then describe how the practice of TTM has changed in response to the most pivotal trials 
and discuss exciting topics that are under investigation.
Recent Findings  The advent of TTM2 has challenged the use of lower temperature targets 
in out-of-hospital cardiac arrest of presumed cardiac etiology by finding similar survival 
and neurological function at 6 months between cooling post-arrest patients to 33 °C for 
24 h (followed by gradual rewarming and targeted normothermia) and actively preventing 
fever (< 37.8 °C) for 72 h.
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Summary  Temperature control remains the cornerstone in secondary brain injury prevention 
post-cardiac arrest, and practices surrounding temperature targets are evolving over time 
as new evidence emerges. Future studies on tailored temperature control to individual‑
ized factors, including depth and duration, as well as rate of rewarming will be crucial to 
address prevailing knowledge gaps.

Introduction

Cardiac arrest is a leading cause of morbidity and mor-
tality worldwide. In the USA, the incidence of out-of-
hospital cardiac arrest (OHCA) assisted by Emergency 
Medical Services (EMS) was estimated at 92.3 per 
100,000 persons in 2021 [1, 2]. Survival to hospital 
discharge remains alarmingly low at 9.1% in OHCA 
[1]. This figure was even lower (7.2%) for adults sur-
viving with a favorable neurological outcome (based 
on Cerebral Performance Category score of 1 or 2) [1]. 
Regardless of etiology, one of the primary roles of the 
neurologist is the recognition and prevention of sec-
ondary brain injury—one of the main determinants of 
outcome following hypoxic-ischemic brain injury. No 
other neuroprotective therapy has been as extensively 

studied and debated over than targeted temperature 
management (TTM). Promising preclinical data laid 
the groundwork for TTM nearly a century ago—and 
while initial landmark trials suggested a benefit in 
humans decades later—emerging conflicting evidence 
has since challenged the use of hypothermia in post-
arrest care.
We will discuss the preclinical evidence that paved the 
way for the pivotal trials of TTM in humans, analyze 
the conflicting evidence that has challenged the scien-
tific premise of its neuroprotective effects, and discuss 
the direction of future research by outlining prevailing 
knowledge gaps.

Why should we Care About Temperature?

Hypoxic-ischemic brain injury often leads to devastating neurological injury. 
Neurological damage inflicted by cardiac arrest is twofold, including both 
the initial ischemic event and the multifactorial process of secondary brain 
injury that occurs despite restoration of systemic circulation (ROSC). Primary 
injury is thought to be mediated by anoxic depolarizations—a massive influx 
of cations disrupting the transmembrane ionic gradient leading to spreading 
depolarization, cytotoxic edema, and release of glutamate [3]. Components 
of secondary brain injury include microcirculatory dysfunction, oxygen and 
nitrogen free radical production, loss of cerebral autoregulation, excitotoxic- 
ity, activation of protease cascades, and cerebral edema [4]. All of these processes  
may be exacerbated by further insults such as hypotension, hypoglycemia, and 
hyperthermia. Higher body temperatures lead to increased permeability of the 
blood–brain barrier, increased cerebral metabolism—in tissue that is already 
subjected to imbalances in bioenergetic supply and demand—and promotes 
release of inflammatory and pro-apoptotic cytokines [4]. The goal of TTM 
is to halt ongoing secondary injury pathways that are temperature sensitive.

Early case reports published in the 1950s document the first attempts of 
using temperature control following cardiac arrest in an array of etiologies [5]. 
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All patients received hypothermia from 30 to 34 °C between 24 and 72 h and 
were found to have minimal to no neurological deficits days after rewarming 
[5]. There were no controls who did not receive temperature modulation, all 
cases were treated at a single center, and the study had a high risk of selection 
bias. A few years later, another case series documented the use of temperature 
control in 19 patients following cardiac arrest occurring either intraoperatively, 
during a procedure, or spontaneously in the “accident room” [6]. Neurological 
deficits were assessed at time of resuscitation and classified either as “none” 
(answering questions and moving all extremities), “moderate” (awake and 
responding “some” to verbal stimuli), or “severe” (comatose or convulsing). 
Only patients with moderate or severe neurological injury were included in the 
study. Goal temperatures ranged from 30 to 32 °C, achieved by use of blankets 
with circulating coolant, and meperidine or promethazine was used to treat 
shivering, if necessary. Similarly, various etiologies of arrest were included, 
and the duration of hypothermia ranged between 3 h and 8 days in the experi-
mental group. Survival to hospital discharge was 14% in the control group (7 
patients) and 50% in the group that received hypothermia (12 patients) [6].

Further evidence supporting neuroprotective effects of temperature control 
was demonstrated in animal models of hypoxic-ischemic brain injury. In a gerbil 
model of global ischemia, hypothermia to 32 °C for 12 or 24 h was associated 
with greater preservation of hippocampal CA1 neurons and improved memory 
function compared to controls [7]. A follow-up study found that this protective 
effect persisted at 6 months and was more pronounced when initiation of hypo-
thermia was not delayed [8]. A canine model of ventricular fibrillation showed 
improved neurological function in dogs cooled to 30 °C and 34 °C for 1 h after 
induced cardiac arrest, compared to those cooled to 15 °C or maintained at 
37.5 °C [9]. In addition to suggesting a potential benefit of hypothermia follow-
ing cardiac arrest, this experiment demonstrated that a limit may exist at which 
lower temperatures become detrimental and lead to worse outcomes.

These early experiences with temperature modulation in humans and ani-
mal models paved the scientific premise for two pivotal, randomized con-
trolled trials which led to a paradigm shift in temperature control following 
cardiac arrest in the early 2000s.

Landmark Clinical Trials

Several randomized clinical trials have studied temperature modulation in 
the post-cardiac arrest period for unconscious patients following ROSC with 
varying degrees of rigor. A comprehensive comparison of the details of eligi-
bility criteria is summarized in Table 1.

The Hypothermia After Cardiac Arrest (HACA) trial enrolled patients across 
five European countries with out-of-hospital cardiac arrest (OHCA) and a 
shockable rhythm (i.e., ventricular fibrillation and/or pulseless ventricular 
tachycardia). A total of 138 subjects were randomized to receive no tempera-
ture intervention, and 137 had TTM at 32–34 °C for 24 h followed by 8 h of 
passive rewarming. Lower mortality (41% versus 55%) and higher propor-
tion of favorable neurological outcome (i.e., Glasgow-Pittsburgh Cerebral 
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Performance Categories Scale—CPC 1–2) (55% versus 39%) were found at 
6 months in the TTM group compared to controls [10]. Also published in 
2002, the Australian trial led by Bernard enrolled 77 adults with OHCA with 
ventricular fibrillation, who were allocated to either TTM to 33 °C for 12 h or 
standard care with no temperature control. Good neurological outcome (i.e., 
discharge to home or acute rehabilitation facility) was achieved in 49% of 
subjects in the TTM group versus 26% in the control group [11]. Notably, in 
both trials, normothermia was not actively maintained during the intervention 
period for the control groups, or after the intervention period for both groups.

These findings supported that adult patients who remained unable to 
follow verbal commands following OHCA should be cooled for 12 to 24 h 
to improve neurological outcomes, provided they had a shockable initial 
rhythm.

What is the Optimal Temperature?

Likely the subject of the most fervent debate regarding use of temperature 
control is the optimal temperature target during the post-arrest period. In 
the HACA trial, many patients in the control group had temperatures that 
were recorded ≥ 38 °C. The investigators of the TTM1 trial suspected that 
the benefit of temperature modulation could be accomplished with milder 
hypothermia. The TTM1 trial randomized 950 adult OHCA patients with any 
non-perfusing rhythm (except for asystole in unwitnessed arrests) to receive 
TTM to either 33 °C or 36 °C for 24 h, followed by slow rewarming and strict 
normothermia (37 °C) with active prevention of fever until 72 h post-arrest. 
There were no significant differences in all-cause mortality or poor neurologi-
cal outcome (CPC 3 to 5 or modified Rankin scale [mRS] 4 to 6) between 
the two groups at 6 months. These findings suggested that following OHCA 
with a cardiac or presumed cardiac etiology, there was no strong indication 
for benefit of 33 °C over 36 °C, so long as a bundle of care with controlled 
slow rewarming, standardized post-cardiac arrest care and neuroprognostica-
tion was provided [12].

The findings of the TTM1 trial published in 2013 prompted a shift in target 
temperatures in many centers. The largest cohort documenting a single center 
experience transitioning TTM practices assessed survival and neurological 
outcomes of 453 unconscious OHCA patients from 2010 to 2017 [13]. In 
2014, the standardized TTM target at this center was changed from 33 °C (258 
patients) to 36 °C (195 patients). Patients in the 33 °C group were slightly 
older (mean 56.5 years versus 51.6 years; p < 0.05), more commonly had 
cardiac etiology of arrest (45.0% versus 35.4%; p < 0.05), and had faster time 
from 911 call to initiation of TTM (1.5 h versus 3.5 h; p < 0.001) compared 
to patients in the 36 °C group; otherwise, the groups were balanced. Forty 
percent of patients cooled to 33 °C had a favorable neurological outcome at 
discharge (CPC 1–2), compared to 30% of patients cooled to 36 °C (p < 0.05), 
but no significant difference between groups regarding survival to hospital 
discharge [13].
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The first randomized clinical trial to include in-hospital cardiac arrest 
(IHCA), the HYPERION study, focused exclusively on non-shockable 
rhythms. In this study, 584 adults who remained unconscious following 
resuscitation were randomized to either 33 °C or 37 °C (+ / − 0.5 °C) for 
24 h, followed by controlled slow rewarming over 24 h and normothermia 
for additional 48 h. In the hypothermic arm, 10.2% of subjects achieved 
independence at 90 days versus 5.7% in the normothermia group (p < 0.04); 
however, both survival to hospital discharge and mortality at 90 days did not 
differ between groups. There was a high fragility index to this finding, indicat-
ing that the benefit only very narrowly achieved statistical significance [14•].

A prospective observational study assessed 270 patients with OHCA that 
were cooled to 33 °C for 24 h followed by gradual rewarming to 36.5 °C 
and no further use of temperature control other than antipyretics. Mortal-
ity and neurological deficit based on CPC was assessed at discharge and at 
6-month follow-up, and patients were determined to have post-hypothermia 
fever if they had recorded temperature of 38.5 °C or higher. Compared with 
patients that had good neurological outcomes (CPC 1–2), patients with poor 
neurological outcomes (CPC 3–5) had higher maximum temperatures post-
cooling (38.0–38.7 °C versus 38.1–39.2 °C, p = 0.001). Additionally, rebound 
hyperthermia was more prevalent (61% versus 45%, p = 0.02) and of longer 
duration (median 8 h versus 5 h, p = 0.002) in patients with poor versus good 
neurological outcomes, respectively [15].

To further test whether active prevention of fever was non-inferior to 
cooling to 33 °C following OHCA, the largest international multicenter trial 
in cardiac arrest, the TTM2 trial, randomized 1861 unconscious adult OHCA 
patients with any initial non-perfusing rhythm (except for unwitnessed 
arrests with asystole) and a presumed cardiac etiology to either 33 °C or 
early treatment of fever (i.e., ≥ 37.8 °C). This study was unprecedented in 
the field, both in number of subjects and in rigor of study design. Neuro-
prognostication was standardized and performed no earlier than 96 h after 
randomization by a physician blinded to treatment allocation. Patients in 
the 33 °C group were cooled for 28 h, followed by rewarming from 0.3 °C 
per hour, and controlled normothermia at 36.5 to 37.7 °C for 72 h. The 
normothermia group targeted < 37.8 °C, with active cooling via surface or 
endovascular cooling if conservative measures, such as antipyretics, were 
insufficient—these were required in 46% of patients to maintain target 
temperature. At 6 months, there were no significant differences in all-cause 
mortality or neurological outcome between groups. Patients in the 33 °C 
group experienced more clinically significant bradycardia (24% vs. 17%; 
p < 0.001), but no other differences in adverse events between the groups 
were found. As in the TTM1 study, over 70% of patients in both groups 
had a shockable rhythm [16••]. These data suggested that for patients with 
OHCA of presumed cardiac etiology, there is no additional neuroprotec-
tion benefit from lowering temperatures to 33 °C if a standardized bundle 
of care, including sedation, delayed neuroprognostication and active fever 
control is in place.

A meta-analysis published in 2021 assessed 10 randomized clinical trials 
studying the use of TTM after cardiac arrest of any initial rhythm or etiol-
ogy [17]. Studies were included if subjects were randomized to TTM of at 

560



Curr Treat Options Neurol (2022) 24:551 572–

least two different temperatures, one of which lower than 37 °C; tempera-
ture targets included 31–32 °C (6.5% of total subjects), 33–34 °C (49.5%), 
35–36 °C (11.0%), and 37–37.8 °C (33%). The primary outcome was sur-
vival with good functional outcome at discharge (CPC 1–2, mRS 0–3, or 
blind clinical evaluation demonstrating mild, moderate or no disability) or 
latest time point recorded up to 6 months. There was no strong evidence of 
improvement with mild (35–36 °C; OR 1.44 [95% CI 0.74–2.80]), moder-
ate (33–34 °C; OR 1.34 [95% CI 0.92–1.94]), or deep (31–32 °C; OR 1.30 
[95% CI 0.73–2.30]) hypothermia on survival or good functional outcome 
at discharge compared with normothermia (37–37.8 °C) [17]. No additional 
benefit on survival or functional outcome between moderate and deep hypo-
thermia was seen, though arrhythmias were significantly more common in 
subjects receiving deep hypothermia compared to those receiving moderate 
hypothermia (OR 2.47 [95% CI 1.25–4.88]). There were no significant dif-
ferences in bleeding events or pneumonia between any groups. Subjects were 
not stratified by initial rhythm in this analysis and comprehensive details 
on presenting rhythm were not reported, therefore, the application of these 
findings to specific cardiac arrest subgroups is limited.

The Therapeutic Hypothermia Following Out-of-Hospital Cardiac Arrest 
(CAPITAL CHILL) trial randomized 367 adult unconscious OHCA patients 
of any non-perfusing rhythm to 31 °C or 34 °C for 24 h followed by gradual 
rewarming to 37 °C maintained for 48 h [18]. At 6 months, there were no 
significant differences in all-cause mortality or neurological function as deter-
mined by both mRS and Disability Rating Scale. There were also no significant 
differences in rate of pneumonia, seizures, or thrombosis in either group, 
though median length of ICU stay was significantly longer in the 31 °C group 
(10 versus 7 days in the 34 °C group; p = 0.004). Most patients in both groups 
had shockable initial rhythm (85.9% in the 31 °C and 86.3% in the 34 °C 
group), thus, the study likely was underpowered to assess the effect of 31 °C 
in the non-shockable subgroup [18].

A post hoc analysis of a prospective cohort assessed differences in neu-
rological outcome at 33 °C vs. 36 °C based on the degree of encephalopa-
thy determined by EEG in unconscious patients following OHCA or IHCA 
[19]. In this before (2010–2014, target 33 °C) and after (2014–2017, tar-
get 36 °C) study that captured a transition in temperature targets following 
TTM1 publication, patients were sub-divided into three groups—mild, mod-
erate or severe encephalopathy—assessed at 12- and 24-h EEG post-arrest 
by blinded encephalographers. Following 24 h of TTM to either 33 °C or 
36 °C and passive rewarming at 0.25–0.5 °C, temperature control targeting 
36.5–37.5 °C was restarted for any unconscious patient who developed a 
temperature > 38 °C for 48 h. Patients were excluded if EEG data were miss-
ing at 12- or 24-h post-arrest, which was more common in the 36 °C group. 
Therefore, the severity of encephalopathy was only able to be determined in 
48% of patients in the 36 °C group, compared with 67% in the 33 °C group. 
Ultimately, 479 patients were included in the analysis and neurological out-
comes were similar between groups in the overall cohort, and among mild 
and severe encephalopathy subgroups. Nonetheless, in the subgroup with 
moderate encephalopathy, cooling to 33 °C was associated with increased 
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likelihood of achieving independence at 6 months compared with 36 °C 
group (66% versus 45%; OR 2.38 [95% CI = 1.32–4.30]; p = 0.004) [19]. One 
remarkable aspect of this study is the use of a tool that provides individual-
ized information on the degree of hypoxic-ischemic injury by factoring in, 
albeit indirectly, the cerebral resilience of patients. The stratification of injury 
severity solely based on characteristics of the arrest misses this key compo-
nent that is unique to each patient. The use of EEG in differentiating these 
populations to potentially guide treatment is an exciting prospect; however, 
follow-up randomized clinical trials are necessary to validate these findings.

How Early should we Start Temperature Control?

Preclinical data suggested that shorter time to target temperature improves 
neurological outcome [20].

In 2014, 1359 OHCA patients were randomized to receive either 2 l of 
normal saline at 4 °C as soon as possible after ROSC or initiation of cooling 
upon hospital arrival. The intervention arm also included neuromuscular 
blockade and 1–2 mg of diazepam. Both groups had a target temperature 
of 32–34 °C maintained for 24 h, which was achieved approximately 1 h 
faster in the prehospital cooling group. No significant differences were found 
in either mortality or neurological status by Glasgow Outcome Scale at dis-
charge, or rates of hypotension requiring vasopressors; however, rearrest 
rates (26% versus 21%; p = 0.008) and early clinically significant pulmonary 
edema (41% versus 30%; p < 0.001) were more prevalent in the prehospital 
cooling group. While outcomes were assessed at discharge by evaluation of 
hospital charts, and long-term outcomes were not studied, these findings 
suggested that prehospital cooling with infusion of cold saline did not confer 
benefit to this population and may expose to unnecessary harm [21].

What if the goal temperature were achieved as close to the time of primary 
neurological injury as possible? The RINSE trial randomized 1198 subjects 
with OHCA to receive 30 cc/kg (maximum of 2 l) of normal saline at 3 °C 
during cardiac arrest or standard of care. After arrival at hospital, both groups 
received TTM to 33 °C for 24 h. Patients who received intra-arrest cooling 
had lower body temperatures at hospital arrival (34.7 °C versus 35.4 °C; 
p < 0.001); however, no difference in survival to hospital discharge between 
groups were found (10.2% intra-arrest cooling vs 11.4% control; p = 0.71). 
Compared to standard care, subjects with shockable initial rhythm who 
received intra-arrest cooling had decreased rates of ROSC (41.2% vs. 50.6%; 
p = 0.03) and a higher likelihood of death prior to hospital arrival (44.3% vs. 
34.1%; p = 0.01). The intra-arrest group also had higher rates of acute pulmo-
nary edema (10.0% vs. 4.5%; p < 0.001). Importantly, neurological function 
at discharge or long-term follow-up was not assessed [22]. These findings 
were confirmed by a meta-analysis comprising 10 randomized controlled 
trials which compared 4220 OHCA patients of any rhythm who received 
either prehospital cooling (either intra-arrest or after ROSC) or initiation of 
TTM upon hospital arrival. Of note, the assessment of neurological status 
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was not uniform across each study, and some utilized fairly crude measures 
of neurological function at discharge [23].

Could the adverse effect of the cooling method used in these trials—
inherently associated with the risk of volume overload and pulmonary 
edema from infusion of chilled saline—have mitigated the potential benefit 
of ultra-early hypothermia? The PRINCESS trial randomized 671 patients 
with OHCA of cardiac etiology to receive either intra-arrest intranasal evapo-
rative cooling or standard care alone, which included 24 h of TTM from 32 
to 34 °C for 24 h followed by gradual rewarming and active fever preven-
tion for 72 h. The primary outcome was survival with a good neurological 
outcome (CPC 1 or 2) at 30 days. Similar to the RINSE trial, patients who 
received intranasal cooling reached goal temperature faster (34.6 °C versus 
35.8 °C on arrival; p < 0.001); however, there were no significant differences 
in survival or neurological outcome [24•].

Intriguingly, shorter duration between induction time to achieve 32–34 °C 
was associated with lower CPC score at discharge in a retrospective study of 
321 subjects [25]. Patients in the poor neurological outcome group (CPC 3 to 
5) also had significantly longer downtimes, were older and had lower rates of 
shockable rhythm than the group with CPC 1 to 2. The authors hypothesized 
that the relationship between poor neurological outcomes and shorter induc-
tion time to target temperature could be due to loss of thermoregulatory con-
trol in patients who suffered more severe neurological injury during their arrest.

How Long should Hypothermia be Maintained?

In the Bernard study, hypothermia was maintained for 12 h, and in HACA, 
patients were cooled for 24 h. The duration of 24 h for hypothermia phases 
was also used in TTM1, HYPERION, TTM2, and CAPITAL CHILL trials. In the 
TH48 trial, 355 unconscious patients following OHCA of any rhythm were 
randomized to receive either 24 or 48 h of temperature control at 33 °C fol-
lowed by gradual rewarming [26]. No differences were found in CPC scores 
between groups at 6 months, though the 48-h group had premature rewarm-
ing in 6% of cases compared with 2% in the 24-h group; per study protocol, 
life-threatening arrhythmia or uncontrolled hemorrhage would trigger raising 
the TTM target to 36 °C. Patients in the 48-h group had significantly more 
hypotension (62% versus 49%; p = 0.013) and a higher number of adverse 
events (97% versus 91%; p = 0.04), though the 24-h group had more severe 
bleeding events (requiring more than 2 units of blood in 24 h, 4% versus 1%; 
p = 0.013) [26]. This trial provided evidence that 24 h of temperature control 
was non-inferior to 48 h and was associated with fewer adverse events. The 
ongoing ICECAP (Influence of Cooling Duration on Efficacy in Cardiac Arrest 
Patients) study is evaluating various durations of hypothermia on neurologi-
cal outcomes following cardiac arrest, which will help broaden our under-
standing of this important variable in TTM [27].
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How should we Control Temperature?

Most landmark trials have been agnostic to temperature control methods due 
to their pragmatic nature. A comparison of the various temperature control 
methods used in these trials is provided in Table 2.

A meta-analysis comprised of 22 studies including 8027 patients compared 
at least two temperature control methods for differences in either neurological 
outcome or mortality at any time point. Methods were classified either as “core” 
(e.g., cold intravenous saline infusion, extracorporeal membrane oxygenation, 
endovascular catheters, trans-nasal) or “surface” (e.g., ice packs, cooling blan-
kets, adhesive cooling pads) and further subdivided into temperature feedback 
devices (TFD) and non-TFD. “Core cooling” devices and TFD were associated 
with a lower likelihood of unfavorable neurological outcome (CPC 3–5) than 
surface cooling (OR 0.85 [95% CI 0.75–0.96]; p = 0.008) or non-TFD (OR 0.64 
[95% CI 0.56–0.74]; p = 0.003, respectively. There was no significant difference 
between core and surface cooling on survival. Importantly, statistical signifi-
cance for these endpoints was obtained largely from prospective or retrospec-
tive cohorts, both of which are more susceptible to confounding effect. Time 
to goal temperature was significantly shorter with core and invasive methods 
in some studies, though invasive methods (such as endovascular cooling) were 
associated with less fluctuation in temperature during the cooling period and 
lower rates of unexpected rewarming [28]. Similar conclusions were reached in 
a separate meta-analysis, comprised of 12 studies and 5581 patients [29].

In the TTM2 trial, 46% of patients in the normothermia arm required 
active cooling with a device to maintain goal temperature. This rate is com-
parable to findings from a retrospective cohort study evaluating temperature 
trends in patients following cardiac arrest who received either no temperature 
intervention, antipyretics only, endovascular cooling only, or antipyretics plus 
endovascular cooling. The study was limited due to much lower number of 
patients receiving active cooling with a device and lack of standardization 
of antipyretic medications; however, normothermia (< 38 °C) over 48 h was 
achieved in only 57.7% of patients receiving antipyretics alone, compared 
with 82.1% in the endovascular cooling groups. This provides further evi-
dence that cooling devices are often needed to maintain even physiologic 
temperatures following cardiac arrest [30].

The most recent ERC-ESICM guidelines do not make any recommendation 
regarding rate of rewarming following cardiac arrest due to lack of good evidence, 
as there have been no randomized trials comparing outcomes at various rewarm-
ing rates. In most trials discussed here, rewarming is accomplished by actively or 
passively increasing body temperature between 0.25 and 0.5 °C per hour.

Potential Complications

When caring for patients receiving TTM, it is important to be aware of the 
adverse effects that can be expected in this population; these are summarized 
in Fig. 1. Specific attention to electrolyte shifts, insulin requirements and 
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metabolism of drugs is key when targeting lower temperatures, as the magni-
tude of the impact of TTM in each system hinges upon depth of hypothermia. 
Similarly, the effect of hypothermia on coagulation and the cardiovascular sys-
tem is transient and temperature dependent. These complications have been 
covered in detail in other studies [31]. To maximize the potential benefit of TTM 
post-cardiac arrest, and minimize its deleterious effect, a standardized bundle 
of care focused on early achievement of target temperature during induction, 
stability of temperature during maintenance, aggressive shivering control across 
all phases, slow rewarming and controlled normothermia has been proposed 
[32].

Special Considerations in Pregnancy

Pregnancy has been among the most common exclusion criteria in trials on 
temperature control for cardiac arrest. Data supporting its use in this popu-
lation is limited to case reports [33–35], which demonstrate feasibility of 
temperature control in pregnant patients, but do not provide sufficient evi-
dence towards efficacy and safety in this population. The decision to initiate 
temperature control in pregnant patients should be made by transdisciplinary 

Fig. 1.   Systemic effects of hypothermia.
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consensus between maternal fetal medicine, obstetrics, and neurology on a 
case-by-case basis.

Summary and Current Recommendations

In January of 2022, the European Resuscitation Council released an updated 
set of guidelines regarding temperature control in patients who remain 
unconscious following cardiac arrest. These recommendations include con-
tinuous monitoring of core temperature and prevention of fever (defined 
as > 37.7 °C) for at least 72 h, with the use of antipyretic medications or a 
cooling device, if necessary [36••]. This recommendation is largely based 
on the TTM2 trial. The guidelines acknowledge the insufficient evidence to 
recommend for or against actively cooling patients to 32–36 °C (as in prior 
guidelines) or the use of early cooling post-arrest. Additionally, they recom-
mended against the active rewarming of comatose patients following cardiac 
arrest who are hypothermic and recommended against using large volume 
infusions of cold fluid to cool patients immediately after achieving ROSC 
[36••]. A focused update from the American Heart Association on tempera-
ture control is in process and will consider new emerging evidence that has 
become available since its previous guidelines on this topic were published 
in 2020 [37].

Direction for Future Research

Most randomized controlled trials and meta-analyses utilize CPC or mRS 
scores to assess neurological status at discharge or long-term follow-up. These 
are relatively crude measures of neurological function and may miss impor-
tant granular differences in outcome. This is important, as patients with a 
CPC of 1 or 2 may have new neurological deficits at one year follow-up, 
including mood disorders, emotional lability, or memory deficits, among 
others [38]—all of which could be missed by these outcome scales, especially 
if performed by someone who is not well trained in neurology or psychology 
as has often been the case in prior studies. Furthermore, many studies use 
even more rudimentary assessments of neurological status, such as hospital 
discharge disposition, and follow-up is often performed via telephone which 
significantly limits the accuracy of neurological assessments.

The ideal duration of hypothermia remains unclear, as only one trial has 
studied this variable [26]. The ICECAP study is currently enrolling patients and 
will assess the effect of different durations (from 6 to 72 h) of hypothermia tar-
geting 33 °C in unconscious patients following OHCA using an adaptive design 
[27]. The PRECICECAP (Precision Care in Cardiac Arrest) is an ancillary study 
to ICECAP and represents the first rigorous initiative in precision care for TTM 
post-cardiac arrest aiming at identifying signatures based on individualized 
multimodal physiologic data to predict the optimal duration of cooling [39].
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Unwitnessed arrest with asystole as the non-perfusing rhythm was excluded 
from both TTM1 and TTM2. These studies were likely underpowered to make a 
definitive recommendation on target temperature for non-shockable rhythms, 
and though the HYPERION study supported use of hypothermia at 33 °C, its 
low fragility index challenges this recommendation. The optimal temperature 
target for patients that were not heavily represented in robust trials of cardiac 
arrest, in particular IHCA and non-cardiac etiology, remains an important 
knowledge gap.

Conclusion

Despite ongoing controversies surrounding specific aspects of targeted tempera-
ture management, the use of a bundle of care including strict temperature con-
trol is associated with improved outcomes after cardiac arrest and should not be 
abandoned. It is crucial to recall that 46% of patients in the control arm of the 
TTM2 trial required active temperature control with a device to maintain strict 
normothermia. Temperature control is associated with improved outcomes 
following cardiac arrest and should remain an integral part of post-arrest care.
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