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Keywords:
 Therapeutic hypothermia, or targeted temperature management (TTM), is a strategy of reducing the core body
temperature of survivors of sudden cardiac arrest (SCA) tominimize neurological damage caused by severe hyp-
oxia. Initial clinical trials examining this technique demonstrated significant improvement in neurological func-
tion among survivors of out-of-hospital SCA with an initial shockable rhythm. Since then, TTM has become an
integral part of the care provided to comatose survivors of SCA. However, multiple questions persist regarding
the target cooling temperature, duration of cooling, and utility of TTM in patient populations such as survivors
of out-of-hospital SCA with non-shockable rhythms or in-hospital SCA. This review article summarizes the cur-
rent evidence regarding optimal application of TTM and compares the recommendations for TTM in current
guidelines.
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There are over 500,000 episodes of in- and out-of-hospital sudden
cardiac arrest (SCA) each year within the United States. However, over-
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function, is unfortunately low – ranging from 9% for patients experienc-
ing out-of-hospital cardiac arrest (OHCA) to 22% for patients with in-
hospital cardiac arrest (IHCA). Interventions such as high-quality chest
compressions as well as rapid defibrillation during active SCA have
been shown to improve the likelihood of return of spontaneous circula-
tion (ROSC) and subsequent survival with good neurological
function.1–3 In contrast, there are a limited number of interventions ap-
plied in the post-ROSC phase that have been shown to improve out-
comes. One such strategy of actively inducing mild hypothermia or
“targeted temperature management” (TTM) in patients successfully re-
suscitated from SCA to limit the degree of hypoxemic injury, has shown
promise in improving outcomes in this patient cohort.
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In the current paper, we will review the rationale for TTM, methods
of cooling, related outcomes, and current Guideline recommendations
regarding the use of TTM among patients successfully resuscitated
from SCA.

Rationale

SCA leads to themost extreme form of shock, with complete circula-
tory arrest and profound systemic ischemia. Among all organs, the brain
is uniquely sensitive to ischemic injury. In the acute phase of the ische-
mic insult, there is increased cerebral lactate production, generation of
excitatory neurotransmitters, and disruption of ion gradients. These
processes cumulatively lead to cellular necrosis. Tissue death is further
exacerbated by re-establishment of tissue perfusion, as this initiates
multiple signaling cascades leading to cellular apoptosis (including gen-
eration of reactive oxygen species and inflammatory cytokines).4 The
observation that survivors of cold-water drowning were noted to have
preserved neurological function despite being submerged for long pe-
riods under water5 provided the necessary biological framework of
using TTM as a potential therapeutic modality in limiting neurological
damage in survivors of SCA. In subsequent animal and then human
studies, hypothermia has been shown tomediate its neuroprotective ef-
fect by mitigating these pathways of cellular injury, resulting in de-
creased necrosis and apoptosis.4

Currently, application of TTM consists of three phases. First, there is
rapid cooling to achieve a target core body temperature, followed by
maintenance of this hypothermic temperature, then a slow rewarming
phase (Fig. 1).

Outcomes

The data on outcomes from use of TTM in patients with SCA has
largely been derived from patients with initial shockable rhythms
[i.e., ventricular fibrillation (VF)/pulseless ventricular tachycardia
(VT)] that occurred out of the hospital. The major outcomes that have
been studied in clinical trials examining the use of TTM as a treatment
modality in survivors of SCA have been survival to hospital discharge
and survival to hospital discharge with favorable neurological function,
which is defined as a cerebral performance category (CPC) of 1 or 2. A
CPC score of 1 indicates good neurological function with no or mild ce-
rebral deficits, while a score of 2 indicates moderate cerebral disability.6

A summary of important clinical trials in the field of TTM is shown in
Table 1.

OHCA with initial shockable rhythm

The initial, large clinical trials examining the use of TTM in survivors
of OHCAwere published in 2002.7,8 Bernard et al. recruited 77 comatose
Fig. 1. Phases of Targeted Tem
patients who were successfully resuscitated from SCA after presenting
with an initial shockable rhythm (i.e., pulseless VT/VF) in Melbourne,
Australia.8 The trial had a quasi-randomization design, with patients
being admitted on odd-numbered days of the month undergoing TTM
defined as a target temperature of 33 °C for 12 h with use of ice packs.
Patients admitted on even-numbered days were assigned to standard
therapy of no active temperature management. A significantly higher
proportion of patients receiving TTMwere discharged from the hospital
with favorable neurological function (i.e., CPC score of 1 or 2) compared
with patients not receiving any active temperature management (49%
vs. 26%, P = 0.05). The odds ratio for survival with favorable neurolog-
ical functionwas 5.25 (95% C.I. 1.47–18.7, P=0.01) after adjustment for
baseline characteristics and duration of arrest. Patients receiving TTM
had higher overall survival compared with patients not receiving tem-
perature management, but this did not achieve statistical significance
(49% vs. 32%, P = 0.14). The Hypothermia After Cardiac Arrest (HACA)
trial was a European, multi-center clinical trial that recruited 275 survi-
vors of SCA with an initial shockable rhythm.7 Patients randomized to
active temperature management were cooled to 32 °C to 34 °C for
24 h using cold air. Patients randomized to the control arm received
no active temperature management. Compared to the control arm, pa-
tients who received active temperature management experienced sig-
nificantly higher rates of survival with favorable neurological function
(55% vs. 39%, P=0.002) aswell as overall survival to hospital discharge
(59% vs. 45%, P = 0.02). There was no significant difference in adverse
effects such as bleeding, sepsis, pneumonia, or lethal arrhythmias be-
tween the two groups in this study. Based on the combined results of
these two studies7,8 the number needed to treat (NNT) to improve sur-
vival with favorable neurological function is between 4 and 5, and NNT
for overall survival is approximately 6.

A Cochrane review summarizing the results from five studies (incor-
porating the two trials mentioned above) including 1370 patients com-
paring active temperature management versus no cooling was
published in 2016.9 The authors concluded that there is moderate qual-
ity of evidence that use of TTM among survivors of OHCA is associated
with increased survival with favorable neurological function (risk
ratio: 1.94, 95% CI 1.18–3.2) as well as overall survival at hospital dis-
charge (risk ratio: 1.35, 95% 1.10–1.65).

In light of this evidence, the current AHA guidelines give a Class I
(Level of Evidence B) recommendation to the routine application of
TTM to comatose survivors of OHCAwith an initial shockable rhythm.10

OHCA with initial non-shockable rhythm

The data regarding routine use of TTM exclusively among patients
with OHCA with initial non-shockable rhythms are generally of poor
quality and largely derived from observational studies.11 Additionally,
these studies have demonstrated mixed results with regard to the
perature Management.



Table 1
Summary of major clinical targeted temperature management trials.

Trial Design Number of
Participants

Outcome Comment

Trials comparing TTM with no cooling

Bernard
et al.,
20028

Randomized, single center study comparing application
of TTM with no active cooling among survivors of OHCA

N = 77

• TTM
arm: 43

• Control
arm: 34

1. Survival
49% (TTM) Vs. 26%
(Control)
OR: 1.4 (1.0–2.0), P
= 0.14

2. Favorable neurologi-
cal function
49% (TTM) Vs. 26%
(Control)
OR: 5.2 (1.4–18.7), P
= 0.01

• Initial trials that demonstrated benefit of TTM in comatose
survivors of OHCA

• Both trials only included patients with initial shockable
rhythm

• Of note, the patients in these trials were restricted to initial
shockable rhythm of cardiac arrest

HACA trial.,
20027

Randomized, multicenter study comparing application
of TTM with no active cooling among survivors of OHCA

N = 275

• TTM
arm: 138

• Control
arm: 137

1. Survival
59% (TTM) Vs. 45%
(Control)
OR: 1.4 (1.1–1.7), P
= 0.02

2. Favorable neurologi-
cal function
53% (TTM) Vs. 36%
(Control)OR: 1.5
(1.1–1.9), P = 0.002

Trial comparing different cooling temperatures during TTM

Nielsen
et al.,
201330

Randomized, multicenter study comparing outcomes
among OHCA survivors who were actively cooled to 33
°C compared with 36 °C

N = 939

• 33 °C
arm: 473

• 36 °C
arm: 466

1. Survival
48% (33 °C) Vs. 50%
(36 °C), P = 0.5

2. Favorable neurologi-
cal function52% (33
°C) Vs. 50% (36 °C), P
= 0.2

• 80% of study population had initial shockable rhythm
• Of note, this trial did not study a strategy of “cooling vs. no
cooling”. Maintaining 36 °C required active temperature
management and did not constitute normothermia

Trial examining pre-hospital cooling with infusion of cold saline vs standard in-hospital initiation of cooling

Kim et al.,
201427

Randomized study comparing outcomes among patients
being actively cooled in the field by paramedics
compared with standard in-hospital initiation of cooling

N = 1364

• Early
cooling
arm: 473

• Hospital
cooling
arm: 466

1. Survival: Shockable
cohort
62.7% (paramedic
cooled) vs. 64.3%
(hospital cooled), P
= 0.69

2. Survival: Non--
shockable
cohort19.2% (para-
medic cooled) vs.

16.3% (hospital cooled),
P = 0.30

• Patients receiving early cooling with infusion of cold saline
had higher rates of complication including higher rates of
re-arrests in the field, increased diuretic use and pulmonary
edema on presentation

Trial comparing duration of cooling

Kirkegaard
et al.,
201739

Randomized study comparing outcomes among patients
being actively cooled for 24 h compared with longer 48
h duration

N = 355

• 24 h
arm: 176

• 48 h: 175

1. Survival
34% (24 h) vs. 27%
(48 h),
RR: 0.81 (0.59–1.11),
P = 0.19

2. Favorable neurologi-
cal function
64% (24 h) vs. 69%
(48 h),
RR: 1.08 (0.93–1.25),
P = 0.33

• Longer duration of cooling beyond 24 h did not seem to
confer any additional benefit

• Patients cooled for longer duration had significantly pro-
portion of adverse events such hypotension

OR: Odds ratio.
RR: Risk ratio.
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potentially beneficial effect of TTM on survival to discharge or survival
with favorable neurological function.11–13

In-hospital cardiac arrest

Randomized data demonstrating a clear benefit of TTM to improve
outcomes after IHCA are lacking.14 A large, observational study pub-
lished in 2016 by Chan et al. using data from the national Get With
the Guidelines–Resuscitation Registry, involving N26,000 episodes of
IHCA, demonstrated no benefit to TTM. In fact, patients undergoing
TTM had a significantly lower likelihood of survival (27.4% vs 29.2%;
relative risk: 0.88, 95% CI, 0.80 to 0.97) aswell as survival with favorable
neurological function (17.0% vs 20.5%; relative risk: 0.79, 95% CI, 0.69 to
0.80).15 A limitation of the study was the lack of information on coma
status, which could have biased study results.

Nevertheless, even though there are no data supporting TTM use in
non-shockable rhythms, the current AHA guidelines writing committee
gives a Class I recommendation (Level of evidence C) for the application
of TTM among survivors of OHCA with non-shockable rhythms and in-
hospital cardiac arrest.10 This strong recommendation was made de-
spite lack of randomized data because of the rarity of adverse effects
in major clinical trials of TTM, the high neurologic morbidity and
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mortality from SCA without any specific interventions, and the prepon-
derance of data suggesting that temperature is an important variable for
neurologic recovery.
Target temperature for cooling

The initial TTM trials had set a target temperature of 32 °C–34 °C for
hypothermia compared with no cooling. However, significant debate
about optimal target temperature persisted. In 2012, Lopez-de-sa et al.
conducted a single-center clinical trial recruiting 36 patients (26 with
shockable rhythmand 10with non-shockable rhythm) and randomized
them to a target temperature of 32 °C versus 34 °C using infusion of cold
saline for 24 h.16 The primary outcomewas survival free from severe de-
pendence (defined as Barthel Index score ≥ 60 points) at 6 months.
Overall, patients who were cooled to 32 °C compared with 34 °C had
higher overall survival that did not achieve statistical significance
(44.4% vs. 11.4%, P = 0.12). When stratified based on initial presenting
rhythm, by 6months post-arrest, all patients with initial non-shockable
rhythms had died. In contrast, amongpatientswith a shockable rhythm,
cooling to a lower temperature of 32 °C compared with 34 °C was asso-
ciated with significantly higher survival at 6 months free from severe
dependence (61.5% vs. 15.4%, P=0.029). Of note, the results were con-
sidered to be hypothesis generating at best given the small number of
patients,mixed shockable and non-shockable rhythms, and overall neg-
ative trial results.

In 2013, Nielsen et al. published results of the largest clinical trial in
this field, the Targeted Temperature Management Trial at 33 °C versus
36 °C After Cardiac Arrest (TTM Trial) in which the authors compared
outcomes among patients actively cooled to 33 °C versus patients who
were cooled to 36 °C. The trial recruited 939 patients with OHCA, with
80% of patients with initial shockable rhythm. The primary outcome
was all-cause mortality, and the main secondary outcome was a com-
posite of death or poor neurologic function (defined as CPC of 3 to 5).
There were no differences in all-cause mortality [48% (33 °C) vs. 50%
(36 °C), P = 0.5] or in the secondary outcome [52% (33 °C) vs. 50% (36
°C), P=0.2]. It is important to highlight that thiswas not a trial compar-
ing a strategy of no cooling with active cooling. Patients who were
cooled to 36 °C actively received targeted temperature management.
Hence, both arms in the clinical trial received “active temperatureman-
agement” and there was no true normothermia/no-cooling arm. In con-
trast, in the control arm of the HACA trial, active temperature
management of any sort was not performed, and hence patients' aver-
age temperature were significantly higher at 37.6 °C (compared with
36 °C) with a small number of patients with temperatures higher than
38 °C contributing to worse outcomes. Additionally, neurological out-
comes in the 36 °C arm of the TTM trial were comparable to outcomes
within the active treatment arms of the previous HACA trial and a trial
by Bernard et al. (Fig. 2), thereby lending credence to the notion that
36 °C amounted to “active temperature management” and was not the
same as no temperature control at all.
Fig. 2. Rate of good neurological outcomes in intervention arm of HACA and Bernard trial
compared with 36 °C arm of TTM trial.
Overall, taking into consideration the results of this trial, themost re-
cent AHA guidelines changed the target temperature for cooling from
32 °C–34 °C to amore liberal range from32 °C–36 °C (Class I recommen-
dation, Level of Evidence B).10 However, there is concern in the resusci-
tation community that some will interpret this recommendation as
saying that cooling is not really necessary. Indeed, there is some evi-
dence this is already happening.17,18

Timing of cooling

The optimal time to initiate cooling, and its impact on outcomes, re-
mains uncertain. Early evidence from animal models demonstrated
clear benefit of initiating hypothermia early and reaching the target
temperature as rapidly as possible.19–21 In contrast, data from human
studies have been mixed.22–24

A number of randomized studies have studied initiation of hypo-
thermia in the prehospital setting by rapid infusion of intravenous solu-
tions. Bernard et al. performed the initial trial comparing outcomes
among 264 survivors of OHCA with VF.25 Patients in the early cooling
group received a rapid infusion of two liters of ice-cold lactated Ringer's
solution by paramedics, compared with routine in-hospital initiation of
cooling. Therewas a significant difference in the core temperature of pa-
tients in the early cooling arm compared with routine hospital cooling
arm on hospital arrival (34.6 °C vs. 35.4 °C, P = 0.01). After admission,
the early cooling arm continued to be cooled and the other arm had ini-
tiation of cooling. However, there was no difference in the primary out-
come, defined as discharge to home or rehabilitation facility, between
the two groups [47.5% (paramedic cooled) vs. 52.6% (hospital cooled),
risk ratio 0.90, 95% C.I. 0.70–1.17, P = 0.43]. There were no significant
differences in adverse outcomes between the two arms either. This
study was followed by a subsequent clinical trial by the same author
group, employing a similar strategy in 163 patients successfully resusci-
tated from OHCA with non-shockable rhythms (i.e., pulseless electrical
activity or asystole). Similar to the previous trial, there was no differ-
ence in the primary outcome of discharge to home or rehabilitation fa-
cility between the early-cooled and the standardly-cooled groups (12%
vs. 9%, P = 0.5). However, the overall trial was limited in power to de-
tect any meaningful differences between the two groups given the
small sample size.26 This led to a larger randomized, clinical trial by
Kim et al. that recruited 1364 survivors of OHCA in Seattle and King
County, Washington. The study included patients with both shockable
and non-shockable rhythms at the time of SCA.27 They adopted a similar
method of infusion of cold saline solution by paramedics to rapidly ini-
tiate cooling in the field, compared with initiation of routine cooling in
the hospital. Similar to the previous studies, patients receiving early
cooling with saline infusion had significantly lower core temperatures
on hospital arrival, but there was no difference in survival rates [62.7%
(paramedic cooled) vs. 64.3% (hospital cooled), P = 0.69 in ventricular
fibrillation group; 19.2% (paramedic cooled) vs. 16.3% (hospital cooled),
P = 0.30 in non-shockable group]. Additionally, safety concerns about
this method of rapid cooling were raised, since patients in the interven-
tion arm receiving rapid infusion of fluids had significantly higher rates
of rearrests in the field as well as increased diuretic use and pulmonary
edema on hospital presentation.

Alternative methods that achieve adequate prehospital cooling
without rapid infusion of intravenous solutions have also been exam-
ined. In the Pre-ROSC IntraNasal Cooling Effectiveness (PRINCE) study,
Castren et al. evaluated the feasibility of an intra-nasal cooling device
among 200 survivors of OHCA to rapidly initiate intra-arrest cooling.28

The study authors demonstrated that such a device is safe, and patients
who were cooled with this device achieved target temperature numer-
ically (but not statistically significantly) faster as comparedwith routine
in-hospital cooling (155 versus 284min, P=0.13). There was no differ-
ence in rates of ROSC or survival to discharge. However, this study was
not powered to study survival outcomes. Subsequently, data from the
Prehospital Resuscitation Intranasal Cooling Effectiveness Survival
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Study (PRINCESS) were presented at Resuscitation Science Symposium
2018.29 The authors examined differences in outcomeswith the use of a
transnasal cooling device to initiate intra-arrest cooling compared with
standard application of TTM after hospital admission among N600 pa-
tients across seven European countries. While time to target tempera-
ture was significantly lower in the intervention arm as expected, there
was no difference in survival at 90 days in the overall group (16.6% vs
13.5%; P = 0.26) or in those with VF (34.8% vs 25.9%; P = 0.11). With
regard to survival with favorable neurological function (i.e., CPC 1 or
2), while there was no difference in the overall group (14.8% vs 10.5%;
P = 0.09), it was significantly higher among patients with VF (32.6%
vs 20%; P = 0.02). There were no significant differences in adverse
events among the two arms. While these data suggest a potential bene-
fit of an intranasal cooling device to provide expedited hypothermia
among patients with shockable rhythms, the results of the trial are con-
sidered hypothesis generating at best especially given that the overall
trial result was negative.

Taking into account the current data, the Guideline writing group
recommends against the routine prehospital cooling of patients after
ROSC with rapid infusion of cold intravenous fluids. (Class III recom-
mendation, Level of Evidence A).10 However, currently there is no guid-
ance regarding alternative technologies of prehospital cooling.

Duration of cooling

The current guidelines recommend an average duration of at least
24 h for TTM. This recommendation is derived from the landmark
TTM trials that cooled patients for an average of 24 h.7,30 Additionally,
observational data suggest an optimal duration of 18–24 h for improved
outcomes.31–33 In 2017, Kirkegaard et al. conducted a randomized,
multi-center study recruiting 355 patients from 6 European countries
comparing a standard cooling duration of 24 hwith a prolonged cooling
duration lasting 48h. Therewasnodifference in theprimary outcomeof
survival with favorable neurological function (defined as CPC of 1 or
2) at sixmonths [64% (standard duration) vs. 69% (prolonged duration);
relative risk: 1.08; 95% C.I. 0.93–1.25, P=0.33)]. Similarly, no difference
in mortality at 6 months was noted with standard cooling duration
compared with prolonged duration of cooling (34% vs. 27%; relative
risk, 0.81; 95% C.I. 0.59–1.11; P = 0.19). The proportion of adverse
events including hypotension was significantly higher in the prolonged
cooling arm.

Overall, with data from this new clinical trial, we anticipate the
guidelines will continue to recommend a cooling duration of an average
of 24 h, especially given concern for increased adverse effects from
prolonged cooling.

Prevention of hyperthermia

There are observational data that have shown that fever is common
among patients after they are rewarmed to normothermia,34 and that
the occurrence of fever is associated with worse neurological
outcomes.35 Hence, the recent guidelines state that it is reasonable to
actively prevent fever in comatose patients after TTM (Class IIb recom-
mendation; Level of Evidence C).10 Inmost cases, this is achieved simply
by leaving in place the device used to initiate TTM, though now set to
maintain normothermia.

Cooling methods

There currently are two methods of initiating targeted temperature
management. While initial trials utilized ice bags, more modern TTM
programs utilize specific tools to cool and maintain a target tempera-
ture. The first method consists of placement of an intravascular catheter
that allows for circulation of blood through an external cooling device
(Fig. 3A). This device allows for precise temperature control, which is
imperative for proper application of TTM. The disadvantage of this
method is the need for expertise in obtaining central venous access,
the risk of catheter infection, as well as difficulty in patient transporta-
tion while connected to the cooling device. Alternatively, patients can
be cooled using surface cooling by application of large gel pads to the
body that have cold saline circulating within them (Fig. 3B) (www.
medivance.com). This has also shown to allow for precise temperature
control. The advantages of this method include the ease of instituting
TTM given the simple technique of gel pad application, ease of patient
transportation to various procedures, and the ability to perform coro-
nary angiography simultaneously (possible since the gel pads are radio-
lucent). Disadvantages include the risk of skin injury and the need for
covering a large part of the body surface, thereby limiting access for
nursing care. Outcome data comparing these two methods are scarce,
and currently there are no studies suggesting a difference between the
two methods.33

Monitoring of the actively cooled patient

There are a number of patient care considerations that a clinician
must be aware of during the application of TTM. They are as follows:

• Sedation/Analgesia: Adequate sedation/analgesia should be main-
tained throughout the duration of application of TTM including during
active cooling phase, maintenance phase, and rewarming, until
normothermia is achieved. “Sedation holidays” or spontaneous
breathing trials should not be attempted while the patient is under
TTM protocol.

• Shivering: Shivering is a physiological response that occurs from
decreasing core temperatures. It increases metabolic activity and the
patient's oxygen requirement, potentially worsening underlying
neurological damage. Therefore, attempts should be made to treat
shivering whenever present. Non-pharmacological measures such as
application of warm blankets based on the “skin counter warming”
concept should be attempted first. Overall, skin temperature contrib-
utes about 20% (the core temperature contributes the other 80%)
to the shivering threshold. Hence, increasing the skin temperature
has been shown to decrease shivering without affecting core
temperatures.36 This can be followed by increasing sedation/analgesia
as required. Finally, if shivering persists despite high levels of seda-
tion, neuromuscular blockade can be attempted. However, the dose
and the duration of neuromuscular blockade should be kept at a
minimum, and the degree of neuromuscular blockage should be fre-
quently assessed. Hence, the current guidelines consider it to be
reasonable to consider the titrated use of sedation and analgesia in
critically ill patients who require mechanical ventilation or shivering
suppression during induced hypothermia after cardiac arrest. (Class
IIb recommendation, Level of Evidence C).10

• Hypotension: Hypothermia has been shown to cause hypotension by
causing vasodilatation and/or myocardial dysfunction. Currently, a
mean arterial pressure goal of N65 mmHg, or systolic blood pressure
N 80 mmHg, should be maintained to ensure adequate cerebral
blood flow and minimize anoxic brain injury. The use of vasoactive
agents is recommended if needed to achieve these blood pressure
goals.

• Oxygenation/Ventilation: Hypoxic as well as hyperoxic episodes
should be avoided since they are clearly associated with worse out-
comes. Hence, the guidelines recommend that when resources are
available to titrate FiO2 and oxyhemoglobin saturation, it is reasonable
to decrease the FiO2 when oxygen saturation is 100% provided a
saturation of ≥94% can be maintained.10,37 PaCO2 levels of
35–45 mmHg should be maintained, and excessive hyperventilation
should be avoided to prevent cerebral vasoconstriction.10,38

• Hypokalemia: Decreasing the core temperature of the body leads to
sequestration of potassium within the cells leading to significant
hypokalemia. Conversely, during the rewarming phase, an efflux of
intracellular potassium occurs, causing hyperkalemia. Hence, while
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Fig. 3. A. Zoll intravascular targeted temperature management system. (Obtained with permission from Zoll Corporation). B. Bard artic sun targeted temperature management system
which uses cooling pads on the skin attached to a module. Core temperature is generally taken via a foley catheter, and the module automatically adjusts based on this core
temperature (Obtained with permission from BD Corporation).
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aggressive potassium repletion is recommended during the cooling
phase, potassium repletion should be stopped at the initiation of
rewarming, to avoid rebound hyperkalemia.

• Glucose control: At lower body temperatures, there is decreased sen-
sitivity towards insulin, and hence patients tend to have higher blood
sugars during the cooling phase of TTM. Aggressive treatment of blood
sugar did not show benefit in a small trial among survivors of VF, as
well as potential harm in the broader intensive care unit population.39

The guidelines acknowledge the uncertain benefit of tight glucose
control, and do not recommend a specific target range.10

Conclusion and future directions

The use of targeted temperature management has been shown to
improve meaningful survival outcomes among OHCA survivors with
shockable rhythms who are comatose. Its use is thus recommended in
these patients. However,many questions persist regarding its therapeu-
tic application, especially among patients with IHCA, or arrestwith non-
shockable rhythms, as well as the timing of hypothermia initiation. Pa-
tients with an unchangeably poor prognosis will not likely benefit from
cooling. Accurate early prognostication strategies are thus keenly
needed. Designing future studies focusing on patient populations that
have the best prognosis (i.e. patients with initial shockable rhythms)
would allow for efficient, high quality studies that could add much
needed clarity to the field.

References

1. Hansen CM, Kragholm K, Granger CB, et al. The role of bystanders, first responders,
and emergency medical service providers in timely defibrillation and related out-
comes after out-of-hospital cardiac arrest: results from a statewide registry. Resusci-
tation 2015;96:303-309.

2. Hasselqvist-Ax I, Riva G, Herlitz J, et al. Early cardiopulmonary resuscitation in out-of-
hospital cardiac arrest. N Engl J Med 2015;372:2307-2315.

3. Wissenberg M, Lippert FK, Folke F, et al. Association of national initiatives to improve
cardiac arrest management with rates of bystander intervention and patient survival
after out-of-hospital cardiac arrest. Jama 2013;310:1377-1384.

4. Yenari MA, Han HS. Neuroprotectivemechanisms of hypothermia in brain ischaemia.
Nat Rev Neurosci 2012;13:267-278.
5. Sekar TS, MacDonnell KF, Namsirikul P, Herman RS. Survival after prolonged submer-
sion in cold water without neurologic sequelae. Report of two cases. Arch Intern Med
1980;140:775-779.

6. Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet (Lon-
don, England) 1975;1:480-484.

7. Mild therapeutic hypothermia to improve the neurologic outcome after cardiac
arrestN Engl J Med 2002;346:549-556.

8. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of out-of-
hospital cardiac arrest with induced hypothermia. N Engl J Med 2002;346:557-563.

9. Arrich J, Holzer M, Havel C, Warenits AM, Herkner H. Pre-hospital versus in-hospital
initiation of cooling for survival and neuroprotection after out-of-hospital cardiac ar-
rest. The Cochrane Database of Systematic Reviews. 2016;3:Cd010570.

10. Callaway CW, Donnino MW, Fink EL, et al. Part 8: post-cardiac arrest care: 2015
American Heart Association guidelines update for cardiopulmonary resuscitation
and emergency cardiovascular care. Circulation 2015;132:S465-S482.

11. Sandroni C, Cavallaro F, Antonelli M. Therapeutic hypothermia: is it effective for non-
VF/VT cardiac arrest? Critical care (London, England). 2013;Vol. 17:215.

12. Perman SM, Grossestreuer AV, Wiebe DJ, Carr BG, Abella BS, Gaieski DF. The utility of
therapeutic hypothermia for post-cardiac arrest syndrome patients with an initial
nonshockable rhythm. Circulation 2015;132:2146-2151.

13. Dumas F, Grimaldi D, Zuber B, et al. Is hypothermia after cardiac arrest effective in
both shockable and nonshockable patients?: insights from a large registry. Circula-
tion 2011;123:877-886.

14. Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-hospital cardiac
arrest: a review. JAMA 2019;321:1200-1210.

15. Chan PS, Berg RA, Tang Y, Curtis LH, Spertus JA. Association between therapeutic hy-
pothermia and survival after in-hospital cardiac arrest. JAMA 2016;316:1375-1382.

16. Lopez-de-Sa E, Rey JR, Armada E, et al. Hypothermia in comatose survivors from out-
of-hospital cardiac arrest: pilot trial comparing 2 levels of target temperature. Circu-
lation 2012;126:2826-2833.

17. Bradley SM, Liu W, McNally B, et al. Temporal trends in the use of therapeutic hypo-
thermia for out-of-hospital cardiac arrest. JAMA Netw Open 2018;1, e184511.

18. Khera R, Humbert A, Leroux B, et al. Hospital variation in the utilization and imple-
mentation of targeted temperature management in out-of-hospital cardiac arrest.
Circ Cardiovasc Qual Outcomes 2018;11, e004829.

19. Xu J, Jin X, Chen Q, et al. Faster hypothermia induced by esophageal cooling improves
early markers of cardiac and neurological injury after cardiac arrest in swine. J Am
Heart Assoc 2018;7, e010283.

20. Che D, Li L, Kopil CM, Liu Z, Guo W, Neumar RW. Impact of therapeutic hypothermia
onset and duration on survival, neurologic function, and neurodegeneration after
cardiac arrest. Crit Care Med 2011;39:1423-1430.

21. Kuboyama K, Safar P, Radovsky A, Tisherman SA, Stezoski SW, Alexander H. Delay in
cooling negates the beneficial effect of mild resuscitative cerebral hypothermia after
cardiac arrest in dogs: a prospective, randomized study. Crit Care Med 1993;21:
1348-1358.

22. Perman SM, Ellenberg JH, Grossestreuer AV, et al. Shorter time to target temperature
is associated with poor neurologic outcome in post-arrest patients treated with
targeted temperature management. Resuscitation 2015;88:114-119.

http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0005
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0005
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0005
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0005
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0010
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0010
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0015
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0015
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0015
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0020
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0020
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0025
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0025
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0025
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0030
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0030
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0035
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0035
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0040
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0040
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0045
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0045
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0045
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0050
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0050
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0050
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0055
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0055
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0055
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0060
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0060
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0065
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0065
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0070
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0070
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0070
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0075
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0075
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0080
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0080
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0080
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0085
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0085
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0085
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0090
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0090
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0090
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0095
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0095
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0095
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0095
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0100
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0100
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0100


278 P. Mody et al. / Progress in Cardiovascular Diseases 62 (2019) 272–278
23. Haugk M, Testori C, Sterz F, et al. Relationship between time to target temperature
and outcome in patients treated with therapeutic hypothermia after cardiac arrest.
Critical care (London, England). 2011;15:R101.

24. Schock RB, Janata A, Peacock WF, Deal NS, Kalra S, Sterz F. Time to cooling is associ-
ated with resuscitation outcomes. Therapeutic Hypothermia and Temperature Man-
agement 2016;6:208-217.

25. Bernard SA, Smith K, Cameron P, et al. Induction of therapeutic hypothermia by para-
medics after resuscitation from out-of-hospital ventricular fibrillation cardiac arrest:
a randomized controlled trial. Circulation 2010;122:737-742.

26. Bernard SA, Smith K, Cameron P, et al. Induction of prehospital therapeutic hypother-
mia after resuscitation from nonventricular fibrillation cardiac arrest*. Crit Care Med
2012;40:747-753.

27. Kim F, Nichol G, Maynard C, et al. Effect of prehospital induction of mild hypothermia
on survival and neurological status among adults with cardiac arrest: a randomized
clinical trial. JAMA 2014;311:45-52.

28. Castren M, Nordberg P, Svensson L, et al. Intra-arrest transnasal evaporative cooling:
a randomized, prehospital, multicenter study (PRINCE: Pre-ROSC IntraNasal Cooling
Effectiveness). Circulation 2010;122:729-736.

29. Nordberg P. Prehospital Resuscitation Intranasal Cooling Effectiveness Survival Study
(PRINCESS) Presented at the Resuscitation Science Symposium. Chicago2018.

30. Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature management at 33 de-
grees C versus 36 degrees C after cardiac arrest. The New England Journal of Medicine,
Vol. 369 . 2013:2197-2206.

31. Kagawa E, Dote K, Kato M, et al. Do lower target temperatures or prolonged cooling
provide improved outcomes for comatose survivors of cardiac arrest treatedwith hy-
pothermia? J Am Heart Assoc 2015;4, e002123.
32. Shinozaki K, Oda S, Sadahiro T, et al. Duration of well-controlled core temperature
correlates with neurological outcome in patients with post-cardiac arrest syndrome.
Am J Emerg Med 2012;30:1838-1844.

33. Stanger D, Mihajlovic V, Singer J, Desai S, El-Sayegh R, Wong GC. Editor's choice-ef-
fects of targeted temperature management on mortality and neurological outcome:
a systematic review and meta-analysis. Eur Heart J Acute Cardiovasc Care 2018;7:
467-477.

34. Gebhardt K, Guyette FX, Doshi AA, Callaway CW, Rittenberger JC. Prevalence and ef-
fect of fever on outcome following resuscitation from cardiac arrest. Resuscitation
2013;84:1062-1067.

35. Zeiner A, Holzer M, Sterz F, et al. Hyperthermia after cardiac arrest is associ-
ated with an unfavorable neurologic outcome. Arch Intern Med 2001;161:
2007-2012.

36. Badjatia N, Strongilis E, Prescutti M, et al. Metabolic benefits of surface counter
warming during therapeutic temperature modulation. Crit Care Med 2009;37:
1893-1897.

37. Kilgannon JH, Jones AE, Shapiro NI, et al. Association between arterial hyperoxia fol-
lowing resuscitation from cardiac arrest and in-hospital mortality. Jama 2010;303:
2165-2171.

38. Roberts BW, Kilgannon JH, Chansky ME, Mittal N, Wooden J, Trzeciak S. Association
between postresuscitation partial pressure of arterial carbon dioxide and neurologi-
cal outcome in patients with post-cardiac arrest syndrome. Circulation 2013;127:
2107-2113.

39. Oksanen T, Skrifvars MB, Varpula T, et al. Strict versus moderate glucose control
after resuscitation from ventricular fibrillation. Intensive Care Med 2007;33:2093-
2100.

http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0105
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0105
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0105
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0110
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0110
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0110
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0115
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0115
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0115
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0120
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0120
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0120
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0125
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0125
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0125
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0130
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0130
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0130
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0135
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0135
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0135
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0140
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0140
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0140
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0145
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0145
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0145
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0145
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0150
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0150
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0150
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0155
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0155
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0155
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0160
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0160
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0160
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0165
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0165
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0165
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0170
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0170
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0170
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0170
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0175
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0175
http://refhub.elsevier.com/S0033-0620(19)30082-9/rf0175

	Targeted temperature management for cardiac arrest
	Rationale
	Outcomes
	OHCA with initial shockable rhythm
	OHCA with initial non-shockable rhythm
	In-hospital cardiac arrest
	Target temperature for cooling
	Timing of cooling
	Duration of cooling
	Prevention of hyperthermia
	Cooling methods
	Monitoring of the actively cooled patient
	Conclusion and future directions
	References


