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Abstract

Background Targeted temperature management (TTM) is

often used in neurocritical care to minimize secondary

neurologic injury and improve outcomes. TTMencompasses

therapeutic hypothermia, controlled normothermia, and

treatment of fever. TTM is best supported by evidence from

neonatal hypoxic-ischemic encephalopathy and out-of-hos-

pital cardiac arrest, although it has also been explored in

ischemic stroke, traumatic brain injury, and intracranial

hemorrhage patients. Critical care clinicians using TTM

must select appropriate cooling techniques, provide a rea-

sonable rate of cooling, manage shivering, and ensure

adequate patient monitoring among other challenges.

Methods The Neurocritical Care Society recruited experts in

neurocritical care, nursing, and pharmacotherapy to form a

writing Committee in 2015. The group generated a set of 16

clinical questions relevant toTTMusing thePICOformat.With

the assistance of a research librarian, the Committee undertook

a comprehensive literature search with no back date through

November 2016 with additional references up to March 2017.

Results The Committee utilized GRADE methodology to

adjudicate the quality of evidence as high, moderate, low,

or very low based on their confidence that the estimate of

effect approximated the true effect. They generated rec-

ommendations regarding the implementation of TTM

based on this systematic review only after considering the

quality of evidence, relative risks and benefits, patient

values and preferences, and resource allocation.

Conclusion This guideline is intended for neurocritical care

clinicians who have chosen to use TTM in patient care; it is

not meant to provide guidance regarding the clinical indi-

cations for TTM itself.While there are areas of TTMpractice

where clear evidence guides strong recommendations, many

of the recommendations are conditional, and must be con-

textualized to individual patient and system needs.
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Introduction

After neurologic injury, the brain is vulnerable to sec-

ondary damage from ischemia, edema, impaired

metabolism, and other factors which can extend the zone of
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Table 1 Definitions

CA Cardiac arrest

Controlled normothermia

(NT)

Controlled and intentional reduction and/or maintenance of core body temperature between 36.0 and 37.4 �C [1]

Conventional cooling

methods

Cold (4 �C) crystalloid IV fluids, cold sponge baths, bags of ice applied directly to axillae/groin, fans, water- or air-

circulating blankets, iced saline or water NG lavage/bladder instillations

CPC Cerebral performance category

Deep/severe

hypothermia

Less than 28 �C [2]

DSMC Data safety monitoring committee

EEG Electroencephalogram

EV Intravascular

Fever Core body temperature greater than 37.5 �C (definition varies—also defined as > 38.3 �C or > 38.5 �C)
GCS Glasgow Coma Scale

GOS Glasgow Outcome Scale

HIE Hypoxic-ischemic encephalopathy

H&H Hunt and Hess score

ICH Intracerebral hemorrhage

ICU Intensive care unit

IHCA In-hospital cardiac arrest

IICP Increased intracranial pressure

IV Intravenous

Longer duration

hypothermia

Greater than 24 h (cardiac arrest population); greater than 48 h in other populations

LOS Length of stay

Mild hypothermia 32–34 �C [2]

MLS Midline shift

Moderate hypothermia 28–32 �C [2]

mRS Modified Rankin score

NIHSS National Institutes of Health Stroke Scale

NPARC National Post-Arrest Research Consortium

NS Not significant

OHCA Out-of-hospital cardiac arrest

Overshoot Temperature drop > 0.5 �C below target temperature [3]; Temperature 32 �C or lower [41]; temperature lower than

goal temperature

Prophylactic

hypothermia

TH started within 2.5 h of neurologic injury and before evidence of secondary injury (e.g., elevated ICP)

Ppx Prophylaxis

RASS Richmond Agitation-Sedation Scale

RCT Randomized controlled trial

SAH Subarachnoid hemorrhage

Servo-control Feedback mechanism to automate device temperature based on patient temperature and goal temperature

Shorter duration

hypothermia

Less than 24 h (cardiac arrest population); < 24–48 h in other populations

SOC Standard of care

T Temperature (Tsource identifies a specific source of measurement)

TBI Traumatic brain injury
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injury. Fever is often a contributor to secondary injury and

is associated with greater morbidity and mortality. As such,

targeted temperature management (TTM) is often used in

neurocritical care to minimize secondary neurologic injury

and improve outcomes. TTM is best supported by evidence

from neonatal hypoxic-ischemic encephalopathy (HIE) and

out-of-hospital cardiac arrest (OHCA), although it has also

been explored in ischemic stroke, traumatic brain injury

(TBI), and intracranial hemorrhage patients [1, 2].

TTM encompasses therapeutic hypothermia (TH), con-

trolled normothermia, and treatment of fever (Table 1).

Critical care clinicians using TTM must select appropriate

cooling techniques, provide a reasonable rate of cooling,

manage shivering, and ensure adequate patient monitoring

among other challenges. Given the myriad of practical

issues related to TTM implementation, the Neurocritical

Care Society (NCS) set out to develop an evidence-based

guideline regarding the use of TTM in neurocritical care

using Grading of Recommendations Assessment, Devel-

opment and Evaluation (GRADE) guideline methodology.

This guideline is intended for neurocritical care clini-

cians who have chosen to use TTM in patient care; it is not

meant to provide guidance regarding the clinical indica-

tions for TTM itself. For such information, readers should

review specific guidelines for the application of TTM

developed for stroke [3–6], cardiac arrest [7, 8], HIE [9],

and traumatic brain injury [10, 11] patient populations. The

use of TTM in the operative setting was not reviewed.

Methods

Experts in neurocritical care, nursing, and pharmacother-

apy were recruited from within the NCS to form a writing

Committee, and a preliminary organizational meeting was

held in Scottsdale, Arizona in September 2015. Using the

GRADE framework, the Committee generated a set of 16

clinical questions relevant to TTM specifying the patient

group of interest, the intervention, the comparators, and the

outcomes of interest (Population-Intervention-Comparison-

Outcomes [PICO] format). With the assistance of a

research librarian, the Committee undertook a compre-

hensive literature search of the PubMed, CINAHL PLUS,

Embase, Cochrane Library, and Joanna Briggs Institute

Evidence-Based Practice databases with no back date

through November 2016. Also included for analysis were

articles identified in bibliographies and personal files which

included references up to March 2017.

The Committee did not consider articles in languages

other than English, non-human studies, or unpublished

presentations. The Committee considered systematic

reviews, meta-analyses, randomized controlled trials, and

observational studies which specifically addressed the

PICO variables. Neonatal and pediatric studies were

included where applicable. At least two Committee mem-

bers reviewed the abstracts from the electronic search for

relevance, and full-text articles were obtained where

applicable. The full search strategy is provided in the

supplementary materials (Appendix in ESM).

The Committee utilized GRADE methodology to adju-

dicate the quality of evidence as high, moderate, low, or

very low based on their confidence that the estimate of

effect approximated the true effect. They generated rec-

ommendations only after considering the quality of

evidence, relative risks and benefits, patient values and

preferences, and resource allocation [12]. The Committee

formulated recommendations for or against an intervention,

and classified them as strong (‘‘we recommend’’) or con-

ditional (‘‘we suggest’’). Strong recommendations are the

preferred course of action for most patients and should be

adopted as policy in most situations. Conditional recom-

mendations require further consideration within the clinical

and institutional context and should be carefully evaluated

by stakeholders before being implemented as policy [13].

In addition to offering recommendations based on the

formal GRADE process, the Committee identified areas of

practice where there is insufficient evidence to support

recommendations and opted to provide ‘‘good practice

statements’’ to address these issues. These statements are

meant to serve as clinical guidance where there is a high

level of certainty regarding overall benefit (or harm), but a

lack of published evidence.

Table 1 continued

Therapeutic hypothermia (TH) Controlled and intentional reduction of core body temperature to 32.0–35.9 �C
TMD Temperature modulating device

TOF Train of four

TT Target temperature

Tx Treatment

Undershoot Temperature higher than goal temperature/not achieving goal temperature
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The fullCommitteemet on January 10–11, 2017, inDenver

and again on March 24–25, 2017, in Boston. Topic authors

presented GRADE evidence summaries, and recommenda-

tions were arrived at after discussion by the entire panel. Both

internal experts from the Neurocritical Care Society and

external stakeholders reviewed the final guideline.

Induction and Maintenance of TTM

Does a Pre-defined Duration of TTM Result

in Similar Outcomes as Goal-Directed Therapy?

While the Committee wished to address the relative ben-

efits of a pre-specified duration of TTM versus a goal-

directed duration of therapy, few publications examine this

specific issue and professional societies have endorsed a

range of practices [8, 14, 15]. Four studies met inclusion

criteria to address this question and all focused on thera-

peutic hypothermia rather than controlled normothermia.

The Committee defined favorable neurologic outcome and

mortality as the outcomes of primary interest in these

studies, and the overall quality of evidence was moderate.

In terms of neurologic outcome, two observational trials

examined OHCA and one randomized controlled trial (RCT)

studied TBI [16]. In bothOHCA studies, post hoc analysis was

used to identify variables that were associated with favorable

outcomes.A correlationwas noted between improved survival

and a longer duration of therapy; however, this may be related

to the earlier application of TTM post-arrest as opposed to the

duration of therapy itself [17, 18]. While studying intracranial

pressure (ICP) control in severe TBI patients, Jiang found

TTM for five days as opposed to two days resulted in signifi-

cantly improved functional outcomes [16].

Two studies addressed mortality as a function of TTM

duration. An RCT of neonates with hypoxic-ischemic

encephalopathy (HIE) randomized to 72 or 120 h of TTM

at either 33.5 or 32.0 �C was stopped owing to safety

concerns with longer or deeper hypothermia [19]. How-

ever, an OHCA study observed lower mortality in patients

cooled for longer durations [17].

Recommendations

We suggest at least 24 h of cooling in OHCA patients

(Conditional recommendation, moderate quality evidence)

We suggest longer duration TTM for severe TBI patients should

ICP control be the goal

(Conditional recommendation, low-quality evidence)

We advise against longer (> 72 h) or deeper (< 32.0 �C)
hypothermia in neonates with HIE

(Conditional recommendation, moderate-quality evidence)

See Evidentiary Table 1 of Electronic Supplementary Material

Does Prophylactic Initiation of TTM Result

in Similar Outcomes as Symptom-Based Initiation?

TTM can be initiated prior to evidence of secondary neu-

rologic injury as opposed to reactively after other

management strategies have failed. The Committee sought

to determine whether there was any benefit to a prophy-

lactic approach in terms of the following outcomes of

primary interest: secondary neurological injury (in this

context, defined as ICP burden and/or fever burden), ICU

length-of-stay (including duration of sedation and/or ven-

tilation), and neurologic outcome (e.g., outcome scores or

mortality). The Committee did not identify any literature

which directly compared the two approaches in therapeutic

hypothermia [1, 2, 20–29].

However, for controlled normothermia more evidence

exists comparing prophylactic and reactive approaches.

Two RCTs and one cohort study examined TTM in patients

with fever refractory to conventional therapies such as

antipyretics and intermittent cooling blankets [30–32]. All

noted a lower fever burden in the treatment group. Puccio

et al. managed fever prophylactically in a cohort of severe

TBI patients; they observed a lower ICP burden with TTM

prophylaxis as compared to historical controls [33].

Findings were mixed for the outcomes of duration of

ICU stay and mechanical ventilation with prophylactic

versus reactive normothermia. TTM patients have more

tracheostomies and longer ICU LOS, but equivalent overall

hospital stays [14, 15, 30, 34]. Puccio et al. compared

severe TBI patients undergoing prophylactic normothermia

with historical controls and suggested equivalence of

infection and complication rates [33]. Limited evidence

does not suggest a difference in neurologic outcomes

between prophylactic and reactive normothermia

[31, 32, 34], and as such the Committee could not make a

recommendation on this subject.

Recommendations

We cannot recommend any specific timing of TTM initiation

(prophylactic or symptom-based), due to equivocal evidence

about its impact on length of stay, ICP burden, and neurologic

outcome

We recommend using controlled normothermia to reduce fever

burden in patients with fever refractory to conventional therapy

(Strong recommendation, moderate-quality evidence)

See Evidentiary Table 2 of Electronic Supplementary Material
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In Neurocritical Care Patients, Which Method

of TTM Achieves Fastest Time to Target?

The preclinical literature has shown that the greatest ben-

efits of TTM are obtained when therapy begins within

hours of the neurologic insult. Studies of longer time

frames between injury and TTM initiation have yielded

conflicting results, suggested less robust benefits of TH,

and demonstrated a correlation between the speed with

which cooling is initiated and the ultimate duration of TTM

required [35]. Laboratory studies have demonstrated that

the therapeutic window for hypothermia is < 6 hours

regardless of injury type and that the goal for normother-

mia is prophylactic and not reactive.

However, clinical studies do not support these findings

and there are no defined standards for clinically meaningful

endpoints. As such, the Committee agreed by consensus

that even statistically significant results were not clinically

relevant if the difference between time to target was

< 1 h. Overshoot was defined as surpassing the goal body

temperature, which in the case of TTM is a lower tem-

perature than goal. Conversely, undershoot was defined as

a failure to achieve target temperature or achieving it more

slowly than recommended.

The Committee identified several prospective controlled

studies that examined time to target as a primary endpoint.

Apart from one study that included a subset of normoth-

ermia patients and one that investigated neonates with HIE

[36, 37], all the moderate- to high-quality studies investi-

gated time to hypothermic targets across cardiac arrest and

stroke patient populations [36, 38–43]. Most studies mea-

sured systemic body temperature, although two studies

utilized brain temperature as a reference point.

Many of the high-quality studies reported on differences

in time to target temperature between advanced tempera-

ture modulating devices (TMD) such as surface,

intravascular, or intranasal devices and standard of care

interventions, which varied from ice packs to air-circulat-

ing cooling blankets. These studies found that advanced

cooling techniques resulted in a faster time to target tem-

perature and were associated with higher likelihood of

success in achieving target temperature. Several studies

compared the difference in time to target temperature

between surface and intravascular cooling techniques;

however, the majority used retrospective or uncontrolled

prospective cohort methodologies [44]. Two high-quality

studies failed to demonstrate superiority of either tech-

nique, though the sample sizes for each study were too

small to provide adequate evidence for definitive state-

ments [36, 40]. As a result, the Committee could not make

a recommendation regarding surface versus intravascular

techniques and time to target temperature or likelihood of

achieving target temperature. There were no pediatric

studies utilizing cooling devices to specifically address this

PICO question. In neonates, one multicenter RCT found

that a servo-controlled (feedback mechanism) surface

cooling device resulted in a greater likelihood of achieving

target temperature as compared to standard of care (80 vs.

49%, p < 0.001) [37]. This study also demonstrated a

faster time to target (44 vs. 63 min) though this was below

the Committee’s pre-specified limit of clinical significance.

The rapid infusion of cold (4 �C) saline is an inexpen-

sive and readily available technique for achieving target

temperature. It has been examined as a primary modality of

cooling for both induction of hypothermia and normoth-

ermia across many neurocritical care patient populations

[45]. Most studies focus on the relative safety of this

technique as it relates to the occurrence of pulmonary

congestion and/or cardiac arrhythmias, although they are

typically of low quality due to non-randomized and/or

retrospective study designs [46–49]. One large prospective

RCT demonstrated the superiority of a cold saline (30 cc/

kg) bolus to achieve hypothermia over standard of care in a

pre-hospital setting after cardiac arrest [43]. A cold saline

infusion of 1193 ± 647 cc led to a significantly lower

initial temperature on arrival to the ED (34.7 ± 35.4 �C,
p < 0.001). Patients undergoing cold saline infusion were

less likely to achieve ROSC (41.2 vs 50.6%, p = 0.03).

Though not definitive, this finding is concerning and indi-

cates that cold saline should be used with caution during

cardiac arrest resuscitations. The American Academy of

Neurology Practice Guidelines for reducing brain injury

after CPR recommends against the use of cold saline as an

adjunctive therapy in the pre-hospital setting [7].

The induction of normothermia with cold saline infu-

sions has been examined in one prospective series of adult

patients and one retrospective series of pediatric patients

[50, 51]. This latter study also provided the only evidence

for the use of cold saline for either hypothermia or nor-

mothermia in a pediatric population. As a result, there was

insufficient data to support a recommendation of cold sal-

ine infusions for the induction of normothermia in adult

neurocritical care patients or for the induction of nor-

mothermia or hypothermia in pediatric neurocritical care

patients.

Recommendations

We recommend using intranasal, surface, or intravascular

temperature-modulating devices and/or cold saline infusions

over air cooling blankets, cooling fans, or cooling packs to

achieve faster time to target temperature, improve the likelihood

of achieving target temperature, and lessen the likelihood of

overshoot

(Strong recommendation, high-quality evidence)

We recommend using surface cooling devices over passive air

cooling and/or ice packs to increase the likelihood of achieving
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target temperature in neonatal patients with hypoxic-ischemic

encephalopathy

(Strong recommendation, high-quality evidence)

See Evidentiary Table 3 of Electronic Supplementary Material

In Neurocritical Care Patients, Which Method

of TTM Causes the Least Temperature Variability?

Temperature variability is the deviation of patient tem-

perature outside of the goal, typically reported as mean

deviation or percent of time outside of target. In assessing

which method of TTM causes the least variability, the

Committee specified degree of variability and overshoot of

target temperature as outcomes of primary interest. Many

studies on this subject used conventional methods in their

comparison groups, which typically involves rapid infu-

sions of cold crystalloids, ice packs, and fans.

All studies identified for inclusion evaluated TH, the

most relevant high-quality studies of variability were in

OHCA patients [39, 40, 52]. In this population, intravas-

cular catheters demonstrated less variability than gel pad

surface devices or conventional methods (ice packs, cool-

ing fans, ‘‘homemade’’ tents) [39]. Further, water-

circulating sleeve devices without a servo-control mecha-

nism demonstrated less variability than conventional

cooling measures [52]. In a diverse sample of adult

patients, variability was lowest in the intravascular device

group, followed by air-circulating devices, gel pad surface

devices, conventional cooling, and water-circulating devi-

ces [36]. In a cohort study of neonates with HIE, lowest

variability was noted with whole-body cooling wraps with

servo-controls [53].

Overshoot was evaluated in the OHCA population in

one high-quality [41] and two lower-quality studies

[54, 55], and in one lower-quality study of HIE neonates

[56]. An RCT of OHCA patients compared gel pad surface

devices to standard cooling blankets and ice bags; the risk

of overshoot was significantly lower with gel pad surface

devices (RR = 0.24, p = 0.01) [41]. A cohort study

compared surface versus surface plus intravascular devices

in OHCA patients and found that the surface-only group

had more overshoot, although the groups were not equally

matched in terms of severity of illness [54]. Another cohort

study comparing intravascular devices to conventional

measures did not observe a difference in overshoot [55].

A retrospective cohort study of neonates with HIE

compared two types of water-circulating devices with

servo-controls: one with gradient temperature changes and

one with binary (HIGH/LOW) temperature settings [56].

Overshoot was significantly lower when using gradient

temperature controls, although undershoot was also more

prevalent with these devices.

Although the literature on temperature variability is of

moderate to high quality, there are no direct data to support

its impact on clinically important outcomes. However, it

seems intuitively sensible that in therapeutic hypothermia

specifically, wide temperature variability could inadver-

tently result in profoundly low temperatures with

potentially deleterious effects on patient outcome.

Recommendations

To maintain constant patient temperature, we recommend using

intravascular catheters, or gel pads if such catheters are not

available

(Strong recommendation, high-quality evidence)

To minimize temperature variability in neonates with HIE, we

suggest using a servo-controlled body wrap over conventional

measures

(Conditional recommendation, low-quality evidence)

To minimize overshoot, we recommend gel pads over

conventional measures

(Strong recommendation, moderate-quality evidence)

To minimize overshoot, we suggest using temperature modulating

devices with servo-controls and gradient temperature changes

(Conditional recommendation, low-quality evidence)

See Evidentiary Table 4 of Electronic Supplementary Material

In Neurocritical Care Patients Undergoing TTM,

What is the Optimal Temperature Measurement

Site?

Inaccurately measured temperatures could negatively

impact patient care and outcome. Several temperature

monitoring sites are available for TTM, and various

observational studies have examined their relative

accuracies.

Historically, the gold standard in temperature monitor-

ing has been pulmonary artery (PA) catheters. However,

utilization of these devices is decreasing, leaving the

question of the ‘‘next best’’ method. Esophageal and

bladder probes best approximate the accuracy of PA

catheters [55, 57, 58]. In one study using iced saline for

TTM, an esophageal probe recorded a more rapid change

in temperature than a bladder probe [59].

The noninvasive tympanic, axillary, and oral sites are

convenient but also the least accurate [60–62]. Addition-

ally, tympanic sources cannot be monitored continuously.

The temporal artery site is accurate for initial recognition

of hyperthermia but more likely to underestimate hyper-

thermia and/or overestimate hypothermia [61]. Tympanic

and temporal artery measurement sources should not be

utilized for managing TTM and do not have capabilities for

continuous temperature monitoring [61].

Neurocrit Care (2017) 27:468–487 473
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Minimal evidence is available for endotracheal tube cuff

temperature monitoring, noninvasive brain temperature

monitoring, and femoro-iliac artery temperature monitor-

ing, all of which have been found to be of comparable

accuracy in low-quality studies. The Committee did not

identify any studies using rectal temperatures in TTM and

as such could not make a recommendation regarding this

site.

Recommendations

We suggest using an esophageal temperature probe during all

phases of TTM. If an esophageal probe is not appropriate or

available, we suggest using a bladder temperature probe

(Conditional recommendation, low-quality evidence)

Clinicians should monitor temperature continuously during TTM

(Good practice statement)

See Evidentiary Table 5 of Electronic Supplementary Material

Shivering

Shivering is the body’s thermoregulatory response to

changes in temperature, and it increases metabolism, oxy-

gen consumption, energy expenditure, and the production

of carbon dioxide [63–65]. If not managed, shivering may

negate the neuroprotective benefits of TTM.

In Neurocritical Care Patients Undergoing TTM,

Should Shivering be Assessed Using Standardized

Tools?

The detection of shivering is challenging. Currently, there

is no continuous monitoring device that detects and/or

quantifies shivering or microshivering, although several

studies have introduced standardized tools that may be

beneficial. The Bedside Shiver Assessment Scale (BSAS)

grades patient shivering using muscle group movements, is

independently correlated with several calorimetric mea-

sures, and has high inter-rater reliability [63, 66]. Testing

the reliability of the scale in patients with higher BSAS

scores is challenging due to the ethical mandate to mini-

mize shivering when it is observed. The BSAS has been

widely applied as a shivering tool during TTM; however, it

relies on subjective scoring and the vigilance of the bedside

clinician.

May et al. prospectively compared electromyography

(dEMG) and the BSAS in 38 survivors of OHCA; dEMG

values correlated reasonably well with the BSAS scores

[67]. A dEMG of 27 decibels (dB) correlated with BSAS of

0, and 30.5 dB correlated with a BSAS of 1. The dEMG for

a BSAS greater than one was significantly different from

BSAS of zero. While this study was limited by low patient

numbers and potential lack of generalizability to other

populations, dEMG may prove promising as a more

objective continuous measurement.

Two other studies describe novel approaches to shiver

detection, but their methodological limitations precluded

the Committee from incorporating them into their recom-

mendations. Sund-Levander found an association between

an increased tympanic-toe temperature gradients and

shivering [68]. Earp et al. investigated the use of pul-

monary and bladder catheter ratios to detect shivering in

cardiac surgery patients [69]. A ratio of less than one was

indicative of shivering; however, the researchers concluded

this was in part due to limitations of known physiologic

temperature differences between the pulmonary artery and

bladder.

Shivering must be identified and quantified using con-

sistent language for TTM to be safely and effectively

incorporated into patient care. Despite the subjective lim-

itations of the BSAS, it provides common language and has

enabled research investigation and bedside evaluation of

pharmacologic and non-pharmacologic patient shivering

interventions [70–75]. More research is needed to develop

objective measurement tools.

Recommendations

Clinicians and researchers should consider using a shivering

assessment tool

(Good practice statement)

Of the tools available, we recommend the BSAS because of its

established accuracy and inter-rater reliability

(Strong recommendation, moderate quality evidence)

See Evidentiary Table 6 of Electronic Supplementary Material

In Neurocritical Care Patients Undergoing TTM,

does Treatment of Shivering Result in Similar

Functional Outcomes as Compared to No

Treatment?

Shivering is an anticipated consequence and potentially

major adverse effect of TTM [76–78]. Even mild

hypothermia can elicit a vigorous thermoregulatory

defense to maintain body temperature at the hypothalamic

set point. Control of shivering is essential for effective

cooling, as shivering combats the cooling process and

makes attaining target temperature difficult in addition to

increasing systemic and cerebral energy consumption and

metabolic demand [79]. Pharmacologic and non-pharma-

cologic modalities are commonly employed in this

population; however, much of the research has been

474 Neurocrit Care (2017) 27:468–487
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conducted in healthy volunteers and in the immediate

postoperative period [80].

Numerous studies evaluating pharmacological agents

for reduction of vasoconstriction and shivering thresholds

have been conducted and lay the groundwork for possible

therapies. A recent meta-analysis by Park et al. found

significant heterogeneity in the literature with respect to

trial designs, interventions, and results when assessing

pharmacologic anti-shivering therapies [81]. Sedatives and

hypnotics including midazolam, lorazepam, diazepam,

dexmetomidine, propofol, and buspirone have shiver

threshold reductions ranging from 0.5 to 2.4 �C when used

alone and many are effective in synergistic combinations

[82–92]. Analgesic agents such as nefopam, alfentanil,

fentanyl, and meperidine have also been evaluated both as

monotherapy and in combinations [93–99]. Meperidine

appears to be the most beneficial of all opioids with

reported reductions in shiver thresholds between 1.2 and

2.2 �C [98, 99]. Magnesium mildly reduces shiver thresh-

olds; high-dose clonidine has also shown benefit but may

cause bradycardia and hypotension [93, 100–102]. Lastly,

neuromuscular blocking agents (NMBAs) are widely

reported to cause complete cessation of shivering but there

is conflicting data regarding mortality outcomes [103–112].

NMBAs have no sedative, amnestic, or analgesic properties

and should only be used in patients who are receiving

adequate sedation and analgesia [113]. Ondansetron, dox-

apram, tramadol, naloxone, nalbuphine, and dantrolene

have shown minimal shiver reductions in healthy individ-

uals [114–116].

When using any pharmacologic agent for shiver reduc-

tion, clinicians must consider the potential variation in their

pharmacokinetics and pharmacodynamics during

hypothermic conditions and monitor for efficacy (shiver

control) and safety (adverse drug reactions, drug interac-

tions, drug accumulation). Of note, some studies of shiver

control [93, 100, 101] were conducted on non-brain-injured

patients and there may be differing effects depending upon

the location and severity of brain injury (e.g., thalamic and

brain stem injury).

Non-pharmacologic interventions include skin warming

techniques, head coverings, and hand, arm, face, and air-

way warming. All interventions have been shown to

decrease the shiver index and improve overall subjective

comfort in healthy volunteers [89, 117–121]. Badjatia et al.

evaluated cutaneous counterwarming with air-circulating

blankets and found a significant reduction in shivering,

resting energy expenditure, oxygen consumption, and car-

bon dioxide production in patients undergoing TTM [122].

Non-pharmacologic interventions may be the optimal first-

line therapy as there is no risk of sedation or drug inter-

actions, although they may have limited capacity for shiver

reduction in patients cooled to normothermia as opposed to

hypothermia. Non-pharmacologic interventions should be

considered in combination with pharmacologic methods

when shivering cannot be controlled with non-pharmaco-

logic measures alone.

There is strong evidence that creating and following an

institutional algorithm for the assessment and treatment of

shivering in TTM is an effective strategy to minimize over-

sedation and avoid paralytics [70, 94]. Using a validated

monitoring tool and a combination of non-pharmacologic

and pharmacologic therapies in an additive stepwise

approach has been shown to be an effective tactic. How-

ever, there is insufficient evidence to support superiority of

one treatment modality or specific escalation protocol to

combat shivering.

Good practice statements

Clinicians should treat shivering promptly

We suggest a stepwise approach to shivering which prioritizes

non-sedating interventions (acetaminophen, counterwarming,

magnesium) over narcotic analgesics, sedatives, or paralytics

See Evidentiary Table 7 of Electronic Supplementary Material

In Neurocritical Care Patients Undergoing TTM, is

Metabolic Demand Similar to Patients Not

Undergoing TTM?

One of the primary mechanisms by which TTM can pre-

vent secondary injury is by reducing metabolic demand.

Cerebral metabolic rate of oxygen (CMRO2) is tightly

linked to temperature, with a 1 �C change in temperature

resulting in up to 5–7% change in CMRO2. As such, TTM

can modify many of the processes that are regulated by

metabolic rate, including production of free radicals,

inflammation, and cerebral blood flow.

In the clinical literature, there is a relative lack of high-

quality studies and as a result a paucity of strong transla-

tional evidence for experimental studies. The Committee

only identified two studies that systematically investigated

the impact hypothermia has upon measures of CMRO2

[123, 124]. Both utilized jugular venous sampling to esti-

mate the metabolic rate and change in either jugular

oxygen saturation or lactate levels associated with cooling.

The impact in this small sample set was unclear and a

broader discussion of the meaning of these surrogate end

points of cerebral metabolism can be found in the NCS

multimodality monitoring consensus statement [125].

Most hypothermia studies examine systemic metabolism

as measured by resting energy expenditure (REE). These

studies were conducted across stroke, TBI, and cardiac

arrest populations and generally found a reduction in

energy expenditure with cooling [126–130]. Likewise, two
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studies found cooling had an impact on protein catabolism,

as measured by urine urea nitrogen [131, 132]. Conclusions

from both sets of studies have potential implications

regarding appropriate nutritional delivery during cooling,

though further evidence is required to make any recom-

mendations. There is insufficient evidence to make a

recommendation regarding the use of TTM to change

measures of cerebral or systemic metabolic demand in

pediatric patients.

There were far fewer studies reporting on the impact of

normothermia onmeasures ofmetabolism.Hata et al. noted a

consistent reduction in oxygen consumption with the appli-

cation of surface temperature-modulating devices, so long as

shiveringwas adequately controlled [131].Osuka et al. noted

that in TBI patients maintained at normothermia with

chemical paralysis and moderate sedation, there was a

reduction in measured REE as compared to predicted REE,

with potential implications regarding nutritional estimation

[132]. Two studies reported a general reduction in the rate of

metabolic crises or improvement in lactate-to-pyruvate

ratios with induced normothermia in TBI and subarachnoid

hemorrhage (SAH) populations [64, 133]. There were no

studies reporting the impact of normothermia on protein

catabolism. All of these studies provide a very low quality of

evidence regarding normothermia targets. There is insuffi-

cient evidence to recommend whether metabolic demand is

similar for pediatric patients undergoing TTM [134]. Fur-

thermore, none of the studies investigated the impact

markers of metabolic demand had upon outcome measures,

resulting in insufficient evidence to make a recommendation

regarding the modulation of metabolic response via TTM to

improve measures of outcome such as length of stay, mor-

bidity, or mortality.

Good practice statement

Clinicians should be aware of the impact that TTM may have upon

metabolism and substrate utilization. Metabolic support should

be driven by the disease state and actual measurement of

metabolism

See Evidentiary Table 8 of Electronic Supplementary Material

Complications

In Neurocritical Care Patients, What is the Impact

of TTM on GI Complications?

Despite a reduction in overall net metabolic demand,

patients likely still incur an energy deficit during TTM if no

feeding is provided [63, 128]. Complications of enteral

feeding during TTM may include slowed motility, high

residuals, aspiration, and poor absorption, although only

five studies provide some comparison between those

receiving and not receiving TTM.

One observational study of thirteen patients with

intracranial hemorrhage compared the tolerability of

trophic enteral feeds during TTM with standard feeds in

normothermic controls. Three of six patients in the mild

hypothermia group had gastric residuals above 250 cc, and

one patient had a mild ileus. No other adverse events were

noted [130]. An additional observational study evaluated

enteral tolerance in 55 cardiac arrest patients receiving

TTM, and the proportion of feeds tolerated was 71, 95, and

100% on days 1, 2, and 3, respectively [135].

Given the lack of evidence of increased adverse events

in this population and the known harm of inadequate

nutrition for critically ill patients in general, we suggest

initiating enteral nutrition in TTM patients. In accordance

with existing guidelines, nutrition support therapy with EN

should be initiated within 24–48 h in neurocritical care

patients undergoing TTM [136].

Recommendation

We suggest that no additional measures be considered to avoid

gastric intolerance in patients undergoing TTM

(Conditional recommendation, low-quality evidence)

See Evidentiary Table 9 of Electronic Supplementary Material

In Neurocritical Care Patients Undergoing TTM,

Should Clinicians be More Vigilant for Infection

and/or Interpret Laboratory Markers of Infection

Differently?

The interpretation of diagnostic testing can depend upon

the pretest probability of disease, and as such the Com-

mittee reviewed the relative rates of infection in TTM

patients. Three moderate- or high-quality studies were

identified, although screening protocols and definitions of

infection varied substantially among them and none were

powered to address the incidence of infection. One RCT of

pneumonia in post-arrest patients found no significant

difference between hypothermic patients and normother-

mic controls [20]. The same was found for a separate RCT

comparing hypothermia to relative normothermia [137]. A

retrospective cohort study of cardiac arrest patients found

that TTM is an independent risk factor for early onset

pneumonia, although the retrospective nature and possible

selection bias of TTM make the results difficult to interpret

[138]. One other RCT of TBI patients found a greater

incidence of pneumonia and meningitis although there

were serious risks of bias, imprecision, inconsistency, and

indirectness [139]. In summary, the highest quality evi-

dence does not indicate a significant difference in rates of

476 Neurocrit Care (2017) 27:468–487

123



infection and observational studies showing a difference

have serious limitations.

The influence of temperature management on inflamma-

tory markers could potentially hinder the reliable diagnosis

of infection in TTM patients. Although many studies have

described the inflammatory milieu in TTM [16, 140, 141],

few have provided a comparison group and even fewer have

provided a comparison group in the setting of infection

[142–144]. The Committee identified two retrospective

case–control studies and one RCT that evaluated indicators

of infection in the setting of TTM, although their retro-

spective nature, risk of bias, and imprecision rendered the

evidence low or very low quality. The data suggest that

clinical and non-clinical markers of infection (such as

leukocyte count, c-reactive protein, procalcitonin, and heat-

shock proteins) do change in response to infection in

hypothermic patients [139, 145, 146]. As such standard

critical care guidelines are appropriate to monitor for

infection in TTM [147, 148]. Although some centersmonitor

water temperature on servo-control devices as an indicator of

infection, we could find no suitable literature to guide a

recommendation for this practice.

Recommendation

We suggest that clinicians adhere to standard critical care

guidelines when monitoring for infection in patients undergoing

TTM

(Conditional recommendation, low-quality evidence)

See Evidentiary Tables 10a and 10b of Electronic Supplementary

Material

Are Laboratory Parameters Altered

in Neurocritical Care Patients Receiving TTM?

With its considerable effects on physiology, TTM has the

potential to impact the accuracy and interpretation of lab-

oratory tests commonly used in neurocritical care. The

Committee focused on accuracy of potassium, arterial

blood gas (ABG), creatinine, and glucose in the setting of

TTM.

Hypothermia induces hypokalemia by shifting potas-

sium from the extracellular to intracellular or extravascular

spaces. Mirzoyev et al. reported potassium levels decrease

as the core temperature decreases where patients cooled to

a goal temperature of 33 �C showed a potassium nadir of

3.2 ± 0.7 mmol/L at 10 h after cooling initiation [149].

Nielsen et al. reported that 13% and 18% of patients cooled

to 36 and 33 �C, respectively, had hypokalemia [137].

Furthermore, there appears to be a correlation between

nadir potassium levels < 3.0 mmol/L and risk of prema-

ture ventricular contractions [149].

Rebound hyperkalemia is of concern during rewarming

as potassium is shifted back to the extracellular space.

Hyperkalemia and cardiac arrhythmias have been associ-

ated with maintaining potassium levels above 3.5 mmol/L

during the cooling maintenance phase [150]. Therefore,

maintaining serum potassium levels between 3.0 and

3.5 mmol/L during induction and maintenance phases may

prevent arrhythmias and reduce the risk of rebound

hyperkalemia during rewarming.

Since the partial pressures of gases change with tem-

perature, the accuracy of ABG values during hypothermia

has often been questioned. One observational study com-

paring the alpha-stat to the pH-stat method found that the

latter improved identification of hypoxemia and hyper-

capnia, which led to better patient outcomes [151]. It

should be noted that pH-stat-guided ventilation manage-

ment may lead to an increase in ICP [139]. Given the

paucity of clinical trial data, there is insufficient evidence

to recommend either alpha-stat or pH-stat methodology to

aid in the management of ventilation during TTM. Nev-

ertheless, correcting ABG values for actual body

temperatures using either method will result in the most

accurate assessment of partial pressure of oxygen and

carbon dioxide.

The ability to diagnose renal dysfunction is critical in

both dosing of medications and estimated clearance of

medications, especially with medications that may alter the

neurologic exam. Zeiner et al. compared serum creatinine

and creatinine clearance in post-arrest TTM patients and

controls. In the TTM group, both serum creatinine and

creatinine clearance were reduced at 24 h, suggesting that

serum creatinine is not a reliable marker for renal function

in this group of patients [152].

Hypothermia alters insulin secretion and glucose con-

trol, although little is known about how fluctuations in

glucose control influence outcome. The largest study to

date is a randomized trial which compared normothermia

and hypothermia in 905 patients; there was no significant

difference in the rates of hypoglycemia [137]. In contrast,

Zhao et al. randomized TBI patients to normothermia or

mild hypothermia, and mean glucose was lower in the

hypothermia group [153]. Blood glucose greater than

180 mg/dL was an independent predictor of poor neuro-

logic outcome. A prospective observational study found

that glucose levels, glucose variability, and insulin

requirements were higher in hypothermia maintenance

phase as compared to the rewarmed normothermia phase

[154]. The investigators suggest that glucose variability is

an independent predictor of in-hospital mortality and poor

neurologic outcome. A retrospective chart review of 21

post-arrest TTM patients showed an association between a

mean blood glucose greater than 220 mg/dl and decreased

survival. However, if insulin therapy was instituted there
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was no significant difference in mortality [155]. In its

totality, the evidence surrounding the impact of TTM on

glucose control is inconsistent, and as such the Committee

suggests frequent monitoring of blood glucose as the most

prudent approach.

Recommendations

We recommend maintaining serum potassium levels between 3.0

and 3.5 mmol/L during induction and maintenance phases to

prevent rebound hyperkalemia and arrhythmias during

rewarming

(Strong recommendation, high-quality evidence)

Arterial blood gas measurements should be temperature-corrected

(Good practice statement)

Clinical monitoring for other laboratory abnormalities during

cooling should be similar to that for any critically ill patient

(Good practice statement)

See Evidentiary Table 11 of Electronic Supplementary Material

In Neurocritical Care Patients, does TTM Affect

the Pharmacokinetics and Pharmacodynamics

of Medications?

Therapeutic hypothermia as a subset of TTM has been

studied for its impact on the pharmacokinetics (PK) of

various drugs. Significant inter-individual variation in PK

parameters is not surprising considering concurrent chan-

ges in hemodynamics and organ systems that may

accompany cardiac arrest or TBI and resuscitation [156].

Hypothermia reduces the activity of metabolic processes,

including absorption, distribution, and excretion. Passive

processes of drug disposition (diffusion or paracellular

diffusion) do not seem to be significantly altered [156].

During TH, intestinal drug absorption is reduced and

gastric emptying may be delayed. Antiplatelet agents

illustrate this effect. Concentrations of parent drug and

metabolites are reduced in cardiac arrest patients receiving

TH and clopidogrel via a nasogastric (NG) tube [157–159].

Crushing tablets for NG tube administration may also

reduce bioavailability. The desired inhibition of platelet

aggregation with clopidogrel, ticagrelor, or prasugrel may

not be as reliable in TH patients, increasing the risk for

stent thrombosis [158, 160, 161]. Ticagrelor and prasugrel

appear to be preferred agents during TH, although IV

cangrelor can circumvent concerns regarding absorption

[160, 162, 163].

Hepatic drug enzymatic metabolism (cytochrome P450)

is reduced during TH, impacting sedative and analgesic

medications. With 24 h of cooling, midazolam concentra-

tions are unchanged, but concentrations increase

significantly after several days of TH, due to reduced

CYP3A4 activity [164, 165]. In TBI patients with TH,

estimated PK parameters suggest that the half-life of

midazolam may approach 7000 h after several days of

cooling at a core temperature < 35 �C [164]. Initiation of

rewarming increases the clearance of midazolam

[164, 165]. Altering midazolam doses, and similarly the

doses of morphine, propofol, or remifentanil during TH to

prevent excessive or prolonged drug effect does not appear

to be necessary unless the duration of cooling is prolonged

[165–167]. High extraction drugs like lidocaine or propofol

are influenced by hepatic perfusion. Reduced blood flow

related to cardiac injury or a negative inotropic effect of the

drug can reduce the metabolism of these drugs, but TH

alone has not been shown to reduce hepatic perfusion

[168]. Fentanyl clearance is also reduced during TH, but

unlike other sedatives, serum concentrations do not decline

with rewarming, possibly related to the long half-life rel-

ative to the rewarming period [165, 166].

Reduced hepatic metabolism via CYP3A4 also impacts

the neuromuscular blocking agents vecuronium and

rocuronium during TH [157, 169, 170], although a change

in PD was not demonstrated with vecuronium [157].

Atracurium also has reduced clearance during cooling of

surgical patients, leading to potential delay in recovery of

neuromuscular function. The effect of rewarming on drug

metabolism has not been reported [167]. Changes in Phase

II metabolism during TH have not been observed, with the

exception of morphine clearance which changes in a

manner similar to midazolam [165, 166].

The effect of TH on plasma protein binding is poorly

studied, although TH to 34 �C did not change phenytoin

binding to albumin [171]. Hepatic metabolism of phenytoin

via CYP2C9 and CYP2C19 is a saturable process at high

concentrations. Phenytoin accumulates during TH, but

concentrations fall during rewarming. [172, 173]. Consid-

ering this, it is prudent to monitor phenytoin concentrations

during TH. Carbamazepine, propranolol, and lidocaine

bind to alpha-1 acid glycoprotein, an acute-phase reactant

that would be expected to increase after cardiac arrest or

TBI, but data on additional changes during TH are not

available. The central volume of distribution of neostig-

mine, a reversal agent for NMBAs, was reduced 38% in

volunteers undergoing cooling, and time to onset of max-

imum effect increased by 1 min, but cooling did not

change clearance or duration of action [157]. Propofol and

midazolam are also potentially influenced by alterations in

drug distribution due to reduced partitioning to peripheral

compartments, increasing the serum concentration

[156, 168].

Changes in glomerular filtration rate are not expected

from TH alone, although drugs that depend on renal

elimination for clearance may be impacted due to changes

in tubular secretion. Heparin is partially cleared by renal
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mechanisms, especially at high doses, and its anticoagulant

activity requires interaction with cofactor antithrombin III.

The use of typical weight-based heparin doses may pro-

duce an exaggerated aPTT response in TH patients, but the

exact PK mechanism (enzyme activity, protein binding, or

filtration) has not been elucidated [174, 175]. Lower initial

bolus and infusion doses of heparin have been suggested

during TH with close monitoring for changing heparin

requirements during rewarming. A prospective trial of

proposed dosing strategies is needed. Low molecular

weight heparins are administered via subcutaneous injec-

tion, and absorption may be reduced by low perfusion to

the skin, especially proximal to surface cooling. Renal

filtration of the LMWH products is their primary mecha-

nism of elimination, but clinical trials of effectiveness and

safety during TH have not been done.

In summary, there is insufficient evidence to recom-

mend specific dosing strategies or routes of administration

for analgesics and sedatives during TH.

Good practice statements

As with standard intensive care practice, clinicians should monitor

the therapeutic efficacy of drugs and measure serum

concentrations where possible

Given that the pharmacokinetics of commonly used analgesics and

sedatives may be altered by cooling, clinicians should consider

their potentially long-lasting impact on neurologic assessments

during TTM

See Evidentiary Table 12 of Electronic Supplementary Material

In Neurocritical Care Patients, does TTM Affect

the Incidence of Bleeding?

The impact of temperature-related coagulopathies is of

great concern in TTM. Temperatures below 35 �C are

known to affect the coagulation cascade as well as platelet

function, which can cause prolonged prothrombin and

partial thromboplastin times [176]. As a result, it can be

challenging to differentiate injury-induced coagulopathies

from those caused by TTM. A small RCT analyzing the

impact of body temperature on thromboelastography and

platelet aggregation found no influence on results within a

range of 33–37 �C, suggesting a possible alternative

method for assessing coagulation and platelet aggregation

[177].

The Committee identified several studies in cardiac

arrest, TBI, and ischemic stroke populations that assessed

the impact of hypothermia on the occurrence of systemic

and central nervous system (CNS) bleeding. Two meta-

analyses in cardiac arrest populations undergoing

hypothermia treatment demonstrated higher rates of

thrombocytopenia and subsequent transfusion of blood

products without a difference in the rate of bleeding

[178, 179]. In TBI, none of the multicentered RCTs

demonstrated a significant increase in the rate of systemic

or CNS bleeding in patients treated with hypothermia

[21, 24]. In ischemic stroke patients, several single-center

non-randomized trials did not demonstrate an increased

risk of bleeding with hypothermia with either surface or

intravascular techniques [180]. Results from the multi-

center RCT Intravascular Cooling in the Treatment of

Stroke 2 trial did not demonstrate a higher rate of bleeding

in patients cooled with or without intravenous tissue plas-

minogen activator (tPA) [28]. None of these studies

demonstrated a higher rate of mortality due to hemorrhagic

complications. In addition, there was insufficient evidence

available to make recommendations regarding the risk of

bleeding and various cooling modalities.

Regarding bleeding in SAH patients, there are data

supporting the safety of TTM during aneurysm surgery;

however, only small retrospective case series examine the

sustained use of hypothermia during the subsequent ICU

stay [181, 182]. Though small case series indicate no dif-

ference in bleeding rates with hypothermia after

intracerebral hemorrhage and spinal cord injury, there are

currently no prospective RCTs assessing the impact of

hypothermia on the rate of hemorrhage. It is important to

note that none of the studies reviewed conducted a com-

parative analysis to assess whether the incidence of

bleeding was different between surface or intravascular

techniques, beyond the inherent risk of intravenous line

placement.

Recommendations

We strongly recommend no change in routine care with respect to

monitoring for bleeding and preventing thrombosis in TTM

patients

(Strong recommendation, high-quality evidence)

We suggest that thromboelastometry may be helpful in measuring

coagulation and platelet aggregation in TTM patients

(Conditional recommendation, low-quality evidence)

See Evidentiary Table 13 of Electronic Supplementary Material

In neurocritical Care Patients does TTM Affect

Early Mobilization?

Early mobilization in the ICU decreases length of stay,

ventilator days, delirium days, and readmissions

[183, 184]. In stroke patients, early mobilization improves

functional recovery and cognition [185]. Intensive care

units have updated standards of care to include consider-

ation of early mobilization in all patient populations [184].

A key barrier to mobilization is concern about patient

safety and prevention of adverse events such as falls,
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hemodynamic instability, and the dislodgement of tubes and

catheters. TTM devices and shivering management strate-

gies can be barriers to early mobilization and often limit

movement to range of motion exercises, turning, and ele-

vating the head of the bed. Although there is no specific

evidence regarding the safety of mobilization in TTM,

Committee experts reported safelymobilizing non-intubated

patients receiving normothermia or in whom shivering is

well managed. This is an area of research opportunity.

Good practice statement

Clinicians should consider daily mobilization for all TTM

patients

Do Patients Undergoing TTM Require Special Care

to Prevent Skin Complications?

Maintenance of skin integrity and avoidance of pressure injury

formation is a key quality metric in intensive care and is con-

sidered an avoidable complication. Patients undergoing TTM

may be at heightened risk due to immobility and the contact of

cooling devices with the skin. The Committee did not identify

any prospective studies addressing this issue and relied upon

retrospective case series in formulating their recommendations.

In a cohort of 69 cooled cardiac arrest patients, four were noted

to have skin injuries believed to be device-related. Associated

variables were shock and the presence of left ventricular failure

[186]. A study of surface cooling found that two of 47 patients

had erythema and mottling, which was mainly associated with

the use of vasopressors and shock [187]. Another report

described a case of severe desquamation believed to be related

to the use of a surface cooling device in a patient with con-

gestive heart failure [188]. A multicenter retrospective cohort

study failed to identify an association between a higher body

mass index and skin breakdown in patients undergoing surface

cooling after cardiac arrest [189].

Recommendation

We suggest increased vigilance for skin breakdown when using

surface cooling devices in patients with shock or left ventricular

failure

(Conditional recommendation, low-quality evidence)

See Evidentiary Table 14 of Electronic Supplementary Material

In Neurocritical Care Patients Undergoing TTM, is

There a Greater Incidence of Cardiac and/

or Thrombotic Complications?

Cardiac monitoring is a low-risk intervention already in

routine use for other clinical indications in neurocritical

care. In adults, four RCTs failed to identify a statistically

significant difference in the rate of arrhythmias between

hypothermic patients and normal controls

[26, 29, 190, 191]. A fifth RCT identified a significantly

greater incidence of bradycardia, premature ventricular

contractions, and couplets during the first 24 h of TTM;

however, these results are of questionable clinical signifi-

cance [192]. A study by De Georgia identified a 66%

higher incidence of DVT with hypothermic patients [190].

In high-quality neonatal and pediatric studies, no sig-

nificant difference was seen in cardiac complication rates

between hypothermia and normothermia for TBI, cardiac

arrest, or HIE [193–195]. Eicher et al. and Beca et al. found

a higher incidence of bradycardia during hypothermia for

HIE and TBI, respectively [196, 197]. Jacobs found a

higher incidence of prolonged QT during hypothermia for

HIE (p = 0.006) [198]. As with the adult studies, brady-

cardia was more prevalent in hypothermic pediatric

patients, but not to a clinically significant degree. Gluck-

man et al. found no difference in the incidence of DVT

between hypothermic and normothermic patients [193].

Recommendations

We recommend cardiac monitoring during TTM, particularly

during hypothermia

(Strong recommendation, high-quality evidence)

Because of the lack of evidence for increased risk, we do not

recommend a change to routine monitoring for other

complications, including renal failure, ARDS, GI-tract

impairment, hypotension, DVT, days intubated and seizures

(Strong recommendation, high-quality evidence)

See Evidentiary Table 15 of Electronic Supplementary Material

Resource Considerations

TTM has considerable implications on workload, equip-

ment needs, and financial resources, and two cost-

effectiveness studies have evaluated the economic impact

of TTM. Merchant et al. compared neurologic outcomes in

post-arrest therapeutic hypothermia and conventional care

[199]. Hypothermia yielded an average gain of 0.66 quality

adjusted life years (QALY) at an incremental cost of

$31,254. Gajarski et al. conducted a second cost-effec-

tiveness analysis comparing cooling blankets, peritoneal

lavage, and veno-venous extracorporeal membrane oxy-

genation to conventional supportive care in OHCA patients

[200]. Lavage produced the highest increase in QALY

(2.43) with an incremental cost-effectiveness ratio of

$58,329 per QALY when compared to cooling blankets.

Both studies concluded that cooling blankets provide

improved clinical outcomes with acceptable costs. There is
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a paucity in the literature evaluating newer TMDs and their

cost-effectiveness.

Several surveys have reported that a lack of treatment

protocols, knowledge deficiencies, limited access to dedi-

cated equipment, reimbursement concerns, lack of financial

resources, and increased workload are major barriers to

TTM implementation [201–205]. Gel pad surface devices

are often considered to be easier to apply and maintain, and

all TMDs are considered to be less labor-intensive than

conventional cooling methods. Intravascular devices are

commonly considered to be more hygienic and to allow for

better visualization of the patient.

Conclusion

In neurocritical care patients, TTM may have a role in

reducing secondary injury and improving long-term recovery.

The Committee identified areas of TTM practice where clear

evidence could guide the formulation of strong recommen-

dations. Temperature-modulating devices with servo-control

mechanisms are the superiormethod of inducing hypothermia

and avoiding sustained fever after injury, and there is evidence

to suggest that temperature variability during themaintenance

phase can be reduced by the use of intravascular and gel pad

surface devices. Shivering should be monitored with the

BSAS to better quantify shivering activity, though there is a

lack of data regarding which interventions best blunt the

shivering response.

Many important issues surrounding the implementation

of TTM remain understudied and the lack of controlled

prospective investigations posed a significant challenge for

the Committee. None of the large RCTs demonstrated an

increased risk in the occurrence of acute kidney injury,

gastric complications, hypotension, DVT, days of

mechanical ventilation or seizures with the use of TTM.

High-quality evidence is lacking regarding the ideal site for

temperature monitoring, the ideal duration of TTM in

varying disease states, and the use of pharmacological

agents during cooling. As such, many of the recommen-

dations offered herein are conditional and must be

contextualized to individual patient and system needs.

Future research in these areas may allow for recommen-

dations of greater certainty and more definitive standards of

patient care.
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