
TTMTargeted Temperature 
Management (TTM) in

Acute Neurologic Injury

This activity is jointly provided 
by AKH, Inc, Advancing 

Knowledge in Healthcare and the 
Neurocritical Care Society.

Initial Release Date: September 1, 2014
Review Date: June 15, 2017

Expiration Date: June 14, 2018
Estimated time to complete activity: 1 hour



Program Overview
This activity is targeted to the multidisciplinary team treating and caring for patients undergoing 
Targeted Temperature Management (TTM) for acute neurological illnesses in the critical care setting,
specifically post cardiac arrest, brain injury traumatic brain injury, acute ischemic and hemorrhagic
stroke, hepatic encephalopathy and fever control. It provides detailed practical approaches on the
delivery of TTM: induction, maintenance, rewarming and maintenance of normothermia in different
settings and acute neurological illnesses. Complications and anticipated side effects of cooling are
discussed to maximize the benefit of cooling for approved indications.

Target Audience
This enduring program has been designed for practicing physicians, physicians in training, 
advanced practice and staff nurses, pharmacists, physician assistants, clinical nurse specialists,
emergency care providers, including EMTs and paramedics; researchers, students, all professionals
providing care in the critical care setting.

Learning Objectives
Upon completion of the educational activity, participants should be able to:

n Examine the impact and benefit of temperature control in the Neuro population
n Compare the role of hypothermia in cardiac arrest, TBI, stroke and hepatic encephalopathy
n Define complications associated with TTM
n Explain how to implement a TTM program

CME/CE Credit provided by AKH Inc., Advancing Knowledge in Healthcare

Physicians
This activity has been planned and implemented in accordance with the accreditation requirements
and policies of the Accreditation Council for Continuing Medical Education (ACCME) through the
joint providership of AKH Inc., Advancing Knowledge in Healthcare and the Neurocritical Care 
Society. AKH Inc., Advancing Knowledge in Healthcare is accredited by the ACCME to provide 
continuing medical education for physicians.

AKH Inc., Advancing Knowledge in Healthcare designates this enduring activity for a maximum of
1.0 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the
extent of their participation in the activity.
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Physician Assistants
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AKH Inc., Advancing Knowledge in Healthcare is accredited as a provider of continuing nursing 
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scoring at least 70% on the self-assessment test, completing and submitting an activity evaluation.
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There is no fee to participate in this activity. You must participate in the entire activity to receive
credit. If you have any questions about this CME/CE activity please contact AKH at
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INTRODUCTION

History of Therapeutic Hypothermia and Targeted Temperature Management
Interest in induced hypothermia for medical purposes began in 1803 when Russian physicians
documented covering patients with snow in order to assist with resuscitative efforts. 1 By the
1950’s, therapeutic hypothermia was being intermittently used for neurologic patients to 
decrease intracranial pressure and preserve brain function. Unfortunately, the sophistication
of critical care at that time lacked the capability to closely monitor the patient resulting in
poor outcomes and unpredictable medical management. 2 The 1960’s through the 1990’s
saw a subsequent decline in the use of therapeutic hypothermia as clinicians struggled to
manage the multiple medical complications.1

In 2002, the American Heart Association released guidelines recommending use of therapeutic
hypothermia for out-of-hospital cardiac arrest patients who remained comatose.3,4 Subse-
quently, leading national and international professional organizations released guidelines
recommending use of therapeutic hypothermia for this patient population.5,6 Additionally, a
wealth of data has been published describing the negative impact of fever in neurologic 
patients. These factors have renewed focus on exploring the potential benefits of targeted
temperature management (TTM) across the spectrum of neurological injury.
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Concepts of Neuroprotection
Given the sensitivity of the brain and nervous system to insult and the devastating and permanent
consequences of neurological injury, the last several decades have seen an exhaustive search for
neuroprotective therapies.  Specific physiologic pathways involved in injury have been defined and
chemotherapeutics have been designed to impact these pathways of injury.  The agents that have
been studied to limit subsequent injury include ion channel blockers, NMDA and AMPA antagonists,
magnesium, and aminobutyric acid agonists.7 Many of these strategies experienced promising 
success in animal models of injury, but nearly all have failed to deliver similar therapeutic efficacy
when applied to human disease.  It was eventually discovered that the mechanisms of secondary
injury are modulated by numerous pathways and attempts to inhibit any single mechanism of injury
was circumvented by redundant biochemical pathways.  In short, a search for a “silver bullet” to
minimize injury was misguided.  An effective neuroprotective therapy would have to simultaneously
impact a multitude of pathways capable of mitigating secondary neurologic damage.  To date, TTM
has proven to be the most encouraging neuroprotective candidate.  

Defining Hypothermia and Normothermia
Historically, therapeutic implementation of hypothermia has aimed to optimize clinical benefits while
minimizing the adverse effects of cooling.  As a result, most clinical trials have focused on attainment
of mild hypothermia.  Polderman and Herold define therapeutic hypothermia as a temperature
reading between 32°C-35°C.8 Prescutti, Bader and Hepburn reported therapeutic hypothermia as 
a temperature reading of 33°C.9 Lyden, et al. define mild hypothermia as temperatures between
32°C-35°C, moderate hypothermia between 25°C-32°C , and severe hypothermia as temperatures
below 25°C.10 Considering the variation in nomenclature, it is recommended that cooling be 
described by the specific target range, rather than subjective terms such as mild and moderate.11

While normothermia is most accurately described by a physiologic temperature range, it has tradi-
tionally been defined as 98.6 °F or 37.0 °C.  There is considerable debate regarding the tempera-
tures at which normothermia transitions into fever or hypothermia.  Mild elevations of temperature
have been shown to have delitirious physiologic effects.12 Maintenance of body temperature in the
lower ranges of normothermia almost inevitably requires active TTM.  

Defining Fever
The majority of experts define fever as a temperature  >38.3°C.13, 14, 15 There are two terms commonly
used to describe an elevated temperature.  The term fever is used when the cause is due to a 
reactive physiologic response.16 The term central or neurogenic fever is used when the cause is
thought to be related to damage to the centers and pathways of temperature regulation in the 
central nervous system (hypothalamus).17 Several neurologic conditions have been associated with
the development of neurogenic fevers; vasospasm, white matter diffuse axonal injury, intraventricular
hemorrhage and intracranial hemorrhage.16

Badjatia reported that when fever develops during the ICU stay, there is a higher associated 
mortality than if fever is present on admission.18 Therefore, constant observation of temperature
trends is warranted when the patient is in the ICU setting.  Uncertainty remains as to how and 
when to treat fevers.  



There are several ways to measure a patient’s temperature; oral, axillary, rectal, bladder, pulmonary
artery catheter, tympanic membrane, esophageal and brain.16 While invasive in nature, direct meas-
urement of brain temperature provides the most reliable and direct method of temperature assess-
ment in the brain injured patient.  Differences of up to 2°C can be found when comparing core body
temperature with brain temperature.19 Recording temperature through a pulmonary artery catheter
is considered the best assessment for core temperature when brain monitoring is not available.16
Bladder measurements were found to be the closest to brain temperature when a pulmonary artery
measurement was not available and are most commonly used.15 Esophageal measurements were
also found to be as reliable as pulmonary artery sources. Bladder sources are the next best option 
if esophageal measuring is not available, however, bladder sources are reliant on adequate urinary
output.66 When comparing esophageal and bladder temperature sources the esophageal tempera-
ture source responds more rapidly to temperature changes during initiation of TTM making this a
better choice for accurate temperature modulation.67 Considering the poor correlation with core
temperature and susceptibility to vascular shunting during shivering, skin surface and axillary 
methods of temperature acquisition are not favored for TTM.  

Fever is common in acute illness.  Because the absolute value of TTM for fever is unproven, a 
reasonable approach to temperature monitoring must be taken to optimize potential treatment 
benefits while still remaining mindful of expense and resource utilization.  

Impact of Fever
Fever is an adaptive responsive by the body to fight infection.  While it is protective and not routinely
deleterious in many circumstances, the adverse effects of elevated temperature appear to be 
particularly pronounced in the brain injured patient.16 Brain injury, regardless of its source, includes
damage related to the initial insult and subsequent secondary injury.  Fever is postulated to propa-
gate secondary injury through a variety of pathophysiologic mechanisms.  Release of excitatory
amino acids and neurotransmitters are temperature dependent.18, 19 Glutamate and dopamine 
release are modifiably dependent upon temperature and result in enhanced calcium cellular influx
and lipid peroxidation during fever.  Similarly, the inflammatory cytokine cascade and ion channels
vital to cytoskeletal function and neuronal membrane integrity are temperature sensitive and exac-
erbated by fever. Conversely, reproduction of free radicals is reduced with fever control, and cool-
ing, in experimental environments, has been shown to up-regulate genes that produce anti-
apoptotic proteins.19 Fever damages endothelial cells responsible for blood brain barrier integrity.18
This fact, combined with augmented glutamate release, account for worsening of brain edema
noted with fever.  Furthermore, elevated brain temperatures result in and from increased metabolic
demand.  Adenosine triphosphate (ATP) production is accompanied by generation of heat during
oxidative phosphorylation and electron transport in the cellular mitochondria.  For every degree
Celsius elevation in body temperature, brain metabolism is increased 6-8%.20

The clinical impact of fever on brain injured patients has been studied extensively.  While fever is
common in critical illness, brain temperature is often independent of and elevated above body 
temperature.19 During fever, the gap between systemic and brain temperature increases.18 Clearance
of intracranial heat production is dependent upon cerebral blood flow (CBF) and compromises in 
regional perfusion may lead to local variations in temperature.  Admission temperature is predictive of
infarct size and outcome in acute ischemic stroke (AIS).21 While this is true throughout the course of



acute stroke, fever that persists late into hospitalization appears to be even more damaging to clinical
outcomes.22 Fever complicates acute stroke in the first 48 hours in more than 25% of cases.23

A large meta-analysis comprising nearly 3000 stroke patients concluded that fever early in the
course of hospitalization doubles the 30 day mortality rate.24 These findings have been corroborated
by many other studies which have also correlated fever to length of stay and clinical outcomes 
assessed by various measures.25 Fever within the first 72 hours following spontaneous intra-
parenchymal hemorrhage (IPH) impacts clinical recovery.18 Cerebral edema follows a more pro-
tracted course after IPH compared to AIS.  The escalation in metabolic rate attributable to fever
increases local blood flow and exacerbates perihematomal edema.  Aneurysmal subarachnoid
hemorrhage (aSAH) appears to have a protracted sensitivity to fever, perhaps due to the extended
risk of ischemic injury.  Fever greater than 38.3 °C occurs in 72% of aSAH patients.26 Every degree
Celsius increase above 38.3 °C is associated with a 22-fold increase in mortality.  Comparable 
effects have been demonstrated regarding morbidity and long term cognitive impairment.27 Fever
is common after severe traumatic brain injury (TBI) with over 2/3 of patients experiencing elevated
temperatures in the first 72 hours of hospitalization.  Fever in the first week appears to adversely
impact recovery and can worsen edema and intracranial pressure control.27, 28

Benefits of Normothermia
Despite extensive evidence regarding the impact of fever on neurological patients, there are no
large randomized trials investigating the impact of fever control on clinical outcomes.  Considering
the relative acceptance and adoption of normothermic goals among the neuroscience community,
this question may never be addressed in a randomized study with a comparative febrile cohort.  
In controlled animal models of stroke, fever reduction has been shown to reduce infarct size.29

Maintenance of normothermia stabilizes the blood brain barrier, reduces cerebral metabolism, and
lowers free radical production.18 While this is not equivalent to improved outcome, per se, these are
the chief mediators of secondary injury.  A case-controlled series of aSAH patients showed that 
application of therapeutic normothermia for the first 2 weeks after aneurysm rupture led to improved
12 month outcomes.69 aSAH is a desirable candidate for TTM since cooling can potentially begin
prior to onset of vasospasm related ischemic risks.  Prophylactic cooling has yielded the most
promising results in animal models of hemorrhage.  

Current guideline recommendations for control of fever provide restrained and non-specific recom-
mendations for maintenance of normothermia in brain injured patients.30,31,32 Given the compelling
data equating fever with adverse outcome, the pathophysiologically sound premise supporting
treatment, and the demonstrated safety of implementation, it is reasonable to aggressively pursue
treatment of fever in the acute management of all severely brain injured patients.  

THERAPEUTICALLY INDUCED HYPOTHERMIA

Cardiac Arrest
Much of the interest for induced hypothermia as a neuroprotective therapy for brain injured patients
is derived from its proven success in the treatment of anoxic brain injury after cardiac arrest (CA).  
In 2002, two multicenter randomized trials were published demonstrating the efficacy of induced



hypothermia after cardiac arrest due to ventricular fibrillation (VF) or non-perfusing ventricular
tachycardia (VT).3, 4 The Hypothermia After Cardiac Arrest (HACA) Working Group randomized 277
patients to either normothermia or surface cooled hypothermia (32-34 °C) within 6 hours after return
of spontaneous circulation (ROSC).3 Patients in the hypothermia group were treated for 24 hours
and then slowly rewarmed.  Patients were eligible for randomization if they were adult, had suffered
a witnessed out of hospital arrest of presumed cardiac origin, had ROSC within 1 hour of arrest, and
lacked a meaningful response to verbal stimuli after resuscitation.  Subjects were excluded if they
were hypothermic on presentation (< 30 °C), comatose prior to arrest, pregnant, persistently 
hypotensive (> 30 minutes MAP < 60 mm Hg), had a pre-existent coagulopathy, or were hypoxic
(O2 saturation < 85% for > 15 minutes).  Blinded assessment revealed improvement in 6 month 
mortality (41% vs. 55%) and good neurological outcome (55% vs. 39%) for the group treated with 
hypothermia.3 A multi-center Australian trial demonstrated similar findings in 77 ventricular fibrilla-
tion patients treated within 2 hours of cardiac arrest.  The mild hypothermia cohort underwent 12
hours of cooling at 33 °C with a favorable portion of patients achieving good outcome at discharge
(home or rehabilitation: 49% vs. 26%).4

These two sentinel trials have been followed by numerous others that have corroborated their 
findings.  As a result, mild hypothermia after out-of-hospital cardiac arrest has become standard 
of care and received the highest endorsement in the International Resuscitation Guidelines for 
patients successfully resuscitated from ventricular fibrillation or non-perfusing ventricular tachycardic
arrest.5 Treatment of six VF / VT arrest patients with induced hypothermia will result in 1 additional
patient with a good neurological outcome.2

The decision to enroll VF and VT patients with witnessed out of hospital arrest in the early trials
were based upon the desire to select patients most capable of survival and demonstration of 
improved neurologic recovery.  The vast majority of out of hospital arrests (60-80%) are due to non-
shockable rhythms whose victims are likely to suffer similar mechanisms of anoxic brain damage.33

A retrospective study of induced hypothermia (32-33 °C for 24 hours) for non VF/VT arrest showed
benefit compared to results in a non-cooled cohort.  Six month mortality (61% vs. 75%; OR 0.51 95%
CI 0.33-0.080) and favorable functional outcomes (35% vs. 23%, OR 1.84, 95% CI 1.08-3.13) were 
improved in the hypothermic group.33 Other retrospective and prospective studies assessing non-
VF / VT and in-hospital arrest have revealed similar findings leading to the conclusion that induced
hypothermia may also be beneficial for these clinical scenarios.5

There has been recent interest in exploring the temperature thresholds responsible for the neuro-
protective effects of hypothermia after cardiac arrest.  A recent multicenter trial randomized 939
out-of-hospital unconscious cardiac arrest patients of presumed cardiac origin to receive hypother-
mia at either 33 or 36 °C for 28 hours (intravenous or surface cooling).  Patients in each cohort 
underwent a slow rewarming protocol with maintenance of normothermia for an additional 72 hours
after rewarming.  Immediate and 180 day mortality and poor neurological function rates were similar
for the two groups.34 While this study showed that the effective temperature range for induced 
hypothermia requires further definition, the benefits of targeting a higher temperature are not 
readily apparent.  In fact, shivering is often more difficult to control at higher temperature targets.
Prolonged continuance of normothermia after rewarming represented a novel protocol variation
that may prove beneficial regardless of goal target temperatures.  



The increasing use of induced hypothermia after cardiac arrest has challenged prior established
timelines and protocols for determination of prognosis.  Classical prognostic methodology developed
prior to widespread TTM suggested that 24 hour post arrest pupil and 72 hour motor exams were
highly predictive of recovery potential.35 Early prognosis is commonly delivered after cardiac arrest,
yet a fair number of patients regarded as having a poor prognosis for recovery had been noted to
have outcomes better than anticipated,36 particularly after completing hypothermic treatment.
Mounting evidence is challenging the prognostic reliability of 72 hour post arrest examinations in
cooled patients.37 New paradigms recommend assessing the clinical exam at least 72 hours after
rewarming and encourage liberal use of supporting tests to assist in clinical projection (SSEP, EEG,
brain MRI, biomarkers).  Rendering prognosis after longer delays in patients undergoing TTM 
appear to improve the sensitivity and accuracy of the prediction.38 Of the available supporting 
data, continuous EEG (cEEG) is particularly valuable in the assessment of the cardiac arrest patient.
Seizures have been report to occur in 19-34% of patients after arrest,39 the majority of which are
non-convulsive and clinical unapparent.40 Refractory seizures are associated with poor outcome
after CA.40 While data associating the treatment of CA associated seizures with improved outcome
is not available, some patients with status epilepticus have achieved good outcomes.  cEEG is 
required to guide management of this sub-group.  Furthermore, cEEG is valuable in distinguishing
post anoxic myoclonus from seizure activity and provides insight regarding the physiologic 
persistence of sedating medications that may be affecting the clinical exam.  Irrespective of the
identification of seizure activity, background cEEG rhythm and reactivity has prognostic value. 
Appropriate care of the non-responsive post cardiac arrest patient requires cEEG monitoring.   

Traumatic Brain Injury
The multitude and complexity of injury mechanisms characteristic of TBI has fueled the notion that
induced hypothermia might provide neuroprotective benefit for this patient population.  In fact, a
2009 review by Polderman, 13 of the 18 randomized trials addressing induced hypothermia after
TBI reported improved outcomes.2 These trials differed considerably regarding the type and number
of patients enrolled, temperature targets, treatment duration and several other characteristics.  
A 2001 multi-center randomized trial attempted to uniformly assess the clinical impact of TTM on TBI.
The trial showed no clear benefit of induced hypothermia, but was limited by significant inter-facility
variance in efficacy and overall late attainment of target temperatures.41 More recently, the National
Acute Brain Injury Study (NABISH) II trial assessed ultra-early (< 2.5 hours) induction of hypothermia
(33-35 °C) in 232 TBI patients through a protocol designed to correct some of the concerns of 
earlier trials.  Nonetheless, no difference was seen in 6 month outcomes with the possible exception 
of benefit in a small cohort of patients with evacuated hematomas.42 The disparity of results from
early and more recent trials has been discouraging.  Post-hoc analyses and subsequent single 
center trials have identified rate of rewarming and duration of induced hypothermia as pivotal 
determinants of efficacy.  Whereas the clinical benefit of hypothermia as a neuroprotectant remains
unproven, essentially all trials of hypothermia in TBI appear to show significant lowering of intra-
cranial pressure2 (See Table 1).  Most recently, the Eurotherm trial explored benefits of TTM in the
clinical outcome of severe TBI pateints with elevated intracranial pressures.68 Despite the demon-
strated benefits on intranial hypertension for this cohort, cooling was not associated with improved
6 month outcomes.



Table 1. Evidence for benefit of Targeted Temperature Management (TTM) 
in various neurological injuries.  

RCT = Randomized Clinical Trial, TIH = therapeutic induced hypothermia, VF / VT = ventricular fibrillation /
pulseless ventricular tachycardia, TBI = traumatic brain injury, ICP = intracranial pressure, aSAH = aneurysmal
subarachnoid hemorrhage, IPH = intraparenchymal hemorrhage, 

* refers to TTM target goal of normal temperature. 

Hemorrhagic Stroke
Evaluation of TTM after spontaneous IPH is relatively limited compared to CA and TBI.  A small trial
of prolonged mild hypothermia (35 °C for 10 days) demonstrated stability in hematoma size in the
cooled cohort, while 25 age-matched controls experienced doubling of the edema volume.43 A
similar study of 25 IPH patients undergoing endovascular cooling (8-10 days at 35 °C) showed less
perihematomal edema that became significant at 3 days and persisted throughout the duration of
the study.  Three month (8.3% vs. 16.7%) and 1 year mortality rates (28% vs. 44%) were better in the
cooled patients.44

Type of Neurological Injury and TTM Evidence for Efficacy 

Fever Control after Neurological Injury * No RCT
Clinical benefits seen in animal studies
Favorable results seen in human case series

TIH Out-of-Hospital Cardiac Arrest (VF / VT) Mortality and morbidity benefit shown in 
multiple multi-center RCT

TIH Cardiac Arrest (non-shockable or in house) Clinical benefit shown in retrospective and
small single center trials

TIH Severe TBI (neuroprotection) Multiple single center trials with clinical benefit 
No multi-center RCT with benefit

TIH Severe TBI (ICP control) Numerous single and multi-center RCT 
suggest benefit with ICP control with no
benefit to patient outcome. 

TIH Hemorrhagic Stroke (aSAH / IPH) Small studies have demonstrated feasibility
Case series have shown reduced edema

TIH Ischemic Stroke Feasibility shown in numerous trials
Reduced stroke volume in animal studies
Multi-center RCT ongoing

TIH Hepatic Failure Case series have shown metabolic improve-
ment and ICP control



Use of TTM in aSAH is limited to small case series.  Reduction of brain edema after aneurysm 
rupture has been shown by Gasser and colleagues.45 Several animal studies have demonstrated
improved ICP control with induced cooling.46

Ischemic Stroke
TTM holds potential benefit in complicated acute ischemic stroke both as a neuroprotectant and as
a treatment for malignant edema.47, 48 Hypothermic rats have attenuated infarct volumes compared
to normothermic animals.49 Feasibility for cooling humans was demonstrated by both the Cooling
for Acute Ischemic Brain Damage (COOL-AID) and Intravenous Thrombolysis Plus Hypothermia 
for Acute Treatment of Ischemic Stroke (ICTus-L) studies.50, 51 In the latter trial, post IV-tPA patients
were randomized to 24 hours of cooling at 33 °C within 6 hours after stroke onset.  While safety
was demonstrated, pneumonia rates were elevated in the cooled patients, raising concerns for 
the practicality of cooling non-intubated patients with large strokes.  Neither trial was powered to 
assess clinical outcomes, but a larger multi-center ICTus 2/3 trial is currently enrolling patients.  In
the Reperfusion and Cooling in Cerebral Acute Ischemia (RECCLAIM 1) trial, the safety and feasibility
of intravascular cooling was demonstrated in patients undergoing endovascular therapy.52

Interestingly, reperfusion hemorrhage risks did not appear to be increased.  

Hepatic Failure
Acute hepatic failure can result in life threatening diffuse cerebral edema.52 Numerous case series
have shown the value of TTM in controlling intracranial hypertension.53 Induced hypothermia may
delay disease progression to allow for identification of a suitable transplant donor.54 TTM also 
decreases splanchnic ammonia production and lowers oxidative brain metabolism.  Many of the 
potential side effects of TTM, such as coagulopathy and thrombocytopenia, mirror those associated
with acute liver failure.  Nonetheless, increased risk of bleeding has not been consistently reported
among those patients treated with hypothermia.  A randomized trial is needed to establish benefits
of TTM for this indication.  

Implementation of Therapeutic Temperature Management
Various approaches and devices exist for the induction, maintenance, and rewarming phases of TTM.
For most hypothermia indications, the rapidity of cooling is vital for clinical efficacy.  Traditionally, 
ice packs and surface cooling measures have been used due to their low cost and widespread
availability.  More recently, chilled saline (4 °C) boluses have been adjunctively used to facilitate
cooling induction.  A pilot study of 2 L 4 °C saline infusion over 20-30 minutes lowered core temper-
atures in CA patients by 1.4 °C within 30 minutes without adverse effects.55 A similar study in stroke
patients reported a 2.1 °C drop with a 30 cc / kg 4 °C saline bolus.56 For ventilated patients, the 
temperature of the humidified air may be lowered to 34 °C with infrequent adverse effects on volume
of pulmonary secretions.  This is a particularly useful approach to assist cooling considering the 
expansive alveolar surface area of the lung.  Aspirin, acetaminophen, and non-steroidal agents have
been used adjunctively for TTM.  These agents chiefly work through the cyclooxygenase pathway
to modify the hypothalamic temperature set point.  Acetaminophen has been shown to be effective
in reducing fever burden in the stroke population.18 Ibuprofen, diclofenac sodium, and other anti-
pyretics are less well studied, and may not be safe in the patient with intracranial hemorrhage.
When thermoregulation is impaired due to brain injury, the medicinal approach to fever control is
seldom effective.18 Cold water baths and alcohol rubs are often used to promote evaporation and
cooling from the skin surface.  Local head cooling, utilizing nasal catheters and helmet cooling 



devices, has been attempted to circumvent the burden of whole body cooling.  In the RhinoChill
study, a perfluorocarbon was perfused through a two pronged nasal catheter for 1 hour to facilitate
cooling induction.16 A 1.4 °C drop in brain temperature was seen with good patient tolerability.  
Maintenance of temperature is achievable by several different methods.  External cooling exerts its
affects without dependence upon manipulation of the hypothalamic set point.18 Basic exposure of
the skin results in loss of heat through radiation.  Convective heat loss can be achieved by circulat-
ing air cooling blankets or fans blowing across the surface of the patient’s body.  Evaporation of
fluid from the skin surface may be accomplished with sponge baths.  Axillary and groin ice packs
and water circulating cooling blankets remove body heat by conduction.  All surface cooling strate-
gies risk shivering and peripheral vasoconstriction which may undermine cooling efforts.18 A varia-
tion on surface cooling is the development of adhesive gel pads which circulate chilled saline
whose temperature is managed by a temperature probe feedback.  These devices have been
shown to be more effective than traditional surface cooling methods in some comparative studies.57

In a prospective study of a novel gel pad cooling device with direct feedback thermoregulation in
CA patients, use of the device resulted in a nearly one hour reduction in target temperature attain-
ment compared to cooling with standard blankets and ice packs.58

Cooling may also be achieved by placement of an intravascular cooling catheter.  These catheters
cool the surrounding blood by conduction via a metallic tip on the end of the catheter or by oscillat-
ing balloons through which cooled saline is perfused.  Various models of cooling catheters exist,
each having a different size or location of venous access.  In a two center critical care study of 
102 patients with aSAH, ICH, and complicated stroke, use of a cooling catheter resulted in an 83%
reduction in the hourly fever burden compared to an aggressive preventative protocol utilizing 
conventional cooling measurers.59

Special clinical circumstances afford the opportunity for other TTM approaches.  Extracorporeal
Membrane Oxygenation (ECMO) is occasionally used for resuscitation from cardiac arrest, albeit
with poor outcomes.60 Body temperature may be regulated with the ECMO device without the
need for additional cooling devices.  

Numerous single center studies have compared adhesive surface cooling and intravascular cooling
devices.61 In general, the times to cooling and clinical outcomes are similar between devices.
Some studies report less temperature variation with use of the intravascular catheters.61 Choice of
device should consider institutional familiarity with the commercial products and availability of 
personnel to minimize delays in cooling initiation.  Cooling products possessing automated temper-
ature feedback can be use to limit overshoot and fluctuations in body temperature.

Rewarming after TTM should be slow  and controlled (≤ 0.25 °C per hour) for all indications.  When
the indication for TTM is ICP or edema control, a slower rewarming rate may be indicated and 
careful monitoring is required.  

Infection reconnaissance is challenging during TTM.  Many practitioners look at trends in the water
cooling temperature (< 10 °C) to determine the thresholds for culture.18 White blood cell trends and
intermittent chest radiograph imaging are also useful.   



COMPLICATIONS AND SIDE EFFECTS OF TTM

Shivering
Shivering has been defined as “the presence of high frequency shaking that is palpable in the 
masseter, deltoid, or pectoralis muscles” and it is one of the most common complications seen in
temperature management.13 Shivering is an involuntary response to a temperature decrease of 1°C
below the patient’s shivering threshold.9 The metabolic rate is increased 2-5 times normal as a 
result of vasoconstriction and muscle contraction accompanying shivering.9, 16 Shivering is the
body’s attempt at increasing core temperature, but can also have an adverse effect of increasing
systemic oxygen consumption, decreasing brain tissue oxygenation and increasing intracranial
pressure.14 Control of shivering is important to decrease these unintended consequences, 
especially when temperature control is used for neuroprotection. 

Shivering assessment tools
Shivering can be a subjective term.  To enable a more consistent approach to treatment, assess-
ment tools and scales are important to standardize examination and documentation techniques.
Badjatia, et.al. developed a simple and effective assessment scale for shivering.62 The Bedside
Shivering Assessment Scale (BSAS) is widely used to assess shivering for both hypothermia and
normothermia (See Figure 1). 

Figure 1. Bedside Shivering Assessment Score (BSAS).  The BSAS is a 4 point scale that
allows objective assessment of the degree of shivering to guide therapy.14 

SCORE 0
No shivering No shivering is detected on palpation of the

masseter, neck, or chest muscles.

SCORE 1
Mild shivering Shivering is localized to the neck 

and thorax only.

SCORE 2
Moderate shivering Shivering involves gross movement of the upper

extremities (in addition to neck and thorax).

SCORE 3
Severe shivering Shivering involves gross movements of the

trunk and upper and lower extremities.

Á
Á

Á



The patient’s age can play a significant role in how quickly the patient will begin shivering.  Elderly
patients  begin shivering at lower core temperatures than younger patients.9 A greater incidence 
of shivering is seen in men and patients with hyponatremia or hypomagnesemia.13 The BSAS has
been validated and proven to have inter-rater reliability across a diverse group of practitioners.9, 63

The BSAS is scored from 0-3 with 0 representing no shivering and 3 denoting severe shivering. 
The assessment should be performed regularly and is assessed by palpating the patient’s neck
masseter and chest muscles for up to two minutes.9 There are other methods to assess for shiver-
ing, including the use of EMG electrodes on the pectoralis muscles.  However, the use of EMG 
requires specialized equipment and data interpretation and can be less practical for routine use.9

Controlling Shivering
Early treatment of shivering is important.. Implementation of anti-shivering measures prior to the 
initiation of cooling can decrease the amount of shivering experienced.14 Counterwarming is an 
effective early strategy to limit shivering which can be achieved by placing mittens on the hands 
or socks on the feet, warm blankets wrapped around the patient’s extremities, or a warm air 
conduction blanket. The shivering set point receives 20% of its input from the skin.  Additionally,
hands and feet have a disproportionate concentration of temperature receptors, so counter-
warming of these regions is particularly useful.  Warming the skin to temperatures higher than 
core body temperatures will alter the perception of actual temperature and decrease the amount 
of counterproductive shivering.9

Acetaminophen is a central temperature modulator which acts to lower the hypothalamic set point.8
Little effect may be seen if the source of the increased temperature is related to damage of the
central nervous system.8 Scheduled doses up to 650mg every 4 hours can be started at the begin-
ning of temperature management.  Daily laboratory assessment should include liver function tests to
observe for hepatic injury related to systemic hypoperfusion or acetaminophen dosing. Buspirone
hydrochloride is a neurotransmitter agonists that causes vasodilation of the peripheral vasculature
through stimulation of the vagus nerve. It works synergistically with other anti-shivering medications,
particularly meperidine.14 Buspirone should be started at the beginning of temperature management
and given around the clock.  The recommended dose of Buspirone is 30 mg every 8 hours.

Magnesium is a known vasodilator that facilitates the cooling process.  It can also cause hypoten-
sion and magnesium serum concentration and blood pressure should be monitored.9 An effective
dose of magnesium is 0.5-1mg/hr intravenously and the goal should target serum concentrations 
of 3-4mg/dl.14

Mild sedation with dexmedetomidine or opioid agents is effective in reduction of shivering. Choice
of medication should consider the clinical situation.  Dexmedetomidine has been observed to cause
bradycardia and mild hypotension, but is effective for a patient with agitation.14 Opioids are an 
alternative to dexmedetomidine for patients who are not agitated.  Meperidine is an effective anti-
shivering narcotic but the metabolic byproducts of meperidine may lower the seizure threshold in a
dose dependent fashion.  As with any critically ill patient, the hemodynamic and metabolic state needs
to be considered when contemplating the best tactics for shivering control.  Sedation during hypother-
mia should always be targeted to an objective level of measured sedation. The Richmond Agitation
Sedation Score (RASS) is commonly used with a target sedation goal of -3 to -4 (See Figure 2).64



Figure 2. Richmond Agitation Sedation Scale (RASS).64

The RASS may be used to assess alertness during therapeutic temperature management.  
Verbal stimulation should be completed by stating the patient’s name and asking the patient 
to open his/her eyes and direct gaze toward the examiner.  Tactile stimulus is required if there 
is no response to verbal stimulation and involves shaking of the shoulder or rubbing of the 
patient’s sternum.  

Refractory shivering may be treated with the use of propofol.  Many TTM patients will already be on
a propofol infusion for sedation. The doses used for sedation are lower than the dose recommended
for shivering control.  The latter recommended dose for propofol is 50-75mcg/kg/min infusion.  
At this dosing level, propofol causes peripheral vasoconstriction and lower shivering thresholds.14
Daily monitoring of serum creatine kinase, pH, and triglyceride levels are appropriate due to 
concerns of propofol infusion syndrome.  

The most aggressive and definitive step to control shivering is use of  neuromuscular blockade.
While remarkably effective, this approach compromises the ability to complete a neurologic exam .
As a result, anytime neuromuscular blockade agents (NMBA) are utilized, adequate sedation and
pain management are required.  NMBA effectiveness can be monitored by a train of four (TOF),
however there is some concern that a TOF is an unreliable measure of paralysis in the setting of 
hypothermia.  

Electrolyte Disturbances
Electrolyte disturbances are commonly seen during TTM and rewarming.  Many electrolytes shift in
and out of cells changing their serum levels and renal excretion.8 Hypokalemia, caused by potassium

Score Term Description

+4 Combative Overtly combative, violent, immediate danger to staff

+3 Very Agitated Pulls or removes tubes or catheters, aggressive

+2 Agitated Frequent non-purposeful movement, fights ventilator

+1 Restless Anxious, but movements are not aggressive

0 Alert and Calm

-1 Drowsy Not fully alert, sustained awakening to voice 
(eye-opening / eye contact for > 10 seconds)

-2 Light Sedation Briefly awakens with eye contact to voice (<10 seconds)

-3 Moderate Sedation Movement or eye opening to voice, but no eye contact

-4 Deep Sedation No response to voice, but movement or eye opening
to physical stimulation

-5 Unarousable No response to voice or physical stimulation



shifting into the cell, is common during cooling.  However, with rewarming, the potassium will shift
back out of the cell, placing the patient at risk of profound hyperkalemia.  Therefore, potassium
should be replaced carefully, and rewarming should occur slowly.  Hypothermic patients may become
hyperglycemic due to reduced insulin secretion in the pancreas.8 Response to insulin infusion may
also be blunted due to temperature related insulin resistance.65 Markedly elevated levels of serum
glucose can exacerbate secondary ischemic brain injury.  Close monitoring and implementation of
continuous insulin drips may be necessary.

Cardiac Abnormalities
Cardiac abnormalities may occur as a result of  hypothermia or electrolyte abnormalities.  The most
common cardiac abnormalities are mild sinus tachycardia during induction, and sinus bradycardia,
prolonged PR interval, widened QRS interval and increased QT interval during the maintenance
phase.8 The bradycardia that occurs during hypothermia is a normal physiologic response and
does not require specific treatment if blood pressure is preserved.  Treatment of the bradycardia
can result in a decrease in the myocardial contractility.8 Hemodynamic instability can also result
from hypovolemia and may occur during the TTM induction phase.8 A simple way to determine if
hypovolemia is present is to assess the response to fluid boluses.  More malignant cardiac arrhyth-
mias can be seen with greater depths of induced hypothermia.  For this reason, it is important to
avoid overshooting the target temperature during hypothermia induction.   

Laboratory Values, Drug Clearance, Infection Rates
Certain laboratory values, such as arterial oxygen and carbon dioxide content, may be altered 
during hypothermia, and the lab should be alerted to ‘temperature adjust’ the values reported.
Considering the changes in physiology resulting from cooling and the dynamic nature of electrolyte
concentrations, routine serum chemistry assessment is advised during TTM.  Clearance of specific
medications can be decreased due to altered function of select liver enzymes and may require 
regular monitoring.8

TTM Implementation
In order to implement a successful TTM program, a group of key stakeholders are necessary. The
group will need to clarify specific treatment objectives:

... Who will be responsible for managing these patients? 

... How will TTM patients be identified? 

... What methods will be used for achieving TTM?

... What temperature target and duration will be sought?

... During what circumstances will TTM be aborted.  

... Who will be monitoring outcomes? 

... Who will be assessing for success or adjustments that might be needed?

Active involvement of key nursing and physician leaders within the unit are essential to the success
of any program. 



Identifying patients who are eligible for TTM can be simplified with an algorithm for practitioners to
reference. Clearly defined criteria and triggers will help ensure that no patients are eliminated or
missed. There are many different process improvement methods an organization could utilize; 
7-step process improvement, DRIVE (define, review, identify, verify and execute), Six Sigma, Lean
Management, and Kaizen.  Each of these implementation strategies requires reassessment to 
determine if success has occurred. 

Once the process has been developed by the multi-disciplinary group and defined in a written 
policy and procedure, the next step is development of a standardized set of orders  that will be used
by all practitioners (See Appendix A and B). These orders should include any assessment scales or
scoring systems to ensure standardization of assessments.  If electronic order entry is utilized, the
order set will need to be incorporated.  Examples of TTM policy and procedures and order sets can
be found in the addendum of this monograph.  

Training is an important part of any new process.  Everyone learns differently and having the educa-
tion presented in multiple formats is important.  Demonstration, verbal instruction and written 
material should all be available for everyone who will be using the protocol. Competencies should
be demonstrated before the protocol is put into place and can be assessed with hands-on demon-
stration at the bedside or through the use of a simulation lab.  The organization needs to determine
how often competency assessment will take place.  Education and competency demonstration
should occur in a non-threatening environment to ensure staff feels comfortable asking questions
and discussing the intricate details of the protocol. 

Physicians, residents and Advanced Practice Nurses need to be educated on the order set and 
protocol.  Practitioners may already be familiar with the concept of hypothermia for cardiac arrest.
Therefore, education may need to focus on normothermia and the value of TTM for the neurologic
patient.  Joint education with the nursing staff will further solidify the roles of the two disciplines 
and the collaborative environment necessary for successful implementation. 

Reassessing the protocol frequently after initiation is important.  Often changes will be necessary 
or education may need to be reinforced with practitioners and nursing staff. Catching these issues
early and implementing corrections will keep everyone on the same page and help minimize 
protocol deviations. 

It is reasonable to assess competency during orientation and annually either at the bedside or in 
a simulation lab.  TTM may be frequently utilized in some organizations and seldom in others. 
Infrequent use makes TTM a high risk low usage care item.  Ensuring staff are able to appropriately
implement the protocol should take place on a regular basis.



CONCLUSIONS

Induced hypothermia has proven value as a neuroprotectant for survivors of cardiac arrest and can
be useful to lower ICP in patients with refractory intracranial hypertension.  Numerous other neuro-
logic indications continue to be explored.  Avoidance of fever is probably beneficial in any patient
with acute brain injury, but its value remains unproven despite widespread implementation of normo-
thermia protocols throughout neurocritical care units.  Optimization of the benefits of TTM requires
a coordinated multi-disciplinary effort with careful organization, education, and monitoring.  

REFERENCES

1. Varon, J. and Acosta, P.  Therapeutic hypothermia; past, present and future. Chest 2008;133(5):1267-1274. 

2. Polderman K.  Induced hypothermia and fever control for prevention and treatment of neurological 
injuries. Lancet 2008;371:1955-69.

3. The Hypothermia After Cardiac Arrest Study Group.  Mild Therapeutic Hypothermia To Improve The 
Neurologic Outcome After Cardiac Arrest.  NEJM  2002;346(8):549-56.Danton G and Dietrich D.  The
search for neuroprotective strategies in stroke.  Am J Neurorad 2004;25:181-94.

4. Bernard SA, Gray TW, Buist MD, et al.  Treatment of Comatose Survivors of Out-Of-Hospital Cardiac 
Arrest With Induced Hypothermia.  NEJM 2002;346(8):557-63.Polderman K and Herold I.  Therapeutic 
hypothermia and controlled normothermia in the intensive care unit: practical considerations, side effects,
and cooling methods.  Crit Care Med 2009;37(3):1101-1120.

5. Nolan JP, Morley PT, Hoek TKV, et al.  Therapeutic Hypothermia After Cardiac Arrest:  An Advisory State-
ment by the Advanced Life Support Task Force of the International Liaison Committee on Resuscitation.
Circulation 2003;108:118-21.

6. Neumar RW, Nolan JP, Adrie C, et al.  Post-cardiac arrest syndrome: epidemiology, pathophysiology, 
treatment, and prognostication. A consensus statement from the International Liaison Committee on 
Resuscitation; the American Heart Association Emergency Cardiovascular Care Committee; the Council
on Cardiovascular Surgery and Anesthesia; the Council on Cardiopulmonary, Perioperative, and Critical
Care; the Council on Clinical Cardiology; and the Stroke Council.  Circulation 2008;118(23):2452-83.

7. Danton G and Dietrich D.  The search for neuroprotective strategies in stroke.  Am J Neurorad
2004;25:181-94.

8. Polderman K and Harold I.  Therapeutic hypothermia and controlled normothermia in the intensive care
unit: practical considerations, side effects, and cooling methods.  Crit Care Med 2009;37(3):1101-20.

9. Prescutti M, Bader MK, and Hepburn M.  Shivering management during therapeutic temperature 
modulation: Nurse’s perspective.  Critical Care Nurse 2012;32(1):33-41.

10. Lyden P, Krieger D, Yenari M, and Dietrich W.  Therapeutic hypothermia for acute stroke.  International
Journal of Stroke 2006;1:9-19.

11. Nunnally ME, Jaeschke R, Bellingan GJ, et al.  Targeted temperature management in critical care: 
A report and recommendations from five professional societies.  Crit Care Med 2011;39(5):1113-25.

12. Oddo M, Frangos S, Milby A, et al.  Induced Normothermia Attenuates Cerebral Metabolic Distress in 
Patients With Aneurysmal Subarachnoid Hemorrhage and Refractory Fever. Stroke 2009;40:1913-6.



13. Bajdatia N, Kowalski R, Schmidt J, et al.  Predictors and clinical implications of shivering during therapeutic
normothermia.  Neurocrit Care 2007;6:186-91.

14. Choi H, Ko SB, Prescutti M, et al.  Prevention of shivering during therapeutic  temperature modulation: The
Columbia anti-shivering protocol.  Neurocrit Care 2011;14:389-94.

15. McIlvoy L.  The impact of brain temperature and core temperature on intracranial pressure and cerebral
perfusion pressure.  Journal of Neuroscience Nursing 2007;39(6):324-31.

16. McIlvoy L.  Fever management in patients with brain injury.  AACN Advanced Critical Care.
2012;23(2):204-11.

17. Rabinstein AA and Sandhu K. Non-infectious fever in the neurological intensive care unit: incidence,
causes, and predictors.  J Neurol Neurosurg Psychiatry. 2007;78(11):1278-80.

18. Badjatia N.  Fever Control in the NeuroICU: Why, Who and When?  Crit Care Med 2009;15:79-82.

19. Mrozek S, Vardon F, and Geeraerts T.  Brain Temperature: Physiology and Pathophysiology after 
Brain Injury.  Anesthesiology Research and Practice.  Volume 2012, Article ID 989487.

20. Lanier WL.  Cerebral metabolic rate and hypothermia: their relationship with ischemic injury.  Journal of
Neurosurgical Anesthesiology. 1995;7(3):216-21.

21. Karaszewski B, Thomas RGR, Dennis MS, and Wardlaw JM.  Temporal profile of body temperature in
acute ischemic stroke: relation to stroke severity and outcome.  BMC Neurology 2012;12:123-32.

22. Saini M, Saqqur M, Kamruzzaman A, Lees KR, and Shuaib A.  Effect of Hyperthermia on Prognosis After
Acute Ischemic Stroke. Stroke 2009;40:3051-9.

23. Grau AJ, Buggle F, Schnitzler P, Spiel M, Lichy C, Hacke W.  Fever and infection early after ischemic
stroke.  J Neurol Sci. 1999;17:115-20.

24. Prasad K and Krishnan PR.  Fever is associated with doubling of odds of short-term mortality in ischemic
stroke: an updated meta-analysis.  Acta Neurol Scand 2010;122:404-8.

25. Hajat C, Hajat S, and Sharma P.  Effects of Poststroke Pyrexia on Stroke Outcome: A Meta-Analysis of
Studies in Patients.  Stroke 2000;31:410-4.

26. Fernandez A, Schmidt DM, Claassen J, et al.  Fever after subarachnoid hemorrhage.  Neurology
2007;68:1013-9.

27. Springer MV, Schmidt JM, Wartenberg KE, Frontera JA, Badjatia N, and Mayer SA.  Predictors of Global
Cognitive Impairment 1 Year After Subarachnoid Hemorrhage.  Neurosurgery 2009;65:1043-51.

28. Stocchetti N, Rossi S, Zanier ER, et al.  Pyrexia in head-injured patients admitted to intensive care. 
Intensive Care Med 2002;28:1555-62.

29. van der Worp HB, Sena ES, Donnan GA, Howells DW, and Macleod MR.  Hypothermia in animal models of
acute ischaemic stroke: a systematic review and meta-analysis.  Brain 2007;130(12):3063-74.

30. Adams HP, del Zoppo G, Alberts MJ, et al.  Guidelines for the Early Management of Adults With Ischemic
Stroke: A Guideline From the American Heart Association / American Stroke Association Stroke Council,
Clinical Cardiology Council, Cardiovascular Radiology and Intervention Council, and the Atherosclerosis
Peripheral Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups.
Circulation 2007;115:e478-e534.

31. Brain Trauma Foundation.  Guidelines for the Management of Severe Traumatic Brain Injury.  Journal of
Neurotrauma 2007;24(Suppl 1):S1-S106.

32. Connolly ES, Rabinstein AA, Carhupoma JR, et al.  Guidelines for the Management of Aneurysmal 
Subarachnoid Hemorrhage: A Guideline for Healthcare Professionals From the American Heart 
Association / American Stroke Association.  Stroke 2012;43:1711-37.



33. Testori C, Sterz F, Behringer W, et al.  Mild therapeutic hypothermia is associated with favourable outcome
in patients after cardiac arrest with non-shockable rhythms.  Resuscitation 2011;82:1162-7.

34. Nielsen N, Wetterslev J, Cronberg T, et al.  Targeted Temperature Management at 33 °C versus 36 °C after
Cardiac Arrest.  NEJM 2013;369:2197-206.

35. Levy DE, Caronna JJ, Singer BH, Lapinski RH, Frydman H, and Plum F.  Predicting Outcome From 
Hypoxic-Ischemic Coma.  JAMA 1985;253:1420-6.

36. Perman SM, Kirkpatrick JN, Reitsma AM, et al.  Timing of neuroprognostication in postcardiac arrest 
therapeutic hypothermia.  Crit Care Med 2012;40:719-24.

37. Horn J, Cronberg T, and Taccone FS.  Prognostication after cardiac arrest.  Curr Opin Crit Care
2014;20:280-6.

38. Golan E, Barrett K, Alali AS, et al.  Predicting neurologic outcome after targeted temperature management
for cardiac arrest: systematic review and meta-analysis.  Crit Care Med 2014;42(8):1919-30.

39. Seder DB and Van der Kloot TE.  Methods of cooling: Practical aspects of therapeutic temperature man-
agement.  Crit Care Med 2009;37(Suppl):S211-22.

40. Legriel S, Hilly-Ginoux J, Resche-Rigon M, et al.  Prognostic value of electrographic postanoxic status
epilepticus in comatose cardiac-arrest survivors in the therapeutic hypothermia era.  Resuscitation
2013;84:343-50.

41. Clifton GL, Miller ER, Choi SC, et al.  Lack of effect of induction of hypothermia after acute brain injury.  
N Engl J Med 2001;344:556-63.

42. Clifton GL, Coffey CS, Fourwinds S, et al.  Early induction of hypothermia for evacuated intracranial
hematomas: a post hoc analysis of two clinical trials. J Neurosurg 2012;117:714-20.

43. Kollmar R, Staykov D, Korfler A, Schellinger PD, Schwab S, and Bardutzky J.  Hypothermia Reduces 
Perihemorrhage Edema After Intracerebral Hemorrhage. Stroke 2010;41:1684-9.

44. Staykov D, Wagner I, Volbers B, Doerfler A, Schwab S, and Kollmar R.  Mild Prolonged Hypothermia for
Large Intracerebral Hemorrhage.  Neurocrit Care 2013;18:178-83.

45. Gasser S, Khan N, Yonekawa Y, et al.  Long-term hypothermia in patients with severe brain edema after
poor-grade subarachnoid hemorrhage: Feasibility and intensive care complications.  J Neurosurg 
Anesthesiol 2003;15:240-8.

46. Toro E, Klopotowski M, Trabold R, Thal S, Plesnila N, and Scholler K.  Mild Hypothermia (33 °C) Reduces 
Intracranial Hypertension and Improves Functional Outcome After Subarachnoid Hemorrhage in Rats.
Neurosurgery 2009;65:352-9.

47. Horn CM, Sun CJ, Nogueria RG, et al.  Endovascular Reperfusion and Cooling in Cerebral Acute Ischemia
(ReCCLAIM I). J NeuroIntervent Surg 2014;6:91-5.

48. Linares G and Mayer SA.  Hypothermia for the treatment of ischemic and hemorrhagic stroke.  Crit Care
Med 2009;37[Suppl]:S243-9.

49. Xiong M, Cheng G, Ma S, Yang Y, Shao X, and Zhou W.  Post-ischemic hypothermia promotes generation
of neural cells and reduces apoptosis by Bcl-2 in the striatum of neonatal rat brain.  Neurochemistry 
International 2011;58:625-33.

50. Hong JM, Lee JS, Song H, Jeong HS, Choi HA, and Lee K.  Therapeutic Hypothermia After Recanalization
in Patients With Acute Ischemic Stroke. Stroke 2014;45:134-40.

51. Hemmen TM, Raman R, Guluma K, et al.  Intravenous Thrombolysis Plus Hypothermia for Acute Treatment
of Ischemic Stroke (ICTuS-L): Final Results.  Stroke 2010;41:2265-70.

52. Schreckinger M and Marion DW.  Contemporary Management of Traumatic Intracranial Hypertension: Is
There a Role for Therapeutic Hypothermia? Neurocrit Care 2009;11:427-36.



53. Jalan R, Olde Damink SW, Deutz NE, Hayes PC, and Lee A.  Moderate hypothermia in patients with acute
liver failure and uncontrolled intracranial hypertension.  Gastroenterology 2004;127:1338-46.

54. Stravitz RT and Larsen FS.  Therapeutic hypothermia for acute liver failure.  Crit Care Med
2009;37(Suppl):S258-64.

55. Kim F, Olsufka M, Carlbom D, et al.  Pilot Study of Rapid Infusion of 2 L of 4 °C Normal Saline for Induction
of Mild Hypothermia in Hospitalized, Comatose Survivors of Out-of-Hospital Cardiac Arrest. Circulation
2005;112:715-9.

56. Gillies MA, Pratt R, Whiteley C, Borg J, Beale RJ, and Tibby SM.  Therapeutic hypothermia after cardiac 
arrest: A retrospective comparison of surface and endovascular cooling techniques.  Resuscitation
2010;81:1117-22.

57. Mayer SA, Kowalski RG, Presciutti M, et al.  Clinical trial of a novel surface cooling system for fever control
in neurocritical care patients.  Crit Care Med 2004;32:2508-2515.

58. Heard KJ, Peberdy MA, Sayre MR, et al.  A randomized controlled trial comparing the Arctic Sun to 
standard cooling for induction of hypothermia after cardiac arrest.  Resuscitation 2010;81:9-14.

59. Broessner G, Beer R, Lackner P, et al.  Prophylactic, Endovascularly Based, Long-Term Normothermia in
ICU Patients With Severe Cerebrovascular Disease: Bicenter Prospective, Randomized Trial.  Stroke
2009;40:e657-65.

60. Le Guen M, Nicolas-Robin A, Carreira S, et al.  Extracorporeal life support following out-of-hospital 
refractory cardiac arrest.  Critical Care 2011;15:R29.

61. Pittl U, Schratter A, Desch S, et al.  Invasive versus non-invasive cooling after in- and out-of-hospital 
cardiac arrest: a randomized trial. Clin Res Cardiol 2013;102:607-14.

62. Badjatia N, Strongilis E, Gordon E, Prescutti M, Fernandez L, and Fernandez A.  Metabolic impact of 
shivering during therapeutic temperature modulation: the bedside shivering assessment scale.  Stroke
2008;39(12):3232-47.

63. Olson DM, Grissom JL, Williamson RA, Bennett SN, Bellows ST, and James ML.  Interrater reliability of the
beside shivering assessment scale. Am J Crit Care 2013;22(1):70-4.

64. Sessler CN, Gosnell MS, Grap MJ, et al.  The Richmond Agitation-Sedation Scale. Am J Respir Crit Care
Med. 2002;166:1338-44.

65. Rittenberger JC, Polderman KH, Smith WH, Weingert SD. Emergency Neurologic Life Support: 
Resuscitation Following Cardiac Arrest. Neurocrit Care 2012;17 (Suppl 1):S21-8. 

66. Krizanak D, Stratil P, Hoerburger D, Testori C, Wallmueller C, Schober A, et.al. Femoro-iliacal artery versus
pulmonary artery core temperature measurement during therapeutic hypothermia: an observational study.
Resuscitation 2013;84:805-809.

67. Markota A, Palfy M, Stozer A, Sinkovic A. Difference between bladder and esophageal temperatures in
mild induced hypothermia.  The Journal of Emergency Medicine 2014;49(1):98-103.

68. Andrews PJ, Sinclair HL, Rodriguez A, Harris BA, Battison CG, Rhodes JKJ, et.al. Hypothermia for intracra-
nial hypertension after traumatic brain injury. New England Journal of Medicine 2015;373(25);2403-2412.

69. Bajdatia N, Fernandez I, Fernandez A, et al. Impact of therapeutic normothermia on outcome after 
subarachnoid hemorrhage. Paper presented at: 60th Annual Meeting of the American Academy of 
Neurology, April 16, 2008, Chicago, IL.



This activity is jointly provided 
by AKH, Inc, Advancing 

Knowledge in Healthcare and the 
Neurocritical Care Society.


