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INTRODUCTION 

In adult out-of-hospital cardiac arrest survivors with ventricular tachycardia or fibrillation, 

when TH (32°C–34°C for 12–24 hours) is applied after resuscitation, it is well-known to im-

prove neurologic outcomes by reducing reperfusion injury (hypoxic-ischemic cascade), and 

it is therefore recommended. Based on this situation, many studies have been conducted to 

confirm the effects of therapeutic hypothermia (TH) or targeted temperature management 

(TTM) on severe traumatic brain injury (TBI) treatment. 

The efficacy of TH has not been demonstrated so far to improve neurological outcomes in 

Traumatic brain injury (TBI) is a critical cause of disability and death worldwide. Many studies have 
been conducted aimed at achieving favorable neurologic outcomes by reducing secondary brain 
injury in TBI patients. However, ground-breaking outcomes are still insufficient so far. Because 
mild-to-moderate hypothermia (32°C–35°C) has been confirmed to help neurological recovery for 
recovered patients after circulatory arrest, it has been recognized as a major neuroprotective treat-
ment plan for TBI patients. Thereafter, many clinical studies about the effect of therapeutic hypo-
thermia (TH) on severe TBI have been conducted. However, efficacy and safety have not been 
demonstrated in many large-scale randomized controlled studies. Rather, some studies have 
demonstrated an increase in mortality rate due to complications such as pneumonia, so it is not 
highly recommended for severe TBI patients. Recently, some studies have shown results suggesting 
TH may help reperfusion/ischemic injury prevention after surgery in the case of mass lesions, such 
as acute subdural hematoma, and it has also been shown to be effective in intracranial pressure 
control. In conclusion, TH is still at the center of neuroprotective therapeutic studies regarding TBI. 
If proper measures can be taken to mitigate the many adverse events that may occur during the 
course of treatment, more positive efficacy can be confirmed. In this review, we look into adverse 
events that may occur during the process of the induction, maintenance, and rewarming of target-
ed temperature management and consider ways to prevent and address them. 
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patients with TBI in multicenter randomized controlled study 

(RCT) [1-4]. For this reason, early (within 2.5 hours), short-

term (48 hours post-injury), and prophylactic hypothermia 

are not recommended to improve outcomes in patients with 

diffuse injury in the Guidelines for the Management of Severe 

Traumatic Brain Injury [2,5]. Nonetheless, many institutions 

are still using TTM for the purpose of neuroprotection, intra-

cranial pressure (ICP) control, and decreasing fever burden in 

patients with severe TBI. 

ICP control and reducing fever burden are very important to 

prevent secondary brain injury in patients with severe TBI. Fe-

ver is commonly found in neurological ICU patients, increases 

the risk of complications, and is usually associated with unfa-

vorable clinical outcomes [6-8]. Recently, the ability to stably 

control patients’ body temperatures has become possible 

thanks to the development of equipment. TTM is considered 

to be able to help improve clinical outcomes by reducing fever 

burden. In this review, we would like to examine the factors 

that should be considered in the process of applying TH or 

TTM in TBI patients. 

WHY DID TH AND TTM NOT DEMONSTRATE 
NEUROPROTECTION IN TBI PATIENTS? 

The exact reason why TH in TBI does not work is unknown. 

Some researchers are seeking answers in the mechanisms 

of TBI. To date, the disease in which TH is known to improve 

neurologic outcomes is out-of-hospital cardiac arrest [9,10]. 

For this reason, post-cardiac arrest care guidelines were modi-

fied to recommend target temperatures of 32°C to 36°C [11-13]. 

However, compared to patients with these diseases and TBI, 

the pathological environment of the brain is different, so the 

effect does not seem to be perfect. 

In the case of cardiac arrest, abnormalities in brain cell func-

tion occur due to transient global ischemia; therefore, there 

is little structural destruction in brain cells. When the cardiac 

arrest time is short, TH after successful resuscitation improves 

clinical outcomes by preventing secondary brain injury by 

blocking the hypoxic-ischemic cascade. However, in the case 

of TBI, TH effects can be limited because there are several 

lesions, such as permanent structural destruction, cerebral 

hemorrhage, ischemic lesions, delayed edema, etc., rather 

than single ischemia. And there seems to be a limitation in 

recovery since the primary injury caused by the initial insult is 

severe (Table 1) [14]. 

WHEN SHOULD TH OR TTH BE STARTED, AND 
HOW LONG SHOULD IT BE MAINTAINED IN 
TBI PATIENTS? 

Brain edema and secondary brain injury in TBI patients persist 

for hours to days. Therefore, when TH or TTH is applied for the 

purpose of these cases, it is recommended to be maintained 

for a long time rather than post-resuscitation [2,11]. In RCTs 

on prolonged mild hypothermia and slow rewarming in pa-

tients with severe TBI, tight hemodynamic management and 

slow rewarming, together with prolonged TH (32°C–34°C), did 

not improve the neurological outcomes or reduce mortality 

■ Targeted temperature management is one of the most 
promising neuroprotective methods to prevent secondary 
brain injury in patients with traumatic brain injury.

■ Although many studies have not proven its effectiveness 
clearly so far, and there have been many problems due to 
side effects, its complications and side effects have been 
significantly reduced as general supportive technology 
develops.

■ It is expected that clinical studies including patients with 
the proper indications and well-organized protocols for 
targeted temperature management can be conducted.

KEY MESSAGES

Table 1. Difference between the two conditions
Cardiac arrest Traumatic brain injury

Evidence of therapeutic hypothermia Effective Not proved
Injury mechanism Temporary global ischemic-reperfusion brain injury Primary mechanical disruption of brain cells and blood-

brain barrier
Secondary injury: hemorrhage, ischemia-reperfusion, 

excitotoxicity, inflammation, etc.
Injury type Relatively homogenous Heterogeneous mechanism that includes focal and 

diffuse components
Reversibility Depends on the duration of ischemic time Depends on primary injury
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compared with strict temperature control (35.5°C–37°C) [1,2]. 

Although there are no clear guidelines on when to start and 

how long to maintain decreased ICP by controlling brain ede-

ma to help neurological recovery and reduce the length of stay 

in the ICU, maintaining TTM within normal body temperature 

(36°C–37.5°C) can be considered to reduce fever burden and 

variability from the beginning. When there’s no response to 

other existing medical treatments, it is recommended to per-

form induced hypothermia at 32°C–35°C to control brain ede-

ma and ICP [5,15]. In this case, the treatment should be main-

tained for days, and it would be good to do a slow rewarming 

with ICP monitoring [15,16]. Hypothermia combined with 

craniotomy may improve neurologic outcomes in patients 

with hematomas and severe TBI [3,4]. Overall, cooling before 

decompression surgery weakens some of the reduction of 

reperfusion injury. 

STAGES OF TH AND WHAT TO CONSIDER AT 
EACH STAGE 

TH can be divided into three phases: phase 1 (induction), 

phase 2 (maintenance), and phase 3 (rewarming) [14,17]. Let’s 

take a look at what to consider at each stage [14,18]. 

Phase 1: Induction 
If it is decided to do TH in refractory increased ICP, the target 

temperature should be reached by maximizing the speed of 

cooling as much as possible [10]. Although there are many 

methods for this, servo-regulatory non-invasive surface cool-

ing devices and invasive endovascular cooling devices are 

mainly used. In addition, the application of ice bags and local 

cooling methods exist, but they are not commonly used. In the 

case of invasive endovascular cooling devices, there is a risk 

of catheter-related thrombosis and infection, and in the case 

of surface cooling devices, there is a risk of skin necrosis and 

soreness caused by peripheral vasoconstriction of the skin [19].  

In a study, a large ice-cold fluid infusion (4°C, 20–30 ml/kg) 

did not increase the incidence of pulmonary edema but in-

creased the incidence of rearrests [10,19]. Some studies insist 

that rapid induction decreases the risks and consequences of 

short-term side effects, such as shivering and metabolic disor-

ders [19]. But in many cases, it is necessary to consider edema 

and cardiovascular effects due to volume-overload in patients 

with severe TBI. 

TH should be performed based on the core temperature. 

The optimal temperature measurement site should accurately 

reflect the core temperature, be non-invasive, and be mea-

sured continuously. The most commonly used sites are the 

esophagus, bladder, and rectum, in that order [9,20]. Direct 

measuring equipment using sensors attached to the scalp has 

recently been used for brain temperature [21]. 

Because shivers can increase the rate of metabolism, oxy-

gen consumption, excess breathing, heart rate, and a general 

stress-like response, shivering management, such as sedatives, 

anesthetics, opiates, magnesium, muscle paralyzers, and var-

ious other drugs, are important during TH [19,22]. A shivering 

assessment scale is provided in Table 2 [23]. Drugs and skin 

counter warming for shivering mitigation are organized in 

Figure 1. However, many patients with severe TBI are under 

sedation therapy, so it is sometimes difficult to identify them. 

Phase 2: Maintenance 
After reaching the target temperature after induction, it is im-

portant to reduce body temperature variation and shivering 

before rewarming. Also, it is very important to prevent and 

treat various complications that may occur during TH. The 

most used surface cooling device, gel pads attached to the 

skin, is non-invasive and convenient but has disadvantages in 

that skin necrosis and shivering can occur more easily. Endo-

vascular devices using endovascular insertion and a catheter 

are invasive and can cause complications, such as infection, 

bleeding, and venous thrombosis, therefore, it should be used 

with caution. To decrease temperature variability, using tem-

perature-modulating devices with servo-controls and gradient 

temperature changes is recommended [15]. During this phase, 

potential complications caused by hypothermia can occur 

(Table 3). Let’s study more about them. 

Table 2. Bedside Shivering Assessment Scale [23]
Score Type of shivering Location
0 None No shivering is detected in the masseter, neck, or chest muscles
1 Mild Shivering localized to neck and thorax only
2 Moderate Shivering involves gross movement of upper extremities (in addition to the neck and thorax)
3 Severe Shivering involves gross movement of the trunk and upper and lower extremities



486 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):483-490

Jo KW  Temperature management in traumatic brain injury 

Table 3. Summary of potential complications of IH
Type of system Response to IH and potential complications
Cardiovascular In the early stage, increasing sympathetic tone and peripheral vasoconstriction Hypertension

Arrhythmia
Decreased left ventricular function  Hypotension
Hypovolemia due to cold diuresis

Immunologic Immunosuppression Increased risk of infection
leukopenia

Hematologic Increased hematocrit Mild coagulopathy
Thrombocytopenia Increased risk of bleeding
Increased prothrombin time and activated partial thromboplastin time

Acid-base dysregulation & 
metabolic change

pH elevation
Hypokalemia  Arrhythmia
Hyperglycemia
Hypomagnesemia

Others Shivering
Skin necrosis
Changes in drug clearance/elimination

IH: induced hypothermia.

Figure 1. Shivering management [19,27]. Continuous electroenceph-
alogram monitoring may be considered for early detection of noncon-
vulsive status epilepticus for Stages 2 and 3.

Stage 1. Maneuvers
(1) Skin counter warming
(2) Acetaminophen (500 mg every 4–6 hr)
(3) Magnesium sulphate  

(Maintenance 0.5 g/hr or IV 2–3 g slowly) 
(Goal serum level  3–4 mg/dl)

Stage 2. Maneuvers
(1) Dexmedetomidine (50–100 µg or 0.2–0.7 µg/kg/hr)
(2) Remifentanil (6–60 µg/kg/hr)
(3) Fentanyl (50–100 µg or 0.7–1.0 µg/kg/hr)
(4) Meperidine (10–25 mg or 0.5 mg/kg every 6 hr)
(5) Propofol (20–150 mg or 0.5–3.0 mg/kg/hr)
(6) Midazolam (2.5–10 mg or 0.03–0.2 mg/kg/hr)

Stage 3. Maneuvers
(1) Cisatracurium IV (0.12–0.6 mg/kg/hr) 

or rocuronium IV 0.4 mg/kg/hr

Potential cardiovascular complications 
In the early stage of TH, blood pressure rises due to peripheral 

vasoconstriction and hypotension thereafter due to hypovo-

lemia caused by cold diuresis decreases cardiac output and 

induces arrhythmia including bradycardia [20,24]. If hypovo-

lemia is corrected, mild to moderate hypothermia does not 

decrease myocardial contractility or induce hypotension [25]. 

Therefore, it is an important point to correct hypovolemia. 

Osmotic agents are often used for patients with severe TBI and 

central diabetes insipidus (DI) due to ICP, so it is important to 

check volume status and properly manage volume treatment. 

According to a recent publication, hypertonic saline enhances 

ICP and cerebral perfusion pressure more than mannitol does, 

so, because of the effect of volume expansion, hypertonic sa-

line can be useful during TH [26]. 

Potential immunologic complications 
Many patients with severe TBI have the risk of catheter-related 

infection related to multiple trauma wounds, postoperative 

status, central line, intubation tube, foley catheter, etc. Pneu-

monia is the most common complication due to aspiration in 

the unconscious state of the early stage of severe TBI. In these 

conditions, TH increases the risk of infection due to immu-

nosuppression and leukopenia. Therefore, to check whether 

infection is progressing during TH maintenance, protocolized 

care for infection monitoring should be needed. If infection 

control is not proper and goes to sepsis, the mortality risk in-

creases significantly.  

Existing tests to monitor infection progression include white 

blood cell (WBC) count, erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP), blood-culture, etc. However, it is dif-

ficult to determine the progression of infection with these tests 

because fever pattern and WBC count can be influenced by 
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TH. In addition, ESR/CRP can rise non-specifically in the case 

of multiple trauma, and the results of blood culture are slow, 

making treatment with proper timing difficult. As such, exist-

ing blood tests related to inflammation have limitations, so ad-

ditional research on new methods is needed. One sign of pro-

gressing infection can be a sudden increase in the workload 

of the cooling device, such as a decrease in water temperature 

and an increase in noise levels of the device. If an infection 

is developing, our body attempts to generate fever and cause 

shivering [25]. There is a report that the use of prophylactic 

antibiotics decreased the incidence of pneumonia 4-fold [28]. 

But, to date, the best timing of antibiotic therapy and the drug 

choice are still unclear, and prophylactic use of broad-spec-

trum antibiotics is thought to be necessary for patients with 

severe TBI. 

Potential hematologic complications 
TH increases bleeding risk by inducing thrombocytopenia, 

platelet dysfunction, and mild coagulopathy [25,29]. Patients 

with severe TBI often have consumptive coagulopathy due 

to multiple trauma, and many of them also have traumatic 

intracerebral hemorrhage or delayed hemorrhage. It should 

be considered that TH during the early stage of trauma may 

adversely affect patients because of thrombocytopenia and 

mild coagulopathy, increased bleeding. For this, personalized 

transfusion can be helpful for proper coagulation in the early 

stage of trauma. Also, thromboelastometry can be one way to 

do this [30]. 

Potential metabolic complications 
TH causes many electrolyte changes and hyperglycemia. De-

creased K+, P+, and Mg2+ and increased glucose are most com-

mon [31,32]. In particular, severe electrolyte depletion, which 

is partly due to an increase in the amount of discharge caused 

by cold diuresis, should be thoroughly corrected because it 

causes cardiac arrhythmia and is life-threatening. So, electro-

lyte levels should be monitored frequently, and prophylactic 

electrolyte supplementation should be considered. It is recom-

mended to maintain 4.0 mEq/L or more before TH induction 

and 3.0–3.5 mEq/L during maintenance [15]. The reason why 

K+ should be maintained in the low limit of the normal range 

is that decreased potassium by intracellular shifting during 

rewarming can cause rebound hypokalemia. Besides, tests 

for Mg and P should be properly performed and maintained 

during TH [32]. In the case of refractory K+ replacement, it 

must be confirmed that hypomagnesemia is not the cause. 

Because magnesium is necessary for sodium, potassium, and 

calcium to move into and out of cells, hypomagnesemia results 

in hypocalcemia and hypokalemia. 

Also, TH can increase insulin resistance and cause hyper-

glycemia. Severe TBI can be accompanied by stress-induced 

hyperglycemia in the early stage, so it is necessary to control 

hyperglycemia, minimizing glycemic variability. Appropriate 

glycemic control methods and insulin types have not yet been 

determined, but it is better to measure glucose levels more fre-

quently, and continuous monitoring can be considered [31]. 

Acid-base dysregulation and ventilation settings 
Cerebral metabolism decreases by 6% to 10% for each 1°C re-

duction in body temperature during cooling [33]. Accordingly, 

the requirements for oxygen and glucose are decreased. If 

the ventilator setting is not properly adjusted, accidental hy-

perventilation and hyperglycemia can be maintained due to 

decreased oxygen and glucose consumption during TH, and it 

induces secondary brain injury by vasoconstriction. 

Another point of consideration is the oxygen dissociation 

curve of hemoglobin. In a hypothermic state, the solubility of 

oxygen and carbon dioxide increases. However, since arterial 

blood test results are tested at 37°C, pH and carbon dioxide 

levels are different from the actual values in the hypothermic 

state [34]. PaO2 is decreased by 5 mm Hg for each degree be-

low 37°C, and PaCO2 is decreased by 2 mm Hg for each degree 

below 37°C. Alpha-stat means temperature-uncorrected arte-

rial pCO2, and pH-stat means temperature-corrected arterial 

pCO2 [25]. Strictly applied alpha-stat management can lead to 

hyperventilation and cerebral vasoconstriction; strict pH-stat 

management can lead to hypercapnia, cerebral vasodilation, 

and increased ICP. Which option is preferable may depend 

on the precise nature of the neurological injury and the pres-

ence or absence of brain edema. Excessive hypocapnia can 

increase ischemia in injured areas of the brain, while excessive 

hypercapnia can increase brain edema; thus, both can cause 

additional brain injury [25]. An example situation was shown 

in Figure 2. 

Although there’s controversy as to whether alpha-stat or pH-

stat are superior, the recent guidelines recommend pH-stat 

[12,15]. Arterial blood gas measurements should be tempera-

ture-corrected during TH; also, increased PH makes the oxy-

gen dissociation curve shift to the left. In this case, the oxygen 

affinity of hemoglobin increases, and oxygen delivery to the 

tissues decreases. Therefore, it is necessary to maintain oxygen 

concentration at the upper limit in the normal range. 
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Changes in drug clearance 
TH could decrease the function of physiologic enzymes and 

affect changes in drug clearance. Because various drugs in-

cluding anticonvulsants, antibiotics, analgesics, and sedatives 

are used in patients with severe TBI, their therapeutic efficacy 

and serum concentrations should be monitored. In addition, 

it should be considered that the effect of these drugs may last 

longer than expected [30]. 

Others (development of epilepsy, skin necrosis and sores, and 
bowel function) 
Nonconvulsive status epilepticus (i.e., epileptic activity with-

out obvious clinical signs and symptoms) frequently occurs in 

Figure 2. Different management plans according to alpha-stat and pH-stat. ICP: intracranial pressure.

Definition
Alpha-stat: temperature-uncorrected arterial pCO2

pH-stat: temperature-corrected arterial pCO2

Change rate of pH, pCO2, pO2 per 1°C that the patient’s temperature is <37°C;
Add 0.012 pH units, subtract 5 mm Hg pO2, subtract 2 mm Hg pCO2

Patient with moderate hyperthermia (32°C)
Blood gas result assayed at 37°C

pH 7.42, pO2 80 mm Hg, pCO2 40 mm Hg

pH 7.42, pO2 80 mm Hg
pC02 40 mm Hg

Same as blood gas result
assayed at 37°C

Corrected by body temperature
pH 7.42+(37°C–32°C)×0.012=7.48

pO2 80 mm Hg–(37°C–32°C)×5 mm Hg=55 mm Hg
pCO2 40 mm Hg–(37°C–32°C)×2 mm Hg=30 mm Hg

Blood gas result reassayed at 37°C (=alpha-stat)
pH 7.42–(37°C–32°C)×0.012=7.36

pCO2 80 mm Hg＋(37°C–32°C)×5 mm Hg=100 mm Hg
pCO2 40 mm Hg＋(37°C–32°C)×2 mm Hg=50 mm Hg

Strict pH-stat management could lead to excessive
oxygenation and hypercapnia, cerebral vasodilation,

increased ICP and oxygen free radical

Continue ventilator setting
Excessive hypocapnia & Hypoxia can increase

ischemia in injured areas

Ventilator

Ventilator setting change

Management by pH-statManagement by alpha-stat

pH-stat: pH 7.42, pO2 80 mm Hg, pCO2 40 mm Hg

patients with TBI [35]. Hypothermia acts as neuroprotection, 

suppresses epileptic activity, and spreads nervous system de-

pression-like depolarization suppression [25,36]. Therefore, 

the use of prophylactic anticonvulsants is not recommended. 

Vasoconstriction of the skin caused by hypothermia could 

affect the occurrence of wound infection and bed sores [25]. 

To prevent this, warming of the exposed skin could be an op-

tion to try in the case of using invasive endovascular cooling 

devices or surface-cooling machine (Arctic Sun; Medivance 

Inc., Louisville, CO, USA). Bowel function and delayed gastric 

emptying caused by TBI may occur during hypothermia. How-

ever, a proper treatment strategy for this area has not yet been 

suggested.
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Phase 3: Rewarming 
Considerations during rewarming are opposed to induction. 

To reduce side effects, rewarming should be performed slowly. 

In general, rewarming is performed at 0.25°C per hour, but if 

there’s a concern about ICP, it may be maintained more slow-

ly at <0.1°C per hour [25]. Slow rewarming for over 48 hours 

might improve the neurological outcomes of prolonged TTM 

in patients with TBI and an evacuated hematoma. Further 

studies are needed to determine the optimal rewarming pro-

tocol in patients with TBI [37]. If all K+-containing fluids are 

needed to prevent or stop hyperkalemia, the management of 

hypotension due to vasodilation, hypoglycemia, arrhythmias, 

shivering, or seizure should be prepared for. It is recommend-

ed to maintain 24–48 hours of normothermia after rewarming 

and then apply titration of analgesics and sedatives to prevent 

rebound fever [20]. 

CONCLUSIONS 

So far, TH has not yet been proven clinically effective in im-

proving neurologic outcomes. However, appropriate thermo-

regulation with TTM (TH and intensive normothermia) might 

have a critical role in the treatment of patients with severe TBI 

through ICP control and neuroprotection by various mech-

anisms. The medical team in charge of neurointensive care 

should understand the physiologic response to hypothermia 

and provide appropriate supportive care according to well-or-

ganized protocols to reduce adverse effects. 
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