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Pioneer works on therapeutic hypothermia (TH) half a century ago already showed promising results but clinical 

application was limited by a lack of understanding of the underlying pathophysiology, lack of reliable method for 

temperature control and lack of intensive care facilities to deal with possible complications. More recently, 2 studies 

in 2002 supported the application of moderate TH (32.0-34.0oC) in post-cardiac arrest patients. Although the studies 

included only patients suffering from out-of-hospital VF, many ICUs world-wide are applying the therapy to all 

post-cardiac arrest patients irrespective of site or presenting rhythm. While primary coagulopathy and cardiogenic 

shock are usually stated as relative contraindications, evidences are accumulating to support the application of 

TH in patients with cardiogenic shock. TH can be divided into 4 phases: Induction, maintenance, de-cooling and 

normothermia. Induction is usually achieved by infusion of cold isotonic fluid. The precautions included avoidance 

of over-cooling, hypokalaemia, hyperglycaemia, and shivering. TH can be maintained by many different methods, 

varying in their level of invasiveness, cost and effectiveness. Issues including changes in pharmacokinetics and 

haemodynamics, and susceptibility to infection need to the addressed. The optimal duration of maintenance is 

unknown but the usual practice is 12-24 hours. De-cooling and rewarming is especially challenging because 

complications can be serious if temperature rise by more than 1oC every 3-5 hours. Life-theatening hyperkalaemia 

can occur especially if patient suffers from renal insufficiency. Fever is a frequent complication either due to infection or 

post-cardiac arrest syndrome but patient must be kept normothermic for 72 hours. (Korean J Anesthesiol 2010; 59: 299-

304)
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Introduction

    Although the basic principles of resuscitation were 

described by Versalius more than 500 years ago, the practice of 

cardiopulmonary resuscitation in its modern form only starts 

50 years ago [1,2]. Despite advances in the understanding 

and practices of airway management, ventilatory support, 

external cardiac compression and drug therapy the outcome of 

patients undergoing cardiopulmonary resuscitation remained 

poor [3]. Patients may have spontaneous circulation restored 

and admitted to the intensive care unit, but then developed 

complications related to ischaemic insult to the brain as well 
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as to the rest of the body. The term post-resuscitation disease 

was coined by the Russian resuscitologist Vladimir A. Negovsky 

in 1972 to describe the constellation of pathological processes 

caused by ischaemia and reperfusion associated with cardiac 

arrest and the subsequent resuscitation. This is more recently 

renamed post-cardiac arrest syndrome [4] because “the term 

resuscitation is now used more broadly to include treatment of 

various shock states in which circulation has not ceased…(and) 

the term postresuscitation implies that the act of resuscitation 

has ended…”4 key components contribute to the development 

of this syndrome: 1) post-cardiac arrest brain injury; 2) post-

cardiac arrest myocardial dysfunction; 3) systemic ischaemia/

reperfusion response; and 4) persistent precipitating pathology 

[4]. There is evidence to support that proper management in the 

post-resuscitation phase can improve outcome of these patients 

[5] and therapeutic hypothermia is one important component 

of such management. 

    To avoid confusion, there is a need to define terminology used 

in relation to manipulation of body temperature [6]:

   • Hypothermia is defined as core body temperature of less 

then 36oC regardless of the cause.

    • Induced hypothermia is defined as an intentional reduction 

of a patient’s core temperature below 36oC.

   • Therapeutic hypothermia is defined as controlled induced 

hypothermia; i.e. induced hypothermia with the potentially 

deleterious effects such a shivering, being controlled or 

suppressed.

   • Controlled or therapeutic normothermia is defined as 

bringing down core temperature in a patient with fever, and 

maintaining temperature within a range of 36-37.5oC, with 

the potentially deleterious effects such a shivering, being 

controlled or suppressed.

    The degree of therapeutic hypothermia can mild (34.0-

35.9oC), moderate (32.0-33.9oC), moderately deep (30.0-

31.9oC) or deep (<30.0oC) according to the target temperature 

as stated within the brackets. 

    Early studies showed that induced hypothermia improved 

outcome in cardiac arrest patients [7,8]. Although both studies 

were small (12 patients had induced hypothermia in each 

study) case series. However, further progress was hindered by 

1) lack of understanding of the underlying pathophysiology, 

2) lack of reliable methods to control body temperature, 

and 3) lack of intensive care facilities to manage possible 

complications. The early hypothesis that beneficial effect of 

hypothermia was due to reduction of metabolism leads to the 

adoption of more profound cooling (around 30oC). The result 

was serious complications which cannot be handled effectively 

without the support of intensive care, which was then only at 

its infancy. Further studies in the recent decades showed that 

the mechanism of cerebral protection by hypothermia is more 

complicated and neurological outcome can be improved by 

mild to moderate degree of hypothermia. Two studies published 

in 2002 [9,10] provided the evidence basis that hypothermia 

can improve neurological outcome. Coupled with advances 

in technology in hypothermia and intensive care in general, 

therapeutic hypothermia is now a standard for management of 

post-cardiac arrest patient.

Indications and Contraindication

    The study population of both the study by Bernard et al. [9] 

and the HACA study Group [10] are patients suffering from 

out-of-hospital ventricular fibrillations. There is evidence 

that cooling patients with presenting rhythms other than VF 

or VT following out-of-hospital arrests does no harm [11]: 

2 retrospective cohort studies found that the outcomes for 

patients presenting with PEA/systole did not differ from those 

observed among the group presenting with VF or VT. There 

is little published evidence to support the use of therapeutic 

hypothermia following in-hospital cardiac arrest. An analysis of 

patients entered into Arrich and ERCHACARS Group [12] found 

that 13% of procedures were performed post in-hospital cardiac 

arrest. 43% of these were cooled and although the initiation of 

hypothermia was faster than that for the out-of- hospital arrests, 

there was no difference in outcome between the patients 

treated with hypothermia and those with normothermia. The 

HACA in-hospital multi-center trial is currently investigating 

whether therapeutic hypothermia is beneficial for patients 

following in-hospital cardiac arrest.

    In both the HACA and Bernard studies, patients who are 

hypotensive (MAP < 60 mmHg [10] or SBP < 90 mmHg 

despite adrenaline infusion [9]) were excluded. Coagulopathic 

patients were also excluded in the HACA Study Group [10]. 

The underlying reason being the possible deleterious effect 

of hypothermia on cardiovascular function and coagulation. 

However, there are several publications suggesting that post-

cardiac arrest patients in cardiogenic shock could actually also 

benefit from moderate therapeutic hypothermia [11,13]. 

    Reduction in platelet count and platelet dysfunction is noted 

when body temperature is dropped to <35oC; and when 

temperature is below 33oC, synthesis and kinetics of clotting 

enzymes and plasminogen activator inhibitors are also affected 

[14]. However, it was found in a recent study which assessed 

the risk and severity of bleeding during simultaneous use of 

mild hypothermia and thrombolysis that bleeding risks were 

similar to historical controls treated with thrombolytics alone, 

although there was a trend toward more red blood cell units 

being required to reach target hematocrit in hypothermic 

patients who developed bleeding complications and needed 

transfusions [15]. This, however, is a small study and more data 
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is required. The current practice is still to avoid induction of 

hypothermia in patients with coagulopathy. 

    The procedures of therapeutic hypothermia can be divided 

into 4 phases: induction, maintenance, de-cooling (or re-

warming) and normothermia.

Induction

    This is the initial phase during which the patient’s body 

temperature is lowered to the target of 32-34oC. Continuous 

core temperature measurement should be started before 

induction of therapeutic hypothermia to ensure that the 

patient’s body temperature is within the target range and to 

avoid overshoot. This is preferably achieved by bladder, rectal, 

central venous, or oesophageal measurement. However, it 

should be noticed that bladder temperature may poorly reflect 

core temperature if the patient is oliguric, and other monitoring 

sites are preferred.

    This phase is associated with many possible complications 

most of which can be minimized by rapid cooling. Rapid 

cooling can be achieved by rapid bolus administration of 30 

to 40 ml/kg cold (4°C) isotonic resuscitation fluid over 1 hour. 

Despite theoretical problems this method is proven to be safe 

[16]. 

    When core temperature drops to 32°C, metabolic rate 

decreases to 50-65% of normal. Oxygen consumption and 

carbon dioxide production are reduced accordingly. It is 

important to adjust ventilator settings to avoid hypocapnia. The 

issue of how to interpret arterial blood gases in hypothermic 

patients (alpha-stat versus pH-stat) is a topic of some contro-

versy and readers are referred to review articles for detailed 

discussion [17]. Cold-induced diuresis is common in these 

patients and can lead to hypovolemia. This may be related to 

increased venous return, tubular dysfunction and hormonal 

changes [14]. Hypothermia can lead to hypokalaemia, hypo pho-

sphataemia and hypomagnesaemia as a result of intracellular 

shift as well as urinary loss because of tubular dysfunction. It 

is particularly important to monitor and replace potassium in 

order to avoid arrhythmia [18]. On the other hand, mild meta-

bolic acidosis is common yet do not usually require treatment. 

It is the result of increased fat metabolism, leading to an 

increase in the levels of glycerol, free fatty acids, ketonic acids, 

and lactate. pH rarely fall below 7.25 [19]. Hyperglycaemia due 

to reduction of insulin secretion and insulin resistance should 

be controlled by close monitoring and insulin therapy. 

    The haemodynamic effect of hypothermia is more complicated. 

The main sources of relevant data come from patients with 

hypothermia induced during cardiac surgery. All patients 

studied developed bradycardia but blood pressure usually 

remained stable. Cardiac output decreased along with the heart 

rate; however, the hypothermia-induced decrease in metabolic 

rate usually equaled or exceeded the decrease in cardiac output, 

so that the balance between supply and demand remained 

constant or improved [20]. However, the actual cardiac output 

is also affected by the volume status and effect of sedation. 

Systolic function of myocardium may actually be improved 

during mild to moderate hypothermia but diastolic function 

is usually impaired. It is important to note that the effect of 

hypothermia on myocardial contractility is strongly dependent 

on heart rate. If the heart rate is allowed to decrease along 

with the temperature, myocardial contractility as measured 

by systolic function usually increases, although there may be a 

mild degree of diastolic dysfunction. However, if the heart rate 

is artificially increased through administration of chronotropic 

drugs or a pacing wire, myocardial contractility decreases 

signifi cantly. This phenomenon has been demonstrated in 

animal studies and also in patients undergoing cardiothoracic 

surgery. Thus, the effect of hypothermia on myocardial function 

strongly depends on whether the heart rate is allowed to 

decrease [20-22]. Maintaining euvolemia is one important 

aspect of management during therapeutic hypothermia 

and one challenge is cold induced diuresis. The underlying 

mechanisms leading to cold-induced diuresis include 

increased venous return caused by constriction of peripheral 

vessels (particularly in the skin) due to hypothermia-induced 

increases in plasma noradrenaline levels and activation of 

the sympathetic nerve system, activation of atrial natriuretic 

peptide, decreased levels of antidiuretic hormone and renal 

antidiuretic hormone receptor levels, and tubular dysfunction 

[23,24]. If uncorrected, diuresis can cause hypotension as well 

as electrolyte depletion and increase in blood viscosity. The 

risk for hypovolemia increases significantly if the patient is 

simultaneously treated with diuretic agents such as mannitol. 

However, hypotension can be quite easily prevented by avoiding 

or promptly correcting hypovolemia, and by avoiding excessive 

stimulation of heart rate. While profound hypothermia of 

<28oC is associated with severe arrhythmia, mild to moderate 

hypothermia could stabilize membranes. One study showed 

that mild and moderate hypothermia actually improves success 

of defibrillation [25].

    Hypothermia will activate homeostatic mechanisms of 

the body: vasoconstriction and shivering. Study in normal 

human showed that the threshold for vasoconstriction is 

about 36.5oC and that for shivering is 35.5oC. The threshold 

is slightly higher in female but the difference is <0.5oC [26]. 

Shivering of postoperative patients may lead to increased 

risk of morbid cardiac events especially in older patients with 

heart disease: the result of increased rate of metabolism and 

oxygen consumption, leading to excess work of breathing and 

tachycardia [27,28]. However, the situation may be different 
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in sedated patients. While hypothermia in an awake patient 

causes tachycardia, inducing hypothermia intentionally in 

sedated patients has the opposite effect. Shivering will increase 

oxygen consumption, but as the patient is on mechanical 

ventilation, there will be no increase in the work of breathing 

[29]. Nevertheless, it is important to prevent or aggressively 

treat shivering because it significantly complicates hypothermia 

induction, and leads to an undesirable increase in metabolic 

rate and oxygen consumption. 

    Shivering may be controlled by one and more of the following 

methods: 1) drugs lowering shivering threshold, e.g. aceta-

minophen (paracetamol), aspirin, and nonsteroidal anti-

infla m matory drugs; 2) drugs suppressing shivering response 

paraly zing agents, sedatives, opiates, and others; and/or 3) 

skin counterwarming. Drugs lowering shivering threshold 

are not quite effective in general. Of the drugs which suppress 

shivering, meperidine is the most effective [30]. In a recent 

systematic review, it was found that there is significant variation 

in sedation protocols amongst the 68 ICUs included in the 

selected studies [31]. Midazolam (5 mg/h to 0.3 mg/kg/h) being 

most commonly used, followed by propofol (up to 6 mg/kg/h). 

A quarter of ICUs do not use any analgesic, the rest use either 

fentanyl (0.5-10 mcg/kg/h) or morphine. Most ICUs routinely 

use neuromuscular blocking agents. Use of neuromuscular 

blocking agents,  however,  is  associated with several 

disadvantages some of which can be reduced by adequate 

sedation: 1) attempts of the brain to generate a shivering 

response will not cease; 2) they can mask seizure; 3) they lack 

of vasodilating effect of sedatives; and 4) their use is associated 

with development of critical illness polyneuromyopathy 

[14]. The importance of adequate sedation and suppression 

of hypothermia-induced stress responses is underscored by 

observations from animal experiments suggesting that some or 

all of hypothermia’s neuroprotective effects can be lost if cooling 

is used in non-sedated animals [32]. Skin counterwarming is 

an interesting phenomenon. It was found that 4oC increase 

in skin temperature could “compensate” for 1oC drop in core 

temperature to prevent a shivering response. Some areas of 

the body (hands, feet and face) have a higher concentration 

of “temperature sensors” and warming of those areas could 

have a greater effect on suppressing shivering [33]. By reducing 

shivering, counterwarming can reduce metabolic rate and 

oxygen consumption of hypothermic patients [34]. 

Maintenance

    During this phase, the goal is to maintain core temperature 

at 32-34oC for 12-24 hours [9,10]. The patient is usually 

more stable during this phase with fewer disturbances in their 

haemodynamic, volume or electrolyte status, as well as less 

shivering. However, the patient is subjected to other hazards 

including changes in pharmacokinetics, nosocomial infections 

and bedsores. 

    Conventionally, patients are maintained cool by surface 

cooling through exposure, placing ice packs to the neck, 

groins and axillae, and/or spraying with water. Rubber cooling 

blankets can also be used but should be placed over the 

patient. Placing those blankets under the patient can lead to 

skin damage due to vasoconstriction in already pressurized 

areas. Although widely available and inexpensive, conventional 

surface cooling is difficult to control as there is no internal 

feedback mechanism. Overcooling is common despite extreme 

nursing vigilance. Nursing workload can also be high. This has 

brought about the emergence of many commercial cooling 

devices. These may be classified as non-invasive surface cooling 

devices such as hydrogel-coated water circulating pads or 

water-circulating wrapping garments, and invasive core cooling 

devices using intravascular catheters. A problem with surface 

cooling is that 40-90% the patient’s surface area needs to be 

covered and carries a risk of skin lesions. But they can be started 

immediately using nurse-driven protocols without direct 

physician intervention. Cooling rate is 1.0-1.5oC/hour. Core-

cooling methods, on the other hand, are highly reliable once 

the catheter is in place, with a cooling rate of 2.0-4.5oC/hour. 

However, insertion of catheter is required and it can lead to 

complications such as thrombosis and infection [35]. 

    Cautious medication dosing during this phase is required due 

to change in drug metabolism. For example, CYP450 activity has 

been found to be temperature dependent [36]. Hypothermia 

can increase the risk of infection. Even short duration of 

hypothermia during perioperative period for intracranial 

aneurysm increase the risk of postoperative bacteraemia [37]. 

A study has shown that 3 days of prophylaxis with ampicillin-

sulbactam can reduce early onset nosocomial pneumonia but 

not the incidence of late-onset nosocomial pneumonia [38]. 

Nursing care to prevent bedsore is important. Sedation should 

be continued during this phase.

De-cooling/Rewarming

    After 12-24 hours of cooling, patient can be allowed to warm 

up slowly. The goal should be 0.2-0.33oC per hour until the 

patient is 36.5-37.0 oC. More rapid warming must be prevented 

to avoid electrolyte disturbance due to transcellular shift, 

hypoglycaemia due to increased insulin sensitivity, as well as 

aggravated brain destruction [35]. 

    Hyperkalaemia can develop during this phase due to release 

of intracellular potassium. This can be prevented by slow rewar-

ming, allowing the kidneys to excrete the excess potassium. 

However, this should not be a reason to accept hypokalaemia 



303www.ekja.org

Korean J Anesthesiol Hing-Yu So

in the induction or maintenance phase. For patients with renal 

dysfunction, renal replacement therapy should be started 

before rewarming to avoid life-threatening hyperkalaemia. 

Normothermia

    Fever can develop after cessation of cooling. This may be the 

result of nosocomial infection or part of the post-cardiac arrest 

syndrome. Fever is independently linked to adverse outcome in 

all types of neurological insults. Furthermore, cerebrovascular 

reactivity may be impaired following hypothermia treatment 

and thus increase the potential harmful effects of fever 

even more [38,39]. There was a case report in which a post-

cardiac arrest patient who initially improved after rewarming 

deteriorated after development of fever and subsequently died. 

Autopsy showed massive brain swelling and tentorial herniation 

[40]. It is recommended that patients should be maintained 

normothermic after decooling until 72 hours have elapsed 

since restoration of spontaneous circulation [35]. Patients who 

develop fever should be actively cooled again. 

Conclusion

    Current evidence supports that induction of therapeutic 

hypothermia in selected patients after cardiac arrest can 

improve neurological outcome [41]. However, not all ICUs are 

currently taking up the practice. Lack of familiarity and lack 

of a concrete protocol are the most important amongst the 

list of perceived barriers [42]. It is hoped that by summarizing 

the current state of knowledge on the subject and highlighting 

issues on clinical management will enable more patients to 

benefit from the therapy. 

References

1. Safar P, Escarraga LA, Chang F. Upper airway obstruction in 

unconscious patient. J Appl Physiol 1959; 14: 760-4.

2. Kouwenhoven WB, Jude JR, Knickerbocker GG. Closed-chest 

cardiac massage. JAMA 1960; 173: 1064-7.

3. Hazinski MF, Nadkarni VM, Hickey RW, O'Connor R, Becker LB, 

Zaritsky A. Major changes in the 2005 AHA Guidelines for CPR and 

ECC: reaching the tipping point for change. Circulation 2005; 112: 

IV206-11.

4. Nolan JP, Neumar RW, Adrie C, Aibiki M, Berg RA, Böttiger BW, et 

al. Post-cardiac arrest syndrome: epidemiology, pathophysiology, 

treatment, and prognostication. A Scientific 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; the Council on Stroke. Resuscitation 2008; 79: 

350-79.

5. Sunde K, Pytte M, Jacobsen D, Mangschau A, Jensen LP, Smedsrud 

C, et al. Implementation of a standardised treatment protocol 

for post resuscitation care after out-of-hospital cardiac arrest. 

Resuscitation 2007; 73: 29-39.

6. Polderman KH, Herold I. Therapeutic hypothermia and controlled 

normothermia in the intensive care unit: practical considerations, 

side effects, and cooling methods. Crit Care Med 2009; 37: 1101-20.

7. Benson DW, Williams GR Jr, Spencer FC, Yates AJ. The use of 

hypothermia after cardiac arrest. Anesth Analg 1959; 38: 423-8.

8. Williams GR Jr, Spencer FC. The clinical use of hypothermia 

following cardiac arrest. Ann Surg 1958; 148: 462-8. 

9. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge 

G, et al. Treatment of comatose survivors of out-of-hospital cardiac 

arrest with induced hypothermia. N Engl J Med 2002; 346: 557-63. 

10. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic 

hypothermia to improve the neurologic outcome after cardiac 

arrest. N Engl J Med 2002; 346: 549-56. 

11. Oddo M, Schaller MD, Feihl F, Ribordy V, Liaudet L. From evidence 

to clinical practice: effective implementation of therapeutic 

hypothermia to improve patient outcome after cardiac arrest. Crit 

Care Med 2006; 34: 1865-73.

12. Arrich J, European Resuscitation Council Hypothermia After 

Cardiac Arrest Registry Study Group. Clinical application of mild 

therapeutic hypothermia after cardiac arrest. Crit Care Med 2007; 

35: 1041-7.

13. Skulec R, Kovarnik T, Dostalova G, Kolar J, Linhart A. Induction 

of mild hypothermia in cardiac arrest survivors presenting with 

cardiogenic shock syndrome. Acta Anaesthesiol Scand 2008; 52: 

188-94.

14. Polderman KH. Mechanisms of action, physiological effects, and 

complications of hypothermia. Crit Care Med 2009; 37(7 Suppl): 

S186-202.

15. Schefold JC, Storm C, Joerres A, Hasper D. Mild therapeutic 

hypothermia after cardiac arrest and the risk of bleeding in patients 

with acute myocardial infarction. Int J Cardiol 2008; 132: 387-91.

16. Kim F, Olsufka M, Longstreth WT Jr, Maynard C, Carlbom D, Deem S, 

et al. Pilot randomized clinical trial of prehospital induction of mild 

hypothermia in out-of-hospital cardiac arrest patients with a rapid 

infusion of 4 degrees C normal saline. Circulation 2007; 115: 3064-

70.

17. Bacher A. Effects of body temperature on blood gases. Intensive 

Care Med 2005; 31: 24-7.

18. Polderman KH, Peerdeman SM, Girbes AR. Hypophosphatemia 

and hypomagnesemia induced by cooling in patients with severe 

head injury. J Neurosurg 2001; 94: 697-705.

19. Aoki M, Nomura F, Stromski ME, Tsuji MK, Fackler JC, Hickey PR, et 

al. Effects of pH on brain energetics after hypothermic circulatory 

arrest. Ann Thorac Surg 1993; 55: 1093-103.

20. Lewis ME, Al-Khalidi AH, Townend JN, Coote J, Bonser RS. The 

effects of hypothermia on human left ventricular contractile 

function during cardiac surgery. J Am Coll Cardiol 2002; 39: 102-8.

21. Thoresen M, Whitelaw A. Cardiovascular changes during mild 

therapeutic hypothermia and rewarming in infants with hypoxic-

ischemic encephalopathy. Pediatrics 2000; 106: 92-9.

22. Fischer UM, Cox CS Jr, Laine GA, Mehlhorn U, Allen SJ. Mild 



304 www.ekja.org

Therapeutic hypothermia Vol. 59, No. 5, November 2010

hypothermia impairs left ventricular diastolic but not systolic 

function. J Invest Surg 2005; 18: 291-6.

23. Polderman KH, Tjong Tjin Joe R, Peerdeman SM, Vandertop WP, 

Girbes AR. Effects of therapeutic hypothermia on intracranial 

pressure and outcome in patients with severe head injury. Intensive 

Care Med 2002; 28: 1563-73.

24. Sun Z. Genetic AVP deficiency abolishes cold-induced diuresis but 

does not attenuate cold-induced hypertension. Am J Physiol Renal 

Physiol 2006; 290: F1472-7.

25. Boddicker KA, Zhang Y, Zimmerman MB, Davies LR, Kerber RE. 

Hypothermia improves defibrillation success and resuscitation 

outcomes from ventricular fibrillation. Circulation 2005; 111: 3195-

201.

26. Lopez M, Sessler DI, Walter K, Emerick T, Ozaki M. Rate and gender 

dependence of the sweating, vasoconstriction, and shivering 

thresholds in humans. Anesthesiology 1994; 80: 780-8.

27. Frank SM, Fleisher LA, Breslow MJ, Higgins MS, Olson KF, Kelly 

S, et al. Perioperative maintenance of normothermia reduces the 

incidence of morbid cardiac events. A randomized clinical trial. 

JAMA 1997; 277: 1127-34.

28. Leslie K, Sessler DI. Perioperative hypothermia in the high-risk 

surgical patient. Best Pract Res Clin Anaesthesiol 2003; 17: 485-98.

29. Polderman KH. Application of therapeutic hypothermia in the 

intensive care unit. Opportunities and pitfalls of a promising 

treatment modality--Part 2: Practical aspects and side effects. 

Intensive Care Med 2004; 30: 757-69.

30. De Witte J, Sessler DI. Perioperative shivering: physiology and 

pharmacology. Anesthesiology 2002; 96: 467-84.

31. Chamorro C, Borrallo JM, Romera MA, Silva JA, Balandin B. 

Anesthesia and analgesia protocol during therapeutic hypothermia 

after cardia arrest: a systematic review. Anesth Analg 2010; 110: 

1328-35.

32. Thoresen M, Satas S, Løberg EM, Whitelaw A, Acolet D, Lindgren 

C, et al. Twenty-four hours of mild hypothermia in unsedated 

newborn pigs starting after a severe global hypoxic-ischemic insult 

is not neuroprotective. Pediatr Res 2001; 50: 405-11.

33. Cheng C, Matsukawa T, Sessler DI, Ozaki M, Kurz A, Merrifield 

B, et al. Increasing mean skin temperature linearly reduces the 

core-temperature thresholds for vasoconstriction and shivering in 

humans. Anesthesiology 1995; 82: 1160-8.

34. Badjatia N, Strongilis E, Prescutti M, Fernandez L, Fernandez A, 

Buitrago M, et al. Metabolic benefits of surface counter warming 

during therapeutic temperature modulation. Crit Care Med 2009; 

37: 1893-7.

35. Seder DB, Van der Kloot TE. Methods of cooling: practical aspects 

of therapeutic temperature management. Crit Care Med 2009; 37(7 

Suppl): S211-22.

36. Tortorici MA, Kochanek PM, Poloyac SM. Effects of hypothermia 

on drug disposition, metabolism, and response: a focus of hypo-

thermia-mediated alterations on the cytochrome P450 enzyme 

system. Crit Care Med 2007; 35: 2196-204.

37. Todd MM, Hindman BJ, Clarke WR, Torner JC, Intraoperative 

Hyothermia for Aneurysm Surgery Surgery Trial (IHAST) Investi-

gators. Mild intraoperative hypothermia during surgery for 

intracranial aneurysm. N Engl J Med 2005; 352: 135-45.

38. Acquarolo A, Urli T, Perone G, Giannotti C, Candiani A, Latronico 

N. Antibiotic prophylaxis of early onset pneumonia in critically ill 

comatose patients. A randomized study. Intensive Care Med 2005; 

31: 510-6.

39. Greer DM, Funk SE, Reaven NL, Ouzounelli M, Uman GC. Impact 

of fever on outcome in patients with stroke and neurologic injury: a 

comprehensive meta-analysis. Stroke 2008; 39: 3029-35.

40. Bergman R, Tjan DH, Adriaanse MW, van Vugt R, van Zanten 

AR. Unexpected fatal neurological deterioration after successful 

cardio-pulmonary resuscitation and therapeutic hypothermia. 

Resuscitation 2008; 76: 142-5.

41. Arrich J, Holzer M, Herkner H, Müllner M. Hypothermia for 

neuroprotection in adults after cardiopulmonary resuscitation. 

Cochrane Database Syst Rev 2009; (4): CD004128.

42. Toma A, Bensimon CM, Dainty KN, Rubenfeld GD, Morrison LJ, 

Brooks SC. Perceived barriers to therapeutic hypothermia for 

patients resuscitated from cardiac arrest: a qualitative study of 

emergency department and critical care workers. Crit Care Med 

2010; 38: 504-9.


