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WHY would we even want to do this??? 



Post-anoxic  
encephalopathy 

VT/VF 
Level I 

 

Preventing cardiac 
injury during 

cardiac surgery 
Level III 

 

Mitigating myocardial 

injury during  

Ischemia/reperfusion 

Level III 

 Potential indications for 
induced hypothermia 

Post-anoxic  
encephalopathy 
Asystole/PEA 

Level III 
 

Traumatic brain  

injury – improving  

outcome 

Level IIA 

 

Traumatic brain  

injury - reducing ICP 

Level I 

 

Perioperative  

(vascular, cardiac  

and neurosurgery) 

Level III 
 

Reversing cardiac 

shock following  

cardiac surgery  

Level III 

Bacterial  

meningitis 

Level IV 
 

Spinal cord  

contusion  

Level IV 
 

Preventing/delaying  

cardiac arrest in severe  

hypovolemic shock  

Level IV 

Acute disseminated 
encephalomyelitis 

Level IV 
 

Cardiac arrest  

due to non- 

coronary causes 
Level IV 

 

Sepsis/septic  

encephalopathy 
Level IV 

Hepatic  

encephalopathy  

(reducing ICP) 

Level III 

 

Perinatal  

asphyxia  

Level I 

Polderman KH. Induced hypothermia and fever control for prevention and treatment of neurological injuries. 

Lancet 2008; 371:1955-69. 

Subarachnoid  

haemorrhage 

Level IV 
 

ARDS  
Inprove oxygenation 

Level IV 
 

Prevent  
radiocontrast  
nephropathy  

Level IV 
 

Stroke – improving 
outcome  
Level III 

 

Symptomatic treatment of Fever in the presence of 
neurological injury:  Level IIB 

Stroke - reducing 
ICP 

Level III 
 

Grand mal  

seizures 
Level IV 

 

Delayed  
Spinal ischemia  

Level IV 

Intracranial  

haemorrhage 

Level IV 
 



Post-anoxic  
encephalopathy 

VT/VF 
Level I 

 

Preventing cardiac 
injury during 

cardiac surgery 
Level III 

 

Mitigating myocardial 

injury during  

Ischemia/reperfusion 

Level III 

Post-anoxic  
encephalopathy 
Asystole/PEA 

Level III 
 

Traumatic brain  

injury – improving  

outcome 

Level IIA 

 

Traumatic brain  

injury - reducing ICP 

Level I 

 

Perioperative  

(vascular, cardiac  

and neurosurgery) 

Level III 
 

Reversing cardiac 

shock following  

cardiac surgery  

Level III 

Bacterial  

meningitis 

Level IV 
 

Spinal cord  

contusion  

Level IV 
 

Preventing/delaying  

cardiac arrest in severe  

hypovolemic shock  

Level IV 

Acute disseminated 
encephalomyelitis 

Level IV 
 

Cardiac arrest  

due to non- 

coronary causes 
Level IV 

 

Sepsis/septic  

encephalopathy 
Level IV 

Hepatic  

encephalopathy  

(reducing ICP) 

Level III 

 

Perinatal  

asphyxia  

Level I 

Polderman KH. Induced hypothermia and fever control for prevention and treatment of neurological injuries. 

Lancet 2008; 371:1955-69. 

Subarachnoid  

haemorrhage 

Level IV 
 

ARDS  
Inprove oxygenation 

Level IV 
 

Prevent  
radiocontrast  
nephropathy  

Level IV 
 

Stroke – improving 
outcome  
Level III 

 

Symptomatic treatment of Fever in the presence of 
neurological injury:  Level IIB 

Stroke - reducing 
ICP 

Level III 
 

Grand mal  

seizures 
Level IV 

 

Delayed  
Spinal ischemia  

Level IV 

Intracranial  

haemorrhage 

Level IV 
 

 The strongest 
evidence....... 



The strongest evidence that cooling 

can prevent post-hypoxic brain injury:  

Cooling for 

neonatal asphyxia. 
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Topics of this lecture: 
 1. A very brief overview of the evidence for using 

 hypothermia in post-hypoxic injury 

 2. Discuss the evidence for hypothermia in ischemic  stroke   
 and acute myocardial infarction 

 3.  The main focus: how to cool awake patients 

 4. Perspective and conclusions 





Cooling for cardiac arrest... 



  

 Promote awareness, use of bystander CPR, 
availability of defibrillators; 

 New emphasis on the importance of chest 
compressions, at the expense of breaths, 
especially in BLS;   

 Prevent hypotension, [additional] hypoxia, 
hyper/hypocapnia, hypovolemia, and electrolyte 
disorders in the ER and ICU; 

 Immediate cardiac revascularisation (at least in 
witnessed arrest patients); 

 Etc. etc.  

 And of course, use induced hypothermia! 

 

It is NOT just about cooling.... 



 

 

 

51 years ago… 



RCT’s: published 41 years (!!!) 
after these first results....... 



  

 Reducing metabolic rate is NOT the main 
mechanism for how this works. 

What have we learned in this period? 
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Adapted from: Polderman KH. Mechanisms of action,  

physiologic effects and complications of hypothermia.  

Crit Care Med 2009; 37[Suppl.]:S186 –S202 
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 Reducing metabolic rate is NOT the main 
mechanism for how this works. 

 SO, we need “only” to cool to around 32oC 
degrees (not to 24-28 degrees as was done in the 
1950’s) 

 In recent years, we have learnt much on how to 
effectively control shivering…. 

What have we learned in this period? 



The ancient Greeks immersed the body in wet mud. The 
area that dried more quickly indicated a warmer region, 
and was considered the diseased tissue.  

"In whatever part of the 
body excess of heat or 
cold is felt, the disease 
is there to be 
discovered."  



 Hua To (±110 A.D. - ±207 A.D.): Chinese physician. As 
a treatment for fever he forcibly immersed his naked 
and febrile patient in a stone trough in his garden until 
the vapour rose several feet above the trough. 

  

The history of hypothermia..  



 Robert Boyle (1672) and, later on James Currie 
(1798) and William Osler attempted to use 
hypothermia in the treatment of thypoid fever by 
immersing patients in ice-cold brine or sea-water. 

The history of hypothermia..  

Boyle R. New Experiments and Observations upon Cold (1665); Currie J. Medical Reports  

on the Effects of Water, Cold and Warm, as a Remedy in Fevers and Febrile Diseases  

whether applied to the Surface of the Body, or used as a Drink, with observations on the  

Nature of Fever and on the Effects of Opium, Alcohol and Inanition (1797)  



 In 1814, Napoleon’s surgeon-general 
Baron Larrey described that during the 
Napoleonic wars, wounded soldiers who 
were put close to a campfire died 
earlier than those who were not re-
warmed 

The history of hypothermia..  

Larrey IJ: Memoirs of military service and campaigns of the French armies, vol 2.  

Baltimore, J Cushing, 1814, pp 156-164  



 William Osler (1849-1919), 
after initial skepticism,  
began using hypothermia for 
the treatment of typhoid 
fever; he reported a 17% 
absolute decrease in rates of 
mortality in his patients at 
Johns Hopkins Hospital after 
he implemented this 
procedure. 

The history of hypothermia..  

Osler W. The Cold-Bath Treatment of Typhoid Fever. Medical News Philadelphia 1892. 



Osler W. Medical News, Dec 3D 1892. 



Osler W. Medical News, Dec 3D 1892. 



First clinical reports on use of hypothermia 
published in the 1940’s and 1950’s 

 

The history of hypothermia..  

Fay T Assoc Res Nerv Ment Dis Proc 24:611-619; Bigelow WG et al, Ann Surg 1950;132:531-537 



Fay T. Observations on prolonged human refrigeration. N Y St J Med 1940;40:1351-54; 

Fay T. Observations on refrigeration in cases of severe cerebral trauma. Res Publ Ass  

Nerv Ment Dis 1945;24:611-19 

Lessons from history... 



Fay T. Observations on prolonged human refrigeration. N Y St J Med 1940;40:1351-54; 

Fay T. Observations on refrigeration in cases of severe cerebral trauma. Res Publ Ass  

Nerv Ment Dis 1945;24:611-19 



Lessons from history... 

Fay T. Early experiences with local and generalized refrigeration  

of the human brain.  J Neurosurg 1959; 239-59. 
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N=5317 patients 

N=1547 before implementation of hypothermia  

N=3770 after implementation hypothermia 



Absolute mortality reduction 6.6% 



Hypothermia…. 

Works for cardiac arrest. 

Works for neonatal asphyxia. 

 SO, what about stroke? After all, this is also an 
ischemic injury.. 



Differences… 

 Longer duration of ischemia;  

Often little or no reperfusion, unless there is 
rapid spontaneous clot lysis, or if the patient 
receives TPA (success rate 30-50%), or 
undergoes clot removal…. 

 If there is no reperfusion, cooling can still be 
used to control ICP and to mitigate damage in 
a relatively small penumbra, but results are 
likely to be more modest.  



Authors No of pts 
(H/C) 

Target 
temp 

Time from injury to 
start of cooling 

Time to target temp  Duration Re-warming rate 

Severe stroke, mostly sedated patients in ICU setting 

Naritomi H et al. 1996 4 (4 / 0) 33oC < 5 hrs . 72-96 hrs  . 

Schwab et al. 1998 20 (20 / 0) Patient data included in subsequent study (Schwab et al. 1998, see below). 

Schwab et al. 1998 25 (25 / 0) 33oC 14±7 hrs, range 4-24 3.5-6.2 hrs 48-72 hrs  7-24 hrs median 
18 

Steiner T et al. 2001 15 (15 / 0) 32-33oC 4-84 hrs, median 17  2-7 hrs 72 hrs 26-88 hrs 

Schwab et al. 2001 50 (50 / 0) 33oC 22 ± 9 hrs 3.5-11 hrs 48-72 hrs  Passive 17 hrs  

Jian S et al. 2003 50 (50 / 0) Patient data included in subsequent study (Schwab et al. 2001, see above). 

Georgiadis et al. 2001 6 (6 / 0) 33oC 28 ± 17 hrs 3±1 hrs, range 2-4.5 48-72 hrs 0.12-0.2oC/hr 

Georgiadis et al. 2002 36 (19 / 17) 33oC 24 (range 18-24) 4 ± 1 hrs, range 2-6 48-72 hrs  Not stated 

De Georgia et al. 2004* 40 (18 / 22) 33oC 8’59’’ ± 2’52’’ Variable;  24 hrs. 0.2oC/hr 

Moderate Stroke (awake patients) 

Kammersgaard et al. 2000 73 (17 / 56) 35.5oC 3.25 ± 4.5 hrs 6 hrs 6 hrs 4 hrs 

Krieger et al. 2001* 19 (10 / 9) 32±1oC 6.2 ± 1.3 hrs 3.5 ± 1.5 48 (range 24-96) hrs 0.25-0.5oCh 

Knoll et al. 2002 18 (18 / 0) 36-37oC . 3.3 hrs 24 hrs N/A 

Els et al. 2006 25 (12 / 13) 35oC 15 ± 6 hrs 2±1 (range 1.5-3.5) hrs 48 hrs Not stated 

Lyden et al. 2006* 18 (18 / 0) 33oC 7.7 ± 3.1 hrs 7 hrs 12-24 hrs 12 hrs 

Guluma et al. 2006 10 (10 / 0) 33oC <6 hrs 1.7±0.7 hrs 24 hrs 0.3oC/hr 

Hemmen et al. 2010 ICTuS-L* 58 (28 / 30) 33oC <6 hrs 1.1 hrs (median) 24 hrs 0.33oC/hr 

 
Total number of cooled patients reported so far: 270.  

Malignant MCA infarction: 157. Less severe/moderate stroke: 113. 

*Cooling combined with thrombolytics/reperfusion.  

Use of hypothermia in ischemic stroke: 



Authors No of pts 
(H/C) 

Target 
temp 

Time from injury to 
start of cooling 

Time to target temp  Duration Re-warming rate 

Severe stroke, mostly sedated patients in ICU setting 

Naritomi H et al. 1996 4 (4 / 0) 33oC < 5 hrs . 72-96 hrs  . 

Schwab et al. 1998 20 (20 / 0) Patient data included in subsequent study (Schwab et al. 1998, see below). 

Schwab et al. 1998 25 (25 / 0) 33oC 14±7 hrs, range 4-24 3.5-6.2 hrs 48-72 hrs  7-24 hrs median 
18 

Steiner T et al. 2001 15 (15 / 0) 32-33oC 4-84 hrs, median 17  2-7 hrs 72 hrs 26-88 hrs 

Schwab et al. 2001 50 (50 / 0) 33oC 22 ± 9 hrs 3.5-11 hrs 48-72 hrs  Passive 17 hrs  

Jian S et al. 2003 50 (50 / 0) Patient data included in subsequent study (Schwab et al. 2001, see above). 

Georgiadis et al. 2001 6 (6 / 0) 33oC 28 ± 17 hrs 3±1 hrs, range 2-4.5 48-72 hrs 0.12-0.2oC/hr 

Georgiadis et al. 2002 36 (19 / 17) 33oC 24 (range 18-24) 4 ± 1 hrs, range 2-6 48-72 hrs  Not stated 

De Georgia et al. 2004* 40 (18 / 22) 33oC 8’59’’ ± 2’52’’ Variable;  24 hrs. 0.2oC/hr 

Moderate Stroke (awake patients) 

Kammersgaard et al. 2000 73 (17 / 56) 35.5oC 3.25 ± 4.5 hrs 6 hrs 6 hrs 4 hrs 

Krieger et al. 2001* 19 (10 / 9) 32±1oC 6.2 ± 1.3 hrs 3.5 ± 1.5 48 (range 24-96) hrs 0.25-0.5oCh 

Knoll et al. 2002 18 (18 / 0) 36-37oC . 3.3 hrs 24 hrs N/A 

Els et al. 2006 25 (12 / 13) 35oC 15 ± 6 hrs 2±1 (range 1.5-3.5) hrs 48 hrs Not stated 

Lyden et al. 2006* 18 (18 / 0) 33oC 7.7 ± 3.1 hrs 7 hrs 12-24 hrs 12 hrs 

Guluma et al. 2006 10 (10 / 0) 33oC <6 hrs 1.7±0.7 hrs 24 hrs 0.3oC/hr 

Hemmen et al. 2010 ICTuS-L* 58 (28 / 30) 33oC <6 hrs 1.1 hrs (median) 24 hrs 0.33oC/hr 

 
Total number of cooled patients reported so far: 270.  

Malignant MCA infarction: 157. Less severe/moderate stroke: 113. 

*Cooling combined with thrombolytics/reperfusion.  

Use of hypothermia in ischemic stroke: 
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Animal studies have reported 

reductions in infarct size of 30-90% (!) 
of area at risk, depending on region of 
the heart and the timing of cooling. 

Cooling may protect the heart as 
well as the brain... 



Dae MW et al. Am J Physiol Heart Circ Physiol 2002; 282: H1584–H1591 

Normothermia 

Hypothermia 
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Group A (controls); 
Group D (cold fluids & 

surface cooling) 
Group E (rapid cooling 

with cardiac device) 



  

 SO….. can this be done??  

 Or do we need to sedate & intubate them for this 

treatment??? 

 

So, this means cooling awake patients… 



Cooling awake patients….. 



Cooling awake patients….. 



Cooling awake patients….. 



So, HOW can we achieve this? 



Mild hypothermia (not<30oC) does NOT 
cause arrhythmia’s (in fact it decreases 
risk of arrhythmia’s). 

Cooling does NOT cause hypotension, 
and is safe to use in patients with cardiac 
shock (it will stabilize these patients). 

Cooling does increase infection risk. 

Cooling can cause metabolic changes 
(hypovolemia, hypocapnia, electrolyte 
loss, decreased drug clearance, shivering 
etc.) that need to be properly managed.  

Myths vs. reality... 



--34°C 
 

 

--32°C 

Therapeutic Window? 

36°C-- 

 

 

 

 

30°C-- 

Which target temperature?  

28°C 

Safe range 

Slightly higher risk 

High risk; 

Re-warm! 

Arrhythmia’s: 



--34°C 
 

 

--32°C 

36°C-- 

 

 

 

 

30°C-- 

Which target temperature?  

28°C 

Maximum shivering (±35.9-

±33.5oC; peak at ±35.5oC 

Much decreased shivering 

response (±31.0-±33.5oC;  

Shivering stops 

completely  



1. Induction phase: get below 34oC and to 

target temperature as quickly as 

possible. Small overshoot acceptable provided 

temperature remains >30oC. 
 

2. Maintenance phase: should be reliable, 

with no or minor fluctuations (maximum 

0.2-0.5oC).  
 

3. Re-warming phase: slow and controlled 

(0.2-0.5oC/hr)  

The three phases of hypothermia: 



  

 About 90% of information regarding temperature 

comes from the skin; 10% comes from the core 

 SO….. In theory (and, as the evidence suggests, in 

practice) we can FOOL the body and circumvent 

it’s thermoregulatory defense mechanisms. 

Physiology of temperature control… 



SKIN COUNTERWARMING can be a highly 

effective anti-shivering strategy. 



Badjadia N et al., Crit Care  

Med 2009; 37:1893-7.  



Also, SKIN COUNTERWARMING can be a 

highly effective anti-shivering strategy. 

van Zanten AR et al., Crit Care Med 2009; 37:2106-2108; Polderman KH et al. Crit Care 

Med 2009; 37:1101-20; Badjadia N et al., Crit Care Med 2009; 37:1893-7.  



Cooling awake patients….. 



We will likely still need some drugs, 

especially in the induction and re-

warming phase…. 



Polderman KH et al. Critical Care Med 2009;37:1101-20 



 

 Magnesium (MgSO4, MgCl, et.) 

 Buspirone 

 Meperidine/pethidine 

 Quick-acting opiates (fentanyl, remi-fentanyl) (or 
slow-acting opoids such as Morphine) 

 Propofol 

 Benzodiazepines (midazolam, temazepam, 
diazepam, etc. etc.) 

 Clonidine 

 Ketanserin 

 Tramadol 

 Dexmedetomidine 

 Others: Doxapram, Urapidil, Physostigmine, etc. 

List of alternatives to combat shivering: 

Polderman KH et al. Critical Care Med 2009; 37:1101-20 
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Polderman KH et al. Critical Care Med 2009; 37:1101-20 



The cooling methods…. 



Systems with ultra- 

rapid cooling potential: 

Thermogard & Quattro 

Automated peritoneal lavage system 

Innercool RTx & AccutrolI 

Thermogard & Radiant Protheus?  



      

 Cooling awake patients? Yes, we can! 

 Methods: probably invasive (core) cooling combined 
with maximum skin counterwarming (one feasibility study 

using the Arctic Sun adhesive pads in awake patients is 
ongoing, perhaps this also combines sufficiently well with skin 
counterwarming – this remains to be determined). 

 First line drugs: Magnesium drip (serum level 2-2.5 
mmol/l); perhaps Buspirone 

 Second line drugs: meperidine, fentanyl, clonidine 

Conclusions 



      

 This can (and I personally believe this will), cause a 
paradigm shift for this field; it would significantly 
expand the number of patients with indications for 
therapeutic temperature management, and 
fundamentally change the way we view and apply 
temperature manipulation.  

Conclusions 



If you are interested and want to learn 
more about this topic... 

Chilling at the beach in Europe, June 7 - 9 
2012 in Portoroz, Slovenia 
http://chilling-at-the-beach.eu/ 



Thank you 

for your 

attention! 



Thank you for your attention! 


