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History of  Hypothermia

The Greek physician 
Hippocrates advocated 
packing of wounded 
soldiers in snow and 
ice.

Napoleon’s surgeon-general Baron 
Larrey  described that during the 
Napoleonic wars, wounded soldiers
who were put close to campfire died 
earlier than those who were not 
rewarmed
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History of  Hypothermia
Dr. Temple Fay

Pioneer of hypothermia First clinical report use of hypothermia 
published in 1940’s 

“ Early experience with Local and generalized 
refrigeration of the human brain”
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Peter J. Safar M.D.

# Note  TH in Journal of the Iowa 
Medical Society, November, 1964
# Animal study: hypothermia @ 
32-34° C is safer and effective

History of  Hypothermia
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Definition of hypothermia

Mild                                =  32-35°C

Moderate                   =  28-32°C

Deep                               = 20-28°C

Profound                    < 20°C
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Hypothermia after cardiac arrest

First studies in the 1950’s

Benson et al. Anesth Analg 1958;38:423-8

Williams et al. Ann Surg 1959; 148:462-8

Positive effects on neurological outcome of survivor; therapy abandoned 
because of side effects ( which were very difficult to manage in a context 
without ICU)

Temperatures < 30 °C  used !!! 

Benefits limited with moderate hypothermia <30°C owing to arrhythmias, 
infections, and coagulation problems. Danzl, Accidental hypothermia, N Engl J Med 1994.
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Multicenter European  study, VF/VT rhythms
Randomed and started treatment at ER
275 pt enrolled, cooled to 32-34 °C for 24 h

ARR of poor neurological outcome 16%, NNT =6 

ARR of mortality 14%, NNT =7

Statistically significant
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Australian multicnter study
Only 77 pt, VF/VT rhythm
Cooling initiated by paramedics, cooling packs
Goal Temp 33 °C withing 2 h for 12 h

ARR of poor neurological outcome 23%

ARR of mortality 17%

Statistical not significant, insufficient power
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Study in Non VF/VT arrest     !! Need more power

Hachimi-Idrissi Resuscitation 2001 (Belgium)

Asystole/PEA cardiac arrest, Single center, Cool 34  °C for 4 h.

Survival to favorable neurological recovery: Hypothermia group 2/16 (13%) VS 
Normothermia group 0/14 (0%),  Not statistically significant

Oddo 2006 (Switzerland): Retrospective cohort assess good neuro outcome  in ANY rhythm 
arrest => Hypothermia

VT/VF group:  CPC 1-2; Hypothermia = 24/43 (56%), Control = 11/43 (26%)(P = .004) 
ARR 30%  NNT = 3

Asystole or PEA group: CPC 1-2; Hypothermia= 2/12, Control group= 0/11 Not 
statistically significant, but trend toward good outcome

Holzer stroke  2006 (Austria) : ANY rhythm (29% non-VF) Cool to 33  °C  24 h ; 30 day 
survival with a favorable neurological outcome Hypothermia group 51/79 (53%), 
Normothermia group 320/941 (34%)  p = .0003, ARR 19%,  NNT 5, No significant adverse 
events
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Hypothermia after cardiac arrest

Based on 2002 studies, in 2003 International Liaison Committee on 
Resuscitation (ILCOR) recommended all unconscious adult pt with 
ROSC following out-of-hospital arrest due to VF should be cooled to 
32-34°C for 12-24 h

2005 AHA guideline recommended as class IIa and change to class I 
indication in 2010 guideline.

The Cochrane Database’s systematic review in 2009 found NNT 5-7 for 
improve 1 outcome, Aspirin (NNT=40), thrombolysis NNT = 100 for 
MI in comparison.
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Summary of Practice Guideline Recommendations for Therapeutic Hypothermia

AHA Guidelines for CPR  and ECC(2010)

Comatose (ie, lack of meaningful response to verbal commands) adult patients with ROSC 
after out-of-hospital VF cardiac arrest should be cooled to 32°C–34°C (89.6°F–
93.2°F) for 12 to 24 h (Class I; Level of Evidence: B).

Induced hypothermia also may be considered for comatose adult patients with ROSC after 
in-hospital cardiac arrest of any initial rhythm or after out-of-hospital cardiac arrest 
with  PEA or asystole (Class IIb; Level of Evidence: B).

Active rewarming should be avoided in comatose patients who spontaneously develop a mild 
degree of hypothermia (>32°C [89.6°F]) during the first 48 h after ROSC (Class III; Level 
of Evidence: C).

European Resuscitation Council Guidelines for Resuscitation (2010)

Use of therapeutic hypothermia should include comatose survivors of cardiac arrest 
associated initially with nonshockable rhythms and shockable rhythms. The lower level of 
evidence for use after cardiac arrest from nonshockable rhythms is acknowledged.

International Liaison Committee on Resuscitation (2008)

Therapeutic hypothermia should be part of a standardized treatment strategy for comatose 
survivors of cardiac arrest.

Circulation. 2013;127:244-250
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Lessons from the history

In order to properly use hypothermia, we need to understand the 
physiology and mechanism underlying its protective effects.

It’s not just about reducing metabolism!  but O2 and Glu consumption

Mild hypothermia (32-34, 30-35?) is low enough ( same benefits, less 
side effects)

Need intensive care facilities to care for these pt. and properly manage 
side effects.

should be a part of good intensive care for brain-injured pt. but 
implementation strategies are important.
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Physiologic changes associated with hypothermia

Danzl D and Pozos R. N Engl J Med 1994;331:1756-1760
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Hypothermia mechanism
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Benefit of Cooling

↓Temp. strengthen cell 
membrane, ↓disruption to 
environment.

Stabilized blood-brain barrier.

↓Cerebral metabolism 7-10% /  
1 °C body temp drop.

Hypothermia moderates 
inflammation & reduces free 
radical production

↓ATP & glucose consumption

↓inflammation & cerebral edema 
==>↓ ICP
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Cardiovascular

• Tachycardia, then bradycardia when T < 35°C
• Increased contractility
• Cardiac cycle prolongation (PR, QRS, QT)
• Vasoconstriction –Stable or Increased BP
• ↑CVP due to venoconstriction
• Decreased C.O. 25‐40%
• Arrhythmias very rare at Temp > 30°C

Polderman, KH. Crit Care Med 2009; 37: S186-202
Hovdenes, J. Acta Anaesthesiol Scand 2007; 51: 137-142

Boddicker, KA. Circulation 2005; 111: 3195-3201
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Respiratory

	
  	
  	
  In	
  TH	
  a0er	
  OHCA,	
  ven6la6on	
  controlled
#	
  ↑Solubility	
  of	
  O2	
  &	
  CO2	
  -­‐>↓PaO2,	
  PaCO2
#	
  	
  Bronchorrhea,	
  bronchospasm
#	
  	
  LeA	
  shiA	
  of	
  Oxy-­‐HgB	
  dis	
  curveà↓DO2
#	
  	
  VenIlator	
  seJngs	
  require	
  frequent	
  changes	
  during	
  inducIon

Renal/	
  Electrolyte

Cold	
  diuresis	
  
#	
  	
  Increased	
  venous	
  return,	
  venoconstricIon
#	
  ↑ANP,	
  ↓ADH,	
  &	
  tubular	
  dysfuncIon
#	
  	
  If	
  uncorrected,	
  causes	
  hypovolemia,	
  hemoconcentraIon	
  

↓Electrolytes	
  (K,	
  Mg,	
  Phos)	
  due	
  to	
  
#	
  	
  Diuresis-­‐induced,	
  ↑renal	
  excreIon
#	
  	
  Intracellular	
  electrolyte	
  shiAs
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Musculoskeletal

InducIon	
  hypothermia	
  àacIvate	
  counter-­‐regulatory	
  mechanisms
#	
  VasoconstricIon	
  begins	
  @	
  ≈ 36.5°C
#	
  Shivering	
  begins	
  @	
  ≈ 35.5°C	
  
#	
  	
  In	
  awake	
  paIents	
  

increased	
  VO2	
  (40-­‐100%);	
  ↑Myocardial	
  VO2
increased	
  metabolic	
  rate;	
  ↑WOB,	
  ↑HR

These	
  are	
  suppressed	
  with	
  seda6ves
Removed	
  with	
  paraly6cs

Lopez M, Anesthesiology, 1994; 80: 780-788
Polderman KH, Crit Care Med, 2009; 37: 1101-1120
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  Endocrine/	
  Metabolic
↑Drug	
  levels/effects

-­‐	
  ↓hepaIc	
  clearance,	
  ↓speed	
  of	
  enzymaIc	
  reacIons
-­‐	
  ↓blood	
  flow,	
  bile	
  excreIon
-­‐	
  Affected	
  drugs:	
  pressors,	
  sedaIves,	
  analgesics,	
  NMB,	
  etc

	
  Hyperglycemia	
  
-­‐	
  Decreased	
  insulin	
  sensiIvity
-­‐	
  Decreased	
  insulin	
  secreIon	
  by	
  pancreaIc	
  islet	
  cells
-­‐	
  Hyperglycemia	
  is	
  damaging	
  to	
  the	
  injured	
  brain

	
  	
  	
  	
  ↑Lactate,	
  ketones,	
  free	
  faTy	
  acids

Gastrointes6nal
#	
  Ileus:	
  impaired	
  bowel	
  func6on
#	
  Delayed	
  gastric	
  emptying
#	
  Gastric	
  stress	
  ulcers	
  
#	
  Hepa6c	
  dysfunc6on	
  –	
  LFT’s	
  (transamini6s)
#	
  Pancrea6c	
  dysfunc6on	
  –	
  ↑amylase,	
  but	
  no	
  clinical	
  pancrea66s

Povlishock, JT. Acta Neurochir Suppl (Wein) 1999; 73: 15-20
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Hematologic

#	
  ↑Hb
#	
  ↓platelet	
  &	
  WBC	
  count	
  (>24	
  hrs)
#	
  	
  Mild	
  hypothermiaàMild	
  Coagulopathy

↓platelet	
  funcIon,	
  count	
  (@	
  <	
  35°C)
↓funcIon	
  of	
  plasma	
  proteins	
  (@	
  <	
  33°C)
Risk	
  of	
  spontaneous	
  bleeding	
  is	
  very	
  low

Infec6ous	
  risk

Impairs	
  immune/inflammatory	
  response	
  
(?mechanism	
  of	
  improved	
  CNS	
  outcome)
Inhibi6on	
  of	
  leukocyte	
  migra6on,	
  phagocytosis
↑	
  Risk	
  of	
  Pneumonia	
  when	
  hypothermia	
  >	
  24	
  hrs
↑Wound	
  infec6ons	
  

↓WBC	
  migraIon,	
  ↑skin	
  vasoconstricIon
	
  Contact	
  point	
  of	
  cooling	
  pads
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Methods of cooling
- Endovascular cooling
- Surface cooling
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Indication and Contraindication

Indication

Post-cardiac arrest with ROSC: Out 
hospital cardiac arrest from VF is 
class I recommendation, other setting 
& rhythm may be considered

Less than 12 hours since ROSC 

Patient’s pre-arrest cognitive status is 
not severely impaired 

Patient is comatose GCS< 8  without 
sedation.

Contraindications

Documented intracranial 
hemorrhage

Severe hemorrhage 

Refractory hypotension 

Severe uncontrolled sepsis

Pregnancy.
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Temperature curve during hypothermia

Induction 
phase

Maintenance 
phase

12-24 h

Controlled 
rewarming
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Getting started

Temp. probe

Esophageal

Rectal

Bladder

Hemodynamic monitoring

A-line

CVP 

Foley catheter,  ET tube with controlled ventilator
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Monitor-Induction phase

Induction phase may be started with 4 °C saline 30-40 
cc/kg  rapid infusion

ABG:

Minimized FiO2; goal O2 Sat ≥ 94%

Ventilated to ETCO2 35-40 mmHg, PaCO2 40-45 
mmHg.

MAP goal  80-100 mmHg; fluid resuscitation and 
vasopressor.
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Monitor-Induction phase

Shivering: 

Thermoregulatory response to hypothermia

DDx from seizure, infection

Create heat, undesired effects

Sedative, Pethidine, Mg2+,  NMB ( trigger ventilator) and 
encourage vasodilatation .

Subclinical shivering may considered if targeted temp is 
not achieved.
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Monitor-Induction phase

Metabolic:

High blood sugar, treat when > 200 mg%, higher insulin 
requirement

Hypokalemia from cellular shift, no need to correct unless 
level < 3.4 mEq/L; based on Bernard study

Hypomagnesemia

Hypophosphatemia

Continuous temp monitoring
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Monitor- Maintenance phase

Arrhythmia: Bradycardia is common, no treatment if perfusion 
is good.

Bleeding: mild coagolapathy no treatment if no active bleeding

Skin for evidence of frostbite

Vulnerable area ( bony prominences)

Infection surveillance: Serial lactate level, leukocytosis, CRP 
may helpful
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Monitor-Rewarming phase

Ideal rate 0.1-0.5 °C/h

Vasodilatation cause hypotension, need fluid resuscitation

Hyperkalemia from cellular shift

Less insulin need, stop insulin when Glu < 200 mg%

Keep sedation and anlgesia until temp 36 °C

Avoid “ rebound hyperthemia” after reach 37 °C, may keep 
normothermia for 2 days.
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Evaluation of Outcome at 72h, at discharge, 6 and 12 Mo
Cerebral Performance Categories scale

(CPC)
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Futures in Hypothermia treatment
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Prehospital Cooling

   !! No survival benefit to cooling 
in the field with chilled saline

Limitation

Enroll by paramedics may lead to 
over/undertreatment

Tympanic membrane temp is not true 
core temp

No lab before cooling
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Hypothermia in pediatric pt.

 
Unable to make any recommendations for clinical practice. 

Randomized controlled trials are needed 

Ongoing study in pediatric pt.

 Evid.-Based Child Health 8:5: 1584–1613 (2013)
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Ongoing study in pediatric pt.

 Evid.-Based Child Health 8:5: 1584–1613 (2013)
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2010 AHA guideline introduced 
hypothermia into post-arrest care 

algorithm
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Hypothermia in non cardiac arrest

STEMI: feasible and safe, ?? limit infarct size or reduce MACE, thus not 
currently recommended

Stroke: feasible, ↓brain edema, effective as adjuvant treatment, may 
need more rapid cool to targeted temp ( endovascular prefered), very 
slow rate of rewarming (< 0.1°C/h) ( prevent rebound ↑ICP)

TBI: most study is negative, high rate of complication esp. infection 
(pneumonia)

Spinal cord injury: Moderate- Mild hypothermia may be effective, Cool 
in the field may work, Adjuvant to standard treatment.
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Question and discussion
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