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Outline

•
 

Accidental Hypothermia

•
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•
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–

 
Organ Systems Approach

–
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–
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•
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Accidental Hypothermia

Mild 
 

90.0‐95°
 

F       32.2‐35°
 

C

Moderate 
 

82.4‐90°
 

F 28‐32.2°
 

C

Severe           < 82.4°
 

F             < 28°
 

C

Severity Based on Body Temperature on Arrival:

Accidental Hypothermia:  Unintentional decline in core 
temperature below 35°C

Danzl D and Pozos R. N Engl J Med 1994;331:1756-1760
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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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Early Translation Failure

•
 

1950’s Hypothesis

•
 

Lower Temp Lower Metabolism

•
 

Temp Dependent Metabolic Processes

•
 

Decreased O2

 

Demand

•
 

Decreased Glucose Demand by Brain

•
 

Therefore, Lower = Better

Polderman, KH. CCM 2009; 37: S186-202



•
 

“It has been repeatedly demonstrated that 
 hypothermia will protect

 
the brain against 

 anoxic injury. This protection appears related 
 to the demonstrable reduction in cerebral 

 oxygen consumption and cerebral blood flow 
 present in hypothermic individuals.”

Williams GR, Annals of Surgery. 1958; 148: 462-466
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“Hypothermia has been shown to protect the brain against 
anoxia. There is a reduction in the cerebral oxygen consumption 
and cerebral blood flow with body cooling.”

Benson DW et al. Anesthesia and Analgesia 1959; 38: 423-428



ABC…DEF

Peter Safar: 

Journal of the Iowa 
Medical Society, 
November, 1964

Post-Arrest Care:

Gauge

Hypothermia

Intensive Care



Problems Leading to Abandonment of 
 Hypothermia

•
 

Clinical application at Pittsburgh in the 60s
•

 
Complications:
–

 
Bleeding

–
 

Arrhythmias, including bradycardia
–

 
Hypotension

•
 

But…
–

 
Cooling to 30°C (moderate)

–
 

Overshoot (into severe range)
–

 
Labor Intensive

–
 

Applied to heterogeneous patient population

•
 

1980s, 1990s:  Focused on cardiac arrest; animal 
 studies; pilot studies; randomized trials



Insights from Animal Experiments

•
 

Mild versus Moderate Hypothermia

•
 

Protective Effects not primarily result of 
 decreased metabolism (O2

 

and glucose 
 consumption)

•
 

Ischemia and Reperfusion are complex 
 cascades of injury and repair

•
 

Negovsky
 

coins phrase “Post‐Resuscitation 
 Disease”



Negovsky

 

VA. Resuscitation 1972; 1: 1-7



Polderman, KH. CCM 2009; 37: S186-202



Destructive Processes

•
 

Cellular Injury
–

 
Necrosis

–
 

Full or Partial Recovery

–
 

Apoptosis (programmed cell death):
•

 
7 Day Window

•
 

Membrane Dysfunction  ↑
 

LA, ↑
 

Ca into cells

•
 

Dysfunction of ATP‐dependent ion pumps

•
 

Caspase

 
activation

•
 

Increased glutamate
Polderman, KH. CCM 2009; 37: S186-202

Xu, L. J Cereb

 

Blood Flow Metab

 

2002; 22: 21-28
Ning, XH. J Appl

 

Physiol

 

2002; 92: 2200-2207



Destructive Processes

•
 

Free radical generation
–

 
Release of oxygen free radicals by ischemia, 

 amplified by reperfusion
•

 
Superoxide (O2‐)

•
 

Peroxynitrite

 
(NO2‐)

•
 

Hydrogen Peroxide (H2O2)
•

 
Hydroxyl Radicals (OH‐)

–
 

Produce oxidation, irreversible injury to cell 
 membranes, mitochondria, endothelium, lipids, 

 proteins, nucleic acids

Globus, MY-T. J Neurochem

 

1995; 65: 1250-1256
Novack, TA. J Clin

 

Exp Neuropsychol

 

1996; 18: 685-706



Destructive Processes

•
 

Blood Brain Barrier:
–

 
Ischemia/Reperfusion increases permeability

•
 

Vasoactive
 

Mediators:
–

 
Ischemia  ↑

 
Thromboxane

 
A2 (TxA2)

•
 

Vasoactive

•
 

↑
 

increased platelet aggregation

–
 

Local vasoconstriction, hypoperfusion, 
 microthrombi

Aibiki, M. Crit

 

Care Med 2000; 28: 3902-3906

Huang, ZC. Can J Neurol

 

Sci

 

1999; 26: 298-304



Hypothermia’s Role

•
 

All of these processes are temperature 
 dependent

•
 

Hypothermia can blunt, reverse, or prevent 
 these destructive processes

•
 

For example, hypothermia blunts early 
 apoptosis

•
 

Hypothermia decreases permeability of BBB

Huang, ZC. Can J Neurol

 

Sci

 

1999; 26: 298-304

Polderman, KH. CCM 2009; 37: S186-202



Safar:  Dog model of VF arrest

•
 

Normothermic
 

VF of 11 minutes

•
 

Defibrillation and controlled reperfusion

•
 

Controlled ventilation for 20 hrs; ICU to 96 hrs

•
 

Control group (n=8)
–

 
Normothermic

 
(37.5°C), Normotensive, Hypocapnic

•
 

Experimental group (n=8)
–

 
Mild hypothermia (34°C) from 10 minutes to 12 hours

–
 

Cerebral blood flow promotion w/ induced moderate HTN

–
 

Mild hemodilution, Normocapnia

Safar, P.

 

Stroke 1996; 27:105-113



Dog model of VF arrest:  Results

•
 

All 16 dogs in the protocol survived

•
 

Control group (n=8):
–

 
All OPC 3 (severe disability) or 4 (coma)

•
 

Experimental group (n=8):
–

 
6/8 (75%) dogs OPC 1 (normal)

–
 

1/8 (12.5%) OPC 2 (moderate disability)

–
 

1/8 (12.5%) OPC 3 

(P<.001)

Safar, P.

 

Stroke 1996; 27:105-113



Physiologic Effects

•
 

Decreased Metabolic Rate
•

 
CNS

•
 

Cardiovascular
•

 
Respiratory

•
 

Renal/Electrolytes
•

 
Musculoskeletal

•
 

Endocrine/Metabolic
•

 
Gastrointestinal

•
 

Infectious Disease
•

 
Hematologic

Danzl

 

D and Pozos

 

R. N Engl

 

J Med 1994;331:1756-1760



Myths About Adverse Effects of Mild 
 Therapeutic Hypothermia

•
 

Hypotension
•

 
Decreased myocardial contractility

•
 

Reason:  Misinterpretations of “cold diuresis”, 
 myocardial stunning, and “sepsis‐like 

 syndrome”
•

 
Corollary: Can’t use in patients with 

 cardiogenic
 

shock
•

 
Marked coagulopathy

•
 

Increased arrhythmias



Decreased Metabolic Rate

•
 

Cerebral metabolism decreases 6‐10%/°C 
 decrease in core T°

•
 

At core T of 33°C, metabolic rate drops by 25‐
 40%

•
 

O2

 

consumption and CO2

 

production decrease 
 by same amount

•
 

This is an important protective effect but only 
 one of dozens

Polderman, KH. Crit

 

Care Med 2009; 37: S186-202

Aoki M. Ann Thorac

 

Surg

 

1993; 55: 1093-1103



Central Nervous System

•
 

Confusion/Delirium

•
 

Slurred speech

•
 

Impaired judgment

•
 

Amnesia

•
 

Apathy

Not applicable in comatose, sedated, sometimes 
 paralyzed post‐arrest patients



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 CO 25‐40%

•
 

Arrhythmias very rare at Temp > 30°C
–

 
At 32‐34°C, 

 
rate of conversion of VF (in swine)

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



Respiratory

•
 

In accidental hypothermia
–

 
tachypnea, then progressive ↓

 
in MV

•
 

In TH after OHCA, ventilation controlled

•
 

↑Solubility of O2

 

& CO2

 

‐>↓PaO2

 

, PaCO2

•
 

Bronchorrhea, bronchospasm
•

 
Left shift of Oxy‐HgB

 
dis

 
curve↓DO2

•
 

Ventilator settings require frequent changes 
 during induction



Renal/Electrolytes
•

 
Cold diuresis
–

 
Increased venous return 2/2 venoconstriction

–
 

ANP, ADH, & tubular dysfunction
–

 
If uncorrected, causes hypovolemia, 

 hemoconcentration

•
 


 

electrolytes (K, Mg, Phos) due to
–

 
diuresis‐induced 

 
renal excretion

–
 

intracellular electrolyte shifts

Polderman, KH. Crit

 

Care Med 2009; 37: S186-202
Polderman, KH. J Neurosurg

 

2001; 94: 697-705



Musculoskeletal
•

 
Induction of hypothermia  activation of 

 counter‐regulatory mechanisms
–

 
Vasoconstriction begins @ ≈

 
36.5°C

–
 

Shivering begins @ ≈
 

35.5°C
–

 
In

 
awake patients

•
 

increased VO2 (40‐100%); 
 

MyocardialVO2

•
 

increased metabolic rate; WOB, 
 

HR

–
 

These are suppressed with sedatives

–
 

Removed with paralytics

Lopez M, Anesthesiology, 1994; 80: 780-788
Polderman

 

KH, Crit

 

Care Med, 2009; 37: 1101-1120



Endocrine/Metabolic

•
 

Drug levels/effects
–

 


 
hepatic

 
clearance 2/2 

 
speed of enzymatic reactions

–
 


 

blood flow, bile excretion
–

 
Affected drugs: pressors, sedatives, analgesics, NRB, etc

•
 

Hyperglycemia
–

 
Decreased insulin sensitivity

–
 

Decreased insulin secretion by pancreatic islet cells

–
 

Hyperglycemia is damaging to the injured brain

•
 


 

lactate, ketones, free fatty acids

Povlishock, JT. Acta

 

Neurochir

 

Suppl

 

(Wein) 1999; 73: 15-20



Gastrointestinal

•
 

Ileus: impaired bowel function

•
 

Delayed gastric emptying

•
 

Gastric stress ulcers 

•
 

Hepatic dysfunction –
 

LFT’s
 

(transaminitis)

•
 

Pancreatic dysfunction –
 

amylase,
 

but no 
 clinical pancreatitis



Infectious Disease

•
 

Impairs immune/inflammatory response 
 (?mechanism of improved CNS outcome)

•
 

Inhibition of leukocyte migration, 
 phagocytosis

•
 


 

Risk of PNA when hypothermia > 24 hrs

•
 


 

Wound infections 
–

 
↓WBC migration, 

 
skin vasoconstriction

–
 

Contact point of cooling pads



Hematologic

•
 

↑ HgB
•

 
↓ platelet & WBC count (>24 hrs)

•
 

Mild hypothermiaMild
 

Coagulopathy
–

 
↓ platelet function, count (@ < 35°C)

–
 

↓ function of plasma proteins (@ < 33°C)
–

 
Risk of spontaneous bleeding is very low



Etiology and Exacerbation of the 
Metabolic Phase

ischemia reperfusion

reactive oxygen 
species (ROS) inflammatory 

cascades

mitochondrial
dysfunction

vascular dysfunction/hypotension
apoptosis – organ dysfunction

cerebral edema

Hypothermia
ICU Care

Bundle

ROSC



Cooling Curve
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Hypothermia‐induced Physiologic 
 Changes
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33 years pass…

•
 

22 OHCA, comatose, prospectively treated w/ mild 
 TH to 33°C for 12 hours

•
 

22 OHCA, comatose, from historic chart review 
 treated with normothermia

Bernard, SA. Annals Emerg

 

Med 1997; 30: 146-153



Bernard, SA. Annals Emerg

 

Med 1997; 30: 146-153



Results

•
 

Good Outcome:
–

 
IH: 11/22

–
 

Control: 3/22                p < 0.05

•
 

Mortality:
–

 
IH:  10/22

–
 

Control: 17/22              p < 0.05

Bernard, SA. Annals Emerg

 

Med 1997; 30: 146-153



Experience From RCT’s
 NEJM, 2002

•
 

HACA and Bernard et al:
–

 
Different cooling techniques

–
 

Different durations of hypothermia

–
 

Different degrees of invasive monitoring

–
 

Different outcome measures for adverse events

–
 

Many lessons to learn OTHER THAN TH



NS

Hypothermia:
 No differences in complications
Trend towards more infectious complications (pneumonia, sepsis)
Trend toward more bleeding, but not statistically significant

HACA

NS
NS
NS



Hypothermia:

 



 

HR, 

 

SVR, trend toward CO, no significant arrhythmias

Bernard, et al.



Hypothermia Effects:

 K 
 

initially, then 
 

significantly w/ rewarming

 Trend toward 
 

LA

 Significant 
 

Glucose

Bernard



Hypothermia:
 No impact on platelet or WBC counts
 ”No clinically significant infections were noted”

Bernard



Experience from Individual Centers

•
 

Sunde
 

et al 
–

 
TH (N=61) vs

 
HC (N=58)

–
 

no difference in PNA, sepsis, arrhythmias, seizures

•
 

Busch et al 
–

 
TH (N=27) vs

 
HC

–
 


 

K, 
 

Glucose
–

 
no difference in PNA, arrhythmia

•
 

Oddo
 

et al
–

 
TH (N=55) vs

 
HC (N=55) 

–
 

no difference in infections, arrhythmia 



•
 

Hypothermia Network Registry

•
 

Oct 2004‐Oct 2008

•
 

986 OHCA pts > 18 yo; 34 centers, 7 countries

•
 

OHC to ROSC:
–

 
20 (14–30) minutes

•
 

OHCA to initiation of hypothermia:
–

 
90 (60–165) minutes

•
 

OHCA to goal temperature (≤34°C):
–

 
260 (178–400) minutes

Nielsen et al. Acta

 

Anaesthesiol

 

Scanda

 

2009; 53: 926-934





Summary

•
 

Hypothermia is associated with numerous adverse 
 physiologic effects in the setting of accidental 

 hypothermia
•

 
Therapeutic hypothermia produces numerous side 

 effects, some advantageous, some disadvantageous
•

 
However, the incidence of significant adverse events 

 is low from clinical trials and institutional experience
•

 
Be vigilant for hypokalemia, hypovolemia, 

 hyperglycemia, shivering, and infection
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PATH

•
 

Penn Alliance for Therapeutic Hypothermia

•
 

A Post‐Arrest Therapeutic Hypothermia Registry

•
 

A quality assurance and research tool

•
 

Secure on‐line, web‐accessible database of post‐
 arrest patients treated with therapeutic hypothermia

•
 

Scheduled to go live 2/15/10

•
 

For questions contact:
–

 
gaieskid@uphs.upenn.edu

–
 

www.med.upenn.edu/resuscitation/hypothermia/


	The Physiologic Effects of Mild Hypothermia
	Disclosure
	Outline
	Accidental Hypothermia���
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Early Translation Failure
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Problems Leading to Abandonment of Hypothermia
	Insights from Animal Experiments
	Slide Number 16
	Slide Number 17
	Destructive Processes
	Destructive Processes
	Destructive Processes
	Hypothermia’s Role
	Safar:  Dog model of VF arrest
	Dog model of VF arrest:  Results
	Physiologic Effects
	Myths About Adverse Effects of Mild Therapeutic Hypothermia
	Decreased Metabolic Rate
	Central Nervous System
	Cardiovascular
	Respiratory
	Renal/Electrolytes
	Musculoskeletal
	Endocrine/Metabolic
	Gastrointestinal
	Infectious Disease
	Hematologic
	Slide Number 36
	Hypothermia-induced Physiologic Changes
	33 years pass…
	Slide Number 39
	Results
	Experience From RCT’s�NEJM, 2002
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Experience from Individual Centers
	Slide Number 47
	Slide Number 48
	Summary
	Slide Number 50
	PATH

