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Case 1

 5 year old male received IV contrast and developed
cardiac arrest.

 Resuscitation started after 4 minute delay. Pulse
restored after 14 minutes of cardiac massage.

 In coma

 Hypothermia therapy to 32-34° C for 24 hours, but
still unresponsive.

 Hypothermia continued for total of 72 hours.

 Normal neurological function at 3 months.

Case 2

 9 year old female with severe asthma developed
cardiac arrest on arrival in ED.

 Pulse restored after only a few minutes of
resuscitation.

 In coma.

 Hypothermia to 30-33°C for 24 hours.

 Normal neuro exam at 2 months.

Case 3

 38 year old male with stab wound to left chest.

 On ED arrival quit breathing and lost pulse.

 Emergency thoractomy showed pericardial
tamponade with no cardiac activity.

 Pericardium opened, open cardiac massage started,
and right ventricle laceration closed.

 Hypothermia to 32-33°C for 48 hours.

 Normal neuro exam at 1 month.
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Case 4

 39 year old woman with multiple ice pick wounds to
chest.

 Developed cardiac arrest due to tension
pneumothorax.

 Chest tube placed and pulse restored after 5
minutes.

 Hypothermia to 32-33°C for 72 hours.

 At 2 months, had some vision loss but was otherwise
well.  Annals of Surgery

 1958, September, pp 462-6/

Case Presentation

 Oct 11, 2008 3:25 PM

 Ohio State student, E.H.
left calculus class.

 3:34 – Collapsed on
grass outside.

 Nurse walking by began
aggressive chest
compressions.

 3:35 – 9-1-1 called.

 3:36 – Ambulance
dispatched.

Case Presentation

 3:40 (+ 6:00 minutes) –
Columbus EMS Medic 7
arrived at victim

 Initial rhythm: VF

 3:42 (+ 8:00 minutes) –
Shock once

 In coma

 Intubated & given
amiodarone

Cooling

 Began therapeutic
hypothermia

 Warmed 24 hours later

 Visited patient in
hospital on post-arrest
day 3…

Case Presentation
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Pacing

Cooling

IABP

Defibrillator

Inotropes

Ventilation

Insulin

New AHA Adult Chain of Survival

 New 5th link – post-cardiac arrest care

 Links in the new adult Chain of Survival:

 Immediate recognition and activation of emergency
response system

 Early CPR, w/emphasis on chest compressions

 Rapid defibrillation

 Effective advanced life support

 Integrated post-cardiac arrest care

Objectives

 Describe clinical efficacy for therapeutic hypothermia
for comatose victims of cardiac arrest

 Detail the methods for inducing therapeutic
hypothermia

 Review the political barriers to implementing a
therapeutic hypothermia protocol

Hospital Care Matters

Hospital Care Matters
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Historical Control Post-CA Resus Protocol

Discharged Alive

Gaieski 2009

Castrejón 2009

Don 2009

Gaieski Resuscitation 2009, Castrejón Rev Esp Cardiol 2009, Don Crit Care Med 2009

Saving the Brain

 Cerebral perfusion

 Sedation

 Control of seizures

 Glucose control

 Temperature control
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Brain – temperature control

 Prevention of hyperthermia

 Hyperthermia common for 2-3 days

 Takino M. Intensive Care Med 1991;17:419-20

 Hyperthermia associated with poor outcome

 Zeiner A. Arch Intern Med 2001;161:2007-12

 Hickey RW. Crit Care Med 2003;31:531-5

 Therapeutic hypothermia

Hypothermia:
Mechanism of action?

Hypothermia:
Mechanism of action?

 Suppression of free radicals

 Blocking pathological protease cascades

 Suppression of apoptosis (48 h)

 Suppression of pro-inflammatory cytokines (5 days)

Polderman K. Lancet 2008;371:1955-69

Scientific Evidence

Number Needed to Treat

 Plavix for STEMI: NNT = 23 (composite endpoint)

 PCI vs tPA for STEMI: NNT = 100 (mortality)

 Statins for ASCVD: NNT between 163 – 639 (mortality
per yr of therapy)

 Therapeutic hypothermia for comatose VF survivors:
NNT = 6 (good neuro outcome)
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HACA Study - cooling technique

 External cooling (ED)

 32-34oC for 24 hr

 Cooling tent +/- ice
packs

 Passive rewarming over
8 hours

 Pancuronium

 Bladder temperature

Cooling Time Course
N Engl J Med 2002; 346: 557-63

Normothermia (n = 124)

Hypothermia
(n = 124)
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P = 0.009
NNT = 6

P = 0.02
NNT = 7

N Engl J Med 2002; 346: 557-63

The Hypothermia After Cardiac
Arrest (HACA) Study Group

Therapeutic Hypothermia
After Cardiac Arrest

An Advisory Statement by the ALS Task Force of the
International Liaison Committee on Resuscitation (ILCOR)

 Unconscious adult patients with spontaneous
circulation after out of hospital cardiac arrest
should be cooled to 32-34°C for 12-24 hours
when the initial rhythm was VF

 For any other rhythm, or cardiac arrest in
hospital, such cooling may also be beneficial

Nolan J. Resuscitation 2003; 57:231-5

Polderman K. Lancet 2008;371:1955-69

Exclusions (relative)

 Severe systemic infection

 Severe cardiogenic shock (SBP< 90 mmHg despite
inotropes)??

 But: Skulec R. Acta Anaesthesiol Scand 2008;52:188-94

 Established multiple organ failure

 Pre-existing medical coagulopathy
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Speed of Cooling May Matter Early Cooling and Outcome

 49 consecutive patients cooled with invasive cooling
(Alsius system)

 78% OHCA; 84% VF/VT

 28/49 (57%) good outcome = CPC 1 or 2

 Multivariate analysis: time to target temperature = OR 0.69
(0.51 – 0.98) for good outcome per hour

Wolff B. Int J Cardiol 2008

Would Prehospital Cooling be
Better?
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Inducing Hypothermia

Phases of Hypothermia

 Induction – get to < 34oC rapidly

 Maintenance phase – tight control (maximum
fluctuation 0.2 – 0.5oC)

 Rewarming phase – slow 0.25oC h-1

 Deranged cerebrovascular reactivity if > 37oC – Lavinio A.

BJA 2007;99:237-44.

Polderman KH. Crit Care Med 2009;37:1101-20

Cooling Techniques

External

 Ice packs, wet linen, fans

 Cooling blankets

 Air, e.g. Polar Air

 Water, e.g. Blanketrol

 Pre-refrigerated cooling pads

 Hydrogel-coated pads

 Cold water immersion

Internal

 Cold i.v. saline

 Intravascular
catheters

 Intravascular
balloons

 Metal catheter

 Helix system

Polderman KH. Crit Care Med 2009;37:1101-20

Induction of Cooling

 2 liters of ice cold saline
kept in refrigerator

Cooling with ice-cold IV fluid

Study N T
°C

Comments

Bernard S. Resuscitation
2003;56:9-13

22 1.7 30 ml kg-1 Hartmann’s at
4oC. No pulmonary edema

Kliegel A. Resuscitation
2005;64:347

26 1.8 2 pts mild pulmonary
edema

Virkkunen I.
Resuscitation
2004;62:299

13 1.8 Prehospital – 2 more trials
underway

Kim F. Circulation
2007;115:3064-70

125 1.2 RCT prehospital – half
given cold fluid. Pilot
study

Cooling with ice-cold IV fluid

Study N T °C Comments

Jacobshagen C.
Resuscitation 2009

52 2.0 Gave 3.5 L of ice cold fluid
without respiratory compromise

Spiel A. Resuscitation 2009 18 Gave 2.5 L of ice cold fluid with
minor effects on coagulation

Larsson I-M. Resuscitation
2010

38 30 ml/kg + ice bags achieved
target temp of 32-34 °C



8

External Cooling Laerdal MediCool

Blankets circulating cold water
Water-circulating Surface
Cooling Device (Arctic Sun)

Photograph courtesy
of Dr M. Foedisch

Arctic Sun vs Standard Cooling blankets & ice
bags

 Multicenter, randomized trial with cooling blankets
and ice (n=30) or the Arctic Sun (n=34)

 Subjects cooled <34°C target at 4 hours = 71%
(Arctic Sun) vs 50% (standard cooling group, p=0.12).

 Median time to target was 54 minutes faster in the
Arctic Sun group than the standard cooling group
(p<0.01).

 Survival rates with good neurological outcome were
similar; 46% of Arctic Sun patients and 38% of
standard patients had a cerebral performance
category of 1 or 2 at 30 days (P=0.6).

Heard K. Resuscitation 2010
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US Army Research Institute of
Environmental Medicine

Water Immersion Laboratory

Modification of Temperature

Water immersion:
most effective way
to drop body
temperature

Platner, et al Anesthesiology V.87 No.5 Nov 97

Holzer M AS081

Thermosuit
External techniques: Overcooling is frequent

 Retrospective review of 32 cases

 Surface cooled to target of 32-34oC
 20/32 (63%) < 32oC

 9/32 (28%) < 31oC

 4/32 (13%) < 30oC

 Rebound hyperthermia (>38oC) at 12-18 h after
rewarm in 7/32 (22%)

Merchant RM. Crit Care Med 2006; 34: S490-4

Endovascular cooling
Endovascular cooling after cardiac arrest
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Endovascular versus external cooling for OHCA
(ICEREA study)

 Primary outcome: CPC 1 or 2 at 28 days

 OHCA age 18-75

 All rhythms included

 Alsius endovascular cooling versus ‘conventional
cooling’

Presentation at European Emerg Med, Barcelona 2010

Outcome: ICEREA Study
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RR 1.18 (CI95 0.97 – 1.43) RR 1.25 (CI95 0.98 – 1.58)

Free Papers AS-073 and AS-080

RhinoChill –
intranasal evaporative coolant

RhinoChill Cools Faster RhinoChill Clinical Trial

 Prehospital randomized
trial in Europe

 N = 200

 Followed by in-hospital
therapeutic
hypothermia

 Circulation 2010
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Therapeutic Hypothermia:
Physiological effects / complications

 Shivering

 Vasoconstriction

 Bradycardia

 Infection, coagulopathy

 Diuresis - hypovolaemia

  K+,  Mg+,  Ca2+

  Insulin sensitivity

 Impaired GI absorption

Polderman KH. Crit Care Med 2009;37:1101-20

Shivering
Mahmood MA. J Neurol Sci 2007;261:47-54

 More common during cooling and rewarming phases

 Sedation: propofol/alfentanil

 Neuromuscular blocker (NMB) bolus (Bath, England ~
20%)

 Occasionally, NMB infusion (Bath, England ~12%)

 May mask convulsions??

Implementation of therapeutic hypothermia is
variable

Country Response
rate

UsingTH
n (%)

Reference

UK 98% 67 (28%) Laver SR.Anaesthesia 2006

Germany 58% 93 (24%) Wolfrum S. Resuscitation 2007

Finland 100% 19 (95%) Oksanen T.Acta Anaesthesiol
Scand 2007

Italy 90% 66 (16%) BianchinA. Minerva Anestesiol
2009

Inducing Hospitals to give
hypothermia

Protocol is Essential

 Required 2+ years of effort to implement

Therapeutic Hypothermia Web Resources

www.med.upenn.edu/resuscitation/hypothermia/
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Local Expertise Helpful

 Physician who can provide phone or in person
consultation to teach.

 Nurse with similar expertise is also desirable.

 After treating 2 patients, staff uniformly is impressed.

Therapeutic Hypothermia:
Summary

 Mild hypothermia for VF OHCA supported by 2 RCTs
and many cohort studies

 Lower level evidence for other groups

 Target temp, cooling rate, duration??

 Surface versus internal?

 Implementation is simple

Points of view, ideas, products, demonstrations or devices
presented or displayed at the Ohio Safety Congress & Expo
do not constitute endorsements by BWC. BWC is not liable
for any errors or omissions in event materials.


