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• Description of first hypothermic 
patient by Dr. Temple Fay

Fay T. Early Experiences with Local and Generalized Refrigeration of the 

Human Brain. J Neurosur 1959;16:239-260.



“…Extremely well-tolerated and clinical results were very 

satisfactory”

Fay T. Early 

Experiences with Local 

and Generalized 

Refrigeration of the 

Human Brain. J 

Neurosur 1959;16:239-

260.



“Observations on generalized 

refrigeration in cases of severe 

cerebral trauma”

• published by Fay in 1945
• Failed attempt to publish in 1939

• first scientific report   

describing the clinical 

application of hypothermia 

in a case series of patients 

with severe head injury
Fay T. Observations of generalized refrigeration 

in cases of severe cerebral trauma. Assoc Res 

Nerv Ment Dis Proc 1945;24:611-619.



"In 1955, open-heart surgery was performed at the NIH 
Clinical Center using hypothermia. The patient was 

placed in a bed of ice to lower the total body 
temperature so that body tissues used very little 

oxygen. This permitted interruption of the blood flow 
for a brief period so that some procedures could be 

performed. This technique preceded the advent of the 
heart-lung machine, which today takes over the job of 

pumping blood during heart surgery." 

History.nih.gov



Hypothermia After Cardiac 
Arrest Study Group

• European study, 275 pts

• Inclusion: 
– witnessed cardiac arrest, vfib or nonperfusing vtach

as initial rhythm 

– cardiac origin of arrest 

– age 18-75

– Interval of 5-15 min from collapse to first attempt at 
resuscitation by EMS

– No more than 60 min from collapse to restoration of 
circulation



Hypothermia After Cardiac 
Arrest Study Group

• Exclusion:
– Temp below 30C on admission

– Comatose state before arrest 2/2 drugs that depress 
the CNS

– Pregnancy

– Response to verbal commands 

– Hypotension (MAP<60) for >30 min 

– Hypoxemia

– Terminal illness that preceeded arrest

– Preexisting coagulopathy



Hypothermia After Cardiac 
Arrest Study Group

• Randomized, controlled with blinded 

assessment of outcome

• Standard ICU care: sedation, paralysis

• Normothermia vs. hypothermia 32°C-34°C 

(bladder temp) by cooling blanket

• 24 hrs at target temp, passive rewarming 

over 8 hrs



Hypothermia After Cardiac 
Arrest Study Group

• Outcomes at 6 months:

– Favorable neurologic outcome = Pittsburgh 
cerebral-performance category 1 (good) or 2 
(moderate disability) on 5 category scale

– Could live independently and work part-time

– Secondary end-point: mortality at 6 months, 
complication rates





Hypothermia After Cardiac 
Arrest Study Group

• 55% hypothermia group vs. 39% 

normothermia group had favorable 

neurologic outcomes; RR 1.40

• NNT= 6 to prevent one unfavorable 

neurologic outcome



Treatment of Comatose Survivors of 
Out-Of-Hospital Cardiac Arrest with 

Induced Hypothermia

• Australian study, 77 pts

• Inclusion:

– Vfib as initial rhythm

– Successful return of circulation

– Persistent coma after resuscitation

– Transfer to participating hospital



Treatment of Comatose Survivors of 
Out-Of-Hospital Cardiac Arrest with 

Induced Hypothermia

• Exclusion:

– Age less than 18

– Age of less than 50 for women(pregnancy)

– Cardiogenic shock

– Other possible cause of coma



Treatment of Comatose Survivors of 
Out-Of-Hospital Cardiac Arrest with 

Induced Hypothermia

• Normothermia vs. hypothermia based upon day 
of month (odd-numbered = hypothermia)

• Standard ICU cardiac care

• Pulmonary artery catheter for temp

• Ice packs to maintain temp of 33°C for 12 hrs, 
began out-of-hospital

• Outcome: good = d/c home or Rehab

»Poor = death or d/c to SNF/ long-term 
care



Treatment of Comatose Survivors of 
Out-Of-Hospital Cardiac Arrest with 

Induced Hypothermia

Recuscitation 
initiated by a 
bystander was 
associated 
with a non-
significant 
improvement 
in outcome



• 49% of hypothermia group vs. 26% 
normothermia had good outcomes (p=0.046)



Criticisms

• Australian study: 
– Not blinded for treatment

• Small sample sizes

• Different treatment protocols: one starting 
out-of-hospital and one in-hospital

• Hypothermia group may not have been 
well matched with normothermic group

• VF pts are a small % of total cardiac 
arrests

Liu L, Yenari MA, Ding Y. Clinical application 

of therapeutic hypothermia in stroke. Neurol 

Res 2009;31(4): 331-335.



• Endovascular cooling

• Included non-VF cardiac arrest patients

• Retrospective cohort analysis 

• Statistically improved mortality, improved 

favorable neurologic recovery at 30 days 

(not blinded for assessment of neurologic 

outcome) 



International Liaison 
Committee on Resuscitation



Time is Brain – Quantified



Hypothermia as a 
Neuroprotectant

• Reduces: 

– metabolic/enzymatic activity

• Cerebral O2 consumption decreases by 50% for 

every 10°C fall in temp

• But, a barbiturate coma does that too…

– Glutamate release and re-uptake

– Inflammation

– Production of reactive oxygen species

Froehler MT, Geocadin RG. Hypothermia for neuroprotection after cardiac 

arrest: mechanisms, clinical trials, and patient care. J Neurol Sci

2007;261:118-126.



Benefits of Hypothermia: Animal 
Studies

• Prevents glutamate levels from rising 
beyond baseline
– Decreases cell death via the 

apoptotic  pathway

– Decreases production of reactive 

oxygen species

• Permits better membrane regulation by 
allowing ionic perturbations, such as 
potassium gradients, to normalize 
more rapidly after ischemic injury

Froehler MT, Geocadin RG. Hypothermia for neuroprotection after cardiac arrest: 

mechanisms, clinical trials, and patient care. J Neurol Sci 2007;261:118-126.

www.dogtopics.com



Hypothermia in Rats

• Decreases final infarct volume

• Extends the duration the brain can 

withstand ischemia before permanent 

damage occurs



How cold is cold enough?

• Mild: > 32°C
• Moderate: 28 - 32°C
• Deep: 20 - 28°C
• Profound: 5 - 20°C

– Deep to profound: too hard to do, too many 
complications (hypokalemia, arrhythmia, infection, 
heart failure) 

• Most protective when applied during ischemia or 
before

• If postischemic period, likely need prolonged 
hypothermia



Methods of Cooling

• Surface cooling – used in two cardiac arrest 
trials
– Requires neuromuscular blockade and ventilatory

support to combat shivering

– Vasoconstriction, reduces heat exchange, makes 
temp control difficult

• Lack of control during passive rewarming = reactive brain 
edema

• Endovascular cooling – via central line into 
femoral or subclavian veins
– Exchange heat by temperature controlled circulation 

of cooled saline



COOL AID

• Open study design, feasibility and safety

• NIHSS > 15 w/i 6hrs of onset, MCA
• If NIHSS > 8 persisted, enrolled 
• Surface cooling w/i 5hrs for IV tPA, w/i 8hrs for 

IA tPA (pts intubated, sedated)
• Limited to 12 hrs in pts with TIMI 3 or 3-

equivalent
• Remaining pts, rewarming initiated 12hrs after 

repeat TCD showed TIMI 3-equivalent
• maximum of 72 hrs (32°C)
• 90 day outcomes



• Source: 2001 ACC Key Data Elements and Definitions for Measuring the 
Clinical Management and Outcomes of Patients With Acute Coronary 
Syndromes.

• Grade 0 (no perfusion): There is no antegrade flow beyond 
the point of occlusion.

• Grade 1 (penetration without perfusion): The contrast 
material passes beyond the area of obstruction but "hangs up" and 
fails to opacify the entire coronary bed distal to the obstruction for 
the duration of the cineangiographic filming sequence.

• Grade 2 (partial perfusion): The contrast material passes 
across the obstruction and opacifies the coronary bed distal to the 
obstruction. However, the rate of entry of contrast material into the 
vessel distal to the obstruction or its rate of clearance from the 
distal bed (or both) is perceptibly slower than its entry into or 
clearance from comparable areas not perfused by the previously 
occluded vessel (eg, the opposite coronary artery or the coronary 
bed proximal to the obstruction).

• Grade 3 (complete perfusion): Antegrade flow into the bed 
distal to the obstruction occurs as promptly as antegrade flow into 
the bed from the involved bed and is as rapid as clearance from an 
uninvolved bed in the same vessel or the opposite artery.



COOL AID



COOL AID

• Moderate 
hypothermia is 
technically feasible

• Safe

• Can’t say anything 
re: efficacy

• But…all outcome 
trends favor 
hypothermia



• Clinical feasibility trial, randomized

• >18 yrs old, ant circulation stroke, NIHSS 

≥8 and ≤25, presented w/i 12 hrs

• mRS and NIHSS at 30 + 7 days

• tPA given if indicated

• 40 pts randomized

• Baseline MRI on all pts



33°C maintained for 24 hours; shivering suppressed using 

buspirone, IV meperidine, and surface warming via blanket



Outcomes

• Feasible, safe

• Mean time to target temp: 77 ± 44 min

(mean time 3.5 ± 1.5 hrs in previous)

• No overshoot of target temp

• No differences in clinical outcomes

• Infarct volume growth was less, but not 

significant



ICTuS-L

• Prospective, randomized, endovascular 

cooling plus thrombolysis

• <6 hrs from onset, age 18-80, NIHSS ≥7

• Feasibility

• Safety



Time to cooling

Outcome Measures



Results

• 8/28 pts target temperature NOT reached

• Did NOT find a difference in mortality or mRS in 
treated pts vs. non-treated

• Serious adverse events more common in treated 
group (pneumonia)

– Did NOT affect outcome at 90 days

• Endovascular hypothermia can be 
combined with thrombolysis

• Antishivering protocol feasible in 
awake pts


