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Therapeutic Hypothermia

üPeter Safar

üñSave the hearts 

and brains of 

those too young 

to die.ò

üABC of 

Resuscitation

üEMTs

üICUs

Baskett, P. 2002. The Resuscitation Greats Peter J. Safar. Part Two. The University of Pittsburgh to the Safar Centre for Resuscitation Research 1961

/2002

Resuscitation 55 (2002) 3 /7 www.elsevier.com/locate/resuscitation



Therapeutic Hypothermia: Landmark Studies



15

Neuronal Injury after Cardiac Arrest

Insufficient perfusion/Global Ischemia
ÅDecrease ATP

ÅNa/K pumps

ÅImpaired Cellular integrity

ÅExcitotoxicity - glutamate release

ÅCalcium influx

ÅFree radicals

ÅCell death

Å.Geocadin RG, Koenig MA, Jia X, Stevens RD, Peberdy MA. Management of brain injury after resuscitation from cardiac arrest

ÅNeurol Clin. 2008 May;26(2):487-506.
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Hypothermia for Neuroprotection

BBB Degradation

Edema formation Free radical
production

Ionic 
Pump
Failure

Mitochondrial

injury

Apoptosis

Excitotoxicty

Glutamate activation

Inhibits Destructive Processes: Ischemia/Reperfusion

Intracellular

acidosis Decrease Neutrophil 

infiltration

Decreased metabolic

rate

Polderman, K. (2009). Mechanisms of action, physiological effects, and complications of hypothermia. Critical CareMedicine37,7:S186-198.



Part II:

Practical Aspects: Putting Theory into Practice: 

A Checklist



Therapeutic Hypothermia

Admit to ICU

VCerebral resuscitation

VMinimize secondary injury

VOptimize neurologic function

VHemodynamic/cardiovascular support

VVentilatory support

VShivering management

VFluids/Electrolyte monitoring

VRewarming



Therapeutic Hypothermia: Induction

VIntravascular 
cooling

VCold IV isotonic 
fluids 

VPeripheral IV x2

V30-40 ml/kg (4ºC) 
Isotonic fluids

VKeep liters in your 
medicine fridge

ÅNot sustainable



Temperature Modulating Devices: 

Surface cooling

CONTROLLED cooling

V Easy applicability

V Single use pads

VChange q 5 days

V 4-5 pads for different 
areas of the body

V Easy access to femoral 
and subclavian sites for 
TLC

V Nurse driven

V Radio-lucent

V Monitor water temp

ÅRisks: 

ÅRare thermal injury

ÅCost



Temp Modulating Devices: Endovascular Cooling

Intravascular catheter

VPrecise regulation 
of temperature

VDual capability

VCentral Venous 
Catheter

V *Crystallization of 
Mannitol

VNOT MRI 
compatible

ÅRisks: 

ÅInfection

ÅBleeding 

ÅDVT

ÅCost



Checklist: Neurological

Clinical assessment:

VLevel of consciousness

VPupils and cranial nerves

VMotor

VHead CT

VMonitor for seizures

ücEEG

VSeder, D.; Van der Kloot, T. (2009). Methods of cooling. Practical aspects of therapeutic temperature management. Critical Care Medicine,37,7 (Suppl).



Checklist: Cardiovascular
Å EKG: Cardiac rhythm

VT:      36-35 ºC   Tachycardia

VT: < - 35-32 ºC  Bradycardia

VT: < - 33 ºC        incr. PR, wide 
QRS, incr. QT

ÅVitals signs: 

VQ15 min, Q30 min, Q1hour

VArterial line for BP monitoring

VMAP goal > 60 mmHg

ÅCore Temp:

VEsophageal

VPA

VBladder

VRectal



Checklist: Pulmonary

ÅABG; SaO2; ETCO2

VSao2 - loss of signal

V Initiate VAP bundle

VHOB 

VCXR - infiltrates

VMouth care

VAntibiotics

VGI prophylaxis



Checklist: Fluids/Glucose/Electrolytes

ÅCold diuresis:
ÅMonitor volume status: 

VHypovolemia

VI/O q2hr

VCVP

VPA

VPiCCO

VGEDI/ ELWI/SVV

ÅInsulin sensitivity:

ÅIncrease peripheral glucose:

VMonitor FSBG Q1hr

VInsulin requirement



Checklist: Fluids / Electrolytes

VMonitor lab data q6-8hrs

V Potassium

V Magnesium

V Phosphosrus

ÅIntracellular shifts

ÅIncrease renal excretion



Checklist: Immunomodulatory 

Effects

ÅInhibits leukocyte migration and phagocytosis

ÅSuppresses inflammatory response

VSurveillance cultures

VIncrease in WBC

VInstitute VAP bundle

VMonitor wounds/pressure ulcers



Homeostasis:

Internal body temperature

of approximately 36-37C

Temperature rises

above normal

Temperature falls

below normal

Temperature

decreases

Temperature

increases

Blood vessels in skin

constrict, minimizing

heat loss

Thermostat in

brain activates

warming

mechanisms

Thermostat in brain

activates cooling

mechanisms

Sweat glands secrete sweat

that evaporates, cooling body

Blood vessels in

skin dilate and

heat escapes
Thermostat shuts off

cooling mechanisms

Thermostat shuts off

warming mechanisms

Skeletal muscles rapidly

contract, causing shivering,

which generates heat



ü 50 neurocritical care patients

ü Most (80%) underwent surface cooling for fever control

ü 64% had detectable shivering

ü Low serum was magnesium associated with shivering

ü Higher BSAS scores significantly associated with 

ü Resting energy expenditure

ü Hypermetabolic index

ü O2 consumption

ü CO2 production

ü High inter-rater reliability

ü Weighted kappa 0.84

Badjatia et al. 2008Metabolic Impact of Shivering During Therapeutic Temperature Modulation: Stroke. The Bedside Shivering Assessment Scale. 39;3242-3247.



Bedside Shivering Assessment Scale

BSAS

0
NONE:  No shivering noted on palpation of 

the masseter, neck or chest wall

1
MILD:  Shivering localized to the neck 

and/or thorax only 

2
MODERATE:  Shivering involves gross 

movement of the upper extremities (in 

addition to neck and thorax) 

3
SEVERE: Shivering involves gross 

movements of the trunk and upper and lower 

extremities

Badjatia et al. 2008;39;3242-3247; Stroke. The Bedside Shivering Assessment Scale 

Metabolic Impact of Shivering During Therapeutic Temperature Modulation: 



Bedside Shivering Assessment Scale and 

Resting Energy Expenditure



Shivering: HARMFUL

ÅPredictors of shivering

ÅMale gender

ÅLow magnesium level

ÅAltered hypothalmic set point

ÅActivates autonomic response:

ÅCardiovascular/sympathetic stress

ÅSystemic metabolic stress

ÅIncreases BP; HR; RR; ICP

QuickTimeÊ and a
 decompressor

are needed to see this picture.

Badjatia N,et al Predictors and clinical implications of shivering during therapeutic normothermia.Neurocrit Care.2007;6(3):186-91..

ÅHinders the cooling process

ÅPainful and uncomfortable

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Badjatia N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this, 'jour', 'Neurocrit Care.');


The detection and 

management of shivering is 

the single most important 

bedside activity when cooling 

is applied!



Nursing Policy

BSAS monitoring is required in patientôs requiring TTM:

üOngoing metabolic stress during shivering

Key Points:

Compare serial assessments

Establish the efficacy of both  pharmacological and non-
pharmacological interventions.

Monitor patientôs consciousness and physiological state 

Monitoring:  

Goal: BSAS < or = to 1

VEvery hour assessment

VDiscuss with MD/NP/PA and/or if shiver score is >1

V Institute counter measures to decrease  shivering

VContinue to reassess patient status with the BSAS as needed

VDocument interventions and patientôs response to therapy



Interventions for BSAS >1

STANDING

ÅAcetaminophen 650 mg q4H

V NG/ PR route

ÅBuspirone 30 mg PO q8H

V NG route

ÅMg++ infusion 

V 20gm/1L - 0.5-1 gm/hr

V Hypotension

V Serum level q 8 hr

V Serum level 3-4 mg/dl

ÅSkin Counterwarming

Å Set at 43degrees (BAIR Hugger)



PRN SHIVERING 2

ÅDexmedetomidine 0.3 ï1.5 µg/kg/hr
VBradycardia

ÅMeperidine 25-100 mg IV
VCreatinine clearance

VSeizures

VMAOI use

ÅFentanyl 50-200µg/hr

VHypotension

VIleus

ÅPropofol 25-100 µg/kg/min

VHypotension

Interventions for BSAS >1



Interventions for BSAS >1

ÅNeuromuscular blockers

Å Increased risk of critical illness myopathyor prolonged 
neuromuscular junction blockade (if CRI is present)

Å Requires concomitant anesthetic-level sedation

(and increased potential for oversedation)

Å Does not address the problem of increased 

cerebral metabolism that occurs with shivering 

Continued potential for cerebral metabolic stress

Å Vecuronium: 0.1 mg/kg

Å Rocuronium: 1mg/kg



Therapeutic Hypothermia: BSAS Documentation
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