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Effects of hypothermiaEffects of hypothermia

Which effects? Which effects? 
–– On a cellular levelOn a cellular level
–– Clinical effectsClinical effects
–– EBM / RCTEBM / RCT
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•• Important subjectImportant subject
–– Application in the ICU Application in the ICU –– prevention of (additional):prevention of (additional):

•• Brain injuryBrain injury
–– traumatrauma
–– hypoxiahypoxia

•• Myocardial injury Myocardial injury 
–– New recent data & trialsNew recent data & trials



Effects of hypothermiaEffects of hypothermia
•• Induced hypothermiaInduced hypothermia

–– Nothing newNothing new
•• Baron Baron LarreyLarrey (1800(1800’’s)s)
•• Fay, T Fay, T –– cerebral trauma (1945)cerebral trauma (1945)
•• Bigelow WG Bigelow WG –– cardiac surgery (1950)cardiac surgery (1950)
•• RosomoffRosomoff HL HL –– (1965)(1965)

StoppedStopped
–– Lack of Lack of ““dose finding studiesdose finding studies””

•• Ideal temperatureIdeal temperature
•• Ideal durationIdeal duration

–– ReRe--invented 1980invented 1980’’ss



Effects of hypothermiaEffects of hypothermia

•• Classical problemClassical problem
–– especially in doctors:especially in doctors:

–– Something is good Something is good 
–– MORE IS BETTERMORE IS BETTER

((inotropesinotropes, fluids, mechanical ventilation), fluids, mechanical ventilation)

–– Cold is good Cold is good 
–– COLDER IS BETTERCOLDER IS BETTER
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•• Potential Potential beneficalbenefical effects by hypothermiaeffects by hypothermia
–– Reduction of glucose & oxygen consumption Reduction of glucose & oxygen consumption (7% per Centigrade)(7% per Centigrade)

–– Inhibition of Inhibition of CaspaseCaspase activation (activation (~ apoptosis)~ apoptosis)
–– Prevention of mitochondrial dysfunctionPrevention of mitochondrial dysfunction
–– Lowers excitatory AA & lactate during ischemia/reperfusionLowers excitatory AA & lactate during ischemia/reperfusion
–– Improves ion homeostasis during ischemia/reperfusionImproves ion homeostasis during ischemia/reperfusion
–– Suppression of Suppression of 

•• propro--inflammatory cytokine releaseinflammatory cytokine release
•• reperfusion related DNA injuryreperfusion related DNA injury
•• lipid lipid peroxidationperoxidation
•• leucotrieneleucotriene productionproduction
•• NO productionNO production
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•• Potential Potential beneficalbenefical effects of hypothermia (2)effects of hypothermia (2)
–– Decrease of FreeDecrease of Free--radical productionradical production
–– Reduction of BloodReduction of Blood--Brain Barrier disruptionBrain Barrier disruption

•• less edemaless edema
–– Cell membrane preservationCell membrane preservation
–– Prevention of local (Prevention of local (intracerebralintracerebral) hyperthermia) hyperthermia
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•• Potential harmful effects in the ICU patientPotential harmful effects in the ICU patient

–– GeneralGeneral
•• Peripheral vasoconstrictionPeripheral vasoconstriction
•• ShiveringShivering

increase O2 consumption, muscle tone increase O2 consumption, muscle tone ↑↑
•• Insulin secretion & sensitivity Insulin secretion & sensitivity ↓↓ hyperglycemiahyperglycemia
•• Drug pharmacokinetics altered / clearance Drug pharmacokinetics altered / clearance ↓↓

–– CardiovascularCardiovascular
•• ECG changesECG changes
•• Tachycardia >> Tachycardia >> BradycardiaBradycardia >> >> DysrythmiasDysrythmias >> VF>> VF
•• CardiodepressionCardiodepression

–– RespiratoryRespiratory
•• Risk pneumonia Risk pneumonia ↑↑
•• MV MV ↓↓
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•• Potential harmful effects in the ICU patientPotential harmful effects in the ICU patient
–– RenalRenal

•• ““ColdCold”” diuresisdiuresis
•• Potassium shifts into cells (CAVE Potassium shifts into cells (CAVE rewarmingrewarming))
•• Tubular dysfunction Tubular dysfunction 

Loss of Phosphate & MagnesiumLoss of Phosphate & Magnesium
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•• Potential harmful effects in the ICU patientPotential harmful effects in the ICU patient
–– AcidAcid--base: base: 

COCO22 better solubility better solubility 
Temp corrected BGA: Temp corrected BGA: respresp. alkalosis. alkalosis

–– alpha stat: no Temp correction for COalpha stat: no Temp correction for CO22

–– pH stat: Temp correction for COpH stat: Temp correction for CO22
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•• Potential harmful effects in the ICU patientPotential harmful effects in the ICU patient
–– GastrointestinalGastrointestinal

•• Impaired bowel function & motilityImpaired bowel function & motility
•• (Mild) pancreatitis(Mild) pancreatitis

–– HematologicalHematological
•• ImmunosuppressionImmunosuppression, WBC count , WBC count ↓↓ risk sepsis risk sepsis ↑↑
•• Platelet function & count Platelet function & count ↓↓
•• Clotting times Clotting times ↑↑
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•• Potential indicationsPotential indications
–– CPRCPR
–– TBITBI
–– StrokeStroke
–– Fever in patients with neurological injuryFever in patients with neurological injury
–– SABSAB
–– IntraIntra--operative hypothermiaoperative hypothermia

•• Neurosurgery (aneurysm)Neurosurgery (aneurysm)
•• Vascular surgery Vascular surgery –– spinal cord protectionspinal cord protection
•• Cardiac surgeryCardiac surgery
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The evidenceThe evidence

•• CardiopulmonaryCardiopulmonary resuscitationresuscitation
–– ManyMany studies studies withwith historicalhistorical controlscontrols
–– RCTRCT

•• NEJM 2002;326:549NEJM 2002;326:549--556556
•• NEJM 2002;326:557NEJM 2002;326:557--563563
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The evidenceThe evidence

•• Bernard S et al. Bernard S et al. NEJMNEJM, Australia, Australia
–– N=77 N=77 witnessedwitnessed arrest VT/VFarrest VT/VF

•• CoolingCooling startedstarted earlyearly: < 2 : < 2 hrhr ROSC ROSC –– in ambulancein ambulance
•• 3333°° C C forfor 12 12 hrhr
•• ResultsResults::

–– GoodGood outcomeoutcome: : 49% 49% vsvs 26% (p=0.046)26% (p=0.046)
–– Survival: Survival: 49% 49% vsvs 32% (NS)32% (NS)
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The evidenceThe evidence

•• HolzerHolzer et al. et al. NEJMNEJM, , EuropeEurope
–– N=273 N=273 witnessedwitnessed arrest, VF/VTarrest, VF/VT

•• NB 3551 NB 3551 patientspatients evaluatedevaluated forfor eligibilityeligibility
–– Target: 32Target: 32°° -- 3434°°C for 24 hrC for 24 hr
–– Results (at 6 months):Results (at 6 months):

•• Good Good neurologicneurologic outcome: 55% outcome: 55% vsvs 39%39%
•• Survival: 59% Survival: 59% vsvs 45%45%
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The evidenceThe evidence

Level of evidenceLevel of evidence
•• CPRCPR Class IClass I
•• TBITBI

•• StrokeStroke
•• FeverFever
•• SABSAB
•• IntraoperativeIntraoperative
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The evidenceThe evidence

•• TBITBI
–– ManyMany studies studies withwith historicalhistorical controlscontrols
–– RCTRCT

•• CliftonClifton et al. NEJM 2001;344:556et al. NEJM 2001;344:556--563563
–– N=392 coma N=392 coma afterafter closedclosed TBITBI
–– Target 33Target 33°°C C –– achieved after 8.4 achieved after 8.4 ±± 3.0 hrs3.0 hrs
–– Hypothermia for 48 hrsHypothermia for 48 hrs
–– Results:Results:

»» Mortality 28% Mortality 28% vsvs 27%27%
»» Poor neurological outcome 57% Poor neurological outcome 57% vsvs 57%57%



Effects of hypothermiaEffects of hypothermia
The evidenceThe evidence

•• TBITBI
RCT RCT –– hypothermiahypothermia reducedreduced ICPICP
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The evidenceThe evidence

•• TBITBI

http://content.nejm.org/
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The evidenceThe evidence

•• TBI TBI commentscomments onon RCTRCT
–– Different Different outcomeoutcome in different centersin different centers
–– Centers Centers participatedparticipated withwith littlelittle experienceexperience
–– SlowSlow inductioninduction of of hypothermiahypothermia
–– Glucose Glucose controlcontrol unknownunknown
–– More More hypotensivehypotensive periodsperiods in in hypothermiahypothermia groupgroup (10% (10% vsvs 3%)3%)

–– HypovolemiaHypovolemia? ? ElectrolyteElectrolyte/Magnesium disorders?/Magnesium disorders?
–– StillStill: : BenefitsBenefits in in patientspatients withwith hypothermiahypothermia at at admissionadmission



Effects of hypothermiaEffects of hypothermia

Level of evidenceLevel of evidence
•• CPRCPR Class IClass I
•• TBITBI Class I for ICP loweringClass I for ICP lowering

Class Class IIaIIa for feverfor fever
•• StrokeStroke Class III Class III 
•• FeverFever Class Class IIbIIb
•• SABSAB Class IVClass IV
•• IntraoperativeIntraoperative Class IIIClass III
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•• Treatment effectTreatment effect
balance of Beneficial balance of Beneficial ↔↔ Detrimental effectsDetrimental effects
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•• Problems with RCTProblems with RCT
–– No previous dose finding studiesNo previous dose finding studies
–– Different outcome in specialized high volume centers Different outcome in specialized high volume centers 

vsvs small lowsmall low--volume hospitals (unpublished data)volume hospitals (unpublished data)
–– No control for sufficient treatment of sideNo control for sufficient treatment of side--effectseffects

•• e.g. Magnesium supply, CPP, infection control e.g. Magnesium supply, CPP, infection control 
(SDD).(SDD).
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•• ConclusionConclusion
–– Post CPR Post CPR shouldshould bebe treatedtreated withwith HypothermiaHypothermia

•• onlyonly afterafter witnessedwitnessed arrest arrest withwith VF (??)VF (??)
•• idealideal time time windowwindow & & temperaturetemperature stillstill notnot knownknown

–– FeverFever shouldshould bebe treatedtreated in case of in case of neurologicalneurological
injuryinjury

–– OtherOther indicationsindications::
•• notnot certaincertain, , butbut shouldshould bebe consideredconsidered !!!!

–– HypothermiaHypothermia onlyonly in in experiencedexperienced centerscenters
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