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The injured brain & The injured brain & HemodynamicsHemodynamics

•• Normal brainNormal brain
–– Well developed Well developed autoregulationautoregulation

•• Maintenance of constant flow at different levels Maintenance of constant flow at different levels 
of perfusion pressureof perfusion pressure

•• Injured brainInjured brain
–– More or less disturbed More or less disturbed autoregulationautoregulation
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The injured brain & The injured brain & HemodynamicsHemodynamics

•• The brainThe brain
–– Does not forgive !! (like other organs)Does not forgive !! (like other organs)
–– The mean or median does not count!!The mean or median does not count!!

•• If you do 10 weeks perfectly, but 5 minutes not,If you do 10 weeks perfectly, but 5 minutes not,
only the 5 minutes will countonly the 5 minutes will count

•• Only a winner when you win all & always!!Only a winner when you win all & always!!



WinnersWinners

Donovan Bailey



The injured brain & The injured brain & HemodynamicsHemodynamics

•• Goals of hemodynamic Goals of hemodynamic therapytherapy

–– maintainmaintain sufficientsufficient FLOWFLOW
•• ((oxygenoxygen richrich bloodblood))

–– maintainmaintain sufficientsufficient PERFUSION PRESSUREPERFUSION PRESSURE

•• ContinuousContinuous measurementsmeasurements
•• InstantaneousInstantaneous actionaction wheneverwhenever necessarynecessary
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•• WhatWhat happens happens duringduring ((inducedinduced) ) hypothermiahypothermia

–– ShiveringShivering higherhigher energeticenergetic demandsdemands HR HR ↑↑
•• toto bebe preventedprevented

–– HR HR ↓↓ SVR SVR ↑↑ SV SV ~~ MAP ~MAP ~
–– Risk of arrhythmiasRisk of arrhythmias

•• avoid PA catheter (opinion)avoid PA catheter (opinion)
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•• AssessmentAssessment of of preloadpreload
•• Target Target forfor ““optimaloptimal preloadpreload””

–– Def.: Def.: furtherfurther increaseincrease of of preloadpreload willwill notnot increaseincrease SVSV

•• AssessAssess circulatorycirculatory sufficiencysufficiency
–– notnot ““highhigh””, , notnot ““lowlow”” butbut ““sufficientsufficient””

•• UseUse of of vasoactivevasoactive drugsdrugs

Girbes ARJ, Groeneveld ABJ. Clinical Intensive Care. 2000; 11:77-88
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•• AssessmentAssessment of of 
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•• PhysiologicalPhysiological cardiaccardiac reservereserve
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Indication for fluid administrationIndication for fluid administration

Effect fluid administrationEffect fluid administration



VochtbeleidVochtbeleid

•• Indices of "fluid responsiveness"Indices of "fluid responsiveness"
–– In mechanically ventilated patientsIn mechanically ventilated patients
–– FluidadministraionFluidadministraion

•• Favorable in steep partFavorable in steep part
•• Unfavorable in flat partUnfavorable in flat part
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HypovolemiaHypovolemia

•• Suspicion of Suspicion of hypovolemiahypovolemia
–– NOT one single parameterNOT one single parameter

•• BP, HR, circulatory indices BP, HR, circulatory indices –– diuresis / diuresis / physicalphysical examexam
•• CVP (curve), [PAOP, CO / SV]CVP (curve), [PAOP, CO / SV]
•• Arterial curveArterial curve

–– Signs of poor peripheral perfusion: Signs of poor peripheral perfusion: lactatelactate, SvO, SvO22

•• Effect of fluid administration Effect of fluid administration 
•• BP, HR, etcBP, HR, etc
•• CVP (curve), [PAOP, CO / SV]CVP (curve), [PAOP, CO / SV]
•• ArterialeArteriale curvecurve

–– Signs of peripheral perfusionSigns of peripheral perfusion, , lactatelactate, SvO, SvO22



The injured brain & The injured brain & HemodynamicsHemodynamics
Vigilance armVigilance armééee & permanente& permanente

•• PropertiesProperties of of heartheart changechange continuouslycontinuously
–– ComplianceCompliance (( StarlingStarling curve)curve)
–– ContractilityContractility

•• ChangingChanging vascularvascular bedbed
•• EffectsEffects of of mechanicalmechanical ventilationventilation
•• EffectsEffects of of changingchanging body body temperaturetemperature
•• FluidFluid lossloss

–– Diuresis Diuresis –– transpirationtranspiration/ / perspirationperspiration
–– Ascites Ascites –– pleurafluidpleurafluid
–– CapillaryCapillary leakageleakage
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•• MeasureMeasure response response onon therapytherapy
((fluidfluid challengechallenge))

–– BedsideBedside!!!!!!!!
–– Important Important rolerole physicianphysician & ICU nurse& ICU nurse
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Vigilance armVigilance armééee & permanente& permanente

•• Target: CVP 18 mm HgTarget: CVP 18 mm Hg

WRONGWRONG
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Simple predictors of fluid responsiveness Simple predictors of fluid responsiveness 
bedsidebedside

•• Leg tilt Leg tilt -- effect on effect on RR / HR / CVP / RR / HR / CVP / CO / SVCO / SV
•• Systolic pressure variationSystolic pressure variation
•• Pulse pressure variationPulse pressure variation
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PulsePressurePulsePressure variationvariation

Michard et al. AJRCCM, 2000



VochtbeleidVochtbeleid

•• PulsepressurePulsepressure variationvariation
–– n=40 n=40 circulatorycirculatory failurefailure (in sepsis)(in sepsis)
–– Response Response onon 500 cc 500 cc colloidcolloid

–– DistinguishDistinguish
•• ResponderResponder = = increaseincrease CI > 15%CI > 15%
•• NonNon--responderresponder

Michard et al. AJRCCM, 2000
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•• PulsePulse--pressurepressure variationvariation ((deltadelta--PPPP))
–– DeltaDelta--PPPP ((PPVPPV) = PP ) = PP maxmax –– PP min / PP PP min / PP meanmean

in %in %

–– PPV PPV ≥≥ 13% 13% distinguishesdistinguishes (non(non--) ) respondersresponders
•• SensitivitySensitivity 94%94%
•• SpecificitySpecificity 96%96%

Michard et al. AJRCCM, 2000



CorrelationCorrelation PPV & PPV & changechange in CIin CI

Michard et al. AJRCCM, 2000
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•• WhatWhat ifif fluidsfluids are are notnot enoughenough??
–– problemproblem brainbrain
–– problemproblem heartheart (post (post resucitationresucitation, post , post coronarycoronary interventionintervention))
–– otherother? e.g. ? e.g. vasoplegiavasoplegia / sepsis / / sepsis / SIRSSIRS/ etc./ etc.

Girbes ARJ.  Resuscitation. 2000 Dec 13; 47(3): 339-342. 
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•• UseUse of of inotropesinotropes

Michard et al. AJRCCM, 2000

DA1 DA2 alpha1 alpha2 bèta1 bèta2
Dobutamine 0 0 0-1* 0 2 1
Dopamine 2 1 1-2* 0-1 1-2* 0-1*

Dopexamine 1 0-1 0 0 0-1 2
Noradrenaline 0 0 2 1-2 1-2 1
Adrenaline 0 0 2 1-2 1-2 2
Isoprenaline 0 0 0-1* 0-1* 2 1
Fenoldopam 2 0 0# 0 0 0
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•• The The brainbrain needsneeds
–– flowflow
–– perfusionperfusion pressurepressure
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VasoVaso--active drugsactive drugs

•• My experience:My experience:
Norepinephrine allergic syndromeNorepinephrine allergic syndrome

–– specific effects of norepinephrine in the ICUspecific effects of norepinephrine in the ICU
•• substantial increase in heart rate + BPsubstantial increase in heart rate + BP
•• rise in temperaturerise in temperature
•• aggressive behavioraggressive behavior
•• rare cases: fighting behaviorrare cases: fighting behavior
•• strangely: not in patientsstrangely: not in patients



Metabolic effectsMetabolic effects
VasoVaso--active drugsactive drugs

•• Norepinephrine allergic syndromeNorepinephrine allergic syndrome
–– epidemiologyepidemiology

•• mainly in (cardiothoracicmainly in (cardiothoracic--) surgeons) surgeons
•• cardiologistscardiologists

case of case of norepinephrinonorepinephrino--phobiaphobia
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NorepinephrineNorepinephrine

•• Norepinephrine is bad for the heartNorepinephrine is bad for the heart
–– Deleterious effects on aerobic metabolismDeleterious effects on aerobic metabolism

•• Increases BPIncreases BP
•• Increases Systemic Vascular ResistanceIncreases Systemic Vascular Resistance
•• Induces vasoconstrictionInduces vasoconstriction
•• Induces coronary vasoconstrictionInduces coronary vasoconstriction
•• Induces ischemiaInduces ischemia

–– Is it this simple?Is it this simple?



The injured brain & The injured brain & HemodynamicsHemodynamics
norepinephrinenorepinephrine

•• NorepinephrineNorepinephrine
–– potent peripheral vasoconstrictor potent peripheral vasoconstrictor 
–– widely used in the ICUwidely used in the ICU

•• vasoplegicvasoplegic shockshock
•• during cardiac shock ?!@during cardiac shock ?!@

–– restores perfusion pressurerestores perfusion pressure

–– e.g. can improve brain perfusion, renal functione.g. can improve brain perfusion, renal function
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NNorepinephrine and the Heartorepinephrine and the Heart

•• Norepinephrine Norepinephrine –– cadiaccadiac effectseffects
–– inducesinduces coronarycoronary vasodilationvasodilation
–– improves coronary circulationimproves coronary circulation
–– improves oxygen deliveryimproves oxygen delivery
–– improves improves endocardialendocardial oxygen deliveryoxygen delivery
–– reduces infarct sizereduces infarct size

Sun et al. July 2002, CirculationSun et al. July 2002, Circulation
Hoffman & Hoffman & SpaanSpaan, 1990, 1990
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•• ConclusionsConclusions
–– MaintainMaintain perfusionperfusion pressurepressure AND AND flowflow
–– SufficientSufficient is is enoughenough. . ““BetterBetter is the is the enemyenemy of of goodgood””
–– VeryVery veryvery close close observationobservation of of hemodynamicshemodynamics
–– OptimalOptimal preloadpreload

•• PPV and PPV and otherother indicesindices
–– VasoVaso--activesactives basedbased onon hemodynamic hemodynamic profileprofile

•• norepinephrine is norepinephrine is notnot bad bad forfor the the heartheart
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