
The Importance of Cardiac The Importance of Cardiac 
Output Monitoring in Output Monitoring in 

Paediatric Management Paediatric Management 
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Cardiac functionCardiac function
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Cardiac FunctionCardiac Function--SystolicSystolic

nn Systolic cardiac functionSystolic cardiac function
•• interaction of four interaction of four interdependentinterdependent factors:factors:

nn Heart rateHeart rate
nn PreloadPreload
nn ContractilityContractility
nn AfterloadAfterload

nn Heart rate measurableHeart rate measurable
nn Preload Preload -- invasive pressure invasive pressure -- CVP/PA wedgeCVP/PA wedge
nn Contractility and Contractility and afterloadafterload --difficult difficult (FS/conductance/SVR)(FS/conductance/SVR)

nn ICU cardiac function ICU cardiac function -- bedside cardiac outputbedside cardiac output



Cardiac functionCardiac function
Adequacy of cardiac output and oxygen deliveryAdequacy of cardiac output and oxygen delivery
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Assessing circulatory Assessing circulatory 
disturbancesdisturbances
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1) Tibby S et al.  Clinicians’ abilities to estimate cardiac index in ventilated 
children and infants. Arch Dis Child 1997;77:516–18



CaveatCaveat

nn Flow without Flow without HbHb + art+ art’’ satssats -- ??misleadingmisleading

nn Cellular viability dependsCellular viability depends
•• O2 deliveryO2 delivery (CO X arterial oxygen content) (CO X arterial oxygen content) 

•• O2 extractionO2 extraction

nn As well as COAs well as CO



Cardiac outputCardiac output

nn Volume of blood ejected by heart per minuteVolume of blood ejected by heart per minute

nn NB Interplay NB Interplay -- HR preload contractility + HR preload contractility + afterloadafterload

nn Manifestation of cardiac function measurable at bed sideManifestation of cardiac function measurable at bed side

nn In children indexed to BSAIn children indexed to BSA --cardiac indexcardiac index
•• same same ““ normalnormal ”” valuevalue

nn --3.53.5––5.5 l/min/m2 regardless age/size5.5 l/min/m2 regardless age/size



Why Measure CO in ICUWhy Measure CO in ICU

nn CVS one of commonest organ failures in PICU CVS one of commonest organ failures in PICU ((Wilkinson)Wilkinson)

nn Other organ failure/support effects myocardial func tionOther organ failure/support effects myocardial func tion

-- egeg ventilation/CVVHventilation/CVVH

nn Low flow state Low flow state 

•• high mortality in certain diseases high mortality in certain diseases (Mercier JC et  al)(Mercier JC et  al)

nn Flow poorly estimated clinically Flow poorly estimated clinically ((TibbyTibby et al)et al)

•• Hence titrate treatment against BP! Hence titrate treatment against BP! 

nn Adequate organ perfusion pressure vitalAdequate organ perfusion pressure vital

•• BUT BP affected by BUT BP affected by CO and SVRCO and SVR
•Wilkinson et al. Outcome of pediatric patients with MOSF. Crit Care Med 1986;14:271–4
•Mercier JC et al Hemodynamic patterns of meningococc al shock in children. CCM 1988;16:27 
•Tibby et al Clinicians’ abilities to estimate CI  in ventilated children and infants. Arch Dis Child 1997 ;77:516–18 



When to measure CO When to measure CO 
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nn Thompson A. Pulmonary artery catheterization in children. New Thompson A. Pulmonary artery catheterization in children. New horizhoriz 1997;5:2441997;5:244––5050

�� �%��'��������%��'�������
�� ���"�����	���
���(!���
�%�����
���������"�����	���
���(!���
�%�����
������
�� )!	���	����"��� ��	!��)!	���	����"��� ��	!��
�� ���
���!	�����
������������������
���!	�����
��������������� 
�����	��� ������	"����������
�����	��� ������	"����������

nn AlsoAlso
�� &������%&������%
�� )��������"��  ������ �
�!"��)��������"��  ������ �
�!"�� �"�" ������%������"����������%������"����
�� *�&�	��������	
�"��	��%����
�������������*�&�	��������	
�"��	��%����
�������������

+��!���
�����	����!	���������������%��"���%����
+��!���
�����	����!	���������������%��"���%����




When to measure CO in ICUWhen to measure CO in ICU
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Anyone like to NOT know Anyone like to NOT know 
her cardiac output?her cardiac output?
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Goal TherapyGoal Therapy --Adjustments in:Adjustments in:--
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InotropesInotropes

((inoino --)Dilators)Dilators

Contractility Contractility (conductance)(conductance)

RelaxationRelaxation

Systolic functionSystolic function

Diastolic functionDiastolic function

SVRSVRVentriculoVentriculo --arterial arterial 
coupling coupling --EesEes/Ea/Ea

AfterloadAfterload

fluids/CVPfluids/CVPLVEDPLVEDPPrePre--loadload
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Aim to balance O2 delivery with O2 demand



Goal TherapyGoal Therapy

nn MVOMVO22

•• Good surrogate for cardiac indexGood surrogate for cardiac index
(assuming constant(assuming constant --O2 consumption, Hb concentration, arterial O2 saturation) 

nn GattinoniGattinoni et al. A trial of goalet al. A trial of goal--oriented oriented hemodynamichemodynamic therapy in critically ill therapy in critically ill 
patients. N patients. N EnglEngl J Med 1995;333:1025J Med 1995;333:1025--3232

nn CVO2CVO2
•• Reasonable surrogate for MVOReasonable surrogate for MVO 22

nn Reinhart et al. Comparison of CV to MV O2 Reinhart et al. Comparison of CV to MV O2 satssats during changes in O2 during changes in O2 
supply/demand.Chest 1989;95:1216supply/demand.Chest 1989;95:1216--2121



Paediatric SepsisPaediatric Sepsis
nn ? ? Manipulation other variables equally successfulManipulation other variables equally successful

nn EgEg Cardiac outputCardiac output

nn ? Any of this valid in children? Any of this valid in children
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Role of early fluid resuscitation in pediatric septi c shock. Carcillo JA, Davis AL, Zaritsky A. JAMA 
1991 4;266(9):1242-5
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Ideal characteristicsIdeal characteristics
--CO deviceCO device

•• NonNon--invasiveinvasive

•• Applicable to many patientsApplicable to many patients

•• Applicable over a wide range of flowApplicable over a wide range of flow

•• Accurate (Accurate (cfcf other techniques)other techniques)

•• ReproducibleReproducible

•• Easy to useEasy to use

•• Rapid data acquisitionRapid data acquisition

•• Cost effectiveCost effective



How to measure cardiac outputHow to measure cardiac output
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PA catheterPA catheter
Swan HJ et al. Catheterization of heart in man with  flowSwan HJ et al. Catheterization of heart in man with  flow --directed, balloondirected, balloon --tipped tipped 
catheter. N catheter. N EnglEngl J Med 283:477, 1970J Med 283:477, 1970
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n (1) Iberti T et al. A multicenter study of physicians’ knowledge of PA catheter. JAMA. 1990;264:2928–32
n (2) Gnaegi A, Feihl F, Perret C. Intensive care physicians’ insufficient knowledge of Rt-heart catheterization at bedside: time to act? CCM 

1997;25:213–20



Measuring Cardiac OutputMeasuring Cardiac Output
InvasiveInvasive

FickFick equationequation --‘‘gold standardgold standard ’’

CO calculated CO calculated ®®

nn ArtArt--VenousVenous--OO22 content difference & Ocontent difference & O22 consumption consumption 
•• OO22 consumption (consumption (spirometryspirometry) and O) and O22 content (ABG)content (ABG)
•• MVOMVO22 needs PA catheterneeds PA catheter

•• technical skill technical skill --unfeasible as routine unfeasible as routine 
•• several devices use variantsseveral devices use variants

Adolph Fick 1870



Measuring Cardiac OutputMeasuring Cardiac Output -- InvasiveInvasive
FickFick principle with principle with COCO22
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CO2 not eliminated-exhaled CO2 approaches MVCO2
Et CO2 - non-invasive estimate of PaCO2



Pulse contour analysisPulse contour analysis

"Upon the amount of blood that is thrown out by the "Upon the amount of blood that is thrown out by the 
heart during systole then, does the magnitude of heart during systole then, does the magnitude of 
the pulsethe pulse--pressure in the aorta dependpressure in the aorta depend““

1904 Erlanger and Hooker 1904 Erlanger and Hooker 

•• Relation CO and arterial pulse contour Relation CO and arterial pulse contour 



Pulse contour analysisPulse contour analysis
PiCCOPiCCO

•• Area under systolic portion of pulse pressure waveformArea under systolic portion of pulse pressure waveform

•• Calibration Calibration --transpulmonarytranspulmonary thermodilutionthermodilution

•• 44--Fr arterial probe Fr arterial probe --so older childrenso older children

•• Now 1.3 Fr probeNow 1.3 Fr probe



PICCOPICCO--parameters obtainedparameters obtained

TranspulmonaryTranspulmonary
ThermodilutionThermodilution

nn TranspulmonaryTranspulmonary COCO
nn IntrathoracicIntrathoracic blood volume blood volume 
nn Global endGlobal end--diastolic volume diastolic volume 
nn ExtravascularExtravascular lung water lung water 
nn Pulmonary vascular Pulmonary vascular 

permeability index permeability index 
nn Cardiac Function IndexCardiac Function Index
nn Global Ejection Fraction Global Ejection Fraction 

ContinuousContinuous PulsePulse
ContourContour AnalysisAnalysis

nn Continuous Pulse Contour COContinuous Pulse Contour CO
nn ABPABP
nn Heart RateHeart Rate
nn Stroke Volume Stroke Volume 
nn Stroke volume variation Stroke volume variation 
nn SVR SVR 
nn Index of left ventricular Index of left ventricular 

contractilitycontractility
nn Pulse pressure variation Pulse pressure variation 



Pulse contour analysis Pulse contour analysis 
PulseCOPulseCO [[LiDCOLiDCO, UK) , UK) 

Frequency analysisFrequency analysis
nn aortic impedanceaortic impedance
nn aortaaorta--radial transfer functionradial transfer function
nn aortic flow aortic flow 
nn radial pressureradial pressure

nn Need radial arterial lineNeed radial arterial line
+ calibration + calibration --lithium dilutionlithium dilution

nn infants and childreninfants and children



Partial Partial RebreathingRebreathing Cardiac OutputCardiac Output
Indirect Indirect FickFick (Non Invasive (Non Invasive --NICO)NICO)

nn VCO2 = CO x  (CvCO2 VCO2 = CO x  (CvCO2 —— CaCO2) CaCO2) But But CvCO2 CvCO2 ‘‘invasiveinvasive’’

nn AssumingAssuming CvCO2 + CO constant 3 CvCO2 + CO constant 3 minsmins
•• VCO2NVCO2N--VCO2R = CO x (CaCO2RVCO2R = CO x (CaCO2R--CaCO2N)CaCO2N)

®® CO = (VCO2NCO = (VCO2N——VCO2R)/(CaCO2RVCO2R)/(CaCO2R--CaCO2N)CaCO2N)

*Pulmonary shunt correction computed*Pulmonary shunt correction computed



Cardiac OutputCardiac Output
NonNon--invasivelyinvasively --DopplerDoppler

nn SuprasternalSuprasternal and pulmonaryand pulmonary
nn TransgastricTransgastric
nn TransTrans--oesophagealoesophageal

nn OesophagealOesophageal Doppler CODoppler CO
•• described 1971, refined 1989 described 1971, refined 1989 
•• validated in children validated in children 

nn Use of transUse of trans --oesophagealoesophageal Doppler Doppler ultrasonographyultrasonography in ventilated pediatric in ventilated pediatric 
patients: Derivation of cardiac output. patients: Derivation of cardiac output. TibbyTibby et al. Critical Care Medicine: et al. Critical Care Medicine: 
28(6) June 2000 pp 204528(6) June 2000 pp 2045 --20502050



Technical basis for techniqueTechnical basis for technique
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flow in cylinder = CSA of cylinder X velocity of fluid in cylinder



Oesophageal DopplerOesophageal Doppler

In ICU



Ideal characteristics Ideal characteristics --
continuouscontinuous CO deviceCO device

•• NonNon--invasiveinvasive

•• Automatic and nonAutomatic and non--operator dependentoperator dependent

•• Accurate (compared to other techniques)Accurate (compared to other techniques)

•• Continuous, real time data displayContinuous, real time data display

•• Easy to useEasy to use

•• No calibration requiredNo calibration required

•• Cost effectiveCost effective



USCOMUSCOM--suprasternalsuprasternal aortic + aortic + 
pulmonarypulmonary



USCOM CARDIAC OUTPUT MONITORING USCOM CARDIAC OUTPUT MONITORING 
ON RETRIEVALON RETRIEVAL

JJ JJ BrierleyBrierley and MJ Peters. Paediatric Intensive Care unit. Great Ormond St and MJ Peters. Paediatric Intensive Care unit. Great Ormond St Hospital, London, UKHospital, London, UK
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When to measure CO with USCOMWhen to measure CO with USCOM
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The FutureThe Future
Benefits of cardiac outputBenefits of cardiac output

nn Early warning monitoringEarly warning monitoring

nn Rational fluid and drug administrationRational fluid and drug administration

nn Decreased procedural complicationsDecreased procedural complications

e.g. bolus injections/vascular accesse.g. bolus injections/vascular access

nn Use for CVS physiology in well childrenUse for CVS physiology in well children

nn Smart resuscitationSmart resuscitation
•• ieie Early Goal directed therapyEarly Goal directed therapy

nn Prospect of outcome modificationProspect of outcome modification



? Questions? Questions


