
Diffi lt ti fDifficult separation from 
cardiopulmonary bypass

André Denault MD PhD FRCPC,CSPQ, ABIM-CCM, FASE  
Professeur agrégé de clinique
Département d’anesthésiologiep g

Institut de Cardiologie de Montréal
Service des soins intensifs

Centre Hospitalier Universitaire de Montréal

1



andre.denault@umontreal.ca
2011



RessourcesRessources
www.anesth.umontreal.ca/Denault.htmlwww.anesth.umontreal.ca/Denault.html



Key pointsKey points
• Difficult separation from CPB is the most p

important factor associated with post-
operative complications and mortalityp p y

• Difficult separation from CPB leads to 
brain and systemic desaturationbrain and systemic desaturation

• Right ventricular failure is the common 
denominator in difficult separation fromdenominator in difficult separation from 
CPB
P d t t t h diffi lt• Proposed strategy to approach difficult 
weaning from CPB



Denault et al. Current Opinion in Anesthesiology 2013
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“..sending a man to the 
moon and bring him backmoon and bring him back 
safe before the end of this 
decade.”

May 25th1961





« Houston, we've had a problem. », p

Apollo XIII Ron Howard 1995 



What is difficult 
separation from 

CPB?





DéfinitionDéfinition
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MortalityMortality



Hypothesis #1Hypothesis #1

Difficult separation from CPBDifficult separation from CPB 
is an independant risk factor p

of morbidity and mortality
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Mode of operationMode of operation
• Photons with two separate 

wavelenght are captures by awavelenght are captures by a 
receptor 

Th h t ill t t• The photons will penetrate 
superficial and deep tissues down 
to the frontal cortex

• The superficial signal is substracted 
from the final signal
(“S ti ll l d NIRS”)(“Spatially resolved NIRS”)

• The final signal originates from g g
deeper cortical tissue 



At the same time





Difficult separation from CPBDifficult separation from CPB
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Normal RV functionCase 1
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Case 1 Abnormal RV function
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Is the Swan-Ganz useful in 
diagnosing RV dysfunction?







Pulmonary artery pressurePulmonary artery pressurePulmonary artery pressurePulmonary artery pressure

Right ventricular pressureRight ventricular pressure





RV dysfunctiondys u c o
Hepatic venous flow



xPre-op RV dysfunction: 
t i l t l d f tventricular septal defect

Hepatic venous flow

D

Hepatic venous flow

S D

Robitaille JTCVA 2006



Severe RV dysfunctionSevere RV dysfunction

Hemodynamic instability



Severe RV dysfunctionSevere RV dysfunction

Diastolic equalisation

RV P ls s tard s and ↓ p lse press reRV Pulsus tardus and ↓ pulse pressure



68 yo ♂ CABG and AVR68 yo ♂ CABG and AVR

StO2

ScO2





Before CPB After CPB











Case 2
•75 year old woman•75 year old woman 
•Underwent CABG and AVR 
•Went back on CPB X 2 

Normal

•MAP 91/30, PAP 34/26 ,Pra 20 mmHg
•On adrenaline, milrinone and dopamine



Case 2 56

48 mmg gradient with a Pra of 20 mmHg
Systolic Pap of 68 mmHg
Measured systolic Pap = 34 mmHg ???

Continuous wave Doppler

Measured systolic Pap  34 mmHg ???





Case 2

Normal

ME inflow‐outflow view

Denault et al TEE multimedia manual 2005



RVOT obstruction



Haddad et al  Anesth Analg 2009







Heart rate optimisation







Management of RV failureManagement of RV failure

Two types of acute RV failureTwo types of acute RV failure
Systolic failure: ischemic or not

Associated with LV failureAssociated with LV failure
Acute increase in afterload (non-ischemic)

Associated with normal LV functionAssociated with normal LV function







Severe RV Failure from 
CO2 b liCO2 embolism

After inhaled prostacyclinAfter inhaled prostacyclin

Martineau Anesth Analg 2003





In summaryIn summary



ConclusionConclusion

• 78% of patients dying after cardiac surgery have78% of patients dying after cardiac surgery have 
experienced difficult separation from CPB

• Tissue hypoperfusion associated with DSB yp p
explains why it can be lethal

• Right ventricular dysfunction is associated with g y
DSB and is the most dangerous complication

• The diagnosis of RV failure is essential: visual, 
RV pressure waveform or echocardiography

• Treatment strategy has to be tailored in relation 
to the underlying mechanism and the associated 
conditions
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