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Stroke: 
 affects 3% of patients
 3-fold ⬈ the in-hospital mortality
 10-fold ⬈ the global mortality

Silent stroke:
 affects > 50% of patients (detected by MRI)
 is involved in 1/3 of early POCD

Stroke in Cardiac Surgery 

McKhann et al. Stroke 2006 

Vedel et al. Circulation 2018



Cortical Stroke 

Embolic stroke

Focal or multifocal embolization of:
o Atherosclerosis debris

(release into de the  
bloodstream by surgical 
manipulation of heart valve 
or the ascending aorta)

Focal or multifocal embolization of:
o Atherosclerosis debris

(release into de the  
bloodstream by surgical 
manipulation of heart valve 
or the ascending aorta)

o Fat or air bubbles



Subcortical or Watershed Stroke 

HYPOPERFUSION



MRI: Cortical and Subcortical Strokes 

Gottesman et al. Stroke 2006

Acute territorial infarct
= cortical stroke

Watershed infarct
= subcortical stroke



With MRI, stroke after cardiac surgery involved:
 Embolic infarct alone in 25-40% of cases

 Watershed infarct in ≈ 70% of cases 

 Mixed (watershed and embolic) infarcts in ≈ 75% of cases:
o Unilateral watershed in ≈ 70% of cases
o Bilateral watershed in ≈ 50% of cases

Physiopathology of Stroke in Cardiac Surgery

Gottesman et al. Stroke 2006 

Gottesman et al. Stroke 2006
Vegel et al. Circulation 2018

Vegel et al. Circulation 2018



Is there a « GOOD » MAP in CPB
to avoid hypoperfusion ?



Lower Limit of Brain Autoregulation
autoregulation

43 90

Loss of autoregulation in cardiac surgery is
MAP between 43-90 mmHg (IC95%)

Joshi et al. Anesth Analg 2012

CEREBRAL BLOOD PRESSURE (mmHg)



Gold et al. JCTVS 1995

 Single center RCT
 248 patients (124 vs 124)
 Primary elective CABG with CPB
 Low (50-60 mmHg) vs High (80-100 mmHg) MAP during CPB
 Phenylephrine (< 2 mg), then norepinephrine
 Fixed pump flow: 1.6 L.min-1.m-2  at 28°C and 2.4 L.min-1.m-2  during 

rewarming period
 Primary end point:  Mortality and/or neurologic injury and/or cardiac 

infarction until 6 months
 Limits: heterogeneous composite outcome, hypothermia, no brain 

MRI assessment of new ischemic injuries



Gold et al. JCTVS 1995

Silent strokes ????



Gold et al. JCTVS 1995

Low PF <2.4

Low Ht < 24%

The 3 « LOW »…..not good !

Low PAM



Gold et al. JCTVS 1995

NSNS

Preoperative status (SF36) 6 months status (SF36)



Vedel et al. Circulation 2018

 Single center RCT
 197 patients (98 vs 99)
 CABG and/or Valvular surgery with CPB
 Low (40-50 mmHg) vs High (70-80 mmHg) MAP during CPB
 Hypotension: Phenylephrine (< 2 mg), then norepinephrine < 0.4 μg.kg-1.min-1

 Hypertension: no medical treatment
 Fixed pump flow: 2.4 L.min-1.m-1, T° > 33°C
 Primary end point: New neurologic injury diagnosed with MRI



Vedel et al. Circulation 2018



Vedel et al. Circulation 2018



Vedel et al. Circulation 2018

>> 2.4



Need to be avoided:
 Low MAP WITH Low Pump Flow
 High MAP WITH High flow

But we can probably do it better….

Then….



Vedel et al. Circulation 2018





The « adapted » Pump Flow:

Role of the Goal Directed Perfusion



Tissular perfusion: DO2

De Somer et al. Crit Care  2018



Tissular perfusion: VCO2

De Somer et al. Crit Care  2018



Tissular perfusion: VCO2

De Somer et al. Crit Care  2018



De Somer et al. Crit Care  2011

• Prospective study, retrospective analysis
• 359 patients
• DO2 and DO2/VCO2

• IC 2.4-2.8 L/min/m2

• T: 30-34°C
• CGR if <6-7g/dL
• Objective: Association DO2 &DO2/VCO2 and AKI (AKI 

stages) for the first 48 hours after surgery
• Multivariable logistic regression models



De Somer et al. Crit Care  2011



Newland et al. Ann Thorac Surg 2019

• Prospective database (9 Australia and New Zeland center)
• Retrospective analysis
• 19 410 patients with CPB
• For 2008 to 2016 in (9 Australia and New Zeland center)
• T°: ?
• Objective: Multivariate logistic regression for calculating the optimal minimal 

DO2 value to predict postoperative AKI (RIFLE score)



Newland et al. Ann Thorac Surg 2019

270 ml/min/m2



Newland et al. Ann Thorac Surg 2019



Oshita et al. J Am Heart Assoc  2020

• Prospective study
• 202 patients between 2017 and 2019
• Threshold : 300 ml/min/m2

• T = 34°C
• AKI (KDIGO)
• CI: 2.5 mL/min/m2

• CGR: <8g/dL
• Objective: correlation between AUC < 300 ml/min/m2 & AKI



Oshita et al. J Am Heart Assoc  2020

AUC 0.73 (95%CI:0,61-0,83)



Magruder et al. J Thorac Cardiovasc Surg 2017

• Before/After study
• 88 control patients (2010-2015) matched 1:1 to 88 patients with GDP (>2015) with

propensity score analysis
• IC: for DO2 > 300 ml/min/m2 vs 1.8-2.2 L/min/m2 

• T: 28-34°C
• CGR if Hb < 8g/dL
• Outcome: AKI (KDIGO) for the first 72 hours after surgery



Magruder et al. J Thorac Cardiovasc Surg 2017



Magruder et al. J Thorac Cardiovasc Surg 2017



Magruder et al. J Thorac Cardiovasc Surg 2022

• Retrospective analysis study
• 834 patients between 2019 to 2020
• AUC DO2 < 280 ml/min/m2

• Composite Outcome: correlation with mortality, renal failure, prolonged
ventilation > 24h, stroke, Wound infection and reoperation



Magruder et al. J Thorac Cardiovasc Surg 2022



Magruder et al. J Cardiothorac Vasc Anesth 2018

• Retrospective study
• 43 patients 
• UCH-L1 levels at 6 and 24 hours after CPB 

cessation
• Objective: AUC DO2 < 225 ml/min/m2

correlated to stroke with TDM and IRM



Magruder et al. J Cardiothorac Vasc Anesth 2018



Ranucci et al. J Thorac Cardiovasc Surg 2018

• RCT (multicenter study)
• 326 patients
• DO2 > 280 ml/min/m2

• IC 2.4-3.0 L/min/m2 vs 2.4 L/min/m2 

• T: 32-34°C
• CEC > 60 min or < 90th percentile of the CPB time distribution
• CGR if DO2 < 280 ml/min/m2 and Sv02 < 68 and/or Oxygen extraction rate > 40%
• Outcome: AKI (AKIN) for the first 48 hours after surgery



Ranucci et al. J Thorac Cardiovasc Surg 2018



Ranucci et al. J Thorac Cardiovasc Surg 2018



Mukaida et al. J Thorac Cardiovasc Surg 2023

• RCT (1 center)
• 300 patients
• DO2 > 300 ml/min/m2

• IC 2.6-3.0 L/min/m2 vs 2.6 L/min/m2 

• T >35°C
• CGR if <7g/dL
• Outcome: AKI (KDIGO) for the first 48 hours after surgery



Mukaida et al. J Thorac Cardiovasc Surg 2023



Mukaida et al. J Thorac Cardiovasc Surg 2023

Mukaida et al. J Thorac Cardiovasc Surg 2023



Mukaida et al. J Thorac Cardiovasc Surg 2023



Hariri et al. Crit Care  2023

• 601 patients
• AKI: KDIGO and AKIN score
• DO2: < 280 ml/min/m2 and < 300 ml/min/m2 

RR 0,55 (IC95%: 0,40-0,76)



Wahba et al. Eur J Cardiothorac Surg 2025
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The « adapted » cerebral perfusion:The « adapted » cerebral perfusion:
NIRS to detect loss of autoregulation ?



Subramanian et al. Anesthesiology 2016



Murkin et al. Anesth Analg 2007



Slater et al. Ann thorac Surg 2009
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61% rSO2 ➘ during CPB….
….resolved in 92%!

Subramanian et al. Anesthesiology 2016



PF: 2.4 L.min-1.m-2 PF: 3 L.min-1.m-2

Valeurs 
de base:
77/70
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The « GOOD » strategy:
GDP & NIRS ?







« red blood-cell AND tranfusion AND cardiac surgery »

Because the effect of restrictive versus liberal red-cell transfusion
strategy on clinical outcomes in patients undergoing cardiac surgery
remains unclear......

Mazer et al. NEJM 2017



Golberg et al. J Extra Corpol Technol 2016

 18 886 patients opérés cardiaques



Accident vasculaire cérébral

Golberg et al. J Extra Corpol Technol 2016



Insuffisance Rénale

Golberg et al. J Extra Corpol Technol 2016



Ventilation prolongée

Golberg et al. J Extra Corpol Technol 2016



Mortalité

Golberg et al. J Extra Corpol Technol 2016



Dencker et al. Transf Med 2017



Dencker et al. Transf Med 2017



Habib et al. J Thorac Cardiovasc Surg 2003



Habib et al. J Thorac Cardiovasc Surg 2003



Habib et al. J Thorac Cardiovasc Surg 2003



Koch et al. Ann Thorac Surg 2017



Koch et al. Ann Thorac Surg 2017



Koch et al. Ann Thorac Surg 2017

NS



 5243 patients opérés cardiaques à moyen et haut 
risque opératoire (Euroscore I > 6)

Mazer et al. NEJM 2017

 Transfusion si:
• restrictif: Hb < 7,5g/dL
• libéral: Hb > 9,5 g/dL (OR ou ICU) et > 8,5g/dL hors ICU

 Outcome principal:
• décès, IDM, AVC, IRA avec EER à l’hôpital ou dans les 28 

jours
 Outcome IIaire:

• Transfusion
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p<0,01

OR: 0,41 (IC95: 0,37-0,47)

Mazer et al. NEJM 2017



Mazer et al. Eur Heart J 2019



Wabha et al. Interdisc CardioVasc Thor Surg 2025



Casselman et al. EACTA/EACTS/EBCP 2025





Kunst et al. BJA 2019

Ranucci et al. Perfusion 2011



Pagano et al. Eur J Cardiothor Surg 2018

De Somer et al. Crit Care 2011







61% rSO2 ➘ during CPB….
….resolved in 92%!

Subramanian et al. Anesthesiology 2016
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Take Home Messages
A « good» hemodynamic management during 
CPB is a “case by case” strategy :
adapted to the patient (not  to the physician)
Pump flow ++++
DO2, D02/VC02, Ht….
MAP is the last step (MAP ≈ 50 mmhg)
Adapted transfusion

Crucial and modern tools are:
GDP
NIRS


