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Nothing to disclose 



Cardiac output estimation 

Monitoring patients on pVA ECMO 

Echo-guided pacing optimization 

Integrated approach 

Take home messages 

Overview 



CO   =  HR X Stroke Volume  

Cardiac output 

 

SV = LVOT CSA x LVOT VTI  



Stroke Volume  

LV Systolic Function       

Valvular Pathology 

LV Diastolic Function 

Cardiogenic Shock 



(LVOT area x LVOT VTI) 

 VTI = Velocity Time Integral 

 LVOT Area =  3.14 x (1⁄2 LVOT diameter)2 

Stroke Volume 



Pearls 

The LVOT VTI a surrogate for the stroke volume 

Normal value >20 cm 

Record the measured LVOT area in the pt. records 

Average of 5-10 beats in AF 



 

 

 
 

 

SV variations are exaggerated with: 

Pitfalls 

Hypovolaemia  Larger Tidal Volumes        

Cardiac tamponade  

Presumes LVOT is circular. It isn’t! 

Non-alignment of Doppler beam:  VTI will be underestimated 

Error in LVOT diameter will be squared 



Typical with basal septal hypertrophy 

Dynamic LVOT Obstruction 

Close approximation of lateral wall and septum 

Echo Findings 

Systolic anterior motion of the anterior mitral leaflet. 

Dagger-shaped Doppler pattern of LVOT flow 



Dynamic LVOT Obstruction 

Causes Acute MI in the apical and mid segments 

Stress Cardiomyopathy (Takatsubo) 

Dobutamine in patients with small LV cavity (concentric LVH) 

Hyperdynamic states (Sepsis, severe anemia) 

Hypertrophic Cardiomyopathy 

Mitral valve surgery 



Pitfall 

Tachycardia, hypovolemia, and inotropes makes critically ill more prone to it  

Dynamic LVOT Obstruction 



Decision for MCS 

Left heart? Right heart? Both hearts? 

VA ECMO 

(Impella) 

(TH) 

VA ECMO 

Impella RP 

Protek Duo 

(NovaLung)  

VA ECMO 



Combes 2016 



 

 

Monitoring of the pt on pVA-ECMO   

Underlying LV dysfunction 

 afterload due to retrograde VA ECMO flow 

Insufficient unloading of LV 

Pulmonary congestion, edema, hemorrhage. Blood stagnation in LV 



 

 

 

 

 

 

 

 

 

 

 

 
De Backer 2011, Price 2016 

Inadequate LV Decompression 

Progressive ventricular dilatation 

Worsening mitral regurgitation 

Retrograde pulmonary vein systolic flow 

Lack of aortic valve opening 

Intraventricular stasis and thrombus formation 

Retrograde diastolic mitral flow 



 

 

Before septostomy After septostomy 

LV unloading 



Targeted echo: “why O2 worse?” 

Impella displacement, significant MR, pulmonary oedema 



Other important findings? 

+ Right heart dilatation + high PVR + RV restriction 



 
 

 

 

 

 
 

Interventions 

Severe MR – pulmonary oedema – increased PVR: reposition Impella 

Inadequate ECMO drainage of right heart: reposition inlet cannula 



 

  
An iterative method is used whereby the AV delay is changed in 

increments of 10 to 20 ms depending on the native AV delay and mitral 

inflow patterns.  

The optimal AVD was selected on the basis of the best diastolic LV 

filling pattern and CO, and smaller mitral regurgitation (MR) in terms 

of severity and duration. 

The optimal diastolic pattern was defined as E and A wave separation, 

the shortest isovolumic contraction phase, and maximal SV while 

avoiding diastolic MR 



The cardiac output   from 3.2 (2.3/3.8) to 5.7 L/min (4.85/7.1) and cardiac 

index from 1.64 (1.1/1.9) to 2.68 L/min/m2 (2.1/3.2) and the total 

isovolumic time reduced from 22.8 to normal values (<14). 

The glomerular filtration rate (GFR)  significantly except in one patient 

with stage IV chronic kidney disease. All inotropes and vasopressors were 

discontinued within 12 hours of pacemaker optimization on cardiac output, 

and all patients were discharged from the ICU within 1 week. 

Critical Care Medicine. 44(8):e755–e761, AUG 2016 



Integrated Approach 



 
SV estimation is more reliable than EF in critically ill patients 

LVOT VTI can be a useful surrogate for LV Stroke Volume 

Echo is paramount in managing patients with pMCS 

1 

2 

3 

      take-home messages 5 

Echo-guided pacing optimization may improve outcomes in cardiogenic 

shock 
4 

Integrated approach is the key to proper management 5 



 

The Anatomy Lesson of Dr. Nicolaes Tulp. 1632. Rembrandt 
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Le choc cardiogénique, pas si simple …: 
dobutamine, noradrénaline ou adrénaline ? 

Alexandre Mebazaa 
Département d’Anesthésie-Réanimation 

Hôpitaux Universitaires Saint Louis – Lariboisière 

Université Paris 7; INSERM – UMR 942 
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Messages principaux 

 

• ICA sans choc:  

– Mécanisme : « congestion » 

– Traitement initial : Diurétiques/dérivés nitrés pas d’inotropes 

 

• Choc cardiogénique 

– 1) si bas débit cardiaque + infarctus du myocarde/Post-

Arrêt cardiaque 

• Premier médicament : norépinéphrine +/- inotrope si besoin 

– 2) si insuffisance ventriculaire droite 

• Premier médicament : norépinéphrine +/- inotrope si besoin 

– 3) pas d’adrénaline : dans tous les cas!  
 

 



Arrigo M & Mebazaa A; Intensive Care Med, 2015; 5: 912-915 



IAoBP 

Pas d’inotropes ! 



Ishihara et al Clin Res Cardiol 2016.  

Invasive hemodynamics at baseline and after  

treatment in AHF: results of a meta-analysis 
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Whole cohort 

Dopamine 

Dobutamine 

Epinephrine 

Norepinephrine 

Levosimendan 

Diuretics 

Vasodilatators 

Mebazaa et al Intensive Care Medicine 2011 

Effect of IV drugs in-hospital mortality: propensity score 

analysis 



Mebazaa A et al Eur J Heart Failure 2017 



Heart Failure Association:ESC-Long term registry: 

propensity matching 

Mebazaa A et al Eur J Heart Failure 2017 



All catecholamines are not equal! 

Mebazaa A et al Eur J Heart Failure 2017 



IAoBP 

Pas d’inotropes ! 



IAoBP 



VP Harjola et al, Eur J Heart Failure 2015 



CardShock: patients characteristics 

VP Harjola et al, Eur J Heart Failure 2015 



Mebazaa et al.  Intensive Care Medicine 2016 



HF guidelines 2016 

Ponikowski P et al, Heart Failure Guidelines, Eur Heart J, 2016 



Tarvasmäki T et al. Crit Care 2016 



CardShock: Adrenaline is the worse 

vasopressor in cardiogenic shock 

secondary to ACS 

Levosimendan + NA 

Dobu + NA 

Other vasopressors 

Adrenaline 

Tarvasmäki T et al. Crit Care 2016 



CardShock: Detrimental effect of adrenaline  

on organ function (regardless to resuscitation) 

NA 

A 

P interaction = 0.001 P interaction < 0.001 P interaction = 0.03 
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Tarvasmäki T et al. Crit Care 2016 



B Levy et al. Epinephrine vs NE in CS. 

J Am Coll Cardiol, 2018  

Epinephrine vs NE in CS: 

 primary endpoint 

MAP CI 

HR SVI 

E 

NE 



OPTIMA – CC: Epinephrine versus norepinephrine 

in cardiogenic shock 

Levy B et al, J American Coll Cardiol, 2018 

% Refractory Shock Arterial lactate 



Epinephrine and short‐term survival in cardiogenic 

shock: An individual data meta‐analysis of 2,583 patients. 

Levy B et al, J American Coll Cardiol, 2018 



Mebazaa… Thiele. Intensive care Medicine 2018 



STEMI or high-risk ECG signs or symptoms suggesting AMI, < 3 hours 

& hemodynamic instability or resuscitated cardiac arrest 

PCI should be performed < 120 min: 

alert & transfer to cardiac shock center for primary PCI 

 

Cardiac Shock Center 
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• During the transport, start: 

• Aspirin orally or iv 

• Consider potent P2Y12 inhibitor (prasugrel or ticagrelor), or 

clopidogrel if contraindicated, orally 

• Anticoagulation iv 

• If hemodynamic instability: volume loading < 250 ml & 

norepinephrine on peripheral line 

• If SpO2 < 90%: O2 therapy 

Mebazaa… Thiele. Intensive care Medicine 2018 



• Temporary mechanical circulatory support 

Phase I: echocardiography & coronary 

angiography  

Mechanical  

Complications or Coronary 

arteries not suitable for PCI 

  
Surgery or  

interventional approach 

• PCI of the culprit lesion 

• If not done: aspirin, P2Y12 inhibitor 

 & anticoagulation 

• If need to restore BP: norepinephrine 

• If severe hemodynamic instability:  

temporary mechanical circulatory support  

Phase II: ICU, CCU 

Hemodynamic instability 
- Lab testings, ECG 

- Arterial and central lines 

- Norepinephrine/inotrope 

- Repeat echo: RV/LV/lungs 

- PAC: if persistent shock or RV failure 
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Phase III: in case of persistent hemodynamic instability  

& altered organ dysfunction 

Respiratory distress 
- Blood gas, chest X-ray 

- Lung ultrasound 

- NIV or mechanical ventilation 

if needed 

Acute kidney injury 
- Hemodynamic optimization 

- Avoid nephrotoxic drugs 

- Renal replacement therapy 

       if needed 

Resuscitated cardiac arrest  

& brain injury 

- Targeted temperature  

management 

 

Mebazaa… Thiele. Intensive care Medicine 2018 
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Mebazaa… Thiele. Intensive care Medicine 2018 



In case of severe Right 

Ventricular dysfunction 



Management of Right Ventricular dysfynction 

VP Harjola et al. Eur J Heart Failure 2016 



Messages principaux 

 

• ICA sans choc:  

– Mécanisme : « congestion » 

– Traitement initial : Diurétiques/dérivés nitrés pas d’inotropes 

 

• Choc cardiogénique 

– 1) si bas débit cardiaque + infarctus du myocarde/Post-
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• Premier médicament : norépinéphrine +/- inotrope si besoin 
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