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ECLS duration and outcomes
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LV dilation associated with a worse prognosis

LVD++ (n=9)= Clinical 
LVD+ (n=27)= Subclinical LVD
LVD- (n=85)= no signs of LVD

Left 
ventricle

Ascending aorta

Truby LK et al. ASAIO Journal 2017;63:257-65




Puajara D et al. Semin Thoracic Surg 2015;27:17-23 



Dobutamine

• High incidence of arrhythmia 

• Tolerance (receptor 
internalisation, decoupling….)

• Profound vasoldilation 

• Increase MVO2

Nelson GS et al. Circulation 2000; 102: 3053-9



Attractive pharmacological properties of Levosimendan  

 Increase cardiac contractility without increasing intracellular 
calcium concentration 

 No or less increase myocardial consumption 

 Improve diastolic function (lusitropic effect)

 Anti-inflammatory and anti-oxydative effects

 Cardio-protective, anti-stunning and anti-ischemic effects through 
K+-ATP-dependent channel pathway

                       Lilleberg J et al. Eur J Heart 1998; 19:660-8

Nieminen MS et al. J Am Coll Cardiol 2000; 36:1903-12

Vita JA et al. Heart 2005; 91:1278-9



Disadvantages 

 Peripheral vasodilation  

Onset of action (no bolus)

 Arrhythmia 



Definition of weaning from ECLS 

Weaning successful from ECLS is defined as device removal and 

no further requirement for mechanical support because of 

recurring CS over the following 1 to 30 days (alive patients) 

Aissaoui N et al. Intensive Care Med 2015;41:902-5



Patients under ECLS for post-cardiotomy cardiac failure (2007-2013)

Infusion milrinone or Levosimendan before starting ECLS weaning

Primary endpoint : successful weaning defined as 24 hour survival after removal ECLS 

Successful weaning was comparable between groups (92% versus 79%, p=0.18)

Use of IABP was less frequent in levosimendan group (7.7% versus 40%, p=0.008)

ICU and hospital lengths of stay were longer in Levosimendan group 

28-day mortality was comparable (35% versus 40%, p=0.28)

180-day mortality was comparable (50% versus 44%, p=0;80)
Jacky A et al. J Cardiothorac Vasc Anesth 2018;32:2112-9



 Retrospective cohort study (2010-2017)

 150 Patients under VA-ECMO in ICU

 All patients admitted in ICU and treated by VA-ECMO were evaluated (mixed origin)

 Primary endpoint:  VA-ECMO weaning defined as survival at 24 hours without device

 Adjustment by Propensity score to assess use of LVSD on 30-day mortality

Results 

 51 patients were treated by levosimendan 

 LVSD was given 3.2±2.8 days after VA ECMO canulation 

 Weaning from ECLS was successful in 103 (69%) patients (82% versus 62%, p=0.01)

Vally S et al. Ann Intensive Care 2019; 9:24



After propensity score matching, the 

difference in 30-day mortality between 

both groups was not significant (HR 

0.55 [0.27-1.10; p=0.09]  



Guilherme E at al. Critical Care 2020;24:442 

 Retrospective cohort study (2012-2018)

 200 patients under VA-ECMO implanted for different causes 

 Primary endpoint:  VA-ECMO weaning failure defined as death during ECMO or within 24 h after 

VA-ECMO removal 

 Adjustment by Propensity score (48 LVSD/78 control group)

Results 

 53 (26.5%) patients were treated by Levosimendan 

 Duration of VA-ECMO was longer in LVSD group (10.6±4.8 vs 6.5±4.7 days, p<0.001)

 LVSD was given 6.62±2.8 days after VA ECMO implantation  

 Failure weaning 28.3% vs 29.9% (OR 0.92, 95%CI [0.46-1.85]



VA-ECMO weaning failure 29.1% vs 35.4% OR 0.69; 95%CI [0.25-1.88]

28 days mortality 41.0% vs 41.6% OR 1.08 95%CI [0.42-2.81]

6 month-mortality 50.0% vs 54.3% OR 0.79; 95%CI [0.30-2.07] 



 First
author Year Patients Design Clinical context Study period Num Levosimendan 

infusion time Dose (µg/kg/min) Primary endpoint Main results Other

1 Pandey 2013 Children Case report Post cardiotomy 
LCOS NA 1 24 hours before 

ECLS weaning
Bolus 12.5 µg/kg 

and 0.2    

2 Feltracco 2015 Adults Case report Lung transplant 
(RV dysfonction) NA 1 2 days before 

ECMO weaning  0.15    

3 Braun 2006 Adults Single center retrospective before-after study Post cardiotomy 
LCOS 2000-2004 38 

(9/29)
Weainng from CPB 
and ICU

Bolus 20 µg/kg 
and 0.1 to 0.2 Use of inotropes Higher dose of 

epinephrine in ICU
Reduced duration of RRT and ICU, 
hospital and 180-day mortality 

4 Affronti
 2013 Adults Single center retrospective before-after study

Medical and 
surgical 
(Refractory CS)

Jan to Dec 2011 17
(6/11)

24 hours before 
planned ECLS 
weaning

0.05-0.2 Successful weaning 83.3% vs 27.3% 
(p=0.0498) IH mortality NS

5 Sangalli 2016 Adults Single center prospective non comparative 
study  2000-2004 10  0.1 Endothelial function and 

haemodynamic effects

Improved endothelial 
function. 

Increased CI 
ECMO weaning 90%

6 Distelmaier 2016 Adults Single center retrospective before-after study 
(Propensity score)

Post cardiotomy 
LCOS 2003-2014 240 

(179/61)
24 hours following 
ECMO insertion 

12 mg/50 ml for 
24 hours 

30-day mortality and weaning 
from ECMO (death during 
ECMO or within 24 h after 

removal)

ECMO weaning failure 
(adjusted OR 0.41, 
P=0.008) Reduced 

mortality (Adjusted OR 
0.52, P=0.016)

 

7 Jacky 2018 Adults Single center retrospective before-after study 
(milrinone vs LVSD)

Post-cardiotomy 
LCOS 2007-2013 64 (26/38) 24 hours before 

ECLS weaning  
Successful weaning from ECMO 
(alive at 24 hours after removal 

without assistance)
92% vs 79% (p=0.18) ICU and hospital length of stay longer. 

No significant difference for mortality

8 Vally 2019 Adults Single center retrospective before-after study 
(Propensity score)

ICU patients with 
refractory CS 2010-2017

150 (51/99) 

After PS 
103 (38/65)

3.22.8 days after 
ECMO cannulation 
 (ECMO duration 
11.611 days)  

0.2 (no bolus) Successful weaning from ECMO Un-adj 82.4% vs 61.6% 
(P=0.01)

Un-adjusted 30-day survival rate 
(78.4% versus 49.5%, P=0.02). After 
adjustment by PS p=0.09)

9 Guillerme 2020 Adults Single center retrospective before-after study 
(Propensity score)

Medical and 
surgical 
(Refractory CS)

2012-2018

200 (53/147) 

After PS 
126 (48/78)

6.65.4 days after 
ECMO cannulation 
(ECMO duration 
10.64.8 days)   

0.1 to 0.2 during 
24 hours

Weaning failure from ECMO 
(death under ECMO or within 

24 h after removal)

28.3% vs 29.9% (NS)
After PS 29.1% vs 35.4% 

(NS)

No significant difference for 28-day 
and 180-day mortality  

10 Pan 2020 Children Single center retrospective before-after study 
(Propensity score)

Post cardiotomy 
LCOS
  

2012-2018 145 
(54/91)  12.5 µg/kg and 0.2 

over 24-hours

Weaning failure from ECMO 
(death within 24 hours or need 

for ECMO)
Adj RR 0.20 [0.07-0.57] Adjusted RR for in-hospital mortality 

(0.45 [0.26-0.76])
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Effects of levosimendan on weaning and  
survival in adult cardiogenic shock patients 
with veno-arterial extracorporeal membrane 
oxygenation: systematic review and  
meta-analysis

Lucrecia María Burgos,1  Leonardo Seoane,2  
Juan Francisco Furmento,2  Juan Pablo Costabel,2 Mirta Diez,1 
Mariano Vrancic,3 Nadia Aissaoui,4 Mariano Noel Benzadón2  
and Daniel Navia3 

Abstract
Introduction: Veno-arterial extracorporeal membrane oxygenation may be used to support patients with refractory 
cardiogenic shock. Many patients can be successfully weaned, the ability of some medications to facilitate weaning from 
veno-arterial extracorporeal membrane oxygenation were reported. To date, there are limited studies investigating 
the impact of levosimendan on veno-arterial extracorporeal membrane oxygenation weaning. The objective of this 
systematic review and meta-analysis was to assess the effects of levosimendan on successful weaning from veno-arterial 
extracorporeal membrane oxygenation and survival in adult patients with cardiogenic shock.
Methods: We performed a systematic review and meta-analysis (PubMed, the Cochrane Library, and the International 
Clinical Trials Registry Platform published from the year 2000 onwards) investigating whether levosimendan offers 
advantages compared to standard therapy or placebo, in cardiogenic shock adult patients treated with veno-arterial 
extracorporeal membrane oxygenation. The primary outcome was veno-arterial extracorporeal membrane oxygenation 
successful weaning, whereas secondary outcome was all-cause mortality at the longest follow-up available. We pooled 
risk ratio and 95% confidence interval using fixed and random effects models according to the heterogeneity.
Results: A total of five non-randomized clinical trials comprising 557 patients were included, 299 patients for 
levosimendan and 258 patients for control groups. The pooled prevalence of veno-arterial extracorporeal membrane 
oxygenation successful weaning was 61.4% (95% confidence interval 39.8-82.9%), and all-cause mortality was 36% (95% 
confidence interval 29.6-48.8%). There was a significant increase in veno-arterial extracorporeal membrane oxygenation 
successful weaning with levosimendan compared to the controls (risk ratio = 1.42 (95% confidence interval 1.12-1.8), 
p for effect = 0.004, I2 = 71%). A decrease risk of all-cause mortality in the levosimendan group was also observed, risk 
ratio = 0.62 (95% confidence interval 0.44-0.88), p for effect  = 0.007, I2 = 36%.
Conclusion: The use of levosimendan on adult patients with cardiogenic shock may facilitate the veno-arterial extracorporeal 
membrane oxygenation weaning and reduce all-cause mortality. Few articles of this topic are available, and prospective, 
randomized multi-center trials are warranted to conclude decisively on the benefits of levosimendan in this setting.
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Successful weaning from VA ECMO in patients treated with levosimendan

Burgos LM et al. Perfusion 2020

All cause mortality 



Kadourra R, et al.  JCTVA, 2021
 



Cholley et al. Critical Care (2019) 23:385 



And Tomorrow ? Cocorico?

LEVOSIMENDAN to facilitate weaning from ECMO in refractory cardiogenic shock patients – 
“LEVOECMO”

WEANILEVO



LEVOSIMENDAN to facilitate weaning from ECMO in refractory cardiogenic shock 
patients – “LEVOECMO”

Coordinating Investigator

Pr A. COMBES (Intensive Care Unit, Hospital Pitié Salpêtrière, Paris, France)

Double Blind Randomized multicentre trial (N=206 patients)
Adults patients with refractory cardiogenic shock placed on VA-ECMO 
A continuous infusion of Levosimendan administered over 24 h (up to 0.2 µg/kg/min)

Main objective: Efficacy of early Levosimendan infusion (<48 h after ECMO implantation) on the time to successful 
weaning within the 30 days following randomization. 

Primary endpoint: Successful ECMO defined as being alive, without ECMO, other mechanical circulatory support device 
or heart transplantation 7 days after ECMO removal. 



Resuscitation >30 minutes before ECMO

Irreversible neurological pathology

End-stage cardiomyopathy with no hope of LV function recovery

Mechanical complication of myocardial infarction

ECMO for cardiotoxic drug intoxication…

Exclusion criteria



Double Blind Randomized multicentre trial (N=206 patients)
Adults patients with refractory cardiogenic shock placed on VA-ECMO 
A continuous infusion of Levosimendan administered over 24 h (up to 0.2 µg/kg/min)

Coordinating Investigator : Pr Guinot , CHU Dijon 

Main objective: Efficacy of Levosimendan infusion in reducing VA-ECMO weaning failure, when 
weaning is decided 

Primary endpoint: VA-ECMO weaning failure, defined as the absence of VA-ECMO weaning, recourse 
to another VA-ECMO or Impella or IABP or death within 7 days of VA-ECMO weaning. 





In bedside practice ? 

No recommendations, only expert opinion



In bedside practice ? What do we do ?

…Decision

…Recovery (acute myocardial infarction, post-
cardiotomy…)

…Bridge (LVAD or BiVAD or total artificial heart)

…Transplantation

ECMO VA Bridge to… ?

MAYBE  YES 

YES (but are you sure ?)

NO

NO or after
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