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EDITOR’S PERSPECTIVE
What We Already Know about This Topic

•	 Weaning failure from veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) for refractory cardiogenic shock remains com-
mon and is associated with high mortality

•	 Levosimendan is a calcium sensitizer with inotropic and vasodila-
tory effects that has been proposed to facilitate VA-ECMO weaning

•	 A recent randomized trial (LEVOECMO) showed that early levosim-
endan, started within 48 h of VA-ECMO cannulation, did not improve 
weaning or survival at day 60

What This Article Tells Us That Is New

•	 In contrast to LEVOECMO, patients in WEANILEVO received levosim-
endan after first meeting weaning criteria because it was assumed 
that levosimendan would be most effective when partial recovery of 
myocardial function was achieved

•	 Both the levosimendan and control groups had identical rates of 
weaning failure, 25%

•	 A secondary analysis did not reveal a significantly reduced mor-
tality in patients receiving levosimendan (18.0% vs. 33.3%); 
however, an exploratory post hoc Bayesian analysis reported 
a 95% probability of levosideman superiority over placebo for 
30-day mortality (odds ratio, 0.40) and 96% for 1-yr mortality  
(odds ratio, 0.42)

•	 These findings suggest the need for a larger multicenter random-
ized controlled trial to determine whether levosimendan improves 
30-day and 1-yr mortality

ABSTRACT 
Background: Liberation from veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) remains challenging. To date, there is limited evidence 
from observational studies supporting pharmacologic interventions to facili-
tate successful VA-ECMO weaning. The current study aimed to evaluate the 
efficacy and safety of a single dose of levosimendan in patients supported by 
VA-ECMO who met predefined criteria for weaning.

Methods: The WEANILEVO study was a multicenter, double-blind, random-
ized, parallel-group, placebo-controlled trial. Eighty patients from five French 
centers who met VA-ECMO weaning criteria were randomly assigned 1:1 to 
receive either levosimendan (0.2 μg · kg−1 · min−1) or placebo for 24 h. The pri-
mary endpoint was VA-ECMO weaning failure, defined as absence of weaning 
within 48 h, recourse to another circulatory assistance device, or death within 
7 days of weaning.

Results: Due to halted funding, the planned number of patients could not be 
recruited. The final modified intention-to-treat analysis included 80 patients 
(40 in the levosimendan group and 40 in the control group). VA-ECMO wean-
ing failure occurred in 25% of patients in both the levosimendan and placebo 
groups (odds ratio, 1.00 [95% CI, 0.36 to 2.75]; P = 1.00). Acute kidney 
injury at day 30 was significantly more frequent in the levosimendan group 
(62.5% vs. 38.5%; odds ratio, 2.67 [95% CI, 1.08 to 6.62]; P = 0.03). 
Patients receiving levosimendan required more vasopressor support (47.5% 
vs. 28.2%; P = 0.07) and had longer intensive care unit stays (12 [7 to 24] 
vs. 6 [4 to 13] days; P = 0.02). Mortality rates at 30 days (18.0% vs. 33.3%; 
P = 0.07) and 1 yr (31.6% vs. 51.4%; P = 0.08) did not significantly differ 
between groups.

Conclusions: Levosimendan administration did not reduce VA-ECMO 
weaning failure in patients who already met weaning criteria; however, a clin-
ically important benefit or harm cannot be ruled out. The observed higher 
incidence of acute kidney injury and longer intensive care unit stays in the 
levosimendan group are hypothesis generating and require confirmation in 
larger, adequately powered trials.

(Anesthesiology 2026; 145:676–88)
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Veno-arterial extracorporeal membrane oxygenation 
(VA-ECMO) is increasingly used in cardiogenic cir-

culatory failure.1 VA-ECMO provides early, adequate organ 
perfusion to prevent multiorgan failure and death.2 Despite 
its growing use, morbidity and mortality remain high, with 
complications such as bleeding, ischemic, and infectious 
events.3 The multifactorial nature of patient conditions and 
the lack of robust clinical and echocardiographic criteria for 
predicting successful weaning contribute to failure rates as 
high as 50% in some cohorts.4–6 Improving the success rate 
of VA-ECMO weaning could significantly reduce associ-
ated morbidity, potentially leading to better long-term out-
comes and decreased mortality.7

Levosimendan, an inodilator introduced in the 2000s, 
enhances actin–myosin sensitivity to calcium and contrac-
tility without increasing myocardial oxygen consumption, 
potentially providing anti-inflammatory and cardioprotec-
tive effects, and exhibits vasodilatory effects via potassium 
channel activation.8,9 Several observational studies suggest 
that levosimendan may reduce weaning failure and mor-
tality when administered after VA-ECMO initiation.10–14 
However, the available evidence remains limited to retro-
spective analyses and case series, with heterogeneous defini-
tions of successful VA-ECMO weaning and no standardized 
approach to the timing of levosimendan administration—
considerably limiting comparability across studies.10,11,15 
Early administration of levosimendan may not be effective 
for patients with massive myocardial infarction and exten-
sive myocardial necrosis, as a minimal degree of myocar-
dial recovery is essential before inotrope administration to 
reduce the risk of weaning failure.13 It may also be ineffec-
tive for patients receiving extracorporeal cardiopulmonary 
resuscitation, with which neurologic recovery significantly 
affects both weaning and mortality. Levosimendan is gener-
ally considered only after hemodynamic stability has been 
achieved with VA-ECMO and/or during weaning rather 
than at the initiation of ECMO support. Thus, levosimen-
dan may have better indication in patients meeting specific 

criteria for VA-ECMO weaning, enhancing cardiac output 
and reducing organ failure risk and thus improving wean-
ing.6,16 Given the pharmacologic beneficial effects of levosi-
mendan, we hypothesized that levosimendan administration 
in patients supported by VA-ECMO and who met criteria 
for weaning may decrease the rate of VA-ECMO failure. We 
defined weaning failure, in accordance with the available lit-
erature, as a composite endpoint comprising the absence of 
VA-ECMO removal within 48 h, the need for a secondary 
mechanical circulatory support device, or death within 7 
days of VA-ECMO liberation. The purpose of this prospec-
tive, randomized, placebo-controlled trial was therefore to 
evaluate the efficacy and safety of levosimendan compared 
with placebo in preventing VA-ECMO weaning failure. 
The trial was terminated early following interim analysis 
owing to withdrawal of sponsor funding. This decision was 
not based on a data and safety monitoring board (DSMB) 
recommendation for efficacy or futility.

Study Design and Methods

Trial Design and Oversight

We conducted a prospective multicentre randomized, 
double-blind study in five cardiovascular intensive care units 
(ICUs) in France located in Dijon, Lille, Amiens, Caen, and 
Strasbourg between 2020 and 2023. The study protocol 
was approved by the institutional review boards (French 
ethics committee CPP IDF II [Comités de Protection des 
Personnes Ile de France II], France; reference No. 2019-
60) before the start of the study. The trial was registered 
on ClinicalTrials.gov (NCT04158674) before commence-
ment. Written informed consent was obtained from all 
patients or their next of kin before inclusion. The current 
study was funded by a grant obtained from Orion and our 
institution. Orion was not involved in the conception, 
design, realization, statistical plan, or analysis of the study. 
The detailed protocol had been published previously.17
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Study Population
The inclusion criteria were as follows: patients aged 18 yr or 
older with refractory cardiogenic shock treated by VA-ECMO 
who met the criteria for VA-ECMO weaning. These criteria 
included a vasoactive-inotropic score (VIS) less than 10, a left 
ventricular ejection fraction greater than 20%, a subaortic 
velocity time integral greater than 10 cm, arterial lactate levels 
lower than 2 mM, a right ventricular fractional area change 
greater than 30%, and a right ventricular end-diastolic diam-
eter less than 35 mm.18 Additionally, the combined fraction 
of inspired oxygen for VA-ECMO and ventilator had to be 
less than 80%, with VA-ECMO weaning expected within 
48 h. The exclusion criteria included patients with ongoing 
bacterial infection within 48 h before inclusion (no antibiot-
ics introduced during the previous 48 h); patients with liver 
failure; patients with contraindications to levosimendan treat-
ment or CERNEVIT (Baxter SAS, France) use; those not 
affiliated with a health insurance system; patients under legal 
protection; pregnant, parturient, or nursing women; patients 
with drug intoxication and previously normal left ventricular 
ejection fraction; and patients on the waiting list for cardiac 
transplantation or planned for left ventricular assist device.

Randomization

Randomization was performed directly through the secure 
CleanWeb (Telemedicine Technologies SAS, France) 
internet-based software after identification of the investigator 
by a personal password. An unblinded operator prepared the 
active drug or placebo to maintain blinding for investigators, 
nurse, and patients. The treatment algorithms were deter-
mined by the study statistician. This allocation was based on 
a minimization technique stratified by center, age (60 yr or 
older vs. less than 60 yr) and indication for VA-ECMO (med-
ical or surgical). The patients were randomly assigned (1:1) to 
receive either levosimendan or a placebo infusion.

Intervention

The study treatments included either levosimendan or a pla-
cebo consisting of riboflavin in a multivitamin preparation 
(CERNEVIT, due to the yellow color of the diluted levo-
simendan). The study drugs were administered as continuous 
infusions over a period of 24 h at a fixed rate of 0.2 μg · kg−1 · 
min−1. No loading dose was administered, and no dose modi-
fication was performed. The infusion was initiated 24 h before 
the scheduled date of VA-ECMO weaning (not exceeding 
48 h) after randomization. All data were collected by clinical 
research assistants (blind to outcomes) and recorded on elec-
tronic case report forms available online on a dedicated web-
site. All physician and nurse staff were blind to treatment group.

Outcomes

The primary endpoint was VA-ECMO weaning fail-
ure, defined as the absence of VA-ECMO weaning within 

48 h of randomization, recourse to another VA-ECMO or 
other temporary circulatory assistance (Impella [Johnson & 
Johnson Medtech, USA] pump device or intra-aortic bal-
loon pump), or death within 7 days of VA-ECMO wean-
ing. Secondary endpoints included long-term circulatory 
assistance (i.e., left ventricular assist device or total artificial 
heart) at day 30, heart transplant at day 30, renal insufficiency 
and/or renal replacement therapy at day 30, 30-day and 1-yr 
mortality regardless of cause, VIS, length of intensive care 
unit stay, and length of hospital stay. Endpoints associated 
with safety was rate of complications by day 30. There were 
no changes to the trial outcomes after the study start. The 
VIS was calculated as follows: dobutamine dose (µg · kg−1 · 
min−1) + dopamine dose (µg · kg−1 · min−1) + norepineph-
rine dose (µg · kg−1 · min−1) × 100 + epinephrine dose (µg 
· kg−1 · min−1) × 100 + milrinone dose (µg · kg−1 · min−1) × 
10 + vasopressin dose (units · kg−1 · min−1) × 10,000.

Adverse Events

Adverse events were recorded from randomization to day 
30 after VA-ECMO liberation. Serious adverse events were 
defined as any untoward medical occurrence that was life 
threatening, required hospitalization or prolongation of 
existing hospitalization, resulted in persistent disability, or 
was otherwise medically significant. Events were coded 
using the Medical Dictionary for Regulatory Activities 
(version 25.1). The trial vigilance unit defined the causality 
in case of a serious adverse event. Furthermore, an inde-
pendent DSMB reviewed safety data throughout the trial. 
The DSMB comprised one methodologist−statistician, one 
cardiovascular intensivist, and one pharmacologist.

Statistical Analysis

Sample Size Estimation. WEANILEVO was designed as a 
superiority trial. Sample size was determined to detect a 
clinically significant 20% absolute reduction in the primary 
endpoint, VA-ECMO weaning failure. Assuming a weaning 
failure rate of 50% in the placebo group and 30% in the 
levosimendan group, 210 patients (105 per group) were 
required to achieve 80% power at a bilateral alpha level 
of 0.05, allowing for 10% nonevaluable cases. An interim 
analysis was planned after the enrollment of 80 patients to 
reassess sample size assumptions and evaluate safety. Based 
on the Peto–Haybittle method, a bilateral alpha level of 
0.0001 was applied at the interim analysis to preserve the 
significance level of the final primary analysis. The trial 
was terminated early following interim analysis owing 
to withdrawal of sponsor funding. The final modified 
intention-to-treat analysis therefore includes 80 of the 210 
planned patients (38%). This decision was not based on a 
DSMB recommendation for efficacy or futility.

General Analysis. Categorical variables are expressed as num-
bers and percentages. Continuous variables were presented 
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as means with standard deviations or medians with inter-
quartile ranges according to their distribution. Balance 
between groups at baseline was assessed using the standard-
ized mean difference. Safety was assessed by comparing the 
proportions of participants with complications and adverse 
events between the two groups.

Primary Analysis. The primary analysis was conducted 
according to the intention-to-treat principle on observed 
data and included all randomised patients. For the main 
comparison of VA-ECMO weaning failure between the 
two groups, a chi-square test was performed, followed by 
multivariable logistic regression adjusted for the randomiza-
tion stratification factors: center, age (60 yr and older vs. less 
than 60 yr), indication for VA-ECMO (medical or surgical), 
and imbalanced baseline covariates (serum creatinine).

Secondary Outcomes. The frequencies of recourse to long-
term mechanical circulatory support, heart transplantation, 
acute kidney injury (AKI), renal replacement therapy, and 
all-cause mortality at 30 days and 1 yr after VA-ECMO lib-
eration were compared using chi-square tests. ICU length 
of stay and hospital length of stay were compared using the 
Mann–Whitney U test. Given the competing risk of death 
precluding AKI diagnosis, a sensitivity analysis for AKI was 
performed excluding patients who died before day 30. The 
fragility index and reverse fragility index were calculated 
for primary and secondary endpoints.

Sensitivity Analysis. A per-protocol analysis was addition-
ally performed, excluding patients who did not complete 
the full 24-h study drug infusion, using the same statistical 
methods as the primary intention-to-treat analysis. Analysis 
was repeated, after reviewing, from case report forms, the 
documented reason for any delay beyond 48 h in ECMO 
removal. When the delay was attributable to logistical fac-
tors (e.g., unavailability of the operating theatre) rather than 
clinical deterioration, the event was not counted as weaning 
failure in this prespecified sensitivity analysis. Analysis were 
adjusted for the randomization stratification factors: cen-
ter, age (60 yr and older vs. less than 60 yr), indication for 
VA-ECMO (medical or surgical), and imbalanced baseline 
covariates (serum creatinine).

Bayesian Sensitivity Analysis. A post hoc Bayesian analysis was 
conducted to assess the probability of a mortality treat-
ment effect at 30 days and 1 yr. Bayesian logistic regres-
sion models were fitted using Markov chain Monte Carlo 
sampling (four independent chains, 20,000 iterations per 
chain; Bernoulli likelihood). Three prior distributions were 
specified on the log–odds ratio (log-OR) scale to reflect a 
range of prior beliefs: (1) a noninformative (uniform) prior, 
representing prior equipoise; (2) a skeptical prior centered 
on the null hypothesis of no treatment effect (OR = 1.0; 
N[log(1.0), 0.352]); and (3) an enthusiastic prior centered on 
a clinically meaningful 30% relative reduction in mortality 
(OR = 0.70; N[log(0.70), 0.352]). For each model and prior, 

we derived posterior distributions, 95% credible intervals 
(CrIs), and the corresponding Bayes factor as a measure of 
the strength of evidence for or against a treatment effect. 
The posterior probability of treatment superiority was 
defined as P (OR less than 1), and the probabilities of clin-
ically meaningful absolute risk reductions exceeding 5, 10, 
and 15% were additionally computed. Prior specification 
followed the framework described by Zampieri et al.,19 and 
the results are reported in accordance with the structured 
Bayesian reporting approach proposed by Lammers et al.20 
All analyses were performed using SAS software, version 9.4 
(SAS Institute, USA), and R software, version 4.4.2, with a 
two-sided significance level of 0.05.

Results
Trial Population

The WEANILEVO trial was terminated early after interim 
analysis owing to withdrawal of sponsor funding. The final 
modified intention-to-treat analysis therefore includes 80 of 
the 210 planned patients (38%). This decision was not based 
on a DSMB recommendation for efficacy or futility. The 
intention-to-treat analysis population included 40 patients 
in the levosimendan group and 40 patients in the control 
group on day 7 (fig. 1). The overall population primarily 
consisted of male patients, with a mean age of 61 ± 13 yr, 
who were admitted to the cardiovascular ICU for medical 
cardiogenic shock (44%) or postcardiotomy shock (40%). 
The baseline characteristics of the two treatment groups 
were well balanced in terms of age, comorbidities, IGS-II 
(Indice de Gravité Simplifié II) score, and indications for 
VA-ECMO support (table 1). Hemodynamic parameters 
at inclusion were comparable between groups (table 1), 
with a mean LVEF of 35 ± 11%, a median arterial lactate of 
1.3 (1.1–1.6) mmol/L, and a median VIS score of 0 (inter-
quartile range, 0 to 5). The median time from VA-ECMO 
implantation to randomization was 4 (3 to 6) days.

VA-ECMO Weaning Failure. The primary outcome of 
VA-ECMO weaning failure were identical between the 
two groups, with a failure weaning rate of 25% in the levo-
simendan group and 25% in the placebo group (OR, 1.00 
[95% CI, 0.36 to 2.75]; P = 1.00). For the analysis with 
adjustment for randomization stratification factors (center, 
age, and indication for VA-ECMO) and baseline serum cre-
atinine, the results were consistent with the unadjusted anal-
ysis (adjusted OR; 1.03 [95% CI, 0.34 to 3.08]; P = 0.96). 
One patient in each group had new VA-ECMO implemen-
tation within the 7 days (table 2; fig. 2). The reverse fragility 
index was 10.

Secondary Endpoints. The incidence of AKI was higher in 
the levosimendan group, with 62.5% of patients developing 
AKI at day 30 compared to 38.5% in the placebo group 
(OR, 2.67 [95% CI, 1.08 to 6.62]; P = 0.03). Sensitivity 
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analysis excluding deceased patients at day 30 demonstrated 
an OR equal to 4.30 (95% CI, 1.42 to 12.99; P = 0.01; 
table 2; fig. 2). The fragility index was 1.

The 30-day and 1-yr mortality rates did not significantly 
differ between the two groups: 18.0% vs. 33.3% (OR, 0.39 
[95% CI, 0.14 to 1.11]; P = 0.07) and 31.6% vs. 51.4% 
(OR, 0.44 [95% CI, 0.17 to 1.11]; P = 0.08), respectively. 
The reverse fragility index was 3. The causes of death are 

displayed in the supplemental table (https://links.lww.com/
ALN/E541). No patients required long-term circulatory 
assistance or heart transplant within 30 days of VA-ECMO 
weaning.

The evolution of heart rate, mean arterial pressure, and 
creatinine values differed between the two groups, whereas 
those of LVEF did not differ (fig. 3; supplemental table, 
https://links.lww.com/ALN/E541). After levosimendan 

Fig. 1.  Flow chart diagram of the study. ECMO, extracorporeal membrane oxygenation.
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administration, the median VIS was 2.9 [0 to 13.0] in the 
levosimendan group compared with 2.4 [0 to 5.6] in the 
control group (P = 0.33). On the day of VA-ECMO wean-
ing, the median VIS was 12.2 [4.0 to 18.5] versus 6.0 [0 to 
22.0] (P = 0.30). On the first day after VA-ECMO libera-
tion, the median VIS was significantly higher in the levosi-
mendan group compared with placebo (19.1 [2.8 to 40] vs. 
4.8 [0 to 11]; P = 0.01). This difference persisted 2 days after 
VA-ECMO liberation (20 [2 to 38] vs. 1 [0–10]; P = 0.008). 
The need for norepinephrine support during the adminis-
tration of the treatment concerned 19 patients (47.5%) in 
the levosimendan group compared to 11 patients (28.2%) in 
the control group (P = 0.07), with a median of 0.06 [0.02; 
0.13] μg · kg−1 · min−1 vs. 0.05 [0.03; 0.10] μg · kg−1 · min−1 
(P = 0.93). No vasopressin was used.

The ICU length of stay was significantly longer in the 
levosimendan group, with a median of 12 (7 to 24) days 
compared to 6 (4 to 13) days in the control group (P = 
0.02). The total hospital length of stay was also longer for 
the levosimendan group, with a median of 22 (12 to 47) 
days compared to 14 (10 to 32) days in the control group 
(P = 0.05).

Per Protocol and Sensitivity Analysis. Among the 80 random-
ized patients, 77 (96.3%) were included in the per-protocol 

analysis (38 in the levosimendan group and 39 in the pla-
cebo group). VA-ECMO weaning failure occurred in 10 of 
38 patients (26.3%) in the levosimendan group and 10 of 39 
patients (25.6%) in the placebo group. The unadjusted anal-
ysis showed no significant difference between groups (OR, 
1.04 [95% CI, 0.37 to 2.87]; P = 0.95). After adjustment, 
the results remained consistent with the primary analysis 
(adjusted OR, 1.12 [95% CI, 0.38 to 3.33]; P = 0.84). In the 
sensitivity analysis, VA-ECMO weaning failure occurred in 
18 of 80 patients overall (22.5%): 10 patients (25.0%) in the 
levosimendan group and 8 patients (20.0%) in the placebo 
group. The unadjusted analysis did not demonstrate a signif-
icant difference between groups (OR, 1.33 [95% CI, 0.46 to 
3.83]; P = 0.59). After adjustment, the results were consistent 
(adjusted OR, 1.45 [95% CI, 0.48 to 4.42]; P = 0.51).

Bayesian Analysis. In the post hoc Bayesian analysis, the pos-
terior probability of levosimendan superiority over placebo 
was 95% for 30-day mortality (OR, 0.40; 95% CrI, 0.14 
to 1.20) and 96% for 1-yr mortality (OR, 0.42; 95% CrI, 
0.16 to 1.07) under the noninformative prior. The corre-
sponding Bayes factors were 0.22 and 0.25, respectively, 
reflecting anecdotal evidence in favor of a treatment effect 
per the Jeffreys classification. Under the enthusiastic (OR, 
0.70) and skeptical (OR, 1.0) priors, posterior probabilities 

Table 1.  Characteristics of the Population

Characteristic Levosimendan Group (n = 40) Control Group (n = 40) SMD

Age (mean ± SD), yr 60 ± 16 63 ± 11 0.22
Body mass index (mean ± SD), kg/m2 29.0 ± 6 29.1 ± 6 0.02
Sex (male), n (%) 26 (65.0) 29 (72.5) 0.16
Indication for VA-ECMO, n (%)
eCPR 6 (15.0) 7 (17.5) 0.07
Postcardiotomy 16 (40.0) 16 (40.0) 0
Medical cardiogenic shock 18 (45.0) 17 (42.5) 0.05
 � Ischemic 11 12
 � Chronic heart failure 4 1
 � Other (myocarditis, stress cardiomyopathy, etc.) 3 4
IGS-II score (mean ± SD) 65 ± 20 66 ± 19 0.05
Duration of ECLS before weaning decision (median [IQR]), days 4 [3–7] 4 [3–6] 0.03
Left ventricular venting, n (%) 5 (13.5) 8 (22.2) 0.23
Native cardiac output (mean ± SD), l/min 3.8 ± 0.9 4.0 ± 1.3 0.18
High blood pressure, n (%) 21 (52.5) 28 (70.0) 0.37
History of ischemic or chronic heart failure, n (%) 25 (62.5) 18 (45.0) 0.36
Chronic renal insufficiency, n (%) 7 (17.5) 8 (20.0) 0.06
Diabetes, n (%) 10 (25.0) 10 (25.0) 0
Parameters at randomization
 � Creatinine (mean ± SD), µmol/l 125 ± 60 105 ± 48 0.34
 � Arterial lactate (median [IQR]), mmol/l 1.3 [1.2–1.6] 1.2 [1.0–1.4] 0.28
 � LVEF (mean ± SD), % 33 ± 11 37 ± 12 0.35
 � Native cardiac index (mean ± SD), l · min−1 · m−2 1.9 ± 0.5 2 ± 0.7 0.16
 � VA-ECMO blood flow (mean ± SD), l/min 1.92 ± 0.4 1.90 ± 0.4 0.04
 � Heart rate (mean ± SD), beats/min 88 ± 17 87 ± 16 0.06
 �M ean arterial pressure (mean ± SD), mmHg 80.3 ± 11.6 83.5 ± 9.7 0.30
 � Central venous pressure (mean ± SD), mmHg 9 ± 4 9 ± 5 0
 � VIS (median [IQR]) 0 [0–5] 1 [0–5] 0.23

ECLS, extracorporeal life support; eCPR, ECMO cardiopulmonary resuscitation; IGS-II, Indice de Gravité Simplifié II; IQR, interquartile range; LVEF, left ventricular ejection fraction; SMD, 
standardized mean difference; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; VIS, vaso-inotropic score.
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of superiority ranged from 83 to 96% for 30-day mortal-
ity and from 91 to 97% for 1-yr mortality, demonstrating 
consistent directional findings across all prior specifications. 
Full posterior estimates are presented in table 3 and pos-
terior distribution plots in supplemental figures (https://
links.lww.com/ALN/E541).

Adverse Events. Overall, 87.5% versus 72.5% of patients experi-
enced at least one adverse event. Renal events were the most 
clinically important differential finding: acute kidney injury 
occurred in 62.5% of levosimendan patients versus 38.5% of 
controls (OR, 2.67 [95% CI, 1.08 to 6.62]; P = 0.03), and this 
signal persisted after exclusion of patients who died before day 

Table 2.  Study Endpoints

Endpoint
Levosimendan Group  

(n = 40)
Control Group  

(n = 40) OR [CI 95%] P Value

Primary endpoints (day 7)
 � VA-ECMO weaning failure, n (%) 10 (25.0) 10 (25.0) 1.00 [0.36; 2.75] 1.00*
 � Absence of VA-ECMO weaning within 48 h of randomization, n (%) 7 (17.5) 4 (10.0)
 � Secondary VA-ECMO implementation, n (%) 1 (2.5) 1 (2.5)
 � Impella pump device (Abiomed, USA), n (%) 0 0
 � Intra‐aortic balloon pump, n (%) 0 0
 � Death, n (%) 4 (10.0) 7 (17.5)
Secondary endpoints (day 30)
 � Left ventricular assistance or heart transplantation, n (%)† 0 0 — —
 � Acute kidney injury, n (%)‡ 25 (62.5) 15 (38.5) 2.67 [1.08; 6.62] 0.03*
 � Death at day 30, n (%)† 7 (18.0) 13 (33.3) 0.39 [0.14; 1.11] 0.07*
 �T ime between VA-ECMO weaning and death (days), median (IQR) 7 (1–15) 3 (2–9)
 � ICU length of stay (days), median (IQR) 12 (7–24) 6 (4–13) — 0.02§
 � Hospital length of stay (days), median (IQR) 22 (12–47) 14 (10–32) — 0.05§

*P value obtained using a logistic regression. †Missing data for n = 1 in each group. ‡Missing data for n = 1 in the control group. §P value obtained using a Mann–Whitney U test.
—, not applicable; ICU, intensive care unit; IQR, interquartile range; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Fig. 2.  Primary endpoints according to the group treatment. *Adjusted for predefined criteria of weaning failure including clinical, hemody-
namic improvements, and creatinine. OR, odds ratio; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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30 (OR, 4.30 [95% CI, 1.42 to 13.00]; P = 0.01). Infectious 
and cardiovascular adverse events were numerically more fre-
quent in the levosimendan group and are detailed in the sup-
plemental table (https://links.lww.com/ALN/E541).

Discussion
In this multicenter, double-blind, randomized controlled 
trial, levosimendan administration in patients having 

VA-ECMO weaning criteria did not reduce the rate 
of weaning failure compared with placebo. However, 
levosimendan was associated with a significantly higher 
incidence of AKI at day 30, higher vasopressor require-
ments after ECMO liberation, and longer ICU stays. 
Mortality rates at 30 days and 1 yr did not significantly 
differ between groups, although a post hoc Bayesian 
analysis may suggest a long-term mortality benefit of 
levosimendan.

Fig. 3.  Evolution of mean arterial blood pressure (A), heart rate (B), creatinine (C), and left ventricular ejection fraction (D) since the ran-
domization. The data are presented as the median values with 95% CIs. BPM, beats/min; VA-ECMO, veno-arterial extracorporeal membrane 
oxygenation.

Table 3.  Bayesian Posterior Estimates of the Effect of Levosimendan on Mortality under Three Prior Specifications

Length of Mortality

Noninformative Prior Enthusiastic Prior (OR 0.70) Skeptical Prior (OR 1.0)

OR (95% CrI) Pp OR (95% CrI) Pp OR (95% CrI) Pp

30 days 0.40 (0.14 to 1.20) 95% 0.75 (0.34 to 1.05) 96% 0.76 (0.45 to 1.39) 83%
1 yr 0.42 (0.16 to 1.07) 96% 0.59 (0.34 to 1.02) 97% 0.60 (0.28 to 1.22) 91%

CrI, credible interval; OR, odds ratio; Pp, posterior probability of treatment superiority, defined as P(OR < 1).
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The current results are consistent with those of the 
recently published LEVOECMO trial,21 which simi-
larly demonstrated no clinical benefit of levosimendan 
on VA-ECMO weaning success. When comparing these 
two studies, one important distinction must be acknowl-
edged. LEVOECMO initiated levosimendan early, within 
48 h of ECMO cannulation (i.e., during the acute phase 
of cardiogenic shock), whereas the current study eval-
uated levosimendan at a later stage, only when patients 
had met criteria for weaning. The rationale for this tim-
ing was that a minimal degree of myocardial recovery 
may be a prerequisite for any inotropic effect to be clin-
ically meaningful.13 These two trials therefore address 
complementary yet distinct clinical questions: whether 
levosimendan benefits patients during early ECMO sup-
port (LEVOECMO), and whether it specifically facili-
tates weaning (WEANILEVO).21 Both returned negative 
results for their respective primary endpoints. The wide 
95% CI for the primary endpoint in our study, consis-
tent with the LEVOECMO trial, does not establish futil-
ity. Rather, these findings support the conclusion that a 
definitive answer requires a larger, adequately powered 
trial.

Regarding VA-ECMO weaning failure, several factors 
may explain the discrepancy between our findings and 
previous results. First, previous studies exhibited consid-
erable heterogeneity in timing and criteria for levosim-
endan administration.12,13,22 Most previous investigations 
did not standardized timing of levosimendan use, while 
our design focused on patients supported by VA-ECMO 
with specific criteria for VA-ECMO weaning. All included 
patients were evaluated after 4 days of VA-ECMO support. 
Second, our study implemented a standardized VA-ECMO 
weaning protocol, as inclusion criteria specifically required 
demonstration of factors associated with VA-ECMO suc-
cess. In contrast, these factors had been strictly selected 
for VA-ECMO weaning based on previously published 
studies18,23 (i.e., low VIS, low arterial lactate value, min-
imal cardiac output). Since patients were included only 
after meeting criteria for VA-ECMO weaning, we did not 
observe significant hemodynamic effects of levosimendan, 
such as increased LVEF, which might otherwise have con-
tributed to improve weaning success. This rigorous selection 
likely contributed to the relatively low weaning failure rate 
observed in our study (25%) compared to rates reported in 
the literature and used for sample size calculation (up to 
50%). The same rate was also observed in the LEVOECMO 
trial.21 Thus, our study validates these criteria for predicting 
successful VA-ECMO weaning.24 It is noteworthy that most 
weaning failures were primarily attributable to death from 
shock or cardiac arrest, with difficulty weaning itself rarely 
being the primary cause. Nonetheless, our results align with 
those of a randomized study showing that levosimendan did 
not improve outcomes in acute heart failure.25,26

More patients in the levosimendan group experienced 
adverse events, predominantly cardiovascular, infectious, 

and renal. The higher rate of renal events may appear coun-
terintuitive given that most published studies have sug-
gested a beneficial effect of levosimendan on renal function 
through improved cardiac output and microvascular perfu-
sion. However, those studies were conducted in observa-
tional settings with low native cardiac output and without 
VA-ECMO support. Two converging factors may provide 
a mechanistically plausible explanation for our results. First, 
despite apparent creatinine normalization at weaning, renal 
functional reserve remains persistently reduced after AKI,27 
leaving kidneys at near-maximal filtration capacity with lit-
tle buffer against additional hemodynamic stress. Second, 
levosimendan’s vasodilatory properties may generate a 
drug-specific hemodynamic second hit on this vulnerable 
kidney substrate: arterial vasodilation promotes hypoten-
sion requiring higher vasopressor doses, while venodila-
tion promotes venous congestion; both being risk factor of 
AKI.28 Once VA-ECMO was removed, we observed higher 
vasopressor requirements, lower mean arterial pressure, and 
higher central venous pressure in the levosimendan group. 
In addition, the prolonged half-life of levosimendan’s active 
metabolite sustains these effects well beyond cessation of 
infusion. Consistent with this, Chan et al.29 showed that renal 
benefit from levosimendan is restricted to patients with low 
cardiac output and reduced glomerular filtration rate at 
baseline—a profile that does not apply to patients meeting 
VA-ECMO weaning criteria. This hemodynamic suscepti-
bility is further supported by a meta-analysis demonstrating 
a higher incidence of arterial hypotension, atrial fibrillation, 
and ventricular dysrhythmia with levosimendan,30 adverse 
effects that are themselves nephrotoxic through impaired 
renal perfusion and neurohormonal activation.

This susceptibility–exposure framework may explain the 
differential AKI rate even in the absence of divergent early 
creatinine trajectories—a discrepancy that itself warrants 
explanation. The higher 30-day AKI rate despite apparent 
similar 7-day creatinine curves likely reflects two com-
plementary phenomena: KDIGO criteria capture urine 
output-based events not detected by creatinine alone and 
delayed AKI episodes beyond day 7 fall outside the early 
monitoring window. A competing-risks interpretation fur-
ther contributes to this apparent paradox—earlier deaths 
from cardiac arrest and multiorgan failure in the control 
group (four and two events vs. one and zero events, respec-
tively) may have precluded subsequent AKI diagnosis, while 
the longer survival in the levosimendan group extended the 
observation window during which AKI could manifest. This 
observation is supported by the sensitivity analysis restricted 
to 30-day survivors, in which the AKI signal was substan-
tially stronger (OR, 4.30; 95% CI, 1.42 to 13.00). Notably, 
AKI was not assessed as an outcome in the LEVOECMO 
trial, although severe hypotension was included as a stop-
ping rule21—implicitly acknowledging the clinical relevance 
of levosimendan-induced vasodilation. Taken together, our 
findings suggest that the renal effects of levosimendan may be 
context-dependent: likely protective when renal perfusion 
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depends on restoration of cardiac output but potentially del-
eterious once cardiac function has recovered, particularly in 
patients with previous AKI whose reduced renal functional 
reserve renders them vulnerable to hemodynamic stress. This 
context dependency underscores the incremental value of 
systematic renal outcome assessment in future trials of levo-
simendan in the VA-ECMO setting.

The current study did not demonstrate a statistically sig-
nificant difference in mortality with levosimendan, a finding 
that should be interpreted in light of the trial’s limited sta-
tistical power, as further underscored by the fragility index. 
Absence of statistical significance, however, should not be 
equated with absence of benefit. The post hoc Bayesian anal-
ysis provides a complementary perspective: under a nonin-
formative prior, the posterior probability that levosimendan 
was superior to placebo reached 95% for 30-day mortality 
and 96% for 1-yr mortality. Critically, this signal was robust 
across all prior specifications—ranging from 83 to 96% at 
30 days and from 91 to 97% at 1 yr under skeptical and 
enthusiastic priors, respectively—consistently suggesting a 
clinically meaningful mortality benefit irrespective of previ-
ous assumptions and warranting confirmation in adequately 
powered trials. A plausible mechanistic substrate for this sig-
nal lies in levosimendan’s pleiotropic properties—includ-
ing anti-inflammatory and antiapoptotic effects16,31—which 
may confer myocardial protection that partially offsets 
the renal risk. This hypothesis is further supported by the 
LEVOHR and LION studies, which reported an associ-
ation between levosimendan use and improved mortality 
rates.25,32 Taken together, these findings, rather than indicat-
ing futility, may suggest that a clinically meaningful mortal-
ity benefit cannot be excluded. Nevertheless, all mortality 
findings must be interpreted as strictly exploratory and 
hypothesis generating, given the early termination of the 
trial, limited statistical power for mortality outcomes, and 
the post hoc, nonprespecified nature of this analysis.

The mortality rate observed in the current study may 
appear higher than the 25% reported in the LEVOECMO 
trial. However, the mortality reported in LEVOECMO is 
notably lower than that typically observed in contemporary 
VA-ECMO cohorts, including registries from the same par-
ticipating centers,33,34 and substantially lower than mortality 
reported in the HYPO-ECMO trial, which was conducted 
in same French intensive care units. This discrepancy suggests 
that LEVOECMO may have enrolled a highly selected sub-
set of patients with a better prognosis, potentially limiting the 
generalizability of its neutral finding. In contrast, the current 
study may be more representative of real-world VA-ECMO 
population typically encountered in clinical practice.33

In summary, although our study showed no clinical ben-
efit for VA-ECMO weaning success, the current findings 
do not preclude levosimendan’s potential utility in cardio-
genic shock settings. Despite not reaching statistical signif-
icance, the small sample size and the fragility index of our 
results may support further research on the noninotropic 

effects of levosimendan, such as its pleiotropic and antia-
poptotic properties, which may confer cardioprotection and 
potential mortality benefits. It should be noted that levo-
simendan is not currently approved by the U.S. Food and 
Drug Administration (Silver Spring, Maryland) and remains 
investigational in the United States, where milrinone and 
dobutamine are the standard inotropic drugs considered in 
patients supported by VA-ECMO.

We acknowledge several limitations in our study. One 
factor to consider is the indication for VA-ECMO sup-
port. Previous observational studies suggest that the ben-
efits of levosimendan may vary depending on the specific 
indication for VA-ECMO; for instance, levosimendan may 
improve weaning success and mortality rates in cases of 
extracorporeal cardiopulmonary resuscitation compared 
to postcardiotomy shock. Additionally, our study did not 
reach the initially planned sample size, which may affect the 
robustness of our findings. Given the contradictory results 
from different studies, we had planned an interim analysis 
as part of the study design. This interim analysis revealed 
no difference in the primary endpoint with a high rate of 
adverse events in the levosimendan group. Given the low 
inclusion rate exacerbated by the COVID-19 crisis (the 
trial was temporally stopped because of the prioritization of 
COVID-19 research), the high rate of events in the inter-
ventional group, the study sponsor decided to stop fund-
ing the study, which has been halted. Given the sample size 
and low event rates, secondary endpoints such as AKI have 
demonstrated low fragility, supporting the fact that the study 
may be underpowered on these endpoints that may be con-
sidered as hypothesis generating. These limitations under-
score the need for further research to explore the optimal 
timing, patient selection, and indications for levosimendan 
use in VA-ECMO patients. We also observed a lower rate of 
VA-ECMO weaning failure in our study compared to the 
literature, which may have affected the required sample size. 
As previously discussed, most published studies are observa-
tional with broad definitions; therefore, we based our sample 
size calculation on a review of existing literature.

Conclusions

Levosimendan did not provide a superior clinical benefit 
over placebo in improving VA-ECMO weaning success in 
patients who met criteria for weaning. Levosimendan use 
may be associated with a higher rate of AKI. Short- and 
long-term mortality were not statistically different between 
the two groups. These findings highlight the importance of 
further research to establish its optimal use in this setting.
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