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Abstract

Levosimendan is a calcium-sensitizing inodilator that has attracted renewed attention for a potential role in themanagement of cardiogenic
shock (CS). The pharmacological profile of levosimendan differs markedly from that of adrenergic inotropes: levosimendan augments
contractile force without increasing intracellular calcium or myocardial oxygen demand and, through activation of ATP-sensitive (KATP)
potassium channels, produces systemic and coronary vasodilation. Experimental and clinical data also suggest additional protective ef-
fects, including modulation of inflammatory pathways, anti-apoptotic activity, and improved mitochondrial function. Although these
mechanisms translate into consistent hemodynamic improvement across several studies, large, randomized trials have not demonstrated
a consistent survival advantage, likely due to differences in patient selection, treatment timing, and concomitant therapies. Nevertheless,
certain clinical groups, such as patients who fail to respond to catecholamines, individuals on chronic β-blockers, and selected periop-
erative or mechanically supported patients, appear more likely to benefit. Therefore, current guidance favors an individualized rather
than universal approach to levosimendan use. Several ongoing investigations, including trials in extracorporeal membrane oxygenation
(ECMO)-supported patients and those with septic cardiomyopathy, may help clarify the optimal indications and timing for levosimendan
use. This review integrates mechanistic, clinical, and safety data to identify patient profiles most suited to levosimendan therapy and to
outline areas where further study is needed.
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1. Introduction
Cardiogenic shock (CS) represents the final and most

severe stage of cardiac pump failure, in which a critical re-
duction in cardiac output leads to inadequate tissue perfu-
sion and rapid clinical deterioration. Although acute my-
ocardial infarction (AMI) has traditionally been considered
the predominant cause, contemporary data from cardiac in-
tensive care units (CICUs) indicate a progressive epidemi-
ological shift. Episodes of CS related to acute-on-chronic
heart failure (HF-CS) are now encountered more frequently
than AMI-associated cases, reflecting changes in popula-
tion aging, heart failure prevalence, and patterns of acute
cardiac care [1–4].

Importantly, CS is not a uniform clinical entity. Ac-
cording to contemporary consensus definitions proposed
by the Shock Academic Research Consortium, CS can be
broadly categorized into four major groups: MI-related
cardiogenic shock, acute or decompensated heart failure–
related cardiogenic shock, post-cardiotomy cardiogenic
shock, and cardiogenic shock due to mechanical complica-
tions or less common causes [5]. In parallel, severity-based
staging systems, such as the SCAI shock classification,

have highlighted the dynamic and heterogeneous nature of
CS, with substantial variability in haemodynamic profiles,
organ dysfunction, and short-term prognosis across patients
[6,7].

This heterogeneity has important therapeutic implica-
tions. Findings derived from one CS phenotype or severity
stage cannot be automatically extrapolated to others, and
uniform treatment strategies may fail to address the under-
lying pathophysiology in individual patients. Contempo-
rary registry data and expert consensus statements increas-
ingly emphasize a phenotype-driven approach. Manage-
ment is guided by physiology, haemodynamics, end-organ
function, and responsiveness to pharmacological and me-
chanical support [8,9].

Within this complex clinical landscape, the role of in-
otropic and inodilator therapies remains a subject of ongo-
ing debate. Levosimendan, a calcium sensitizer with addi-
tional vasodilatory and cytoprotective properties, has been
extensively investigated across different settings of acute
and advanced heart failure and, to a lesser extent, in CS.
However, its clinical effects appear to vary according to
shock etiology, disease severity, and treatment context. A
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Fig. 1. Simplified PRISMA-like flow diagram illustrating the study identification and selection process used in this narrative
review.

nuanced appraisal of the available evidence is therefore re-
quired to define the appropriate role of levosimendanwithin
contemporary, individualized CS management.

2. Methods

This review was developed as a narrative synthesis of
available evidence. To ensure a comprehensive overview,
we carried out structured searches in PubMed, Clinical-
Trials.gov, and the European Society of Cardiology doc-
ument repository, without applying date restrictions. Eli-
gible studies included randomized trials, observational co-
horts, meta-analyses, expert statements, and perioperative
or extracorporeal membrane oxygenation (ECMO)-related
reports, provided they were written in English and in-
volved adult patients. We excluded case reports, non–peer-
reviewed material, and publications not directly related to
heart failure or cardiogenic shock. Titles and abstracts were
screened first, followed by full-text review of potentially
relevant articles. As this is not a systematic review, no
formal risk-of-bias tools were applied, and the PRISMA

methodology was not used. For clarity, a simplified flow
diagram summarizing the identification and selection pro-
cess is presented in Fig. 1.

3. Results
3.1 Mechanism of Action

Levosimendan (Simdax®, Orion Pharma, Espoo, Fin-
land) acts through a combined mechanism of calcium sen-
sitization and vasodilation, clearly distinguishing it from
conventional adrenergic inotropes. By stabilizing the
calcium–troponin C interaction, it enhances systolic per-
formance without increasing intracellular calcium concen-
trations or impairing diastolic relaxation, thereby avoiding
the rise in myocardial oxygen consumption typically asso-
ciated with catecholamines [10,11]. In parallel, levosimen-
dan opens ATP-sensitive (KATP) potassium channels on
both sarcolemmal and mitochondrial membranes, promot-
ing systemic and coronary vasodilation and reducing car-
diac preload and afterload [11,12]. A schematic represen-
tation of these mechanisms is shown in Fig. 2 (Ref. [13]).
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Fig. 2. Mechanistic actions of levosimendan onmyocardial contractility and vascular tone. (A) Levosimendan enhances myocardial
contractility by binding to the Ca2+-saturated form of cardiac troponin C during systole, thereby stabilizing the contractile apparatus
and promoting actin–-myosin interaction without increasing intracellular Ca2+ concentration. Diastolic relaxation is preserved. (B) In
vascular smooth muscle, levosimendan induces vasodilation primarily through activation of ATP-sensitive (KATP) and other potassium
channels, leading to membrane hyperpolarization, reduced Ca2+ influx, and subsequent vascular relaxation. Additional modulation of
L-type Ca2+ channels and Na+/Ca2+ exchange may further contribute to decreased intracellular Ca2+ availability.

These properties help explain why levosimendan is as-
sociated with a lower incidence of arrhythmias and does not
increase myocardial oxygen demand, making it particularly
attractive in patients receiving chronic β-blocker therapy
or with reduced responsiveness to catecholamines [14,15].
Experimental data further support mitochondrial stabiliza-
tion and modulation of inflammatory and apoptotic path-
ways, suggesting a broader cytoprotective profile beyond
pure inotropic support [11,15].

Clinical findings are consistent with this physiologi-
cal framework. A meta-analysis of randomized controlled
trials demonstrated improvements in cardiac output, pul-
monary capillary wedge pressure, and natriuretic peptide
levels without a parallel increase in adverse events [16].
Despite its short plasma half-life, the active metabolite OR-
1896 confers a prolonged haemodynamic effect lasting sev-
eral days after infusion, which may contribute to sustained
clinical benefit [17].

Overall, these haemodynamic and pleiotropic effects
have been comprehensively summarized in mechanistic

studies, clinical trials, expert reviews, and consensus-
oriented updates [18–22].

3.2 Safety and Dosing Considerations

Safety considerations differ across CS phenotypes,
and findings from HF-CS or post-cardiotomy settings can-
not be uncritically applied to acute myocardial infarction–
related cardiogenic shock (AMI-CS). Contemporary reg-
istry data further highlight substantial clinical and haemo-
dynamic heterogeneity between de novo and acute-on-
chronic presentations of HF-related CS, with important im-
plications for inotrope selection and tolerability [23]. Over
more than two decades of clinical use, levosimendan has
been generally well tolerated. Hypotension and tachycardia
remain the most frequent adverse events, especially when
a loading dose is administered. In hypotensive patients,
avoiding the bolus and initiating a low-dose continuous in-
fusion (e.g., 0.05 µg/kg/min) is typically preferred [12].
Notably, the drug has not been associated with excess ar-
rhythmias or renal deterioration, even when used with vaso-

3

https://www.imrpress.com


pressors [11]. Its non-adrenergic mechanism also supports
use in haemodynamically fragile patients and those receiv-
ing β-blockers.

3.2.1 Comparisons With Catecholamines
The consensus statement by Farmakis et al. [24]

endorses a pragmatic, phenotype-driven selection of in-
otropes. Within this framework, levosimendan is favored
in patients on chronic β-blockers, in those prone to arrhyth-
mias, and in individuals with catecholamine-refractory low
output. Unlike traditional adrenergic agents, levosimendan
does not induce tachyphylaxis and does not increase my-
ocardial oxygen demand, as its action does not rely on β-
receptor stimulation [11,14,25].

3.2.2 Comparison With PDE-3 Inhibitors
Levosimendan has also been compared with

phosphodiesterase-3 inhibitors such as milrinone. Preclini-
cal studies suggest that levosimendan enhances myocardial
contractility with a relatively smaller increase in oxygen
consumption, indicating a more favorable energetic profile
[26]. Clinical evidence is less uniform. Perioperative
studies show that both agents improve haemodynamics,
without a consistent advantage of one over the other [27].
In acute heart failure patients with renal impairment,
observational data indicate comparable overall efficacy,
although hypotension and arrhythmias appear more fre-
quent with milrinone, in line with its cAMP-mediated
mechanism [28]. Recent narrative reviews conclude that
levosimendan may provide greater haemodynamic stability
in hypotensive or adrenergic-intolerant patients, whereas
milrinone remains useful when rapid titration is required
[29]. Overall, these findings support an individualized
approach, guided by haemodynamic profile, arrhythmic
risk, and renal function.

3.2.3 Additional Comparative Evidence
Post-hoc analyses from SURVIVE showed signifi-

cantly lower early mortality in β-blocked patients treated
with levosimendan compared with dobutamine (1.5% vs.
5.1%) [30]. In patients with acute decompensated heart
failure and renal dysfunction, levosimendan improvedmea-
sured glomerular filtration rate (GFR) and cardiac output
more effectively than dobutamine [31]; observational stud-
ies also found higher ejection fraction, shorter ICU stays,
and a trend toward lower mortality [32]. A trial-sequential
meta-analysis suggested a possible mortality benefit (odds
ratio (OR) 0.45; 95% confidence interval (CI) 0.24–0.84),
although the cumulative sample size was insufficient for
firm conclusions [33]. In sepsis-related shock, available
meta-analyses do not show consistent survival advantages
compared with other inotropes [34]. A network meta-
analysis in CS ranked levosimendan favorably for safety,
although efficacy estimates remained limited by substan-
tial study heterogeneity [35]. A recent European position

document recommends levosimendan as a short-term op-
tion in acute heart failure unresponsive to standard therapy
and advises avoiding bolus dosing in hypotensive patients
[36].

3.3 Clinical Evidence of Levosimendan Across CS
Phenotypes
3.3.1 Heart Failure–Related Cardiogenic Shock (HF-CS)

Among the different cardiogenic shock phenotypes,
HF-CS is the one in which levosimendan has been ex-
amined most thoroughly. In patients with acute or ad-
vanced heart failure and low-output states, large, random-
ized trials such as REVIVE I–II and SURVIVE consis-
tently documented early haemodynamic and symptomatic
improvement—lower B-type natriuretic peptide (BNP)
concentrations, relief of dyspnea, and better short-term clin-
ical status. None of these benefits, however, translated into
a reproducible mortality reduction [30,37].

Some of the heterogeneity in outcomes likely reflects
differences in baseline physiology and treatment context.
Notably, in the SURVIVE trial, patients receiving chronic
β-blockers appeared to derive an early survival advan-
tage with levosimendan over dobutamine, supporting a
phenotype-specific effect. Additional randomized and ob-
servational studies have described improved renal indices,
higher measured GFR, and shorter ICU stays in patients
with concomitant renal impairment—another subgroup that
may benefit from the drug’s non-adrenergic profile [31].
Meta-analyses broadly confirm stronger haemodynamic ef-
fects compared with adrenergic inotropes and suggest a
possible survival signal in selected HF-CS populations, al-
though limitations in sample size and study heterogeneity
preclude firm conclusions [33,38].

3.3.2 Post-Cardiotomy Cardiogenic Shock (PCCS)
The perioperative setting represents a major context

in which levosimendan has been extensively investigated.
Randomized trials assessing its preventive or therapeutic
use in patients undergoing cardiac surgery with impaired
ventricular function have yieldedmixed results. The levosi-
mendan in patients with left ventricular dysfunction under-
going cardiac surgery (LEVO-CTS) trial, which enrolled
patients with a left ventricular ejection fraction ≤35%,
demonstrated modest improvements in haemodynamic pa-
rameters but failed to show a significant reduction in the
composite endpoint of mortality, myocardial infarction, or
need for mechanical circulatory support [39].

Consistent findings were reported in the large multi-
centre trial by Landoni et al. [40], in which levosimendan
improved selected physiological variables without confer-
ring a survival benefit or reducingmajor postoperative com-
plications.

Beyond haemodynamic outcomes, a meta-analysis of
randomized controlled trials focusing on cardiac surgery
populations showed a lower incidence of postoperative
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acute kidney injury with levosimendan, particularly among
high-risk patients, although no consistent effect on mortal-
ity was observed [41]. These data suggest a potential organ-
protective effect in the perioperative setting that does not
translate into a clear survival advantage.

Taken together, current evidence does not support the
routine use of levosimendan in unselected cardiac surgical
patients. However, it does not exclude a role in carefully se-
lected high-risk PCCS profiles. Patients with postoperative
right-ventricular dysfunction, pulmonary hypertension, or
inadequate response to catecholamines may derive greater
benefit, as the drug’s inodilatory and non-adrenergic prop-
erties directly address haemodynamic patterns commonly
encountered in these conditions.

Post-cardiotomy evidence has been further contextu-
alized by post-trial clinical updates and perioperative meta-
analyses, which emphasize individualized use rather than
systematic administration [42–45].

3.3.3 Acute Myocardial Infarction–Related Cardiogenic
Shock (AMI-CS)

Evidence supporting the use of levosimendan in AMI-
related CS remains limited. Most large randomized tri-
als conducted in acute decompensated heart failure or pe-
rioperative settings explicitly excluded patients with AMI-
CS. Consequently, evidence derived from HF-CS or post-
cardiotomy populations cannot be directly extrapolated to
the acute ischemic setting [30,37,39,40].

AMI-CS is characterized by rapid clinical deteriora-
tion driven by ongoing myocardial ischemia. Its haemody-
namic profile differs substantially from that of chronic or
postoperative cardiac dysfunction. These pathophysiologi-
cal differences limit the applicability of non-ischemic shock
data.

Current expert consensus statements do not recom-
mend routine levosimendan use in AMI-CS [2,8]. Its
administration may be considered only in selected situa-
tions, such as persistent low-output states after success-
ful revascularization, intolerance or poor response to cate-
cholamines, or concomitant right ventricular failure, where
a non-adrenergic mechanism may offer physiological ad-
vantages [11,36].

These cautious recommendations are consistent with
network meta-analyses showing a favourable safety profile
for levosimendan but uncertain efficacy in heterogeneous
CS populations [35].

3.3.4 Mixed or Undifferentiated CS Populations
Several network meta-analyses have included mixed

CS cohorts in which the underlying etiology was not clearly
defined. In these analyses, levosimendan often ranked
favourably in terms of safety. However, efficacy signals
were modest and highly sensitive to between-study het-
erogeneity [35]. Such data are useful for pharmacological

comparisons but should be interpreted cautiously when ap-
plied to specific shock phenotypes.

3.3.5 Levosimendan in the Context of ECMOWeaning
Weaning from veno-arterial extracorporeal membrane

oxygenation (VA-ECMO) represents a particularly vulner-
able phase. It is frequently marked by transient ventric-
ular dysfunction, increased afterload, and ongoing cate-
cholamine dependence.

In this setting, levosimendan has been investigated as
an adjunctive therapy to support myocardial performance
during the transition frommechanical to native cardiac sup-
port. Its non-adrenergic inotropic action, vasodilatory ef-
fects, and prolonged haemodynamic activity mediated by
its active metabolite provide a clear physiological rationale.
This concept was formalized in the design of the LEV-
OECMO trial [46].

The randomized LEVOECMO trial, recently pub-
lished in JAMA, did not demonstrate a significant increase
in successful VA-ECMO weaning compared with standard
care, despite early administration and full-dose levosimen-
dan. These findings indicate that levosimendan does not ex-
ert a passive or automatic effect on ECMO weaning. Nev-
ertheless, the trial confirmed an overall acceptable safety
profile and provided important haemodynamic information
in a highly selected CS population [47].

In parallel, observational data from a propensity
score–matched analysis suggested an association between
levosimendan use and higher ECMOweaning success rates,
although no clear survival benefit was observed [48].

Overall, current evidence supports a cautious and indi-
vidualized use of levosimendan during VA-ECMOweaning
rather than routine administration. This approach is consis-
tent with broader consensus documents on short-term me-
chanical circulatory support and with observational reports
on levosimendan use during extracorporeal support [49–
51].

3.3.6 Summary of Evidence Across Phenotypes
To provide a clearer perspective on the literature, Ta-

ble 1 (Ref. [30,31,34,35,37–40,52]) compiles the principal
clinical studies evaluating levosimendan in acute heart fail-
ure and CS. The included trials and cohorts span a broad
spectrum of haemodynamic profiles—ranging from HF-CS
to PCCS and mixed-etiology shock—and use diverse end-
points, from biomarker trends to hard clinical outcomes. To
facilitate interpretation, Table 1 includes a descriptive level
of evidence based on study design and sample size. A prac-
tical overview of phenotype-guided selection and therapeu-
tic pathways for levosimendan is illustrated in Fig. 3.

4. Discussion
Across clinical studies, levosimendan consistently

improves haemodynamic parameters and end-organ
perfusion—effects rooted in its dual action as a calcium
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Fig. 3. Phenotype-based guidance for levosimendan use in CS. Flowchart summarizing phenotype assessment, haemodynamic eval-
uation, key patient modifiers, and a safety-first dosing strategy to guide individualized levosimendan therapy.

sensitizer and vasodilator. Signals of organ protection,
particularly involving the kidneys and myocardium, have
been observed in physiological studies and in selected
groups such as catecholamine-refractory patients, individu-
als on chronic β-blockers, and those with renal impairment
[11,25,31,32,53].

Most of the evidence derives from HF-related CS and
post-cardiotomy cohorts, whereas studies focusing specif-
ically on AMI-CS remain limited. This imbalance means
that findings from one phenotype cannot simply be applied
to another. Consistent with this, large randomized trials
have not demonstrated a uniform survival benefit. Con-
temporary expert statements therefore view levosimendan
primarily as an adjunctive or rescue therapy for high-risk
profiles rather than a universal first-line inotrope [8,9].

In heart failure–related CS, levosimendan repeatedly
showed favourable haemodynamic effects, with increases

in cardiac output, reductions in pulmonary capillary wedge
pressure, and consistent decreases in natriuretic peptides.
The REVIVE and SURVIVE trials reported early symp-
tomatic improvement and marked BNP reductions, al-
though these changes did not translate into a clear survival
advantage [30,37]. A post-hoc analysis of SURVIVE indi-
cated a possible early mortality benefit among patients re-
ceiving chronic β-blockers [30]. In individuals with con-
comitant renal dysfunction, levosimendan improved mea-
sured GFR and cardiac output more effectively than dobu-
tamine [31], and observational work described higher ejec-
tion fractions, shorter ICU stays, and a trend toward lower
mortality [52]. Meta-analyses generally confirmed stronger
haemodynamic responses than those seen with adrenergic
inotropes, while also underscoring the limitations imposed
by study heterogeneity and insufficient power to assess
mortality [33,38]. In perioperative settings, including pat-
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Table 1. Summary of key randomized and observational studies evaluating levosimendan across different cardiogenic shock phenotypes.
Study/Year Population/CS phenotype Design & Sample Main endpoints Main findings Level of evidence

Packer et al., 2005 (RE-
VIVE II) [37]

Acute decompensated HF
(HF-CS/low-output)

RCT Acute decompensated HF
(HF-CS/low-output)

Symptoms, BNP, adverse events, and
mortality.

High

Mebazaa et al., 2007 (SUR-
VIVE) [30]

Acute decompensated HF with
reduced EF

RCT, n = 1327 BNP, 31-day, and 180-day
mortality

Greater BNP reduction; early mortality
benefit in chronic β-blocker subgroup; no
overall 180-day mortality reduction.

High

Lannemyr et al., 2018 [31] HF with renal impairment RCT Measured GFR, CO Levosimendan improved GFR and CO vs.
dobutamine.

Moderate

Singh et al., 2018 (observa-
tional study) [52]

ADHF, reduced EF, renal
dysfunction

Observational EF, ICU stay, mortality Higher EF, shorter ICU stay, numerical trend
toward lower mortality with levosimendan.

Low

Delaney et al., 2010 (meta-
analysis) [38]

Acute severe HF/inotrope use Meta-analysis (19 RCTs) Haemodynamics, mortality Superior haemodynamic effects; possible
survival benefit in some subgroups; no
consistent overall mortality reduction.

High

Mehta et al., 2017 (LEVO-
CTS) [39]

LVEF ≤35% undergoing cardiac
surgery (PCCS risk)

RCT Composite of death, MI, or need
for MCS

Modest haemodynamic improvement; no
significant outcome benefit.

High

Landoni et al., 2017 (post-
cardiotomy) [40]

Cardiac surgery patients at risk
of low output (PCCS)

Large RCT Mortality No mortality benefit; supports selective rather
than routine use.

High

Liao et al., 2020 (Network
meta-analysis) [35]

CS Network MA Safety, efficacy ranking Levosimendan ranks favorably for safety;
efficacy signals exploratory.

Low-Moderate

Zangrillo et al., 2015 (meta-
analysis) [34]

Critically ill adults with
sepsis/septic shock

Meta-analysis Mortality No consistent mortality benefit. High

ADHF, acute decompensated heart failure; HF-CS, heart-failure–related cardiogenic shock; PCCS, post-cardiotomy cardiogenic shock; MCS, mechanical circulatory support; VA-ECMO, veno-arterial
extracorporeal membrane oxygenation; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; GFR, glomerular filtration rate; CO, cardiac output; RCT, randomized
controlled trial; MA, meta-analysis; LEVO-CTS, Levosimendan in patients with left ventricular dysfunction undergoing cardiac surgery. Only studies cited in the manuscript are included.
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ients at risk for PCCS, the LEVO-CTS trial and other
randomized studies documented modest improvements in
haemodynamics without reductions in major adverse post-
operative outcomes [38,39]. However, observational co-
horts suggest that selected high-risk subgroups, especially
those with right-ventricular dysfunction or low-output
states refractory to catecholamines, may derive more mean-
ingful benefit.

Evidence in AMI-related CS remains sparse because
most pivotal trials excluded this population. Thiele et al.
[2] emphasize the primacy of rapid revascularization, care-
ful volume management, and individualized consideration
of mechanical circulatory support. Current data do not sup-
port routine administration in AMI-CS, although patients
with persistent low output despite revascularization or those
unable to tolerate adrenergic agents may occasionally ben-
efit.

In mixed-etiology cohorts, levosimendan has gener-
ally shown a favourable safety profile, while efficacy varied
considerably between studies [34]. Experiences reported
during COVID-19, associated CS have also shown that lev-
osimendan may contribute to multimodal bailout strategies
in highly refractory cases [52].

In patients supported with VA-ECMO, levosimendan
has been investigated as an active adjunctive therapy rather
than as passive haemodynamic support. However, the ran-
domized LEVOECMO trial, recently published in JAMA,
did not demonstrate a significant reduction in time to suc-
cessful VA-ECMO weaning compared with placebo, de-
spite early administration and full-dose infusion. These
findings indicate that levosimendan does not automatically
facilitate ECMO weaning. Nevertheless, potential haemo-
dynamic or organ-supportive effects may still be relevant
in selected clinical scenarios. Therefore, the use of lev-
osimendan during VA-ECMO weaning should be individ-
ualized and not routinely recommended, pending further
phenotype-specific analyses and real-world data [46–48].

The variability in study designs and patient popula-
tions underscores a central theme: levosimendan’s clinical
impact is strongly phenotype-dependent [23], and improve-
ments in haemodynamics do not automatically translate into
uniform survival benefits across all shock categories

4.1 Limitations

Interpretation of the available evidence is limited by
substantial methodological variability across studies. Dif-
ferences in patient selection, timing of treatment initiation,
dosing strategies, and outcome definitions restrict compara-
bility and reduce the strength of pooled analyses. Many ran-
domized trials lacked adequate power or did not stratify pa-
tients according to CS phenotype, making it difficult to de-
termine which groups benefit most. Some clinically impor-
tant subpopulations—such as patients with STEMI-related
shock—remain inadequately represented in the literature.
Furthermore, the definitions of clinical response, haemody-

namic improvement, and composite endpoints vary widely,
complicating the translation of these findings into practice
[1,2].

4.2 Future Perspectives

Although levosimendan was first introduced for acute
decompensated heart failure, its potential applications have
widened over time. It is now being explored in settings
characterized by reduced contractile reserve or intoler-
ance to adrenergic stimulation, such as septic cardiomy-
opathy, isolated right-ventricular failure, or during wean-
ing from temporary mechanical circulatory support, includ-
ing ECMO [11,12,15]. Its pharmacologic profile—calcium
sensitization combined with non-adrenergic vasodilation—
makes it particularly attractive when β-blockade, renal dys-
function, or arrhythmic risk limit the use of conventional in-
otropes. In this context, levosimendan is increasingly con-
sidered a second-line or adjunctive agent for patients with
complex haemodynamic profiles.

A further area of growing interest is perioperative
care. Early reports suggest that administration before or
around LVAD implantation may improve postoperative sta-
bility and reduce weaning failure, supporting broader inte-
gration into advanced heart-failure programs [54].

5. Conclusions
Levosimendan appears to offer therapeutic value for

selected patients with CS, particularly those who respond
poorly to catecholamines, are treated chronically with β-
blockers, or require support during mechanical circulatory
assistance. Its non-adrenergic profile, prolonged pharma-
codynamic activity, and favourable safety characteristics
make it a suitable option in complex haemodynamic situ-
ations.

Despite consistent haemodynamic and organ-
protective effects, large randomized trials have not
demonstrated a clear survival benefit [30,37,39,40]. More
rigorously designed, phenotype-stratified studies are
required to define its optimal role. Recent investigations,
including the LEVOECMO trial, are expected to clarify
patient selection, timing of administration, and overall
impact on outcomes [46,47], paving the way for more
individualized and evidence-based use.

Author Contributions
VT, SS, and DB conceived the study design. IM, FSB,

IC, IG, YB,MS, and CM collected and curated the data. DB
developed the methodological framework. VT, SS, and DB
analyzed the data. VT and DB drafted the manuscript. SS
and VT critically revised the manuscript for important in-
tellectual content. DB supervised all phases of the project.
All authors critically reviewed and revised the manuscript.
All authors approved the final version and agree to be fully
accountable for all aspects of the work.

8

https://www.imrpress.com


Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

AI-assisted tools (ChatGPT, OpenAI) were used ex-
clusively for language editing. All scientific content, inter-
pretation, and conclusions were produced by the authors,
who take full responsibility for the integrity and accuracy
of the manuscript.

References
[1] McDonagh TA,Metra M, AdamoM, Gardner RS, Baumbach A,

BöhmM, et al. 2021 ESCGuidelines for the diagnosis and treat-
ment of acute and chronic heart failure. European Heart Jour-
nal. 2021; 42: 3599–3726. https://doi.org/10.1093/eurheartj/eh
ab368.

[2] Thiele H, Ohman EM, de Waha-Thiele S, Zeymer U, Desch S.
Management of cardiogenic shock complicating myocardial in-
farction: an update 2019. European Heart Journal. 2019; 40:
2671–2683. https://doi.org/10.1093/eurheartj/ehz363.

[3] Chien SC, Wang CA, Liu HY, Lin CF, Huang CY, Chien LN.
Comparison of the prognosis among in-hospital survivors of car-
diogenic shock based on etiology: AMI and Non-AMI. An-
nals of Intensive Care. 2024; 14: 74. https://doi.org/10.1186/
s13613-024-01305-2.

[4] Berg DD, Bohula EA, van Diepen S, Katz JN, Alviar CL, Baird-
Zars VM, et al. Epidemiology of Shock in Contemporary Car-
diac Intensive Care Units: Data From the Critical Care Cardiol-
ogy Trials Network Registry. Circulation. Cardiovascular Qual-
ity and Outcomes. 2019; 12: e005618. https://doi.org/10.1161/
CIRCOUTCOMES.119.005618.

[5] Waksman R, Pahuja M, van Diepen S, Proudfoot AG, Morrow
D, Spitzer E, et al. Standardized Definitions for Cardiogenic
Shock Research and Mechanical Circulatory Support Devices:
Scientific Expert Panel From the Shock Academic Research
Consortium (SHARC). Circulation. 2023; 148: 1113–1126. ht
tps://doi.org/10.1161/CIRCULATIONAHA.123.064527.

[6] Naidu SS, Baran DA, Jentzer JC, Hollenberg SM, van Diepen
S, Basir MB, et al. SCAI SHOCK Stage Classification Expert
Consensus Update: A Review and Incorporation of Validation
Studies. Journal of the American College of Cardiology. 2022;
79: 933–946. https://doi.org/10.1016/j.jacc.2022.01.018.

[7] Jentzer JC, Van Diepen S, Patel PC, Henry TD, Morrow DA,
Baran DA, et al. Serial Assessment of Shock Severity in Car-
diac Intensive Care Unit Patients. Journal of the American Heart
Association. 2023; 12: e032748. https://doi.org/10.1161/JAHA
.123.032748.

[8] Zeymer U, Bueno H, Granger CB, Hochman J, Huber K, Lettino
M, et al. Acute Cardiovascular Care Association position state-
ment for the diagnosis and treatment of patients with acute my-

ocardial infarction complicated by cardiogenic shock: A docu-
ment of the Acute Cardiovascular Care Association of the Euro-
pean Society of Cardiology. European Heart Journal. Acute Car-
diovascular Care. 2020; 9: 183–197. https://doi.org/10.1177/
2048872619894254.

[9] van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK,
Kapur NK, et al. Contemporary Management of Cardiogenic
Shock: A Scientific Statement From the American Heart Asso-
ciation. Circulation. 2017; 136: e232–e268. https://doi.org/10.
1161/CIR.0000000000000525.

[10] Pollesello P, Ovaska M, Kaivolai J, Tilgmann C, Lundstrom K,
Kalkkinen N, et al. Binding of a New Ca2+ Sensitizer, Levosi-
mendan, to Recombinant Human Cardiac Troponin C. The Jour-
nal of Biological Chemistry. 1994; 269: 28584–28590.

[11] Papp Z, Édes I, Fruhwald S, De Hert SG, Salmenperä M, Lep-
pikangas H, et al. Levosimendan: Molecular mechanisms and
clinical implications. Pharmacology & Therapeutics. 2012; 136:
26–57.

[12] Papp Z, Agostoni P, Alvarez J, Bettex D, Bouchez S, Brito D,
et al. Levosimendan Efficacy and Safety: 20 Years of SIMDAX
in Clinical Use. Journal of Cardiovascular Pharmacology. 2020;
76: 4–22. https://doi.org/10.1097/FJC.0000000000000859.

[13] Tamargo J, Caballero R, Gómez R, Barana A, Amorós
I, Delpón E. Investigational positive inotropic agents for
acute heart failure. Cardiovascular & Hematological Disor-
ders Drug Targets. 2009; 9: 193–205. https://doi.org/10.2174/
187152909789007070.

[14] Bistola V, Arfaras-Melainis A, Polyzogopoulou E, Ikonomidis
I, Parissis J. Inotropes in acute heart failure: from guidelines to
practical use. Cardiac Failure Review. 2019; 5: 133–139. https:
//doi.org/10.15420/cfr.2019.11.1.

[15] Conti N, Gatti M, Raschi E, Diemberger I, Potena L. Evidence
and current use of levosimendan in the treatment of heart failure:
filling the gap. Drug Design Development and Therapy. 2021;
15: 3391–3409. https://doi.org/10.2147/DDDT.S295214.

[16] Gong B, Li Z, Yew KW, Ong HY, Yang J, Wang Y, et al.
Levosimendan in patients with acute heart failure: a meta-
analysis of randomized controlled trials. American Journal of
Cardiovascular Drugs. 2015; 15: 87–98. https://doi.org/10.
1007/s40256-014-0104-6.

[17] Pathak A, Lebrin M, Vaccaro A, Senard JM, Despas F. Pharma-
cology of levosimendan: inotropic, vasodilatory and cardiopro-
tective effects. Journal of Clinical Pharmacy and Therapeutics.
2013; 38: 341–349. https://doi.org/10.1111/jcpt.12067.

[18] NieminenMS, Akkila J, Hasenfuss G, Kleber FX, Lehtonen LA,
Mitrovic V, et al. Hemodynamic and neurohumoral effects of
continuous infusion of levosimendan in patients with congestive
heart failure. Journal of the American College of Cardiology.
2000; 36: 1903–1912. https://doi.org/10.1016/s0735-1097(00)
00961-x.

[19] Pan J, Yang YM, Zhu JY, Lu YQ. Multiorgan Drug Action
of Levosimendan in Critical Illnesses. BioMed Research Inter-
national. 2019; 2019: 9731467. https://doi.org/10.1155/2019/
9731467.

[20] Zangrillo A, Alvaro G, Belletti A, Pisano A, Brazzi L, Calabrò
MG, et al. Effect of Levosimendan on Renal Outcome in Car-
diac Surgery Patients With Chronic Kidney Disease and Periop-
erative Cardiovascular Dysfunction: A Substudy of a Multicen-
ter Randomized Trial. Journal of Cardiothoracic and Vascular
Anesthesia. 2018; 32: 2152–2159. https://doi.org/10.1053/j.jv
ca.2018.02.039.

[21] Silvetti S, Pollesello P, Belletti A. Repeated Levosimendan In-
fusions in the Management of Advanced Heart Failure: Review
of the Evidence and Meta-analysis of the Effect on Mortality.
Journal of Cardiovascular Pharmacology. 2024; 83: 144–157.
https://doi.org/10.1097/FJC.0000000000001506.

9

https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehz363
https://doi.org/10.1186/s13613-024-01305-2
https://doi.org/10.1186/s13613-024-01305-2
https://doi.org/10.1161/CIRCOUTCOMES.119.005618
https://doi.org/10.1161/CIRCOUTCOMES.119.005618
https://doi.org/10.1161/CIRCULATIONAHA.123.064527
https://doi.org/10.1161/CIRCULATIONAHA.123.064527
https://doi.org/10.1016/j.jacc.2022.01.018
https://doi.org/10.1161/JAHA.123.032748
https://doi.org/10.1161/JAHA.123.032748
https://doi.org/10.1177/2048872619894254
https://doi.org/10.1177/2048872619894254
https://doi.org/10.1161/CIR.0000000000000525
https://doi.org/10.1161/CIR.0000000000000525
https://doi.org/10.1097/FJC.0000000000000859
https://doi.org/10.2174/187152909789007070
https://doi.org/10.2174/187152909789007070
https://doi.org/10.15420/cfr.2019.11.1
https://doi.org/10.15420/cfr.2019.11.1
https://doi.org/10.2147/DDDT.S295214
https://doi.org/10.1007/s40256-014-0104-6
https://doi.org/10.1007/s40256-014-0104-6
https://doi.org/10.1111/jcpt.12067
https://doi.org/10.1016/s0735-1097(00)00961-x
https://doi.org/10.1016/s0735-1097(00)00961-x
https://doi.org/10.1155/2019/9731467
https://doi.org/10.1155/2019/9731467
https://doi.org/10.1053/j.jvca.2018.02.039
https://doi.org/10.1053/j.jvca.2018.02.039
https://doi.org/10.1097/FJC.0000000000001506
https://www.imrpress.com


[22] Heringlake M, Alvarez J, Bettex D, Bouchez S, Fruhwald S, Gi-
rardis M, et al. An update on levosimendan in acute cardiac
care: applications and recommendations for optimal efficacy
and safety. Expert Review of Cardiovascular Therapy. 2021; 19:
325–335. https://doi.org/10.1080/14779072.2021.1905520.

[23] Bhatt AS, Berg DD, Bohula EA, Alviar CL, Baird-Zars VM,
Barnett CF, et al. De Novo vs Acute-on-Chronic Presentations
of Heart Failure-Related Cardiogenic Shock: Insights from the
Critical Care Cardiology Trials Network Registry. Journal of
Cardiac Failure. 2021; 27: 1073–1081. https://doi.org/10.1016/
j.cardfail.2021.08.014.

[24] Farmakis D, Agostoni P, Baholli L, Bautin A, Comin-Colet J,
Crespo-Leiro MG, et al. A pragmatic approach to the use of in-
otropes for the management of acute and advanced heart failure:
An expert panel consensus. International Journal of Cardiology.
2019; 297: 83–90. https://doi.org/10.1016/j.ijcard.2019.09.005.

[25] Long YX, Cui DY, Kuang X, Hu Y, Hu S, Wang CP, et al. Ef-
fect of levosimendan on renal function in background of left
ventricular dysfunction: a meta-analysis of randomized trials.
Expert Opinion on Drug Safety. 2021; 20: 1411–1420. https:
//doi.org/10.1080/14740338.2021.1951700.

[26] Kaheinen P, Pollesello P, Levijoki J, Haikala H. Ef-
fects of levosimendan and milrinone on oxygen con-
sumption in isolated guinea-pig heart. Journal of
Cardiovascular Pharmacology. 2004; 43: 555–561.
https://doi.org/10.1097/00005344-200404000-00011.

[27] Mishra A, Kumar B, Dutta V, Arya VK, Mishra AK. Compara-
tive Effect of Levosimendan and Milrinone in Cardiac Surgery
Patients With Pulmonary Hypertension and Left Ventricular
Dysfunction. Journal of Cardiothoracic and Vascular Anesthe-
sia. 2016; 30: 639–646. https://doi.org/10.1053/j.jvca.2016.01.
015.

[28] Cui X, Wang Z, Dong X, Cheng Z, Zhang L, Mu Y, et al.
Comparative Effectiveness and Safety of Milrinone and Lev-
osimendan as Initial Inotrope Therapy in Patients With Acute
Heart Failure With Renal Dysfunction. Journal of Cardiovascu-
lar Pharmacology. 2022; 79: 781–790. https://doi.org/10.1097/
FJC.0000000000001255.

[29] Quintero-Altare A, Flórez-Navas C, Robayo-Amortegui H,
Rojas-Arrieta M, Tuta-Quintero E, Bastidas-Goyes A, et al.
Boosting the Beat: A Critical Showdown of Levosimendan
and Milrinone in Surgical and Non-Surgical Scenarios: A Nar-
rative Review. Journal of Cardiovascular Pharmacology and
Therapeutics. 2024; 29: 10742484241276431. https://doi.org/
10.1177/10742484241276431.

[30] Mebazaa A, Nieminen MS, Packer M, Cohen-Solal A, Kleber
FX, Pocock SJ, et al. Levosimendan vs dobutamine for patients
with acute decompensated heart failure: the SURVIVE Ran-
domized Trial. JAMA. 2007; 297: 1883–1891. https://doi.org/
10.1001/jama.297.17.1883.

[31] Lannemyr L, Ricksten SE, Rundqvist B, Andersson B, Bartfay
SE, Ljungman C, et al. Differential Effects of Levosimendan
and Dobutamine on Glomerular Filtration Rate in Patients With
Heart Failure and Renal Impairment: A Randomized Double-
Blind Controlled Trial. Journal of the American Heart Asso-
ciation. 2018; 7: e008455. https://doi.org/10.1161/JAHA.117.
008455.

[32] John B, Babu M, Shaji S, Abraham S, Abdullakutty J. Clinical
outcomes of levosimendan versus dobutamine in patients with
acute decompensated heart failure with reduced ejection frac-
tion and impaired renal function. Indian Heart Journal. 2021; 73:
372–375. https://doi.org/10.1016/j.ihj.2021.02.010.

[33] Sanfilippo F, La Via L, Merola F, Astuto M. Mortality reduc-
tion with levosimendan in patients with heart failure: Current
evidence is underpowered. Cardiology Journal. 2021; 28: 798–
799. https://doi.org/10.5603/CJ.a2021.0078.

[34] Feng F, Chen Y, Li M, Yuan JJ, Chang XN, Dong CM. Lev-
osimendan does not reduce the mortality of critically ill adult
patients with sepsis and septic shock: a meta-analysis. Chi-
nese Medical Journal. 2019; 132: 1212–1217. https://doi.org/
10.1097/CM9.0000000000000197.

[35] Liao X, Qian L, Zhang S, Chen X, Lei J. NetworkMeta-Analysis
of the Safety of Drug Therapy for Cardiogenic Shock. Journal of
Healthcare Engineering. 2020; 2020: 8862256. https://doi.org/
10.1155/2020/8862256.

[36] Maack C, Eschenhagen T, Hamdani N, Heinzel FR, Lyon AR,
Manstein DJ, et al. Treatments targeting inotropy: a position
paper of the Committees on Translational Research and Acute
Heart Failure of the Heart Failure Association of the European
Society of Cardiology. European Heart Journal. 2019; 40: 3626–
3644. https://doi.org/10.1093/eurheartj/ehy600.

[37] Packer M, Colucci WS, Fisher L, Massie BM, Teerlink JR,
Young JB, et al. Effect of levosimendan on the short-term clini-
cal course of patients with acutely decompensated heart failure.
JACC: Heart Failure. 2013; 1: 103–111 https://doi.org/10.1016/
j.jchf.2012.12.004.

[38] Delaney A, Bradford C,McCaffrey J, Bagshaw SM, Lee R. Lev-
osimendan for the treatment of acute severe heart failure: ameta-
analysis of randomised controlled trials. International Journal of
Cardiology. 2010; 138: 281–289. https://doi.org/10.1016/j.ijca
rd.2008.08.020.

[39] Mehta RH, Leimberger JD, van Diepen S, Meza J, Wang A,
Jankowich R, et al. Levosimendan in Patients with Left Ventric-
ular Dysfunction Undergoing Cardiac Surgery. The New Eng-
land Journal of Medicine. 2017; 376: 2032–2042. https://doi.or
g/10.1056/NEJMoa1616218.

[40] Landoni G, Lomivorotov VV, Alvaro G, Lobreglio R, Pisano
A, Guarracino F, et al. Levosimendan for Hemodynamic Sup-
port after Cardiac Surgery. The New England Journal of
Medicine. 2017; 376: 2021–2031. https://doi.org/10.1056/NE
JMoa1616325.

[41] Zhou C, Gong J, Chen D,WangW, LiuM, Liu B. Levosimendan
for Prevention of Acute Kidney Injury After Cardiac Surgery: A
Meta-analysis of Randomized Controlled Trials. American Jour-
nal of Kidney Diseases. 2016; 67: 408–416. https://doi.org/10.
1053/j.ajkd.2015.09.015.

[42] Guarracino F, Heringlake M, Cholley B, Bettex D, Bouchez
S, Lomivorotov VV, et al. Use of Levosimendan in Cardiac
Surgery: An Update After the LEVO-CTS, CHEETAH, and
LICORN Trials in the Light of Clinical Practice. Journal of Car-
diovascular Pharmacology. 2018; 71: 1–9. https://doi.org/10.
1097/FJC.0000000000000551.

[43] van Diepen S,Mehta RH, Leimberger JD, Goodman SG, Fremes
S, Jankowich R, et al. Levosimendan in patients with reduced
left ventricular function undergoing isolated coronary or valve
surgery. The Journal of Thoracic and Cardiovascular Surgery.
2020; 159: 2302–2309. https://doi.org/10.1016/j.jtcvs.2019.06.
020.

[44] Chen WC, Lin MH, Chen CL, Chen YC, Chen CY, Lin YC,
et al. Comprehensive Comparisons among Inotropic Agents on
Mortality and Risk of Renal Dysfunction in Patients Who Un-
derwent Cardiac Surgery: A Network Meta-Analysis of Ran-
domized Controlled Trials. Journal of Clinical Medicine. 2021;
10: 1032. https://doi.org/10.3390/jcm10051032.

[45] Guarracino F, Zima E, Pollesello P, Masip J. Short-term treat-
ments for acute cardiac care: inotropes and inodilators. Eu-
ropean Heart Journal Supplements. 2020; 22: D3–D11. https:
//doi.org/10.1093/eurheartj/suaa090.

[46] Ellouze O, Soudry Faure A, Radhouani M, Abou-Arab O,
Besnier E, Moussa M, et al. Levosimendan in venoarterial
ECMO weaning. Rational and design of a randomized double
blind multicentre trial. ESC Heart Failure. 2021; 8: 3339–3347.

10

https://doi.org/10.1080/14779072.2021.1905520
https://doi.org/10.1016/j.cardfail.2021.08.014
https://doi.org/10.1016/j.cardfail.2021.08.014
https://doi.org/10.1016/j.ijcard.2019.09.005
https://doi.org/10.1080/14740338.2021.1951700
https://doi.org/10.1080/14740338.2021.1951700
https://doi.org/10.1097/00005344-200404000-00011
https://doi.org/10.1053/j.jvca.2016.01.015
https://doi.org/10.1053/j.jvca.2016.01.015
https://doi.org/10.1097/FJC.0000000000001255
https://doi.org/10.1097/FJC.0000000000001255
https://doi.org/10.1177/10742484241276431
https://doi.org/10.1177/10742484241276431
https://doi.org/10.1001/jama.297.17.1883
https://doi.org/10.1001/jama.297.17.1883
https://doi.org/10.1161/JAHA.117.008455
https://doi.org/10.1161/JAHA.117.008455
https://doi.org/10.1016/j.ihj.2021.02.010
https://doi.org/10.5603/CJ.a2021.0078
https://doi.org/10.1097/CM9.0000000000000197
https://doi.org/10.1097/CM9.0000000000000197
https://doi.org/10.1155/2020/8862256
https://doi.org/10.1155/2020/8862256
https://doi.org/10.1093/eurheartj/ehy600
https://doi.org/10.1016/j.jchf.2012.12.004
https://doi.org/10.1016/j.jchf.2012.12.004
https://doi.org/10.1016/j.ijcard.2008.08.020
https://doi.org/10.1016/j.ijcard.2008.08.020
https://doi.org/10.1056/NEJMoa1616218
https://doi.org/10.1056/NEJMoa1616218
https://doi.org/10.1056/NEJMoa1616325
https://doi.org/10.1056/NEJMoa1616325
https://doi.org/10.1053/j.ajkd.2015.09.015
https://doi.org/10.1053/j.ajkd.2015.09.015
https://doi.org/10.1097/FJC.0000000000000551
https://doi.org/10.1097/FJC.0000000000000551
https://doi.org/10.1016/j.jtcvs.2019.06.020
https://doi.org/10.1016/j.jtcvs.2019.06.020
https://doi.org/10.3390/jcm10051032
https://doi.org/10.1093/eurheartj/suaa090
https://doi.org/10.1093/eurheartj/suaa090
https://www.imrpress.com


https://doi.org/10.1002/ehf2.13427.
[47] Combes A, Saura O, Nesseler N, Lebbah S, Rozec B, Levy

B, et al. Levosimendan to Facilitate Weaning From ECMO in
Patients With Severe Cardiogenic Shock: The LEVOECMO
Randomized Clinical Trial. JAMA. 2026; 335: 60–69. https:
//doi.org/10.1001/jama.2025.19843.

[48] Paulo N, Kimmoun A, Hajage D, Hubert P, Levy D, Pineton
de Chambrun M, et al. Does Levosimendan hasten veno-arterial
ECMO weaning? A propensity score matching analysis. An-
nals of Intensive Care. 2025; 15: 48. https://doi.org/10.1186/
s13613-025-01457-9.

[49] Møller JE, Sionis A, Aissaoui N, Ariza A, Bělohlávek J, De
Backer D, et al. Step by step daily management of short-term
mechanical circulatory support for cardiogenic shock in adults
in the intensive cardiac care unit: a clinical consensus statement
of the Association for Acute CardioVascular Care of the Euro-
pean Society of Cardiology SC, the European Society of Inten-
sive Care Medicine, the European branch of the Extracorporeal
Life Support Organization, and the European Association for
Cardio-Thoracic Surgery. European Heart Journal. Acute Car-
diovascular Care. 2023; 12: 475–485. https://doi.org/10.1093/
ehjacc/zuad064.

[50] Wang YH, Chen JL, Tsai CS, Tsai YT, Lin CY, Ke HY, et al.
Effects of Levosimendan on Systemic Perfusion in Patients with

Low Interagency Registry for Mechanically Assisted Circula-
tory Support (INTERMACS) Score: Experience from a Single
Center in Taiwan. Acta Cardiologica Sinica. 2021; 37: 512–521.
https://doi.org/10.6515/ACS.202109_37(5).20210310B.

[51] Massol J, Simon-Tillaux N, Tohme J, Hariri G, Dureau P,
Duceau B, et al. Levosimendan in patients undergoing extracor-
poreal membrane oxygenation after cardiac surgery: an emu-
lated target trial using observational data. Critical Care. 2023;
27: 51. https://doi.org/10.1186/s13054-023-04328-6.

[52] Fox H, Gummert JF, Sommer P, Knabbe C, Sohns C. Synergis-
tic effects of levosimendan and convalescence plasma as bailout
strategy in acute cardiogenic shock in COVID-19: A case re-
port. Cardiology Journal. 2022; 29: 157–159. https://doi.org/10.
5603/CJ.a2021.0119.

[53] Susilo H, Aldian FM, Wungu CDK, Alsagaff MY, Sutanto H,
Multazam CECZ. Levosimendan, a Promising Pharmacother-
apy in Cardiogenic Shock: A Comprehensive Review. European
Cardiology Review. 2024; 19: e21. https://doi.org/10.15420/ec
r.2024.16.

[54] Kocabeyoglu SS, Kervan U, Sert DE, Karahan M, Aygun E,
Beyazal OF, et al. Optimization with levosimendan improves
outcomes after left ventricular assist device implantation. Euro-
pean Journal of Cardio-Thoracic Surgery. 2020; 57: 176–182.
https://doi.org/10.1093/ejcts/ezz159.

11

https://doi.org/10.1002/ehf2.13427
https://doi.org/10.1001/jama.2025.19843
https://doi.org/10.1001/jama.2025.19843
https://doi.org/10.1186/s13613-025-01457-9
https://doi.org/10.1186/s13613-025-01457-9
https://doi.org/10.1093/ehjacc/zuad064
https://doi.org/10.1093/ehjacc/zuad064
https://doi.org/10.6515/ACS.202109_37(5).20210310B
https://doi.org/10.1186/s13054-023-04328-6
https://doi.org/10.5603/CJ.a2021.0119
https://doi.org/10.5603/CJ.a2021.0119
https://doi.org/10.15420/ecr.2024.16
https://doi.org/10.15420/ecr.2024.16
https://doi.org/10.1093/ejcts/ezz159
https://www.imrpress.com

	1. Introduction
	2. Methods
	3. Results
	3.1 Mechanism of Action
	3.2 Safety and Dosing Considerations
	3.2.1 Comparisons With Catecholamines
	3.2.2 Comparison With PDE-3 Inhibitors
	3.2.3 Additional Comparative Evidence

	3.3 Clinical Evidence of Levosimendan Across CS Phenotypes
	3.3.1 Heart Failure–Related Cardiogenic Shock (HF-CS)
	3.3.2 Post-Cardiotomy Cardiogenic Shock (PCCS)
	3.3.3 Acute Myocardial Infarction–Related Cardiogenic Shock (AMI-CS)
	3.3.4 Mixed or Undifferentiated CS Populations
	3.3.5 Levosimendan in the Context of ECMO Weaning
	3.3.6 Summary of Evidence Across Phenotypes


	4. Discussion
	4.1 Limitations
	4.2 Future Perspectives

	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

