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Abstract: Levosimendan, an inodilator that has been applied in clinical use for over two decades, has
transcended its initial indication in the management of acutely decompensated chronic heart failure. Over
the years, it has been adopted in septic shock, perioperative use of cardiac surgery, advanced end-stage heart
failure, and has shown potential for inhaled administration, highlighting its versatility. Levosimendan has
diverse mechanisms of action which mediate its non-traditional uses. Ongoing research aims to expand our
understanding and develop personalized treatment strategies for the use of levosimendan. The significance
of levosimendan in acute decompensated heart failure and cardiogenic shock, highlights its evolving role in
contemporary cardiovascular medicine. This comprehensive review explores its pharmacodynamics, effects,
and the challenges and opportunities it presents in various clinical settings. We describe levosimedan’s
expanding usage, ranging from septic shock, intermittent intravenous in advanced heart failure,
perioperative cardiac surgery and pulmonary hypertension management by inhaled levosimendan as well as
its future prospects.
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1. Introduction

Levosimendan was first used in routine clinical practice in 2000 for the management of decompensated
severe chronic heart failure. Since then it has become an important player in cardiovascular pharmacology.
This first-in-class inodilator, acting through a tripartite mechanism involving calcium sensitization,
vasodilation, and cytoprotection, has attracted significant attention for its diverse effects [1]. Unlike
traditional inotropic agents, levosimendan enhances cardiac contractility without increasing myocardial
oxygen consumption, suggesting it to be a promising option for several cardiovascular conditions [2].

Over the past two decades, levosimendan has been used for conditions beyond its initial indications,
with ongoing researches uncovering its potential benefits in diverse clinical scenarios. Levosimendan
transcends its established role in acute heart failure treatment to cover several conditions such as septic shock
and perioperative cardiac surgery [3]. This versatility makes it ideal for personalized treatment of various
cardiovascular disorders. This review describes levosimendan’s mechanisms, clinical applications, and its
potential to reshape contemporary cardiovascular medicine. The expanding scope of levosimendan including
the treatment of acute decompensated heart failure and cardiogenic shock suggests that this drug is expected
to revolutionize cardiovascular pharmacology. The is a narrative review that covers extensive literature but no
meta-analysis is conducted in this article.
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2. Pharmacodynamics of Levosimendan

Levosimendan is a first-in-class drug acts as an inodilator through a tripartite mechanism which involves
acting as calcium sensitizer by increasing the sensitivity of troponin C fibers to ionic calcium and as a
vasodilator and cytoprotective agent through opening of potassium channel on vascular smooth muscle cells
and in mitochondria. It has gained significant attention in cardiovascular pharmacology. Levosimendan has one
active metabolite, coded OR-1896 (see Figure 1) [4]. Both the parent drug and OR-1896 have similar effects,
but levosimendan has a half-life of about 1h, whereas OR-1896 reaches its peak plasma concentration 2-3 days
after levosimendan infusion, thus prolonging therapeutic effects beyond the infusion period. The drug was
formulated for a 24-hour infusion, after which its pharmacodynamic effects persist for at least one week [5].
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Figure 1. Metabolic pathway of transformation of levosimedan in its active metabolic.

3. The Effects of Levosimendan

Levosimendan can alleviate heart failure symptoms and reduce mortality in several clinical conditions.
Its therapeutic effects extend beyond improving cardiac functionto include neurohormonal and anti-
inflammatory effects. Notably, it has been shown to decrease brain natriuretic peptide, a key biomarker of
heart failure severity, and pro-inflammatory cytokines like tumor necrosis factor-alpha and interleukin-6. In
addition, it improves the right ventricular function and endothelial function as well as modulate coronary
blood flow [6].

Besides its “traditional” indications, levosimendan may be used in septic shock, perioperative of cardiac
surgery, and right heart failure due to pulmonary hypertension. Traditionally, levosimendan was mainly applied
as a continuous intravenous administration. However, innovative strategies are emerging for its use in
managing advanced heart failure, which include intermittent dosing and inhaled levosimendan in the treatment
of pulmonary vasodilation. However, these approaches have not been incorporated in the current guidelines due
to the limited evidence. Thus, physician discretion can be exercised in selecting levosimendan for these specific
clinical situations. In this review, we explore the details of these innovative applications of levosimendan.

4. Levosimendan in Septic Shock and Septic Cardiomyopathy

Sepsis is characterized by an infection triggering dysfunction in at least one organ owing to a
deregulated host inflammatory response. Septic shock is specifically defined as sepsis with persistent
hypotension requiring vasopressors to maintain a mean arterial pressure > 65 mmHg and a serum lactate
level > 2 mmol/l despite adequate fluid challenge [7]. Septic shock can be fatal owing to the enhanced
vascular hypo-reactivity and autonomic dysfunction. It can also induce septic cardiomyopathy with de novo
acute heart failure contributing a sepsis mortality of about 30% [8]. Effective management of septic
cardiomyopathy revolves around addressing the underlying infection and implementing appropriate fluid
management strategies [9]. In cases of septic shock where patients are unresponsive or display inadequate
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responses to fluid resuscitation, noradrenaline is administered as the preferred vasopressor. Its administration
can achieve the target mean arterial pressure of > 65 mmHg, and thus mitigate the severe hemodynamic
consequences associated with septic shock [10].

Among the available clinical trials, the LeoPARDS trial (Levosimendan for the Prevention of Acute
Organ Dysfunction in Sepsis), which investigated the use of levosimendan in septic shock suggested that
levosimendan enhanced cardiovascular function in septic patients without significantly increasing myocardial
oxygen consumption [11]. Another particular trial (Levosimendan versus dobutamine in myocardial injury
patients with septic shock) evaluated the use of levosimendan in comparison to dobutamine in patients with
septic shock, which demonstrated levosimendan reduced biomarkers of myocardial injury and improved
hemodynamics compared with dobutamine [12]. Pioneer studies showed a promising outlook regarding the
application of levosimendan in septic shock, with many trials reporting favorable outcomes such as improved
cardiac function (higher stroke volumes and cardiac indices) and reduced biomarkers of myocardial injury
compared to dobutamine. However, larger meta-analyses, ¢ of Ge et al., did not find a statistically significant
association between levosimendan and reductions in 28-day mortality or SOFA scores, despite improvements
in cardiac parameters and serum lactate levels (see Figure 2). This seemingly divergent scenario might reflect
the complex nature of septic shock, a multifaceted stress response, where targeting a single factor like cardiac
function may not directly translate to improved mortality [13].

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% Cl M_.H, Fixed, 95% CI
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Figure 2. The meta-analysis of levosimendan in patients with septic shock.

Levosimendan’s unique ability to influence both myocardial and vascular function makes it a promising
candidate for septic shock management, where maintaining a balance between these systems is crucial. In our
clinical practice, we reserve levosimendan for patients exhibiting moderate to severe left ventricular systolic
dysfunction and impaired end-organ perfusion on echocardiography. Future research should refine the roles
of levosimendan by examining the optimal timing and dosage based on the severity of acute heart failure and
aiming to maximize its cardioprotective benefits. While concerns regarding potential increases in vasopressor
requirements exist, these may be outweighed by the broader benefits of levosimendan.

5. Perioperative Use in Cardiac Surgery

Levosimendan has gained significant attention for its potential to improve perioperative outcomes,
particularly in cardiac surgery. Several investigations have been conducted to explore the role of
levosimendan in perioperative cardiac surgery. It has been shown to augment contractility without increasing
oxygen demand demonstrating its potential advantages, including reduced mortality and morbidity [14].

In the context of cardiac surgery, levosimendan can improve patient symptoms during the perioperative
period. Unlike traditional inotropic agents, which increase myocardial oxygen demand and elevate risks in
patients with limited cardiac reserve, levosimendan, amplifies cardiac contractility without significantly
raising oxygen consumption. Clinical studies suggest that levosimendan can diminish mortality and morbidity
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in cardiac surgery patients, presenting itself as a valuable supplement to traditional inotropic support.

Levosimendan’s impact on perioperative outcomes extends beyond cardiac surgery, offering benefits
that optimize patient care. This includes reducing perioperative myocardial injury, stabilizing hemodynamics,
and minimizing the need for additional inotropic agents. Levosimendan’s unique dual actions, enhancing
myocardial contractility and inducing vasodilation, improve cardiac performance throughout the
perioperative period. Furthermore, its potential to reduce postoperative complications, including arrhythmias
and organ dysfunction, positions levosimendan as a valuable tool for enhancing perioperative care and
improving outcomes in cardiac surgery patients [15].

Several trials, including the CHEETAH Trial [16] and LEVO-CTS Trail [17], have explored the benefits of
levosimendan in cardiac surgery. These trials suggest that levosimendan may decrease the occurrence of low
cardiac output syndrome and maintain hemodynamic stability in patients undergoing cardiac surgery. Its capacity
to improve cardiac contractility without elevating oxygen demand makes it ideal for this clinical setting [18].

Furthermore, clinical trials have investigated levosimendan’s role in preventing or managing
postoperative complications, including acute kidney damage and atrial fibrillation. Some of studies proposed
that it exerts a renoprotectiveeffect and decreases the incidence of atrial fibrillation in patients compared with
conventional treatments [19].

In summary, evidence suggests that levosimendan has a positive impact on cardiac function, hemodynamic
stability, and potential benefits in averting postoperative complications. Nevertheless, further research is needed
to support the use of levosimendan in perioperative care of patients undergoing cardiac surgery.

6. Repetitive Use of Levosimendan in the Management of Advanced Heart Failure

Patients with advanced heart failure (AdHF) have high levels of mortality and morbidity. They also
manifest with severe progression of symptoms and frequent rehospitalizations [20]. Despite the availability of
guideline-based therapies, including diuretics, angiotensin-receptor/neprilysin inhibitors, angiotensin-
converting enzyme inhibitors, angiotensin-receptor blockers, mineralocorticoid receptor antagonists, beta-
adrenergic blockers, and SGLT2 inhibitors, the use of conventional adrenergic inotropes has been associated
with increased mortality rates.

To achieve long-term symptomatic relief and palliation, inodilators have been suggested, with
levosimendan emerging as a prominent choice. Given its unique pharmacokinetics, levosimendan allows for
intermittent dosing, making it an ideal drug for the management of these patients [21]. The intermittent
dosing strategy of levosimendan can alleviate symptoms commonly associated with end-stage heart failure,
such as dyspnea and fatigue. This approach is particularly beneficial for patients with advanced heart failure
who may not tolerate the continuous administration of inotropic agents because it minimizes the risk of
adverse effects observed with continuous infusions. Understanding how levosimendan enhances functional
capacity and quality of life in outpatient settings will allow the establishment of approaches for the
management of heart failure.

Several small-scale, non-randomized trials and registries involving advanced heart failure with reduced
ejection fraction (HFrEF) patients (see Table 1), who are either ineligible or awaiting a heart transplant or
LVAD implant, have demonstrated that repeated infusions of levosimendan improves outcomes of these
patients. Intermittent infusion of levosimendan has been shown to ameliorate symptoms, clinical and
hemodynamic status, prevent hospitalization due to recurrent heart failure, and optimize guideline-directed
medical therapy. These evidence supports the recommendation of levosimendan as a valuable intervention in
the comprehensive management of advanced heart failure patients.

Table 1. Repetitive levosimendan infusion for patients with advanced chronic heart failure.

Patients’ Comparison Primary Secondary Follow-
No. Year Study Number Arm Methods Outcomes Outcomes up Results
6 hevery 2 Global rank The Inte@lttent
Intermittent weeks for score of three  composite levosimendan
LeoDOR . 7 cycles/ . . compo 26 had no
1 2023 . 145  levosimendan hierarchical  risk of tiers 1 .
trail [22] 24 h every weeks significant effect
vs placebo groups after 14 and 2 at 14 .
3 weeks for on the primary
weeks and 26 weeks .
5 cycles endpoint
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Continue
24 h Death from any Intermittent
Intermittent  infusions cause or levosimendan
LEIA- . 12
2 2022 350  levosimendan  every 4 unplanned reduce the
HF [23] . months .
vs placebo  weeks for  hospitalization primary
48 weeks for HF endpoint by 15%
After
RELEVA Before and 0.05-92 ug/ .mter.mlttel.lt
after kg/min for =~ Data on HF 6 infusion with
3 2018 NT-HF 185 . . T
intermittent  every 3-4  hospitalizations months  lower overall
[24] .
levosimendan weeks length of
hospital stay
Incidence of Cumulative
. 24 h oo incidence for No statistical
Intermittent . . hospitalization R Lo
LAICA . infusions hospitalizati significance for
4 2021 97 levosimendan for acute 1 year .
[25] monthly for on the primary
vs placebo decompensated .
a year HF At 30 days, 3, endpoint
6,12 months
chgnge m Intermittent
Minnesota .
6 h period Living with levosimendan
LION- Intermittent re Iz:ate q ’ Costs of Heart I%ailure 12 can saving per
5 2017 HEART 69 levosimendan p hospitalization . . patient and
[26] vs placebo every two due to HF Questionnaire months improve the
weeks (MLHFQ)
symptoms and
score and uality of life
NT- proBNP quattty
The proportion
of patients with
. 0'.2 ug/ke/ a>20% Did not improve
Intermittent ~ min 6hat . .
LevoRep . improvement  Event free 24 functional
6 2014 120 levosimendan  2-week . . .
[27] . in the 6MWT survival weeks capacity or
vs placebo intervals . .
and 215% quality of life
over 6 weeks .
score increase
on KCCQ
0.1-0.4 ug/
kg/min
according to Serial
Repeated the blood  Clinical effects levosimendan
LEVO-D infusion of pressure of repeated . .
7 2012 33 . . 1 year infusions
[28] levosimendan (total dose  levosimendan .
. . . improved
vs furosemide  12.5 mg infusion overall prognosis
within 24 prog
hours) every
4 weeks

Clinical trials investigating the repetitive use of levosimendan in patients with advanced heart failure
with reduced ejection fraction have been conducted in recent years [29]. Although the study groups tended to
show similar outcomes in terms of clinical status, endpoints were different in each trial. While the majority of
trials have shown significant benefits for patients receiving levosimendan, past experiences highlight
challenges in using symptoms as an objective endpoint in heart failure trials. Symptoms may not be
consistently measurable and may not serve as an ideal primary endpoint for testing treatment efficacy. All
previous clinical trials revealed that repetitive levosimendan infusions are safe and multiple infusions of
levosimendan have several benefits. The use of levosimendan has shifted from the management of acute heart
failure to a safe and potentially effective treatment for outpatients with advanced HFrEF [30].

The most recent meta-analysis, conducted by Slivetti Simona et al and published in 2024, meticulously
selected 9 trials characterized by specific attributes suitable for a meta-analysis on mortality. The findings
underscore the association of repetitive/intermittent therapy with i. v. levosimendan with a noteworthy
reduction in mortality at the longest available time point: 50 out of 399 (12.5%) compared with 60 out of 281
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(21.4%) (95% confidence interval, 0.42-0.90, P < 0.01). It is imperative to acknowledge, however, the
presence of several limitations in this meta-analysis, including a heterogeneous population, varied selection
of comparators, diverse time points of collecting mortality data, and the inclusion of nonblinded studies.
Notwithstanding these methodological constraints, the study advocates for a continued and nuanced
exploration of the repetitive use of levosimendan in patients with AdHF through meticulously designed,
adequately powered regulatory clinical trials. Future investigations should not only prioritize the reduction of
long-term mortality but also encompass a comprehensive evaluation of quality-of-life parameters,
encompassing symptom relief and the mitigation of rehospitalization risks. Additional clinical data are
required to substantiate the multidirectional effects of levosimendan in patients with heart failure [31].

7. Inhaled Levosimendan

Levosimendan, when administered intravenously, can induce hypotension, which can be detrimental if
not carefully managed, particularly in certain clinical settings. In response to this challenge, researchers have
attempted to identify alternative administration routes, such as inhalation. This method presents a focused
approach for achieving pulmonary vasodilation and may be effective for conditions such as pulmonary
hypertension by reducing the risk of hypotension and decreasing the need for pressors [32].

The utility of inhaled levosimendan in the treatment of pulmonary hypertension has not been
sufficiently understood because the available evidence is primarily based on a single pilot randomized double-
blind studies. Kundra et al. investigated the impact of inhaled milrinone and levosimendan on pulmonary and
systemic hemodynamics in 150 patients with coexisting pulmonary hypertension and mitral valve disease
undergoing mitral valve surgery. The patients were divided into three groups: inhaled milrinone, inhaled
levosimendan, and normal saline (control). They found that pulmonary artery pressure was significantly
reduced in both milrinone and levosimendan groups compared to the placebo. Moreover, levosimendan
exerted prolonged pulmonary vasodilatory effects (3 hours vs. milrinone’s 30 minutes), and both agents
selectively dilated pulmonary vasculature without adverse effects [33].

Inhaled levosimendan holds great promise as a targeted pulmonary vasodilator, but its clinical
translation faces several critical challenges. These include the difficulties in ensuring efficient pulmonary
delivery, establishing optimal dosing regimens, and mitigating potential side effects. Investigations into
bioavailability within the pulmonary vasculature and systemic circulation, coupled with thorough safety
evaluations in various patient populations, are crucial to determining the viability of inhaled levosimendan in
numerous treating conditions that require targeted pulmonary vasodilation. Although studies investigating the
significance of inhaled levosimendan are still in early phases, preliminary data suggests that it can be applied
in targeted pulmonary vasodilation, particularly in the context of pulmonary hypertension [34]. Thus, large-
scale, randomized clinical trials are needed to determine the safety, efficacy, and optimal dosing protocol of
inhaled levosimendan in various pulmonary conditions. Such studies can estabish its role as a viable
treatment option for pulmonary hypertension.

8. Conclusion

The significance of levosimendan in the management of cardiovascular pharmacology continues to
expand. This is evidenced by its application in diverse clinical settings, ranging from septic shock
management to its role in perioperative cardiac surgery and intermittent outpatient use for patients with end-
stage heart failure. The emergence of inhaled levosimendan has further broadened its therapeutic scope,
presenting additional possibilities for cardiovascular care. On-going research and clinical trials are expected
to offer valuable insights and strategies for optimizing levosimendan’s use in various cardiovascular
conditions.

However, the present recommendations are primarily based on outcomes of randomized controlled
trials. Therefore, further evidence is needed to support the use of levosimendan in various applications such
as septic shock, cardiac surgery, end-stage heart failure, and the use of inhaled administration. This review
highlights the drug’s extensive use in the treatment of cardiovascular diseases. Further research will increase
our understanding of levosimendan’s mechanisms of action in specific clinical contexts thus can lay the
foundation for personalized and effective treatment strategies. Given its increasing popularity as a second-
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line therapy for ADHF and a first-line option for cardiogenic shock, levosimendan is expected to become a
hotspot in clinical research.
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