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Abstract: Levosimendan is a distinctive inodilator combing calcium sensitization, phos-
phodiesterase inhibition and vasodilating properties through the opening of adenosine tripho-
sphate-dependent potassium channels. It was first approved in Sweden in 2000 for the short-
term treatment of acutely decompensated severe chronic heart failure when conventional
therapy is not sufficient, and in cases where inotropic support is considered appropriate.
After more than 20 years, clinical applications have considerably expanded across critical
care and emergency medicine, and levosimendan is now under investigation in different
cardiac settings (eg, septic shock, pulmonary hypertension) and for non-cardiac applications
(eg, amyotrophic lateral sclerosis). This narrative review outlines key milestones in levosi-
mendan history, by addressing regulatory issues, pharmacological peculiarities and clinical
aspects (efficacy and safety) of a drug that did not receive great attention in the heart failure
guidelines. A brief outlook to the ongoing clinical trials is also offered.

Keywords: levosimendan, heart failure, cardiogenic shock, cardiac surgery, amyotrophic

lateral sclerosis

Introduction and Regulatory Aspects
Levosimendan is an inodilator combing calcium sensitization, phosphodiesterase
inhibition and vasodilating properties through the opening of adenosine triphosphate-
dependent potassium channels. It was first approved in Sweden in 2000, receiving
subsequent final marketing authorization in other European countries (including Italy)
through the Mutual Recognition Process,’ while it is still in active clinical evaluation
by the Food and Drug Administration (FDA). It is indicated for the short-term
treatment of acutely decompensated severe chronic heart failure (HF) when conven-
tional therapy is not sufficient, and in cases where inotropic support is considered
appropriate. Furthermore, levosimendan can also be used in paediatric populations.
Regardless of the approved indications, the settings of levosimendan use are
under active investigation: we retrieved 86 studies on ClinicalTrials.gov (search
performed on 29th March 2021; Table 1, Figure 1). Notably, several levosimendan
off-label indications are under investigation (eg, septic shock, pulmonary hyperten-
sion, muscle weakness conditions). In this context, the Levosimendan for the
Prevention of Acute Organ Dysfunction in Sepsis (LeoPARDS) trial failed to
demonstrate a beneficial effect of levosimendan on top of standard therapy in
reducing severe organ dysfunction, with a higher reported rate of supraventricular
arrhythmias.” Of note, lack of effect was confirmed in the subgroup of patients with

elevated cardiac troponin I (¢Tnl) or N-terminal prohormone of brain natriuretic
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Figure | Levosimendan mechanism of action and principal settings/applications according to available evidence (see Table | for details).
Abbreviations: A.L.S., amyotrophic lateral sclerosis; HF, heart failure; PULM. HYPERT,, pulmonary hypertension.

peptide (NT-proBNP).> On February 22nd 2018, the
European Commission granted orphan designation (EU/3/
18/1980) to levosimendan for the treatment of amyo-
trophic lateral sclerosis (AML).* Levosimendan was able
to enhance in vitro the contractility of the diaphragm
muscle fibres of non-ALS patients and to improve
in vivo diaphragm neuromuscular efficiency in healthy
subjects, thus providing the rationale basis for the use in
ALS patients.” Currently, three studies in which oral

levosimendan formulation (1-2 mg/day for two weeks)
was administered in patients affected by AML have been
completed, without published results (Table 1).

Pharmacokinetic and
Pharmacodynamic Peculiarities

Levosimendan is available as parenteral formulation, exhi-

biting linear kinetic in healthy subjects.® Main
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pharmacokinetic/pharmacodynamic (PK/PD) properties of
levosimendan and comparator inotropic agents are
reported in Table 2. Levosimendan exhibits high oral
bioavailability (85%), limited volume of distribution (0.2
L/Kg), and high binding protein (97-98%). Levosimendan
is extensively metabolised before excretion into urine
(54%) and faeces (44%), mainly via conjugation with
glutathione to form inactive metabolites. The minor path-
way (=6% of the total levosimendan dose) is reduction in
the intestine to an intermediate metabolite (OR-1855),
which is further acetylated to OR-1896, the active meta-
bolite having haemodynamic and pharmacologic proper-
ties similar to those of the parent drug. The terminal
elimination half-life (t;») of levosimendan is about
1 hour both in healthy volunteers and in patients with
HF, with relevant rapid disappearance from the circulation
after stopping the infusion. On the other hand, the mean
elimination t;, for metabolites OR-1855 and OR-1896 are
approximately 80 hours, with plasma protein binding of
~40%.” These PK features of levosimendan metabolites
are associated with two important clinical implications: a)
the long t;, exhibited by OR-1896 allows to use
a levosimendan 6-hours instead of 24-hours infusion with
similar PD activity; b) the use of levosimendan in renal
population. Particularly, PK behavior was similar in
patients affected by mild or moderate renal impairment
compared to healthy subjects. Conversely, in patients with
severe renal dysfunction or required intermittent haemo-
dialysis, the t;, of the levosimendan metabolites was
prolonged 1.5-fold and their area under the concentra-
tion—time curve and peak concentrations were 2-fold
higher compared to healthy subjects. These findings sug-
gest that, although levosimendan should not be used in
patients affected by severe renal impairment or requiring
intermittent haemodialysis according to summary of pro-
duct characteristics, a dose reduction should be implemen-
ted when levosimendan is used for the treatment of
with
insufficiency.® Notably, the remarkable difference in

congestive HF in patients severe  renal
plasma-binding protein between levosimendan and its
metabolites (97-98% vs 30-37%) accounts for the fact
that the metabolites are dialyzable in contrast to parent
drug.

Given that steady state is achieved within 4-8 hours of
constant infusion, a loading dose may be administered to
achieve a more rapid effect. Levosimendan as continuous
infusion (0.05-0.2 pg/kg/min for 24 hours) preceded by

a loading dose (6—12 pg/kg in 10 minutes) was used in the

active controlled pivotal studies LIDO and SURVIVE,*'?
in which dobutamine served as comparator. Given that the
elimination half-life of dobutamine is a few minutes, the
haemodynamic effects of dobutamine were seen immedi-
ately after the infusion, whereas a bolus of levosimendan
was required to achieve immediate action. However, in the
case of hypovolemia or initial low blood pressure, the use
of an initial bolus of levosimendan is not generally recom-
mended to avoid hypotension or arrhythmias.'

From a PD standpoint, levosimendan possesses a triple
mechanism of action: 1) calcium sensitisation by selective
binding to calcium-saturated cardiac troponin C; 2) open-
ing of Karp channels in vascular smooth muscle cells; 3)
opening of Karp channels in the mitochondria of
cardiomyocytes.!' Through calcium sensitisation, levosi-
mendan increases cardiac contractility in HF without
affecting muscle electrophysiology and relaxation.
Through the opening of Kstp channels in vascular smooth
muscle cells, levosimendan improves oxygen supply to the
myocardium without causing increased myocardial oxygen
this
mechanism promotes arterial and venous vasodilation,

demand, ischaemia, or tolerance. Furthermore,
improving coronary artery circulation. Finally, the opening
of K,rp channels in cardiomyocytes mitochondria leads to
cardioprotective effect in ischaemic settings.” Pleiotropic
effects have also been demonstrated, including anti-
inflammatory (reduction of the pro-inflammatory interleu-
kin-6 for at least 1 month after infusion) and antiapoptotic
effects

although clinical relevance is uncertain as compared to

(reduction of soluble apoptosis mediators),
main cardiac mechanisms.'?

Levosimendan offers a predictable safety profile. The
most commonly reported adverse events are hypotension,
headache and atrial arrhythmias, whose risk was increased
as compared with reference therapy comprising placebo or
dobutamine in a meta-analysis of 25 randomized con-
trolled trials (RCTs) by Gong et al.'> Considering this,
2016 European Society of Cardiology (ESC) guidelines
on chronic and acute HF advised against levosimendan
use for treatment of patients with systolic blood pressure
<85 mmHg or cardiogenic shock (CS) unless in combina-
tion with other inotropes or vasopressors.'*

Although levosimendan use is contraindicated in
severe renal failure, the estimated glomerular filtration
rate (eGFR) improves in levosimendan treated patients
compared to dobutamine or placebo. In addition to bene-
ficial effects on hemodynamics, levosimendan has direct
effects on renal circulation and induces renal arterial
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vasodilation, thus improving renal blood flow without

compromising renal

15-17

oxygen demand/supply

relationship.

Levosimendan in Acute Heart

Failure

A wide range of RCTs analyzed the effect of levosimendan
in acute HF setting (Table 3).”'%'®2! While significant,
dose-dependent increase in cardiac output and stroke
volume, and decrease in pulmonary capillary wedge pres-
sure, mean blood pressure, mean pulmonary artery pres-
sure, mean right atrial pressure, and total peripheral
resistance are obtained, clinical advantage versus placebo
or dobutamine was restricted to self-reported symptom
improvement and to a beneficial effect on neurohormone
levels. Thus, in the context of acutely decompensated HF
requiring inotropes or intravenous diuretics, levosimendan
is well tolerated and may improve functional outcomes,
but data supporting potential benefits on hard endpoints
such hospitalizations and mortality are somehow
contradictory.

Duration of hospitalization and hospital readmissions
are proxies accounting for the severity of HF. In REVIVE
II study, the mean duration of the initial hospitalization
was almost 2 days shorter for patients in the levosimendan
group than for those in the placebo group (7 vs 8.9 days)
and in RUSSLAN, the combined risk of death and wor-
sening HF was significantly lower in patients treated with
levosimendan than in the control group during the infusion
period (2% vs 6%; p=10.033) and at 24 h (4% vs 9%; p=
0.044). In a retrospective 180-day follow-up analysis of
the LIDO study, levosimendan-treated patients spent sig-
nificantly more days alive and out of hospital (median 157
vs 133 days for levosimendan and dobutamine, respec-
tively; p = 0.027). Conversely, in SURVIVE trial, the
mean number of days alive and out of hospital during
the 189 days of follow-up was similar between the two
groups (120.2 in the levosimendan group vs 116.6 in the
dobutamine group; p=0.3). A large meta-analysis by
Landoni et al** showed a reduction of length of hospital
stay in the levosimendan group compared to both dobuta-

mine and placebo (weighted mean difference = —1.31
[-1.95; —=0.31], p for effect = 0.007, with 17 studies
included).

Mortality endpoint was well heterogeneous in the
available randomized studies. In REVIVE I and II studies,
a 24-h infusion with levosimendan was associated with

numerically higher mortality at 90 days as compared to
placebo in patients with acute heart failure remaining
symptomatic despite intravenous diuretics. Of note, excess
mortality was driven by patients with blood pressure
below 100/60 mmHg. On the other hand, in the setting
of acute HF complicating myocardial infarction analyzed
in RUSSLAN study, levosimendan showed lower early
mortality than placebo (11.7% vs 19.6% at 14 days, p =
0.031), but the difference was only numerically higher at
180 days (22.6% vs 31.4%, hazard ratio 0.67 [95% CI
0.45-1.00], p = 0.053). As compared to dobutamine, levo-
simendan was associated with lower mortality at both one
month (8% vs 17%) and six months (26% vs 38%, p =
0.029) in the LIDO study, but not in the SURVIVE trial,
where a potential benefit of levosimendan was seen only
in patients with previously diagnosed HF and with pre-
vious treatment with beta-blockers.”® Despite these partial
contradictory results, data from the meta-analysis by
Landoni et al*> showed a significant reduced mortality in
patients treated with levosimendan over both dobutamine
and placebo (risk ratio 0.80 [0.72; 0.89], p for effect
<0.001, number needed to treat = 17 with 45 studies
included).

Levosimendan in Patients Previously

Receiving Beta-Blockers

Beta-adrenergic receptor function is modified in subjects
receiving beta-blockers in an acute or chronic setting.
Unlike catecholamines, levosimendan mechanism of
action is independent of beta-adrenergic receptor and
may be advantageous in this subgroup of patients.

This hypothesis is supported by a few small clinical
studies.?* In addition, subgroup analyses of the LIDO and
SURVIVE reported consistent exploratory findings favor-
ing levosimendan in terms of hemodynamic advantage and
mortality, respectively, in patients who were on beta-
blockers before the acute decompensation. Based on
these possible beneficial hemodynamic effects, levosimen-
dan may be considered a first-choice in patients with acute
decompensated HF on beta-blocker therapy, if beta-
blockade is likely contributing to hypotension with rele-
vant hypoperfusion (class IIb, level of evidence C).'* In
addition, in the specific context of HF complicating acute
coronary syndromes (ACS), levosimendan is proposed as
first-line therapy over catecholamines in all patients in
chronic beta-blocker therapy or with insufficient urinary
output after diuretics.”’
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Levosimendan in Patients with HF

Complicating Acute Coronary Syndrome
Acute HF as a complication of ACS is frequent and
associated with worse outcomes.

In RUSSLAN study, decreased incidence of worsening
HF and improvements in short- and long-term mortality
were recognized. In the 13.4% of patients in the SURVIVE
study cohort who had an acute myocardial infarction
(AMI), 31-day mortality was 4% lower in the levosimen-
dan arm vs dobutamine, whereas in the non-AMI subgroup
no difference in death rates was noted.

A few smaller studies have investigated the use levo-
simendan in this setting and suggested potential benefits

on hemodynamics and left ventricular function.”*%°

Levosimendan in Right HF and Pulmonary

Hypertension

The effect of levosimendan on patients with right HF with
or without pulmonary hypertension remains unclear.
Conclusive randomized trials in this field are lacking.
Several small studies have examined this issue, but the
population was heterogeneous, sample sizes were small,
and the results were inconclusive or even conflicting.***
Most of the evidence relates to patients with group 2
pulmonary hypertension and consequent right ventricular
failure. In this setting, the observed benefits may either be
due to the effect of levosimendan on right ventricular
contractility and on the dilatation of pulmonary vessels,
or to the improvement in left ventricular function and
consequent reduction of pulmonary congestion. Fewer
data are available on the other groups of pulmonary hyper-
tension. A meta-nalysis by Qiu et al** including 10 trials
shows that a 24-h infusion of levosimendan is safe and
effective for the short-term treatment of right HF in
patients with a variety of heart and lung diseases. In
particular, they observed a significant increase in tricuspid
annular plane systolic excursion and right ventricular ejec-
tion fraction, as well as a significant reduction in systolic
pulmonary artery pressure and pulmonary vascular resis-
tance, whereas changes in mean pulmonary pressure were
nonsignificant.

A Phase II trial (HELP, NCT03541603) will evaluate
the efficacy and safety of repetitive use of levosimendan in
patients with pulmonary hypertension and HF with pre-
served ejection fraction.

Current Real-Life Use of Levosimendan in

Acute Decompensated HF

In ALARM-HF (Acute Heart Failure Global Survey of
Standard Treatment) registry study,®> which reviewed in-
hospital treatments of patients with acute HF in eight
countries, levosimendan was administered in 14.5% of
patients, while the most used inotropes were dobutamine
(57.3%) and dopamine (33.5%). A significant in-hospital
mortality reduction was found through a propensity-based
analysis between levosimendan with catecholamines in the
first 24 hours after therapy initiation (hazard ratio 0.25,
95% CI 0.07-0.85).

The ESC HF Long-Term registry®® included patients
with unscheduled hospitalizations for acute HF in 21
countries. Dobutamine was the most used agent (43%),
followed by dopamine (25%) and levosimendan (13%).
This analysis confirmed that the use of inotropes and/or
vasopressors in acute HF was consistently associated with
in-hospital death and with long-term all-cause and cardio-
vascular mortality. However, no association was found
with long-term mortality in hospital survivors, suggesting
an immediate rather than prolonged detrimental effect of
inotropes and/or vasopressors on clinical outcome.
Dopamine was associated with an excess mortality com-
pared to dobutamine and levosimendan, but the study was
not adequately powered to analyze the differences between
individual drugs.

In summary, levosimendan, through a unique pharma-
codynamics, is a valuable approach in the early treatment
of acute HF, especially in the presence of beta-blockers or
ischemic cardiomyopathy, provided that hypovolemia and
hypokalemia are avoided or corrected, also considering the
potential protective effect on cardio-renal syndrome.

Future Perspectives

At present, more than 20 clinical trials are ongoing to
determine other possible therapeutic benefits of levosimen-
dan in acute HF. Among these, we believe that some may
definitely lead to changes in clinical practice. In particular,
with a randomized placebo-controlled design, these studies
will investigate levosimendan effect on NT-proBNP levels
in new settings, such as in patients with symptoms of HF
undergoing transcatheter aortic valve replacement
(NCT04573049) or with non ST-elevation myocardial
infarction (EMSAHF, NCT03189901), while novel admin-
istration schedules, such as repetitive use of levosimendan,
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will be investigated in chronic HF to prevent hospitaliza-
tions (NCT03764722) and to improve exercise capacity
and exercise hemodynamics (NCT03576677).

Levosimendan in Cardiogenic Shock
Compared with standard adrenergic therapy, levosimendan
does not increase myocardial oxygen consumption, has
a lusitropic effect, with less direct pro-arrhythmic effects.
Moreover, levosimendan is not sensitive to the action of
beta-blockers. On the other side, the use of levosimendan
in cardiogenic shock faces potential difficulties. First of
all, levosimendan is also a potent vasodilator and could
precipitate hypotension in vasoplegic patients or in vaso-
pressor-dependent patients. Another limit is the delayed
action (2-5 h) to achieve an increase in stroke volume
without a loading bolus. Furthermore, given its long half-
life, rapid reversal of the vasodilation may be difficult after
drug administration.

Currently, there are no high-quality RCTs on the use of
levosimendan in this setting. From small low-quality RCTs
emerged that levosimendan is generally well tolerated,
improves multiple indices of cardiac function and reduces
systemic vascular resistance but is often responsible for
systemic arterial hypotension resulting in increased need
of vasopressors (Table 4).°"* A meta-analysis** per-
formed on 13 RCTs in patients with myocardial infarction,
HF or cardiac surgery complicated by cardiac shock (CS)
reported that levosimendan may reduce short-term mortal-
ity compared with dobutamine, but this initial survival
benefit was not confirmed on long-term follow-up.
Levosimendan did not affect ischemic events, acute kidney
injury, dysrhythmias, or hospital length of stay. Due to
lack of statistical power, uncertainty remained regarding
the effect of levosimendan compared with placebo or
enoximone.

Another meta-analysis by Fang et al*’ including 13
randomized and non-randomized clinical trials comparing
levosimendan to standard therapy or placebo in adult
patients with CS complicating myocardial infarction
found no evidence of benefit in terms of survival, even if
a non-significant trend was noted. However, an improve-
ment in hemodynamic parameters and cardiac function
(pulmonary arterial pressure and end-systolic volume
were significantly reduced, while cardiac index, cardiac
power index, ejection fraction, mean blood pressure and

A recent position statement from the HF Association of
the ESC* suggests that levosimendan may be used in
particular CS subgroups, like patients on chronic beta-
blocker therapy, concomitant acute right ventricular failure
or pulmonary hypertension, knowing its favorable effects
on pulmonary vascular resistance.

Levosimendan in CS Complicating

Takotsubo Syndrome

To date, there have been no large RCTs to define the
optimal management of patients with Takotsubo syn-
drome. As catecholamines appear to have a central role
in its pathophysiology, levosimendan has been advocated
as the first-choice inotropic support when mechanical cir-
culatory assist devices are not available, due to the fact
that it does not increase oxygen consumption.*’” The safety
and efficacy of levosimendan use in this setting has been
explored in encouraging case-series and is supported by
the pathophysiological rationale.*®*’ Indeed, the use of
adrenergic inotropes or phosphodiesterase inhibitors is
generally contraindicated to avoid further activation of
catecholamine receptors or their downstream pathways.

Levosimendan in CS Treated with
Veno-Arterial Extra-Corporeal
Membrane Oxygenation (VA ECMO)

VA ECMO is used to restore and maintain adequate end-
organ perfusion in patients with refractory CS.>° However,
the retrograde flow from femoral artery cannulation leads
to increased left ventricular afterload, with left ventricular
dilatation and pulmonary edema. To avoid this complica-
tion, low doses of inotropes like dobutamine are com-
monly administered to maintain left ventricular ejection
and facilitate the weaning of the device, since the duration
of VA ECMO support is directly correlated to complica-
tions. However, many studies have suggested an increase
in mortality due to myocardial ischemia and arrhythmias
with standard inotropes. Considering the pharmacologic
properties of levosimendan, a few preliminary studies
have been conducted and together support the effective-
ness of levosimendan in facilitating the weaning of VA
ECMO with a survival benefit, but no specific evidence is
available regarding the ideal dosing and timing to initiate
levosimendan infusion in these patients.’ > On the other
hand, two recent retrospective studies found no difference

mixed venous oxygen saturation were significantly in successful weaning rate from VA ECMO in patients
increased) emerged in the levosimendan group. treated with levosimendan, with no effect on
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mortality.’®*” A multicenter randomized controlled trial
(LEVOECMO, NCT04728932) will test the hypothesis
that levosimendan in addition to standard care facilitates
the weaning from VA ECMO.

Current Real-Life Use of Levosimendan in
CS

Data on real-world use of inotropes are scattered.

A large retrospective analysis of three observational
cohorts of patients with acute HF (ALARM-HF, EFICA
and AHEAD)*® suggested that combining a vasopressor
with an inodilator (ie, dobutamine, levosimendan, or
PDE3i) may improve short-term mortality of patients with
CS compared to vasopressors alone. In this registry, levosi-
mendan was administered in 10% of the overall population.

In the CardShock prospective observational study,”
vasopressors and inotropes were administered in 94% of
patients with CS. Dobutamine (49%) and levosimendan
(24%) were the most commonly used inotropes. In this
setting, the combination of levosimendan with noradrena-
line, similarly to the combination of dobutamine with
noradrenaline, was associated with improved survival at
90-day when compared with other vasopressors or
inotropes.

Future Perspectives

The LevoHeartShock (NCT04020263) is testing the
hypothesis that an early use of levosimendan, by permit-
ting dobutamine discontinuation, would accelerate the
resolution of signs of low cardiac output and facilitate
myocardial recovery. It will compare levosimendan versus
placebo on top of conventional vasopressor therapy on
a combined morbidity-mortality endpoint in patients
with CS.

Levosimendan in Advanced HF

A series of small-scale preliminary studies have sug-
gested the benefit of repeated infusions of levosimendan
in an ambulatory setting to ameliorate symptoms and
prevent recurrent hospitalizations in patients with
advanced HF or terminal HF not eligible for heart trans-
plantation (HTx) or left ventricular assist device (LVAD)
implantation.®® However, the optimal posology had not
been identified. Three larger RCTs have then been devel-
oped (Table 5). ®'7%® Overall, these larger studies demon-
strated a significant reduction in NT-proBNP levels and
in some cases in HF readmissions. It must be noted,

Table 5 Main Randomized Controlled Trials on the Planned Repetitive Use of Levosimendan in Advanced Chronic Heart Failure
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however, that hospitalizations were not always the pri-
mary endpoint of these studies. Intermittent levosimen-
dan therapy was well tolerated, with comparable
frequencies of adverse events between the groups,
despite in LevoRep trial significantly reduced systolic
blood pressure as compared to placebo (p=0.01), but
without an increased need for active measures for symp-
tomatic hypotension and, in LION-HEART, a greater
proportion of patients in the levosimendan group needed
dose reduction or interruption due to clinically important
hypotension, although this difference was not statisti-
cally significant (levosimendan, 15%; placebo, 9%).
Taken together, these trials support the use of repeated
levosimendan in ambulatory patients with refractory
chronic HF to improve symptoms and, likely, to reduce
the recurrence of HF hospitalization. This approach may
have an impact in particular in stabilizing severe patients
during the waitlist time for HTx, as well as a palliative
approach in patients with no access to transplant or LVAD.

Current Real-Life Use of Levosimendan in
AdHF

Real-life data for the use of levosimendan has been
reported in a multicenter retrospective observational
study from the Swedish Heart Failure Registry,** including
22 Swedish hospitals. The analysis involved 87 patients
(1.8% of those included in the Registry) with chronic HF
who had been treated in an outpatient setting with repeti-
tive levosimendan and showed lower mortality compared
to subjects receiving levosimendan during an acute HF
admission and controls who never received inotropes (one-
year survival was 81% for planned repetitive levosimen-
dan, 62% for acute levosimendan and 66% for controls).
Patients who received planned repetitive levosimendan,
however, were younger, predominantly male, had reduced
left ventricular ejection fraction (LVEF) and lower NT-
proBNP levels and were mostly on optimal HF therapy,
with a 41% prevalence of cardiac resynchronization
therapy.

RELEVANT-HF multicenter registry®> was then
designed to assess the efficacy and safety of scheduled
repetitive levosimendan infusions in a cohort of real-
world advanced HF patients. A total of 185 ambulatory
advanced HF patients in NYHA class III-1V, with >2 HF
hospitalizations/unplanned visits in the previous 6 months
and systolic dysfunction were enrolled. The indication to
this treatment was palliation in 63% of patients and bridge

in 47%; in this latter group, 48% of patients were bridged
to HTx, 41% to candidacy to HTx or LVAD and 12% to
decision on further options. Patients were treated in
a hospital or outpatient setting with specifically tailored
intermittent levosimendan doses (0.05-0.2 pg/kg/min)
without preliminary bolus every 3-4 weeks. Repetitive
treatment with levosimendan was well tolerated and asso-
ciated with lower number and duration of hospitalizations
from the 6 months before to the 6 months after treatment
start.
patients and the most common was ventricular arrhythmias

Infusion-related adverse events occurred 12.4%

(8.6%). During follow-up, 20% of patients required treat-
ment adjustments for clinical instability. One-year survival
was 86% overall and 78% free from death/LVAD/urgent
transplant.

Despite potential selection biases, and a very limited
use of this approach in clinical practice, the evidence
available from real-world data support the findings of
randomized studies showing a benefit over hospitalization,
and potentially over survival of scheduled levosimendan
and infusions in patients with advanced heart failure in
ambulatory setting.

Future Perspectives
The LeoDOR RCT (NCT03437226)% is underway to con-
firm the efficacy and safety of repeated infusions of levo-
simendan in this population. The primary efficacy
assessment will use a hierarchical composite clinical end-
point comprising (i) time to death or urgent HTx or
implantation of a LVAD; (ii) time to non-fatal HF hospi-
talization requiring i.v. vasoactive therapy; and (iii) time-
averaged proportional change in NT-proBNP. The use of
this endpoint should increase statistical power to assess
whether, compared with placebo, repetitive administration
of levosimendan early after a hospitalization for worsening
HF increases clinical stability over subsequent weeks.
Another multicenter, randomized, double-blind, pla-
study (LEIA-HF, NCT04705337) is

about to start to investigate the efficacy of repeated infu-

cebo-controlled

sions of levosimendan in outpatients with advanced sys-
tolic HF on preventing unplanned hospitalizations and
death. This study will also evaluate the safety of treatment
discontinuation in a second phase.

Levosimendan in Cardiac Surgery
Acute perioperative left ventricular dysfunction is
a major complication of cardiac surgery affecting up to

20% of patients and is associated with increased
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mortality. Preexisting left ventricular dysfunction predis-
poses to low cardiac output syndrome (LCOS).®” Several
preliminary studies have investigated the role of levosi-
mendan in the prevention of LCOS following cardiac
surgery in patients with impaired ejection fraction,®®
suggesting a benefit on mortality and adverse postopera-
tive outcomes such as the need for renal replacement
therapy.®® Three large RCTs (Table 6),”°"? however,
did not show a reduction in any of the composite end-
point reflecting LCOS and mortality in a mixed popula-
tion of coronary artery bypass graft (CABG), valvular, or
combined surgery with impaired LVEF. Moreover,
a pooled analysis of high-quality RCTs on perioperative
levosimendan therapy in cardiac surgery found an
increased rate of supraventricular arrhythmias and hypo-
tension with neutral effect on postoperative outcomes.””
In light of the available evidence, in 2017 an interna-
tional consensus document concluded that levosimendan
could not be routinely recommended in all cardiac sur-
gery settings.”* Conversely, 2018 German guidelines on
intensive care unit (ICU) therapy after cardiac surgery
states that levosimendan should be used to prevent
hemodynamic complications in patients with severely
impaired LVEF and in patients with LCOS as the only
positive inotropic agent for which a lethality benefit has
been described.”®

More recently, further data led to the hypothesis of
a potential mortality benefit in specific subgroups of
patients.

First, a meta-analysis by Wang et al,’® found that
prophylactic use of levosimendan in the isolated CABG
population was associated with reduced mortality and
postoperative atrial fibrillation, but a higher incidence of
hypotension. This finding was corroborated by a subgroup
analysis of the LEVO-CTS trial”’ that found that levosi-
mendan was associated with lower 90-day mortality and
LCOS in patients undergoing isolated CABG, but not in
those undergoing isolated valve or combined CABG/valve
procedures.

Furthermore, it has been shown in preliminary
studies’® that levosimendan infusion 24-48 hours before
LVAD implantation can improve short- and long-term out-
comes. Despite Kocabeyoglu et al,”® failed to confirm
a reduction in early right ventricular failure and mortality
rates in the post-operative LVAD setting, the authors
claimed levosimendan as a preferable alternative to con-
ventional adrenergic inotropes in these patients due to its

Table 6 Main Randomized Controlled Trials on Levosimendan Use in Cardiac Surgery
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hemodynamic effects of reduction in pulmonary arterial
pressure and improvement in right ventricular function.

Future Perspectives

A multicenter RCT (SPARTANS, NCT04179604) is cur-
rently testing the hypothesis that an earlier preoperative
infusion of levosimendan reduces perioperative LCOS in
patients with compromised left ventricular function under-
going cardiac surgery. The main difference of this study
compared to the previous RCTs discussed above is that
levosimendan will be started 24 hours before surgery. This
is supported by some retrospective studies suggesting
favorable effects on mortality, LCOS incidence and renal
function with an early perioperative administration of

. 80,81
levosimendan.”™

Conclusion

Levosimendan, through a unique pharmacodynamics, is an
effective therapeutic option to treat severely decompen-
sated HF, in the context of both acute onset and progres-
sive worsening of chronic HF. Its predictable safety profile
requires to appropriately manage hypovolemia and hypo-
kalemia to reduce the risk of arrhythmias and
hypotension.®?

After its first approval over 20 years ago levosimen-
dan underwent a profound and diverse development that
have brought the drug from the management of acute
HF in ICUs to the treatment of chronic heart insuffi-
ciency in ambulatory setting, with additional emerging
evidence in the neuromuscular disease area such as
ALS. Most of this development has been linked to
investigator-driven studies, which did not lead to any
significant change of the original 20y-old label of the
drug. This process is not only an example on how the
independent development of a drug can expand and
improve its utilization, but it is also a marker of the
unmet need for the clinical community for effective
drugs acting on cardiac muscular function. We believe
that current evidence supports the use of levosimendan

to partially fill this need.
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