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Abstract: Background: Levosimendan is a calcium sensitizer drug causing increased contractility
in the myocardium and vasodilation in the vascular system. It is mainly used for the therapy of
acute decompensated heart failure. Several studies on animals and humans provided evidence of the
cardioprotective properties of levosimendan including preconditioning and anti-apoptotic. In view
of these favorable effects, levosimendan has been tested in patients undergoing cardiac surgery for
the prevention or treatment of low cardiac output syndrome. However, initial positive results from
small studies have not been confirmed in three recent large trials.

Aim: To summarize levosimendan mechanisms of action and clinical use and to review available
evidence on its perioperative use in a cardiac surgery setting.

Methods: We searched two electronic medical databases for randomized controlled trials studying
levosimendan in cardiac surgery patients, ranging from January 2000 to August 2017. Meta-
analyses, consensus documents and retrospective studies were also reviewed.

Results: In the selected interval of time, 54 studies on the use of levosimendan in heart surgery
have been performed. Early small size studies and meta-analyses have suggested that perioperative
levosimendan infusion could diminish mortality and other adverse outcomes (i.e. intensive care unit
stay and need for inotropic support). Instead, three recent large randomized controlled trials
(LEVO-CTS, CHEETAH and LICORN) showed no significant survival benefits from levosimen-
dan. However, in LEVO-CTS trial, prophylactic levosimendan administration significantly reduced
the incidence of low cardiac output syndrome.

Conclusions: Based on most recent randomized controlled trials, levosimendan, although effective
for the treatment of acute heart failure, can't be recommended as standard therapy for the manage-
ment of heart surgery patients. Further studies are needed to clarify whether selected subgroups of
heart surgery patients may benefit from perioperative levosimendan infusion.
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1. INTRODUCTION

In western and developing countries, Ischemic Heart
Disease (IHD) is a major problem in healthcare because of
its high prevalence and the relevant economic burden it im-
poses [1, 2]. Despite recent advancements in drugs therapy
and percutaneous revascularization strategies, Coronary Ar-
tery Bypass Graft (CABG) surgery still remains an indispen-
sable option for many patients with IHD [3]. Moreover, in
the last years, due to the aging of populations, the number of
patients undergoing heart surgery for valvulopathies has also
dramatically increased [4, 5].
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Unfortunately, subjects referred to cardiac surgery may
develop serious complications including the frequently fatal
Low Cardiac Output Syndrome (LCOS) [6, 7]. Pathogenesis
of LCOS is variably related to reperfusion injury, inflamma-
tion and vasoconstriction in the systemic and pulmonary circu-
lation. In particular, the occurrence of postoperative myocar-
dial dysfunction depends upon transient myocardial stunning
that can last up to 48 hours. Traditional inotrope drugs such
as catecholamines have been used for the perioperative man-
agement of LCOS. However, they can cause arrhythmias,
worsen myocardial ischemia through the augment of oxygen
consumption and increase in-hospital mortality [8, 9].

It has been argued that prevention and treatment of post-
operative LCOS could be obtained by the use of inotropic
drugs able to provide cardioprotective effects as well.
Levosimendan is a calcium sensitizing and a potassium

© 2018 Bentham Science Publishers



Levosimendan for Perioperative Cardioprotection

Current Cardiology Reviews, 2018, Vol. 14, No. 3 143

LEVOSIMENDAN

CALCIUM
SENSITATION OF
CONTRACTILE PROTEINS

OPENING OF K+ CHANNELS
OF MYOCYTES AND SMOOTH

MUSCLE CELLS

INHIBITION OF
PHOSPHODIESTERASE 3

OPENING OF MITO-KATP
CHANNELS

*POSITIVE || HYPERPOLARIZATION
INOTROPISM * VASODILATION

« POSITIVE
LUSITROPISM | CARDIOPROTECTION

- VASODILATION

Fig. (1). Schematic diagram showing the main mechanisms of action of levosimendan. Positive inotropic effect of the compound is due to
calcium sensitation of heart contractile proteines. The drug exerts also vasodilatory effect on vascular system through the opening of K+
channels of myocytes and smooth muscle cells and via the inhibition of phosphodiesterase 3. Cardioprotective effect of levosimendan is re-

lated to opening of mito KATP channels..

channel opening drug that acts as a cardiac inotropic agent
without increasing myocardial oxygen consumption [10].
The compound also has vasodilatory properties in the vascu-
lar system. Interestingly, levosimendan differs from tradi-
tional inotropic drugs as it exerts various cardioprotective
and preconditioning effects. Even though efficacy and safety
of levosimendan in the treatment of acute decompensated
Heart Failure (HF) have been widely demonstrated [11-16],
its standard perioperative application in the setting of cardiac
surgery is still debated. In fact, in contrast to findings of pre-
vious small trials and meta-analyses, three recent large ran-
domized trials have produced negative results [17-19].

The aim of the present mini-review is to summarize the
available evidences from trials, meta-analyses and consensus
documents on levosimendan use in the context of heart sur-
gery, highlighting the findings from more recent studies. A
short presentation of the mechanism of action of levosimen-
dan and a brief description of its main clinical use will pre-
cede the review.

2. METHODS

Literature search was conducted in PubMed and Google
Scholar independently by two authors, ranging from January
2000 to August 2017. Following keywords were chosen and
included in combinations: levosimendan, cardiac surgery,
heart surgery, low cardiac output syndrome, perioperative,
cardioprotection. With regard to searched article types, we
decided to include meta-analyses, consensus documents,
retrospective studies and Randomized Controlled Trials
(RCTs) which recruited patients referred to heart surgery (for
CABG or valve surgery) who received levosimendan in the
perioperative period. Bibliographies of selected articles and
review references were also evaluated in order to identify
further relevant manuscripts. Finally, cross-check of manu-
scripts found by two authors' researches was performed aim-
ing to integrate available evidences on the topic by compar-

ing obtained results. In order to estimate the overlapping area
of identified meta-analyses, overlap percentage, covered area
and corrected covered area were calculated [20].

3. MECHANISMS OF ACTION OF LEVOSIMENDAN

Levosimendan is a class III derivative of pyridazinone-
dinitrile which exerts positive inotropic and protective ef-
fects on the heart and causes vasodilation in the vascular
system (Fig. 1) [10].

In particular, the inotropic action of levosimendan is due
to the calcium sensitation of contractile proteins. Indeed, in
consequence of levosimendan binding to troponin C (TnC) at
N-terminal domain, TnC-Ca2+ complex become more stable
and constitution of cross-bridge between actin and myosin
accelerates [21]. Elimination half-life of levosimendan has
been estimated to be approximately one hour [22]. However,
the hemodynamic effects of levosimendan infusion may per-
sist for many hours after its discontinuation, since its active
metabolite (OR-1896) has a half-life of about 80 hours [23].
Of note, the drug does not worsen diastolic function and
does not affect oxygen demand of the heart [24-26].

Interestingly, levosimendan activates also the opening of
ATP-sensitive sarcolemma K+ channels of smooth muscle
cells and myocytes and allows their hyperpolarization caus-
ing vasodilation [27]. Moreover, the drug increases intracel-
lular cyclic Adenosine Monophosphate (cAMP) and Ca2+,
via the selective inhibition of type 3 phosphodiesterase [28].

Cardioprotective effects of levosimendan are caused by
the modulation of several cellular pathways involved in
apoptosis, autophagy and prevention of damages from
ischemia and reperfusion [29]. A preconditioning mimicking
effects of levosimendan has been hypothesized as well [30].

A fundamental cardioprotective mechanism is provided
by the opening of mitochondrial ATP-sensitive potassium
(mitoKATP) channels. Such action prevents mitochondrial
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calcium overload and apoptosis of cardiomyocytes [31, 32].
It has been discussed that the increment of potassium influx
could contribute in preserving mitochondrial integrity in
distress situations also through the interplay with the Na+-
H+ exchanger type 1 (NHE-1) which is an important acid
excluder in cardiomyocytes [33].

There is evidence that levosimendan even counteracts
oxidative stress and favors protective signaling pathways
involving Nitric Oxide (NO) action. Benefits of levosimen-
dan on neurohumoral dysfunction have been also demon-
strated [34, 35]. Neither tolerance nor rebound phenomena
have been observed after long-lasting infusion of levosimen-
dan and after its withdrawal.

Hypokalemia and hypotension are the main adverse ef-
fects associated with the use of the drug. While hypotension
is related to vasodilating action of the compound, mecha-
nism of hypokalemia is not elucidated yet [36].

4. EFFICACY OF LEVOSIMENDAN IN VARIOUS
CLINICAL SETTINGS

The diverse pharmacological actions of levosimendan
render it a versatile drug. So, it has been tested in different
clinical contexts, including acute HF, cardiogenic shock,
septic shock and advanced HF with pulmonary hypertension
[Box 1].

Levosimendan Uses
Well defined efficacy

® Acute Heart Failure [37,38]
- As inotropic agent

- Reversion of beta-blockade effect when beta-blockade contributes to
hypotension

Limited Evidences of efficacy

® Cardiogenic shock [39]

Evidences of efficacy still inconclusive

® Septic shock [41,42)]

® Cardiac surgery

Rationale for use, but efficacy to be proved [43]
- Advanced HF with pulmonary hypertension

- In association with LVAD

- As bridging therapy

The efficacy of levosimendan in the treatment of acute
HF has been clearly established in several clinical studies
which showed that the drug outweighs traditional inotropes
in improving hemodynamics and neurohormonal status [11-
16]. In addition, in LIDO and RUSSLAN  studies,
levosimendan showed also benefit on survival when it was
compared to dobutamine and to placebo respectively.

Based on these findings, 2016 guidelines of European
Society of Cardiology for treatment of chronic and acute HF
recommend levosimendan among inotropic agents in patients
with hypotension and/or symptoms/signs of hypoperfusion
despite adequate filling status (Class of evidence II b; level
of evidence C) [37].

Moreover, the same guidelines support intravenous infu-
sion of levosimendan for acute HF patients in order to re-
verse the effect of a beta-blockade when beta-blockade itself
is suspected to be the cause of hypotension and hypoperfu-
sion (Class of evidence II b; level of evidence C) [37].
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In 2016, a review and expert consensus document sug-
gested the usefulness of levosimendan also in acute HF cases
complicating Acute Coronary Syndrome (ACS) [38]. Indeed,
experts opinion favored levosimendan administration over
adrenergic inotropes as a first-line therapy for all ACS- acute
HF patients who are taking beta-blockade and/or when uri-
nary output is inadequate despite diuretics.

Levosimendan use for cardiogenic shock is attractive
since the compound improves several hemodynamic pa-
rameters including cardiac output and stroke volume with-
out an increment of the myocardial oxygen demand. Initial
evidence on its administration in cardiogenic shock is en-
couraging [39]. In fact, in a recent meta-analysis, which
examined three trials, overall enrolling 63 patients with
cardiogenic shock, levosimendan infusion showed a little,
but significant survival advantage when compared to
enoximone (Hazard Ratio: 0,33; Confidence Interval 95%:
0,11-0,97) [40].

Theoretically, levosimendan might work well in septic
shock because counteracts abnormal calcium handling which
is partly responsible for myocardial depression. However,
studies which compared levosimendan to dobutamine in sep-
tic shock patients showed no significant benefit from
levosimendan [41]. Thus, dobutamine is currently considered
the first line therapy for septic shock patients with persistent
hypoperfusion after fluid loading and use of vasopressors
(weak recommendation, quality of evidence: low) [42].

Finally, levosimendan has been recently studied in other
clinical settings, as in pulmonary hypertension in advanced
HF, in association with Left Ventricular Assist Device
(LVAD) and as bridging therapy [43]. However, these ob-
servations should be considered preliminary.

5. PERIOPERATIVE LEVOSIMENDAN IN CARDIAC
SURGERY

In the past years, numerous studies have suggested that
levosimendan could exert a favorable action when it is ad-
ministered perioperatively in heart surgery patients.

Overall we found 54 relevant studies on perioperative
levosimendan in cardiac surgery: 36 RCTs [17-19, 44-76], 6
retrospective studies [77-82], 7 meta-analyses [82-87, 93] and
5 consensus documents [89-93]. Studies were performed in an
interval of time ranging from December 2004 to August 2017.

The majority of RCTs compared perioperative
levosimendan administration to placebo or other inotropes
(mainly dobutamine and milrinone) in heart surgery context.
Other studies investigated the optimal time of administration
of levosimendan [51, 81, 82]. Some studies involved pediat-
ric patients referred to heart surgery [59, 64, 65, 68, 70].

5.1. Studies Versus Placebo

In 2006 Tritapepe et al. in a pilot trial, examined the ef-
fect of the short administration of levosimendan (24 mcg/Kg
over 10 min before cardiopulmonary by-pass placement)
versus placebo in 24 patients who underwent CABG in elec-
tive surgery for stable angina. Interestingly, postoperative
Troponine I levels were significantly lower in patients in the
levosimendan arm which showed also a higher cardiac index
after heart surgery [48]. Three years later, the authors con-
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firmed such observations in a larger randomized double-
blind study recruiting one hundred and six patients referred
to elective CABG surgery. Of note, in this larger trial, tra-
cheal intubation time, Intensive Care Unit (ICU) stay and
need for inotropic support were significantly reduced in pa-
tients who received levosimendan infusion [57].

Benefits from levosimendan’s preoperative infusion were
observed also in nine patients who underwent LVAD im-
plantation. Indeed, in this small sample retrospective study, a
better twelve months survival was observed compared to
fifth INTERMACS registry (89% vs. 75%) [80].

In a study which recruited 252 patients with severe left
ventricular dysfunction undergoing CABG surgery, 30 days
mortality and risk of LCOS were significantly lower in patient
assigned to levosimendan arm compared to placebo [66].

In 2014, levosimendan was used as a pretreatment (24
hours infusion) in a randomized study involving 50 patients
undergoing off-pump coronary artery bypass grafting (OP-
CAB) with Left Ventricular Ejection Fraction (LVEF) <
30%. Levosimendan arm was characterized by less need of
Cardiopulmonary Bypass (CPB) and Intra-aortic Balloon
Pump (IABP) than placebo. Moreover, levosimendan pre-
treatment was associated with a shorter stay in ICU [73].

5.2. Best Time of Administration

Eris et al. investigated the optimal time of levosimendan
administration in a retrospective study of forty patients with
left ventricular dysfunction (LVEF less than 30%) referred to
CABG. Authors found that infusion of the drug before sur-
gery (0.2 mcg/kg/min 12 hours before the operation) was
associated with lower mortality and better improvement of
heart function compared to control group and to groups of
patients who received levosimendan after induction of anes-
thesia and during weaning of cardiopulmonary bypass [81].

Similarly, another retrospective analysis conducted in
159 cardiac surgery patients found that early administration of
levosimendan reduced mortality and morbidity compared to
late start of treatment (one hour after admission in ICU) [82].

In another study of forty-five patients who underwent
heart surgery, administration of levosimendan during or after
intervention ameliorated stroke volume and cardiac index
[51]. In the same study, ICU and hospital stay were signifi-
cantly shorter in patients who started drug infusion in the
operating theater.

5.3. Studies Versus Other Inotropes

Several studies involving heart surgery patients, have
investigated the efficacy and safety of the perioperative ad-
ministration of levosimendan compared to other inotropes. In
2006, Alvarez et al. performed a study of 41 patients with
low cardiac output after cardiopulmonary by-pass. Patients
were randomly assigned to 24 hours infusion of dobutamine
or levosimendan. Authors found that both drugs were able to
increase cardiac index, but the increase induced by
levosimendan was significantly greater (2.9 /min per m” vs.
2.4 I/min per m” in dobutamine group at 24 h; p<0.05) [49].

In another randomized study including 137 subjects who
developed postoperative LCOS, morbidity and mortality
were lower in the levosimendan arm compared to dobu-
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tamine arm [53]. Of note, patients assigned to levosimendan
needed less frequently additional inotropic drugs and intra-
aortic balloon counterpulsation.

In a study of 60 patients who underwent valve replace-
ment surgery, levosimendan showed to be as effective as
dobutamine and better than milrinone for the treatment of
LCOS [75]. In this study, levosimendan and dobutamine
provided a similar increase of stroke volume.

In a recent study, Kandasamy et al. evaluated the hemo-
dynamic effects of levosimendan and dobutamine in 80 pa-
tients with moderate to severe left ventricular dysfunction
undergoing OPCAB. Enrolled subjects were randomly as-
signed to levosimendan (0.1 pg/kg/min) or to dobutamine (5
pg/kg/min). Indices of myocardial contractility (i.e. cardiac
index, left and right ventricular stroke work index) signifi-
cantly increased in levosimendan group, which also showed
shorter hospitalization and ICU stay [76].

In a case series of 12 heart surgery patients with LCOS
resistant to dobutamine, the addition of levosimendan could
reverse LCOS [95].

5.4. Meta-analyses and Consensus Documents

Several meta-analyses of studies investigating the effect
of levosimendan administration in context of cardiac surgery
confirmed significant benefits from perioperative drug infu-
sion, ranging from reduction of ICU stay to improved sur-
vival (Table 1) [83-88]. Interestingly, patients with impaired
systolic function benefited the most from levosimendan [85,
87]. Moreover, better nephrological outcomes (i.e. less need
for dialysis and a lower rate of development of acute kidney
injury) were observed in subjects who received perioperative
levosimendan [86-88].

Based on such evidence five consensus documents were
reviewed (Table 2) [89-93]. The first two consensus docu-
ments, interpreting data from a single meta-analysis, con-
cluded that perioperative levosimendan is likely to reduce 30
days mortality. However, the inherent evidence was judged
insufficient to recommend routine administration of the drug
in perioperative period [89, 90]. In more recent consensus
documents, experts’ opinion favored employment of
levosimendan infusion for heart surgery patients in periopera-
tive time. Indeed, potential utility of the drug was recognized
based on new evidence from trials and meta-analyses, but con-
firmatory studies were requested [91-93]. In contrast, the use
of levosimendan for prevention of LCOS in pediatric patients
undergoing surgery for congenital heart disease seems a nota-
ble exception. In fact, a systematic review of 5 RCTs showed
no clear favorable effect from prophylactic levosimendan on
the reduction of postoperative mortality [94].

6. RECENT STUDIES (YEAR 2017) ON LEVOSIMEN-
DAN IN CARDIAC SURGERY

In 2017, results from three large multicenter placebo-
controlled trials on levosimendan have been published (Ta-
ble 3). LEVO-CTS and CHEETAH study involved patients
undergoing heart surgery, examining the use of the drug for
prophylaxis and treatment of LCOS respectively [17, 18].
LICORN study focused on preoperative drug administration
for reducing LCOS in patients undergoing CABG with low
LVEF [19].
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Table 1.

Meta-analyses of studies on perioperative levosimendan in cardiac surgery.

Santillo et al.

First Author, Year,
[Reference]

Selection Criteria

Number of Studies

Results

Zangrillo A, 2009,
[83]

RCTs that reported outcome data of levosimen-
dan in cardiac surgery

5 RCTs with 139 patients

No difference in mortality

Significant decrease in troponin peak release and time
to hospital discharge

Landoni G, 2010, [84]

RCTs on levosimendan versus control in cardiac
surgery patients

10 RCTs with 440 patients

Reduced postoperative mortality, troponin release and
AF

Harrison RW, 2013,
[85]

RCTs of perioperative levosimendan in patients
undergoing cardiac surgery

14 RCTs with 1,155 pa-
tients

Reduction in mortality with levosimendan

In subgroup analysis this benefit was confined to the
low-EF studies

Reductions in the need for dialysis, myocardial injury
and postoperative AF with levosimendan

Niu ZZ, 2014, [86]

Randomized trials that compared levosimendan
versus placebo or any other control in cardiac
surgery with data on AKI

5 RCTs with 529 patients

Levosimendan decreased postoperative incidence of
AKI in the levosimendan group

Lim JY, 2015, [87]

Studies on levosimendan versus control in adult
cardiac surgery

14 studies (13 RCTs and 1
retrospective study) with
965 patients

Reduced early mortality in patients with reduced
LVEF

Lower postoperative acute renal failure and shorter
ICU stay in levosimendan cohort

Zhou C, 2015, [88]

RCTs comparing renal effect of levosimendan vs.
placebo or other inotropes in cardiac surgery

13 RCTs with 1345 pa-
tients

Reduced incidence of post-operative AKI and renal
replacement therapy in levosimendan group

Reduced post-operative mortality, ICU stay and me-
chanical ventilation duration in levosimendan group

Hummel J, 2017, [94]

Studies on levosimendan versus standard
inotrope treatments in infants and children (up to
18 years of age) in cardiac surgery for congenital

heart disease

5 RCTs with 212 patients

No significant differences between levosimendan and
standard inotrope treatments

Meta analysis' Overlap Percentage: 64%; Covered Area: 0,300; Corrected Covered Area: 0,188
Note: One RCT included in Landoni's meta-analysis was retracted [see reference 45]
Abbreviations: AF: atrial fibrillation; AKI: acute kidney injury; ICU: intensive care unit; LVEF: left ventricular ejection fraction; RCTs: randomized controlled trials.

Table 2.

Consensus documents on the use of perioperative levosimendan in cardiac surgery.

First Author,
Year, [Reference]

Method of Studies Selection

Number of Studies

Conclusions

Landoni G, 2011,
(89]

Topics’s suggestions from conference’s participants
and from selected Journals with IF.

Systematic PubMed search (updated on June 28th
2010) to identify related topics.

1 meta-analysis of pooled
pre- and postoperative
levosimendan administration.

Levosimendan seems to reduce 30-days mortal-
ity. There is not enough evidence to recommend
routine administration.

Landoni G, 2012,
[90]

PubMed search with no time limits (updated on June 8,
2011) was used to systematically identify all random-
ized published articles concerning interventions influ-

encing perioperative mortality.

1 meta-analysis of pooled
pre- and postoperative
levosimendan administration.

Levosimendan seems to reduce 30-days mortal-
ity. There is not enough evidence to recommend
routine administration.

(Table 2) Contd...
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First Author,

Method of Studies Selection
Year, [Reference]

Number of Studies Conclusions

Toller W, 2013,
[91]

All randomized trials on the use of levosimendan in 23 RCTs Examined evidences suggest a reduced mortal-

cardiac surgery that reported clinically relevant end- ity in high-risk cardiac surgery patients and in

points. those with LCOS treated with levosimendan.

Toller W, 2015,
[92]

Papers and abstracts found on PubMed by searching
([levosimendan OR Simdax] and [surgery OR bypass
OR valve OR CABG OR anest*]).

33 studies on preoperative In patients undergoing cardiac surgery,

and perioperative use of levosimendan optimizes hemodynamic of sys-

levosimendan. temic and pulmonary circulation.

Researches were grouped according to the timing of The drug reduces the need for inotropic agents
the use of levosimendan and the type of intervention. and mechanical circulatory support and im-

proves kidney and liver function.

In hospital and ICU stay are shortened.

Landoni G, 2017,
(93]

All of the published literature including RCTs which
assessed the effects of peiroperative levosimendan on

4 meta-analyses and 1 small
RCT.

Potentially useful in patients with depressed

LVEF, but confirmatory studies are needed.
mortality in cardiac surgery patients

Systematic PubMed, Scopus and Embase search. No

Agreement of experts' opinion: 88%.
time limits (updated March 6, 2015).

Abbreviations: CABG: coronary artery bypass grafting; ICU: intensive care unit; IF: impact factor; LCOS: low cardiac output syndrome; LVEF: left ventricular ejection fraction;
RCTs: randomized controlled trials.

Table3. Recent large RCTs on perioperative levosimendan in cardiac surgery.

Study, Year, (First

Primary Endpoints
Author) [Reference]

Patients Results

LEVO-CTS, 2017,
(Mehta RH) [17]

4-component composite of: 882 patients with LVEF < 35% ran-

domized to levosimendan or placebo

Failure in improving the two primary
- Death through day 30 endpoints.

before cardiac surgery.
- Renal-replacement therapy through day 30

- Perioperative myocardial infarction through day Significantly lower incidence of the

5 LCOS in levosimendan arm.

- Use of a mechanical cardiac assist device

through day 5 Significantly less need of secondary
2-component composite of: inotrope use in levosimendan arm.
- Death through day 30
- Use of a mechanical cardiac assist device
through day 5
CHEETAH, 2017, (Lan- | Mortality at day 30 506 patients needing hemodynamic | No significant difference between

doni G) [18] support randomized to levosimen- drug arm and placebo arm.

dan or placebo after cardiac surgery.

ley B) [19]

LICORN, 2017 (Chol-

3 component composite of:
- Prolonged catecholamine infusion
- Use of left ventricular mechanical assist device

- Renal replacement therapy.

336 patients with LVEF < 40% ran-
domized to levosimendan or placebo
before undergoing isolated or com-
bined CABG.

No significant difference between
levosimendan arm and placebo arm.

Abbreviations: CABG: coronary artery bypass grafting; LCOS: low cardiac output syndrome; LVEF: left ventricular ejection fraction; RCTs: randomized controlled trials.

LEVO-CTS recruited 882 patients with a LVEF < 35%

randomized to levo

simendan or placebo [17]. Median age of

enrolled subjects was 65 years, with women accounting for
19 percent of the total study group. Intravenous infusion of

levosimendan started before surgery at a dose of 0.2
pg/kg/min for 1 hour. Then, infusion continued at a dose of
0.1 pg/kg/min for 23 hours. LEVO-CTS had two primary

composite outcomes:

a four-component

and a two-
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component endpoint. The four component outcome included
the following: death through day 30, renal-replacement ther-
apy through day 30, perioperative myocardial infarction
through day 5 or use of a mechanical cardiac assist device
through day 5. The other two-component endpoint was a
composite of death through day 30 or use of a mechanical
cardiac assist device through day 5.

Levosimendan failed in improving the two primary end-
points. However, the incidence of the LCOS in levosimen-
dan arm was significantly lower than in placebo arm (OR:
0.62; p = 0.007). Moreover, fewer patients randomized to
levosimendan needed secondary inotropic use compared to
placebo (OR: 0.71; p=0.017).

CHEETAH (HSR-LEVO) study enrolled 506 patients
needing hemodynamic support after cardiac surgery [18].
The subjects were randomized to placebo or to levosimendan
continuous infusion (dose of 0.025 to 0.2 pug/kg/min), for up
to 48 hours or until discharge from the ICU. Mortality at 30
days was chosen as primary endpoint but no significant dif-
ference emerged between drug and placebo arm so that the
trial was stopped for futility. Furthermore, groups did not
differ in duration of mechanical ventilation, ICU stay and
hospital stay.

LICORN study recruited 336 patients with LVEF < 40%
undergoing isolated or combined CABG [19]. The patients
were randomized to a 24-hour infusion of levosimendan 0.1
pg/kg/min (n=167) or placebo. Drug’s infusion started after
induction of anesthetic. Primary endpoint was a composite of
following: prolonged catecholamine infusion, use of left ven-
tricular mechanical assist device or renal replacement ther-
apy. Nevertheless, no significant difference was observed
between levosimendan arm and placebo arm in the compos-
ite endpoint (absolute risk difference taking into account
center effect, -7% [95% CI, -17% to 3%]; p=0.15).

Overall, results of these recent trials don’t support the
standard use of levosimendan in prevention or treatment of
LCOS in patients referred to cardiac surgery.

7. DIRECTIONS FOR FUTURE STUDIES

Upcoming studies on perioperative levosimendan in
cardiac surgery should try to solve the numerous method-
ologic uncertainties which likely influenced the results of
previous studies. These uncertainties include the optimal
doses and time of administration of the drug. Moreover, the
best way to define the ventricular dysfunction and the ade-
quate sample size of patients to recruit are not clear yet.
Finally, the subgroups of heart surgery patients which
could have more benefits from levosimendan remain to be
identified.

7.1. Optimal Doses and Time of Administration

Optimal doses of levosimendan, as resulting from the
balance between therapeutic and adverse effects, and timing
of administration of the drug remain still to be clarified.
Authors of LICORN and LEVO-CTS studies have suggested
that the negative results of their trials might depend on the
use of small doses without the initial bolus. Probably, also
starting the drug's infusion very close to heart surgery might
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have diminished its cardioprotective action [17, 19]. In fact,
preconditioning effects of levosimendan could have been
limited by the short time of the infusion.

7.2. Definition of Ventricular Dysfunction

It has been argued that drug administration could be
effective in improving outcomes of selected patients such
as high-risk cardiac surgery patients with left ventricular
function impairment. Thus, criteria for the definition of
ventricular dysfunction should be enlarged. In fact, focus-
ing only on LVEF value, as in the majority of performed
studies, would exclude patients with compromised left ven-
tricular function but preserved LVEF such as those with
severe mitral regurgitation in which LVEF can be overes-
timated. In addition, ultrasonographic calculation of LVEF
can be influenced by geometric factors. Future studies in-
vestigating efficacy of perioperative levosimendan, might
benefit from newer echocardiographic techniques such as
strain imaging, apt to identify left ventricular systolic dys-
function and discriminate impairment of longitudinal and
circumferential myocardial fibers [96]. More attention
should also be played to right ventricular dysfunction. In-
deed, levosimendan infusion has proven efficacious and
safe in patients with acute right HF. In fact, a recent meta-
analysis showed that acute right HF patients treated with
levosimendan for 24 hours, had a significant improvement
in tricuspid annular plane systolic excursion and a signifi-
cant reduction in systolic pulmonary artery pressure with-
out an increase of adverse events [97].

7.3. Subgroups of Heart Surgery Patients

Investigations involving mixed populations should be
avoided in future researches, since levosimendan could qual-
ify as a useful drug in selected subgroups of heart surgery
patients. For example, it is well known that subjects with
IHD referred to CABG are not comparable to patients un-
dergoing heart surgery for valvular diseases. Indeed, pre-
liminary data from post-hoc analyses of sub-settings of pa-
tients of LEVO-CTS study show a significantly lower mor-
tality in levosimendan group in subjects who underwent only
CABG [98].

It seems plausible that efficacy of levosimendan might
vary depending upon whether left ventricular dysfunction is
due to ischemia or to pressure or volume overload [17].
Thus, to weigh the effect of levosimendan on LCOS inci-
dence, forthcoming well-conducted studies should provide
also a systematic hemodynamic evaluation of enrolled pa-
tients.

7.4. Bias from Other Inotropes Administration

Bias deriving from the administration of other inotropes
should be always considered in future studies on levosimen-
dan in cardiac surgery. Indeed, the inotropic effect of the
compound may be reduced by pre-treatment with beta-
mimetic drugs [98, 99].

Such bias could occur in CHEETAH trial in which pa-
tients received high doses of dobutamine and epinephrine
beyond levosimendan itself [18].
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7.5. Sample Size and Long-term Survival

Importantly, the sample size needed to detect the effect
of levosimendan on post-operative mortality should be de-
fined; authors of LEVO-CTS have indicated that a well-
powered trial should recruit 3000 patients [17].

Few studies have investigated long-term survival of pa-
tients who received levosimendan in perioperative time, pro-
viding negative results at six months [17, 19, 60, 72]. Indeed,
the drug is likely to exert its beneficial effects mainly during
the perioperative period, but a long-term effect cannot be
excluded. Accordingly, it is to be recommended that future
studies would consider such endpoint among the outcomes.

CONCLUSION

The evidence that levosimendan in heart surgery patients
might ameliorate hemodynamic condition and counteract
LCOS seems robust. Such observation has been confirmed in
the recent LEVO-CTS trial and appears congruent with find-
ings from early small studies and with the well-recognized
efficacy of the drug in counteracting acute decompensated
HF. However, the expected reduction of hard outcomes has
not been observed in three recent large trials in patients un-
dergoing heart surgery.

Thus, at present, routine levosimendan administration
cannot be recommended to reduce perioperative mortality in
heart surgery [98].

Further study seems necessary to investigate the effect of
levosimendan in selected groups of cardiac surgery patients
and to establish best doses and timing of drug's infusion.

Finally, the interest of clinicians and researchers in
levosimendan is not limited to the cardiac surgery setting
given that the drug has been reported to be potentially useful
in other clinical contexts [43, 100-103].

LIST OF ABBREVIATIONS

ACS = Acute Coronary Syndrome

AF = Atrial Fibrillation

AKI = Acute Kidney Injury

ATP = Adenosin Triphosphate

CABG = Coronary Artery Bypass Grafting

CHEETAH (HSR-

LEVO) study = Levosimendan in High Risk Pa-

tients Undergoing Cardiac Surgery

CPB = Cardio-Pulmonary Bypass

cAMP = Cyclic Adenosine Monophosphate

HF = Heart Failure

IABP = Intra-Aortic Balloon Pump

ICU = Intensive Care Unit

IHD = Ischemic Heart Disease

INTERMACS = Interagency Registry for Mechani-
cally Assisted Circulatory Support

LCOS = Low Cardiac Output Syndrome
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Levosimendan in Patients With
Left Ventricular Systolic Dysfunc-
tion Undergoing Cardiac Surgery
On Cardiopulmonary Bypass

LEVO-CTS study =

LICORN study = Preoperative Levosimendan in
CABG Patients With Poor Left

Ventricular Function

LIDO study = Efficacy and Safety of Intravenous
Levosimendan Compared with
Dobutamine in Severe Low-output
Heart Failure

LVAD = Left Ventricular Assist Device

LVEF = Left Ventricular Ejection Fraction

mitoKATP = Mitochondrial ATPsensitive Po-
tassium

Min = Minute

NHE-1 = Nat+-H+ exchanger Type 1

NO = Nitric Oxide

OPCAB = Off-pump Coronary Artery Bypass
Grafting

RCT = Randomized Controlled Trials

RUSSLANN study =

Randomized Study on Safety and
Effectiveness of Levosimendan in
Patients with Left Ventricular
Failure Due to an Acute Myocar-
dial Infarct

Tn =
TnC =

Troponin

Troponin C
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