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Abstract

The postoperative low cardiac output is one of the most important complications following cardiac
surgery and is associated with increased morbidity and mortality. The condition requires inotropic
support to achieve adequate hemodynamic status and tissue perfusion. While catecholamines are
utilised as a standard therapy in cardiac surgery, their use is limited due to increased oxygen
consumption. Levosimendan is calcium sensitising inodilatator expressing positive inotropic effect
by binding with cardiac troponin C without increasing oxygen demand. Furthermore, the drug opens
potassium ATP (KATP) channels in cardiac mitochondria and in the vascular muscle cells, showing
cardioprotective and vasodilator properties, respectively. In the past decade, levosimendan
demonstrated promising results in treating patients with reduced left ventricular function when
administered in peri- or post- operative settings. In addition, pre-operative use of levosimendan in
patients with severely reduced left ventricular ejection fraction may reduce the requirements for
postoperative inotropic support, mechanical support, duration of intensive care unit stay as well as
hospital stay and a decrease in post-operative mortality. However, larger studies are needed to
clarify clinical advantages of levosimendan versus conventional inotropes.

competing interests exist.

Introduction

Patients undergoing open heart surgery with
cardiopulmonary bypass (CPB) experience global
perioperative heart ischemia followed by reperfusion.
This leads to different degrees of myocardial
dysfunction due to free radical formation, impairment
of the coronary vasculature and calcium overload [1,
2]. If severe enough this can cause postoperative low
cardiac output syndrome (LCOS), a life-threatening
complication with a prevalence of about 10% and a
mortality of 17% [3].

Acute worsening of the left heart failure is
commonly treated pharmacologically with intravenous
positive inotropic agents, or mechanical support in

severe cases [4]. Currently, beta-adrenergic agonists
and phosphodiesterase inhibitors are most frequently
used in clinical practice [4, 5]. Beta-adrenergic agents
increase cardiac output (CO), cardiac index (Cl) and
stroke volume index by increasing intracellular cyclic
adenosine monophosphate (cAMP) production and
calcium influx to myocytes [6]. Phosphodiesterase
inhibitors, like milrinone, do the same by inhibiting
cAMP degradation [7]. This results in increased
cellular energy demands and oxygen consumption,
can trigger arrhythmias and can even be cardiotoxic
[8, 9].

Levosimendan is a newer inotropic agent
belonging to a class of calcium sensitizers that
increase myocardial contractility by increasing the
sensitivity of troponin C for calcium without increasing
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myocardial oxygen consumption [10]. Unlike some
calcium  sensitizers, levosimendan increases
myocardial contractility without impairing diastolic
cardiac function [11]. It displays vasodilator properties
as well [12].

This review is focused on the impact of
levosimendan in patients with left heart failure
undergoing open heart surgery. Pharmacologic
features of this drug will be briefly presented as well.

Used Literature

The data sources used in this article are
PubMed, Excerpta Medica, Reference Update,
BIOSIS, Science Citation Index and Index Medicus.
The abstract and papers were found by searching
([levosimendan ] and [surgery OR bypass OR valve
OR CABG ]) were selected to the timing of the use of
levosimendan and the type of intervention.

Pharmacology of Levosimendan

Levosimendan is calcium sensitising inodilator

that binds to troponin C, thereby enhancing
myofilament responsiveness to calcium. This
mechanism enhances myocardial contractility,

maintaining the energy cost of contraction and
intracellular concentration of calcium at a near normal
level [1, 13]. Vasodilation is achieved by opening
adenosine triphosphate (ATP) - sensitive Karp

channels on smooth muscle cells of systemic and
coronary vascular bed. Activation of Karp channels

on cardiac mitochondria explains its cardioprotective
effects [14].

Cardioprotective effects of levosimendan are
short term (e. g. pre- and postconditioning, anti-
ischemic, anti-stunning), and long term (e.g. anti-
remodeling, anti-inflammatory and anti-apoptotic) [1].
Preconditioning refers to the ability of levosimendan to
protect the heart from ischemia-reperfusion injury by
preventing calcium overload, saving high energy
phosphates and stabilising membrane potential due to
increased potassium influx in cardiac mitochondria
through activation of Karp channels [1, 14, 15].

In animal models, myocardial infarct size was
significantly = decreased after global ischemia-
reperfusion in both levosimendan pretreatment (45 +
2%) and ischemic preconditioning (38 * 2%)
compared with controls (52 + 2%) (p < 0.05).
Additionally, recent ex-vivo model study of cardiac
ischemia-reperfusion showed that levosimendan

pretreatment can decrease the infarct size and

improve cardiac function [16].

The pharmacokinetics of levosimendan
appears to be similar in patients with heart failure and
healthy volunteers and remains relatively unaltered by
gender, age and organ dysfunction [17]. Usually, a
bolus dose of levosimendan of 6 to 24 ug/kg is used
followed by continuous infusion of 24 h of 0.05-0.2
pg/kg in patients with heart failure NYHA classification
[I-IV [15, 18]. After a single dose or intravenous
infusion, plasma concentration of levosimendan
increases in a dose-dependent manner [4].
Approximately 97-98% is bound to plasma albumins,
and its plasma half-life is one hour. Levosimendan is
extensively metabolised through two pathways before
excretion. The main pathway is conjugation into
inactive metabolites, while the minor pathway is gut
reduction into intermediate metabolite (OR-1855) and
subsequent acetylation into an active metabolite (OR
1896) [4].

The OR-1896 exhibits similar haemodynamic
influence as levosimendan and a half-life of
approximately 80 hours [19]. This most likely explains
the  sustained improvements in  ventricular
performance and natriuretic peptide levels compare to
traditional inotropes [20, 21]. The most often reported
adverse effect is a headache, observed in 10 % of the
healthy volunteers receiving levosimendan [4]. Other
side effects that probably appear due to the
vasodilatatory effects of levosimendan include
dizziness, nausea and palpitations. Levosimendan
acutely reduces systemic vascular resistance and
ventricular filling pressure. Consequently, in some
patients with heart failure, it lowers blood pressure
and vasopressors are required in the first few hours or
days of administration [22].

Effects of Levosimendan in Patients with
Heart Failure

Levosimendan has been wused in the
treatment of heart failure (HF) over the past decade.
Studies have shown clinical improvement in terms of
hemodynamic parameters, cardiac function, shorter
overall in-hospital stay, while data for long-term
mortality is still controversial [23].

In a Randomized study of safety and
effectiveness of Levosimendan in patients with left
ventricular failure after acute myocardial infarction
(RUSSLAN), 504 patients were randomised to receive
either infusion of levosimendan or placebo [24].
Patients in levosimendan group experienced reduced
short-term and long term mortality at 14 days (11.7%
vs. 19.6%, p = 0.031) and on 180 days (22.6% vs.
31.4%, p = 0.053) compared to placebo group [11,24].
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In the randomised multicenter evaluation of
intravenous Levosimendan efficacy (REVIVE Il) study
600 patients with acute decompensated heart failure
(ADFH), were treated with levosimendan (299
patients) or placebo (301 patients) infusion in addition
to standard therapy. 58 patients in the levosimendan
group and only 44 patients in the placebo group got
improved at 6 h, 24 h and 5 days. By contrast, 82
patients in the placebo but only 58 patients in the
levosimendan group got worse (p = 0.015) [10]. In
respect of mortality at 90 days, there was no
difference between the groups [25].

In SURVIVE study (Survival of patients with
acute HF in need of intravenous inotropic support),
which randomised 1327 patient in a double-blind
fashion to either dobutamine or levosimendan, short-
term (31 days) and long-term (180 days) mortality was
evaluated in patients with severe ADHF [26]. Patients
received bolus of levosimendan 12 pg/kg in 10 min,
followed by 0.1-0.2 pg/kg/min continuous infusion for
24 h [10]. Mortality rate was evaluated at 5 days, 2
weeks, 1 and 6 months and the results showed
reduced mortality for levosimendan group by 27%,
14%, 13%, and 6.4% respectively, compared to
dobutamine group, however with no statistically
significant difference [27].

Levosimendan in Cardiac Surgery

Evidence shows the benefit of coronary
surgery over medical treatment in patients suffering
from both decreased left ventricular function and
coronary artery disease [20, 28]. Patients undergoing
cardiac surgery with high-risk profile require peri-
operative and post-operative inotropic support and
levosimedan seems to be an attractive option in such
patients [23]. Different meta-analyses have suggested
mortality benefits in patients undergoing cardiac
surgery receiving levosimendan. Landoni and co-
workers analysed 45 randomised clinical trials
including 4580 patients and found reduced mortality
with an OR of 0.35 (95% CI 0.18-0.71, p = 0.003) in
patients treated with levosimedan [29]. Maharaj and
co-workers analyzed 17 studies including 729 patients
after coronary revascularization treated with
levosimendan versus control, and found mortality
benefit with an OR of 0.40 (95% confidence interval
(Cl) 0.21 t0 0.76, P = 0.005) [28].

Harrison and co-workers analysed 14
randomised controlled trials including 1155 patients,
evidence showed decreased mortality rate in patients
intraoperatively treated with levosimendan (risk
difference -4.2%, 95% CI -7.2% to -1.1%, p =
0.008), in patients with reduced ejection fraction (EF)
these benefits were greatest [28].

Lim and co-workers analysed 14 studies of

patients with reduced left ventricular ejection fraction
(LVEF) undergoing cardiac surgery. Results showed
reduced early mortality (5.5% vs. 9.1%), reduced
Intensive care unit stay (ICU) 1.01 (1.61-0.42) days
and reduced postoperative acute renal injury (ARI)
(7.4% vs. 11.5%) in patients treated with
levosimendan [31].

Reports from several clinical studies have
compared levosimendan versus milrinone, placebo,
dobutamine or intra-aortic balloon pump (IABP)[23].
Patients with preserved or reduced left ventricular
function received levosimendan in pre, intra or post-
operative setting (period).

Pre-Operative Use of Levosimendan in
Cardiac Surgery

In a trial by Levin and co-workers, 252 high-
risk patients with severely reduced LVEF scheduled
for coronary artery bypass grafting (CABG), were
randomized to receive either levosimendan or placebo
infusion 24 hours pre-operatively. Levosimendan was
started with a loading dose of 10 pg/kg infusion for 1 h
than followed by continuous infusion of 0.1 pg/kg/ min
infusion for 23 h. Reduced mortality was seen in
levosimendan group compared to placebo (3.9% vs.
12.8%; P = 0.05), decreased incidence of LCOS
(7.1% vs. 20.8%; P = 0.05) and complicated weaning
from CPB (2.4% vs. 9.6%; P = 0.05). In patients
treated with levosimendan results showed lower
requirement for other inotropes (7.9% vs. 58.4%; P =
0.05), vasopressors (14.2% vs. 45.6%; P = 0.05), and
lower requirements for IABP (6.3% vs. 30.4%; P =
0.05) compared to placebo group [32].

In a randomised, double-blind, placebo-
controlled study by Leppikangas and co-workers, 24
patients were enrolled and received either
levosimendan or placebo infusion 24 hours before
surgery. Results showed improved hemodynamic
parameters in levosimendan group compared to
placebo as well as higher levels of levosimendan's
metabolites compared to other studies that use
levosimendan in intra-operative setting [33].

Intra-operative Use of Levosimendan

Several trials assessed the effect of
levosimendan started after induction of anaesthesia or
before initiation of CPB in patients with preoperatively
impaired LVEFE Although the difference in mortality
rate on patients treated with levosimendan compared
to placebo or other inotrops showed no statistical
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significance difference, secondary end points such as
ICU stay, hospital stay, mechanical ventilation,
requirements for mechanical support and other
inotrops were significantly decreased [34, 35].

In the randomised double-blind trial, Triapepe
and co-authors compared placebo versus
levosimendan in 106 patients scheduled for elective
CABG. Patients receive levosimendan slow i.v. (24 ug
kg (-1)) or placebo over 10 min before initiation of
CPB. Results showed significant reduction of the
length of ICU stay and tracheal intubation time, lower
level of postoperative troponin | (P < 0.0001) and
higher cardiac index (P < 0.0001), without a
statistically significant difference in the study groups in
respect of 30-day mortality [36].

The effect of levosimendan on the
postoperative outcome with respect to the time of
administration (early versus late) was assessed in 159
patients with impaired LVEF less than 35%, in a trial
conducted by Treskatsh and co-workers. Patients that
received levosimendan intra-operatively up to the first
hour after ICU admission showed better survival
(49/70) compared to patients treated with
levosimendan infusion after the first hour of ICU
admission (41/89). The survivors in the late start
group showed increased incidence of in-hospital
mortality (p = 0.004) and increased 1-year mortality (p
= 0.027). Additionally, the incidence of renal
dysfunction (p = 0.002), requirements for renal
replacement therapy (RRT) (p = 0.032) and duration
of mechanical ventilation (p = 0.002) were significantly
increased in the late start group [37].

Jarvelda and co-workers randomized 24
patients with severe aortic stenosis and left ventricular
hypertrophy scheduled for aortic valve replacement
(AVR). Levosimendan group received bolus, followed
by i.v. continuous infusion (0.2 pyg/kg/min), and started
after induction of anaesthesia. LVEF was maintained
in levosimendan group while it decreased in the
placebo group, without significant difference [34].

Benefits of Levosimendan compared to IABP
were assessed in a prospective randomised trial of 90
patients with coronary artery disease and LVEF less
than 35%, scheduled for surgery [35]. Patients in
levosimendan group had significantly shorter ICU stay
compared to other groups (p < 0.01); six hours after
surgery level of cardiac troponin (cTnl) was increased
in all groups but significantly lower in the
levosimendan group. Concentration of cTnl at the first
postoperative day was 4.67 ng/mL (1.04 to 8.20), 2.40
ng/mL (1.17 to 5.14), and 2.99 ng/mL (1.52 to 7.40)
and levels decreased at second post-operative day.
Furthermore, levosimendan improved hemodynamic
parameters and contributed to lower cTnl levels
compared to preoperative IABP [35].

Elahi et al. also evaluated the impact of
preoperative use of either IABP or levosimendan on
patients outcome, and data showed that in cardiac

surgery patients with LCOS both improved cardiac
function, although provided no evidence to suggest
weather |ABP or levosimendan is superior in
treatment of patients with LCOS with regard to
morbidity and mortality [38].

In a trial by Lahtinen et al. 207 patients
scheduled for valve + coronary surgery were
randomised into placebo or levosimendan group and
the infusion was initiated after induction of
anaesthesia. Results showed reduced the number of
patients with HF in levosimendan group (risk ratio
0.26, 95% CIl0.16-0.43, p = 0.001) but they were more
likely to require noradrenalin and less likely to require
IABP compared to placebo group. No significant
difference in in-hospital and six months mortality
between the groups [39].

The Use of Levosimandan in Post-

Operative Course

Several studies have evaluated the effect of
levosimendan on patients with LCOS (defined as Cl <

2.2 l/min/m2, mixed venous saturation < 60%,
pulmonary wedge pressure > 18 mmHg) after cardiac
surgery. Levin and colleagues randomised 253
parents with LCOS after surgery, to receive either
levosimandan or dobitamine. Patients in
levosimendan group showed reduced requirements
for inotrops, vasopressors, IABP use, as well as
decrease postoperative mortality (7.1 vs. 15.9%) [23,
40].

Alvarez and colleagues randomised 41
patients after open heart surgery on CPB to either
levosimendan or dobutamine administered in the
treatment of post operative LCOS. Although both
drugs are effective in LCOS treatment, short term
hemodynamics was improved, levosimendan showed
significantly greater effects in improving CI (2.9 (0.3)
I/min/m2 vs. 2.4 (0.2) /min/m2, p = 0.05) as well as
significantly reduced systemic and pulmonary
vascular resistances, also decreased pulmonary
capillary wedge and central venous pressure(CVP)
[41]. Al-Shawaf and colleagues conducted a
randomised trial comparing levosimendan vs
milrinone for the management of LCOS in diabetic
patients after cardiac surgery with LVEF < 35%.
Significantly higher mixed venous saturation, cardiac
indices, lower pulmonary capillary wedge pressures
and oxygen extraction rates were found In
levosimendan group. Therefore, it was suggested that
levosimendan was more effective in treating
hemodynamic worsening of post operative LCOS [42].
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Treatment of Levosimandan in Patients

with Right Heart Failure

Several trials have investigated the effects of
levosimendan on patients with biventricular HF and
cardiogenic shock related to acute myocardial
infarction, and demonstrated reduced right ventricle
(RV) afterload and increased RV contractility [1, 10].
Russ and colleagues evaluated the effect of
levosimandan versus conventional therapy
(dobutamine and norepinephrine) in patients with
cardiogenic shock due to myocardial infarction treated
with  percutaneous coronary intervention (PCI).
Results showed significant increase in cardiac power
index in both left and right ventricle (2.1 £ 0.1 t0 3.0 =
0.2, p < 0.01) and (0.14 + 0.19 to 0.18 + 0.12, p <
0.001) respectively, and also decreased pulmonary
vascular resistance [43]. In a study, Yulmas and
colleagues randomised 40 patients with significant
biventricular systolic dysfunction to receive either
levosimendan or dobutamine and in levosimendan
group doppler echocardiographic markers of systolic
function and tricuspid annulus were significantly
improved (15% % 12% vs. 2% * 6%, P < 0.001) versus
dobutamine [44].

Postoperative Kidney Function in Patients
Treated with Levosimendan

Postoperative renal dysfunction in patients
after cardiac surgery is an important complication and
independently is associated with increased mortality,
morbidity, prolonged ICU and prolonged overall in-
hospital stay [45]. Several trials have investigated the
effect of levosimendan in patients with LCOS after
cardiac surgery the results showed that the drug can
increase renal blood flow (RBF), CO and by this
features its reno-protective effects were recognised
[46, 47]. In one of the latest meta-analysis evaluating
the renal effect of levosimendan continuous infusion
0.1 — 0.2 pg/kg/min after loading dose of 6-24 ug/kg
for 24 h or only loading dose 24 ug/kg in 1h versus
placebo and/or other inotropic drugs in 13 trials and
1345 patients, the authors found that levosimendan
reduces the incidence of postoperative AKI, RRT,
postoperative mortality, duration of mechanical
ventilation and ICU stay. In a prospective, double-blind
clinical trial Baysal and colleagues randomised 128
patients undergoing mitral valve surgery with LVEF
less 45 % were to receive either levosimendan 6
pg/kg/min as a loading dose then 0.1 pg/kg/min after
aortic clamp removal compared to standard inotropic
therapy. Patients in the levosimendan group showed
improved postoperative renal clearance and higher
values of estimated glomerular filtration rate (eGFR)
on day 1 and day 3 compared to control group p =

0.0001, p = 0.0009 respectively and the need of RRT
was reduced [48].

In a retrospective observational study, Balzer
and colleagues analysed 46 patients with reduced
LVEF treated with levosimendan as a continuous
infusion 0.1 pg/kg/min with respect to the timing of it’s
administration during surgery early versus late start in
ICU. Intra-operatively 61% of the patients received
levosimendan versus 39% of patients treated with
levosimendan in ICU and the results showed
significantly reduced creatinine plasma levels p=
0.009, reduced incidence of postoperative renal
dysfunction (67.9% vs. 94.4%, p = 0.033) and also
reduced the duration of the RRT [49].

Knezevic and al. evaluate the reno-protective
role of levosimendan versus standard inotropic
therapy, in 94 patients included for heart
transplantation. In the first week after transplantation,
patients in levosimendan group showed increased
eGFR (62% vs.12%, p = 0.002) with lower incidence
of AKI (28% vs. 6%, p = 0.01). In the first tree months,
19% of patients with AKI died versus 8% of patients
without AKI (p = 0.37). In the study population, the
one-year survival rate was 87%, without a statistically
significant difference in mortality rate between the
groups (11% in levosimandan vs. 15% in control, p =
0.54)[50].

Cost-Effectiveness of Treatment with

Levosimendan

Economic and health analysis of treatment
with levosimendan in acute decompensated heart
failure showed that it is cost effective. However, in
cardiac surgery, there is limited data regarding it’s
cost effective. In an observational study with 292
patients with acute heart failure, Fedele and
colleagues preformed cost-effectiveness analysis of
treatment with levosimendan versus the standard
treatment with dobutamine. It was found that per
capita cost of treatment with levosimendan is higher in
the initial hospitalisation, but when re- hospitalisations
were considered costs, they were significantly lower
[23, 51]. Therefore, available data imply that treatment
with levosimendan in cardiac surgery positively affects
the elements that are likely to increase the costs of
treatment: shorter ICU stay, fewer requirements for
IABP and renal replacement therapy [1]. Furthermore,
improved indirect indicators may show the advantage
of levosimendan in  cost-effectiveness  over
dobutamine, particularly when administered in high-
risk patients [23].

In conclusion, clinical studies show that
levosimendan enhances the cardiac function and
improves the hemodynamic, pulmonary and general
condition in patients after cardiac surgery in both
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reduced and normal LVEF Pre operative use of
levosimendan in high-risk patients with severely
reduced LVEF may reduce the requirements for
inotropic support, mechanical support, duration of
intensive care unit stay as well as hospital stay and
decrease post operative mortality The greatest
benefits may be seen in high-risk patients where
levosimandan is applied in preoperative setting 24 h
before surgery.
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