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ABBREVIATIONS

ADHF
AdHF
AHF
AMI
ARDS
AUC
BNP
CABG
cAMP
CCB
cGFR
CHF
cl

co
COPD
CPB
Cyp
ECMO
EDV
EF
eGFR
ESC
ESV
GMP
HR
IABP
ICU
K, channel
LCOS
LS
LVAD
LVEF
LYS
MAP
MPAP
MR

Acute(ly) decompensated heart failure
Advanced chronic heart failure
Acute heart failure

Acute myocardial infarction

Acute respiratory distress syndrome
Area under the curve

Brain natriuretic peptide

Coronary artery bypass grafting
Cyclic adenosine monophosphate
Calcium channel blocker

Calculated glomerular filtration rate
Congestive heart failure

Confidence interval / Cardiac index
Cardiac output

Chronic obstructive pulmonary disease
Cardiopulmonary bypass
Cytochrome P450 enzymes
Extracorporeal membrane oxygenation
Left ventricular end-diastolic volume
Ejection fraction

Estimated glomerular filtration rate
European Society of Cardiology

Left ventricular end-systolic volume
Gastric mucosal perfusion

Heart rate

Intra-aortic balloon pump

Intensive care unit

ATP-dependent potassium channel
Low cardiac output syndrome
Levosimendan

Left ventricular assist device

Left ventricular ejection fraction

Life years saved

Mean arterial pressure

Mean pulmonary artery pressure

Mitral regurgitation




NSVT
NT-proANP
NYHA
PAOP
PAP
PCWP
PDE
PET
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PVR
PVB
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RVP
RVSP
SOFA
SPC
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SVB
VAD

Nonsustained ventricular tachycardia

N-terminal prohormone atrial natriuretic peptide
New York Heart Association

Pulmonary artery occlusion pressure

Pulmonary artery pressure

Pulmonary capillary wedge pressure
Phosphodiesterase

Positron emission tomography

Paediatric intensive care unit

Percutaneous transluminal coronary angioplasty
Pulmonary vascular resistance

Premature ventricular beats

Renal blood flow

Risk difference

Renal venous pressure

Right ventricular systolic pressure

Sequential Organ Failure Assessment

Summary of Product Characteristics

ST-elevation myocardial infarction
Supraventricular beats

Ventricular assist device




TRIAL
ACRONYMS

ALARM-HF Acute Heart Failure Global Survey of Standard Treatment
CHEETAH Levosimendan in High Risk Patients Undergoing Cardiac Surgery
CONSENSUS Cooperative North Scandinavian Enalapril Survival Study
COPERNICUS Carvedilol Prospective Randomized Cumulative Survival
LAICA Long-Term Intermittent Administration of Levosimendan in Patients With
Advanced Heart Failure
Repetitive Levosimendan Infusion for Patients with Advanced Chronic
LEODOR .
Heart Failure
LEOPARDS Levosimendan for the Prevention of Acute Organ Dysfunction in Sepsis
LEVO-CTS Levosimendan in Patients with Left Ventricular Systolic Dysfunction
Undergoing Cardiac Surgery on Cardiopulmonary Bypass
Efficacy and Safety of Pulsed Infusions of Levosimendan in Outpatients
LEVOREP . .
with Advanced Heart Failure
LICORN Preoperative Levosimendan in CABG Patients With Poor LV Function
LIDO Levosimendan Infusion versus Dobutamine
LION-HEART Intermltt_ent Intrz.avenous Levosimendan in Ambulatory Advanced Chronic
Heart Failure Patients
REVIVE | and Il R?ndomlzed Multicenter Evaluation of Intravenous Levosimendan Efficacy
trials I and Il
RUSSLAN Randomized Study on Safety and Effectiveness of Levosimendan in
Patients with Left Ventricular Failure after an Acute Myocardial Infarct
SURVIVE Survival of Patients with Acute Heart Failure in Need of Intravenous

Inotropic Support




LEVOSIMENDAN
- KEY POINTS

SUMM

Levosimendan (SIMDAX®) is a calcium sensitiser developed for intravenous use in hospitalised
patients with acute heart failure (AHF). SIMDAX® is proven effective and well tolerated in large-
scale clinical trials of hospitalised patients with heart failure. By December 2017, more than 1.5
million patients worldwide have been treated with SIMDAXE®.

Clinical data from heart failure patients showed that SIMDAX® offers:
e Improved haemodynamics'3 without a significant increase in oxygen consumption.*®
e Reduced symptoms of acute heart failure.” %7
e Beneficial effect on neurohormone levels.®®
e Sustained efficacy due to formation of an active metabolite.?®
e Additional benefit in patients under beta-blockade.™ 1

SIMDAX® is well tolerated and no major interactions with concomitant medications commonly
used in heart failure have been reported.

SIMDAX® offers:
e A good and predictable safety profile."”
e No impairment of diastolic function.' 2
¢ No development of tolerance.’
* No adverse effect on survival." 7 131
The effects of SIMDAX® are mediated through:
¢ Increased cardiac contractility by calcium sensitisation of troponin C."7-2°
e Vasodilation through the opening of potassium channels.?-2*
e Cardioprotection through the opening of mitochondrial potassium channels.?>?

Health economic analyses of the clinical data have shown that SIMDAX® is cost-effective in AHF
patients.?30




IN ACUTE HEAF

SIMDAX® (levosimendan) is indicated for the short-term treatment of acutely decompensated
severe chronic heart failure in situations where conventional therapy is not sufficient, and in cases
where inotropic support is considered appropriate. For product details, see the current Summary
of Product Characteristics (SPC).

IN OTHER THERA

Cardiac surgery

Levosimendan has been studied in more than 30 clinical trials in connection with cardiac surgery.
The results of these studies have shown uncompromised safety and beneficial haemodynamic and
cardioprotective effects.

Repetitive administration in advanced chronic heart failure

Several investigator-initiated studies and case reports with repetitive levosimendan dosing have
shown beneficial effects on haemodynamics, neurohormone levels and symptoms in patients
suffering from advanced chronic heart failure.

Others

Levosimendan has also shown preliminary positive effects - mainly in small-scale investigator-
initiated studies - in right ventricular failure, cardiogenic shock, and in other states requiring
inotropic support.




INTRODUCTION

This monograph focuses on the regulatory studies performed with intravenous levosimendan
(SIMDAX?®). Most of the studies have been performed in patients with acute worsening of chronic
heart failure and, to a lesser extent, in patients with left ventricular failure due to an acute
myocardial infarction, cardiac surgery, and other therapeutic use. The regulatory clinical program
has included nearly 3,500 patients.

In addition, levosimendan has been assessed in numerous clinical studies by independent
investigators throughout the world. The focus of these investigator-initiated studies has lately
been on the use of levosimendan in an operative setting and on repetitive dosing of levosimendan
in advanced chronic heart failure. Further, smaller scale studies in several other clinical settings
have been published. The results of these studies are also presented in this monograph.

Marketing authorisation was first granted for SIMDAX® in 2000 in Sweden. Currently, SIMDAX®
has marketing authorisation in over 60 countries worldwide and it is estimated that by December
2017, more than 1.5 million patients had been exposed to SIMDAX® infusion in everyday clinical
practice.

ACUTE HEAR

Acute heart failure (AHF) is a severe and life-threatening condition. In-hospital mortality varies
between categories of heart failure and is up to 40-60% in patients with cardiogenic shock, but
less than 10% in other categories.3 No single or simple treatment protocol can be recommended
for acute heart failure because of the wide range of problems underlying the decompensation
episode.

Multiple agents are being used to treat acute heart failure, but there is a paucity of clinical
studies data and their use is largely empiric.?? l.v. diuretics and vasodilators constitute the corner
stones of the treatment of AHF and rapid relief of symptoms can usually be obtained with these
agents.?® The current European Society of Cardiology (ESC) guideline®* for the treatment of AHF
recommends to reserve the use of inotropic agents and vasopressors for patients with such severe
reduction in cardiac output that vital organ perfusion is compromised. Owing to their suspected
detrimental effect on survival, their use is recommended only for the most severe cases and
they should be withdrawn as soon as adequate organ perfusion is restored and/or congestion
is reduced. Accordingly, the US heart failure guideline® recommends (Class | recommendation)
the use of positive inotropic agents as a temporary treatment only to patients with cardiogenic
shock until definitive therapy/resolution of the acute precipitating problem, and finds their use
reasonable (Class Ilb recommendation) in those hospitalised patients presenting with documented
severe systolic dysfunction who present with low blood pressure and significantly depressed
cardiac output to maintain systemic perfusion and preserve end organ performance.




The following table presents the currently used medications for AHF and the risks/adverse effects

related to their use.

Table 1. Traditional medications for AHF: Indications/adverse effects.

Risks / adverse effects

Loop-diuretics:
- i.v furosemide

Vasodilators:
- nitrates
- nitroprusside

Positive inotropes:

- dobutamine
- PDE-inhibitors
(milrinone)

Vasoconstrictors:
- dopamine
- noradrenaline

Fluid overload

Venous and arterial dilatation
— relieve dyspnoea

Cardiogenic shock or
pulmonary oedema not
responding to first-line therapy

Cardiogenic shock unresponsive
to inotropic drugs and fluid
resuscitation

Hypotension, hypokalemia,
renal impairment

Hypotension

Development of tolerance
(nitrates)

Toxic metabolite (nitroprusside)

Myocardial ischaemia,
arrhythmias, possibly increased
mortality

Similar to positive inotropes
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CHEMISTRY

Levosimendan,(-)-(R)-[[4-(1,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]-hydrazono]
propanedinitrile, belongs to a new class of drugs, the calcium sensitisers. The structural formula
of levosimendan is presented in Figure 1. Levosimendan is a moderately lipophilic drug with
molecular weight 280.3. It is a weak acid with pKa 6.3. Solubility of levosimendan in distilled water
and phosphate buffer (pH 8) is poor (0.04 mg/ml and 0.9 mg/ml, respectively). Solubility in ethanol
is 7.8 mg/ml and therefore levosimendan in its pharmaceutical composition (levosimendan 2.5 mg/
ml infusion concentrate) is diluted in ethanol.>®

-

_N\ N—NH
C HN / o

g
H,C H

3

Figure 1. Structural formula of levosimendan.

1




PHARMACOLO(

TRIPLE MECHANI

Levosimendan has three key mechanisms of action:3” 3 calcium sensitisation'” '8 384% and opening
of adenosine triphosphate dependent-potassium (K, .) channels both on the sarcolemma of the
smooth muscle cells of the vasculature,?'?* and in the mitochondria of cardiomyocytes.?: 2741

1.  Calcium sensitisation by selective binding to calcium-saturated cardiac troponin C'® 20 4245
increases the contractile force of the cardiac myocytes®4¢-4 without affecting relaxation.s 4

2. Opening of K __ channels in vascular smooth muscle cells?" ?? elicits both arterial®® and venous
vasodilation?? as well as improvement in coronary artery circulation.?->'

3.  Openingof K, channelsin the mitochondria of cardiomyocytes*! achieves a cardioprotective
effect in situations when the heart is subjected to ischaemic events.?: 27 5255

Through calcium sensitisation, levosimendan improves cardiac contractility in the failing heart
without affecting muscle electrophysiology.” Through the opening of K, channels in vascular
smooth muscle cells, levosimendan improves oxygen supply to the myocardium.>* 55 57

Because levosimendan augments myofibril contractions by increasing calcium sensitivity rather
than by increasing intracellular calcium,® % it is not associated with increased myocardial oxygen
demand,* 57 80 &1 jschaemia,> 5> 6% 83 or tolerance,® conditions sometimes incurred with agents
traditionally used to treat decompensated heart failure.

In brief, the mechanism of action for levosimendan involves three clinically relevant features that
are specific to the cardiovascular system; levosimendan acts on the contractile apparatus of the
myocardial cells, on the vascular smooth muscle cells and on the mitochondria of the cardiomyocytes
via independent, but complementary, mechanisms.

Calcium sensitisation

The heart muscle consists of cardiac myocytes that show a striated subcellular structure: each cell
contains myofibrils with actin and myosin filaments, which form the contractile apparatus. The
actin filaments are associated with the regulatory proteins tropomyosin and troponin, which is
complex of three smaller proteins (TnC, Tnl, and TnT) (Figure 2).

When intracellular Ca%* concentration increases, troponin C becomes Ca?* saturated, which triggers
the contraction. When calcium is removed from the cytosol, troponin C, now Ca?* free, allows the
sarcomere relaxation.

Levosimendan selectively binds to calcium-saturated cardiac troponin C (Figure 3).19 204245 64

By binding to troponin C and stabilising the troponin C - Ca?* complex, levosimendan enhances
the sensitivity of the myofilament and facilitates the actin-myosin crossbridge formation.'® %38 The

12
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RELAXATION CONTRACTION

TnC Tnl ™nT

Troponin complex

Levosimendan

)

)

Figure 2. Role of troponin Cin the mechanism Figure 3. Levosimendan selectively binds to calcium
of contraction. saturated cardiac troponin C.

calcium sensitisation effect of levosimendan has been shown in many in vitro models from skinned
fibres to isolated hearts.'” 23 39 46,48, 58-60,64-67 | ayosimendan has positive inotropic effects in normal®®
% and heart failure models.”®

The formation of the troponin C - Ca?*-levosimendan complex is calcium-dependent' '® ¢ and
calcium sensitivity is enhanced only when intracellular calcium concentration is elevated. As a result
of this unique property, levosimendan increases contractile force during systole when intracellular
calcium concentration is increased. Importantly, levosimendan does not impair relaxation during
diastole when intracellular calcium concentration is decreased ® or even improves relaxation.*
Levosimendan has been shown to increase contractility considerably with only a modest increase
in intracellular calcium, even in ventricular muscle strips from end-stage failing human hearts.®
* This finding is significant in relation to clinical effect in that levosimendan does not increase
energy consumption® 57807273 and the risk of proarrhythmic events is low.5 6274 Other agents
shown to improve cardiac output, such as milrinone, have different mechanisms of action from
levosimendan.’” In fact, milrinone increases cardiac contractility, but it does so by increasing
intracellular calcium concentrations, thereby increasing energy consumption and the potential for
arrhythmia.” 7®

Calcium sensitisation with levosimendan offers increased cardiac contractility

o without increasing intracellular calcium.55°
o without increasing oxygen consumption.> 57 60.72.73
o without affecting cardiac rhythm>% %274 and relaxation. 77
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Opening of K __ channels in the vascular smooth muscle cells

The heart muscle consists of cardiac myocytes that show a striated subcellular structure: each cell
contains myofibrils with actin and myosin filaments, which form the contractile apparatus. The
actin filaments are associated with the regulatory proteins tropomyosin and troponin, which is
complex of three smaller proteins (TnC, Tnl, and TnT) (Figure 2).

When intracellular Ca?* concentration increases, troponin C becomes Ca?* saturated, which triggers
the contraction. When calcium is removed from the cytosol, troponin C, now Ca?* free, allows the
sarcomere relaxation.

Vasodilation with levosimendan results from the opening of K channels; it reduces preload and
afterload, and improves oxygen supply to the myocardium. Vasodilation with levosimendan has
been demonstrated in both arterial?’ and venous?? vascular beds, and in the coronary arteries.?
Opening of K, channels has also been observed in ventricular myocytes - an effect that may help
to protect ischaemic myocardium.’®

The opening of K __  channels by levosimendan has been both electrophysiologically>’ and
pharmacologically® demonstrated in arterial and venous preparations and in coronary arteries.” It
has also been shown that the venodilatory effect of levosimendan on the noradrenaline-constricted
human portal vein?? or serotonin-constricted human saphenous vein® is also mediated by the
opening of K, channels. In addition, some pharmacological findings indicate that levosimendan
may open the calcium-dependent potassium channels in arteries and veins® as well as voltage-
dependent potassium channels in coronary arteries.®

In light of the above-mentioned studies, it seems that levosimendan may preferentially stimulate
K,» channels in small resistance vessels.* In large conductance vessels the vasodilatation appears
to be mediated mainly through opening of voltage- as well as calcium-dependent potassium
channels.

Opening of K channels in the cardiomyocyte mitochondria

By opening mitochondrial adenosine triphosphate-dependent potassium (mitoK, ) channels,*
levosimendan protects the heart against ischaemia-reperfusion damage.?® 27525474 The fact that
levosimendan can prevent or limit myocyte apoptosis via the activation of mitoK,, channels
provides a potential mechanism whereby this agent might protect cardiac myocytes during

episodes of acute heart failure?® 8% as well as in chronic heart failure situation.% 8

Additional in vitro results

In vitro studies indicate that levosimendan is a highly selective phosphodiesterase (PDE) lli
inhibitor compared to other PDE isoenzymes.?* The PDE Il inhibition alone is not sufficient to
increase the cyclic adenosine monophosphate (cAMP) intracellular level.”® Hence, this mechanism
of action does not contribute significantly to the contractility-enhancing and vasodilatory effects
of levosimendan in isolated guinea-pig heart3 %% and, therefore, probably not in clinical practice
either. It has been shown that the inotropic effect of levosimendan cannot be blocked by a protein
kinase inhibitor*® that is known to prevent the activity of PDE-inhibiting drugs. Simultaneous
inhibition of both PDE IIl and PDE IV is needed to increase cAMP and intracellular calcium, which
is seen with non-selective PDE inhibitors®® (such as enoximone and milrinone).

14



PHARMACOK

General pharmacokinetics

Levosimendan is extensively metabolised before excretion into urine and faeces. The main pathway
is conjugation with glutathione to form inactive metabolites. The minor pathway (approximately
6% of the total levosimendan dose) is reduction in the intestine to an intermediate metabolite (OR-
1855), which is further acetylated to the active metabolite, OR-1896.°" Levosimendan is excreted
as conjugates via the urine and faeces and only traces of unchanged levosimendan are found in
experimental animals and in man.?> % Levosimendan metabolism is illustrated in Figure 4.

The metabolite OR-1896 has been shown to have haemodynamic and pharmacologic properties
similar to those of the parent drug in preclinical models.2* 39 69 94,95

-

N—H

N
e
OR-185

Deacetylation Tl Acetylation Reduction
N
HQH N \>—N N_HN
8
¢N © VR o) H,N- c//o N
o} N H +H,0 SN N_H
OR-1896 —_—> / \n_Q_g_):o

LEVOSIMENDAN N
H + GSH OR-1420 (hydration product)
H,c—Co-N
H CO‘m/\COOH (Glutathione conjugate)

7>=N\ " N_H O)\(\ s
N H]CH2 / Y —0
Acetylcysteinylglycine conjugate g\(\ s N
(o)
N
j:N n_H Cysteine conjugate
N o]
H / W
H,C_Cco- N

777 H/™COOH
o Cysteinylglycine conjugate
N
?:N N_H
N 4 fo) .
l<l/ H — Major pathway

——>»  Minor pathway

Acetylcysteine conjugate

Figure 4. Metabolism of levosimendan.

The terminal elimination half-life (t, ,,) of levosimendan is about 1 hour both in healthy volunteers
and in patients with heart failure (Table 2) and it rapidly disappears from the circulation after the
infusion is stopped. Levosimendan is highly bound to plasma proteins (97-98%).%* * The plasma
concentrations of levosimendan increase dose-proportionally.?”- %
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The mean elimination half-life values for the levosimendan metabolites OR-1855 and OR-1896
are approximately 80 hours and their plasma protein binding is about 40% (Table 2).%%°° The time
curves of the concentrations of levosimendan and the metabolite OR-1896 are shown in Figure 5.

-

8 ——m— Levosimendan
—&— OR-1896

Free plasma concentration (ng/ml)

Time (days)

Figure 5. Free plasma concentrations of levosimendan and OR-1896 during and after a 24-h infusion
(mean values + SD).*®

Table 2. Pharmacokinetic variables of levosimendan and its active
metabolite OR-1896 in patients with NYHA Ill-IV heart failure.%%

t,,., (h) 11-1.4 77.4-81.3
CL,, (I/h/kg) 0.18-0.22 na
V. (I/kg) 0.33-0.39 na
Protein binding (%) 97 42

t,,. = terminal elimination half-life, CL_, = total clearance, V_= volume of distribution based on area
under the curve (AUC), na = not assessed
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The activity of the enzyme responsible for the acetylation, the N-acetyltransferase, is known to
differ considerably in man. Most Caucasian populations in Europe and North America have 40% to
70% slow acetylators, whereas most Asian populations have only 10% to 30% slow acetylators.™’
The acetylator status of a patient affects the pharmacokinetics of levosimendan metabolites, but
not that of the parent drug. In rapid acetylators, the OR-1896 levels were significantly higher and
OR-1855 significantly lower; in slow acetylators the opposite was seen. However, the effects on heart
rate, blood pressure, pulmonary capillary wedge pressure and cardiac output were similar in the two
acetylator types. These findings could be explained either by assuming that both metabolites are
active in man or by the fact that the differences in OR-1896 levels seen in the study were too small
to produce different haemodynamic responses.'®

Pharmacokinetics in special populations

Population pharmacokinetic analysis has shown no effects of age, ethnic origin (Caucasians vs.
African Americans) or gender on the pharmacokinetics of levosimendan.’”® However, the same
analysis revealed that volume of distribution and total clearance are dependent on weight.

The pharmacokinetic profile of levosimendan in paediatric patients with congenital heart disease
was similar to that of adult patients after a single intravenous bolus dose of levosimendan (12
pg/kg).'® The study of Pellicer et al. with a longer levosimendan infusion showed that the same
metabolites (OR-1855 and OR-1896) as in adults are also formed in neonates.'®

The pharmacokinetics of levosimendan in patients with severe renal impairment or undergoing
chronic haemodialysis revealed that the elimination of the metabolite OR-1896 was prolonged 1.5-
fold compared with healthy subjects and the exposure to the metabolites (area under the curve
AUCQC) was up to 170% higher.’® However, no clinically relevant differences in the pharmacokinetics
of the parent drug were observed. The metabolites were dialysable, but the parent drug seemed
not to transfer to dialysate. The probable explanation is the lower plasma protein binding of the
metabolites compared to the parent drug.

In patients with moderate hepatic impairment, the elimination of the metabolite OR-1896 was also
prolonged 1.5-fold, but exposure to the metabolites was not significantly altered.' Similarly to renal
impairment, the pharmacokinetics of levosimendan itself was not altered in hepatic impairment.

In patients undergoing cardiac surgery, the formation of the metabolites OR-1855 and OR-1896
was delayed compared to patients with chronic heart failure. In chronic heart failure, the peak
concentrations of the metabolites were seen 2-4 days after starting the infusion,®® compared to 6
days'® in patients undergoing cardiac surgery. The reason is not fully known, but may be related
to initiation of therapy following a fasting state and the use of broad-spectrum antibiotics. These
conditions reduce populations of intestinal bacteria involved in the acetylation of levosimendan,
leading to reduced/delayed formation of metabolites OR-1855 and OR-1896. The steady state plasma
concentrations of the parent drug were somewhat lower in cardiac surgery patients than in chronic
heart failure with the AUC 14% lower with similar dosing (approximately 1200 vs. 1400 h x ng/ml,
respectively).’®®
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Interactions

Preclinical findings suggest that cytochrome P450 (CYP) enzymes do not play any role in the
metabolism of levosimendan or its metabolites OR-1855 and OR-1896 (see SPQ).

Several clinical interaction studies with levosimendan have been performed. In pharmacokinetic
interaction studies between intravenous or oral levosimendan and itraconazole,®® warfarin,'®
captopril,’? isosorbide mononitrate'" or alcohol,’? no clinically significant effects of concomitant
administration on levosimendan pharmacokinetics were found. Furthermore, studies with
felodipine' and carvedilol'* have revealed no relevant haemodynamic or pharmacokinetic
interactions.

PHARMACOD!

Haemodynamics

The haemodynamic effects of levosimendan are thoroughly presented in Haemodynamics section
starting on page 22 . Briefly, levosimendan produces dose-dependent increases in cardiac output,
stroke volume and heart rate, and decreases in pulmonary capillary wedge pressure, mean
blood pressure, mean pulmonary artery pressure, mean right atrial pressure and total peripheral
resistance.> The effects are seen in minutes if a loading dose is used." There is no sign of
development of tolerance even with a prolonged infusion up to 48 hours.’ Due to the formation
of an active metabolite, the haemodynamic effects are maintained several days after stopping
levosimendan infusion.®

Myocardial energy and oxygen consumption

The beneficial effects of levosimendan on haemodynamics are not associated with any significant
increase in myocardial energy consumption, as evidenced using dynamic positron emission
tomography (PET) in hospitalised patients with heart failure (NYHA llI-IV) (Figure 6).° The patients
were given levosimendan (18 pg/kg as a loading dose followed by a continuous infusion of 0.3
pg/kg/min for about 5 hours) and placebo in a crossover fashion. Despite increases in both cardiac
output and stroke volume, myocardial oxygen consumption was unaltered by levosimendan.

Similarly, bolus doses of 8 pug/kg or 24 ug/kg did not increase myocardial oxygen consumption in
postoperative patients, although cardiac function markedly improved.*

18



Levosimendan (18 pg/kg bolus
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Figure 6. Myocardial oxygen consumption in heart failure patients.>

Anti-stunning

Levosimendan also possesses anti-stunning effects. This was shown in a randomised, double-
blind study in patients with an acute myocardial infarction who had undergone percutaneous
transluminal coronary angioplasty (PTCA)."" The patients received levosimendan 24 pg/kg as a
bolus dose (n=16) or corresponding placebo (n=8) 10 minutes after completion of the successful
PTCA. The study showed that levosimendan clearly improved the function of stunned myocardium,
as shown by a substantial reduction in the number of hypokinetic segments in the left ventricular
wall (-2.4) compared with placebo (which showed an increase of 0.8, p = 0.016).

Diastolic function

The same study also showed that diastolic function was not worsened by levosimendan; end
diastolic pressure-volume ratio and chamber compliance during late diastole changed similarly
with levosimendan and placebo. In addition, the index of isovolumic relaxation (Tau) was improved
in the levosimendan group and impaired in the placebo group, which suggests improved diastolic
function. A similar finding was observed in a study using intracoronary infusions.'> Ten patients
with heart failure received two intracoronary doses of levosimendan without systemic effects
(3.75 and 12.5 pg/min and dextrose [control] as bolus doses). In this study Tau was improved with
the higher dose, but was unaffected with the lower dose of levosimendan. Levosimendan also
increased left ventricular +dP/dt dose-dependently at various paced heart rates, indicating a direct
contractility enhancing effect with levosimendan.

19




TRIALS IN ACUTE
HEART FAILURE

CLINICAL PROGRAM

The regulatory clinical program of levosimendan included nearly 3,500 patients. The design of the
most important studies is described in the following sections and summarised in Table 3.

Table 3. The pivotal trials with levosimendan.

Dose
N : : .
(ug/kg/min), Diagnosis/ : :
Study (ttl:_o;:;lll duration of LS Comparator NYHA class Primary endpoint
infusion (h)?

Dose ranging 151/95 0.05-0.6, 24 d:gict‘;?:ig . CHF/II haeri:‘g’j;'::mics
Dose escalation /0,98 (104 240r48  Placebo CHF/III-IV Invasive

and withdrawal haemodynamics

LIDO 203/103 0.1-0.2, 24 Dobutamine  CHF /(Il)-IV hae;‘gj;i::mics
RUSSLAN 504/402 0.1-0.4, 6 Placebo Post AMI/IV Safety
REVIVE | 100/51 0.1-0.2, 24 Placebo CHF/IV Clinical composite
REVIVE I 600/299 0.1-0.2, 24 Placebo CHF/IV Clinical composite
SURVIVE 1327/664 0.1-0.2, 24 Dobutamine CHF/IV Mortality

2 In all studies, a loading dose (3-36 ug/kg) preceded the continuous infusion.

LS = levosimendan, AMI = acute myocardial infarction, CHF = congestive heart failure

Dose-finding study: The therapeutic dose range of levosimendan administered over a 24-hour
period was studied in a placebo-controlled, double-blind, parallel-group, randomised study
including 151 patients with stable (mainly NYHA class lll) heart failure of ischaemic origin. Patients
were treated with a 24-hour intravenous infusion of levosimendan at doses ranging from 0.05 to
0.6 pg/kg/min.?

Dose escalation study: Forced up-titration, maintenance and withdrawal of levosimendan was
studied in a placebo-controlled, double-blind, parallel-group, randomised study in 146 patients
hospitalised for decompensated heart failure (NYHA class Ill or IV) due to coronary artery disease
or dilated cardiomyopathy. Patients were treated with an intravenous infusion of levosimendan
at doses ranging from 0.1 to 0.4 pg/kg/min. The study was divided into three phases. During the

o
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first 6 hours, escalated doses of levosimendan (n=98) were compared with placebo (n=48). From
6 to 24 hours, the patients in the levosimendan group continued to receive the study medication
as an open-label infusion. At 24 hours, the remaining patients were randomised to continue on
levosimendan (levosimendan continuation group) or placebo (levosimendan withdrawal group),
administered double-blind up to 48 hours.??®

LIDO study: Levosimendan was compared with dobutamine in a double-blind, parallel-group,
randomised study in 203 patients with low-output heart failure, with either an ischaemic or non-
ischaemic aetiology of heart failure, who required right heart catheterisation and treatment with
an intravenous inotropic drug. Patients randomised to levosimendan were treated with a 24-hour
intravenous infusion of levosimendan at doses from 0.1 to 0.2 pg/kg/min.’

RUSSLAN study: The safety of levosimendan in patients with left ventricular failure complicating
an acute myocardial infarction was studied in a placebo-controlled, double-blind, parallel-
group, randomised study in 504 patients within 5 days of acute myocardial infarction.' Patients
randomised to levosimendan were treated with a 6-hour i.v. infusion of levosimendan at doses
ranging from 0.1 to 0.4 pg/kg/min. Invasive haemodynamics were not assessed in this study.

The REVIVE studies: The REVIVE | and REVIVE Il studies evaluated the efficacy of levosimendan
on symptoms of heart failure with a new composite endpoint. These were randomised, double-
blind, placebo-controlled, parallel-group studies in patients with AHF. REVIVE | (n=100) was a pilot
study designed to evaluate the suitability of the endpoint;® REVIVE Il (n=600) was the phase Il
study.® Patients randomised to levosimendan were treated with a 24-hour intravenous infusion of
levosimendan at doses from 0.1 to 0.2 pg/kg/min. Both studies were conducted mainly in the U.S.
The study design for REVIVE Il is shown in Figure 7.

12 pg/kg
(over 10 min)* 0.2 pg/kg/min Placebo + SOC* (N=301)
_____________ -©
l 0.1 pg/kg/min

600 patients

Dyspnoea at rest after IV
diuretics, hospitalised
for worsening heart failure
Ejection Fraction <35%

0.1 pg/kg/min (for 50 min) Levosimendan + SOC* (N=299)

0.2 pg/kg/min (for 23 h)

Primary assessments o9 @ . 4
th  6h 24h bay 5

1 I t

Stopped infusion

#SOC = standard of care *patients on concurrent IV inotropes/vasodilators received 6 pg/kg

Figure 7. REVIVE Il trial design.

The SURVIVE study: The SURVIVE study was a double-blind, parallel-group, randomised study
in 1327 patients with severe systolic heart failure comparing the effects of levosimendan with
dobutamine on mortality. Patients randomised to levosimendan were treated with a 24-hour
intravenous infusion of levosimendan at doses from 0.1 to 0.2 pg/kg/min.” The study design is
shown in Figure 8.
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Figure 8. SURVIVE trial design.

HAEMODYNAMICS

Levosimendan produces significant, dose-dependent increases in cardiac output (Figure 9), stroke
volume and heart rate, and decreases in pulmonary capillary wedge pressure (Figure 9), mean
blood pressure, mean pulmonary artery pressure, mean right atrial pressure and total peripheral

resistance.?
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Figure 9. Change in cardiac output (CO) and pulmonary capillary wedge pressure (PCWP) 24 hours post-baseline after a

24-hour infusion of levosimendan, placebo or dobutamine in patients with stable heart failure.?
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The effect of levosimendan on haemodynamic variables (cardiac output, stroke volume, heart rate
and pulmonary capillary wedge pressure) was clearly evident already at the end of a 5-minute
bolus infusion.” There is no sign of development of tolerance even with a prolonged infusion up

to 48 hours (Figure 10 and Figure 11).°
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a) Levosimendan vs. placebo at 6 hours
b) Levosimendan at 6 hours vs. levosimendan at 24 hours
¢) Levosimendan continuation vs. withdrawal at 24 hours
d) Levosimedan continuation vs. withdrawal at 48 hours
Figure 10. Mean pulmonary capillary wedge pressure (PCWP) in the dose escalation trial.®
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Figure 11. Mean stroke volume in the dose escalation trial.®
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Due to the formation of the active metabolites, the haemodynamic effects are maintained several

days after stopping levosimendan infusion (Figure 12).8
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Figure 12. Differences in the AUC for changes in Doppler echocardiography derived pulmonary capillary
wedge pressure (PCWP) and cardiac output (CO) with levosimendan for 24 hours (n=11) vs. placebo (n=11).8

Compared with dobutamine, levosimendan produces a slightly greater increase in cardiac output
and a profoundly greater decrease in pulmonary capillary wedge pressure.” "¢ In contrast to
dobutamine, the haemodynamic effects are not attenuated with concomitant B-blocker use

(Figure 13)."
/
’7 _‘ B3- without B-blockers
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Figure 13. Effect of previous B-blocker use on cardiac output and pulmonary capillary wedge pressure (PCWP)
after a 24-hour infusion of levosimendan or dobutamine at 24 hours post-baseline (LIDO).!
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It has also been shown that at 48 hours after the start of infusion, a 24-hour infusion of levosimendan
achieves superior haemodynamic effects over a 48-hour dobutamine infusion in patients with
severe AHF on B-blockers (Figure 14).®
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Figure 14. Mean change from baseline in cardiac index (Cl) and pulmonary capillary wedge pressure (PCWP) following
a 24-hour levosimendan or 48-hour dobutamine infusion in patients with ongoing B-blocker treatment.'®

SYMPTOM

In the dose escalation and withdrawal study, dyspnoea improved in significantly more patients
treated with levosimendan compared with placebo at 6 hours after starting the treatment (Figure
15).2

In the LIDO study, symptoms improved equally well in the levosimendan and dobutamine treated
patients at 24 hours after start of infusion. Dyspnoea improved in 68% and 59% (p = 0.865) of the
patients with baseline symptoms in the levosimendan and dobutamine groups, respectively, while
fatigue improved in 63% and 47% (p = 0.155), respectively.’
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Figure 15. Patients reporting improved symptoms of heart failure 6 hours after starting
levosimendan or placebo infusion.?

In the REVIVE Il study, symptoms over the 5-day assessment period improved significantly more
with levosimendan than with placebo (Figure 16).5 It should be noted that levosimendan (or
placebo) was administered on top of the standard of care and that in the placebo group, the
majority of the patients also improved.

[7 Levosimendan (n=299)
@ Placebo (n=301)

100 Generalised linear model p-value = 0.018

Patients improved* (%)

6 hr 24 hr 48 hr Day 3 Day 5

*includes mild, moderate and marked improvement on a 7-point scale

Figure 16. Improvement of dyspnoea over time in REVIVE I1.6
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COMPOSITE ENDPOINT

In the REVIVE Il study, the primary endpoint was a composite consisting of patients’ subjective
symptom assessments (at 6 hours, 24 hours, and 5 days) and signs of worsening symptoms (including
death) during the 5 days after starting a 24-hour study drug infusion.

Improvement was observed more frequently (19 vs. 15%) and worsening less frequently (19 vs.
27%) in levosimendan treated patients compared with placebo (p = 0.015) (Figure 17).

The improvement in the composite endpoint was accompanied by a lower need for rescue
medication in the levosimendan group (Figure 18 and Table 4).

/
70 )
[ Levosimendan (n=299)
60 - M Placebo (n=301)
50 - p=0.015
s 40 4
2
3
5 30
©
o
20 -
10
0 -
Improved Unchanged Worse
J
Figure 17. The primary endpoint result in REVIVE 11.
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Figure 18. Use of rescue medication in REVIVE I1.¢ (SOC = Standard of care)
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Table 4. Drugs used as rescue medication in REVIVE II.

Rescue medication Levosimendan Placebo
(GELE)) (n=79)

Furosemide 23 47
Nesiritide 17 24
Dobutamine 12 19
Milrinone 12 18

NEUROHORMONES

Plasma concentrations of natriuretic peptides are useful biomarkers in the diagnosis of heart
failure and in the management of patients with chronic heart failure."” Discharge BNP values have
been shown to be strong predictors of subsequent outcomes in patients admitted for AHF.""8 "1°

Numerous studies indicate that levosimendan produces a rapid and sustained decrease in
natriuretic peptides. Lilleberg et al. found that a 24-hour levosimendan infusion induced a 40%
decrease in plasma N-terminal prohormone atrial natriuretic peptide (NT-proANP) and N-terminal
prohormone brain natriuretic peptide (NT-proBNP) levels and the treatment effect was estimated
to last up to 16 and 12 days, respectively (Figure 19).8
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"= Placebo
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Figure 19. Median change in N-terminal prohormone atrial natriuretic peptide (NT-proANP) levels over 14
days (n=11 in both groups) in patients with heart failure receiving levosimendan or placebo for 24 hours.?
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In the SURVIVE study, a similar decrease in BNP was seen (Figure 20).” The duration of the effect
could not be determined as the last time-point for measuring BNP was 5 days. In the REVIVE I
study the effect was also evident until day 5.
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Figure 20. Changes in BNP levels up to 5 days after the start of infusion in SURVIVE.’

MORTALITY

In the LIDO study, mortality was followed as a secondary endpoint for 31 days. During that time,
8% of patients assigned to levosimendan died, compared with 17% assigned to dobutamine
(hazard ratio 0.43, p = 0.049). The follow-up was retrospectively extended to 180 days, at which
point the respective figures were 26% for levosimendan and 38% for dobutamine (hazard ratio
0.57, p = 0.029) (Figure 21)."
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Figure 21. All-cause mortality up to 180 days after starting a 24-hour infusion of
levosimendan or dobutamine in patients hospitalised for AHF (LIDO).!

29




Inthe RUSSLAN study, mortality was prospectively followed for 14 days after starting the treatment.
The mortality rate was 12% in levosimendan- and 20% in placebo-treated patients (p = 0.031).
There was a trend for maintaining this positive effect up to 180 days in a retrospective analysis (23
vs. 31%, respectively, p = 0.053) (Figure 22)."
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Figure 22. All-cause mortality up to 180 days after a 6-hour infusion of levosimendan or placebo
in patients with heart failure complicating an acute myocardial infarction (RUSSLAN)."

In the REVIVE Il study, survival was numerically, but not statistically significantly, lower in the
levosimendan group, with 45 (15%) deaths in the levosimendan group and 35 (12%) in the placebo
group during the 90-day study period (hazard ratio 1.33, p = 0.21).°

In the SURVIVE study, there was no significant difference in survival between levosimendan and
dobutamine. The all-cause mortality at 180 days was 26% in the levosimendan group and 28% in
the dobutamine group (hazard ratio 0.91, 95% Cl 0.74-1.13, p = 0.40), a net benefit of 12 fewer
deaths with levosimendan.’

The pooled mortality data of the sponsored studies is presented in Figure 23. Both in the placebo-
and dobutamine-controlled studies, the hazard ratio is favouring levosimendan, but the result is
statistically non-significant.’®
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Favours

Levosimendan Comparator

Levosimendan  Comparator

Study Events Total Events Total RR 95% Cl
DOBUTAMINE CONTROLLED I

Dose-finding 1 95 1 20 : 0.21 (0.01; 3.23)
LIDO 8 103 17 100 ——r 0.46  (0.21;1.01)
SURVIVE 79 664 91 663 || 0.87  (0.65; 1.15)

1
1
PLACEBO CONTROLLED :
1
1

Dose-finding 1 95 0 36 1.15 (0.05; 27.51)

Dose-escalation and 3 98 3 48 —_— 0.49 (0.10; 2.34)
withdrawal :

RUSSLAN 59 402 21 102 —:—- 0.71 (0.46; 1.12)

REVIVE | 1 51 4 49 : 0.24 (0.03; 2.07)

REVIVE II 20 299 12 301 :—— 1.68 (0.84; 3.37)
I

Pooled analysis* 172 1807 149 1319 : 0.82 (0.67; 1.01)

[ [ [ |
0.1 051 2 10

Relative Risk Ratio (95% Cl)

# Pooled statistics calculated using the Cochran-Mantel-Haenszel test, controlling for study.

Figure 23. Pooled 31-day mortality analysis from the main levosimendan studies.'®

Independent investigators have published their own analyses, which have included —in addition to
the studies above — outcome data from randomised investigator-initiated studies.

The meta-analysis by Landoni et al. included 45 clinical trials with intravenous levosimendan with a
total of 5480 patients (of which 2915 received levosimendan).'® The studies had to be randomised
and controlled, and studies which lacked mortality data were excluded. Twenty-three studies used
levosimendan in a cardiological setting, while 17 studies used it in cardiac surgery patients. The 23
studies in the cardiology setting included 4100 patients (of which 2207 received levosimendan).
Levosimendan significantly reduced mortality in this population compared with the control arm
(20.0 vs. 25.6%, respectively; risk ratio 0.67, 95% Cl 0.51-0.86).

The demonstrated survival benefit of levosimendan is in contrast to previous results with
conventional inotropes, where rather a detrimental effect has been observed.'?' Levosimendan is
thus the first inotropic agent which seems to improve survival in patients with acute heart failure.

A registry study, ALARM-HF, reviewed in-hospital treatments in eight countries.’? Unadjusted
analysis showed a significantly higher in hospital mortality rate in patients receiving intravenous
inotropes (25.9%) compared to those who did not (5.2%) (p < 0.0001). Propensity-based matching
(n=954 pairs) confirmed that intravenous catecholamine use was associated with 1.5-fold increase
for dopamine or dobutamine use and a > 2.5-fold increase for noradrenaline or adrenaline use.
A propensity-based analysis was performed to compare in-hospital mortality of patients treated
only with intravenous levosimendan versus those treated only with catecholamine within 24 h of
therapy initiation. Propensity score matching produced 104 matched pairs and showed that the
use of levosimendan resulted in a significant reduction in the risk of in-hospital mortality (hazard
ratio 0.25, 95% Cl 0.07-0.85) (Figure 24).
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Figure 24. Effect of the vasoactive intravenous (i.v.) drugs administered during first 48 h in
acute heart failure (AHF) patients on in-hospital mortality in the ALARM-HF study'?? 23

Subgroup analyses from REVIVE Il and SURVIVE data

Baseline blood pressure in REVIVE Il

The REVIVE Il data showed that levosimendan significantly decreased blood pressure compared
to placebo. Accordingly, the current SPC-labelling suggests levosimendan to be used with caution
in patients with low baseline systolic or diastolic blood pressure or those at risk for a hypotensive
episode.

Post-hoc analyses identified systolic blood pressure < 100 mmHg or diastolic blood pressure < 60
mmHg at baseline as a factor increasing mortality risk.® In patients with low blood pressure at
baseline, mortality was 27% for levosimendan vs. 16% for placebo. Conversely, in patients with
higher blood pressure at baseline (systolic = 100 mmHg and diastolic = 60 mmHg), mortality was 8%
for levosimendan and 9% with placebo. Figure 25 illustrates the relationship of baseline systolic
blood pressure and mortality.

Of importance is the finding that the primary endpoint was still positive in the subgroup with
higher baseline blood pressure (Table 5).
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Figure 25. Hazard ratio for all-cause mortality (levosimendan/placebo) at 14 days as a function
of the systolic blood pressure at randomisation.®

Table 5. Primary and secondary outcomes in REVIVE Il divided by
baseline blood pressure.?®

: Patients according to current labelling
All REVIVE Il patients (BP > 100/60 mmHg)
Study outcome : :
Levosimendan Placebo Levosimendan Placebo
(GEPEL)] (GEE{1))] (n=190) (n=197)
)

Primary (N, % p=0.015 p=0.036

Improved 58 (19.4%) 44 (14.6%) 39 (20.5%) 29 (14.7%)
Unchanged 183 (61.2%) 175 (58.1%) 118 (62.1%) 119 (60.4%)
Worsened 58 (19.4%) 82 (27.2%) 33 (17.4%) 49 (24.9%)

Secondary (N, %)

Death during index

admission 15 (5.0%) 6 (2.0%) 3(1.6%) 5(2.5%)
Death during follow-up 29 (9.7%) 29 (9.6%) 12 (6.3%) 13 (6.6%)
Total deaths 44 (14.7%) 35 (11.6%) 15 (7.9%) 18 (9.1%)
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Mortality subgroup analyses in SURVIVE

The primary endpoint of the study was 180-day mortality and no significant difference between
levosimendan and placebo was observed.” However, there was a non-significant net benefit in
favour of levosimendan seen early at the course of the study (Figure 26)."

Favours Deaths, N (%)
Day P-value
Levosimendan Dobutamine Levosimendan Dobutamine
0-5 —_— 29 (4.9) 40 (6.0) 0.17
0-14 T 59 (8.9) 69 (0.4) 0.33
0-31 — 79 (11.9) 91 (13,7) 0.29
0.1 05 1 2 10
Hazard ratio (95 % ClI)

Figure 26. Hazard ratios for all-cause mortality rates up to 31 days after levosimendan and
dobutamine therapy (SURVIVE)."

A majority (88%) of the patients had a history of AHF. In those patients, levosimendan outperformed
dobutamine. In the subgroup of patients with a history of heart failure, mortality was significantly
(p = 0.046) lower with levosimendan, with a net benefit of 19 fewer deaths up to 31 days.™

In the subgroup of patients with concomitant B-blocker, mortality was significantly lower with
levosimendan during the first 5 days (Figure 27)."°

Favours Deaths, N (%) P-value
Use of _—
Day B-blocker Levosimendan Dobutamine Levosimendan Dobutamine HR Interaction
0-5 Yes —_— 5 (1.5) 17  (5.1) 0.01 0.03
No _— 24 (7.3) 23 (7.0) 0.87 '
0-14 Yes —_— 15  (4.5) 25 (7.5) 0.10 0.16
No —— 44 (13.4) 44 (13.3) 1.00 '
0-31 Yes —_— 24 (7.1) 31 (9.3) 0.29 0.55
No —_— 55 (16.8) 60 (18.2) 0.62 ’
0.1 05 1 2 10
Hazard ratio (95 % Cl)

Figure 27. Hazard ratios for all-cause mortality rates up to 31 days after levosimendan and
dobutamine therapy (SURVIVE) stratified for B-blocker use at the start of the study."




There were country-specific differences in the patient outcome in SURVIVE. The treatment
by country interaction for mortality in Finland vs. other countries was significant, p = 0.029.
Levosimendan treated patients had a lower 180-day mortality compared to dobutamine treated
(17% vs. 40%, p = 0.023) in the Finnish sub-population (Figure 28). Baseline variables predicting
survival in the whole SURVIVE trial population included age, systolic blood pressure, heart rate,
myocardial infarction during admission, levels of NT-pro-BNP, glucose, creatinine, and alanine
transferase, use of ACE inhibitors and B-blockers, oliguria, time from hospital admission to
randomisation, history of cardiac arrest, and left ventricular ejection fraction. Finnish patients
were more frequently treated with B-blockers (88% vs. 52%, p < 0.0001), their study treatment was
started earlier (mean £SD 41 h +40 hvs. 81 h £ 154 h; p < 0.0001), and they had more often acute
myocardial infarction at admission (39% vs. 16%, p < 0.0001)."?* The results of this post hoc analysis
suggest that levosimendan may be superior to dobutamine in these patients and conditions.
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Figure 28. 180-day mortality in SURVIVE in Finnish patients.'*
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HOSPITALISATION

One way to consider the effect of a medication on both mortality and morbidity is to assess the
number of days a patient is both alive and out of hospital during the follow-up period. In the LIDO
study, patients in the levosimendan group spent significantly more days alive and out of hospital
than dobutamine-treated patients in a retrospective 180-day follow-up analysis (median 157 vs.
133 days for levosimendan and dobutamine, respectively; p = 0.027)." In the RUSSLAN study, the
combined risk of death and worsening heart failure was significantly lower in patients treated
with levosimendan than in patients treated with placebo, both during the infusion period (2 vs.
6%, respectively; p = 0.033) and at 24 hours (4 vs. 9%, respectively; p = 0.044)."3

In the REVIVE Il study, the mean duration of the initial hospitalisation was almost 2 days shorter in
the levosimendan group (7.0 days) than in the placebo group (9.0 days) (Figure 29). Significantly
more patients treated with levosimendan were released within 5 days and fewer had extended
hospitalisations (p = 0.008).% In line with these results, in the earlier mentioned meta-analysis
by Landoni et al., the mean length of stay in hospital was 1.59 (95% Cl 0.85-2.33) days shorter in
levosimendan treated patients in the cardiology setting (p < 0.0001)."

10 p=0.008
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Figure 29. Mean duration of initial hospitalisation divided by time spent in intensive care unit
(ICU) and in general ward in REVIVE 1.2
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EFFECTS ON RENAL FUNCTION

Worsening renal function often develops in patients with acute heart failure and is associated with
adverse outcomes. Several investigator initiated studies have evaluated the effect of levosimendan
on renal function. Levosimendan was compared to dobutamine in patients with heart failure who
required inotropic therapy. Calculated glomerular filtration rate (cGFR) improved in levosimendan
but was unchanged in dobutamine treated patients (Figure 30).'%°
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Figure 30. Change in calculated glomerular filtration rate from baseline (treatment start) to 24 h and
72 h in patients with severe chronic heart failure treated with levosimendan or dobutamine.'?

A placebo-controlled study in 66 patients hospitalised for decompensated heart failure and renal
dysfunction, showed a statistically significant improvement of estimated glomerular filtration rate
(eGFR) in levosimendan treated patients (Figure 31). The peak effect was seen at three days after a
24-hour infusion and the effects persisted up to 14 days.'?® The result suggests that the metabolites
of levosimendan prolong the beneficial effects on renal function.
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Figure 31. Estimated glomerular filtration (eGFR) rate in patients hospitalised for decompensated
heart failure and renal dysfunction treated with levosimendan or placebo. '?

The mechanisms behind the improved renal function by levosimendan are multifactorial. In
addition to beneficial effects on central haemodynamics - increased cardiac output, decreased
left- and right sided filling pressures and afterload — levosimendan has direct effects on renal
circulation. Bragadottir et al. showed that levosimendan induces preglomerular vasodilation,
leading to improved renal blood flow and glomerular filtration rate (Figure 32).'%

-
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atrial natriuretic
peptide
Glomerulus

Tubular
reabsorbtion

Glomeruler filtration

Predominant afferent vasodilation: RBFt; GFR?
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J

Figure 32. Direct effects of levosimendan on renal circulation and glomerular filtration.”” MAP, mean
arterial pressure; RVP, renal venous pressure; RBF, renal blood flow; GFR, glomerular filtration rate.
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EFFECTS ON LI

Liver transferases were followed repeatedly in the SURVIVE study. The values were elevated in
about half of the patients and were associated with higher mortality.'”® Both levosimendan and
dobutamine induced a rapid decrease in transferases, but the effect was greater in levosimendan
treated patients (Figure 33). More recently, some liver protective effects by levosimendan have
been observed in non-clinical models'>® and Memis et al. found a superior effect over dobutamine
in liver function of septic patients.°
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Figure 33. Change in alkaline phosphatase values in levosimendan and dobutamine treated
patients in the SURVIVE study (*p < 0.012).'%®

SAFET

Adverse events

Levosimendan infusion has generally been rather well tolerated in this very ill patient population.
Based on the data from the two largest studies conducted so far, the REVIVE Il and SURVIVE
studies, hypotension was more frequently seen with levosimendan compared with placebo, but
not when compared with dobutamine (Table 6 and Table 7).

Levosimendan was also associated with a higher incidence of atrial fibrillation compared both
with placebo and with dobutamine. However, conflicting results have been presented with regard
to ventricular arrhythmias. In REVIVE Il, a higher incidence of ventricular tachycardia was observed
with levosimendan compared with placebo. In SURVIVE, ventricular tachycardia was observed with
similar frequency in the levosimendan and dobutamine groups.” In both studies, cardiac failure
as an adverse event was less frequent in levosimendan arm, although the result was statistically
significant only in SURVIVE (Table 6 and Table 7).
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Table 6. Incidence (%) of selected adverse events in REVIVE II.¢

Adverse events Levosimendan Placebo?®
(n=292) (n=294)

Hypotension < 0.001
Ventricular tachycardia 25 17 0.031
Cardiac failure 34 37 NS
Atrial fibrillation 8.5 2.0 < 0.001
Ventricular extrasystoles 7.5 2.0 0.002
Sudden death 0.3 0.0 NS
Torsade de Pointes 0 0.3 NS

2 Patients received standard of care. NS = not significant

Table 7. Incidence (%) of selected adverse events in SURVIVE.”

Adverse events Levosimendan Placebo? ~value
(n=660) (n=660) p-

Hypotension

Ventricular tachycardia 7.9 7.3 NS
Cardiac failure 12.3 17.0 0.019
Atrial fibrillation 9.1 6.1 0.048
Ventricular extrasystoles 6.1 3.6 NS
Sudden death 1.5 0.9 NS
Torsade de Pointes 0.6 0.8 NS

NS = not significant

Safety laboratory values

The changes in safety laboratory variables have been modest in levosimendan studies. Clinically non-signifi-
cant decreases in haemoglobin, erythrocyte and red blood cell counts have been observed. Also, a decrease
in potassium levels have been seen with levosimendan more often than with comparators.




TRIALS IN C
THERAPY A

CARDIAC SURG

Introduction

Acute cardiovascular dysfunction occurs perioperatively in more than 20% of patients undergoing
cardiac surgery; yet current acute heart failure classification is not applicable to this period.
Indicators of major perioperative risk include unstable coronary syndromes, decompensated heart
failure, significant arrhythmias and valvular disease. Clinical risk factors include history of heart
disease, compensated heart failure, cerebrovascular disease, presence of diabetes mellitus, renal
insufficiency and high-risk surgery.'!

Preserving heart function during cardiac surgery, with aggressive measures as needed, is a major
goal. The aim of monitoring is to detect and assess the mechanisms underlying perioperative
cardiovascular dysfunction early. Volume status should be assessed by dynamic measurement of
haemodynamic parameters including Doppler echocardiography and pulmonary artery catheter
(especially in right heart dysfunction) and i.v. fluids should be administered to achieve euvolemia.
In vasoplegia-induced hypotension, noradrenaline is the drug of choice in maintaining adequate
perfusion pressure. Inotropic agents are used to treat myocardial dysfunction. The traditional
choices are, either alone or in combination, low-to-moderate doses of dobutamine and adrenaline
and milrinone. In heart dysfunction with suspected coronary hypoperfusion, an intra-aortic balloon
pump (IABP) is recommended. A ventricular assist device should be considered before end-organ
dysfunction becomes evident. Extracorporeal membrane oxygenation is a rationale solution as a
bridge to recovery and/or decision making.'*!

Optimal perioperative use of inotropes and vasopressors in cardiac surgery remains controversial
Further, the use of an IABP is associated with substantial morbidity, including artery injury, aortic
perforation, femoral artery thrombosis, peripheral embolisation, femoral vein cannulation, limb
ischaemia, and visceral ischaemia.'*2

Levosimendan in cardiac surgery

Levosimendan has been studied in numerous small scale or single centre studies in cardiac surgery
setting. The studies and their main results are presented in Table 8.

The data from these studies suggest that levosimendan is superior to traditional inotropes
(dobutamine, PDE-inhibitors) as it achieves: 1) sustained haemodynamic improvement
2) diminished myocardial injury 3) better outcome and less hospital days. The studies also suggest
that the optimal dosing is 0.1 pg/kg/min for 24 hours and that levosimendan infusion should be
started preoperatively.'*
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Table 8. Use of levosimendan in cardiac surgery studies.'*

""PaNUIIUOd 3q O]

dnoib §7 ul Jsyioys

SWII} uolegniul [eaydel|
dnolb 57 ul

J9MO| PaaU 10}D113SUODOSeA
pue adosjoul A1epuodas

dnoib
S7 ul Ajuo pouad uoisnjul
bnip Apnis puoAsq paise|
S109449 dlweukpowsay ay |

S YHM Js1ioys
NDI 18 JOIe|lRUSA Ul swi |

Sjuswialinbal
UI|NSUl Ul 92U3J3441p ON

SUOI}DBIIXd 9}eJISgNS
J0 uondwnsuod uabAxo
|eIpJed0AW Ul 8seanul ON

suonen|ens/siuiod-pus

Kiepuodas

dnoub 7]

ul J1abuoj paise| 10943
ay1 Ing ‘Apsejiwis Ajjeniul
pasealdul SWN|OA 90435

dnoib

S7 ul AleAneladolsod
(50°0 > d) xapul deip.ied
1aybly e pue(sp 0 > d)
9ses|al | uuodosy JamoT
dnolb g7 ul duelsisal
Je|N2SeA JIWR1SAS Ul
9s5ea109p padunouoid
9Jow pue ‘ssealdul
X3pUl deIp.IED pue 91el
11eay pacunouoid 30\

ST yum (uoneinies
SNOUSA paxiu ‘xapul
JeIp.ed) $109449
diweukpowsy Jouadng

dnotb g7 ul

Ajpuediyiubis pasealdap
X9PUl JB|NJSEA
Aieuownd pue d1wa3sAs
‘2inssaud |elsiie ueaw
pue ‘pasealdul siel
11eay pue xapul delped

solweukpowsey
panosdu

suonen|eas/siuiod-pus

Kiewud

v dwe|pssosd
) dJoe jo
SLsASL _o.UF Cm_w_“_n\u wﬂ_._\ _ml asea|al Jaye
=l HIN Aj21eipaww|
4dD
uo juaned
ZlL SAzL 0gede|d Huideld
21043 1sN[
Yy ¥ 10}
Kiabins-1sod
GZ 'SAGZ  ulw/by/6r G/ 0 T
aulweingoq S
Yy ¥7¢ 10} Ui
ol Sl / Emmnvw%n.um% A1abins-1sod
0§ SuoulliA
Yy ¥ 10}
Gl 'SAGL  ulw/by/brigs  Aisbins-isod
auiweingoq
8 'SA G| ogade|d  AI1ebins-1sod

Joresedwiod

uswiieal
SA Ulle §7 e

Joresedwo
2 10 1e1s

ul syuslied

yel o}
uiw/6x/6r 1o

ulw Q| Ul snjoq
e se 63/6M {7

y ve

Joy uiwy/bx/61
2°0 Aq pamoj|o4
snjoq b6y/6M 7|

Y 77 104
ulw/Bx/6r z°0
-1'0 Ag pamoj|o4
snjoq by/6r 7|

ye

Joy uiwy/bx/61
7°0 Aq pamojjoy
snjoq b6/6M 7|

snjoq b/6r 1z
Jo snjoq b3/6r g

950p
UBPUSWISOAST

SI9AI9SQO
papulq Aq
S9WODINO JO
JUBWISSASSE
‘|oge|-uado
pasiwopuey

pul|g-s|qnop

pasiwopuey

|2ge|-uado
pasiwopuey

|2ge|-uado
pasiwopuey

|2ge|-uado
pasiwopuey

puljg-s|gnop
pasiwopuey

ubissp [euL

paw.o}ad

sem A1abins uejnajen
10 pue HgyD Woym
O} pue %0¢€ >

437 @Anesadoald
YHM Ssjuaied

se1 LOOC
‘[e19 S LeH °d

ge1 900¢C

98V 9Mb9I9 ‘|e 19 7 adadeyl )

Bulobispun siuaiied

pawlo}Iad sem Hgyd
woym 0} syuaned ul
JW/UIW/| §°7 > xapul
deIpJed aAIeIad01S0d

161 900¢
‘1B 13 [ Z3JeAY

paw.o}lad

Sem DgyD WOym

01 “%GE > 43N]
aAieladoald pue NG
Z 2dAy yum syusned
ur(y i uiyum)
SOD1 aAnesadolsod

9e1 900C '@
193 jemeys-|v

pawlo}Iad sem Hgyd
woym 0} syuaned ul
JW/UI/| §°7 > xapul
deIp.Jed dAIRISd01S0d

se1 S00¢C
‘|B 13 [ Z3JBAY

Kiabuns
DEVD ASU-MOT

» 8661
‘e 33 [ b13ga)|17

uonedignd jo

b o
uiss 1eaf - Joyine 1sii4

42




""PaNuIU0d 3q O]

dnoub 57

Ul 10w 10ssaldosen Inq ‘ss9)
papasu dwnd uoojeq diioe
-eJlul pue 9doujoul SNJSaY

dno.b

S7 Ul JaMO| 8se3al | uluodou |
*dnoJb S7 ul J91I0YS Wi}
uoneqgniul [eaydel} pue Aeis
|eudsoy jo yibua

dnoib 57
ul Jamo| Adesay [edjueydaw
1o d1doJjoul [puonIppe 104 PasN

lleoj 500 >d

‘dnoib s ul (%L 7L

‘SA %6°¢) dwnd uoojjeq

Jljioe

-BIUI PUB (%6°0€ "SA %9°LL)
5105s21d0SeA ‘(%8'9E "SA %/'8)
sadouioul

A1epuodas J0} Pasu JamoT

uoleinies uabAxo

SNOUDA [BJIUSD PUB UOIRIN1eS
SNOUSA PaxIW Ul S9Sea1d9p
aAieladoysod pajuanald S

suolen|eas/syuiod-pua

Klepuodas

100°0 > d !AjAndadsal
‘sdno.b ogeadeid pue
ST Ul %8S "SA %G1
gddD Wol} ueam

01 2IN|IB} 10 LW/ulw/|
0°Z > Xapul deipJed se
paulap ainjie) 1JeaH

200°0=d !sinoy
(€1) T€ "sA (L) St
:dnoub S7 Ul 191Ioys
Aeis nDI Jo yibua

200°0=d ‘Ajani0adsau
‘sdnoJb ogadeld pue
STUl %EE SA %EL

Ul |nyssadns ssedAq
Aieuowndoipied
wouy butueam Aiewrd

(500> d (%S¢
‘SA %/'8) dnoib 7
Ul JaMo| Aljeriow
9AI1eId01S0d

uonesado

J914e dnoub |0Ju0d Ul
pasealdap ng ‘dnolb
S Ul pauieluiew 43N0
suolen|eAs
/swuiod-pus

Kiewiid

LOL "SA 66

0G 'SA ¢§

0€ 'sA0g

ogade|d

ogade|d

ogade|d

Y vz 1o} uiw

89 'SA69 /B3/6M 5Z1-G

Zlshel

Jojeledwod
SA Wle §7

Ul sjuaned

aulweinqoqd

0gade|d

Joresedwod)

elsayjsaeue
}JO uondNpul

19)e
Aj@1eipaww|

4dD

uo juaied
Huroe|d
21039 1sn(

eIsayisaeue
JO uondnpul

19148
Ajo1R1paWW|

AKiabins-1sod
Y-9 UlyuAn

elsayjsaeue
JO uondnpul

19)e
Aj91eipauiw|

luswiesall
JO 1eis

y e

104 urw/6/6r
20 Ag pamojo}
snjoq b63/61 vz

ulw Q| Ul snjoq
e se 6%/6r 1z

y e

104 urw/6/6r
2°0 Aq pamojjoy
snjoq b63/6r z|

y e
Joy utw/B/6r
L'0 Aq pamoj|oy
snjoq b63/6M Q|

Y t7z 1o}
uiwy/6x/6r z°0

asop
UBPUSWISOAST

pulig-signop
pasiwopuey

putjg-sjgnop
pasiwopuey

pul|g-sjqnop
pasiwopuey

|9ge|-uado
pasiwopuey

pul|g-sjqnop
pasiwopuey

ubisap |er]

y10q Jo uopesado

JNBA 10 DFYD
Buiobiapun syualied

DgvD 9AII9[9
Buiobispun sjualied

pawlogiad

SeM Dy D Woym
01 %08 > 43A1
pue asessip
KIBUOIOD |9SSaN-€
YHM S1uaiied

paw.o}ad sem
gV Woym o}
s1d Ul (Y-9 uipim)
SOD1 9AIeISd0ISOd

5davD

1NOYLIM JO YUM
A1361ns aA(eA D13I0E
Buiobispun syuaiied

i LLOC
‘|18 4 UBunyeT

ss 600¢
‘le 12 7 adadeiu|

so1 600¢C
‘|2 18 |H UossyL3

1w 800¢
ERERNIES!

ort 800C
‘[ 19 3 eleAJer

uoniedlgnd jo

Jeak - Joyine 1sii4

43



""pPaNuIu0d 3q O]

dnolb 57
u1 J9nioys Aeis |eudsoy
pue Jamo| Ajpuedijiubis
9533l gD pue |ul

uolsnjul-isod y-z| xapul
JeipJed Jaybiy ‘dnoib
S7 Ul 123442 pabuojoud

s109[qns pajeasy
S7 Ul Jamoj | uluodo]

dnoub

S7 ui usnbauy ss9| dwnd
uoo||eq d13Joe-eiiul pue
siossaidosen ‘sadoJioul
AJepuodas 10} pasu
‘ssedAq Aleuowndoipied
wouy butuesm 1ndip4Qa

suolen|eas/syuod-pua
A1epuodas

(soo0=d
19%9€ 'SA %z|) dnoib
ST Ul lsmo| uonejjlqly

|elie aaieladolsod

dnoib 57 9y3

ul 1Joddns 1012113SUOD0SeA
pue didoJjoul [euonippe
10} pasu JaybiH

s123lgns
pa1eall S ul uaybiy
Ajpuediyiubis xapul deipled)

dnoub 7

urJamol (50°0 > d ‘%8zl
‘SA %6°€) Aljeriow pue
(50°0>d ‘%807 'SA
%1°£) SOD1 9neiadoisod

pouad annesadolsod

Aep v ayy 1oy dnoib

S7 ul J3ybiy Xapul SWN|OA
9%0J1S pUe Xapul deIpieD)

suolenjers/syuiod-pua
Aiewd

00l 'SA Q0L 0Qg2e|d

Yy 1o

0€ 'SAOE  ulw/by/6r g

aulweingoq

uonelado

daviog 'sh - aiojaq Aep

ST0€ "SA auo dwnd

davi+S10g uoojjeq

JnJoe-einu|

Gl S L2l 0Qge=2e|d

L sael 0Qg92e|d
Jolesedwiod

sAwlie 7] Joresedwod

ul syuaned

gdD J0 uopenul

3y} 21049q
paddols pue
K1ab1ns 210494
Y 9 peiiels

dd> woi}
}40 bulueam

1e payieis

BIS9Y}SSBUE JO
uonoNpul Jae
Aj@1eIpawiw|

Kiabins
21049q Y ¥7¢

Ki3bins
91049q Y ¢

Jusweal)

JO 1e1s

paule|dxa
10U 3S0p 10BXd
", dup moys,,

Y 17z 1o}
uiwy/6x/61 1o

dgv| inoyum

10 M Y vz
10} ulwi/B/6r
1'0 Ag pamoj|o}
snjoq 6x/6r 7|

yve
104 ujwi/B3/6r
10 Aq pamojjo}
snjoq 63/6r o}

yve

10} ulwi/B/6r
2°0 Ag pamojoy
snjoq 63/61 z|

asop
UBPUSWISOAST

pul|g-sjqnop
pasiwopuey

pul|g-sjqnop
pasiwopuey

|9ge|-uado
pasiwopuey

|2ge|-uado
pasiwopuey

putjg-sjgnop
pasiwopuey

ubisap |el]

(%SZ =~ 43A1)
SEII

DAV pPa3e|os!
Buioblspun syuaied

(%09 ~ 43A1) ssedhq
AJeuow|ndoip.ed uo

A19b.ns aAjeA |esw
Bbulobispun sjusned

pspnpul

EIETN

‘DgVvD usamispun
oym

'%GE > 4INT yum
sjuaned
9AIINJISUOD 06

5davD
Bulobispun oGz >

43A1 oAiesadoaud
UlIM sjuaiied

W | < SSaudIyk
A140 %05 >

43A1 oniesadoaud
Ajjleuonippe '5gv>
pue A1abins

dA|eA di1loe
Hulobispun syuaied

bumass

w1 €10C
‘le 1@ 40 ueboq

a1 £L0C

‘e 12 Y weypuen

spt CLOC (B39
AA AOI0IOAIWIOT

w1 CLOC
SERERNEES

e LLOC |B

19 H sebueyiddan

uoned|gnd jo

Je3A- Joyine 1sii4

44




dnoib g7 ul

91kl 1Jeay pue adurlSISal
Je|ndsen J1Wa1sAs Jamo|
‘Xapul delpJed JsybiH

3N au|jeUBIPEIOU JO
JusWaJinbal paseasdul pue
‘X9pUl 9DUP)SISAI Jejndsen
JIWR)SAS Paseadap

‘Xapul JeIpJed PIseasdul
‘9)el 11eay Jaybiy yum
pa1eIDOSSe SEM 35N S

dnoib S7 ul 1emo| dgv|
pue sadoJjoul A1epuodas
10} p9SU pue S|aA3|
uiuodouy pue a31e1de7

(680°0=d 1%9°GL 'SA
%¢'9) dnoub s7 ul Adessyy
Juswade|dal [eual Jo}
paau Jamoj Ajjesrswnn

suofen|ens/siuiod-pus
Kiepuodas

dnoib 57
ul Ja1oys Apuediyiubis
UOI1B|[I}U3A JO uoleinp
pue Aeis N o yibuaT

Kjeanelsdoysod
9DUR]SISI Je|ndSeA
Aseuownd pue ainssaid
A1911e Areuowind

Ul 9SB3J03p Je|iwis
padnpul sbnup ylog

(pasealdap 9duer1SISAI
Je|NJSeA DIWR3SAS pue
dMDd ‘pasea.dul xapul
deipJed) dnotb s ul
panosduwi Ajpuediyiubis
SolueUApoway
9AI1eI3d01S0d
(100°0=d '%8',

F 871 01 Ajpnnjesadoaud
%G ¥ 8'G€) dnoib 57
ul Ajuo A1abins-1sod

£ Aep 1e Apuediyiubis
paseanul 437

dnoib
S7 uruaybiy Apuedipubis
Y493 aAnelsdoisod

Kiewd

uiwy/6x/6r g0

Gl 'SAGL  @ulRdA|60NIN
Y ¢ 10}
uiw/63/6r 670
. Aq pamojjo}
Oc sn0e snjoq b6/6r
0§ SUOUUIN

0030P,
€€ Sh 57 aeeld
9l 'SA9L ogade|d
Adeiayy
9 'SA¥9 didoujoul
plepueis

Joresedwod

SA W.e S Jojesedwod

Ul siuaned

Kiabuns
210439 1sN[

dd> wol
}40 bujueam

1e pauels

Kisbuns 03 Joud
Y 9 panels

AK1abins Joud
Y v pariels

dwep

-SS0.3 JI}1I0e
3y} JO [EAOWISI
a1y parels

Jusuwilesl}l

O JIBlS

ye

Joy uiwy/bx/61
10 Aq pamojjo4
snjoq b/6r oL

ye

1oy ujwy/63/61
10 Aq pamojjo}
snjoq 63/6r o1

y e

01 dn uiwy/6/6r
90°0-€0'0 Aq
pamoaj|o} y-9 ul
Buipeo| b63/6r ¢

Y 7z o}
uiw/63/6r |0

Yye

Joy uiwy/bx/61

10 Aq pamojjo}
snjoq bx/6r 9

asop
UBPUSWIISOAST

|2ge|-uado
pasiwopuey

(pepulg
SI9AIISQO)
puljg-s|gnop
pasiwopuey

pulig-s|ignop
pasiwopuey

|2ge|-uado
pasiwopuey

(papulq
SIBAI9S00)
puljg-sjqnop
pasiwopuey

ubissp |euL

(%08 < 43A1)
DgyD buiobispun
Sjualled

Kiabins

SAjeA bujobispun
uolsualadAy
Aia1Je Areuownd
pue aseasip
1JB3Y Je|nAjeA
UM Sjuaiied

DgyD buiobispun
9seasip |eual abels
-puUd YlM Siuaned

(%07 > 43A1)
DgyD buiobispun
sjuaned

(%St

S 43A1) ssedAq
Ateuowndoipied
uo A1abins aAjeA
|eJyiw buiobispun
SUETEN

buiies

zs1 910¢
‘[ 38 JIN nyes

151 910¢
ERERAINSIN

051 910¢
‘813 H Aejery

st 9LOC [
19 3} sipeiselseuy/

syt 710C
‘|e 19 v |esheg

uonedignd jo

JeaA- Joyine 3s.14

45



Randomised multicentre double-blind studies in cardiac surgery

Three larger clinical studies - CHEETAH, LEVO-CTS, and LICORN - evaluated the role of
levosimendan in patients with cardiac surgery. CHEETAH and LICORN were investigator initiated
studies and LEVO-CTS was a phase Il study.

CHEETAH™3: In the CHEETAH trial, levosimendan or placebo was administered to cardiac surgery
patients, who — according to predefined criteria — developed postoperative Low Cardiac Output
Syndrome (LCOS). In total, 1000 patients were to be included and the primary endpoint was 30-day
mortality. The study was performed in 14 centres in Italy, Russia and Brazil. The study was stopped
for futility after 506 patients were enrolled. A total of 248 patients received levosimendan and
258 placebo. The mean infusion rate and duration of levosimendan was 0.07 pug/kg/min for 33
h. There was no difference in 30-day mortality between the levosimendan and placebo groups
(32 patients [12.9%] vs. 33 patients [12.8%], p = 0.97). There were no statistically significant
differences in other efficacy endpoints either - some positive trends in renal function were noted
and ICU stay just fell short of being significantly shorter with levosimendan (72 h vs. 84 h, p =
0.08). No significant difference in the adverse events of hypotension (25 vs. 21%, p = 0.31) or
supraventricular arrhythmias (14 vs.17%, p = 0.41) were noted.

LEVO-CTS™*: The study was a Phase lll clinical trial sponsored by TENAX Therapeutics Inc. and
run by DUKE University. The aim was to obtain a marketing authorisation in US and Canada for
levosimendan. The study was discussed and agreed with the US Food and Drug Administration
(FDA) beforehand. The study population consisted of patients undergoing cardiac surgery and a
reduced left ventricular ejection fraction before the operation. The study was run at 70 US and
Canadian sites, on 882 patients on scheduled or urgent cardiac surgery, CABG and/or mitral valve
surgery with or without other valves. All patients were at risk of developing postoperative LCOS.
Levosimendan (0.2 pg/kg/min for 60 min, followed by 0.1 pg/kg/min for 23 h) or placebo was started
at the induction of anaesthesia to assess whether the drug could decrease the development of LCOS
and its detrimental consequences. The study had two composite primary endpoints, consisting of
deaths, perioperative myocardial infarction, need for renal replacement therapy or mechanical
ventricular assist device. There was no significant difference between levosimendan and placebo
in the primary endpoints. However, levosimendan group had statistically significantly less LCOS
events (18% vs. 26%, p = 0.007) and needed less inotropic support (55% vs. 63%, p = 0.02), and
cardiac index improved more (2.86+0.61 vs. 2.68+0.65 I/min/m?; p < 0.001) in levosimendan treated
patients (Figure 34). There were also fewer deaths in levosimendan group (7.1% vs. 4.7%, p = 0.12)
(Figure 35). Hypotension (36% vs. 33%, p = 0.29) and atrial fibrillation (38% vs. 33%, p = 0.12)
were seen with similar frequency in levosimendan and placebo groups.
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Figure 34. LCOS events and the need for secondary inotropic support in levosimendan and
placebo treated patients in the LEVO-CTS study.’
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Figure 35. Mortality in placebo and levosimendan treated patients in the LEVO-CTS study.'>*
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Aposthocanalysis on patientstowhomisolated CABG was performed (66 % of the patients) revealed
that levosimendan improved 90-day survival significantly (Figure 36). This was accompanied with a
significant improvement in postoperative cardiac index, in the frequency of LCOS and in the need
for further inotropic support (Figure 37).">®
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Figure 36. Mortality in patients to whom isolated CABG was performed in the LEVO-CTS study."
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LICORN'™®: The LICORN trial assessed the efficacy of a preoperative infusion of levosimendan in
reducing postoperative LCOS in patients with poor LVEF undergoing CABG. 336 patients with LVEF
=<40% undergoing CABG were recruited from 13 French hospitals. The study drug was started after
anaesthesia induction and infused over 24 h (0.1 pg/kg/min). Postoperative LCOS was evaluated by
using a composite criterion consisted of: 1) need for catecholamine infusions beyond 48 h following
discontinuation of the study drug; 2) need for postoperative mechanical assist devices or failure to
wean from these techniques when inserted preoperatively; 3) need for renal replacement therapy.
It was expected that levosimendan would decrease the occurrence of the primary endpoint by
15% compared to placebo group (50% vs. 65%). However, the primary endpoint occurred in 87
patients (52%) in the levosimendan group and 101 patients (61%) in the placebo group (p = 0.15).
Thus, only a trend in favour of levosimendan was observed. Of the primary endpoint components,
the need for catecholamine infusions was the most frequent. Levosimendan decreased this need in
numerically — but not statistically significantly - more patients (p = 0.09). There was no difference in
mortality or length of ICU stay or any other secondary endpoints. Numerically, but not statistically
significantly more patients in the levosimendan group experienced hypotension (57% vs. 48%, p
=0.11) and atrial fibrillation (50% vs. 40%, p = 0.09).

Interpretation of the results
Dosing

In the CHEETAH study, the study drug preparation was described as follows: “Levosimendan was
diluted as 12.5 mg in 100 ml of 5% glucose”. This is against the SPC guidance according to which
one vial of Simdax (12.5 mg) should be diluted in at least 250 ml of 5% glucose solution (1:50).
There is a risk of precipitation if higher concentrations are used and this exposes the patient to
unpredictable dosing (lower than intended dose). In the CHEETAH, the infusion rate was 0.07 pg/
kg/min, which is lower than in earlier cardiac surgery. Thus, underdosing might have been an issue
in CHEETAH for these two reasons.

In LEVO-CTS and LICORN, the maintenance dose was 0.1 pg/kg/min, which is currently considered
the optimal infusion rate in regards to balance in efficacy and safety. However, in both studies,
levosimendan was initiated at the induction of anaesthesia giving levosimendan relatively short
time to exert its preconditioning effect before surgery. In some of the previous studies' and in
clinical practice levosimendan is started up to 24 h before the operation.

Efficacy

None of the studies showed a statistically significant improvement in the chosen primary endpoint.
It has to be noted that the primary endpoints in LEVO-CTS and LICORN were experimental. Similar
endpoints have not been used in earlier studies. The LEVO-CTS primary endpoints were agreed
with FDA, who required clinical events to be included in the endpoint.

There is, however, clear evidence of efficacy in LEVO-CTS. The lower incidence of LCOS and in
the need of inotropic support (Figure 34) and the improvement in cardiac index prove that
levosimendan did have efficacy. These effects were pronounced in the subgroup of patients with
isolated CABG (Figure 37). In LICORN and CHEETAH, only suggestive signs of improvement were
noted.

Safety

Safety was not a concern in the studies — there was no significant excess of arrhythmias or
hypotension or other major adverse events (Table 9). Further, there was no increase in mortality in
levosimendan treated patients. In fact, mortality was numerically lower in LEVO-CTS and this result
was significant in the subgroup of isolated CABG (Figure 35 and Figure 36).
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Table 9. Selected adverse events in LEVO-CTS, LICORN and CHEETAH
studies.

LEVO-CTS LICORN CHEETAH
ADVERSE EVENTS
LS PL LS PL LS PL
Any serious AE* (%) 56 55 89 86 44 52
Hypotension (%) 36 33 57 48 25 21
Atrial fibrillation (%) 38 33 50 40 14 17
Ventricular tachycardia(%) 12 1
1 10 1.6 2.8
Ventricular fibrillation (%) 14 16

Stroke (%) 3.5 2.9 0.1 1.0 45 3.5
Cardiogenic shock (%) 2.3 2.6 2.7 5.2 ? ?

*Any AEs in LEVO-CTS
Arrhythmias reported as supraventricular and ventricular arrhythmias in CHEETAH, VF & VT combined in LEVO-CTS
Strokes/TIAs/hypoxic encephalopathy in CHEETAH

Meta-analyses in cardiac surgery

Several meta-analyses on the outcome effects of levosimendan and other inodilators in cardiac
surgery have been published.

The meta-analysis by Harrison et al." was performed before the completion of the CHEETAH,
LEVO-CTS and LICORN studies. The authors divided the patients by their preoperative ejection
fraction. In total, 1155 patients were included. Those with a mean EF < 40% were designated
as low-EF. The authors concluded that the use of levosimendan was associated with reduced
mortality and other adverse outcomes in patients undergoing cardiac surgery, and these benefits
were greatest in patients with reduced EF (< 40%).

A Bayesian network meta-analysis evaluated the role of different inodilators in cardiac surgery.’®
Also this meta-analysis was performed before the completion CHEETAH, LEVO-CTS and LICORN
studies and it included data on 2647 patients. The analysis found that only the use of levosimendan
was associated with a decrease in mortality when compared with placebo (posterior mean of
odds ratio 0.48, 95% Cl 0.28-0.80).

The most recent meta-analysis on milrinone in cardiac surgery was published by Ushio et al.’™>® The
analysis included 12 randomised controlled studies and 537 patients. No statistically significant
difference in mortality in milrinone vs. comparator treated subjects was observed (odds ratio 1.25,
95% Cl 0.45-3.51, p = 0.67).

Two meta-analyses on levosimendan in cardiac surgery including the data from CHEETAH, LEVO-
CTS and LICORN studies have been published.

o
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Chen et al. included 17 studies involving a total of 2756 patients.’®® Overall, levosimendan therapy
was associated with a significant reduction in 30-day mortality, but this reduction was not
significant in multicentre and in high-quality subgroup-analysis trials. However, in high-quality
trials, levosimendan was associated with reduced mortality in patients in a preoperative low-EF
subgroup (risk ratio 0.58, 95% Cl 0.38-0.88, p=0.01).

Putzu et al. included data up to September 2017 and employed Cochrane methodology.'®' They
had data from 40 randomised controlled trials in 4246 patients. Again, analysis including all trials
found that levosimendan was associated with lower postoperative mortality (odds ratio 0.56,
95% C10.44-0.71, p < 0.00001). However, pooled analysis of 5 low risk of bias trials (1910 patients)
showed no association between levosimendan and mortality (odds ratio 0.86, 95% Cl 0.62-1.18, p
=0.34). The authors concluded that there is not enough high-quality evidence to neither support
nor discourage the systematic use of levosimendan in cardiac surgery.

ADVANCED CHRONIC HEART FAI

Introduction

Most patients with heart failure due to reduced LVEF respond favourably to pharmacological and
non-pharmacological treatments and enjoy a good quality of life and enhanced survival. However,
some patients do not improve or experience rapid recurrence of symptoms despite optimal medical
therapy. Such patients characteristically have symptoms at rest or on minimal exertion (NYHA llI-
IV), including profound fatigue; cannot perform most activities of daily living; frequently have
evidence of cardiac cachexia; and typically require repeated and/or prolonged hospitalisations for
intensive management. These patients represent the most advanced stage of heart failure and
should be considered for specialised treatment strategies, such as mechanical circulatory support,
continuous intravenous positive inotropic therapy, referral for cardiac transplantation or hospice
care. Before a patient is considered to have refractory heart failure, physicians should confirm the
accuracy of the diagnosis, identify any contributing conditions, and ensure that all conventional
medical strategies have been optimally employed.'®2

Patients with refractory heart failure are hospitalised frequently for clinical deterioration, and
during such admissions, they commonly receive infusions of both positive inotropic agents
(dobutamine, dopamine, or milrinone) and vasodilator drugs in an effort to improve cardiac
performance, facilitate diuresis and promote clinical stability.'®?

Despite favourable haemodynamicand symptomaticimprovementin small clinical studies, concerns
on the safety of intermittent or continuous inotropic therapy have been raised. Both dobutamine
and milrinone increase the myocardial oxygen demand and intracellular calcium concentration,
thus increasing the susceptibility for arrhythmic events and possibly excessive mortality.'® %% The
theoretical advantages of levosimendan over these agents include:

e No increase in intracellular calcium concentration or myocardial oxygen demand.
¢ Prolonged effect via the formation of an active metabolite.

e Beneficial haemodynamic (pulmonary capillary wedge pressure and cardiac output),
neurohormonal (natriuretic peptides) and symptomatic effects.

¢ No attenuation of the effects in beta-blocked patients.
e Beneficial effect in renal function and peripheral organ perfusion.

e Meta-analyses in decompensated heart failure have shown superior mortality effect in
comparison with placebo and dobutamine.
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Levosimendan in advanced chronic heart failure

Several small-scale studies with repeated levosimendan infusions have been published (Table 10).
Most of these studies were open-label, single-centre studies which hampers the interpretations.
They suggest that levosimendan improves haemodynamics, reduces neurohormone levels and may
improve outcome.

Later, three randomised, multicentre, double blind, placebo-controlled studies in advanced chronic
heart failure (AdHF) have been conducted with repeated levosimendan infusions. The largest study
was the LEVO-REP study.'® Levosimendan or corresponding placebo was administered as 6-hour
infusions with infusion rate 0.2 pg/kg/min every 2 weeks (4 infusions per patient) in 120 patients
with advanced chronic heart failure. The primary outcome was the proportion of patients with
a > 20% improvement in the 6-minute walk test and a > 15% score increase on the Kansas City
Cardiomyopathy Questionnaire. There was no significant difference between the groups; 19% of
patients receiving levosimendan and 15.8% of patients receiving placebo met the endpoint (odds
ratio 1.25, 95% Cl 0.44-3.59, p = 0.810). Compared to placebo, levosimendan was associated with
a 50% lower risk of cardiac death (4 vs. 1), heart transplants (2 vs. 1), or acute heart failure (14 vs.
9) (Figure 38).
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Figure 38. Event-free survival (deaths, heart transplantation, and acute heart failure
events) in the LEVO-REP study.s
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LION-HEART'" randomised 69 patients with AdHF in 2:1 ratio to levosimendan or placebo.
Levosimendan was administered in an ambulatory setting during a 6-h period with 0.2 pg/kg/min
every two weeks. In total, six cycles of levosimendan or placebo were given to each patient. The
primary endpoint was the change in NT-proBNP throughout the treatment period. The reduction
in NT-proBNP was significantly in favour of levosimendan (Figure 39). Further, the patients on
levosimendan experienced a reduction in the rate of heart failure hospitalisation (hazard ratio
0.25,95% C10.11-0.56, p = 0.001). Levosimendan treated patients were also less likely to experience
a clinically significant decline in health related quality of life measure (EQ-5D VAS) (p = 0.022).
Adverse event rates were similar in the two treatment groups.
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Figure 39. A change in NT-proBNP in levosimendan and placebo treated patients in the
LION-HEART study.'

In LAICA study, 97 patients with AdHF were randomised in 2:1 ratio to levosimendan or
placebo. The study design has been published'?, but the results have, so far, only been
presented in 2016 ESC Heart Failure meeting in Florence, 2016."> Monthly infusions of
24-hour levosimendan with infusion rate 0.1 pg/kg/min were administered up to 12 months (median
6 months). The primary endpoint was the incidence of hospitalisation for acute decompensated HF
during the follow-up. Only numerically favourable result in the primary endpoint was seen with
levosimendan. However, a significant reduction in mortality was reported in levosimendan treated
patients.'”

Meta-analyses in advanced chronic heart failure

Silvetti and her colleagues have published meta-analyses on mortality'* and re-hospitalisations'”>
of the studies in which levosimendan has been administered repeatedly. The use of levosimendan
was associated with significantly lower mortality (Figure 40) and also the re-hospitalisations were
significantly less frequent with levosimendan (Figure 41).
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Altenberger J 2014 1 63 4 57 10.9% 0.21[0.02, 1.97]
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Figure 40. Mortality in studies with repeated administration of levosimendan in advanced chronic heart failure
(AdHF) (meta-analysis)."
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Figure 41. Re-hospitalisations with repeated administration of levosimendan in advanced chronic heart failure
(AdHF) (meta-analysis)."”*

Ongoing study with repetitive administrations

An investigator-initiated study with repetitive levosimendan infusions is ongoing. The study,
LEODOR, is a multicentre, randomised, double-blind, placebo-controlled, three-arm trial designed
to evaluate the efficacy and safety of intermittent levosimendan therapy.

Levosimendan is administered in addition to standard therapy for a period of 12 weeks either as a
6-h continuous infusion at a rate of 0.2 pg/kg/min every 2 weeks or as a 24-h continuous infusion
at a rate of 0.1 pg/kg/min every 3 weeks. The primary endpoint will be evaluated after 14 weeks.
Another follow-up visit to obtain information on events is scheduled after 6 months. The study
intends to include 264 patients in 28 centres in nine European countries.

The primary efficacy assessment will be made using a global rank endpoint in which all participants
are ranked across three hierarchical groups (in ascending order): (i) time to death or urgent heart
transplantation or implantation of a ventricular assist device (VAD); (ii) time to non-fatal HF
requiring i.v. vasoactive therapy; and (iii) time-averaged proportional change in N-terminal pro-
brain natriuretic peptide (NT-proBNP) from baseline to week 14. Secondary efficacy endpoints
include individual components of the primary endpoint at short- (14 weeks) and intermediate-term
(26 weeks) follow-up, as well as changes in functional status. The trial progress can be followed on
its homepage (http://leodortrial.com/).
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HEART FAILURE RELATED TO ACUTE CO|
SYNDROMES

Acute heart failure and/or cardiogenic shock are frequently triggered by ischemic coronary events.
However, there are no specific consensus or international guidelines on the pharmacological and
non-pharmacological treatments of ACS patients with heart failure available. This is probably
related to the fact that patients with acute coronary syndromes are typically excluded from heart
failure trials and therefore limited data on the effects of vasoactive agents in these patients exist.

A subgroup analysis on OPTIME-HF trial with milrinone suggested that milrinone is deleterious
in patients with ischemic origin for heart failure.””® Levosimendan, on the other hand, showed
significantly lower mortality in the placebo-controlled RUSSLAN study in patients with left
ventricular failure complicating an acute myocardial infarction (Figure 22)'3. This favourable result
was later supported by the findings of Jia et al.””” In 160 patients with acute myocardial infarction
accompanied with LVEF < 40% and signs of heart failure, a 24-hour infusion of levosimendan (24
pg/kg bolus in 10 min followed by continuous infusion of 0.1 pg/kg/min) significantly decreased
the incidence of death or worsening heart failure during a 6-month follow-up when compared to
placebo (43.7 vs. 62.5%, p = 0.041) (Figure 42). In a smaller placebo-controlled study in 61 patients
with signs of heart failure in connection with ST-elevation myocardial infarction, a 25-hour
levosimendan infusion (0.2 pg/kg/min for 60 min followed by 0.1 pg/kg/min for 24 h) significantly
improved left ventricular function (primary endpoint) (Figure 43) and showed non-significant
improvement in death or rehospitalisation rates.'®
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Figure 42. The incidence of death, myocardial ischemia or worsening heart failure in
levosimendan or placebo treated patients .'””
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Figure 43. Change in wall motion score index (WMSI) between patients treated with a 25-hour
infusion of levosimendan or placebo (mean + SEM). "7

Levosimendan has also been tested in patients with cardiogenic shock. The studies have been
relatively small, butthe results are promising. Fuhrmann et al. performed a prospective, randomised,
open-label study comparing levosimendan and enoximone, a PDE Il inhibitor, in refractory
cardiogenic shock complicating acute myocardial infarction."” The standard of care consisted
of immediate revascularisation by percutaneous coronary intervention; 1ABP, fluid resuscitation
and conventional inotropes. Thirty-two patients were randomised to receive either levosimendan
(loading dose 12 pg/kg followed by 0.1 pg/kg/min infusion for 23 hours) or enoximone (loading
dose 0.5 pg/kg followed by 2-10 pg/kg/min infusion). Although no significant differences in invasive
haemodynamic parameters were noted, survival rate at 30 days was significantly higher in the
levosimendan treated group (69 vs. 37%, p = 0.023) (Figure 44). There was also a lower cumulative

dose of catecholamines in the levosimendan treated patients at 72 hours.
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Figure 44. Mortality in cardiogenic shock patients treated with levosimendan or enoximone.'”®
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RIGHT VENTRICULAR FAIL

Right ventricular failure is most commonly related to left ventricular heart failure. Biventricular
failure has worse outcome than pure left ventricular failure. In isolated right ventricular failure
there is low output syndrome in the absence of pulmonary congestion, with increased jugular
venous pressure, with or without hepatic congestion, and a low left ventricular filling pressure.'s°
Right ventricular failure can be caused by myocardial ischaemia, volume overload and/or pressure
overload.™®

A few investigator initiated studies have been performed in patients with right ventricular failure.
In these studies, levosimendan has been shown to:

o Reduce the increased right ventricular afterload.
o Improve right ventricular contractility.
o Improve diastolic function of the right ventricle.

Parissis et al. showed in a placebo-controlled study in 54 patients with advanced right ventricular
heart failure (NYHA IlI-IV, LVEF < 35%) that levosimendan (0.1-0.2 pg/kg/min for 24 hours) improved
Doppler echocardiographic markers of systolic and diastolic right ventricular function.®

Poelzl et al. administered open-label levosimendan (6-12 pg/kg followed by 0.075-0.2 pg/kg/min
for 24 hours) to 18 patients with acute heart failure (LVEF < 30%, cardiac index < 2.5 I/min/m?, right
atrial pressure = 10 mmHg, pulmonary capillary wedge pressure = 15 mmHg).'® Levosimendan
improved right ventricular contractility but did not affect right ventricular afterload.

Russ et al. evaluated right ventricular function in 25 consecutive acute myocardial infarction
patients with cardiogenic shock not responding sufficiently to conventional treatment.'s* A 24-
hour levosimendan infusion (12 pg/kg bolus followed by 0.1-0.2 pg/kg/min) decreased PVR and
improved cardiac power index (including both right and left ventricles), indicating decreased right
ventricular afterload and improved right ventricular contractility.

Morelli et al. studied 35 mechanically ventilated patients with acute respiratory distress syndrome
(ARDS) related to septic shock.'® Patients were treated with a 24-hour infusion of levosimendan
(0.2 pg/kg/min, n=18) or placebo (n=17). Levosimendan decreased the elevated pulmonary
pressures (PVR and mean pulmonary artery pressure [MPAP]) and improved cardiac index and right
ventricular ejection fraction and mixed venous oxygen saturation.

Ebade et al. studied 50 paediatric patients with high systolic pulmonary artery pressure (PAP)
undergoing surgical repair of cardiac septal defects. Levosimendan (15 pg/kg bolus followed by
0.1-0.2 pg/kg/min) was superior to dobutamine (4-10 pug/kg/min) in lowering MPAP and increasing
cardiac index.'

SEPTIC SHOC

A few investigator-initiated studies with levosimendan in septic shock have been conducted. The
results in these trials suggest that levosimendan might have some beneficial effects in this highly
vulnerable patient population.

Morelli et al. randomly exposed 28 septic patients with persisting LV dysfunction after 48 hours of
conventional treatment to receive a 24 hour infusion of either levosimendan (0.2 pg/kg/min, n=15)
or dobutamine (5 pg/kg/min, n=13)."® In addition to improved haemodynamics, levosimendan
increased gastric mucosal flow, creatinine clearance and urinary output and decreased lactate
levels, without negatively affecting mean arterial pressure (Table 11).

58



Table 11. Haemodynamic and laboratory parameters in septic patients
with left ventricular dysfunction who received either levosimendan
or dobutamine.®®

Cl (I min m?) 41+0.2 4502 42+03 4.2 +0.1
MPAP (mmHg) 262 +24 231 +£247 267+ 1.0 26.6 £ 1.1
PCWP (mmHg) 16.8 £ 1.2 120+ 0.6~ 139+ 0.6 14.4+£0.7"
MAP (mmHg) 76.2 +2.8 75.0 £ 3.3 747 £ 2.4 739+ 1.7
LVEF (%) 371+ 3.0 45.4 £ 8.4 37.3+2.6 40.8 = 11.3
GMP (%) - 55.3 +20.1"" - 25+47
Arterial lactate (mmol [") 49+1.2 37+077" 52+ 1.1 52+1.0
Creatinine clearance (ml min") 439+ 12.8 721 £16.277 51.2 + 17.0 51.3+ 13.3

*P < 0.05 baseline vs. 24 h, **p < 0.05 levosimendan vs. dobutamine at baseline, ***p < 0.05 levosimendan vs. dobutamine after 24 h

Cl = cardiac index, MPAP = mean pulmonary artery pressure, PCWP = pulmonary capillary wedge pressure, MAP = mean arterial
pressure, LVEF = left ventricular ejection fraction, GMP = gastric mucosal perfusion

In another study by Morelli et al., 35 mechanically ventilated patients with acute respiratory distress
syndrome (ARDS) related to septic shock were treated with a 24-hour infusion of levosimendan
(0.2 pg/kg/min, n=18) or placebo (n=17)."® Levosimendan decreased the elevated pulmonary
pressures (PVR and MPAP) and improved cardiac index and right ventricular ejection fraction and
mixed venous oxygen saturation.

Inamechanisticstudy, Morelli et al. showed that levosimendan improved sublingual microcirculation
in septic shock patients.' The result may explain the beneficial effect of levosimendan on e.g. renal
function and gastric mucosal flow'®® as impairment in microvessel function is typically associated
with end-organ dysfunction.

Memis et al. demonstrated in 30 patients with septic shock that when compared with dobutamine,
levosimendan, in addition to improved haemodynamics, also significantly improved splanchnic
perfusion as measured by indocyanine green plasma disappearance rate.'®

In a retrospective analysis in 420 patients with septic shock, the use of inotropes was associated
with increased 90-day mortality without and after adjustment with propensity to receive inotrope.
However, although the use of traditional inotropes (dobutamine and adrenaline either alone or in
combination) showed significantly increased mortality, the same was not seen with levosimendan.'®

The favourable results of the smaller studies could not be repeated in a larger 516-patient
investigator initiated study LEOPARDS in UK.™ In this study, a 24-hour levosimendan infusion
(target dose 0.2 pg/kg/min) or placebo was administered to patients with septic shock. There was
no difference between the groups in the primary endpoint of mean daily Sequential Organ Failure
Assessment (SOFA) score up to day 28. Moreover, no difference in mortality was seen (34.5% in the
levosimendan vs. 30.9% in the placebo group, p = 0.43) and patients in the levosimendan group
required more vasopressors and atrial arrhythmias were more frequently seen in levosimendan
treated patients. The study was later criticised as there was no requirement to determine the
myocardial function before randomisation. This, together with the low need for dobutamine in
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the placebo group, suggest that most patients included in the study might not have been in need
of inotropic support.'®

The results of LEOPARDS and the earlier smaller studies indicate that levosimendan or another
agent with inotropic properties should not be used in septic shock unless there is a clear evidence
of left ventricular failure. In such patients dobutamine or levosimendan may be used."

POTENTIAL OTHER THERA

Case reports, uncontrolled small series or small-scale comparative studies with levosimendan have
been published e.g. in non-cardiac surgery, Takotsubo cardiomyopathy, in patients difficult to
wean from ventilator, in calcium channel blocker intoxications and in paediatric patients. The
results have been favourable for levosimendan, but the interpretation is hampered by e.g. the lack
of a comparator and the small patient samples.Therefore, larger comparative studies are needed
to verify the potential benefits.

Non-cardiac surgery

Congestive heart failure is a relatively common co-morbidity in patients undergoing non-
cardiac surgery. It is strongly associated with worse outcome, with a two-fold increase in in-
hospital mortality.’? Levosimendan could have a role in the preoperative optimisation of cardiac
function in such patients.’®® Katsaragakis et al.’® reported on the use of levosimendan in high
risk patients undergoing abdominal surgery, while Ponschab et al.’®> described how levosimendan
infusion improves haemodynamics in elderly heart failure patients undergoing urgent hip
fracture repair. Both groups demonstrated that the administration of levosimendan was safe and
observed improvements in ejection fraction, echocardiographic parameters as well as a range of
haemodynamic indices both intra- and postoperatively. The drawback in these studies was the lack
of a control group.

Takotsubo cardiomyopathy

As the important initiating factor for Takotsubo cardiomyopathy is thought to be supra-physiologic
levels of plasma catecholamines and stress-related neuropeptides, traditional inotropes may be an
irrational choice for the treatment.

In a non-clinical model of Takotsubo cardiomyopathy, levosimendan was shown to reverse
adrenaline-induced apical dysfunction.'%

The effects of levosimendan in Takotsubo cardiomyopathy related cardiogenic shock or pulmonary
oedema have been presented in a number of case reports’’-2°" and in one case series?’2. Santoro
et al.?? showed, in 13 consecutive patients with Takotsubo cardiomyopathy, that the use of
levosimendan was associated with an improved left ventricular function; mean ejection fraction
increased from 28 + 5% at admission to 36 + 9% at day 3 (p < 0.01) and further to 51 + 8% at
discharge (p < 0.001). A common finding in the case reports'®20! was that as the initial treatment
with catecholamines/dobutamine/IABP did not improve clinical status, the introduction of
levosimendan rapidly achieved a relief of signs and symptoms of heart failure.

Weaning from ventilator

Acquired diaphragm muscle weakness is a key feature in several chronic conditions, including
chronic obstructive pulmonary disease (COPD), congestive heart failure, and difficult weaning
from mechanical ventilation in ICU.2%

In vitro data indicate that levosimendan enhances force generating capacity of diaphragm fibres
from patients with and without COPD by increasing calcium sensitivity of force generation.?* The
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same was shown in an experimental model?® and in a healthy volunteer study.?®® Positive effect
was seen both in slow and rapid diaphragm muscle fibres.2%4 205

About 10-20% of intubated patients in ICU are difficult to wean from mechanical ventilation,
resulting in increased morbidity, mortality and health care costs.?® Mechanical ventilation results in
rapid loss of diaphragmatic force production.?’ In addition, shifting from mechanical ventilation to
spontaneous ventilation may dramatically increase left ventricular filling pressure and pulmonary
artery pressure, especially in patients with pre-existing cardiac and or pulmonary co-morbidities.2%®

Levosimendan was compared to dobutamine in difficult-to-wean COPD patients.?®® Levosimendan
resulted in significantly greater inhibition of spontaneous ventilation induced increase in
pulmonary artery occlusion pressure. Similarly, mean pulmonary artery pressure increased to a

lesser extent with levosimendan than with dobutamine (Figure 45).
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Figure 45. The effect of levosimendan (0.2 pg/kg/min) and dobutamine (7 pg/kg/min) on

spontaneous ventilation induced increase in pulmonary artery occlusion pressure (PAOP) and mean

In a prospective observational study in ventilator-dependent difficult-to-wean ICU-patients with
diminished left ventricular function (LVEF < 40%), levosimendan improved cardiac contractility
and oxygenation variables (Figure 46) and increased the likelihood of separation from mechanical

ventilation.2%¢

pulmonary artery pressure (mPAP) in 10 difficult-to-wean COPD patients.2%®
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Figure 46. Left ventricular ejection fraction and oxygenation variables before and after a 24-hour

levosimendan infusion in 12 difficult-to-wean ICU patients with diminished left ventricular function.2°®
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Calcium channel blocker intoxication

Calcium channel blockers (CCB) are the leading substances causing death among cardiovascular
drug intoxications. Via negative inotropy and profound vasodilatation, intoxication with CCBs
leads to cardiovascular collapse. In case of verapamil and diltiazem overdose, negative chronotropy
contributes to the symptoms.2*®

The treatment is supportive and - in addition to measures to prevent further ingestion and
absorption of the drug - includes fluid resuscitation, i.v. calcium, catecholamines, glucagon,
insulin, ventricular pacing, IABP, extracorporeal membrane oxygenation (ECMO) and mechanical
ventilation.2'

Several preclinical studies have shown that levosimendan increases cardiac output in experimental
CCB intoxication. However, the effects on blood pressure have been modest. Mixed results on
mortality have been reported.20% 211-214

The effects of levosimendan in clinical CCB intoxications have been presented in a few case
reports.?'% 215216 A common finding in these cases is that when the initial treatment failed, the
start of levosimendan quite rapidly improved the clinical status. In line with preclinical findings,
hypotension resolved more slowly.

Levosimendan in paediatric use

The use of levosimendan in paediatric patients is contraindicated due to a lack of regulatory
studies in this field. A few investigator-initiated studies have, however, been performed and the
most important ones are presented below.

The largest published study in paediatrics included retrospectively-gathered data on 484
levosimendan infusions delivered to 293 patients at a single paediatric intensive care unit (PICU).2"’
A majority of the patients (65%) were aged 12 months or younger. Most of the physicians surveyed
(89%) thought that levosimendan postponed or reduced the need for mechanical cardiac support
in children with cardiomyopathy or who were undergoing cardiac surgery.

Levosimendan was shown to be as efficacious as milrinone with comparable haemodynamic data
in two randomised and double-blind studies in children and in neonates undergoing cardiac
surgery.?'® 219 In another comparison of milrinone and levosimendan in neonates undergoing
cardiac surgery, levosimendan group had higher pH, lower blood glucose level and lower inotrope
score in the PICU."%

Finally, in a randomised double-blind study in children younger than 4 years of age undergoing
cardiac surgery, patients receiving levosimendan had significantly higher cardiac index and lower
pulmonary artery pressure than children receiving dobutamine.®®
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PHARMACO
ECONOMIC

Heart failure is a major public health problem because of its high prevalence and impact on
mortality, morbidity, quality of life and cost of care. Prolonged duration of hospital stay and high
re-hospitalisation rate lead to the fact that the management of acute heart failure is one of the
most costly diagnosis-related groups in hospital systems. Finding cost-effective therapeutic options
that shorten the length of stay in hospital reduce re-hospitalisation and in-hospital mortality is
therefore highly desirable.

The effects of levosimendan on hospital resource use and costs, and the cost-effectiveness of
levosimendan vs. standard therapies were demonstrated based on several clinical trials using
well-established pharmacoeconomic modelling techniques. Findings from these analyses are
summarised below.

ECONOMIC AN/

The economic analyses of the LIDO, SURVIVE and REVIVE Il trials are based on two major data
components:

e Actual use of study medications and actual length of hospital stay during the study period,
i.e. the primary “index” or initial hospital stay, when trial treatment was first administered
and a 180-day follow-up period

e Actual survival by study group up to the end of follow-up of 180 days.

The second data component consists of overall survival by study group, as projected for patients
alive at 180 days, based on long-term survival of similar population in the CONSENSUS and
COPERNICUS trials.??0. 221

CLINICAL ENDPOINTS AND HOSPITAL RESOURCE |

The LIDO trial was a smaller scale study including a total of 203 patients. After discharge from
initial hospital period, patient mortality data and hospital days were collected retrospectively up
to 180 days. In the LIDO trial, the patients stayed alive for longer, with no increase in hospital days
(Figure 47). Effectively, levosimendan offered more days alive and out of hospital.

In the LIDO trial in patients with severe low-output heart failure, 11% more levosimendan patients
were alive at the 6 months follow-up and therefore were also at risk of hospitalisation for longer.
Despite this, there was no increase in inpatient days on levosimendan.

Based on a long-term projection of overall survival the additional cost of levosimendan per life
year saved (3205 €/LYS) is relatively low when compared with other well-established cardiology
interventions.
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Figure 47. Days alive and out of hospital after initial discharge in the LIDO trial - mean (range).®

According to the prescribing information, levosimendan should be used with caution in patients
with low baseline systolic or diastolic blood pressure (see SPC). The economic analyses of both
the SURVIVE and REVIVE Il studies bring this aspect in focus.?® 3° Duration of hospital stay and
the associated costs have been analysed both regarding “All patients treated” and the “Per label
subset” (i.e. excluding patients with a baseline systolic blood pressure < 100 mmHg or diastolic
blood pressure < 60 mmHg).

In the SURVIVE study, there was a numerical survival benefit favouring levosimendan in the
overall study population. However, in the REVIVE Il study there were a few more deaths in the
levosimendan group within 180 days. Neither of the above results was statistically significant.
Post-hoc analyses of the clinical data indicated that the slight increase in mortality was specific to
patients with low baseline blood pressure. In a subset of patients excluding those with low blood
pressure, survival was found to be numerically in favour of levosimendan.

Differences in hospital length of stay during study follow-up

Differences in index (initial) admission stay are relevant directly to the hospital initiating inotropic
therapy. Depending on the study and population assessed, the mean initial hospital stay was
reduced by 7-46 hours with levosimendan compared to standard of care.

In practice, this represents from one to almost 6-8 hour working shifts of nursing staff. In the
REVIVE Il study, the ICU stay in the levosimendan group was 8 hours, i.e. one working shift shorter
(Figure 48).
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Figure 48. Duration (hours) of the initial hospital stay in SURVIVE and REVIVE Il (all patients).2® 3¢
(SOC = standard of care)
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Differences in cost of care during study follow-up

To calculate the costs of the ICU/coronary care unit and overall hospital stays per group from each
study the following were used:

e Country-specific cost estimates per type of hospital day (LIDO).

e Average of unit costs from UK, France and Germany (SURVIVE).

e US-specific unit costs (REVIVE II).

The cost of 600 - 700 €/vial of levosimendan used as basis for the three analyses closely corresponds
with the current, actual cost of levosimendan in most European countries.

When considering all study patients, the costs of total hospital care in the levosimendan group were
just slightly higher in LIDO and SURVIVE studies. In the REVIVE Il study the costs were significantly
lower for the levosimendan group compared with standard of care (Table 12).

Table 12. Costs of total hospital care (all patients).

LIDO, € 12853 12728
SURVIVE, € 5396 5275
REVIVE II, $ 23073 26068

Data based on de Lissovoy et al.?®3° and Figure 48

COST-EFFECTIVENESS ANALYSIS BASED C
OVERALL SURVIVAL MODEL

In the LIDO study,? the actual survival benefit of levosimendan at 6 months was 0.0265 life years
saved (LYS). The overall projected LYS was approximately 0.35 translating into nearly 4.5 months. Thus,
the additional cost of levosimendan was 3205 €/ LYS, which is well within generally acceptable limits.

Two meta-analyses suggested reduction in length of stay in the hospital for patients treated with
levosimendan. Maharaj and Metaxa?? analysed 8 studies where levosimendan was used after
coronary revascularisation and showed a significant reduction of length of stay of 26 hours vs.
comparator. Landoni et al.’ showed that length of stay was reduced in the levosimendan group
(weighted mean difference = -1.31 days, p = 0.007) when all the 17 studies reporting this outcome
were included. The reduction in length of stay was confirmed in the cardiology setting (weighted
mean difference = -1.59 days, p < 0.0001) with 8 studies included.

An [talian research group analysed a study population of acute heart failure patients derived
from a single centre Italian observational registry (147 treated with levosimendan and 147 with
standard of care).?®> Mean length of hospitalisation was 12.1 and 13.6 days in the levosimendan
and control groups, respectively (p < 0.05). Re-hospitalisation rates were lower in the levosimendan
group at 12 months (7.6 vs. 14.3%; p < 0.05), and mortality rate at 1 month was 2.1% vs. 6.9% in
the levosimendan and control group, respectively (p < 0.05). The per-capita cost of treatment with
levosimendan was 79 € higher than that with standard of care during the first hospitalisation, but
280 € lower when the re-hospitalisation rate was also considered.

Levosimendan is widely used for AHF for its beneficial haemodynamic effects. In conclusion, the
pharmacoeconomic studies on levosimendan indicate that this treatment is cost-effective and thus
a recommendable alternative to standard of care in patients with decompensated heart failure.
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CONCLUSIO
GUIDANCE |
CLINICAL U

ACUTE HEART F

The clinical program with approximately 3,500 patients and subsequent investigator-initiated
studies support the overall conclusion that levosimendan is effective and well tolerated. The
trials have been conducted in a variety of hospital settings pertinent to clinical practice, making
levosimendan one of the most studied therapies for the treatment of severe AHF. In addition, by
the end of December 2017, more than 1.5 million patients have been treated worldwide since its
first launch in 2000.

The infusion of levosimendan has very consistently been shown to enhance left ventricular
performance and to decrease left ventricular filling pressure and plasma BNP concentrations
without an increase in myocardial oxygen consumption. Neither age nor gender has influenced
the responses to levosimendan.

Following a 24-hour infusion of levosimendan, the slowly formed and eliminated active metabolites
reach pharmacologically active plasma levels, resulting in a prolonged haemodynamic effect. After
a 24-hour infusion, the effects persist for at least 7 days. There have been no signs of tolerance
development (which is a problem with beta-agonists) to levosimendan, even with prolonged
administration.

The haemodynamic and neurohumoral improvement is associated with symptomatic benefit that
is sustained and superior to placebo. Unlike with dobutamine, the effects of levosimendan are not
attenuated with concomitant B-blocker use.

In two earlier phase Il studies, a significant mortality benefit with levosimendan was observed in
comparison with placebo (RUSSLAN) and dobutamine (LIDO). These favourable results were not,
however, confirmed in two large-scale studies where levosimendan was compared with placebo
(REVIVE 1l) and dobutamine (SURVIVE). Meta-analyses on the effect of levosimendan on mortality
suggest a survival benefit of levosimendan both compared to placebo and dobutamine.

Levosimendan infusion has generally been rather well tolerated in this very ill patient population.
Based on the data from the two largest studies conducted so far, the REVIVE Il and SURVIVE studies,
hypotension was more frequently seen when compared to placebo, but not when compared
to dobutamine. Levosimendan was also associated with higher incidence of atrial fibrillation
compared both to placebo and dobutamine.
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The haemodynamic and other clinical features of levosimendan are summarized in Table 13.

Table 13. Haemodynamic and other clinical features of levosimendan

Haemodynamic and neurohormonal effects Other clinical effects

Pulmonary capillary wedge pressure | | | Relief of symptoms of heart failure

Cardiac output (index) 11 Effects maintained also with B-blockers

Stroke volume 1 Sustained effects due to an active metabolite
Systemic vascular resistance | | No development of tolerance

Pulmonary vascular resistance | | No increase in myocardial oxygen consumption
Natriuretic peptide levels | | | Anti-ischaemic effect

No impairment of diastolic function

| = decrease, 1= increase

The pharmacologic and pharmacodynamic properties differentiate levosimendan from other
inotropes. Levosimendan is safe also in patients with acute heart failure related to acute coronary
syndromes.

It should be borne in mind that, in addition to contractility increasing effects, levosimendan has
profound vasodilatory effects. Clinical studies have indicated that levosimendan should be given
cautiously to patients with low blood pressure, especially in case of hypovolaemia. In these patients,
lower infusion rates without the loading dose should be considered. In Table 14, guidance on the
patient selection and dosing for levosimendan are given in acute decompensated heart failure.

Table 14. Optimal patient profile and guidance for treatment in
patients with acute heart failure.

Optimal patient profile:

e Existing chronic heart failure with systolic dysfunction (left ventricular ejection fraction below 40%)

e Ongoing B-blocker therapy

e Signs of hypoperfusion, i.e. cool extremities, oliguria

e Severe pulmonary oedema

e Inadequate response to traditional treatment (however, the start of the levosimendan infusion
should not be unnecessarily delayed)

e No severe hypotension or tachycardia
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e Loading dose (6-12 pg/kg over 10 min) only if immediate effect needed and systolic blood pressure
>100 mmHg

e Maintenance infusion rate 0.05-0.2 pg/kg/min with individualised dosing regimen

e Infusion duration up to 24 h

e Hypovolaemia to be avoided before and during the treatment (fluid resuscitation as needed;
intravenous diuretics with caution)

e Vasopressor (noradrenaline) concomitantly if hypotension

In case of unintended overdose, pronounced haemodynamic effects would be expected; mainly
hypotension and increased heart rate/arrhythmias. Hypotension should be treated with fluid
resuscitation and vasoconstrictors, as needed. Arrhythmias may require e.g. intravenous beta-
blockade or amiodarone. Due to the formation of the active metabolite, the follow-up may need
to be prolonged, if the amount of the total dose is substantial.

CARDIAC SURGERY AND ADVANCED CH
FAILURE

The current clinical data with levosimendan have focused on AHF and less attention has been paid
on other potential uses of the compound. Levosimendan has, however, been relatively profoundly
studied in cardiac surgery.

Earlier data in cardiac surgery patients suggested that levosimendan is superior to traditional
inotropes (dobutamine, milrinone) as it has sustained haemodynamic effects, causes less myocardial
injury, is associated with improved outcome and the length of ICU stay is shorter.

In the more recent placebo-controlled multicentre studies, all these benefits could not be
repeated. However, levosimendan use was associated with lower incidence of low cardiac output
syndrome and lower need for additional catecholamines. Importantly, safety was not a concern
in these larger studies either. No significant difference in adverse event of hypotension, atrial or
ventricular arrhythmias were seen in comparison with placebo. In the largest of the studies (LEVO-
CTS), mortality was numerically lower in levosimendan group in the whole study population and in
the subgroup of patients with isolated coronary artery bypass grafting, the result was significantly
favouring levosimendan. Table 15 presents the suggestions of a consensus meeting for the optimal
use of levosimendan in cardiac surgery.'** Although these recommendations were written before
the results of the latest trials, the message is still valid.
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Table 15. The recommended use of levosimendan in cardiac surgery.*3

Type of patients Low preoperative LVEF (e.g. < 35%)

High-risk patients (e.g. emergency operation,decompensated heart
failure)

Weaning failure from CPB

Scheduled for mechanical assist device (IABP/LVAD)

Postoperative low cardiac output syndrome

Prerequisites for optimal Volume and/or electrolyte optimisation

effect and safety e Crystalloids as needed to reach euvolemia

e K+ >4 mmol/L

e Tight blood pressure monitoring especially during the first hours
e Administer noradrenaline, if SBP < 90mmHg at euvolemia

Optimisation of diuretics Reduce dose or stop then repeat

B-blocker use Continue whenever possible

Mode of administration Usually without a bolus
Routinely start with continuous infusion:

e  Start with 0.1 pg/kg/minute
e Time for first effects usually 2 hours

e Adapt after 2-4 hours (0.05-0.2 pg/kg/minute)
Bolus might be considered if:

¢ Immediate effect is necessary (intraoperatively)
e Patient has high blood pressure
e Patient is volume overloaded

Another field of increasing interest is the use of levosimendan repeatedly in patients with AdHF.
The formation of active metabolites prolongs the effects of levosimendan infusions beyond the
administration giving rationale for intermittent dosing. Several small-scale studies indicate that
levosimendan improves haemodynamics, has beneficial effects on neurohormones and might
improve outcome. Optimal dosing scheme is not established but a consensus meeting suggested
the patient profiles and dosing instructions presented in Table 16.2* The ongoing LEODOR study
with two different dosing schemes may give further guidance in the future.
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Table 16. The patient profile and dosing instructions in patients with
AdHF suggested by the consensus meeting.??*

Patient characteristics

Severe systolic dysfunction (LVEF < 35%)
and/or NYHA lllb-IV and/or INTERMACS levels 4,5,6
and/or repeated hospitalisation or emergency department visits (> 2 in the past year)

All of the above despite optimal treatment for heart failure

Recommended dosing

Infusion rate: 0.05 pg/kg/min to 0.2 pg/kg/min; starting with low dose and increasing stepwise
during the remaining time when tolerated

Bolus dose: not recommended
Duration: 6 to 24 hours

Interval: every 2 to 4 weeks

70



LIST OF

REFERENCE

10.

Follath F, Cleland JG, Just H, et al. (2002)
Efficacy and safety of intravenous levosimendan
compared with dobutamine in severe low-output
heart failure (the LIDO study): a randomised
double-blind trial. Lancet. 360 (9328): 196-202.

Slawsky MT, Colucci WS, Gottlieb SS, et al.
(2000) Acute hemodynamic and clinical effects
of levosimendan in patients with severe heart
failure. Study Investigators. Circulation. 102 (18):
2222-7.

Nieminen MS, Akkila J, Hasenfuss G, et al. (2000)
Hemodynamic and neurohumoral effects of
continuous infusion of levosimendan in patients
with congestive heart failure. J Am Coll Cardiol.
36 (6): 1903-12.

Lilleberg J, Nieminen MS, Akkila J, et al. (1998)
Effects of a new calcium sensitizer, levosimendan,
on haemodynamics, coronary blood flow and
myocardial substrate utilization early after
coronary artery bypass grafting. Eur Heart J. 19
(4): 660-8.

Ukkonen H, Saraste M, Akkila J, et al. (2000)
Myocardial efficiency during levosimendan
infusion in congestive heart failure. Clin
Pharmacol Ther. 68 (5): 522-31.

Packer M, Colucci W, Fisher L, et al. (2013) Effect
of levosimendan on the short-term clinical
course of patients with acutely decompensated
heart failure. JACC Heart Fail. 1 (2): 103-11.

Mebazaa A, Nieminen MS, Packer M, et al. (2007)
Levosimendan vs dobutamine for patients with
acute decompensated heart failure: the SURVIVE
Randomized Trial. JAMA. 297 (17): 1883-91.

Lilleberg J, Laine M, Palkama T, et al. (2007)
Duration of the haemodynamic action of a
24-h infusion of levosimendan in patients with
congestive heart failure. Eur J Heart Fail. 9 (1):
75-82.

Kivikko M, Lehtonen L and Colucci WS (2003)
Sustained hemodynamic effects of intravenous
levosimendan. Circulation. 107 (1): 81-6.

Mebazaa A, Nieminen MS, Filippatos GS, et al.
(2009) Levosimendan vs. dobutamine: outcomes
for acute heart failure patients on B-blockers in
SURVIVE. Eur J Heart Fail. 11 (3): 304-11.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sonntag S, Sundberg S, Lehtonen LA and Kleber
FX (2004) The calcium sensitizer levosimendan
improves the function of stunned myocardium
after percutaneous transluminal coronary
angioplasty in acute myocardial ischemia. J Am
Coll Cardiol. 43 (12): 2177-82.

Givertz MM, Andreou C, Conrad CH and
Colucci WS (2007) Direct myocardial effects of
levosimendan in humans with left ventricular
dysfunction: alteration of force-frequency and
relaxation-frequency relationships. Circulation.
115 (10): 1218-24.

Moiseyev VS, Poder P, Andrejevs N, et al. (2002)
Safety and efficacy of a novel calcium sensitizer,
levosimendan, in patients with left ventricular
failure due to an acute myocardial infarction. A
randomized, placebo-controlled, double-blind
study (RUSSLAN). Eur Heart J. 23 (18): 1422-32.

Landoni G, Mizzi A, Biondi-Zoccai G, et al. (2010)
Reducing mortality in cardiac surgery with
levosimendan: a meta-analysis of randomized
controlled trials. J Cardiothorac Vasc Anesth. 24
(1): 51-7.

Delaney A, Bradford C, McCaffrey J, et al. (2010)
Levosimendan for the treatment of acute severe
heart failure: a meta-analysis of randomised
controlled trials. Int J Cardiol. 138 (3): 281-9.

Landoni G, Biondi-Zoccai G, Greco M, et al.
(2012) Effects of levosimendan on mortality and
hospitalization. A meta-analysis of randomized
controlled studies*. Crit Care Med. 40 (2): 634-
46.

Haikala H, Kaivola J, Nissinen E, et al. (1995)
Cardiac troponin C as a target protein for a
novel calcium sensitizing drug, levosimendan. J
Mol Cell Cardiol. 27 (9): 1859-66.

Haikala H and Linden IB (1995) Mechanisms of
action of calcium-sensitizing drugs. J Cardiovasc
Pharmacol. 26 Suppl 1: $10-9.

Pollesello P, Ovaska M, Kaivola J, et al. (1994)
Binding of a new Ca2+ sensitizer, levosimendan,
to recombinant human cardiac troponin C. A
molecular modelling, fluorescence probe, and
proton nuclear magnetic resonance study. J Biol
Chem. 269 (46): 28584-90.

71




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sorsa T, Pollesello P and Solaro RJ (2004) The
contractile apparatus as a target for drugs against
heart failure: interaction of levosimendan, a
calcium sensitiser, with cardiac troponin c. Mol
Cell Biochem. 266 (1-2): 87-107.

Yokoshiki H, Katsube Y, Sunagawa M and
Sperelakis N (1997) Levosimendan, a novel
Ca2+ sensitizer, activates the glibenclamide-
sensitive K+ channel in rat arterial myocytes. Eur
J Pharmacol. 333 (2-3): 249-59.

Pataricza J, Hohn J, Petri A, et al. (2000)
Comparison of the vasorelaxing effect
of cromakalim and the new inodilator,
levosimendan, in human isolated portal vein. J
Pharm Pharmacol. 52 (2): 213-7.

Kaheinen P, Pollesello P, Levijoki J and Haikala
H (2001) Levosimendan increases diastolic
coronary flow in isolated guinea-pig heart by
opening ATP-sensitive potassium channels. J
Cardiovasc Pharmacol. 37 (4): 367-74.

Erdei N, Papp Z, Pollesello P, et al. (2006) The
levosimendan metabolite OR-1896 elicits
vasodilation by activating the K(ATP) and
BK(Ca) channels in rat isolated arterioles. Br J
Pharmacol. 148 (5): 696-702.

MaytinMand ColucciWS (2005) Cardioprotection:
a new paradigm in the management of acute
heart failure syndromes. Am J Cardiol. 96 (6A):
26G-31G.

Pollesello P and Papp Z (2007) The
cardioprotective effects of levosimendan:
preclinical and clinical evidence. J Cardiovasc
Pharmacol. 50 (3): 257-63.

du Toit EF, Genis A, Opie LH, et al. (2008) A role
for the RISK pathway and K(ATP) channels in pre-
and post-conditioning induced by levosimendan
in the isolated guinea pig heart. Br J Pharmacol.
154 (1): 41-50.

de Lissovoy G, Fraeman K, Teerlink JR, et al.
(2010) Hospital costs for treatment of acute
heart failure: economic analysis of the REVIVE II
study. Eur J Health Econ. 11 (2): 185-93.

Cleland JG, Takala A, Apajasalo M, et al. (2003)
Intravenous levosimendan treatment is cost-
effective compared with dobutamine in severe
low-output heart failure: an analysis based on
the international LIDO trial. Eur J Heart Fail. 5
(1): 101-8.

de Lissovoy G, Fraeman K, Salon J, et al. (2008)
The costs of treating acute heart failure: an
economic analysis of the SURVIVE trial. J Med
Econ. 11 (3): 415-29.

Nieminen MS, Brutsaert D, Dickstein K, et al.
(2006) EuroHeart Failure Survey Il (EHFS II):
a survey on hospitalized acute heart failure
patients: description of population. Eur Heart J.
27 (22): 2725-36.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mehta R and Feldman D (2005) Acute
decompensated heart failure: best evidence and
current practice. Minerva Cardioangiol. 53 (6):
537-47.

McMurray JJ, Adamopoulos S, Anker SD, et al.
(2012) ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure
2012: The Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure
2012 of the European Society of Cardiology.
Developed in collaboration with the Heart
Failure Association (HFA) of the ESC. Eur Heart J.
33 (14): 1787-847.

Ponikowski P, Voors AA, Anker SD, et al. (2016)
2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure:
The Task Force for the diagnosis and treatment
of acute and chronic heart failure of the
European Society of Cardiology (ESC)Developed
with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 37 (27):
2129-200.

Yancy CW, Jessup M, Bozkurt B, et al. (2013) 2013
ACCF/AHA guideline for the management of
heart failure: a report of the American College
of Cardiology Foundation/American Heart
Association Task Force on practice guidelines.
Circulation. 128 (16): e240-327.

Lehtonen LA (2001) Levosimendan: A parenteral
calcium-sensitising  drug  with  additional
vasodilatory properties. Expert Opin Investig
Drugs. 10 (5): 955-70.

Papp Z, Edes I, Fruhwald S, et al. (2012)
Levosimendan: molecular mechanisms and
clinical implications: consensus of experts on
the mechanisms of action of levosimendan. Int
J Cardiol. 159 (2): 82-7.

Papp Z, Csapo K, Pollesello P, et al. (2005)
Pharmacological mechanisms contributing to
the clinical efficacy of levosimendan. Cardiovasc
Drug Rev. 23 (1): 71-98.

Szilagyi S, Pollesello P, Levijoki J, et al. (2004)
The effects of levosimendan and OR-1896 on
isolated hearts, myocyte-sized preparations and
phosphodiesterase enzymes of the guinea pig.
Eur J Pharmacol. 486 (1): 67-74.

Brixius K, Reicke S and Schwinger RH (2002)
Beneficial effects of the Ca(2+) sensitizer
levosimendan in human myocardium. Am J
Physiol Heart Circ Physiol. 282 (1): H131-7.

Kopustinskiene DM, Pollesello P and Saris NE
(2004) Potassium-specific effects of levosimendan
on heart mitochondria. Biochem Pharmacol. 68
(5): 807-12.

Sorsa T, Heikkinen S, Abbott MB, et al. (2001)
Binding of levosimendan, a calcium sensitizer, to
cardiac troponin C. J Biol Chem. 276 (12): 9337-
43,

72



43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Sorsa T, Pollesello P, Permi P, et al. (2003)
Interaction of levosimendan with cardiac
troponin C in the presence of cardiac troponin |
peptides. J Mol Cell Cardiol. 35 (9): 1055-61.

Sorsa T, Pollesello P, Rosevear PR, et al. (2004)
Stereoselective binding of levosimendan to
cardiac troponin C causes Ca2+-sensitization. Eur
J Pharmacol. 486 (1): 1-8.

Robertson IM, Baryshnikova OK, Li MX and
Sykes BD (2008) Defining the binding site of
levosimendan and its analogues in a regulatory
cardiac  troponin  C-troponin | complex.
Biochemistry. 47 (28): 7485-95.

Edes I, Kiss E, Kitada Y, et al. (1995) Effects of
Levosimendan, a cardiotonic agent targeted
to troponin C, on cardiac function and on
phosphorylation and Ca2+ sensitivity of cardiac
myofibrils and sarcoplasmic reticulum in guinea
pig heart. Circ Res. 77 (1): 107-13.

Haikala H, Levijoki J and Linden IB (1995)
Troponin C-mediated calcium sensitization by
levosimendan accelerates the proportional
development of isometric tension. J Mol Cell
Cardiol. 27 (10): 2155-65.

Haikala H, Kaheinen P, Levijoki J and Linden IB
(1997) The role of cAMP- and cGMP-dependent
protein kinases in the cardiac actions of the new
calcium sensitizer, levosimendan. Cardiovasc Res.
34 (3): 536-46.

Jorgensen K, Bech-Hanssen O, Houltz E and
Ricksten SE (2008) Effects of levosimendan on
left ventricular relaxation and early filling at
maintained preload and afterload conditions
after aortic valve replacement for aortic stenosis.
Circulation. 117 (8): 1075-81.

Ozdem SS, Yalcin O, Meiselman HJ, et al. (2006)
The role of potassium channels in relaxant effect
of levosimendan in rat small mesenteric arteries.
Cardiovasc Drugs Ther. 20 (2): 123-7.

du Toit E, Hofmann D, McCarthy J and Pineda
C (2001) Effect of levosimendan on myocardial
contractility, coronary and peripheral blood
flow, and arrhythmias during coronary artery
ligation and reperfusion in the in vivo pig model.
Heart. 86 (1): 81-7.

du Toit EF, Muller CA, McCarthy J and Opie
LH (1999) Levosimendan: effects of a calcium
sensitizer on function and arrhythmias and cyclic
nucleotide levels during ischemia/reperfusion in
the Langendorff-perfused guinea pig heart. J
Pharmacol Exp Ther. 290 (2): 505-14.

Lepran |, Pollesello P, Vajda S, et al. (2006)
Preconditioning effects of levosimendan in a
rabbit cardiac ischemia-reperfusion model. J
Cardiovasc Pharmacol. 48 (4): 148-52.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Kersten JR, Montgomery MW, Pagel PS and
Warltier DC (2000) Levosimendan, a new positive
inotropic drug, decreases myocardial infarct size
via activation of K(ATP) channels. Anesth Analg.
90 (1): 5-11.

Papp JG, Pollesello P, Varro AF and Vegh AS
(2006) Effect of levosimendan and milrinone
on regional myocardial ischemia/reperfusion-
induced arrhythmias in dogs. J Cardiovasc
Pharmacol Ther. 11 (2): 129-35.

Nieminen MS, Pollesello P, Vajda G and Papp Z
(2009) Effects of levosimendan on the energy
balance: preclinical and clinical evidence. J
Cardiovasc Pharmacol. 53 (4): 302-10.

Michaels AD, McKeown B, Kostal M, et al. (2005)
Effects of intravenous levosimendan on human
coronary vasomotor regulation, left ventricular
wall stress, and myocardial oxygen uptake.
Circulation. 111 (12): 1504-9.

Lancaster MK and Cook SJ (1997) The effects of
levosimendan on [Ca2+]i in guinea-pig isolated
ventricular myocytes. Eur J Pharmacol. 339 (1):
97-100.

Hasenfuss G, Pieske B, Castell M, et al. (1998)
Influence of the novel inotropic agent
levosimendan on isometric tension and
calcium cycling in failing human myocardium.
Circulation. 98 (20): 2141-7.

Kaheinen P, Pollesello P, Levijoki J and Haikala
H (2004) Effects of levosimendan and milrinone
on oxygen consumption in isolated guinea-pig
heart. J Cardiovasc Pharmacol. 43 (4): 555-61.

Eriksson O, Pollesello P and Haikala H (2004)
Effect of levosimendan on balance between
ATP production and consumption in isolated
perfused guinea-pig heart before ischemia or
after reperfusion. J Cardiovasc Pharmacol. 44 (3):
316-21.

Lepran | and Papp JG (2003) Effect of long-term
oral pretreatment with levosimendan on cardiac
arrhythmias during coronary artery occlusion in
conscious rats. Eur J Pharmacol. 464 (2-3): 171-6.

Levijoki J, Pollesello P, Kaheinen P and Haikala
H (2001) Improved survival with simendan after
experimental myocardial infarction in rats. Eur J
Pharmacol. 419 (2-3): 243-8.

Levijoki J, Pollesello P, Kaivola J, et al. (2000)
Further evidence for the cardiac troponin C
mediated calcium sensitization by levosimendan:
structure-response and binding analysis with
analogs of levosimendan. J Mol Cell Cardiol. 32
(3): 479-91.

Haikala H, Nissinen E, Etemadzadeh E, et
al. (1995) Troponin C-mediated calcium
sensitization induced by levosimendan does not
impair relaxation. J Cardiovasc Pharmacol. 25
(5): 794-801.

73




66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Haikala H, Levijoki J and Lindén I-B (1995)
Troponin C-mediated calcium sensitization by
levosimendan accelerates the proportional
development of isometric tension. J Mol Cell
Cardiol. 27: 2155-65.

Kaheinen P, Pollesello P, Hertelendi Z, et al.
(2006) Positive inotropic effect of levosimendan
is correlated to its stereoselective Ca2+-
sensitizing effect but not to stereoselective
phosphodiesterase  inhibition.  Basic  Clin
Pharmacol Toxicol. 98 (1): 74-8.

Leather HA, Ver Eycken K, Segers P, et al. (2003)
Effects of levosimendan on right ventricular
function and ventriculovascular coupling in
open chest pigs. Crit Care Med. 31 (9): 2339-43.

Banfor PN, Preusser LC, Campbell TJ, et al. (2008)
Comparative effects of levosimendan, OR-
1896, OR-1855, dobutamine, and milrinone on
vascular resistance, indexes of cardiac function,
and 02 consumption in dogs. Am J Physiol Heart
Circ Physiol. 294 (1): H238-48.

Tachibana H, Cheng HJ, Ukai T, et al. (2005)
Levosimendan improves LV systolic and diastolic
performance at rest and during exercise after
heart failure. Am J Physiol Heart Circ Physiol. 288
(2): H914-22.

Masutani S, Cheng HJ, Hyttila-Hopponen M, et
al. (2008) Orally available levosimendan dose-
related positive inotropic and lusitropic effect in
conscious chronically instrumented normal and
heart failure dogs. J Pharmacol Exp Ther. 325 (1):
236-47.

Ukkonen H, Saraste M, Akkila J, et al.
(1997) Myocardial efficiency during calcium
sensitization with levosimendan: a noninvasive
study with positron emission tomography and
echocardiography in healthy volunteers. Clin
Pharmacol Ther. 61 (5): 596-607.

Deschodt-Arsac V, Calmettes G, Raffard G, et
al. Absence of mitochondrial activation during
levosimendan inotropic action in perfused paced
guinea pig hearts as demonstrated by modular
control analysis. Am J Physiol Regul Integr Comp
Physiol. 299 (3): R786-92.

Das B and Sarkar C (2007) Pharmacological
preconditioning by levosimendan is mediated
by inducible nitric oxide synthase and
mitochondrial K, channel activation in the in
vivo anesthetized rabbit heart model. Vascul

Pharmacol. 47 (4): 248-56.

Stump GL, Wallace AA, Gilberto DB, et al. (2000)
Arrhythmogenic potential of positive inotropic
agents. Basic Res Cardiol. 95 (3): 186-98.

Anderson JL, Askins JC, Gilbert EM, et al.
(1986) Occurrence of ventricular arrhythmias in
patients receiving acute and chronic infusions of
milrinone. Am Heart J. 111 (3): 466-74.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Meyer K, Schipke JD, Klocke RC, et al. (2008)
Inotropic, vasodilating and preconditioning
actions of levosimendan in the heart. Thorac
Cardiovasc Surg. 56 (7): 379-85.

Yokoshiki H, Katsube Y, Sunagawa M and
Sperelakis N (1997) The novel calcium sensitizer
levosimendan activates the ATP-sensitive K+
channel in rat ventricular cells. J Pharmacol Exp
Ther. 283 (1): 375-83.

Bowman P, Haikala H and Paul RJ (1999)
Levosimendan, a calcium sensitizer in cardiac
muscle, induces relaxation in coronary smooth
muscle through calcium desensitization. J
Pharmacol Exp Ther. 288 (1): 316-25.

Hohn J, Pataricza J, Petri A, et al. (2004)
Levosimendan interacts with potassium channel
blockers in human saphenous veins. Basic Clin
Pharmacol Toxicol. 94 (6): 271-3.

Pataricza J, Krassoi |, Hohn J, et al. (2003)
Functional role of potassium channels in the
vasodilating mechanism of levosimendan in
porcine isolated coronary artery. Cardiovasc
Drugs Ther. 17 (2): 115-21.

Parissis JT, Adamopoulos S, Antoniades C, et al.
(2004) Effects of levosimendan on circulating pro-
inflammatory cytokines and soluble apoptosis
mediators in patients with decompensated
advanced heart failure. Am J Cardiol. 93 (10):
1309-12.

Adamopoulos S, Parissis JT, lliodromitis EK,
et al. (2006) Effects of levosimendan versus
dobutamine on inflammatory and apoptotic
pathways in acutely decompensated chronic
heart failure. Am J Cardiol. 98 (1): 102-6.

Zangrillo A, Biondi-Zoccai G, Mizzi A, et al.
(2009) Levosimendan reduces cardiac troponin
release after cardiac surgery: a meta-analysis of
randomized controlled studies. J Cardiothorac
Vasc Anesth. 23 (4): 474-8.

Tritapepe L, De Santis V, Vitale D, et al. (2009)
Levosimendan pre-treatment improves
outcomes in patients undergoing coronary
artery bypass graft surgery. Br J Anaesth. 102 (2):
198-204.

Latva-Hirvela J, Kyto V, Saraste A, et al. (2009)
Effects of levosimendan in experimental acute
coxsackievirus myocarditis. Eur J Clin Invest. 39
(10): 876-82.

Ozturk T, Gok S and Nese N (2010) Levosimendan
attenuates reperfusion injury in an isolated
perfused rat heart model. J Cardiothorac Vasc
Anesth. 24 (4): 624-8.

Louhelainen M, Vahtola E, Kaheinen P, et al.
(2007) Effects of levosimendan on cardiac
remodeling and cardiomyocyte apoptosis in
hypertensive Dahl/Rapp rats. Br J Pharmacol. 150
(7): 851-61.

74



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Louhelainen M, Vahtola E, Forsten H, et al.
(2009) Oral levosimendan prevents postinfarct
heart failure and cardiac remodeling in diabetic
Goto-Kakizaki rats. J Hypertens. 27 (10): 2094-
107.

Szilagyi S, Pollesello P, Levijoki J, et al. (2005)
Two inotropes with different mechanisms of
action: contractile, PDE-inhibitory and direct
myofibrillar effects of levosimendan and
enoximone. J Cardiovasc Pharmacol. 46 (3): 369-
76.

Antila S, Huuskonen H, Nevalainen T, et al. (1999)
Site dependent bioavailability and metabolism
of levosimendan in dogs. Eur J Pharm Sci. 9: 85-
91.

Pagel PS, Haikala H, Pentikdinen PJ, et al.
(1996) Pharmacology of levosimendan: a new
myofilament calcium sensitizer. Cardiovasc Drug
Rev. 14 (3): 286-316.

Sandell E-P, Hayha M, Antila S, et al. (1995)
Pharmacokinetics of levosimendan in healthy
volunteers and patients with congestive heart
failure. J Cardiovasc Pharmacol. 26 (Suppl. 1):
$57-562.

Louhelainen M, Merasto S, Finckenberg P, et
al. (2009) Effects of calcium sensitizer OR-1986
on a cardiovascular mortality and myocardial
remodelling in hypertensive Dahl/Rapp rats. J
Physiol Pharmacol. 60 (3): 41-7.

Segreti JA, Marsh KC, Polakowski JS and Fryer
RM (2008) Evoked changes in cardiovascular
function in rats by infusion of levosimendan,
OR-1896 [(R)-N-(4-(4-methyl-6-0x0-1,4,5,6-
tetrahydropyridazin-3-yl)phenyl)acetamid €],
OR-1855  [(R)-6-(4-aminophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-one], dobutamine, and
milrinone: comparative effects on peripheral
resistance, cardiac output, dP/dt, pulse rate, and
blood pressure. J Pharmacol Exp Ther. 325 (1):
331-40.

Antila S, Honkanen T, Lehtonen L and Neuvonen
PJ (1998) The CYP3A4 inhibitor intraconazole
does not affect the pharmacokinetics of a new
calcium-sensitizing drug levosimendan. Int J Clin
Pharmacol Ther. 36 (8): 446-9.

Lilleberg J, Antila S, Karlsson M, et al. (1994)
Pharmacokinetics and pharmacodynamics of
simendan, a novel calcium sensitizer, in healthy
volunteers. Clin Pharmacol Ther. 56: 554-63.

Kivikko M, Antila S, Eha J, et al. (2002)
Pharmacodynamics and safety of a new calcium
sensitizer, levosimendan, and its metabolites
during an extended infusion in patients with
severe heart failure. J Clin Pharmacol. 42 (1): 43-
51.

Kivikko M, Antila S, Eha J, et al. (2002)
Pharmacokinetics of levosimendan and its
metabolites during and after a 24-hour

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

continuous infusion in patients with severe
heart failure. Int J Clin Pharmacol Ther. 40 (10):
465-71.

Antila S, Kivikko M, Lehtonen L, et al. (2004)
Pharmacokinetics of levosimendan and its
circulating metabolites in patients with heart
failure after an extended continuous infusion of
levosimendan. Br J Clin Pharmacol. 57 (4): 412-5.

Meyer UA and Zanger UM (1997) Molecular
mechanisms of genetic polymorphisms of drug
metabolism. Annu Rev Pharmacol Toxicol. 37:
269-96.

Kivikko M, Sundberg S, Karlsson MO, et al.
(2010) Acetylation status does not affect
levosimendan’s hemodynamic effects in heart
failure patients. Scand Cardiovasc J. 45 (2): 86-
90.

Jonsson EN, Antila S, McFadyen L, et al. (2003)
Population pharmacokinetics of levosimendan
in patients with congestive heart failure. Br J
Clin Pharmacol. 55 (6): 544-51.

Turanlahti M, Boldt T, Palkama T, et al. (2004)
Pharmacokinetics of levosimendan in pediatric
patients evaluated for cardiac surgery. Pediatr
Crit Care Med. 5 (5): 457-62.

Pellicer A, Riera J, Lopez-Ortego P, et al. (2013)
Phase 1 study of two inodilators in neonates
undergoing cardiovascular surgery. Pediatr Res.
73 (1): 95-103.

Puttonen J, Kantele S, Kivikko M, et al. (2007)
Effect of severe renal failure and haemodialysis
on the pharmacokinetics of levosimendan and
its metabolites. Clin Pharmacokinet. 46 (3): 235-
46.

Puttonen J, Kantele S, Ruck A, et al. (2008)
Pharmacokinetics of intravenous levosimendan
and its metabolites in subjects with hepatic
impairment. J Clin Pharmacol. 48 (4): 445-54.

Eriksson HI, Jalonen JR, Heikkinen LO, et al.
(2009) Levosimendan facilitates weaning from
cardiopulmonary bypass in patients undergoing
coronary artery bypass grafting with impaired
left ventricular function. Ann Thorac Surg. 87
(2): 448-54.

Antila S, Jarvinen A, Honkanen T and Lehtonen
L (2000) Pharmacokinetic and pharmacodynamic
interactions between the novel calcium
sensitiser levosimendan and warfarin. Eur J Clin
Pharmacol. 56 (9-10): 705-10.

Antila S, Eha J, Heinpalu M, et al. (1996)
Haemodynamic interactions of a new calcium
sensitizing drug levosimendan and captopril.
Eur J Clin Pharmacol. 49: 451-8.

Sundberg S and Lehtonen L (2000)
Haemodynamic interactions between the novel
calcium sensitiser levosimendan and isosorbide-

75




112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

5-mononitrate in healthy subjects. Eur J Clin
Pharmacol. 55 (11-12): 793-9.

Antila S, Jarvinen A, Akkila J, et al. (1997)
Studies on  psychomotoric effects and
pharmacokinetic interactions of a new calcium
sensitizing drug levosimendan and ethanol.
Arzneimittelforschung. 47(11) (7): 816-20.

Poder P, Eha J, Antila S, et al. (2003)
Pharmacodynamic interactions of levosimendan
and felodipine in patients with coronary heart
disease. Cardiovasc Drugs Ther. 17 (5-6): 451-8.

Lehtonen L and Sundberg S (2002) The
contractility enhancing effect of the calcium
sensitiser levosimendan is not attenuated
by carvedilol in healthy subjects. Eur J Clin
Pharmacol. 58 (7): 449-52.

Lilleberg J, Sundberg S and Nieminen MS (1995)
Dose-range study of a new calcium sensitizer,
levosimendan, in patients with left ventricular
dysfunction. J Cardiovasc Pharmacol. 26 Suppl 1:
$63-9.

Bergh CH, Andersson B, Dahlstrom U, et al. (2010)
Intravenous levosimendan vs. dobutamine in
acute decompensated heart failure patients on
B-blockers. Eur J Heart Fail. 12 (4): 404-10.

Latini R, Masson S, Anand |, et al. (2004)
The comparative prognostic value of plasma
neurohormones at baseline in patients with
heart failure enrolled in Val-HeFT. Eur Heart J.
25 (4): 292-9.

Bettencourt P, Azevedo A, Pimenta J, et al.
(2004) N-terminal-pro-brain natriuretic peptide
predicts outcome after hospital discharge in
heart failure patients. Circulation. 110 (15):
2168-74.

Logeart D, Thabut G, Jourdain P, et al. (2004)
Predischarge B-type natriuretic peptide assay for
identifying patients at high risk of re-admission
after decompensated heart failure. J Am Coll
Cardiol. 43 (4): 635-41.

Pollesello P, Parissis J, Kivikko M and Harjola VP
(2016) Levosimendan meta-analyses: Is there a
pattern in the effect on mortality? Int J Cardiol.
209: 77-83.

Zangrillo A, Biondi-Zoccai G, Ponschab M, et al.
(2011) Milrinone and mortality in adult cardiac
surgery: A meta-analysis. J Cardiothorac Vasc
Anesth.

Mebazaa A, Parissis J, Porcher R, et al. (2011)
Short-term survival by treatment among patients
hospitalized with acute heart failure: the global
ALARM-HF registry using propensity scoring
methods. Intensive Care Med. 37 (2): 290-301.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Intensetimes Acute heart failure in focus in
European Society of Intensive Care Medicine,
11-14 October 2009, Last updated: Last accessed:
12 Dec 2014, Available at: http://asp-gb.secure-
zone.net/v2/index.jsp?id=472/1147/2576.

Kivikko M, Pollesello P, Tarvasmaki T, et al. (2016)
Effect of baseline characteristics on mortality in
the SURVIVE trial on the effect of levosimendan
vs dobutamine in acute heart failure: Sub-
analysis of the Finnish patients. Int J Cardiol.
215: 26-31.

Yilmaz MB, Yalta K, Yontar C, et al. (2007)
Levosimendan improves renal function in
patients with acute decompensated heart failure:
comparison with dobutamine. Cardiovasc Drugs
Ther. 21 (6): 431-5.

Hou Z-Q, Sun Z-X, Su C-Y, et al. (2013) Effect
of levosimendan on estimated glomerular
filtration rate in hospitalized patients with
decompensated heart failure and renal
dysfunction. Cardiovasc Ther. 31 (2): 108-14.

Bragadottir G, Redfors B and Ricksten SE (2013)
Effects of levosimendan on glomerular filtration
rate, renal blood flow, and renal oxygenation
after cardiac surgery with cardiopulmonary
bypass: a randomized placebo-controlled study.
Crit Care Med. 41 (10): 2328-35.

Nikolaou M, Parissis J, Yilmaz MB, et al. (2013)
Liver function abnormalities, clinical profile, and
outcome in acute decompensated heart failure.
Eur Heart J. 34 (10): 742-9.

Grossini E, Pollesello P, Bellofatto K, et al. (2014)
Protective effects elicited by levosimendan
against liver ischemia/reperfusion injury in
anesthetized rats. Liver Transpl. 20 (3): 361-75.

Memis D, Inal MT and Sut N (2012) The effects
of levosimendan vs dobutamine added to
dopamine on liver functions assessed with
noninvasive liver function monitoring in patients
with septic shock. J Crit Care. 27 (3): 318 e1-6.

Mebazaa A, Pitsis AA, Rudiger A, et al. (2010)
Clinical review: practical recommendations on
the management of perioperative heart failure
in cardiac surgery. Crit Care. 14 (2): 201.

Overwalder PJ (1999) Intra Aortic Balloon Pump
(IABP) Counterpulsation mirror with better
quality. Internet J Thorac Cardiovasc Surg. 2 (2):

Toller W, Algotsson L, Guarracino F, et al. (2013)
Perioperative use of levosimendan: best practice
in operative settings. J Cardiothorac Vasc Anesth.
27 (2): 361-6.

Guarracino F, Heringlake M, Cholley B, et
al.(2018) The use of levosimendan in cardiac
surgery: an update after the LEVO-CTS, CHEETAH
and LICORN trials in the light of clinical practice.
J Cardiovasc Pharmacol. 71(1): 1-9

76



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Alvarez J, Taboada M, Rodriguez J, et al.
(2005) [Hemodynamic effects of levosimendan
following cardiac surgery]. Rev Esp Anestesiol
Reanim. 52 (7): 389-94.

Al-Shawaf E, Ayed A, Vislocky I, et al. (2006)
Levosimendan or milrinone in the type 2 diabetic
patient with low ejection fraction undergoing
elective coronary artery surgery. J Cardiothorac
Vasc Anesth. 20 (3): 353-7.

Alvarez J, Bouzada M, Fernandez AL, et al.
(2006) [Hemodynamic effects of levosimendan
compared with dobutamine in patients with low
cardiac output after cardiac surgery]. Rev Esp
Cardiol. 59 (4): 338-45.

Tritapepe L, De Santis V, Vitale D, et al. (2006)
Preconditioning effects of levosimendan in
coronary artery bypass grafting - A pilot study.
Br J Anaest. 96 (6): 694-700.

De Hert SG, Lorsomradee S, Cromheecke S
and Van der Linden PJ (2007) The effects of
levosimendan in cardiac surgery patients with
poor left ventricular function. Anesth Analg. 104
(4): 766-73.

Jarvela K, Maaranen P, Sisto T and Ruokonen
E (2008) Levosimendan in aortic valve surgery:
cardiac performance and recovery. J Cardiothorac
Vasc Anesth. 22 (5): 693-8.

Levin R, Degrange MA, Porcile R, et al. (2008)
[The calcium sensitizer levosimendan gives
superior results to dobutamine in postoperative
low cardiac output syndrome]. Rev Esp Cardiol.
61 (5): 471-9.

Lahtinen P, Pitkanen O, Polonen P, et al. (2011)
Levosimendan reduces heart failure after cardiac
surgery: a prospective, randomized, placebo-
controlled trial. Crit Care Med. 39 (10): 2263-70.

Leppikangas H, Jarvela K, Sisto T, et al. (2011)
Preoperative levosimendan infusion in combined
aortic valve and coronary bypass surgery. Br J
Anaesth. 106 (3): 298-304.

Levin R, Degrange M, Del Mazo C, et al. (2012)
Preoperative levosimendan decreases mortality
and the development of low cardiac output in
high-risk patients with severe left ventricular
dysfunction undergoing coronary artery bypass
grafting with cardiopulmonary bypass. Exp Clin
Cardiol. 17 (3): 125-30.

Lomivorotov VV, Boboshko VA, Efremov SM, et
al. (2012) Levosimendan versus an intra-aortic
balloon pump in high-risk cardiac patients. J
Cardiothorac Vasc Anesth. 26 (4): 596-603.

Gandham R, Syamasundar A, Ravulapalli H, et
al. (2013) A comparison of hemodynamic effects
of levosimendan and dobutamine in patients
undergoing mitral valve repair / replacement for
severe mitral stenosis. Ann Card Anaesth. 16 (1):
11-5.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Dogan OF (2013) Levosimendan use decreases
atrial fibrillation in patients after coronary
artery bypass grafting: a pilot study. Heart Surg
Forum. 16 (5): E287-94.

Baysal A, Yanartas M, Dogukan M, et al.
(2014) Levosimendan Improves Renal Outcome
in Cardiac Surgery: A Randomized Trial. J
Cardiothorac Vasc Anesth. 28 (3): 586-94.

Anastasiadis K, Antonitsis P, Vranis K, et al. (2016)
Effectiveness of prophylactic levosimendan in
patients with impaired left ventricular function
undergoing coronary artery bypass grafting:
a randomized pilot study. Interact Cardiovasc
Thorac Surg. 23 (5): 740-7.

Atalay H, Temizturk Z, Altinsoy HB, et al. (2016)
Levosimendan use increases cardiac performance
after coronary artery bypass grafting in end-
stage renal disease patients. Heart Surg Forum.
19 (5): E230-E6.

Mishra A, Kumar B, Dutta V, et al. (2016)
Comparative effect of levosimendan and
milrinone in cardiac surgery patients with
pulmonary hypertension and left ventricular
dysfunction. J Cardiothorac Vasc Anesth. 30 (3):
639-46.

Sahu MK, Das A, Malik V, et al. (2016)
Comparison of levosimendan and nitroglycerine
in patients undergoing coronary artery bypass
graft surgery. Ann Card Anaesth. 19 (1): 52-8.

Landoni G, Lomivorotov VV, Alvaro G, et al.
(2017) Levosimendan for hemodynamic support
after cardiac surgery. N Engl J Med. 376 (21):
2021-31.

Mehta RH, Leimberger JD, van Diepen S, et
al. (2017) Levosimendan in patients with left
ventricular dysfunction undergoing cardiac
surgery. N Engl J Med. 376 (21): 2032-42.

Guarracino F, Heringlake M, Cholley B, et al.
(2018) Use of Levosimendan in Cardiac Surgery:
An Update After the LEVO-CTS, CHEETAH, and
LICORN Trials in the Light of Clinical Practice. J
Cardiovasc Pharmacol. 71 (1): 1-9.

Cholley B, Caruba T, Grosjean S, et al. (2017)
Effect of levosimendan on low cardiac output
syndrome in patients with low ejection fraction
undergoing coronary artery bypass grafting
with cardiopulmonary bypass: The LICORN
randomized clinical trial. JAMA. 318 (6): 548-56.

Harrison RW, Hasselblad V, Mehta RH, et al.
(2013) Effect of levosimendan on survival and
adverse events after cardiac surgery: a meta-
analysis. J Cardiothorac Vasc Anesth. 27 (6):
1224-32.

Greco T, Calabro MG, Covello RD, et al. (2015)
A Bayesian network meta-analysis on the effect
of inodilatory agents on mortality. Br J Anaesth.
114 (5): 746-56.

77




159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Ushio M, Egi M, Wakabayashi J, et al. (2016)
Impact of milrinone administration in adult
cardiac surgery patients: updated meta-analysis.
J Cardiothorac Vasc Anesth. 30 (6): 1454-60.

Chen QH, Zheng RQ, Lin H, et al. (2017) Effect
of levosimendan on prognosis in adult patients
undergoing cardiac surgery: a meta-analysis of
randomized controlled trials. Crit Care. 21 (1):
253.

Putzu A, Clivio S, Belletti A and Cassina T (2018)
Perioperative levosimendan in cardiac surgery:
A systematic review with meta-analysis and trial
sequential analysis. Int J Cardiol. 251: 22-31.

Jessup M, Abraham WT, Casey DE, et al. (2009)
2009 focused update: ACCF/AHA Guidelines
for the Diagnosis and Management of Heart
Failure in Adults: a report of the American
College of Cardiology Foundation/American
Heart Association Task Force on Practice
Guidelines: developed in collaboration with
the International Society for Heart and Lung
Transplantation. Circulation. 119 (14): 1977-
2016.

Stevenson LW (2003) Clinical use of inotropic
therapy for heart failure: Looking backward
or forward? Part I: Inotropic infusions during
hospitalization. Circulation. 108 (3): 367-72.

Stevenson LW (2003) Clinical use of inotropic
therapy for heart failure: Looking backward
or forward? Part Il: Chronic inotropic therapy.
Circulation. 108 (4): 492-7.

Altenberger J, Parissis JT, Costard-Jaeckle A, et al.
(2014) Efficacy and safety of the pulsed infusions
of levosimendan in outpatients with advanced
heart failure (LevoRep) study: a multicentre
randomized trial. Eur J Heart Fail. 16 (8): 898-
906.

Nanas JN, Papazoglou P, Tsagalou EP, et al. (2005)
Efficacy and safety of intermittent, long-term,
concomitant dobutamine and levosimendan
infusions in severe heart failure refractory to
dobutamine alone. Am J Cardiol. 95 (6): 768-71.

Parissis JT, Adamopoulos S, Farmakis D, et
al. (2006) Effects of serial levosimendan
infusions on left ventricular performance and
plasma biomarkers of myocardial injury and
neurohormonal and immune activation in
patients with advanced heart failure. Heart. 92
(12): 1768-72.

Mavrogeni S, Giamouzis G, Papadopoulou E, et
al. (2007) A 6-month follow-up of intermittent
levosimendan administration effect on systolic
function, specific activity questionnaire, and
arrhythmia in advanced heart failure. J Card Fail.
13 (7): 556-9.

Kleber FX, Bollmann T, Borst MM, et al. (2009)
Repetitive dosing of intravenous levosimendan

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

improves pulmonary hemodynamics in patients
with pulmonary hypertension: results of a pilot
study. J Clin Pharmacol. 49 (1): 109-15.

Bonios MJ, Terrovitis JV, Drakos SG, et al. (2012)
Comparison of three different regimens of
intermittent inotrope infusions for end stage
heart failure. Int J Cardiol. 159 (3): 225-9.

Comin-Colet J, Manito N, Segovia-Cubero J, et al.
Efficacy and safety of intermittent intravenous
outpatient administration of levosimendan in
patients with advanced heart failure: the LION-
HEART multicenter randomised trial. Eur J Heart
Fail. 2018. doi: 10.1002/ejhf.1145. [Epub ahead
of print]

Garcia-Gonzalez MJ, de Mora-Martin M, Lopez-
Fernandezs, et al. (2013) Rationale and design of
a randomized, double-blind, placebo controlled
multicenter trial to study efficacy, security, and
long term effects of intermittent repeated
levosimendan administration in patients with
advanced heart failure: LAICA study. Cardiovasc
Drugs Ther. 27 (6): 573-9.

Garcia-Gonzalez MJ, et al (2016) Efficacy and
security of intermittent repeated levosimendan
administration in patients with advanced heart
failure: a randomized, double-blind, placebo
controlled multicenter trial: LAICA study. ESC
Heart Failure 2016. Florence, Italy.

Silvetti S and Nieminen MS (2016) Repeated
or intermittent levosimendan treatment in
advanced heart failure: An updated meta-
analysis. Int J Cardiol. 202: 138-43.

Silvetti S, Belletti A, Fontana A and Pollesello
P (2017) Rehospitalization after intermittent
levosimendan treatment in advanced heart
failure patients: a meta-analysis of randomized
trials. ESC Heart Fail. 4 (4): 595-604.

Felker GM, Benza RL, Chandler AB, et al. (2003)
Heart failure etiology and response to milrinone
in decompensated heart failure: results from the
OPTIME-CHF study. J Am Coll Cardiol. 41 (6): 997-
1003.

Jia Z, Guo M, Zhang YQ, et al. (2014) Efficacy
of intravenous levosimendan in patients with
heart failure complicated by acute myocardial
infarction. Cardiology. 128 (2): 195-201.

Husebye T, Eritsland J, Muller C, et al. (2013)
Levosimendan in acute heart failure following
primary percutaneous coronary intervention-
treated acute ST-elevation myocardial infarction.
Results from the LEAF trial: a randomized,
placebo-controlled study. Eur J Heart Fail. 15 (5):
565-72.

Fuhrmann JT, Schmeisser A, Schulze MR, et al.
(2008) Levosimendan is superior to enoximone in
refractory cardiogenic shock complicating acute
myocardial infarction. Critical Care Medicine. 36
(8): 2257-66.

78



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Dickstein K, Cohen-Solal A, Filippatos G, et al.
(2008) ESC Guidelines for the diagnosis and
treatment of acute and chronicheart failure 2008:
the Task Force for the Diagnosis and Treatment
of Acute and Chronic Heart Failure 2008 of the
European Society of Cardiology. Developed in
collaboration with the Heart Failure Association
of the ESC (HFA) and endorsed by the European
Society of Intensive Care Medicine (ESICM). Eur
Heart J. 29 (19): 2388-442.

Parissis JT, Paraskevaidis |, Bistola V, et al. (2006)
Effects of levosimendan on right ventricular
function in patients with advanced heart failure.
Am J Cardiol. 98 (11): 1489-92.

Poelzl G, Zwick RH, Grander W, et al. (2008)
Safety and effectiveness of levosimendan in
patients with predominant right heart failure.
Herz. 33 (5): 368-73.

Russ MA, Prondzinsky R, Carter JM, et al.
(2009) Right ventricular function in myocardial
infarction complicated by cardiogenic shock:
Improvement with levosimendan. Crit Care Med.
37 (12): 3017-23.

Morelli A, Teboul JL, Maggiore SM, et al. (2006)
Effects of levosimendan on right ventricular
afterload in patients with acute respiratory
distress syndrome: A pilot study. Crit Care Med.
34 (9): 2287-93.

Ebade AA, Khalil MA and Mohamed AK (2013)
Levosimendan is superior to dobutamine as
an inodilator in the treatment of pulmonary
hypertension for children undergoing cardiac
surgery. J Anesth. 27 (3): 334-9.

Morelli A, De Castro S, Teboul JL, et al. (2005)
Effects of levosimendan on systemic and regional
hemodynamics in septic myocardial depression.
Intensive Care Med. 31 (5): 638-44.

Morelli A, Donati A, Ertmer C, et al
(2010) Levosimendan for resuscitating the
microcirculation in patients with septic shock:
a randomized controlled study. Critical care. 14
(6): R232.

Wilkman E, Kaukonen KM, Pettila V, et al. (2013)
Association between inotrope treatment and
90-day mortality in patients with septic shock.
Acta Anaesthesiol Scand. 57 (4): 431-42.

Gordon AC, Perkins GD, Singer M, et al. (2016)
Levosimendan for the prevention of acute organ
dysfunction in sepsis. N Engl J Med. 375 (17):
1638-48.

Groesdonk HH, Sander M and Heringlake M
(2017) Levosimendan in sepsis. N Engl J Med. 376
(8): 798.

Rhodes A, Evans LE, Alhazzani W, et al. (2017)
Surviving  sepsis campaign: international
guidelines for management of sepsis and septic
shock: 2016. Crit Care Med. 45 (3): 486-552.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Pearse RM, Moreno RP, Bauer P, et al. (2012)
Mortality after surgery in Europe: a 7 day cohort
study. Lancet. 380 (9847): 1059-65.

Morelli A, Ertmer C, Pietropaoli P and Westphal
M (2009) Reducing the risk of major elective non-
cardiac surgery: is there a role for levosimendan
in the preoperative optimization of cardiac
function? Curr Drug Targets. 10 (9): 863-71.

Katsaragakis S, Kapralou A, Markogiannakis H,
et al. (2008) Preoperative levosimendan in heart
failure patients undergoing noncardiac surgery.
Neth J Med. 66 (4): 154-9.

Ponschab M, Hochmair N, Ghazwinian N, et
al. (2008) Levosimendan infusion improves
haemodynamics in elderly heart failure patients
undergoing urgent hip fracture repair. Eur J
Anaesthesiol. 25 (8): 627-33.

Paur H, Wright PT, Sikkel MB, et al. (2012)
High levels of circulating epinephrine trigger
apical cardiodepression in a beta2-adrenergic
receptor/Gi-dependent manner: a new model of
Takotsubo cardiomyopathy. Circulation. 126 (6):
697-706.

Padayachee L (2007) Levosimendan: the inotrope
of choice in cardiogenic shock secondary to
takotsubo cardiomyopathy? Heart Lung Circ. 16
Suppl 3: $65-70.

De Santis V, Vitale D, Tritapepe L, et al. (2008)
Use of levosimendan for cardiogenic shock in a
patient with the apical ballooning syndrome.
Ann Intern Med. 149 (5): 365-7.

Antonini M, Stazi GV, Cirasa MT, et al. (2010)
Efficacy of levosimendan in Takotsubo-related
cardiogenic shock. Acta Anaesthesiol Scand. 54
(1): 119-20.

Karvouniaris M, Papanikolaou J, Makris D
and Zakynthinos E (2012) Sepsis-associated
takotsubo cardiomyopathy can be reversed with
levosimendan. Am J Emerg Med. 30 (5): 832 e5-
7.

Brunetti ND, leva R, Correale M, et al. (2011)
Combined exogenous and endogenous
catecholamine release associated with Tako-
Tsubo like syndrome in a patient with atrio-
ventricular block undergoing pace-maker
implantation. Acute Card Care. 13 (2): 112-4.

SantoroF, leva R, Ferraretti A, et al. (2013) Safety
and feasibility of levosimendan administration
in takotsubo cardiomyopathy: a case series.
Cardiovasc Ther. 31 (6): e133-7.

Doorduin J, Sinderby CA, Beck J, et al. (2012)
The calcium sensitizer levosimendan improves
human diaphragm function. Am J Respir Crit
Care Med. 185 (1): 90-5.

van Hees HW, Dekhuijzen PN and Heunks LM
(2009) Levosimendan enhances force generation

79




205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

of diaphragm muscle from patients with chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med. 179 (1): 41-7.

van Hees HW, Andrade Acuna G, Linkels M,
et al. (2011) Levosimendan improves calcium
sensitivity of diaphragm muscle fibres from a rat
model of heart failure. Br J Pharmacol. 162 (3):
566-73.

Sterba M, Banerjee A and Mudaliar Y (2008)
Prospective observational study of levosimendan
and weaning of difficult-to-wean ventilator
dependent intensive care patients. Crit Care
Resusc. 10 (3): 182-6.

Jaber S, Jung B, Matecki S and Petrof BJ
(2011) Clinical review: ventilator-induced
diaphragmatic  dysfunction--human  studies
confirm animal model findings! Crit Care. 15 (2):
206.

Ouanes-Besbes L, Ouanes |, Dachraoui F, et
al. (2011) Weaning difficult-to-wean chronic
obstructive pulmonary disease patients: A pilot
study comparing initial hemodynamic effects of
levosimendan and dobutamine. J Crit Care. 26
(1): 15-21.

Graudins A, Najafi J and Rur SM (2008)
Treatment of experimental verapamil poisoning
with levosimendan utilizing a rodent model of
drug toxicity. Clin Toxicol (Phila). 46 (1): 50-6.

Varpula T, Rapola J, Sallisalmi M and Kurola J
(2009) Treatment of serious calcium channel
blocker overdose with levosimendan, a calcium
sensitizer. Anesth Analg. 108 (3): 790-2.

Graudins A and Wong KK (2010) Comparative
hemodynamic effects of levosimendan alone
and in conjunction with 4-aminopyridine or
calcium chloride in a rodent model of severe
verapamil poisoning. J Med Toxicol. 6 (2): 85-93.

Abraham MK, Scott SB, Meltzer A and Barrueto
F, Jr. (2009) Levosimendan does not improve
survival time in a rat model of verapamil toxicity.
J Med Toxicol. 5 (1): 3-7.

Graudins A (2009) Letter regarding levosimendan
in a rat model of severe verapamil poisoning. J
Med Toxicol. 5 (3): 175; author reply 6.

Kurola J, Leppikangas H, Magga J, et al.
(2010) Effect of levosimendan in experimental
verapamil-induced myocardial depression. Scand
J Trauma Resusc Emerg Med. 18: 12.

Osthoff M, Bernsmeier C, Marsch SC and
Hunziker PR (2010) Levosimendan as treatment
option in severe verapamil intoxication: a case
report and review of the literature. Case Report
Med. 2010:

Teker MG, Ozdemir H, Saidoglu L, et al. (2010)
Levosimendan as a rescue adjunct in amlodipine
intoxication--a case report. Middle East J
Anaesthesiol. 20 (6): 869-72.

217.

218.

219.

220.

221.

222.

223.

224.

Suominen PK (2011) Single-center experience
with levosimendan in children undergoing
cardiac surgery and in children with
decompensated heart failure. BMC Anesthesiol.
11 (1): 18.

Lechner E, Moosbauer W, Pinter M, et al.
(2007) Use of levosimendan, a new inodilator,
for postoperative myocardial stunning in a
premature neonate. Pediatr Crit Care Med. 8 (1):
61-3.

Momeni M, Rubay J, Matta A, et al. (2011)
Levosimendan in congenital cardiac surgery:
a randomized, double-blind clinical trial. J
Cardiothorac Vasc Anesth. 25 (3): 419-24.

Fowler MB (2004) Carvedilol prospective
randomized cumulative survival (COPERNICUS)
trial: carvedilol in severe heart failure. Am J
Cardiol. 93 (9A): 35B-9B.

Swedberg K, Kjekshus J and Snapinn S (1999)
Long-term survival in severe heart failure in
patients treated with enalapril. Ten year follow-
up of CONSENSUS I. Eur Heart J. 20 (2): 136-9.

Maharaj R and Metaxa V (2011) Levosimendan
and mortality after coronary revascularisation:
a meta-analysis of randomised controlled trials.
Crit Care. 15 (3): R140.

Fedele F, D'’Ambrosi A, Bruno N, et al. (2011)
Cost-effectiveness of levosimendan in patients
with acute heart failure. J Cardiovasc Pharmacol.
58 (4): 363-6.

Nieminen MS, Altenberger J, Ben-Gal T, et
al. (2014) Repetitive use of levosimendan for
treatment of chronic advanced heart failure:
clinical evidence, practical considerations, and
perspectives: an expert panel consensus. Int J
Cardiol. 174 (2): 360-7.

80



SUMMARY OF
THE PRODUCT
CHARACTERISTICS

1 NAME OF THE MEDICINAL PRODUCT

Simdax 2.5 mg/ml concentrate for solution for infusion.

2 QUALITATIVE AND QUANTITATIVE COMPOSITION

Each ml of concentrate contains 2.5 mg of levosimendan. One 5 ml vial contains 12.5 mg of
levosimendan.

For a full list of excipients, see section 6.1.

3 PHARMACEUTICAL FORM

Concentrate for solution for infusion.

The concentrate is a clear yellow or orange solution for dilution prior to administration.

4 CLINICAL PARTICULARS

4.1 Therapeutic indications

Simdax is indicated for the short-term treatment of acutely decompensated severe
chronic heart failure (ADHF) in situations where conventional therapy is not sufficient,
and in cases where inotropic support is considered appropriate (see section 5.1.).

4.2 Posology and method of administration

Simdax is for in-hospital use only. It should be administered in a hospital setting where
adequate monitoring facilities and expertise with the use of inotropic agents are
available.

Method of administration
Simdax is to be diluted prior to administration (see section 6.6).

The infusion is for intravenous use only and can be administered by the peripheral or
central route.

Posology

The dose and duration of treatment should be individualised according to the patient'’s
clinical condition and response.
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The treatment should be initiated with a loading dose of 6-12 pg/kg infused over 10
minutes followed by a continuous infusion of 0.1 pg/kg/min (see section 5.1). The lower
loading dose of 6 pg/kg is recommended for patients on concomitant intravenous
vasodilators or inotropes or both at the start of the infusion. Higher loading doses within
this range will produce a stronger haemodynamic response but may be associated with
a transient increased incidence of adverse reactions.

The response of the patient should be assessed with the loading dose or within 30 to
60 minutes of dose adjustment and as clinically indicated If the response is deemed
excessive (hypotension, tachycardia), the rate of the infusion may be decreased to
0.05 pg/kg/min or discontinued (see section 4.4). If the initial dose is tolerated and an
increased haemodynamic effect is required, the rate of the infusion can be increased to
0.2 pg/kg/min.

The recommended duration of infusion in patients with acute decompensation of severe
chronic heart failure is 24 hours. No signs of development of tolerance or rebound
phenomena have been observed followingdiscontinuation of Simdax infusion.
Haemodynamic effects persist for at least 24 hours and may be seen up to 9 days after
discontinuation of a 24-hour infusion (see section 4.4).

Experience of repeated administration of Simdax is limited. Experience with concomitant
use of vasoactive agents, including inotropic agents (except digoxin) is limited In the
REVIVE programme, a lower loading dose (6 pg/kg) was administered with baseline
concomitant vasoactive agents (see sections 4.4, 4.5 and 5.1).

Monitoring of treatment

Consistent with current medical practice, ECG, blood pressure and heart rate must be
monitored during treatment and the urine output measured. Monitoring of these
parameters for at least 3 days after the end of infusion or until the patient is clinically
stable is recommended (see section 4.4).

In patients with mild to moderate renal or mild to moderate hepatic impairment
monitoring is recommended for at least 5 days.

Elderly

No dose adjustment is required for elderly patients.

Renal impairment

Simdax must be used with caution in patients with mild to moderate renal impairment.
Simdax should not be used in patients with severe renal impairment (creatinine clearance
< 30 ml/min) (see sections 4.3, 4.4 and 5.2).

Hepatic impairment

Simdax must be used with caution in patients with mild to moderate hepaticimpairment
although no dose adjustment appears necessary for these patients. Simdax should not
be used in patients with severe hepatic impairment (see section 4.3, 4.4 and 5.2).

Children

Simdax should not be administered to children and adolescents under 18 years of age
(see sections 4.4 and 5.2).
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4.3

4.4

The following table provides detailed infusion rates for both the loading and
maintenance infusion doses of a 0.05 mg/ml preparation of Simdax infusion:

Patient’s Loading dose is given as an infusion Continuous infusion rate (ml/h)

weight over 10 minutes with the infusion
() rate (ml/h) below
6 pg/kg pa/kg pg/kg/minute pg/kg/minute pg/kg/minute

40 29 58 2 5 10
50 36 72 3 6 12
60 43 86 4 7 14
70 50 101 4 8 17
80 58 115 5 10 19
90 65 130 5 11 22
100 72 144 6 12 24
110 79 158 7 13 26
120 86 173 7 14 29

The following table provides detailed infusion rates for both the loading and
maintenance infusion doses for a 0.025 mg/ml preparation of Simdax infusion:

Patient’s Loading dose is given as an infusion Continuous infusion rate (ml/h)

weight over 10 min with the infusion rate

() (ml/h) below

Loading dose Loading dose 0.05 0.1 0.2

ua/kg 12 yg/kg pg/kg/minute pg/kg/minute pa/kg/minute
40 58 115 5 10 19
50 72 144 6 12 24
60 86 173 7 14 29
70 101 202 8 17 34
80 115 230 10 19 38
90 130 259 11 22 43
100 144 288 12 24 48
110 158 317 13 26 53
120 173 346 14 29 58
Contraindications

Hypersensitivity to levosimendan or to any of the excipients.

Severe hypotension and tachycardia (seesections 4.4 and 5.1). Significant mechanical
obstructions affecting ventricular filling or outflow or both. Severe renal impairment
(creatinine clearance < 30 ml/min) and severe hepatic impairment. History of Torsades de
Pointes.

Special warnings and special precautions for use

An initial haemodynamic effect of levosimendan may be a decrease in systolic and
diastolic blood pressure, therefore, levosimendan should be used with caution in patients
with low baseline systolic or diastolic blood pressure or those at risk for a hypotensive
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episode. More conservative dosing regimens are recommended for these patients.
Physicians should tailor the dose and duration of therapy to the condition and response
of the patient (see sections 4.2, 4.5 and 5.1).

Severe hypovolaemia should be corrected prior to levosimendan infusion. If excessive
changes in blood pressure or heart rate are observed, the rate of infusion should be
reduced or the infusion discontinued.

The exact duration of all haemodynamic effects has not been determined, however,
the haemodynamic effects, generally last for 7-10 days. This is partly due to the presence
of active metabolites, which reach their maximum plasma concentrations about 48
hours after the infusion has been stopped. Non-invasive monitoring for at least 4-5
days after the end of infusion is recommended. Monitoring is recommended to continue
until the blood pressure reduction has reached its maximum and the blood pressure
starts to increase again, and may need to be longer than 5 days if there are any signs of
continuing blood pressure decrease, but can be shorter than 5 days if the patient is
clinically stable. In patients with mild to moderate renal or mild to moderate hepatic
impairment an extended period of monitoring maybe needed.

Simdax should be used cautiously in patients with mild to moderate renal impairment.
Limited data on the elimination of the active metabolites are available in patients with
impaired renal function. Impaired renal function may lead to increased concentrations
of the active metabolites, which may result in a more pronounced and prolonged
haemodynamic effect (see section 5.2).

Simdax should be used cautiously in patients with mild to moderate hepatic impairment.
Impaired hepatic function may lead to prolonged exposure to the active metabolites,
which may result in a more pronounced and prolonged haemodynamic effect (see
section 5.2).

Simdax infusion may cause a decrease in serum potassium concentration. Thus, low serum
potassium concentrations should be corrected prior to the administration of Simdax
and serum potassium should be monitored during treatment. As with other medicinal
products for heart failure, infusions of Simdax may be accompanied by decreases in
haemoglobin and haematocrit and caution should be exercised in patients with ischaemic
cardiovascular disease and concurrent anaemia.

Simdax infusion should be used cautiously in patients with tachycardia atrial fibrillation
with rapid ventricular response or potentially life-threatening arrhythmias.

Experience with repeated administration of Simdax is limited. Experience with
concomitant use of vasoactive agents, including inotropic agents (except digoxin), is
limited. Benefit and risk should be assessed for the individual patient.

Simdax should be used cautiously and under close ECG monitoring in patients with
ongoing coronary ischaemia, long QTc interval regardless of aetiology, or when given
concomitantly with medicinal products that prolong the QTc interval (see section 4.9).

The use of levosimendan in cardiogenic shock has not been studied. No information is
available on the use of Simdax in the following disorders: restrictive cardiomyopathy,
hypertrophic cardiomyopathy, severe mitral valve insufficiency, myocardial rupture,
cardiac tamponade, and right ventricular infarction

Simdax should not be administered to children as there is very limited experience of use
in children and adolescent under 18 years of age (see section 5.2).

Limited experience is available on the use of Simdax in patients with heart failure after
surgery, and in severe heart failure in patients awaiting heart transplantation.
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4.5

4.6

4.7

4.8

Interaction with other medicinal products and other forms of interaction

Consistent with current medical practice, levosimendan should be used with caution
when used with other intravenous vasoactive medicinal products due to a potentially
increased risk of hypotension (see section 4.4).

No pharmacokinetic interactions have been observed in a population analysis of
patients receiving digoxin and Simdax infusion. Simdax infusion can be used in
patients receiving beta-blocking agents without loss of efficacy. Co-administration of
isosorbide mononitrate and levosimendan in healthy volunteers resulted in significant
potentiation of the orthostatic hypotensive response.

Pregnancy and lactation
Pregnancy

There is no experience of using levosimendan in pregnant women. Animal studies
have shown toxic effects on reproduction (see section 5.3). Therefore, levosimendan
should be used in pregnant women only if the benefits for the mother outweigh the
possible risks to the foetus.

Lactation

It is not known whether levosimendan is excreted in human milk. Studies in rats have
shown excretion of levosimendan in breast milk, therefore women receiving
levosimendan should not breastfeed.

Effects on ability to drive and use machines

Not applicable

Undesirable effects

In placebo-controlled clinical trials for ADHF (REVIVE programme), 53% of patients
experienced adverse reactions, the most frequent of which were ventricular tachycardia,
hypotension, and headache.

In a dobutamine-controlled clinical trial for ADHF (SURVIVE), 18% of patients experienced
adverse reactions, the most frequent of which were ventricular tachycardia, atrial
fibrillation, hypotension, ventricular extrasystoles, tachycardia, and headache.

The following table describes the adverse reactions observed in 1% or greater of patients
during REVIVE |, REVIVE II, SURVIVE, LIDO, RUSSLAN, 300105, and 3001024 clinical trials.
If the incidence of any particular event in an individual trial was greater than that seen
across the other trials, then the higher incidence is reported in the table.

The events considered at least possibly related to levosimendan are displayed by system
organ class and frequency, using the following convention: very common (> 1/10),
common (> 1/100, < 1/10).
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Table 3. Summary of Adverse Reactions : SURVIVE Clinical Study, REVIVE
Programme, and LIDO/RUSSLAN/300105/3001024 Clinical Studies combined

4.9

5.1

Metabolism and nutrition disorders Common Hypokalaemia
Psychiatric disorders Common Insomnia
Nervous system disorders Very Common Headache
Common Dizziness
Cardiac disorders Very Common Ventricular Tachycardia
Common Atrial Fibrillation

Tachycardia
Ventricular Extrasystoles
Cardiac Failure
Myocardial Ischaemia
Extrasystoles
Vascular disorders Very Common Hypotension
Gastrointestinal disorders Common Nausea
Constipation
Diarrhoea
Vomiting

Investigations Common Haemoglobin Decreased

Post-marketing adverse reactions:

In post-marketing experience, ventricular fibrillation has been reported in patients
being administered Simdax.

Overdose

Overdose of Simdax may induce hypotension and tachycardia. In clinical trials with
Simdax, hypotension has been successfully treated with vasopressors (e.g. dopamine
in patients with congestive heart failure and adrenaline in patients following cardiac
surgery). Excessive decreases in cardiac filling pressures may limit the response to Simdax
and can be treated with parenteral fluids. High doses (at or above 0.4 pg/kg/min) and
infusions over 24 hours increase the heart rate and are sometimes associated with
prolongation of the QTc interval. In the event of an overdose of Simdax, continuous
ECG monitoring, repeated determinations of serum electrolytes and invasive
haemodynamic monitoring should be undertaken. Simdax overdose leads to increased
plasma concentrations of the active metabolite, which may lead to a more pronounced
and prolonged effect on heart rate requiring a corresponding extension of the
observation period.

5 PHARMACOLOGICAL PROPERTIES

Pharmacodynamic properties

Pharmacotherapeutic group: Other cardiac stimulants (calcium sensitisers), ATC code:
C01CX08

{
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Pharmacodynamic effects

Levosimendan enhances the calcium sensitivity of contractile proteins by binding to
cardiac troponin C in a calcium-dependent manner. Levosimendan increases the
contraction force but does not impair ventricular relaxation Inaddition, levosimendan
opens ATP-sensitive potassium channels in vascular smooth muscle, thus inducing
vasodilatation of systemic and coronary arterial resistance vessels and systemic venous
capacitance vessels. Levosimendan is a selective phosphodiesterase Il inhibitor in vitro.
The relevance of this at therapeutic concentrations is unclear. In patients with heart
failure, the positive inotropic and vasodilatory actions of levosimendan result in an
increased contractile force, and a reduction in both preload and afterload, without
adversely affecting diastolic function. Levosimendan activates stunned myocardium in
patients after PTCA or thrombolysis.

Haemodynamic studies in healthy volunteers and in patients with stable and unstable
heart failure have shown a dose-dependent effect of levosimendan given intravenously
as loading dose (3 pgs/kg to 24 pgs/kg) and continuous infusion (0.05 to 0.2 pgs/kg per
minute). Compared with placebo, levosimendan increased cardiac output, stroke volume,
ejection fraction, and heart rateand reduced systolic blood pressure, diastolic blood
pressure, pulmonary capillary wedge pressure, right atrial pressure, and peripheral
vascular resistance.

Simdax infusion increases coronary blood flow in patients recovering from coronary
surgery and improves myocardial perfusion in patients with heart failure. These benefits
are achieved without a significant increase in myocardial oxygen consumption.
Treatment with Simdax infusion significantly decreases circulating levels of endothelin-1
in patients with congestive heart failure. It does not increase plasma catecholamine
levels at recommended infusion rates.

Clinical Trials

Simdax has been evaluated in clinical trials involving over 2800 heart failure patients.
The efficacy and safety of Simdax for the treatment of ADHF were assessed in the
following randomised, double-blind, multi-national clinical trials:

REVIVE Programme
REVIVE |

In a double-blind, placebo-controlled pilot study in 100 patients with ADHF who
received a 24 hour infusion of Simdax, a beneficial response as measured by the clinical
composite endpoint over placebo plus standard of care was observed in the Simdax-
treated patients.

REVIVE Il

A double-blind, placebo-controlled pivotal study in 600 patients who were administered
a 10 minute loading dose of 6-12 pg/kg followed by a protocol-specified stepped
titration of levosimendan to 0.05-0.2 pg/kg/minute for up to 24 hours that provided a
benefitin clinical status in patients with ADHF who remained dyspnoeic after intravenous
diuretic therapy.

The REVIVE clinical programme was designed to compare the effectiveness of
levosimendan plus standard-of-care to placebo plus standard-of-care in the treatment
of ADHF.

Inclusion criteria included patients hospitalised with ADHF, left ventricular ejection
fraction less than or equal to 35% within the previous 12 months, and dyspnoea at
rest. All baseline therapies were allowed, with the exception of intravenous milrinone.
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Exclusion criteria included severe obstruction of ventricular outflow tracts, cardiogenic
shock, a systolic blood pressure of < 90 mmHg or a heart rate > 120 beats per minute
(persistent for at least five minutes), or a requirement for mechanical ventilation.

The results of the primary endpoint demonstrated that a greater proportion of patients
were categorised as improved with a smaller proportion of patients categorised as
worsened (p-value 0.015) as measured by a clinical composite endpoint reflecting
sustained benefits to clinical status over three time points: six hours, 24 hours and five
days. B-type natriuretic peptide was significantly reduced vs. placebo and standard of
care at 24 hours and through five days (p-value=0.001).

The Simdax group had a slightly higher, although not statistically significant, death rate
compared with the control group at 90 days (15% vs. 12%). Post hoc analyses identified
systolic blood pressure < 100 mmHg or diastolic blood pressure < 60 mmHg at baseline
as factors increasing the mortality risk.

SURVIVE

A double-blind, double-dummy, parallel group, multicentre study comparing
levosimendan vs. dobutamine evaluated 180 day mortality in 1327 patients with
ADHF who required additional therapy after an inadequate response to intravenous
diuretics or vasodilators. The patient population was generally similar to the patients in
the REVIVE Il study. However, patients without a previous history of heart failure were
included (e.g., acute myocardial infarction), as were patients requiring mechanical
ventilation. Approximately 90% of patients entered the trial due to dyspnoea at rest.

The results of SURVIVE did not demonstrate a statistically significant difference between
levosimendan and dobutamine in all-cause mortality at 180 days {Hazard Ratio = 0.91
(95% Cl [0.74, 1.13] p-value 0.401)}. However, there was a numerical advantage in
mortality at Day 5 (4% levosimendan vs. 6% dobutamine) for levosimendan. This
advantage persisted through the 31-day period (12% levosimendan vs. 14% dobutamine)
and was most prominent in those individuals who received baseline betablocker therapy.
In both treatment groups, patients with low baseline blood pressure experienced higher
rates of mortality than did those with higher baseline blood pressure.

LIDO

Levosimendan has been shown to lead to dose-dependent increases in cardiac output
and stroke volume as well as dose-dependent decrease in pulmonary capillary wedge
pressure, mean arterial pressure and total peripheral resistance.

In a double-blind multicentre trial, 203 patients with severe low output heart failure
(ejection fraction <0.35, cardiacindex < 2.5 I/min/m?, pulmonary capillary wedge pressure
(PCWP)>15 mmHg) and in need of inotropicsupportreceived levosimendan (loading dose
24 ug kg over 10 minutes followed by a continuous infusion of 0.1-0.2 pg/kg/min) or
dobutamine (5-10 pg/kg/min) for 24 hours. The aetiology of heart failure was ischaemic
in 47% of the patients; 45% had idiopathic dilative cardiomyopathy. 76% of the patients
had dyspnoea at rest. Major exclusion criteria included systolic blood pressure below 90
mmHg and heart rate above 120 beats per minute. The primary endpoint was an
increase in cardiac output by = 30% and a simultaneous decrease of PCWP by = 25%
at 24 hours. This was reached in 28% of levosimendan treated patients compared with
15% after dobutamine treatment (p= 0.025). Sixty-eight percent of symptomatic
patients had an improvement in their dyspnoea scores after levosimendan treatment,
compared with 59% after dobutamine treatment. Improvement in fatigue scores were
63% and 47% after levosimendan and dobutamine treatment, respectively. All-cause
31-day mortality was 7.8% for levosimendan and 17% for dobutamine treated patients.
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5.2

RUSSLAN

In a further double-blind multicentre trial carried out primarily to evaluate safety, 504
patients with decompensated heart failure after acute myocardial infarction who were
assessed to require inotropic support were treated with levosimendan or placebo for
6 hours. There were no significant differences in the incidence of hypotension and
ischaemia between the treatment groups.

No adverse effect on survival up to 6 months was observed in a retrospective analysis
of the LIDO and RUSSLAN trials.

Pharmacokinetic properties
General

The pharmacokinetics of levosimendan are linear in the therapeutic dose range
0.05-0.2 pg/kg/min.

Distribution

The volume of distribution of levosimendan (Vss) is approximately 0.2 lI/kg.
Levosimendan is 97-98% bound to plasma proteins, primarily to albumin. For
OR-1855 and OR-1896, the mean protein binding values were 39% and 42%,
respectively in patients.

Metabolism

Levosimendan is completely metabolised and negligible amounts of unchanged parent
drug are excreted in urine and faeces. Levosimendan is primarily metabolised by
conjugation to cyclic or N-acetylated cysteinylglycine and cysteine conjugates.
Approximately 5% of the dose is metabolised in the intestine by reduction
to aminophenylpyridazinone (OR-1855), which after re absorption is metabolised
by N-acetyltransferase to the active metabolite OR-1896. The acetylation level is
genetically determined. In rapid acetylators, the concentrations of the metabolite OR-
1896 are slightly higher than in slow acetylators. However, this has no implication for
the clinical haemodynamic effect at recommended doses.

In systemic circulation the only significant detectable metabolites following
levosimendan administration are OR-1855 and OR-1896. These metabolites in vivo
reach equilibrium as a result of acetylation and de-acetylation metabolic pathways,
which are governed by N-acetyl transferase-2, a polymorphic enzyme. In slow
acetylators, the OR-1855 metabolite predominates, while in rapid acetylators the
OR-1896 metabolite predominates. The sum of exposures for the two metabolites
is similar among slow and rapid acetylators, and there is no difference in the
haemodynamic effects between the two groups. The prolonged haemodynamic
effects (lasting up to 7-9 days after discontinuation of a 24 hour Simdax infusion)
are attributed to these metabolites.

In vitro studies have shown that levosimendan, OR-1855 and OR-1896 do not inhibit
CYP1A2, CYP2A6, CYP2C19, CYP2D6, CYP2E1, or CYP3A4 at concentrations achieved by
the recommended dosing. In addition levosimendan does not inhibit CYP1A1 and
neither OR-1855 nor OR-1896 inhibit CYP2C9. The results of drug interaction studies in
humans with warfarin, felodipine, and itraconazole confirmed that levosimendan
does not inhibit CYP3A4 or CYP2C9, and metabolism of levosimendan is not affected by
CYP3A inhibitors.

Elimination and excretion

Clearance is about 3.0 ml/min/kg and the half-life about 1 hour. 54 % of the dose
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5.3

is excreted in urine and 44 % in faeces. More than 95 % of the dose is excreted within
one week. Negligible amounts (< 0.05 % of the dose) are excreted as unchanged
levosimendan in the urine. The circulating metabolites OR-1855 and OR-1896 are formed
and eliminated slowly. Peak plasma concentration is reached about 2 days after
termination of a levosimendan infusion. The half-lives of the metabolites are about
75-80 hours. Active metabolites of levosimendan, OR-1855 and OR-1896, undergo
conjugation or renal filtration, and are excreted predominantly in urine.

Special populations
Children:

Levosimendan should not be administered to children (see section 4.4).

Limited data indicate that the pharmacokinetics of levosimendan after a single dose in
children (age 3 month to 6 years) are similar to those in adults. The pharmacokinetics of
the active metabolite have not been investigated in children.

Renal impairment: The pharmacokinetics of levosimendan have been studied in subjects
with varying degrees of renal impairment who did not have heart failure. Exposure
to levosimendan was similar in subjects with mild to moderate renal impairment and in
subjects undergoing haemodialysis, while the exposure to levosimendan may be slightly
lower in subjects with severe renal impairment.

Compared to healthy subjects, the unbound fraction of levosimendan appeared to be
slightly increased, and AUCs of the metabolites (OR-1855 and OR-1896) were up to
170% higher in subjects with severe renal impairment and patients undergoing
haemodialysis. The effects of mild and moderate renal impairment on the
pharmacokinetics of OR-1855 and OR-1896 are expected to be less than those of
severe renal impairment.

Levosimendan is not dialysable. While OR-1855 and OR-1896 are dialysable, the dialysis
clearances are low (approximately 8-23 ml/min) and the net effect of a 4-hour dialysis
session on the overall exposure to these metobolites is small.

Hepatic impairment: No differences in the pharmacokinetics or protein binding of
levosimendan were found in subjects with mild or moderate cirrhosis versus healthy
subjects. The pharmacokinetics of levosimendan, OR-1855 and OR-1896 are similar
between healthy subjects and subjects with moderate hepatic impairment (Child-
Pugh Class B), with the exception that elimination half-lives of OR-1855 and OR-1896
are slightly prolonged in subjects with moderate hepatic impairment.

Population analysis has shown no effects of age, ethnic origin or gender on the
pharmacokinetics of levosimendan. However, the same analysis revealed that volume
of distribution and total clearance are dependent on weight.

Preclinical safety data

Conventional studies on general toxicity and genotoxicity revealed no special hazard
for humans in short term use.

In animal studies, levosimendan was not teratogenic, but it caused a generalised
reduction in the degree of ossification in rat and rabbitfoetuses with anomalous
development of the supraoccipital bone in the rabbit. When administered before and
during early pregnancy, levosimendan reduced fertility (decreased the number of
corpora lutea and implantations) and exhibited developmental toxicity (decreased
pups perlitterandincreased the number of early resorptionsand post-implantation losses)
in the female rat. The effects were seen at clinical exposure levels.

In animal studies, levosimendan was excreted into maternal milk.
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6 PHARMACEUTICAL PARTICULARS

6.1

6.2

6.3

6.4

6.5

6.6

List of excipients
Povidone
Citric Acid, anhydrous

Ethanol, anhydrous

Incompatibilities

This medicinal product must not be mixed with other medicinal products or diluents
except those stated in section 6.6.

Shelf life

Vials with chlorobutyl rubber closure: 3 years
Vials with bromobutyl rubber closure: 2 years

After dilution
Chemical and physical in-use stability has been demonstrated for 24 hours at 25°C.

From a microbiological point of view, the product should be used immediately. If not used
immediately, in-use storage times and conditions prior to use are the responsibility
of the user and would normally not be longer than 24 hours at 2 to 8°C, unless dilution
has taken place in controlled and validated aseptic conditions. Storage and in-use time
after dilution should never exceed 24 hours.

Special precautions for storage

Store in a refrigerator (2°C-8°C) Do not freeze.

The colour of the concentrate may turn to orange during storage, but there is no
loss of potency and the product may be used until the indicated expiry date if storage
instructions have been followed.

For storage conditions of the diluted medicinal product, see section 6.3.

Nature and content of container

e 8 ml Type | glass vials

e Chlorobutyl or bromobutyl rubber closure with fluoropolymer coating
Pack sizes

1, 4, 10 vials of 5 ml

Not all pack sizes may be marketed.

Special precautions for disposal and other handling
Simdax 2.5 mg/ml concentrate for solution for infusion is intended for single use only.

As for all parenteral medicinal products, inspect the diluted solution visually for
particulate matter and discolouration prior to administration.
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To prepare the 0.025 mg/ml infusion, mix 5 ml of Simdax 2.5 mg/ml concentrate for
solution for infusion with 500 ml of 5 % glucose solution.

To prepare the 0.05 mg/ml infusion, mix 10 ml of Simdax 2.5 mg/ml concentrate for
solution for infusion with 500 ml of 5% glucose solution.

The following medicinal products can be given simultaneously with Simdax in
connected intravenous lines:

e Furosemide 10 mg/ml
e Digoxin 0.25 mg/ml

e Glyceryl trinitrate 0.1 mg/ml

7 MARKETING AUTHORISATION HOLDER
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8 MARKETING AUTHORISATION NUMBER(S)
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