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Supplementary material 

Table 1: Levosimendan in experimental PH and associated right heart failure (RHF). 

 Model of PH Dosing Study design Findings 

Hansen et al. 

20171 

Rats, PTB 3 mg/kg/day p.o. 7 weeks prevention Improved RV function, no increase in RV 

myocardial oxygen consumption, improved RV 

myocardial external efficiency. 

Hansen et al. 

20162 

Rats, 

Sugen5416+ 

hypoxia 

3 mg/kg/day p.o. 10 weeks prevention and 6 

weeks reversal treatment in 

established RHF 

Improved RV function, reduced RV afterload, and 

improved right ventricular-pulmonary arterial 

coupling.  Reduced pulmonary arterial occlusive 

lesions, reduced BNP and ANP, increased capillary 

density, reduced cardiomyocyte size. 

Hillgaard et 

al. 20163 

Rats, PTB 3 mg/kg/day p.o. 7 weeks prevention  and  4 

weeks reversal treatment in 

RHF 

Improved RV function and contractility. 

Vildbrad et 

al. 20144 

Rats, PTB and 

MCT 

12 μg/kg for 10 min, 

60 μg/kg for 10 min 

Acute treatment in 

established RHF 

Improved RV contractility and RV lusitropy in both 

models. Improved RV function in the MCT model 

but not in the PTB model. Reduced mean systemic 
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blood pressure. 

Wiklund et 

al. 20125 

Pigs, hypoxia 6 μg/kg for 10 min,  

0.1 μg/kg for 10 min,  

0.2 μg/kg for 70 min 

Acute treatment in acute PH  Improved RV function. Reduced mPAP and PVR.  

 

Reverman et 

al. 20116 

Rats, MCT 3 mg/kg/day p.o.  3 weeks reversal treatment Reduced pulmonary vascular medial wall thickness 

and proliferation of pulmonary arterial smooth 

muscle cells. Reduced RV hypertrophy.  

Schwarte et 

al. 20117 

Dogs, hypoxia 20.0 μg/kg for 15 min, 

0.25 μg/kg for the remaining 

period 

Acute treatment in acute PH Improved RV function and contractility. Decreased 

systemic vascular resistance. 

Chew et al. 

20118 

Pigs, endotoxin-

induced PH 

0.2 μg/kg/min for 6 hours Acute treatment in acute PH No improvement in cardiac, renal or liver function. 

Increased pulmonary capillary wedge pressure. 

Hyperlactataemia, acidosis and increases in plasma 

pro-inflammatory cytokines. 

Boost et al. 

20089 

 

Rats, ventilator-

induced lung 

injury 

Inhalation of 240 μg, or  

inhalation of 24 μg, or  

24 μg/kg i.v. for 10 min 

Acute treatment before lung 

injury 

Improved survival and reduced release of 

inflammatory mediators. 

 

Missant et Pigs,  PA 120 μg/kg/min for 10 min,  Acute treatment in acute PH Improved RV contractility, reduced RV afterload, 
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al. 200710 constriction 

+ischemia/reper

fusion 

60 μg/kg/min for 45 min and restored right ventricular arterial coupling. 

Increased coronary blood flow. 

Kerbaul et 

al. 200711 

Piglets, repeated 

acute pulmonary 

embolisms 

20 μg/kg for 10 min,  

0.2 μg/kg/min for 20 min 

Acute treatment in acute PH Improved RV contractility, reduced RV afterload, 

and restored right ventricular arterial coupling.  

Kerbaul et 

al. 200612 

Dogs, transient 

PA constriction 

12 μg/kg for 10 min,  

0.1 μg/kg/min for 20 min, 

0.1 μg/kg/min for 30 min 

Acute treatment in acute PH Improved RV contractility, reduced RV afterload, 

and restored right ventricular arterial coupling. 

Leather et 

al. 200313 

Pigs,  controls 40 μg/kg/hour for 10 min, 

20 μg/kg/hour for 30 min, 

80 μg/kg/hour for 10 min, 

40 μg/kg/hour for 30 min, 

160 μg/kg/hour for 10 min, 

80 μg/kg/hour for 30 min 

Acute treatment in healthy 

pigs 

Improved RV function and contractility. No change 

in right ventricular arterial coupling. Improved RV 

lusitropy. No change in right coronary artery flow 

and RV oxygen consumption. RV mechanical 

efficiency decreased at the highest dose. 

De Witt et 

al. 200214 

Cats, 

thromboxane-

induced PAH 

0.3, 1, or 3 μg injection into 

the perfused lobar artery 

Acute treatment in acute PH 

 

Reduced pulmonary arterial perfusion pressure. 



 4

 

ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; MCT, monocrotaline; mPAP, mean pulmonary arterial pressure; PA, 

pulmonary artery; PAH, pulmonary arterial hypertension; PH, pulmonary hypertension; PTB, pulmonary trunk banding; PVR, pulmonary 

vascular resistance; RHF, right heart failure; RV, right ventricular. 
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Table 2: Levosimendan in PAH 

Reference Study 

design 

n Population Comparator Dose Follow 

up 

Findings 

Jiang et al. 

201715 

Single arm, 

prospective 

45 PAH patients 

with 

severe acute RHF, 

WHO-FC III-IV 

None 0.05-0.1μg/kg/min up to 12.5 

mg 

7 days WHO-FC improved by one class, 

improvement in Borg dyspnea scores, 

6-min walk test and NT-proBNP. 

Martyniuk et 

al. 201216  

Prospective, 

single arm 

9 iPAH and severe 

RHF, NYHA 

class III and IV 

None 24-hour intravenous 

levosimendan infusion  

12 

weeks 

24 hour: Reduced PVR and PAP. 

Increased exercise tolerance. Reduced 

NT-proBNP. 

12 weeks: Preserved improved 

functional status.  No changes in the 

achieved hemodynamic parameters. No 

clinically relevant adverse reactions. 

Cavusoglu  et 

al. 200917 

Case report 2 Acutely 

decompensated 

iPAH with 

negative 

None 12 μg/kg in 10 min, 

0.1μg/kg/min for 60 min,  

0.2 μg/kg/min until 

discontinued 

 Increase in PAP.  
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vasoreactive 

response 

Kleber et al. 

200918 

RCT 28 PH patients, 

NYHA class III to 

IV 

Placebo Visit 1: 

12 μg/kg in 10 min,  

0.1 μg/kg/min for 50 min,  

0.2 μg/kg/min for 23 hours.  

Visit 2-5: 

0.2 μg/kg/min for 6 hours 

12 

weeks 

Reduced PVR and PAP. Continued 

efficacy with repeated dosing. No 

development of tolerance. 

 

CHD, congenital heart disease; iPAH, idiopathic pulmonary arterial hypertension; LHD, left heart disease; NT-proBNP, N-terminal pro-

brain natriuretic peptide; NYHA, New York Heart Association; PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance; 

WHO-FC, world health organization functional class. 
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Table 3: Levosimendan in PH caused by left heart failure 

Reference 

 

Study 

design 

n Population Inclusion criteria Compara

tor 

Dose Follow

-up 

Findings 

Mishra et al. 

201619 

RCT 40 Patients 

undergoing 

valve 

replacement 

with PH 

LVEF <50%/60%  

and PAH (RVSP 

>50 mmHg, or 

mPAP >40 mmHg 

or sPAP exceeding 

50% of systemic 

systolic pressure). 

 

Milrinone 10 μg/kg in 10 

min, 

0.1 μg/kg/min for 

24 hours 

24 

hours 

Reduced mPAP and PVR 

index, and improved 

biventricular function to the 

same extent as milrinone. 

Levosimendan resulted in a 

greater increase in heart rate, 

decrease in systemic vascular 

resistance, and a greater need 

for norepinephrine. 

Alibaz-Oner 

et al. 201320 

Single arm, 

prospective 

 

30 NYHA III-IV,  

ischaemic LHF 

LVEF <40% Baseline 0.05 μg/kg/min 

for 48 hours 

 

72 

hours 

Improved RV systolic function 

indicated by TDI derived 

parameters. No change in RV 

diastolic function. Reduced 

sPAP and BNP. Improved 

NYHA class.  
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Sponga et al. 

201221 

Single arm, 

prospective 

 

21 Patients 

admitted for 

LVAD with RV 

dysfunction and 

RV dilatation 

 Baseline 0.1 to 0.2 

μg/kg/min for 48 

hours 

72 

hours 

Improved CI. Decreased PAP, 

PCWP, and central venous 

pressure. 

 

Russ et al. 

200922 

Single arm, 

prospective 

 

25 LHF following 

acute 

myocardial 

infarction 

 Baseline 12 μg/kg/min for 

10 min, 

0.1 μg/kg/min for 

50 min, 

0.05-0.2 

μg/kg/min for 23 

hours. 

48 

hours 

Improved RV and LV 

contractility. Decreased RV 

afterload.  

Yilmaz et al. 

200923 

RCT 40 NYHA III-IV,  

acute LHF 

LVEF �35%.   

RV dysfunction 

with RV fractional 

area change �24%. 

Dobutami

ne 

0.1 μg/kg/min for 

6 hours,  

0.2 μg/kg/min for 

18 hours 

24 

hours 

Improved RV function and 

decreased sPAP to the same 

extent as dobutamine. TAPSE, 

24-h urine output, and 

creatinine improved greater in 

patients with levosimendan 
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compared to dobutamine.  

Poelzl et al. 

200824 

Single arm, 

prospective 

 

18 Acute LHF 

 

LVEF ≤30%, 

CI ≤2.5 l/min/m2,  

RAP ≥10 mmHg,  

PCWP ≥15 mmHg 

Baseline 6-12 μg/kg in 10 

min,  

0.075-0.2 

μg/kg/min for 24 

h 

24 

hours 

Improved RV and LV 

contractility. No change in RV 

afterload. Decreased PCWP 

and systemic vascular 

resistance.  

Duygu et al. 

200825 

RCT 62 NYHA III-IV,  

acute LHF due 

to ischaemic 

cardiomyopathy 

LVEF <40% Dobutami

ne 

6–12 μg/kg in 10 

min,  

0.1 μg/kg/min for 

24 hours 

24 

hours 

Improved RV systolic and 

diastolic function. Dobutamine 

did not improve RV function. 

Reduced sPAP to a greater 

extent than dobutamine. 

Parissis et al. 

200626 

RCT 54 NYHA III-IV,  

LV systolic 

dysfunction 

 

LVEF <35% Placebo 0.1-0.2 

μg/kg/min for 24 

h 

48 

hours 

Improved Doppler 

echocardiographic markers of 

systolic and diastolic RV 

function. Decreased systolic 

PAP. Reduced BNP levels. 

Altered the balance between 

pro- and anti-inflammatory 
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cytokines in favor of the anti-

inflammatory activation. 

Ukkonen et 

al. 200027 

Randomized 

double-

blind cross-

over 

8 NYHA III-IV, 

congestive heart 

failure  

 Placebo 18 μg/kg in 10 

min, 

0.3 μg/kg/min  

 Improved LV function. 

Reduced coronary, pulmonary, 

and systemic vascular 

resistance. Increased mean 

myocardial blood flow. 

Neutral on biventricular 

oxygen consumption and LV 

efficiency. Improved RV 

mechanical efficiency. 

Slawsky et 

al. 200028 

Double-

blinded 

RCT 

146 NYHA III-IV,  

LV systolic 

dysfunction 

LVEF < 30% 

PCWP > 15 mmHg 

CI < 2.5 L/min/m2 

Placebo 6 μg/kg bolus 

initially and at 

hourly interval 

0.1-0.4 

μg/kg/min for 6 

hours 

6 hours Improved LV function. 

Decreases PCWP, mRAP, and 

mPAP. Improved dyspnea and 

fatigue. 
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BNP, B-type natriuretic peptide; CI, cardiac index; LHF, left heart failure; LV, left ventricular; LVAD, left ventricular assist device; 

LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PAOP, pulmonary artery occlusion pressure; PAP, 

pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; RAP, right atrial pressure; RCT, randomized clinical trial; RV, 

right ventricular; TDI, tissue doppler imaging. 
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Table 4: Levosimendan in PH and congenital heart disease (CHD) 

 

Reference Design n Population Inclusion 

criteria 

Compara

tor 

Dose Follow 

up 

Findings 

Rafiq et al. 

201529 

Case 

study 

1 End stage cardiac 

failure and PH due to 

CHD. 30 years old. 

 Baseline Pulsed i.v. 

levosimendan; 

Initially 2 vials per 

month for 6 months, 

reduced to 1 vial per 

month for 4 months 

Until 

death 

Reduced hospital admissions, improved 

exercise tolerance, no longer home 

diuresis. Survival 1 year longer than 

expected. 

 

Schwienba

cher et al. 

201330 

Case 

study 

1 14-year-old boy with 

LV dysfunction and 

PH due to CHD, 

referred for heart-

lung 

transplantation. 

 Baseline 0.1 μg/kg/min for 24 

hours 

7 

weeks 

Decreased pulmonary capillary wedge 

pressure, increased mPAP and 

transpulmonary pressure gradient, CI 

remained stable. 

Ebade et 

al. 201331 

RCT 5

0 

Children with cardiac 

septal defects 

sPAP 

exceeding 

Dobutami

ne 

15 μg/kg in 10 min, 

0.1–0.2 μg/kg/min for 

20 

hours 

Both levosimendan and dobutamine 

reduced PAP but mPAP was lower with  
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assigned for surgical 

correction. 

Mean age 17.5 

months. 

 

50% of 

systemic 

systolic 

pressure   

24 hours levosimendan compared with 

dobutamine. Both levosimendan and 

dobutamine improved CI but mean CI 

was higher with  levosimendan 

compared with dobutamine. 

Lechner et 

al. 200732 

Case 

report 

1 Patient with TGA 

who underwent 

arterial switch 

operation. 

Postoperative LCOS 

and sPAP 50 mmHg, 

but no RV failure. 

Age 32 weeks. 

 Baseline 0.05 μg/kg/min 

increased to 

0.1 μg/kg/min for 24 

hours 

 

24 

hours 

Improved LV function, reduced left 

atrial pressure, reduced sPAP, 

normalized serum lactate level, 

increased mixed venous saturation.  

Turanlahti 

et al. 200433 

Single 

arm, 

prospecti

ve, open 

label, 

1

3 

Children with CHD 

in the preoperative 

setting without 

LCOS. Age 3 

months-7 years. 

 Baseline 12 μg/kg in 10 min 4 hours Pharmacokinetic profile in children with 

CHD is similar to that in adults LHF. 

No significant changes in 

hemodynamics. There were no serious 

adverse events or unexpected adverse 
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phase II 

 

drug reactions during the study. 

Luther et 

al. 200434 

Case 

report 

1 9-months-old child 

with LV dysfunction 

and PH due to CHD. 

 Baseline 0.1 μg/kg/min for 24 

hours 

 

7 

months 

Improved LV function, increased CI, 

decreased pulmonary vascular 

resistance, and reduced the frequency 

and extent of the PH crises.  

 

Braun et 

al. 200435 

Case 

report 

1 2-month-old baby 

with CHD. 

Postoperative acute 

LHF, PH, and right-

left-shunt. 

 Baseline 24 μg/kg bolus,  

0.2 μg/kg/min for 48 

hours 

 

6 days Improvement of LV function. 

Reduction of PVR, no right-left-shunt,  

 

CHD, congenital heart disease; CI, cardiac index; LCOS, low cardiac output syndrome; LHF, left heart failure; LV, left ventricular; PH, 

pulmonary hypertension; PAP, pulmonary arterial pressure; TGA, transposition of the great arteries. 
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