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 Background: Levosimendan (LS) is a novel inodilator that improves cardiac performance, central hemodynamics, and symp-
toms of patients with decompensated chronic heart failure. The aim of this study was to compare the effects 
of single and repeated LS infusion on left ventricular performance, biomarkers, and neurohormonal activation 
in patients with acute heart failure.

 Material/Methods: Twenty-nine consecutive patients with acute exacerbation of advanced heart failure were included in this study. 
LS was initiated as a bolus of 6 μg/kg followed by a continuous infusion of 0.1 μg/kg/min for 24 hours in both 
groups who received intravenous single and repeated (baseline and at 1 and 3 months) treatment. Physical ex-
amination, echocardiography, and biochemical tests (brain natriuretic peptide, tumour necrosis factor-a, inter-
leukin-1b, 2, and 6) were performed before treatment and on 3 day of the treatment. The last evaluation was 
performed at 6 month after the baseline treatment.

 Results: Twenty male and 9 female patients with mean age of 60.2±7.4 years were included in this study. A significant 
improvement in New York Heart Association functional status and myocardial performance index was detected 
only in the repeated LS treated patients at 6 month compared to the pretreatment status (p=0.03 and p<0.001; 
respectively). In addition, a significant decrease in brain natriuretic peptide (p<0.01) and plasma interleukin-6 
(p=0.05) levels were also achieved only in patients who were given repeated LS.

 Conclusions: Our study showed that repeated LS treatment is more effective compared to the single dose LS treatment in 
improving clinical status, hemodynamic and laboratory parameters in patients with acute exacerbation of ad-
vanced heart failure.
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Background

Acute decompensation of chronic heart failure (HF) is a life-
threatening situation with a short-term mortality of approximate-
ly 30% [1]. Intravenous positive inotropic agents play an impor-
tant role in the treatment of acute decompensation in patients 
with systolic HF. Although traditional inotropic agents such as, 
b-adrenergic agonists and phosphodiesterase inhibitors appear 
effective for short-term improvement of symptoms, previous 
studies demonstrated that these agents increase morbidity and 
mortality by elevating intracellular cyclic adenosine monophos-
phate (cAMP) and calcium (Ca+2) levels [2,3]. Despite optimum 
traditional treatment strategies, frequent hospitalization due 
to acute decompensation leads to worsening of the disease [4].

Levosimendan (LS) is a Ca+2 sensitizer for the treatment of de-
compensated HF that increases troponin-C sensitivity against 
cytoplasmic Ca+2 without any modification of intracellular Ca+2 
density [5]. LS’s sensitizing effect is dependent on the Ca+2 con-
centration, thus its affinity to cardiac myofilaments increases 
during systole and improves cardiac contractility [6]. During di-
astole, due to a decrease in the Ca+2 concentration, LS does not 
cause deterioration in diastolic functions [6]. LS improves car-
diac contractility, increases cardiac output and stroke volume, 
and decreases pulmonary capillary wedge pressure, pulmonary 
artery pressure, and systemic and vascular resistance [7–9].

Cardiac remodelling is an important mechanism in the develop-
ment and progression of HF [10]. Neurohormonal activation and 
proinflammatory cytokines play key roles in this process [10]. In 
severe HF, despite optimum medical treatment, elevated plas-
ma brain natriuretic peptide (BNP), and interleukin levels were 
reported to be independent risk factors for both morbidity and 
mortality [11]. LS treatment decreased the BNP and interleukin 
levels [12]. Although previous studies displayed beneficial effects 
of both single-dose and repeated LS treatment on hemodynam-
ics, symptoms, and inflammatory markers in patients with acute 
decompensated HF, there was no consensus on the frequency 
of its use. No data in the current literature exist concerning op-
timal dosing of LS in patients with acute decompensated HF.

In this study, we researched the impact of single-dose versus 
repeated LS infusion on cardiac performance, immune reac-
tion, and neurohormonal activation in patients with acute de-
compensated HF.

Material and Methods

Patients

The present study included patients hospitalized at Cukurova 
University Faculty of Medicine Cardiology Clinic upon diagnosis 

of acute decompensated HF, with an ejection fraction less than 
35%, and who were severely symptomatic (New York Heart 
Association [NYHA]-III/IV) although taking intravenous diuret-
ic and vasodilator therapy. A total of 29 patients who met the 
inclusion criteria were included in the study and divided into 
2 groups consecutively (1:1). A single-dose LS was given to pa-
tients in the first group and repeated LS was given to patients 
in the second group. The patients’ clinical conditions and echo-
cardiographic and laboratory findings were assessed at the 
start of the study and at 3 days and 6 months after treatment.

The following patients were excluded from the study:
1. Patients younger than 18 years of age.
2. Patients with restrictive or hypertrophic cardiomyopathy.
3. Patients with ischemic chest pain.
4. Patients who died during initial hospitalization.
5.  Patients with continuous ventricular tachycardia (VT) or ven-

tricular fibrillation in the course of hospitalization.
6. Patients with a heart rate greater than 120/min.
7.  Patients with a systolic blood pressure in the decubitus po-

sition less than 85 mm Hg
8.  Patients with serious renal failure (creatine level >2.5 gr/dl) 

and severe liver failure
9. Patients unable to provide informed consent.

All subjects gave informed consent and the study was ap-
proved by the local ethics committee.

Study protocol

LS infusion in addition to standardized treatment was per-
formed with a loading dose of 6 μg/kg for 10 min following a 
24-h infusion of 0.1 μg/kg/min. LS was readministered in the 
first and third months to patients in the repeated treatment 
group. Clinical characteristics, echocardiographic measure-
ments, and laboratory variables prior to treatment were evalu-
ated after 1 dose and after 6 months. Patients in group 2 were 
hospitalized for LS infusion at 1 and 3 months. However, pa-
tients in group 1 were assessed at an outpatient clinic during 
follow-up without hemodynamic monitoring. The study end-
points were changes in clinical, biochemical, and echocardio-
graphic variables at 6 month in both groups.

Echocardiographic measurements

Transthoracic echocardiographic examination was conducted 
on all patients using an Acuson Sequola C 256 model (Acuson 
Corporation, Mountain View, CA, USA) and a transducer with 
3.5-mHz frequency along with ECG monitoring. All echocar-
diograms were performed by 2 echocardiographers blinded 
to the study. Examination was performed by finding conve-
nient echocardiographic windows when the patient was in the 
decubitus position or lying on their left side. Left ventricular 
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systolic and end-diastolic interior dimensions were measured 
from the obtained cross-sections and the left ventricular ejec-
tion fraction was calculated automatically. Moreover, left atrial 
systolic and end-diastolic sizes as well as septum and poste-
rior wall thicknesses were measured from the same window. 
According to the Modified Simpson method, left ventricular 
systolic and end-diastolic volumes and ejection fraction (EF) 
were calculated [13].

Doppler velocity curves were recorded at a horizontal sweep 
speed of 100 mm/s while the patient held their breath after 
exhalation. An average of 3 consecutive cycles was used for 
the analysis. Sample volume was placed between the tips of 
the mitral leaflets at apical 4 chambers and left ventricular 
filling variants were measured by pulse wave Doppler echo-
cardiography technique. Based on the records obtained, left 
ventricle diastolic early (A wave) and late (E wave) peak ve-
locities and mitral deceleration time (DT) were measured and 
the E/A ratio was calculated. Isovolumetric relaxation time 
(IVRT) obtained by placing the sample volume of continuous 
wave (CW) Doppler in the left ventricle outflow tract to simul-
taneously display the end of aortic ejection, and the onset of 
mitral inflow was measured as the interval in between. Time 
elapsed from the point where the mitral A wave finished to 
a point where the mitral E wave started (a), and left ventri-
cle ejection time (b) was measured. Difference between the 
2 measurements (a-b) was considered as the total of isovolu-
metric contract and IVRT. The myocardial performance index 
was then calculated using the (a-b)/b formula.

During tissue Doppler measurements, specific attention was 
paid to ensuring that the ultrasonographic beams were par-
allel to the lateral and septal mitral annulus. Peak systolic mi-
tral annuler (Sm), early diastolic (Em), and late diastolic (Am) 
velocities were measured with the sample volume placed at 
the junction of the LV wall and the mitral annulus of the sep-
tal and lateral myocardial segments from the 4-chamber view. 
The Sm velocity occurs during the ejection period, while the 
Em and Am velocities correspond to passive ventricular filling 
and atrial contraction. For assessment of left ventricular sys-
tolic function, Sm velocity was used.

Echocardiographic measurements were repeated in 5 subjects 
the next day by the same investigator. Additionally, transthoracic 
echocardiography was performed by a second observer for the 
same 5 patients after the first echocardiogram to assess the in-
tra- and interobserver variability. Intraobserver and interobserver 
variability for lateral wall MPI were 0.03 and 0.06, respectively.

Laboratory	measurements	of	inflammatory	cytokines

Blood samples were taken from all patients from the antecu-
bital vein for the measurement of BNP, interleukin (IL)-1b, IL-2, 

IL-6, and tumour necrosis factor (TNF)-a before and after LS 
infusion and at 6-month follow-up. The samples were collect-
ed in tubes containing EDTA, then centrifuged at 1500 rpm for 
a period of 5 min and stored at –40°C until needed. After dis-
solution of serum samples, BNP level was measured by use 
of the electrochemiluminescent immunoassay method using 
Phoenix Pharmaceuticals (Burlingame, CA, USA) commercial 
kits, and IL-1b, IL-2, IL-6, and TNF-a levels measured using the 
Biosource (Grand Island, NY, USA) commercial kit.

Statistical analysis

The study assay was performed using the SPSS 14.0 statistical 
software package. Continuous variations in group data are pre-
sented as means ± standard deviation. Categorical data were 
compared by the use of the chi-square test. Subjects’ data prior 
to treatment and at 3 days and 6 months post-treatment were 
compared using Wilcoxon’s signed-rank test. Non-parametric 
data are expressed as percentages. A p-value <0.05 was con-
sidered to indicate statistical significance.

Results

Our study consisted of 29 patients divided into 2 groups (mean 
age 60.2±7.4 years; 20 males, 9 females) with severe cardiac 
failure (NYHA-III/IV) who were administered a single dose or 
repeated dose of LS. Patient demographic characteristics are 
summarized in Table 1. Functional capacities of patients prior 
to treatment according to NYHA were similar in both groups 
(3.8±0.4 vs. 3.7±0.4, p=0.5). At the end of the follow-up peri-
od, a more robust recovery was observed in group 2 (∆ NYHA 
1.5±0.7 vs. 0.9±0.6; p=0.03; Figure 1).

The baseline echocardiographic indices were similar in both 
groups. The beneficial effects of LS on left ventricular parame-
ters such as systolic volume, ejection fraction, myocardial per-
formance index, and Sm was evident beginning on the third 
day after administration of the initial dose of LS (Table 2). Left 
ventricular systolic volume, ejection fraction, and myocardial 
performance index improvement continued to 6 months only in 
group 2 (Table 2 and Figure 2). In addition, left ventricular end-
diastolic volume decreased during follow-up only in group 2.

The patients’ baseline BNP, IL-1, IL-2, IL-6, and TNF-a concen-
trations were elevated in both groups (Table 3). Seventy-two 
hours after LS infusion, a marked decline was detected in BNP, 
IL-6, and TNF-a concentrations. Decreased levels of BNP, IL-6, 
and TNF-a remained at 6 months only in group 2.

All patients tolerated the treatment and were able to complete the 
infusion without adverse events. During the 6-month follow-up, no 
atrial fibrillation, ventricular tachycardia, or fibrillation developed 
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and no patient died. LS infusion was shortly interrupted 11 times 
(20%) during infusion upon development of hypotension.

Discussion

This study showed that repeated LS treatment led to sus-
tained improvement in functional status and left ventricular 

systolic functions at 6 months post-treatment compared 
to a single-dose infusion. Additionally, the treatment de-
creased the elevated levels of inflammatory cytokines con-
sidered as predictors of unfavorable outcome and mortality. 
A more intense therapy with repeated LS infusion in acute 
decompensated HF appeared as a reasonable option, espe-
cially for patients who could not remain stable without in-
travenous treatment.

Demographic characteristics Single	dose	n=16 Repeated n=13 p

Age (year) 59.6±7.2 60.8±7.9 0.72

Gender (female/male) 6/10 3/10 0.41

Heart rate (pulse/min) 85.5±5.8 85.5±6.7 0.86

Functional capasity (NYHA: III/IV) 5/11 4/9 0.81

Systolic blood pressure (mm Hg) 106.5±8.5 105.7±8.6 0.72

Diastolic blood pressure (mm Hg) 70.9±8.2 72.3±8.5 0.48

Diabetes mellitus (%)  6 (37.5)  4 (30.8) 0.68

Hypertension (%)  8 (50.0)  9 (69.2) 0.23

Smoking (%)  5 (31.3)  8 (61.5) 0.22

Body surface area (m2) 1.8±0.16 1.8±0.14 0.87

Body mass index (kg/m2) 23.8±2.0 24.1±3.6 0.71

Digoxin (%)  11 (68)  8 (62) 0.82

ACE inhibitor (%)  16 (100)  13 (100) 1.00

Diuretic (%)  16 (100)  13 (100) 1.00

Statin (%)  16 (100)  13 (100) 1.00

Amiodarone (%)  3 (18)  2 (15) 0.81

Table 1. Demographic characteristics of patients prior to Levosimendan treatment.

LS – levosimendan, NYHA – New York Heart Association.

Figure 1.  Comparison of functional capacities of the patients in 
both groups at 6. month.
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echocardiographically measured left ventricular 
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HF is a growing problem, especially as the elderly population 
is increasing, and for individuals and the general public with 
respect to re-hospitalization and frequent, prolonged hospi-
talization [14,15]. Although highly effective treatments includ-
ing new drug therapies and devices have emerged, episodes 
of decompensation that require hospitalization still occur fre-
quently [1,16].

Cardiac remodeling is currently the accepted mechanism of 
the development and deterioration of HF [10,17]. The loss 
of cardiomyocytes through apoptosis and necrosis is an es-
sential cellular pathway associated with excessive neurohor-
monal activation that leads to progression of LV remodeling 
is [10,17]. Elevated circulatory levels of proinflammatory cy-
tokines (TNF-a, IL-6, and IL-1b) accelerate apoptosis in car-
diac myocytes and endothelial cells by increasing oxidative 
stress and lead to suppression of myocardial contractility, all 

contributing to clinical and hemodynamic deterioration of HF 
[18,19]. Furthermore, despite optimum medical treatment, 
sustained high plasma levels of these factors are indepen-
dent predictors of morbidity and mortality in patients with ad-
vanced HF [20]. Therefore, changes in BNP levels during treat-
ment of decompensated chronic HF were strongly associated 
with early re-hospitalization and mortality [21]. Several stud-
ies suggested that LS leads to a marked decrease in BNP and 
proinflammatory levels and provides clinical improvement in 
these patients [22–24].

LS differs from traditional inotropic agents that display their 
positive inotropic effects by increasing intracellular Ca+2 con-
centrations, which may cause cardiomyocyte loss via the acti-
vation of apoptosis and necrosis [25,26]. LS has a dual mecha-
nism of action: Ca+2-sensitization through binding to troponin 
C in the myocardium, and the opening of ATP-sensitive K+ 

Echocardiographic 
variables

Single dose Repeated 

Pre-treatment
Post-treatment 

day 3
6.	month	 Pre-treatment

Post-treatment 
day 3

6.	month	

LVESV (ml)  155.8±40.0  138.1±40.0*  155.5±40.0#  159.3±43.1  142.4±64*  138±40.2#,§,£

LVEDV (ml)  212.5±34.9  212.2±35.2  212.6±35.4  221.9±58.8  221.7±58.3  216.8±38.3#,§,£

MPI  1.08±0.19  0.88±0.16*  1.07±0.18#  1.11±0.2  0.94±0.2*  0.92±0.1#,§,£

Sm (cm/s)  8.3±0.8  10.08±2.0*  8.2±1.0#  8.03±1.0  9.8±1.8*  9.6±1.01#,§,£

LVEF (%)  29.7±2.7  33.4±3.2*  29.4±3.1#  29.1±3.3  32.4±4.4*  33.7±3.4#,§,£

Table 2.  Two dimensional echocardiographic findings comparision of two groups before and after first dose Levosimendan and at sixth 
month follow up.

LVESV – left ventricular end sistolic volume; LVEDV – left ventricular end diastolic volume; Sm – peak systolic tissue Doppler velocity 
at lateral corner of mitral annulus; LVEF – left ventricular ejection fraction. * p<0.05 intra-group comparison of values before and after 
initial levosimendan infusion. # p<0.05 intra-group comparison of values after initial levosimendan infusion and values at 6. month. 
§ p<0.05 intra-group comparison of values before initial levosimendan infusion and values at 6. month. £ p<0.05 inter-group 
comparison of values at 6. month.

Single dose Repeated

Pre-treatment
Post-treatment 

day 3
6.	month Pre-treatment

Post-treatment 
day 3

6.	month

BNP (pg/ml)  2015.3±871.3  1282.6±827.2*  1811.0±654.7#  2306.4±775.1  1326.5±702.8*  891.8±438.9#,§,£

IL-1b (pg/ml)  0.93±1.3  0.65±0.7  0.7±0.8  0.63±0.5  0.62±0.9  0.32±0.4

IL-2 (pg/ml)  0.24±0.3  0.12±0.1  0.20±0.2  0.65±0.9  0.38±0.1  0.3±0.3

IL-6 (pg/ml)  14.6±9.8  6.8±8.9*  16.33±12.8#  24.8±22.2  9.7±6.0*  5.5±4.1#,§,£

TNF-a (pg/ml)  6.1±3.9  3.7±0.7*  6.4±3.3#  7.8±4.1  4.7±3.2*  5.2±3.7§,£

Table 3. Comparision of laboratory findings in both groups, pre-treatment, post-treatment and at sixth month follow up.

BNP – B type natriuretic peptit; IL-1b – interleukin-1 beta; TNF-a – tumour necrosis factorr-alfa; IL-6 – interleukin-6; 
IL-2 – interleukin-2 * p<0.05 intra-group comparison of values before and after initial levosimendan infusion. # p<0.05 intra-group 
comparison of values after initial levosimendan infusion and values at 6. month. § p<0.05 intra-group comparison of values before 
initial levosimendan infusion and values at 6. month. £ p<0.05 inter-group comparison of values at 6. month.
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channels in vascular smooth muscle [27]. These mechanisms 
evoke positive inotropy and vasodilation, which may result in 
improved cardiac output without increasing myocardial oxygen 
demand and impairing diastolic relaxation [28,29]. OR1896, an 
active metabolite of the drug, maintains the clinical response 
between 7 and 9 days after continuous intravenous infusion 
for 24 h [30,31]. Recovery based on echocardiographic, labora-
tory, and hemodynamic variables could be considered a result 
of a sustained decrease in mechanical overload [32].

The positive effects of both single-dose and repeated LS treat-
ment in acute decompensated HF on hemodynamics, symp-
toms, and survival have been shown in various studies [32–35]. 
In a study by Mavrogeni et al. [36], monthly administration of 
LS for 6 months decreased left ventricle systolic and end-di-
astolic volume indices (16% and 13%, respectively), and in-
creased left ventricle ejection fraction by 27%. In an another 
study by Parissis et al. [12], 5 doses of repeated 24-h LS in-
fusion were given at 3-week intervals, and patients were as-
sessed 1 month after completion of the last dose. A decrease 
in cardiac volume and cardiac wall tension, an increase in 
left ventricle ejection fraction, and recovery in cardiac perfor-
mance were observed with repeated LS therapy. Similarly, in 
our study, the beneficial effects of LS on left ventricular pa-
rameters such as systolic volume, ejection fraction, myocar-
dial performance index, and Sm became clear as early as the 
third day after administration of the initial dose of LS in both 
groups. Improvement in left ventricular systolic volume, ejec-
tion fraction, and myocardial performance index continued 
for 6 months only in group 2. In addition, left ventricular end-
diastolic volume, which was unchanged after the initial dose 
in both groups, decreased during follow-up only in group 2. 
We speculate that delayed amelioration in diastolic measures 
could be explained by late onset of accumulated efficacy of LS 
on left ventricular geometry, which is in agreement with the 
results of a previous study [37].

One of the most important indicators of improved contractile 
functions with LS infusion is the increase in exercise capac-
ity. In a tissue Doppler echocardiography study reported by 
Kasikcioglu et al. [38] there was a significant increase in the 
exercise capacity assessed by a 6-min walking test, similar to 
the increase of Sm after a single dose of LS. Most of the pa-
tients (70%) allocated to repeated LS therapy were in NYHA 
class IV prior to treatment in our study. At the end of follow-
up, functional status improved dramatically in 70% of the pa-
tients. However, a similar recovery was not found in patients 
who received a single dose of LS. Cardioprotective effects and 

stronger protection against decompensation with LS could be 
the underlying mechanism of a more robust functional recov-
ery with repeated dosing of LS.

Significant reductions in IL-6, BNP, and TNF-a levels were de-
tected after the initial LS infusion in our study, which was in 
agreement with the results of previous studies [22–24]. The 
beneficial effects of LS on inflammatory cytokines disappeared 
at the end of 6 months in the single-dose group. However, 
the levels of these markers remained stable in the repeated 
LS group during follow-up. Clinical recovery and improved left 
ventricular function could eliminate the chronic inflammation 
process in these patients. Inconsistencies in IL-1b and IL-2 lev-
els may be explained by the small number of patients and in-
tervening conditions such as infections, and transient hepat-
ic or renal deterioration.

Limitations

The major limitation of this study was the small population 
size. Additionally, this was not a randomized and controlled 
study; no comparison was made with placebo or dobutamine. 
Patients in the single-dose group were not evaluated echocar-
diographically and biochemical measurements were not per-
formed during the first and third months. Thus, the effects of 
repeated LS on biochemical and echocardiographic measures 
could not be compared. Results of this study should be con-
firmed in larger, prospective, randomized trials. Finally, the 
small sample size in this study precludes any valid subgroup 
analysis, thus we did not identify any confounders that may 
have interacted with treatment assignment and thus affect 
the outcome.

Conclusions

In this study we showed that repeated LS treatment in pa-
tients with severe cardiac failure when compared to single-
dose administration of LS, caused regulation and recovery of 
clinical symptoms and findings, hemodynamics, and inflam-
matory variants. The results suggest that repeated LS applica-
tion in advanced HF is advantageous when compared to sin-
gle-dose LS administration.
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