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Abstract
Background There is evidence that repetitive administration of levosimendan can improve outcome in chronic heart failure 
patients.
Objective The aim of this retrospective study was to investigate the effect of therapy with levosimendan (LEV) additional 
to standard medical care in patients with symptomatic heart failure (HFrEF = heart failure with reduced ejection fraction) 
on NYHA class, NT-proBNP values, ejection fraction (EF) and body weight.
Patients and Methods 178 participating patients (125 male, 53 female; mean age of 73 ± 13 years) were grouped according 
to whether LEV was given once (group 1) or repetitively (group 2). In group 2 data were analysed for first treatment with 
LEV (group 2a) and for the following repetitive LEV treatments (group 2b). The differentiation was required to see if there 
were different results for the particular groups.
Results Repetitive dosing was given between two and 11 times, leading to 47 repetitive applications of LEV and a total of 
225 (178 once + 47 repetitive) applications. The mean time between the repetitive dosing was 133 days or 4.3 months. LEV 
in addition to standard medical treatment was associated with reduction of NT-proBNP levels from 9138 to 7051 pg/mL 
(p < 0.05). The corresponding values in group 2a and group 2b were 8790–4717 pg/mL (p < 0.05) as well as 13,681–7581 
pg/mL (p < 0.05). The ejection fraction measured by echocardiography improved from 30 to 38% in group 1, from 31 to 
45% in group 2a and from 30 to 35% in group 2b (p < 0.05). Addition of LEV was associated with significant reduction of 
NYHA class and bodyweight in all groups. No adverse side effects (e.g., rhythm disorder, hypotension, electrolyte disorder) 
were seen.
Conclusion LEV may be useful as an additive to standard care of treatment for patients with acute de novo decompensation 
due to acute heart failure as well as to prevent further deterioration in patients with chronic heart failure disease at high 
risk for hospitalisation. Intraindividual changes in NT-proBNP levels may be useful in decision-making about the need for 
additional treatment options in patients with worsening heart failure.

Key Points 

LEV-application reduced NYHA class and ejection frac-
tion of the patients.

Frequently measured NT-proBNP levels can help to 
evaluate decompensation.
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1 Introduction

Following a remarkable improvement in treatment of heart 
failure over the last 30 years, a significant reduction in 
mortality as well as in hospitalisation rate in heart failure 
patients with reduced ejection fraction (HFrEF) has been 
observed [1]. However, patients with reduced ejection frac-
tion remain at high risk for hospitalisation or death. It has 
been documented in several trials that prior heart failure 
hospitalisation is a strong predictor for cardiovascular death 
and for further heart failure hospitalisations [2]. The current 
medical treatment consists of beta-blockers, angiotensin-
converting enzyme (ACE)-inhibitors, angiotensin receptor-
neprilysin inhibitors (ARNIs), and mineralocorticoid recep-
tor antagonists (MRAs) to improve prognosis [1]. Diuretics 
are the corner-stone to treat patients with decompensation 
and fluid overload. Recently, sodium glucose co-transporter 
2 (SGLT-2) inhibitors have been added to the treatment 
options for chronic heart failure patients (ESC 2021) [3]. 
However, patients with chronic heart failure have a high risk 
for further worsening of symptoms following fluid overload 
with signs of congestion, and for further hospitalisations. In 
this situation optimization of preload and afterload may help 
reduce symptoms of patients. Treatments with compounds 
that increase the sympatho-adrenergic activity (beta-agonist, 
alpha agonist) may stabilize symptoms in the short term, 
but have been shown to increase mortality [1]. In this situ-
ation, levosimendan, a calcium sensitizer, has been demon-
strated to beneficially influence symptoms of patients with 
heart failure [4]. The effect of levosimendan is based on an 
increase in the sensitivity of myofibrils of the cardiac muscle 
to calcium by selectively increasing binding to troponin C. 
Stabilization of the calcium-troponin C complex allows opti-
mized cross-bridge formation, thereby increasing contractil-
ity. In addition, levosimendan also modulates ATP-sensitive 

potassium channels in smooth muscle cells leading to vaso-
dilation and thereby to reduction of preload [4–9].

Measurement of N-terminal proBNP sodium peptide 
(NT-proBNP) has been shown to be a cornerstone for diag-
nostic risk stratification and follow-up of treatment effects 
in patients with heart failure [10, 11]. Because of its high 
negative predictive value, measurement of NT-pro BNP has 
become an established exclusion parameter for the diagnosis 
of heart failure [1]. Moreover, NT-proBNP has been used 
as an inclusion criterion for clinical trials as well as a (bio)
marker for the clinical effect of heart failure treatment [12]. 
More recently, this was demonstrated in the VICTORIA trial 
to investigate the effect of the sGC-stimulator vericiguat in 
heart failure patients with recent decompensation episodes 
[10, 13]. However, many factors such as patient history (gen-
der, body weight, age), renal function, and various treatment 
mechanisms also influence NT-proBNP levels [14]. A reduc-
tion in NT-proBNP level with treatment has been shown to 
be a marker of lower mortality as well as a lower likelihood 
of re-hospitalisation for heart failure.

The aim of the present retrospective study was to evalu-
ate the effect of additional therapy with levosimendan in 
patients hospitalized for symptomatic heart failure for three 
reasons: (i) acute de novo cardiac decompensation (acute 
coronary syndrome (ACS), myocarditis, Tako-Tsubo syn-
drome, tachycardiomyopathy); (ii) because of decompensa-
tion of chronic heart failure (dilated cardiomyopathy (DCM), 
ischaemic cardiomyopathy (ICM)); or (iii) because of a car-
dio-renal syndrome (Table 1). Patients were grouped accord-
ing to whether levosimendan was given only once (group 1) 
or repetitively (group 2). In group 2 data were analysed for 
first treatment with levosimendan (group 2a) as well as for 
the following repetitive levosimendan treatments (group 2b). 
We sought to determine whether the effect of using LEV 
differed among groups 1, 2a, and 2b.

Table 1  Reason for cardiac 
decompensation

Total Group 1 (n = 159) Group 2a (n = 19) Group 2b (n = 47)

Absolute number of patients 178 159 19 19
Absolute number of applications 225 159 19 47
Acute heartfailure (i) 87 83 3 1
ACS 64 (28%) 60 (38%) 3 (16%) 1 (2%)
Myocarditis 7 (3%) 7 (4%) 0 0
TakoTsubo 3 (1%) 3 (2%) 0 0
Arrythmia 13 (6%) 13 (8%) 0 0
Chronic heartfailure with acute 

cardial decompensation (ii)
133 72 16 45

ICM 83 (37%) 43 (27%) 12 (63%) 28 (60%)
DCM 50 (22%) 29 (18%) 4 (21%) 17 (36%)
Acute reno-cardial decompensa-

tion (iii)
5 (2%) 4 (3%) 0 1 (2%)
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2  Methods

2.1  Study Design

In this retrospective analysis we estimated the effect of levo-
simendan in addition to guideline-directed therapy in patients 
hospitalised for de novo cardiac decompensation because of 
acute coronary syndrome (n = 64.28%), myocarditis (n = 
7.3%), tako-tsubo-syndrome (n = 3.1%) or tachy-cardio-myo-
pathy (n = 13.6%), acute reno-cardiac syndrome (n = 5.2%) 
or in chronic heart failure patients with repetitive episodes 
of decompensation due to dilated (n = 50.22%) or ischaemic 
cardiomyopathy (n = 83.37%) (Table 1). The whole study is a 
retrospective analysis of the found results, therefore we have 
no planned treatment intervals with LEV. Still, results can be 
seen from the results gained in clinical daily routine.

From January 2018 to December 2020 178 consecutive 
patients (125 male, 53 female; mean age of 73 ± 13 years) 
were included. In 178 consecutive patients, levosimendan 
treatment in addition to guideline medication and standard care 
was studied in a real-world scenario in a primary-care hospi-
tal. The effect of levosimendan on NYHA class, NT-proBNP 
levels, ejection fraction, bodyweight and laboratory baseline 
parameters was analysed.

NYHA class, NT-pro BNP levels, ejection fraction (echo-
cardiography with Phillips EPIQ 8 using Simpson method), 
bodyweight and laboratory parameters were measured directly 
before and after levosimendan treatment as well as before leav-
ing the hospital. The baseline treatment of patients occurred 
under the determination of the attending physician (coronary 
intervention in acute coronary syndrome patients, ECMO, 
treatment with diuretics, use of catecholamines like dobu-
tamine, noradrenaline, suprarenine). In addition to baseline 
treatment, levosimendan medication was added for 6 hours 
(0.1 µg/kg body weight/min) and doubled in dosage for the 
following 18 h.

2.2  Statistical Analysis

Statistical analysis was performed with SPSS Statistics using 
Student’s t test with a level of significance of p < 0.05. Meas-
urements are given as arrhythmic mean value, standard arrow 
of the mean (SD), mean value following the 25th as well as 
the 75th percentile (IQA). Figures are given as boxplots with 
median values as well as the upper 25th and lower 25th per-
centile limits.

3  Results

One hundred and seventy-eight patients (125 male, 53 
female; mean age 73 ± 13 years) from January 2018 to 
December 2020 were treated with levosimendan in addi-
tion to standard medical care (coronary intervention in 
acute coronary syndrome patients, ECMO, treatment 
with diuretics, use of catecholamines like dobutamine, 
noradrenaline, suprarenine). Eighteen of 178 patients 
were treated with levosimendan repetitively up to 11 times 
(group 2). Those ‘outpatients’ gained bodyweight, serious 
dyspnoea, and an increase in NT-proBNP levels, and thus 
were scheduled for additional treatment with levosimendan 
prior to upcoming decompensation. These heart failure 
patients were hospitalized for the planned levosimendan 
treatment exclusively (group 2b). There were no defined 
SOPs for the indication of levosimendan in the treatment 
scenario. After treatment with OMT, the physician could 
decide about the option of additional application of levosi-
mendan. The mean time between the repetitive dosing was 
133 days, which equates to 4.3 months. Levosimendan was 
used for repetitive treatment 47 times (group 2). Overall 
(group 1 + 2) levosimendan treatment was used 225 times 
(178 + 47). In group 1 in 87 cases, levosimendan was used 
for treatment of de novo acute cardiac decompensation 
following acute coronary syndromes (n = 64), myocarditis 
(n = 7), Tako-Tsubo syndrome (n = 3), tachyarrhythmia 
episodes (n = 13). Levosimendan was also used in patients 
with acute decompensation due to chronic heart failure 
disease for ischaemic cardiomyopathy (n = 83) or dilated 
cardiomyopathy (n = 50). In five patients levosimendan 
was used for recompensation following reno-cardiac 
decompensation (Table 1).

Outpatient medical care of patients consisted of beta-
blocker (91%), ACE inhibitor (86%), AT1 antagonist (16%), 
ARNI (sacubitril/valsartan) (12%), MRA (72%), calcium-
channel blocker (23%), loop diuretics (92%) and digitalis 
(20%) (Table 2). Levosimendan was given as a continuous 
infusion in a dosage of 0.1 µg/kg/min for 6 h; thereafter 
dosage was doubled for a further 18 h. No adverse side 
effects (e.g., rhythm disorder, hypotension, electrolyte dis-
order) were recognised when levosimendan was added to 
standard care. In follow-up, 30 days’ survival following the 
last administration of levosimendan was 83%. In 32 cases 
treatment of acute cardiac decompensation was performed 
with one additional catecholamine, in 31 cases with two cat-
echolamines and in four cases with a combination of three 
catecholamines (dobutamine, noradrenaline, adrenaline). 
The survival rate was 78%, 11%, 9% and 2% in patients 
treated with no, one, two or three types of catecholamines, 
respectively. The survival of patients with repetitive dosing 
of levosimendan was 100% during follow-up.
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Before therapy, in group 1 64% of patients were in NYHA 
class IV and 35% in NYHA class III. Following treatment 
6.8% of patients were at NYHA class IV, 35.6% in NYHA 
class III and 57.6% in NYHA class II or better (Table 3). The 
corresponding values for group 2 before first treatment with 
levosimendan were 47.4% NYHA class IV and 42% NYHA 
class III. After additional treatment with levosimendan none 
of the patients (group 2) was in NYHA class IV anymore, 
27.8% were in NYHA class III, and 72.2% NYHA class II 
or better. In the repetitive dosing group (2b) initially 32.6% 
were NYHA class IV and 65.2% NYHA class III. After 
treatment, the corresponding values were NYHA class IV 
2.2%, NYHA class III 28.9% and NYHA class II or better 
68.9% (Table 3).

Thus, additional levosimendan treatment to guide-
line-directed medication of patients with acute cardiac 
decompensation was associated with pronounced reduc-
tion in NYHA class following first or repetitive treatment. 
Also, in patients treated with catecholamines, addition 
of levosimendan was effective in reducing the dosage of 
catecholamines.

Levosimendan in addition to standard medical treatment 
was associated with a reduction of NT-proBNP levels from 
9138 to 7051 pg/mL (p < 0.05). The corresponding values 
in group 2a and group 2b were 8790–4717 pg/mL (p < 0.05) 
as well as 13,681–7581 pg/mL (p < 0.05) (Table 3). Mean 
values as well as the median are given as boxplots in Fig. 1 
and in Table 3. Therapy with levosimendan was associated 
with a reduction of NT-proBNP levels following initial 
treatment as well as following repetitive administration of 
levosimendan.

The ejection fraction measured by echocardiography 
improved from 30% to 38% in group 1, from 31% to 45% 
in group 2a, and from 30% to 35% in group 2b (p < 0.05). 
Figure 2 summarizes the effect of levosimendan on ejection 
fraction showing that initial treatment as well as repetitive 
dosing with levosimendan was associated with improved 
ejection fraction (Table 3).

Guideline-directed treatment of patients with acute car-
diac decompensation in addition to levosimendan was effec-
tive in lowering bodyweight from 85 kg to 82 kg in group 1 
and from 88 kg to 85 kg in group 2a (p < 0.05). The mean 

Table 2  Effect of levosimendan 
in patients with heart failure 
decompensation—baseline 
medication

ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, ARNi angiotensin recep-
tor-neprilysin inhibitor, HF heart failure, MRA mineralocorticoid receptor antagonist

Characteristic Group 1 (n = 159) Group 2b (n = 47)

Standard-of-care treatment, n (%)
 Beta blocker 142 (89%) 46 (98%)
 ACEi/ARB 158 (99%) 47 (100%)
 MRA 104 (66%) 40 (85%)
 ARNi (sacubitril/valsartan) 18 (11%) 6 (13%)
 Loop-diuretic 144 (91%) 45 (96%)

Standard-of-care device treatment, n (%)
 ECMO/Impella/IABP 36 (23%) 0 (0%)
 MitralClip 9 (6%) 4 (9%)

Table 3  Effect of levosimendan 
in patients with heart failure 
decompensation—clinical 
parameters

Values are given as mean ± SD (median)

Effect of additional levosimendan treatment Group 1 (n = 159) Group 2b (n = 47)

NYHA class (I/II/III/IV) in %
 Before levosimendan 0/0/35/64 0/2/65/33
 After levosimendan 12/45/35/7 11/58/29/2

NT-pro BNP (pg/ml) (median)
 Before levosimendan 9138+/−9497 (6009) 13,681+/−9977 (11,646)
 After levosimendan 7051+/−8371 (4107) 7581+/−5766 (5876)

EF (%) (median)
 Before levosimendan 30+/−10 (34) 30+/−9 (30)
 After levosimendan 38+/−10 (40) 35+/−4 (35)

Body weight (kg) (median)
 Before levosimendan 85+/−20 (82) 80+/−12 (81)
 After levosimendan 82+/−21 (78) 80+/−11 (80)
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difference in bodyweight was– 5 kg in group 1 and −4 kg 
in group 2 following first dosing. The corresponding value 
after repetitive administration of levosimendan was − 2 kg 
(repetitive dosing).

Additional treatment of levosimendan did not affect 
potassium (4.2 ± 0.6 mmol/L vs. 4.1 ± 0.5 mmol/L), sodium 
(140 ± 5 mmol/L vs. 140 ± 5 mmol/L) or glomerular filtra-
tion rate (GFR) (46.6 ± 22 mL/min vs. 49.6 ± 26 mL/min). 
This also applies for the clinical parameters heart rate (80 
± 17/min vs. 80 ± 15/min) and blood pressure (117 ± 16 
mmHg vs. 122 ± 18 mmHg).

Figure 3 illustrates NT-proBNP levels of one patient 
with repetitive dosing over the period of 11 applications of 

levosimendan. The patient had a long history of coronary 
heart disease and developed ischaemic cardiomyopathy with 
prominent enlargement of the left ventricle, ejection fraction 
18%. This patient was also treated by biventricular pacing 
because of left bundle block. Following first treatment with 
levosimendan because of cardiac decompensation with fluid 
overload, the patient was treated with MitralClip-implan-
tation because of prominent mitral regurgitation (MI IV). 
In a follow-up clinical situation as well NT-proBNP-levels 
could be stabilized following repetitive treatments with 
levosimendan over a period of 35 months. Thus, repeated 
administration of levosimendan was associated with a posi-
tive effect on NYHA class, NT-proBNP levels, and ejection 

Fig. 1  NT-proBNP levels before 
and after treatment with levosi-
mendan

Fig. 2  Ejection fraction (%) 
before and after treatment with 
levosimendan
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fraction in patients with chronic heart failure and recurrent 
decompensations.

4  Discussion

Patients hospitalized because of acute de novo cardiac 
decompensation as well as patients with chronic heart fail-
ure who decompensate repeatedly have a poor prognosis [2]. 
For patients with reduced ejection fraction (HfrEF), several 
therapeutic advances promise to delay clinical progression 
and prolong disease-free survival [1]. Current guidelines 
recommend a combination of therapy with an ARNI/ACE 
inhibitor, beta-blocker, MRA and SGLT2-blocker as stand-
ard care. For better fluid control and to treat symptoms of 
congestion, diuretics may be added. These treatment options 
represent the ‘big five’ in drug treatment for HFrEF [3, 15]. 
Despite the drug treatment recommended in the guidelines 
for patients with heart failure, these patients are at high risk 
of acute decompensation and hospitalisation. Any hospi-
talisation due to cardiac decompensation limits clinical out-
come. In addition, the use of catecholamines to treat patients 
with acute cardiac decompensation and volume overload 
further worsens clinical outcomes [1]. Therefore, there is a 
need for additional treatment options for patients with acute 
decompensation as well as for patients with chronic heart 
failure and high risk for decompensation [7, 16].

In 178 consecutive patients hospitalized for acute heart 
failure due to acute coronary syndrome, myocarditis, Tako-
Tsubo syndrome, or tachyarrhythmia, we supplemented 
standard drug treatment with treatment with levosimendan 

(Table 1). In 18 patients with chronic heart failure, repeated 
treatment with levosimendan was given to improve symp-
toms. In these patients, levosimendan was administered 
between two and 11 times (47 treatment courses).

The additional administration of levosimendan to stand-
ard treatment was associated with an improvement in NYHA 
class, a reduction in NT-proBNP levels and body weight, 
and an increase in ejection fraction measured by echocardi-
ography. No significant side effects of levosimendan were 
observed when added to standard treatment. Levosimendan 
may be useful as an additive to standard treatment in patients 
with acute de novo decompensation due to acute heart fail-
ure after acute coronary syndrome, and levosimendan may 
be effective in preventing further deterioration in patients 
with chronic heart failure at high risk for hospitalisation.

Natriuretic peptide measurements are frequently used 
to exclude the diagnosis of heart failure because of their 
high negative predictive value [1]. In addition, NT-proBNP 
measurement has been used in recent studies to characterize 
patients with heart failure and to monitor treatment effects 
[10, 11, 14]. In the present study, NT-proBNP levels were 
measured before and after treatment with levosimendan in 
addition to NYHA class, ejection fraction and body weight. 
Levosimendan was associated with a reduction in NT-
proBNP levels and improvement in clinical symptoms in 
patients with acute decompensation or in patients treated 
repeatedly with levosimendan for chronic heart failure. NT-
proBNP levels have been shown to reflect ventricular wall 
stress and cardiac filling pressure, which are pathophysiolog-
ically associated with symptoms that may lead to worsening 
heart failure and initiation of hospitalisation for heart failure 
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Fig. 3  Effect of repetitive dosing of levosimendan on NT-proBNP 
levels. NT–proBNP levels are shown before and after levosimendan 
treatment in a patient with repetitive treatment with levosimendan. 
The numbers below the plot symbolize the point of measure: the 
first digit refers to the hospitalisation number, the second digit refers 
to the measure time during that stay: 1 = before the treatment, 2 = 
after treatment and 3 = just before dismissal. The red line marks the 

intervention of mitral-clipping during the first hospitalisation. Levosi-
mendan was effective in lowering NT-proBNP levels each time when 
given. The high rise in NT-proBNP levels after the first hospitalisa-
tion was due to acute kidney failure. The plot shows NT-proBNP lev-
els over a timeline of 35 months. The time intervals are drafted below 
the legend (a. 6 m = after 6 months, etc.)
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[17]. Therefore, NT-proBNP levels in addition to clinical 
status (body weight, dyspnoea) may help to identify patients 
with chronic heart failure who are at high risk for impending 
further decompensation. In the present study, these patients 
were repeatedly treated with levosimendan [7]. This low-
ered NT-proBNP levels, reduced symptoms, and allowed 
patients to continue treatment as outpatients. Repeated use 
of levosimendan has been reported to reduce plasma con-
centrations of NT-proBNP and the need for hospitalisation 
for heart failure, and also to improve quality of life [18–20]. 
This may also reduce the cost of treatment [21]. The optimal 
interval for repeated treatment with levosimendan is still 
under investigation. In our population, repeated administra-
tion occurred at an interval of 4.3 months; in the Leo-Dor 
study, the interval of repeated treatment was either 2 weeks 
or every 3 weeks [22].

Patients in our study (group 2b) were treated only if NT-
proBNP values or clinical signs were above reference values, 
indicating impending decompensation. Several measures 
were used as prognostic information for impending decom-
pensation, such as the scoring system [23], body weight, 
and measurement of pulmonary ingestion by bioimpedance 
measurements [24]. In our cohort, plasma NT-proBNP levels 
were significantly elevated before levosimendan treatment 
and were decreased after levosimendan treatment. This effect 
was consistent in both the single-dose group (group 1) and 
in patients treated repeatedly with levosimendan, both dur-
ing the first (group 2a) and after repeated use (group 2b). In 
patients with de novo decompensation of acute heart failure, 
levosimendan in addition to intravenous medication with one 
catecholamine (19%), two catecholamine types (19%), and 
three catecholamine types was also associated with improve-
ment in symptoms, reduction in NT-proBNP levels, and 
reduced need for catecholamines. Consequently, treatment 
with levosimendan may contribute to improved outcomes 
and symptoms by reducing the need for catecholamines.

Therapy-related changes in NT-proBNP levels have been 
inhomogeneously associated with treatment effects and dif-
ferent clinical outcomes in various chronic heart failure stud-
ies [14, 25]. In these studies, NT-proBNP levels may better 
reflect therapeutic effects and heart failure hospitalisation 
than effects on mortality or outcome [26, 27]. In individual 
patients, NT-proBNP levels appear to reflect the treatment 
effects of medications, predict response to therapy, and also 
identify the need for more intensive heart failure treatment. 
The effects of treatment on NT-proBNP levels and outcome 
have also been investigated in recent studies, such as PARA-
DIGM-AF [25, 28]. Patients treated with sacubitril/valsartan 
were more likely to have lower NT-proBNP levels than the 
control group treated with enalapril. Consequently, patients 
with lower NT-proBNP levels also had a lower risk of sub-
sequent clinical events. Also, in studies measuring the effect 
of RAA inhibitors, lower NT-proBNP levels were associated 

with favourable treatment effects and reduced hospitalisa-
tions for heart failure [25].

Since decompensation episodes are usually accompa-
nied by an increase in body weight, daily weight monitoring 
could be useful to monitor the clinical condition of patients 
with chronic heart failure and also provide information about 
effective recompensation. In the present study, all patients 
treated for signs of congestion showed a reduction in body 
weight. Treatment with the calcium sensitizer levosimendan 
was associated with an increase in ejection fraction. This has 
also been demonstrated previously [9, 29]. In the present 
study, the mean change in ejection fraction was + 7%. This 
could be the result of the combination of standard treatment 
and additional use of levosimendan.

The use of levosimendan in the present study was safe, 
and this is consistent with several studies [7, 16, 22]. Levo-
simendan had no significant effects on blood markers such 
as sodium, potassium, creatinine, GFR, haemoglobin, heart 
rate, or systolic and diastolic blood pressure when admin-
istered additively to standard treatment. These parameters 
were measured immediately before and after the use of levo-
simendan. It should be noted that no bolus of levosimendan 
was used in the present study.

4.1  Study Limitations

In this retrospective cohort study, patients with acute de novo 
or recurrent cardiac decompensation due to a wide range of 
diseases were studied. Due to the retrospective design, no 
ethical conflict arose. The patients always received the best 
possible individual care according to current guidelines and 
the best state of knowledge. Moreover, due to the retrospec-
tive design, the data were derived from a real-life scenario. 
Levosimendan was administered as needed on an individual 
basis and not by a predetermined study protocol or schedule. 
However, due to the lack of a study protocol, documentation 
for the study of important parameters was sometimes incom-
plete. This circumstance diminishes the validity and inter-
pretation of the results. Prospective placebo-controlled stud-
ies in patients with de novo decompensation and in patients 
with repeated episodes of decompensation are needed to 
further elucidate the treatment effect of levosimendan. As 
evidenced by the high rate of recurrent decompensation epi-
sodes in patients with heart failure, there is a need for new 
treatment options for this patient population and for new 
prospective studies.

5  Conclusions

In conclusion, there is a need for new treatment options 
for patients with acute heart failure [30]. Treatment with 
levosimendan, in addition to guideline-guided heart failure 
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management, can reduce NYHA class, improve ejection 
fraction, lower NT-proBNP levels and also body weight in 
patients with acute de novo or recurrent cardiac decompen-
sation. The beneficial effects of levosimendan in a real-world 
scenario have been demonstrated in a wide range of patients 
with acute cardiac decompensation after acute coronary syn-
drome, myocarditis, Tako-Tsubo syndrome, tachyarrhythmic 
episodes, and in patients with repeated episodes of decom-
pensation due to progression of ischaemic or dilated cardio-
myopathy (Table 1).
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