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ORIGINAL INVESTIGATION
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ABSTRACT
Introduction: The effect of levosimendan on NT-proBNP levels and echocardiographic parameters in patients
with decompensated heart failure receiving optimal medical therapy was evaluated.
Patients and Methods: The study included 30 patients with acute heart failure with New York Heart Association
(NYHA) class IV. Although all patients had received standard heart failure therapy, they required support of
an inotropic agent. They received bolus and maintenance infusion of levosimendan treatment for 24 hours.
Echocardiography was performed before the levosimendan treatment and at the 5th day after the treatment. NTproBNP levels were taken at 48th hour and 5th day.
Results: Levosimendan treatment (bolus+maintenance infusion) was performed in all patients without any
interruption or complication. A significant reduction in NT-proBNP levels was observed at the end of 48th hour
and 5th day compared to baseline values (p<0.001). After the treatment, a significant improvement was observed in
NYHA functional class. Significant improvement was observed in both systolic and diastolic echocardiographic
parameters including ejection fraction (p<0.001), S’ wave (p=0.03), E/A ratio (p<0.01), deceleration time of E
wave (p<0.01), TDI S’ (p<0.01), E’ (p<0.01), and A’ waves (p<0.01), and E/E’ ratio (p<0.01). When the study was
grouped into ischemic and nonischemic origin, no significant differences were observed regarding the clinical and
echocardiographic parameters. No malignant arrhythmia was observed.
Conclusion: Levosimendan may be safely used in normotensive patients with decompensated heart
failure receiving optimal medical therapy. It provides an additional improvement in NT-proBNP levels and
echocardiographic parameters.
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Levosimendan Optimal Medikal Tedavi Alan Dekompanse Kalp Yetersizliği
Hastalarında NTproBNP Seviyesini ve Ekokardiyografik Parametreleri
Düzeltir
ÖZET
Giriş: Optimal medikal tedavi alan dekompanse kalp yetersizliği hastalarında levosimendanın NT-proBNP
seviyesi ve ekokardiyografik parametreler üzerindeki etkisi değerlendirilmiştir.
Hastalar ve Yöntem: Çalışmaya “New York Heart Association (NYHA)” Sınıf IV olan 30 akut kalp yetersizliği
hastası dahil edildi. Tüm hastalar standart kalp yetersizliği tedavisi almasına rağmen inotrop desteğe ihtiyaç
duyuyordu. Hastalara 24 saat boyunca bolus ve idame infüzyon şeklinde levosimendan uygulandı. Levosimendan
tedavisi öncesi ve tedavi sonrası 5. gün ekokardiyografi uygulandı. NT-proBNP seviyeleri 48. saat ve 5. gün
çalışıldı.
Bulgular: Levosimendan tedavisi (bolus+idame) tüm hastalara kesintisiz ve komplikasyon gelişmeden
verilebildi. Bazal bulgulara kıyasla 48. saat ve 5. gün sonunda NT-proBNP seviyelerinde önemli bir azalma
sağlandı (p<0,001). Tedavi sonrası NYHA fonksiyonel sınıfta anlamlı düzelme izlendi. Ejeksiyon fraksiyonu, E/A
oranı, E dalga deselerasyonu, TDI S’, E’, A’ dalgaları ve E/E’ oranı gibi sistolik ve diyastolik ekokardiyografik
parametrelerde anlamlı düzelme izlendi (sırasıyla p<0,001, p<0,01, p<0,01, p<0,01, p<0,01, p<0,01). Çalışma
grubu iskemik ve noniskemik olarak ayrıldığında klinik ve ekokardiyografik parametre açısından anlamlı farklılık
izlenmedi. Ölümcül ritim bozukluğu gözlenmedi.
Sonuç: Levosimendan, optimal medikal tedavi altında dekompanse kalp yetersizliği gelişmiş normotansif
hastalarda güvenle kullanılabilir. NT-proBNP seviyesi ve ekokardiyografik parametreler üzerinde ilave düzelme
sağlar.
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INTRODUCTION
Acute heart failure (HF) is an important health problem
due to high rates of mortality, with the numbers of patients
readmission for acute HF increasing due to ageing populations
and improvements in the treatments of coronary heart disease
and chronic HF(1). Intravenous positive inotropic agents play
an important role in treating acute decompensation of chronic
HF(2,3). However, classic inotropic drugs are associated
with increased myocardial oxygen consumption, major risk
of arrhythmias, and reduced short and long-term survival.
Therefore, attention has been focused on novel inotropic
agents such as levosimendan(4). Levosimendan is a calcium
sensitizer with positive inotropic properties that works on
the sensibilization of Ca2+ channels of myocites increasing
intracellular Ca2+ concentration(5). It produces vasodilatation
by opening the ATP-sensitive potassium channels in vascular
smooth muscle cells and also has phosphodiesterase type
III inhibitory properties at high concentrations(6). The
pharmacokinetics of levosimendan are linear and the plasma
concentration of the drug increases in a dose proportional
manner following single dose i.v. administration and infusion
of the drug(7). It acts for prolonged time, since its two major
metabolites OR-1855 and OR-1896 have half-life time of 7080 hours(8).
Levosimendan induces haemodynamic improvement
without an increase in myocardial oxygen consumption(9).
European Society of Cardiology (ESC) Guidelines recommend
levosimendan as Class II B (Level of evidence C) with a loading
dose (optional) if systolic blood pressure is not too low(10).
There has been a concern about the efficacy and safety
of levosimendan in daily practice. In this study we aimed to
evaluate the efficacy and safety of levosimendan in patients
with decompensated HF submitted to optimal medical therapy.
PATIENTS and METHODS
We evaluated 30 patients with acute New York Heart
Association (NYHA) class IV HF. Diagnosis of HF was
confirmed by the contribution of physical examination,
previous history, but mainly by transthoracic echocardiography
and thoracic X-rays. Ejection fraction (EF) less than 40% in
echocardiogram was documented in all patients. All patients
had received optimal HF therapy (diuretics, oxygen, ACEs or
ARBs, digoxin, and beta-blockers in minor doses) and did need
support of an inotropic agent. Electrolyte abnormalities were
improved during the course of the therapy.
As for the exclusion criteria, patients with an acute coronary
syndrome, systolic blood pressure under 100 mmHg resistant
to volume administration, left ventricular (LV) dysfunction
due to valvular diseases, constrictive pericarditis or pericardial
tamponade, restrictive or hypertrophic cardiomyopathy, benign or
life-threatening tachyarrhythmias with heart rate over 120/min, and
electrolytic abnormalities, and serious comorbid organ failures did
not participate. Written informed consent was obtained from the
participants and the study was approved by the local Ethics Board.

Study Protocol
All participants took next to their HF medication 12 μg/kg
over 10 minutes bolus plus 0.1 μg/kg/min infusion levosimendan
treatment for 24 hours.
Echocardiographic Evaluation
Standard echocardiography performed in all patients using
General Electric Vivid III with a phases array transducer of
2.5 MHz and TDI technology. Echocardiographic exams were
performed by an experienced echocardiographer physician
blinded to all data. Recordings were acquired with subjects
in the left lateral decubitus during shallow respiration or end
expiratory apnea.
Echocardiography was performed at baseline and 5th day
after standard levosimendan treatment. LV systolic function
was estimated by left ventricular ejection fraction (LVEF)
using the biplane modified Simpson’s method and the long axis
function by TDI S’ wave(11).
LV diastolic function was estimated by pulsed wave (PW)
Doppler on transmitral flow assessing peak velocities in early
(E) and late diastole (A), E/A ratio, deceleration time of E wave
(DT) and TDI E’ (early) and A’ (late) waves. Tissue Doppler
velocities were recorded at lateral mitral annulus. The E/E’ ratio
was calculated and used as an index of LV filling pressures.
NT-proBNP Measurements
For the evaluation of neurohormonal response of the therapy
we used measurements of NT-proBNP. Blood samples of 6 mL,
included NT-proBNP levels, were taken at the beginning time
point of the infusion and at 48th hour and 5th day. Plasma was
extracted after centrifugation at 3000 rpm for 5 minutes. NTproBNP was measured on Elecsys 1010 autoanalyser (Roche
Diagnostics, Indianapolis, Indiana) with the use of a commercial
kit (Roche Diagnostics) by electrochemiluminescent
immunoassay method.
Clinical Status
The well-being status was evaluated by means of clinical
examination and subjective confirmation of the patient at 24
hour intervals. Major complications were noted. A continuous
Table 1. Medical therapy at baseline of the study population
Pharmacological agents

n (%)

ACE

20 (67)

ARB

5 (17)

Beta-blocker

22 (73)

Spironolactone

15 (50)

Furosemide

30 (100)

Digoxin

12 (40)

Anticoagulant

26 (87)

Antiaggregant

26 (87)

Data are presented as number (percentage) values
ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor
blocker
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ECG monitoring during the infusion protocol confirmed the
arrhythmias observed.
Statistical Analysis
Statistical analysis was performed using SPSS 16.
Quantitative values were expressed as mean ± standard deviation
and qualitative values as %. The Kolmogorov Smirnov test was
used to test the normality of distribution of continuous variables.
The paired t-test or Wilcoxon’s paired test was used to compare
values before and after drug administration. A p value of <0.05
was considered statistically significant.
Table 2. The echocardiographic and clinical findings and NTproBNP levels of the study population before and after treatment of
levosimendan
Time 0

5 days

P value

LVEDD (mm)

66±2

65±2

<0.001

LVESD, (mm)

47±3

43±2

<0.001

LVEF, (%)

28±4

35±4

<0.001

E, m/sn

1.02±0.17

1.08±0.19

<0.01

A, m/sn

0.46±0.26

0.48±0.25

<0.01

E/A

2.5±0.9

1.9±0.7

<0.01

E/E’

<0.01

12.6±3.6

11.5±3.7

S’

5.6±0.8

6.5±1.1

0.03

DT, ms

121±16

132±25

<0.01

IVRT, ms

77.3±10

114±11

<0.001

Heart Rate

73±18

79±12

0.08

SBP (mm Hg)

98±6

97±5

0.3

DBP (mmHg)

66±8

65±5

New York Heart
Association

3.5±0.5

NT-proBNP, pg/mL

10963±14136

3±0.5
5075±5284

0.1
<0.001
<0.001

Data is expressed as mean ± standard deviation; LVEDD: Left ventricular end-diastolic
diameter; LVESD: Left ventricular end-systolic diameter; LVEF: Left ventricular
ejection fraction; S: Myocardial systolic wave; E: Myocardial early diastolic
wave; A: Myocardial atrial diastolic wave; IVRT: Isovolumetric relaxation time;
DT: Deceleration time; SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Figure 1. NT-proBNP values during the first five days of levosimendan
treatment
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RESULTS
The study was comprised of 30 (male:12, female:18) patients.
The average age of the study group was 65±10 years (range,
45-84 years). Regarding the etiology of the HF, we observed
a population with 40% suffering from coronary artery disease
and with 60% from nonischemic dilated cardiomyopathy. The
list of medical therapy administered at baseline of the study
population was presented in Table 1.
Levosimendan treatment (bolus+infusion) was performed
in all study patients without any interruption. No significant
hypotension was reported. Five patients received potassium
treatment due to hypokalemia during the course of HF
treatment. Diuretic doses were adjusted due to volume overload
and clinical status.
The echocardiographic parameters and clinical findings of
the study population before and after levosimendan treatment
were presented in Table 2. A significant reduction of proBNP levels was observed at the end of 48th hour and 5 days
compared to baseline values (Table 2, Figure 1). After the
administration of levosimendan, the study group showed a
significant improvement in NYHA functional class. Significant
improvement was observed in both systolic and diastolic
parameters (Table 2). When the study was grouped into ischemic
& nonischemic origin, no significant differences were observed
regarding the clinical and echocardiographic parameters.
Adverse Events
There were not patients who had to discontinue the study
due to hypotension or other minor complications. Within a
period of a month, one patient was presented with acute renal
exacerbation, and three others needed to be rehospitalised
for exacerbated HF. Infrequent ventricular extrasystole was
observed in 2 patients; no malignant arrythmia was detected.
No mortalities were reported.
DISCUSSION
In this study, we evaluated the efficacy and safety of
levosimendan in patients with acute decompensated HF
who are receiving optimal medical therapy. We analysed
changes in clinical and echocardiographic parameters and
showed that levosimendan therapy leaded to an essential
improvement in clinical NYHA class, pro-BNP blood levels
and echocardiogaphic characteristics of ventricular function
after 5 days of administration without complications. We
believe that levosimendan can be successfully administered in
decompensated HF in daily practice when eligible patients are
carefully selected and strict clinical follow-up is maintained
during the course of treatment.
Despite all the advances in the management of heart disease,
HF is still associated with high mortality rates(12). LV pump
function plays a central role as a cause of dyspnea and fatigue,
poor peripheral perfusion, and end-organ dysfunction(13).
Although neurohormonal antagonists have improved the
prognosis of the patients with HF, inotropic agents are needed
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for improving cardiac output and peripheral perfusion,
levosimendan is one of these inotropic agents that has been
extensively studied recently.
Levosimendan increases cardiac output and decreases
pulmonary capillary wedge pressure. In contrast to other
conventional positive inotropic drugs, levosimendan does not
increase oxygen demand of the myocardium and no negative
effects on diastolic functions. The site of action of levosimendan
is beyond the beta adrenergic receptor and is independent of
the occupancy of the beta adrenergic receptors. Thus, there is
potential benefit of combined therapy with beta-blockers and
levosimendan when compared to dobutamin(14). Accordingly,
some recent trials presented beneficial hemodynamic effects
of levosimendan in comparison to dobutamine in patients with
acute decompensated HF treated with beta-blockers(15-17). We,
in this study, successfully used levosimendan in decompensated
HF patients treated concomitantly with beta-blocker drugs.
Natriuretic peptides are useful markers in the diagnosis of HF
and in evaluation of the course of HF treatment. Levosimendan has
been shown to reduce levels of BNP compared with dobutamine in
acute decompansated HF(2,18). In our study, pro-BNP levels were
significantly decreased at 48th hour and 5th day after levosimendan
therapy, underscoring the favorable effects of levosimendan in
acute HF. The decrease of pro-BNP levels is associated with an
improvement in echocardiographic parameters. We used TDI and
M-mode analysis to evaluate LV longitudinal systolic and diastolic
functions. Because of the high vulnerability of longitudinal
subendocardial fibers to several injury mechanisms, assessment
of the longitudinal component of LV shortening is an important
parameter for the early detection of LV contractile impairment(19).
In the study, after levosimendan treatment we obtained an
improvement of LVEF and a reduction of E/E’ ratio.
However, levosimendan has a peripheral vasodilatory effect
as well as inotropy(20). This is important as most of the patients
have a borderline preserved systolic pressure and levosimendan
could induce hypotension and hypoperfusion(21). In the present
study all selected patients were initially normotensive and the
levosimendan treatment was well tolerated.
Arrhythmia is another potential nightmare during the course
of levosimendan treatment. In the present study, probably
keeping electrolyte balance within normal limits prevented
the development of lethal arrhythmias. In our recently
published study, therapeutic doses of levosimendan did not
have a significant effect on QT parameters the predictors
of arrhythmias, in patients with decompensated HF when
compared with dobutamine infusion(22).
Considering the current literature, patients that are expected
to benefit more by levosimendan administration are acute
decompensated heart failure (ADHF) patients with NYHA
class III/IV, ischemic etiology of HF (hibernating or stunning
myocardium), SBP>100 mmHg, reduction of NT-proBNP>30%
from baseline after 48 h, and concomitant treatment with betablocker(23-26). Our findings are in concordance with this previous
reports except that the etiology (ischemic & nonischemic) did
not effect the success of the treatment.

Use of inotropes in acute HF is generally restricted to patients
with hypotension, hypoperfusion, or shock in the most recent
ESC Guidelines from 2012 because of safety concerns. The
guidelines note that the efficacy and safety of levosimendan are
still uncertain, though they suggest a potential pharmacologic
rationale for intravenous levosimendan (or a phosphodiesterase
inhibitor) to reverse the effect of beta-blockade if beta-blockade
is thought to be contributing to hypoperfusion(10). In this
study levosimendan provided additional benefit without any
complications in normotensive patients submitted to optimal
medical therapy.
Clinical Implications
Our experience show that levosimendan provides an
essential improvement of cardiac systolic and diastolic functions
early after administration. Careful selection of patients that are
expected to be more benefited by levosimendan administration
may result in improvement of clinical and echocardiographic
parameters.
Limitations
Our study included some limitations. It was an observational
study without control group. The sample size of the study was
relatively small due to high cost of levosimendan. Also all
patients did not get the same medical therapy excluding the
diuretics. Furthermore, invasive hemodynamic monitoring was
not performed. New onset of atrial flutter, atrial fibrillation or
ventricular tachycardia were not detected; however, it should be
noted that since no Holter recording was made during the study,
this may not be entirely accurate.
Levosimendan may be safely used in normotensive patients with
decompensated HF already submitted to optimal medical therapy.
It provides an additional improvement in NT-proBNP levels and
both systolic and diastolic echocardiographic parameters.
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