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D espite new therapeutic options, patients
with heart failure (HF) still progress to
advanced stage. In particular, patients

who developed a severe left ventricular (LV) systolic
and/or diastolic dysfunction with higher degree of
NYHA class, recurrent hospitalizations for HF and
showing a severe impairment of exercise capacity
were defined as “advanced HF”.[1] Levosimendan
was recently approved in order to treat patients
hospitalized for acute decompensated HF (ADHF)
with severe systolic dysfunction. The pharmacolo-
gical effects of levosimendan consists of inotropy,
vasodilatation and cardioprotection increasing of
calcium sensitivity.[2] These effects should be mon-
itored with echocardiography.[3] In particular, in ad-
vanced HF patients, levosimendan showed positive
effects in reducing mortality and three months hos-
pitalization; about quality of life and symptoms im-
provement, levosimendan showed contrasting ef-
fect among the studies on advanced HF patients
available.[4]

In this study, we aim to evaluate the acute effect
of slow infusion of levosimendan on the non-invasive
measurements of cardiac output (CO) and on the
speckle tracking and the three-dimensional echocar-
diography measurements in advanced HF patients
admitted for an acute episode of HF.

We enrolled consecutive patients with diagnosis
of ADHF who respect the criteria of “advanced
HF”.[1] We excluded patients with recent myocardial
infarction (less than six months), concomitant res-
piratory failure, recent pulmonary embolism (less

than six months), end-stage renal disease needing of
renal replacement therapy, neoplastic disease, heart
rate greater than 110 beats/min, and cardiogenic
shock with severe hypotension [systolic arterial pres-
sure (SAP) < 90 mmHg]. All patients receiving one
complete infusion of 12.5 mg of levosimendan at 0.1
mcg/kg/min (reduced at 0.05 mcg/kg/min in case
of SAP < 90 mmHg during infusion). All patients,
pre- and post-levosimendan infusion, underwent to
blood sample examination, to non-invasive CO and
cardiac index collection through impedance cardio-
graphy (CardioScreen 2000, Medis GmbH, Germany)
and echocardiography (Vivid E80, GE Healthcare,
Horten, Norway) examination (performed by P.G.,
a cardiologist certified EACVI).

Echocardiograms were performed using a 2.5-MHz
transducer with a Vivid E80 ultrasound system (GE
Healthcare, Horten, Norway). All participants were
examined by conventional two-dimensional echo-
cardiography and three-dimensional echocardio-
graphy. Data was stored offline and analysed using
echocardiographic software (Echopac, GE Medical,
Horten, Norway).

Two-dimensional speckle tracking echocardio-
graphy measures were obtained in the apical 4-
chamber, 3-chamber and 2-chamber views with an
average of 65 frames/s. An automated function
defined a region of interest at end-systole and if
needed, was manually adjusted by the cardiologist
the performed the exam. All strain measurements
were obtained from one cardiac cycle and averaged
over 17 segments, averaging the values of peak
global longitudinal strain (GLS).
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Three-dimensional echocardiography started
with an optimized two-dimensional 4-chamber
view with the left ventricle aligning in the middle of
the sector (adjusting the corresponding widths in
order to render the complete left ventricle visible).
To achieve the needed frame rate (> 30 frames/s),
multibeat acquisition of four beats was used.

The impedance cardiography (ICG) has been val-
idated in comparison to cardiac magnetic reson-
ance and right heart catheterization for the calcula-
tion of CO at rest and during exercise.[5] Patients
were followed for 30 days all cause of mortality/HF
re-hospitalization. Differences pre- and post-levosi-
mendan infusion were analysed with mean paired
changes t-test using SPSS 20.0 software. The correla-
tion between stroke volume (SV) and CO obtained
with ICG and echocardiography has been analysed
using the Spearman rank correlation coefficient
(rho). The study was conducted in accordance with
the Declaration of Helsinki and all patients provided
their written consent. The study was approved by
the Local Ethical Committee.

A total of 11 consecutive older patients were in-
cluded in this study (Table 1, Figures 1 & 2). Mean
age was 73.8 ± 4.7 years. 72.7% of patients were
men. 81.9% of patients recognized ischemic heart
disease as HF aetiology. At admission, mean systolic
arterial pressure was 100 ± 17 mmHg, mean N-
terminal pro-B-type natriuretic peptide (NT-proBNP)
was 24,445 ± 12,194 pg/mL and mean serum creat-
inine was 1.55 ± 0.84 mg/dL. Mean LV ejection frac-
tion (LVEF) was 19.7% ± 5.7% and mean tricuspid
anular plane systolic excursion (TAPSE) and pul-
monary arterial systolic pressure were 12.5 ± 2.7
mm and 48 ± 15 mmHg, respectively. Mean LV GLS
was −3.0 ± 1.8. Mean furosemide in-hospital infu-
sion was 306 ± 102 mg/d and mean urine output
was 1,436 ± 496 mL. None developed significant ven-
tricular or supraventricular arrhythmias. All patients
were treated with beta-blockers during infusion. At
30 days of follow-up, two patients died and one pa-
tient was re-hospitalized. Evaluating the differen-
ces among our variables, we found that NT-proBNP
was significantly reduced after post-levosimendan
infusion (P = 0.01). Among ICG non-invasive meas-
urement, a significant improvement in SV and CO
after levosimendan infusion emerged (P = 0.001 for
both). Analysing echocardiography variables, we

observed a significant improvement of LVEF (P =
0.003), SV (P = 0.03) and three-dimensional LV GLS
(P = 0.002); and a significant reduction in LV end-
systolic volume after post-levosimendan infusion (P =
0.02). Furthermore, there was a significant reduc-
tion in end-diastolic diameter of right ventricle and
B-lines count (P = 0.02 and P = 0.002, respectively).
Moreover, we observed a significant improvement
in TAPSE (P = 0.003) and LV GLS (P = 0.004). Fi-
nally, the ICG and the three-dimensional echocardi-
ography seemed to satisfactorily correlate in the
analyse of CO and SV before/post the levosimendan
infusion (pre-levosimendan infusion: ICG SV vs.
three-dimensional echocardiography SV: r = 0.75,
P = 0.008; ICG CO vs. three-dimensional echocardi-
ography CO: r = 0.72, P = 0.01; post-levosimendan
infusion: ICG SV vs. three-dimensional echocardio-
graphy SV: r = 0.63, P = 0.04; ICG CO vs. three-
dimensional echocardiography CO: r = 0.65, P = 0.03).

To best of our knowledge, although in a limited
experience, this study represents the first one evalu-
ating short-term effects of levosimendan infusion
through non-invasive measurement of CO, two-
dimensional and three-dimensional echocardio-
graphy. Findings from REVIVE trials demonstrated
that levosimendan infusion in ADHF patients
provided a rapid improvement in terms HF symp-
toms, nevertheless a higher rate of hypotension and
arrhythmias was described.[6] In a previous experi-
ence,[7] we observed in severe chronic HF patients,
the reduction of plasma brain natriuretic peptide
and an amelioration of LVEF after a single levosi-
mendan infusion, failing to demonstrate the im-
provement in CO, SV and right ventricle perform-
ance. In advanced HF patients, the strategies might
be a definitive intervention (heart transplantation or
the installation of a LV assistant device) or a pallia-
tive care pathway. In case of a palliative care strategy,
the haemodynamic stabilization, the preservation of
functional capacity and the possible prevention of
HF-related hospitalization seemed to be clinical
goals that could be obtained with the levosimendan
infusion.[8] In fact, in LevoRep trial,[9] LION-HEART
trial,[10] and LAICA trial,[11] the repetitive infusion of
levosimendan in advanced HF patients gained a
clinical benefit (a trend in reduction in HF readmis-
sion and HF mortality) and a significant decrement
in plasma NT-proBNP levels without an increase in
mortality. In this preliminary report, advanced HF
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patients admitted for an acute episode of cardiac
decompensation, were treated with a single levosi-
mendan infusion, demonstrating to improve SV,
CO and LVEF without the development of arrhyth-

mias or severe hypotension. These results could be
due to the lack of bolus administration and the
lower velocity of levosimendan infusion in our pop-
ulation which allowed the concomitant administra-

 

Table 1    Mean paired difference among variables pre- and post-levosimendan infusion.

Variables Pre-levosimendan
infusion

Post-levosimendan
infusion Mean differences P−value

Age, yrs 73.8 ± 4.7   − − −
Height, cm  174 ± 7      − − −
Weight, kg 68.2 ± 13.3 67.9 ± 13.2   −0.3 ± 0.9   0.279

Systolic arterial pressure, mmHg  100 ± 17       99 ± 11         −1 ± 16    0.847

Diastolic arterial pressure, mmHg    62 ± 9         61 ± 9        −0.6 ± 3.6   0.572

Heart rate, beats/min    75 ± 8         76 ± 11        0.9 ± 12.3 0.813

NYHA class   3.5 ± 0.5     2.7 ± 0.9     −0.8 ± 0.7   0.005

Laboratory assessment

　Lactate, mmol/L 1.26 ± 0.31 1.00 ± 0.26 −0.26 ± 0.36 0.035

　pH 7.27 ± 0.07 7.33 ± 0.08   0.06 ± 0.08 0.026

　N-terminal pro-B-type natriuretic peptide, pg/mL 24,445 ± 12,194 18,481 ± 10,353 −5,964 ± 6,288 0.01  

　Serum Na+, mEq/L  134 ± 4       136 ± 3          1.3 ± 3.2   0.196

　Serum K+, mEq/L   4.0 ± 0.5     4.2 ± 0.9       0.2 ± 0.7   0.366

　Serum creatinine, mg/dL 1.55 ± 0.85 1.65 ± 0.84     0.1 ± 0.28 0.268

Impedance cardiography

　Impedance, Ohm 37.5 ± 11.1 31.5 ± 12.8   −6.0 ± 7.6   0.026

　Fluid, L/Ohm    31 ± 7         37 ± 14        5.8 ± 12.3 0.149

　Stroke volume, mL 42.8 ± 8.2   50.8 ± 9.9       8.0 ± 5.3   0.001

　Cardiac output, L/min   3.0 ± 0.6     3.7 ± 0.9     0.69 ± 0.46 0.001

　Cardiac index, L/min per m2 1.96 ± 0.52 2.23 ± 0.42   0.27 ± 0.52 0.110

　Systemic vascular resistances, dyns/cm5 3,042 ± 759    2,773 ± 925     −269 ± 492  0.100

Three-dimensional echocardiography

　End-diastolic volume left ventricle, mL  243 ± 91     238 ± 91         −5 ± 11    0.160

　End-systolic volume left ventricle, mL  199 ± 81     184 ± 80       −15 ± 17    0.016

　Left ventricular ejection fraction, % 19.7 ± 5.7   25.0 ± 7.8       5.3 ± 4.6   0.003

　Stroke volume, mL 43.0 ± 11.9 50.5 ± 12.7     7.5 ± 10.3 0.035

　Cardiac output, L/min 3.06 ± 0.84 3.46 ± 0.98   0.40 ± 0.81 0.135

　Left ventricular mass, gr    96 ± 14       98 ± 10        2.1 ± 5.9   0.274

　Left ventricular global longitudinal strain, % −2.6 ± 1.2   −4.3 ± 1.5     −1.7 ± 1.4   0.002

Two-dimensional echocardiography

　End-diastolic diameter right ventricle, mm    53 ± 7         48 ± 7           −5 ± 6      0.018

　Tricuspid anular plane systolic excursion, mm 12.5 ± 2.7   15.6 ± 3.9       3.1 ± 2.6   0.003

　Pulmonary arterial systolic pressure, mmHg    48 ± 16       37 ± 18       −11 ± 18    0.059

　B-lines    18 ± 5         10 ± 6           −8 ± 6      0.002

　Mechanical dispersion, ms  158 ± 72     152 ± 66         −6 ± 16    0.247

　Left ventricular global longitudinal strain, % −3.0 ± 1.8   −4.7 ± 2.1     −1.8 ± 1.6   0.004

Data are presented as means ± SD. NYHA: New York Heart Association.
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tion of beta-blockers avoiding arrhythmias and pre-
serving the improvement in cardiac performance.
Moreover, all patients included in our study were
discharged with a net improvement in cardiac func-
tion. Furthermore, we showed the significant reduc-
tion in NT-proBNP levels after the infusion as in
larger clinical trial.[10]

Finally, the ICG has been tested in the determina-
tion of CO in patients with pulmonary hyperten-
sion in comparison with thermodilution using a
right heart catheterisation.[5,11–13] In all these clinical
experiences, the correlation between ICG and inva-
sive determination of CO seemed to be satisfactorily.
Moreover, the evidence of a satisfactorily degree of
correlation in the analyse of cardiac performance
pre/post levosimandan infusion in HF patients sug-
gests that the acute effects of the drug might be ac-
curately follow using non-invasive methods per-
formed by expert operators.

In conclusion, our clinical experience showed that
slow levosimendan infusion without bolus could be
considered in advanced older ADHF patients to im-
prove cardiac performance. ICG and echocardio-
graphy in-hospital evaluation seemed to be neces-
sary to understand treatment success and patients
status improvement. 
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Figure  1      The  baseline  two-dimensional  echocardiography
and three-dimensional echocardiography at rest with the dete-
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Figure  2      The  baseline  two-dimensional  echocardiography
and three-dimensional echocardiography at rest with the dete-
rmination of EDV, ESV, EF, SV and CO. An improvement of EF
and  in  the  absolute  values  of  GLS  emerged  after  the  levosime-
ndan infusion in the same patient. CO: cardiac output; EDV: end-
diastolic volume; EF: ejection fraction; ESV: end-systolic volume;
GLS: global longitudinal strain; SV: stroke volume.
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