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Abstract

Aims The aim of the LAICA study was to evaluate the long-term effectiveness and safety of intermittent levosimendan
infusion in patients with advanced heart failure (AdHF).
Methods and results This was a multicentre, randomized, double-blind, placebo-controlled clinical trial of intermittent
levosimendan 0.1 μg/kg/min as a continuous 24-h intravenous infusion administered once monthly for 1 year in patients with
AdHF. The primary endpoint [incidence of rehospitalization (admission to the emergency department or hospital ward for
>12 h) for acute decompensated HF or clinical deterioration of the underlying HF] occurred in 23/70 (33%) of the
levosimendan group (Group I) and 12/27 (44%) of the placebo group (Group II) (P = 0.286). The incidence of hospital
readmissions for acute decompensated HF (Group I vs. Group II) at 1, 3, 6, and 12 months was 4.2% vs. 18.2% (P = 0.036);
12.8% vs. 33.3% (P = 0.02); 25.7% vs. 40.7% (P = 0.147); 32.8% vs. 44.4% (P = 0.28), respectively. In a secondary
pre-specified time-to-event analysis no differences were observed in admission for acute decompensated HF between patients
treated with levosimendan compared with placebo (hazard ratio 0.66; 95% CI, 0.32–1.32; P = 0.24). Cumulative incidence for
the aggregated endpoint of acute decompensation of HF and/or death at 1 and 3 months were significatively lower in the
levosimendan group than in placebo group [5.7% vs. 25.9% (P = 0.004) and 17.1% vs. 48.1% (P = 0.001), respectively], but
not at 6 and 12 months [34.2% vs. 59.2% (P = 0.025); 41.4% vs. 66.6% (P = 0.022), respectively]. Survival probability was
significantly higher in patients who received levosimendan compared with those who received placebo (log rank: 4.06;
P = 0.044). There were no clinically relevant differences in tolerability between levosimendan and placebo and no new safety
signals were observed.
Conclusions In our study, intermittent levosimendan in patients with AdHF produced a statistically non-significant
reduction in the incidence of hospital readmissions for acute decompensated HF, a significantly lower cumulative incidence
of acute decompensation of HF and/or death at 1 and 3 month of treatment and a significant improvement in survival during
12 months of treatment.
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Introduction

Heart failure (HF) is a major public health concern.1,2 The
magnitude of the public health problem is highlighted by
the costs of care for patients with HF.3,4 This is despite signif-
icant therapeutic advances made in recent years.5 Advanced
HF (AdHF) is a debilitating stage of the disease characterized
by poor quality of life (QoL) and frequent hospitalizations,
and patients with AdHF are at high risk of readmission,
morbidity, and mortality.6–8 It is differentiated from
end-stage HF in that the cardiac dysfunction and symptoms
are still potentially reversible.8,9 Selected patients may bene-
fit from therapeutic measures with known impact on survival
and QoL, such as the implantation of mechanical circulatory
assist devices and heart transplantation.10,11 However, in
many cases, they may be delayed due to shortage of donor
organs or are contraindicated due to host factors including
advanced age and/or comorbidities.11,12

Inotropic drugs such as beta-adrenergic agents and phos-
phodiesterase inhibitors are often used in patients with AdHF
for the treatment of acute severe decompensation because
they can rapidly improve the clinical and haemodynamic
status of the patient.13 However, it has been shown that ino-
tropic agents can have a negative effect on both short-term
and long-term prognosis in patients with HF.14 Levosimendan
is a calcium-sensitizing agent with inotropic and vasodilator
(inodilator) effects exerted by a triple mechanism of action.
First, it increases the calcium sensitivity of troponin C,
without increasing the release of calcium into the cytosol or
modifying intracellular cyclic AMP levels; second, it activates
ATP-sensitive sarcolemmal K+ channels in the smooth muscle
cells of the vasculature; and third, it activates ATP-sensitive
mitochondrial K+ channels in cardiomyocytes.15,16 Several
studies have demonstrated its effectiveness in treating acute
decompensated HF from a clinical, haemodynamic, and prog-
nostic standpoint, compared with other treatments.17–20 The
efficacy and safety of intermittent outpatient treatment with
levosimendan has been evaluated in a number of studies.20

In individual studies, levosimendan has been reported to
improve functional capacity, QoL, and event-free survival in
patients with acute decompensated HF.20–22

The ‘Long-Term Intermittent Administration of
Levosimendan in Patients with Advanced Heart Failure’
(LAICA) study (ClinicalTrials.gov Identifier: NCT00988806/
Number EudraCT: 2009-011441-11) is a clinical trial designed
to evaluate the efficacy and safety of intermittent administra-
tion of levosimendan as a continuous 24 h intravenous (IV)
infusion in patients with AdHF. The infusion was adminis-
tered once monthly for 12 months, and efficacy was
evaluated in terms of the reduction in the incidence of hospi-
tal readmissions for acute decompensated HF, time from ran-
domization to first hospitalization for acute decompensated
HF and/or death, the composite of cardiac and non-cardiac
mortality, and safety/tolerability.

Methods

Study design and patients

The LAICA study is a Spanish, independent, multicentre
(seven hospitals), randomized, double-blind, placebo-
controlled, parallel group trial. Refer to Supporting informa-
tion, Table S1 for a full list of study committees, participating
centres, and investigators. The study design has been
described previously.23 Briefly, eligible patients had AdHF
[New York Heart Association (NYHA) Class III or IV]; evidence
of severe left ventricular dysfunction5 of any aetiology, with
at least one episode of acute decompensation requiring
hospital admission within the previous 6 months (refer to
Table S2 for a comprehensive list of inclusion and exclusion
criteria).

All patients received optimal standard treatment for HF in
accordance with current recommendations for the manage-
ment of chronic HF, including patients with implantable
defibrillators or cardiac resynchronization therapy devices.5

Randomization was performed centrally. Eligible patients
were assigned to one of two therapeutic strategies, in a
double-blind manner, using a random number table gener-
ated using an Excel® for Windows® spreadsheet. Patients
were randomly assigned (3:1), in double-blind manner, to
receive an infusion of levosimendan 0.1 μg/kg/min (Group
I) without a loading dose, or placebo of the same colour
(Group II); both over a 24 h period once every 30 days. The
dose was established based on previous studies, researcher
experience and the usual practice in many of the centres.
The absence of a loading dose was for safety reasons, to
avoid the risk of episodes of hypotension. The infusion rate
could be reduced to 0.05 μg/kg/min or suspended, according
to the patient’s response to the drug (hypotension or
tachycardia), in which case it was recorded as a serious
adverse event. These 24-h treatments were repeated every
30 days for 12 months. Both patients and investigators were
blinded to which treatment had been administered to ensure
the study was maintained double-blind. If symptomatic
hypotension or tachycardia occurred, the infusion rate could
be reduced to 0.05 μg/kg/min or suspended, and it was
recorded as a serious adverse event. All infusions were per-
formed under medical supervision with electrocardiography
and non-invasive haemodynamic monitoring. The clinical
status of each participant was evaluated 15 days after the
infusion had been administered. If adequate compensation
of cardiac function (defined as subjective improvement of
HF symptoms and/or improvement by at least one NYHA
functional class, and/or objective disappearance of signs of
systemic venous congestion, pulmonary congestion and/or
objective improvement in signs of peripheral perfusion)
had not been achieved or if the clinical status worsened
before the 30 day deadline for the next infusion, then the
infusion timetable was shortened to every 15 days with
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clinical assessments at 7 days. In cases of persistent decom-
pensation after two consecutive infusions every 15 days,
the randomization code was broken and the patient received
the medical treatment deemed most appropriate by the
attending physician, including heart transplantation when
indicated. Study medication was also discontinued in cases
of serious adverse events, when the primary endpoint of
the trial was attained or if patients withdrew their consent
to continue.

The study was approved by the local clinical research
ethics committee of each participating center and by the
Spanish Agency of Medicines and Health Products, Ministry
of Health. It was conducted in accordance with the Declara-
tion of Helsinki concerning medical research in human
subjects and in-line with the standards of good clinical
practice for trials with medical products in the European
community.24

All patients were required to sign an informed consent
form before they could enter the trial.

An independent ad hoc clinical events committee, blinded
to which treatment each patient had received, supervised the
study with respect to efficacy and safety. The committee re-
ceived reports on all events relating to the primary objective,
secondary objectives, and adverse reactions that occurred
during the study.

Main and secondary objectives of the study

Readmissions for acute decompensation of HF and survival
or mortality are the most relevant clinical events in
patients with AdHF and, following the publication of the
initial methodological manuscript,23 the executive
committee and the researchers modified the study design
accordingly. The primary endpoint was modified to ‘the
incidence of rehospitalization (admission to the emergency
department or a hospital ward for >12-h) for acute decom-
pensated HF or clinical deterioration of the underlying HF’
(Table S3).

Secondary endpoints included time from randomization
to first hospitalization for acute decompensated HF and/or
death, cumulative incidence of hospitalization due to
decompensation of HF, death or both, changes in NYHA
functional class from randomization to 1, 3, 6 and 12 months,
NT-proBNP changes before and after treatment, and QoL
assessment at 1, 3, 6, and 12 months using the Kansas City
Cardiomyopathy Questionnaire (KCCQ). Adverse events were
recorded throughout the trial (Table S3).

Study endpoints were evaluated at patient visits between
each administration of the study drug, based on history,
physical signs, and laboratory tests [blood counts, renal
function, haematological analysis, and N-terminal pro-brain
natriuretic peptide (NT-proBNP)] at baseline, and at 3, 6,
and 12 months during the study.

Sample size and statistical analysis

Based on an earlier study, we assumed an 18% reduction in
the incidence of the primary endpoint and calculated that
213 patients (163 patients to receive levosimendan treat-
ment and 50 patients to receive placebo) would provide a
statistical power of 80% and an alpha risk of 0.05 (one-tailed
contrast).25 Statistical analyses were performed according to
the intention-to-treat principle. A descriptive analysis of all
recorded data was performed for both treatment groups.
Continuous variables were analysed as sample size, mean,
standard deviation, median, inter-quartile range, and maxi-
mum and minimum values. Differences between treatment
groups were tested by means of the parametric Student t test
and the nonparametric Wilcoxon test as appropriate.
Categorical variables were presented through the distribution
of absolute and relative frequencies; 95% confidence inter-
vals (95% CI) were calculated as necessary. To test the inde-
pendence of two categorical variables we used the χ2 test
or Fisher’s exact test, selecting the most appropriate in each
case. P values for multiple comparisons were adjusted with
Bonferroni correction (for P values = 0.05 and for multiple
contrast corrected P values = 0.0125). Time-to-event analysis
was performed to compare cumulative event-free survival
between study groups using the Kaplan–Meier method and
log-rank test. We used Cox proportional risk model analysis
to obtain hazard ratios, 95% CIs and P values using
levosimendan vs. placebo as an independent variable, time
to event as dependent variable and cumulative incidence of
HF decompensation and/or death as event. We assumed that
acute decompensation of HF and death are events with
competing risk effects. To check for competitive risk between
the events HF decompensation and death, we used Grey’s
and Pepe and Mori’s tests comparing levosimendan and
placebo groups using the subdistribution hazards. The pres-
ence of both in each patient was added as an aggregated
endpoint for acute decompensation of HF and/or death. To
estimate the superiority of levosimendan treatment versus
placebo treatment to reduce this endpoint, a ratio contrasts
analysis using the χ2 test with a one-sided hypothesis test
was performed. A P value of <0.05 was considered
statistically significant for all tests. For missing data (partial
and complete), statistical imputation with ‘last observation
carried forward’ was used. All analyses were
performed with SAS software v9.4.

Results

Between November 2009 and October 2014, when the study
was stopped, 99 patients had been recruited. The study was
prematurely stopped due to lack of funding and difficulties
with patient recruitment. This report represents the findings
from this cohort of 99 patients, with two patients excluded
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pre-randomization (one screening failure and one death). A
complete summary of the protocol and study flow chart is
depicted in Figure 1. Seventy patients were assigned to the
levosimendan group and 27 to the placebo group. Demo-
graphic and clinical characteristics of the study patients are
shown in Table 1. Baseline therapy was in accordance with
current guidelines for HF management.5 No statistically signif-
icant differences were detected between the two treatment
groups in demographic, clinical or therapeutic baseline char-
acteristics. However, a greater number of the levosimendan
group patients had implanted automatic defibrillators.

The total number of infusions was 730 in the levosimendan
group and 227 in the placebo group. The median [inter-
quartile range Q1, Q3] number of the infusions per patient
was 12 [5, 13] for levosimendan and 13 [3, 13] for placebo.
The mean cumulative dose of levosimendan per patient
during the study was 110 ± 79 mg.

Primary endpoint

The primary endpoint [incidence of rehospitalization (admis-
sion to the emergency department or a hospital ward for

>12 h) for acute decompensated HF or clinical deterioration
of the underlying HF] occurred in 23/70 (33%) of patients
receiving levosimendan and 12/27 (44%) of patients receiving
placebo (P = 0.286). Admission for acute decompensated HF
(levosimendan group vs. placebo) at 1, 3, 6, and 12 months
was 4.2% vs. 18.5% (P = 0.036); 12.8% vs. 33.3% (P = 0.02);
25.7% vs. 40.7% (P = 0.147); 32.8% vs. 44.4% (P = 0.28),
respectively. After applying the Bonferroni correction no
significant differences were observed (Figure 2A).

Secondary and other endpoints

In a secondary pre-specified time-to-event analysis no differ-
ences were observed in admission for acute decompensated
HF between patients treated with levosimendan compared
with placebo (hazard ratio [HR] 0.66; 95% CI, 0.32–1.32;
P = 0.24) (Figure 3A). However, survival probability was
significantly higher in patients who received levosimendan
compared to those who received placebo (log rank: 4.06;
P = 0.044) (Figure 3B). Overall mortality (8.5% vs. 22.2%;
P = 0.08) showed a tendency towards reduction with
levosimendan (6 of 70 patients: 4 patients HF/cardiogenic

Figure 1 Study flow chart.
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shock; 1 patient cardiac arrhythmia; 1 patient non-cardiac
death) than in the placebo group (6 of 27 patients: all
HF/cardiogenic shock). The cumulative incidence of deaths
during the course of the study was lower in the levosimendan
group than in the placebo group but did not achieve statisti-
cal significance (Figure 4).

We did not find a competing risks effect in admission for
acute decompensated HF [Grey’s test: χ2DF:1 = 1.44; P = 0.23
and Pepe and Mori’s test: χ2DF:1 = 2.01; P = 0.16], or in death
[Grey’s test: χ2DF:1 = 0.82; P = 0.37 and Pepe and Mori’s test:
χ2DF:1 = 1.96; P = 0.16]. For this reason, survival competitive
risk analysis was not carried out.

After Bonferroni correction, cumulative incidence for acute
decompensation of heart failure and/or death after 1 and
3 months were significatively lower in the levosimendan
group than in placebo group [5.7% vs. 25.9% (P = 0.004)
and 17.1% vs. 48.1% (P = 0.001) respectively], but not after
6 and 12 months [34.2% vs. 59.2% (P = 0.025); 41.4% vs.
66.6% (P = 0.022) respectively] (Figure 2B).

Cox proportional risk model analysis did not show a signif-
icant hazard ratio for levosimendan vs. placebo using time to
event as dependent variable and cumulative incidence of

acute decompensation of HF and/or death as event
(HR = 0.66; 95% CI, 0.33–1.33; P = 0,24).

No significant changes were found in NYHA functional class
between the two groups throughout the study (Figure 5).
Data collection on variables such as NT-proBNP and QoL
assessment using the KCCQ throughout the study was
inconsistent; therefore, an adequate analysis could not be
performed.

Tolerability and safety

Adverse events were recorded throughout the study.
There were 34 (48.6%) patients treated with levosimendan
and 14 (52%) patients with placebo that had at least one ad-
verse event (P = 0.77). In 22 (31.4%) patients assigned
to levosimendan and 9 (33.3%) patients assigned to placebo,
the adverse event caused premature discontinuation from
the study (P = 0.8). In accordance with the intention-to-treat
principle, these patients were included in all efficacy and
safety analyses. Adverse drug-related reactions reported
for levosimendan included acute HF (1 patient), hypotension
(5 patients), ventricular tachycardia (1 patient), nausea

Table 1 Baseline demographic data, clinical presentation, and concomitant drugs

Levosimendan (N = 70) Placebo (N = 27) Total (N = 97) P value

Age (years) 68.10 ± 11.09 71.33 ± 8.98 69.00 ± 10.60 0.2330
Gender male n (%) 62 (88.57) 20 (74.07) 82 (84.54) 0.1145
Caucasian n (%) 69 (98.57) 27 (100.0) 96 (98.97) 1.0000
Diabetes n (%) 36 (51.43) 14 (51.85) 50 (51.55) 0.3585
Dyslipidaemia n (%) 38 (54.29) 17 (62.96) 55 (56.70) 0.4395
HTA n (%) 47 (67.14) 17 (62.96) 64 (65.98) 0.6970
Smoking n (%) 25 (35.71) 6 (22.22) 31 (31.96) 0.3259
Coronary disease n (%) 33 (47.14) 13 (48.15) 46 (47.42) 0.3090
PAD n (%) 9 (12.86) 4 (14.81) 13 (13.40) 1.0000
Stroke n (%) 2 (2.86) 2 (7.41) 4 (4.12) 0.2327
CKD n (%) 18 (25.71) 6 (22.22) 24 (24.74) 0.8536
COPD n (%) 9 (12.86) 4 (14.81) 13 (13.40) 1.0000
LVEF n (%) 24.63 (7.86) 25.97 (9.93) 25.00 (8.45) 0.7297
Mean NT-proBNP and range (pg/mL) 7963 (4835, 11,092) 14,232 (3486, 24,978) 9700 (6078, 13,321) 0.6669
NYHA functional class n (%)

III 64 (91.43) 25 (92.59) 89 (91.75) 0.6614
IV 5 (7.14) 1 (3.70) 6 (6.19)

Digoxin n (%) 41 (58.57) 11 (40.74) 52 (53.61) 0.1145
Diuretics n (%) 67 (95.71) 27 (100.00) 94 (96.91) 0.5578
ACEI n (%) 45 (64.29) 20 (74.07) 65 (67.01) 0.3581
ARA II n (%) 16 (22.86) 3 (11.11) 19 (19.59) 0.1914
Beta-blockers n (%) 58 (82.86) 23 (85.19) 81 (83.51) 1.0000
Mineralocorticoid antagonist (%) 52 (74.30) 18 (67.70) 70 (72,16) 0.4666
ASA n (%) 24 (34.29) 12 (44.44) 36 (37.11) 0.3533
Statins n (%) 30 (43.48) 16 (61.54) 46 (48.42) 0.1163
Nitrates n (%) 12 (17.14) 7 (25.93) 19 (19.59) 0.3286
Amiodarone n (%) 15 (21.74) 3 (11.54) 18 (18.95) 0.3806
Oral antidiabetics n (%) 17 (24.64) 7 (26.92) 24 (25.26) 0.8192
Insulin n (%) 13 (18.84) 5 (19.23) 18 (18.95) 1.0000
NSAIDs n (%) 1 (1.45) 0 (0.00) 1 (1.05) 1.0000
CRT n (%) 15 (21.74) 1 (3.85) 16 (16.84) 0.0613
IAD n (%) 37 (53.62) 6 (23.08) 43 (45.26) 0.0077

ACEI, angiotensin converting enzyme inhibitors; ARA II, angiotensin-II receptor antagonists; ASA, acetylsalicylic acid; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization device; HTA, arterial hypertension; IAD, implantable
automatic defibrillator; LVEF, left ventricular ejection fraction; NSAIDs, non-steroidal anti-inflammatory drugs; PAD, peripheral artery
disease.
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(1 patient), vomiting (1 patient), and hypothyroidism
(1 patient). Three patients who developed hypotension
during the levosimendan infusions continued the study at a
reduced infusion rate. In the placebo group two adverse
drug-related reactions were reported: HF (1 patient) and
hypotension (1 patient).

Discussion

The LAICA study evaluated the efficacy and safety of intermit-
tent 24 h IV infusions of levosimendan as a therapeutic
strategy to reduce the incidence of admission for acute

decompensation in patients with AdHF. A lower incidence
of admission for acute decompensated HF was observed
between levosimendan and placebo after 12 m of treatment,
but after applying the Bonferroni correction, it was shown
that these differences were not significant. The lack of a
sustained effect over time on the reduction in the number
of events related to HF in our study requires further
examination.

Previous studies have examined whether intermittent
administration of levosimendan exerts clinical beneficial
effects in patients with AdHF.20 Clinical benefits of intermit-
tent levosimendan administration in patients with AdHF has
been demonstrated in terms of improved cardiac function/

Figure 2 Cumulative incidence of (A) hospital admission for acute decompensated heart failure (HF) or HF worsening; and (B) hospital admission for
acute decompensated HF or HF worsening and death.
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haemodynamic status;26–33 improved symptomatology;28

improved functionality;30,31 improved QoL;29,30 and improved
survival.21,26,32 Tasal and colleagues compared the effects of
single and repeated infusions of levosimendan on left ventric-
ular performance, biomarkers and neurohormonal activation
in 29 consecutive HF patients.31 In contrast to our study,
these authors recorded statistically significant improvements

in NYHA functional status and myocardial performance in the
treatment group at 6 months compared with pre-treatment
values (P = 0.03 and P < 0.001, respectively). Additionally, a
significant decrease in brain natriuretic peptide and IL-6
was observed in patients receiving repeated doses of
levosimendan (P < 0.01 and P < 0.05, respectively), but
not in a single-dose group. This was a small population of

Figure 3 Kaplan–Meier survival probability for (A) time from randomization to first hospitalization for acute decompensated heart failure (HF); and (B)
time from randomization to death.
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patients who were not randomized to treatment, the study
was not controlled, and no comparator group (placebo or
active) was included.

Two prospective, randomized, double-blind, placebo-
controlled, multicentre, parallel-group trials investigated
repetitive therapy with levosimendan compared with placebo

Figure 4 Cumulative incidence of death.

Figure 5 Improvement of New York Heart Association (NYHA) scale throughout the study: column results are expressed as frequencies (percentages).
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in similar patient populations to our study. These were the
LevoRep (levosimendan in outpatients with advanced heart
failure) study21 and the LION-HEART (Intermittent Intrave-
nous Levosimendan in Ambulatory Advanced Chronic Heart
Failure Patients) study.34 The trial design in these two studies
differs from ours in terms of dose schedules and cycle
durations. The dose per cycle was identical in both
(0.2 mg/kg/min for 6 h at 2 week intervals). The LevoRep
protocol specified four cycles of IV levosimendan therapy
while in the LION-HEART study, two additional cycles of
levosimendan therapy were administered. In our study, a
lower dose was administered for longer (0.1 mg/kg/min in-
travenously for 24 h at 30 day intervals for up to 12 months).
The LevoRep study failed to demonstrate a significant
positive effect on a pre-specified secondary endpoint,
short-term (8 weeks from randomization) and long-term
(24 weeks from randomization) event-free survival (death,
heart transplant, or decompensated HF admission). However,
the LION-HEART study reported a significant reduction in the
number of decompensated HF hospitalizations. Consistent
with the results of this study, the multicentre RELEVANT-HF
registry also reported a statistically significant reduction in
the number and duration of HF-related hospitalizations in
the 6 months after starting intermittent levosimendan
therapy.35

It has been hypothesized that intermittent exposure to
levosimendan results in a greater cumulative dosage.
Through its cardioprotective effect levosimendan helps to
preserve cardiac function and slows the progression of HF,
thus preventing haemodynamic deterioration. This should
translate clinically into a reduction in the number of
HF-related events.34 Although in our study we have not
observed this effect, despite delete of the mean cumulative
dose of levosimendan per patient being considerably higher
in comparison with other studies (110 ± 79 mg versus
30.3 ± 8.9 mg in LION-HEART study and 14.3 ± 44.7 mg the
LevoRep study),21,34 the positive effects of treatment during
the first 3 months should be noted. The insufficient number
of recruited patients undoubtedly influenced the overall
results, and we could assume that, for this reason, our study
is underpowered. Our study was prematurely stopped due to
lack of funding associated with poor patient recruitment.

It is also important to note that in the secondary
pre-specified time-to-event analysis, we found intermittent
24 h IV infusion of levosimendan resulted in a significantly
higher survival rate compared with placebo. These findings
are consistent with the results of other researchers. For
example, in a meta-analysis investigating the effects of
repeated or intermittent levosimendan on mortality in
patients with AdHF, Silvetti and Nieminen found that
levosimendan was associated with a significant reduction in
mortality at the longest available follow-up [16% vs. 21.5%;
odds ratio 0.54 (95% CI 0.32–0.91), P = 0.02].36 In this
analysis, data from 438 patients (257 received levosimendan)

in seven randomized clinical trials were included and the
average follow-up period was 8 months. The dosage varied
between 6 and 12 μg/kg as an IV bolus, and between 0.1
and 0.4 μg/kg/min as a continuous IV infusion. Infusion
duration was between 6 and 24 h, and the interval
between administrations was 1 week (1 study), every 2 weeks
(3 studies) or monthly (3 studies). Likewise, in the
LION-HEART study the composite secondary endpoint includ-
ing hospitalization (all-cause, CV or HF) and death or other
terminal events was also significantly lower in patients receiv-
ing levosimendan compared with those receiving placebo
[81% vs. 46% at 100 days, P = 0.015 (log-rank test)].34

In the LevoRep study, assignment to levosimendan was
associated with a 50% lower risk of death, heart transplant,
or acute HF compared with placebo, but this difference did
not quite reach statistical significance (HR 0.50, 95% CI
0.24–1.025; P = 0.069).21

It is important to highlight that in our study, repetitive
levosimendan administration was safe and well tolerated:
the adverse events rate was comparable between the
levosimendan and placebo groups, including a similar inci-
dence of patients with an adverse event leading to discontin-
uation of the therapy. The proportion of patients with death
as an outcome was lower in the levosimendan group than in
the placebo group, and none were considered to be related
to treatment. A similar level of safety and tolerability was
reported in the LevoRep and LION-HEART studies.21,34 In
the LevoRep study, levosimendan-treated patients were
more likely to experience arterial hypotension compared with
placebo; however, tachycardia and arrhythmias were
infrequent and did not differ between groups. Additionally,
in the LION-HEART study, no differences were found in the
levosimendan and placebo groups with respect to serious
and non-serious adverse event rates.34 The proportion of
deaths tended to be lower in the levosimendan group than
in the placebo group (31% vs. 38%), although this trend was
not statistically significant.

Overall, clinical experience in these three larger trials of
intermittent levosimendan therapy indicates that this treat-
ment approach is well tolerated, in a patient population
(AdHF), which is generally considered to be high risk.

Limitations

The aim of the LAICA study was to ascertain the usefulness of
intermittent levosimendan as a continuous 24 h IV infusion
administered once monthly for 12 months in patients with
AdHF. Based on the findings of an earlier study, we calculated
that 213 patients would provide the necessary statistical
power to investigate the primary endpoint (the incidence of
rehospitalization: admission to the emergency department
or a hospital ward for >12 h for acute decompensated HF
or clinical deterioration of the underlying HF).23 However,
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within the timeframe set for the clinical trial (November 2009
to October 2014), due to logistical reasons already
mentioned, only 99 patients were recruited. Consequently,
the study was prematurely stopped, and this report repre-
sents the findings from these 99 patients. This limited the
study power to reach its primary endpoint and our ability
to further analyse the data according to certain patient
sub-groups (e.g. patients requiring dosage reductions) and
to identify any possible less common or rare adverse events.
Nevertheless, we should point out that this still represents
one of the largest trials of its type in this clinical setting.
Despite the limited sample size, we did find a significantly
lower cumulative incidence of acute decompensation of
heart failure and/or death at 1 and 3 month of treatment
and a statistically significant higher survival probability in pa-
tients who received intermittent levosimendan treatment.
However, this finding should be interpreted with caution be-
cause it is a secondary endpoint in an underpowered study.

The inability to provide important information on
NT-proBNP changes before and after treatment and QoL
assessments at 1, 6, and 12 months (using KCCQ) should be
mentioned as additional limitations and prevented timely
analysis of these variables.

Conclusions

Long-term intermittent administration of levosimendan in
patients with AdHF produced a statistically non-significant
reduction in the incidence of hospital readmissions for acute
decompensated HF, a significantly lower cumulative inci-
dence of acute decompensation of HF and/or death at 1
and 3 month of treatment and a significant improvement in
survival during 12 months of treatment. There were no
clinically relevant differences in tolerability between
levosimendan and placebo. Our findings are in-line with
those from a number of other research groups and there is
a strong rationale for an adequately powered trial to confirm

the effects of levosimendan on hospital readmissions for HF
and mortality in patients with AdHF.
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