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Abstract
Background: Heart failure is a growing problem with a progressive 
increase in the number of patients as a result of better treatment 
outcomes and medical interventions. Patients with advanced 
heart failure who are not candidates for heart transplantation 
or left ventricular assist device become a major challenge for the 
health system, as they have a high mortality and hospitalization 
rate. Intermittent levosimendan infusion has been used in this 
group of patients even though the evidence is still controversial.

Objective: The purpose of this study is to determine the efficacy 
of intermittent levosimendan infusion in patients with advanced 
heart failure.

Methods: We conducted a systematic review of the literature on 
EMBASE, EPISTEMONIKOS, MEDLINE/Pubmed and Trip database 
until January 2018. We included published randomized clinical 
trials and meta-analysis without language restriction.

Results: Eleven studies including 586 patients evaluating 
intermittent levosimendan infusions in patients with advanced 
heart failure were included for evaluation. After a follow up period 
between 3 and 12 months there was a 55% reduction in mortality 
Odds Ratio (OR) 0.45 CI 95% (0.26; 0.78. p<0.003), a reduction in 
natriuretic peptide levels and an improvement in left ventricular 
ejection fraction without a reduction in hospitalization rates.

Conclusions: Intermittent levosimendan infusions in patients 
with advanced heart failure showed significant benefit in patients 
with advanced heart failure with mortality reduction becoming a 
promising alternative in the treatment of this group of patients.
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Introduction
The number of patients with heart failure has grown worldwide 

as a result of an increase in the life expectancy and the improvement 
in medical treatment and interventions that have shown to reduce 
mortality [1]. Patients with advanced heart failure who are not 
candidates for advanced therapy such as heart transplantation or 
Left Ventricular Assist Devices (LVAD) become a major challenge 
for the physicians because of the lack of symptomatic improvement 
despite neurohumoral blockage and diuretic use. Intermittent 
infusions of inotropic drugs are an alternative but their use is still 
controversial [2,3].

Levosimendan is a calcium sensitizer inotrope with demonstrated 
improvement in left ventricular performance. The recommended 
infusion dose is between 0.1 and 0.2 µg/Kg/min with or without a bolus 
every two to four weeks [3-5]. The cost of this therapy is elevated and 
therefore it is important to evaluate the benefits and select properly 
the patients who are candidate for levosimendan infusion [6-10].

The purpose of this study is to determine the efficacy of intermittent 
levosimendan infusion in patients with advanced heart failure in 
reducing mortality and heart failure rehospitalization and to assess 
the impact of intermittent levosimendan administration on left 
ventricular ejection fraction and natriuretic peptide levels.

Methods
Protocol

We conducted a systematic review and meta-analysis of 
randomized controlled trials assessing levosimendan use in patients 
with advanced heart failure, following the recommendation of the 
Cochrane Handbook for Systematic Reviews of Interventions [11].

Data collection
Two different reviewers searched studies on EMBASE, 

EPISTEMONIKOS, MEDLINE/Pubmed and Trip database until 
January 2018 without language restriction (No limits were used for 
the search). We also searched references from the articles chosen 
from the databases if they were useful. The MeSH terms used were 
“advanced heart failure”, “heart failure”, “levosimendan”, “randomized 
controlled trial”, “intermittent infusion”, and “controlled trial.

Inclusion and exclusion criteria
We included Randomized Controlled Trials (RCT) published in 
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full text that included adult patients older than 18 years with advanced 
heart failure (ischemic or non-ischemic cardiomyopathy), candidates 
for intermittent inotrope infusion. The trials evaluated levosimendan 
infusion with or without bolus for at least three months. Placebo or 
other medication with an inotropic effect was accepted as comparators. 
Non-randomized, unpublished or trials that had an incomplete follow 
up were excluded.

Outcomes
The primary outcome was all cause mortality. Secondary outcomes 

were change in the ejection fraction, change in natriuretic peptides 
and rehospitalization.

Study selection

Four reviewers screened the articles selecting them by title and 
abstract. We evaluated full text documents in a paired way excluding 
duplicated articles. For the analysis of the trials we followed the 
Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) guidelines for systematic reviews and meta-analyses 
(Figure 1). The evaluation of the quality of the studies was performed 
independently by two researchers using SIGN criteria [12]. All 
discrepancies were identified and resolved by consensus or with a third 
investigator if needed. Only references of high or acceptable quality 
were included. The bias risk assessment was performed for each trial 
by two independent investigators following the Cochrane Handbook 
for Systematic Reviews of Interventions (Higgins 2011) criteria [13]. 
We evaluated the randomization domains, assignment, blinding of 
participants and outcome evaluation, management of missing data 
and selective reporting results. Each potential source of bias was 
rated as “low risk,” “high risk” or “unclear risk.” Studies were rated 
as high risk of bias if any of the domains was classified as high risk 
of bias (Figure 2).

Statistical analysis
We evaluated the baseline characteristics of the patients in the 

intervention and control group, the infusion protocol, the follow up 
duration and the outcomes of the different trials. For the treatment 
effect estimation we followed the Cochrane Handbook for Systematic 
Reviews of Interventions recommendations [13]. We extracted event 
rate, Hazard Ratios (HR), and 95% Confidence Intervals (CI) for 
the primary and secondary outcomes. For continuous outcomes we 
evaluated the net difference and measurement difference with a CI of 
95%. For heterogeneity assessment, we performed chi2 and I2 statistic. 
If no heterogeneity was found, a fixed effects model was used for the 
meta-analysis. In case of high heterogeneity, a random effects model 
was proposed. Revman 5.2® software was used for data processing.

Results
We identified 187 studies excluding 171 by title and abstract. The 

abstract and full text of the fifteen remaining studies was analyzed [14-
28]. We excluded one meta-analysis that included non-randomized 
trials [10], one study with unpublished final results publication [27], 
and two non-randomized trials [25,26] (Figure 1). Eleven studies 
were included in the analysis with a total of 586 patients, 336 in the 
levosimendan group and 250 in the control group [14-19,21-24,28]. 
Baseline characteristics are shown in table 1. Seven studies reported 
mortality data (413 patients) [14-19,28]. The follow up time was 
between 3 and 12 months.

The clinical heterogeneity was related with the infusion protocol, 
follow up time and clinical scenario that guided the levosimendan 
infusion. Levosimendan was administered by intermittent intravenous 
infusions between 0.1 and 0.4 µg/kg/min with a bolus dose between 
6 and 12 mcg/kg except in four trials which did not use bolus 
[14,16,18,28]. The infusion duration time was between 6 and 24 hours 
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Figure 1: PRISMA Diagram
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Studies
Patients

Levosimendan 
Control

Bolo
µg/kg

Infusion
µg/kg/m

Duration
Hours

Interval Control Follow up

Altenberger 2014 63 57 - 0.2 6 Bi-week Placebo 24 Weeks

Berger 2007 39 36 12 0.1 24 Monthly PGE-1* 12 Months

Mavrogeni 2007 25 25 6 0.1-0.2 24 Monthly Placebo 6 Months

Silvetti 2014 185 141 3-12 0.1-0.4 6-24 Variable
Placebo Dobutamine

PGE 1*
6-12 Months

Malfatto 2012 22 11 - 0.1-0.4 24 Monthly Furosemida 16 Months

Parissis 2006 17 8 6 0.1-0.4 24 3 weeks Placebo 114 Days

Yi 2015 245 208 6-12 0.1-0.4 6-24 Variable
Placebo-Dobutamine
PGE1*, Furosemide

12 weeks-1 
year

Silvetti 2016 257 181 6-12 0.1-0.4 6-24 Variable

Placebo
Dobutamina

PGE1*
Furosemida

12 weeks-1 
year

Bonios 2012 21 21 - 0,3 6 Week
Dobutamine

Levosimendan
11-12 Months

Kleber 2009 18 10 12 0.2 23 Bi-week Placebo 12 Weeks

Comin-Colet 2018 48 21 - 0.2 6 Bi-week Placebo 12 Weeks

Table 1: Characteristics of studies [11-20,28]

*(PGE1)-Prostaglandin E1

 

Figure 2: Risk of bias

repeated every two or four weeks. The patients had an ejection fraction 
of 35% or less and III or IV New York Heart Association heart failure 
classification before randomization [14-28].

There was a significant reduction in mortality in patients with 
intermittent levosimendan infusion (13% vs 22% OR 0.45 CI 95% 0.26; 
0.78. p<0.003). The reduction in mortality persisted in the sensitivity 
analysis (Figure 3). Three studies reported rehospitalization but only 
one of them published results thereby only one of them was included 
[16,27,28]. Silvetti S, et al. [29] published in 2017, a meta-analysis 
evaluating rehospitalization rate after intermittent levosimendan 
infusions. In this meta-analysis a significant reduction in the number 
of rehospitalizations was found at 3 months (16% vs 35%, RR 0.40, 
95% CI 0.27-0.59, P<0.001) but the effect was lost when a loading dose 

was administered. 10% vs 17%, RR 0.43, 95% CI 0.16-1.19, P=0.10). 
The major limitation of this meta-analysis was the heterogeneity of the 
information without clear definitions for the reason for hospitalization; 
therefore we did not include this meta-analysis in our study.

Natriuretic peptides levels were reduced in patients with intermittent 
levosimendan infusion. In LevoRep study [14], the largest randomized 
study done until the analysis date, which included advanced heart 
failure patients and intermittent levosimendan infusion in ambulatory 
patients found a 30% reduction in NT-ProBNP levels in the treatment 
group [14]. In the Malfatto G, et al. [18] study there was a reduction in 
BNP levels in the intervention group after the first infusion, persisting 
until the fourth week; in the Parissis JT, et al. [21] study there was 
a reduction in NT-proBNP levels as well. The LION-HEART study 
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should be considered when treating patients with advanced heart failure 
that are excluded for therapies as LVAD o cardiac transplantation.

Conclusions
The use of intermittent levosimendan infusions in patients with 

advanced heart failure is associated with a significant reduction in 
mortality, natriuretic peptide levels and ejection fraction. There was 
not enough data to evaluate other outcomes in this study.
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