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Abstract
Objective  We aim to synthesise up-to-date randomised 
trials to investigate the effects of levosimendan on 
mortality and clinical outcomes in severe sepsis and septic 
shock. 
Methods  A collection of databases including PubMed, 
EMBASE, Cochrane Central Register and Web of Science 
were searched updated to August 2017. Randomised 
trials were included when they pertain to the use of 
levosimendan in severe sepsis or septic shock compared 
with any category of inotropes, or as an adjunct to 
standard therapy with mortality reported. The primary 
outcome was mortality, and the secondary outcomes were 
clinical performances including serum lactate, cardiac 
function, vasopressor requirement and fluid infusion.
Results  A total of 10 studies with 1036 patients were 
included in this meta-analysis. The results revealed that 
levosimendan could not reduce mortality significantly 
in severe sepsis and septic shock (OR 0.89, 95% CI 
0.69 to 1.16, P=0.39). Levosimendan use could reduce 
serum lactate more effectively, and enhance cardiac 
contractibility with increased cardiac index and left 
ventricular ejection fraction. However, its use could also 
increase fluid infusion but not reduce norepinephrine dose. 
No significant benefit in mortality could be observed of 
levosimendan versus dobutamine use, or in patients with 
proven cardiac dysfunction.
Conclusions  Current evidence is not sufficient to 
support levosimendan as superior to dobutamine or as an 
optimal adjunct in severe sepsis and septic shock. More 
large-scale randomised trials are necessary to validate 
levosimendan use in sepsis.

Background 
Sepsis is still a great challenge to public 
health, and its mortality increases tremen-
dously when severe sepsis or septic shock 
occurs.1 The incidence of cardiac dysfunction 
in severe sepsis and septic shock remains as 
high as 40%–60%,2 resulted from infectious 
process, cytokine storm,3 decreased myocar-
dial perfusion and pulmonary injuries,4 and 
is associated with poor outcomes.5 6 

Surviving Sepsis Campaign (SSC) Interna-
tional Guidelines (2016) recommended the 
usage of dobutamine infusion in patients with 
persistent hypoperfusion despite adequate 

fluid loading and the use of vasopressor 
agents (weak recommendation, low quality 
of evidence).7 However, its effect on mortality 
in sepsis is still under debate,8 and its adverse 
effects including increased myocardial 
oxygen consumption and risks of dysrhythmia 
could not be neglected.

Levosimendan, a calcium sensitiser that 
could improve myocardial contractibility in 
the absence of increased oxygen consump-
tion, is regarded as a promising adjunct in 
the treatment of both cardiac systolic and 
diastolic dysfunctions,9 and has been demon-
strated to have a beneficial effect on mortality 
in cardiac perioperative patients and patients 
with advanced heart failure.10 11

Levosimendan was demonstrated as 
superior to dobutamine and milrinone in 
restoring cardiac function in septic animal 
models.12 It could also alleviate inflamma-
tory response by downregulating nuclear 
factor  κB (NF-κB)-dependent transcrip-
tion,13 inhibiting inducible nitric oxide (NO) 
synthase promoter activity and reducing NO 
expression in vitro.14

Several meta-analyses were conducted to 
investigate the effect of levosimendan on 
mortality in sepsis, which revealed a benefi-
cial effect, however with limited sample size.15 
In this study, we aim to perform an up-to-date 

Strengths and limitations of this study

►► This article synthesised up-to-date randomised 
trials for quantitative analysis of the effect of levo-
simendan on mortality in severe sepsis and septic 
shock.

►► Subgroup analyses were conducted to investigate 
the subpopulation of patients who were likely to 
benefit most from levosimendan use.

►► Heterogeneity and biases were appraised between 
each study, and the optimal sample size was 
calculated.

►► However, the trials included were of limited sample 
size and quality, and potentially high-biased.
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meta-analysis to investigate the effect of levosimendan on 
mortality in severe sepsis and septic shock.

Methods
The manuscript was prepared according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses statement.16 17

Eligibility criteria
We aimed to include all randomised control trials 
(RCT) studying levosimendan use versus any category of 
inotropes or as an adjunct to standard management in 
severe sepsis and septic shock. The articles were included 
in our study if they  fulfilled the following criteria: (1) 
study population of severe sepsis or septic shock in adults, 
(2) randomised allocation of treatment, (3) comparison 
of levosimendan with any category of inotropic agents 
or placebo, with no restrictions on dose regimen or time 
limits of levosimendan infusion, and (4) data on mortality 
reported. The exclusion criteria were as follows: (1) dupli-
cates, (2) paediatric subjects, (3) animal experiments or 
in vitro studies, (4) no sepsis population and (5) lack of 
data on mortality.

Information sources
Two investigators searched a collection of databases 
including PubMed, EMBASE, Cochrane Central Register 
and Web of Science updated to 1 August 2017 separately 
with no language restrictions. When relevant systemic 
reviews or meta-analyses were found, the investigators ran 
a backward snowballing to obtain further studies.

Search
The following keywords were used as search terms: ‘levo-
simendan’, ‘simendan’, ‘Simdax’,  ‘dextrosimendan’, 
‘sepsis’, ‘severe sepsis’, ‘septicemia’  and ‘septic shock’ 
(online supplementary file 1).

Study selection
Abstracts and titles of the articles were initially viewed 
separately by two investigators, and  if potentially perti-
nent the complete articles were retrieved. Articles were 
assessed and selected separately by two investigators, with 
disagreements solved by consensus.

Data items
Information was extracted from each of the included 
trials on (1) characteristics of the participants (including 
gender, age and diagnosis); (2) interventions (including 
the infusion duration and dose regimen of the levosim-
endan or other inotropes); and  (3) outcome measure-
ments, with primary outcome determined as mortality 
(follow-up time was tailored at the approximate duration 
by the reviewers’ consensus), and secondary outcomes as 
clinical outcomes including serum lactate level, cardiac 
function including cardiac index, left ventricular ejection 
fraction (LVEF) and left ventricular stroke work index 
(LVSWI), fluid infusion and vasopressor requirement.

Assessment of risk of bias
Internal validity and risks of bias were evaluated by two 
investigators separately following Cochrane Collaboration 
Methods protocols.18 Risks of bias were assessed by scru-
tinising the articles and rated as ‘Yes’, ‘No’ or ‘Unclear’ 
according to the procedures taken in the articles.

Summary measures
Dichotomous outcomes were measured as propor-
tions and calculated by OR. Continuous outcomes were 
described as mean±SD and calculated by mean difference 
or standard mean difference. The end-point and change 
range were both compared if the continuous variables 
were measured at baseline and after treatment. Missing 
data were imputed from other information whenever 
possible19 (online supplementary file 2).

Statistical analysis
The data retrieved from the relevant articles were comput-
erised and analysed by Review Manager V.5.3 (The Nordic 
Cochrane Centre, The Cochrane Collaboration, Copen-
hagen). We used the  Mantel-Haenszel statistic method 
for dichotomous variable (mortality) measurements and 
inverse variance for continuous variables (lactate level, 
cardiac  index, LVEF, LVSWI, fluid infusion and norepi-
nephrine dose). Random-effects model was used for 
better accommodation of heterogeneity. Cochrane I2 
statistic was used for heterogeneity assessment between 
the studies, with a range of 0%–30% representing no or 
mild heterogeneity, 30%–60% as moderate heterogeneity 
and  >60% as high heterogeneity. Publication bias was 
tested by visual inspection of funnel plots. As for sensi-
tivity analysis, the data set was analysed in both fixed and 
randomised-effects models and the favouring directions 
were inspected. Each study was removed sequentially and 
the remaining data  set reanalysed to assess the robust-
ness of the results. Trial sequential analysis (TSA) was 
performed to estimate the optimal sample size for the 
plausible effects of levosimendan on sepsis.20 Statistical 
significance was set at a two-tailed 0.05 level to establish 
hypothesis.

Subgroup analysis
We prespecified the subgroup analyses. Studies enrolling 
patients with proven cardiac dysfunction versus hetero-
geneous cardiac function were compared, as well as 
the use of levosimendan versus dobutamine and versus 
standard therapy. We further attempted to separate the 
studies enrolling patients with an  average age  ≥65 years 
vs <65 years and mortality ≥50% vs <50% in the hope of 
finding the subpopulation who would potentially benefit 
from levosimendan use.

Results
Study selection
A total of 566 abstracts were retrieved from the search 
strategy, with 121 duplicates excluded and 199 excluded 
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due to no eligible abstracts. Complete manuscripts of 
246 abstracts were retrieved for further assessment, of 
which 92 were reviews or commentaries, 106 were animal 
experiments, 3 in vitro studies, 7 non-RCTs, 9 non-septic 
patients, 2 paediatric patients, 3 with mortality not 
reported, 13 case reports and 1 study design. A total of 10 
studies were included in this meta-analysis,21–30 2 of which 
were conference abstracts21 22 and 1 written in Chinese26 
(figure 1).

Study characteristics
Within the 10 studies enrolling 1036 patients, no differ-
ences were present in age and in the Acute Physiology 
and Chronic Health Evaluation II scores between the 
treatment and control groups at baseline. Patients diag-
nosed with septic shock or severe sepsis after adequate 
fluid resuscitation were included in the studies. Four 
studies set explicit criteria of cardiac dysfunctions during 
the  patients’ recruitment.21 26 27 30 Norepinephrine was 
used as necessary to achieve the target mean artery pres-
sure (MAP) ranging from 65 to 80 mm Hg during levosi-
mendan therapy depending on the study design. Seven 
studies used dobutamine (dose ranged from 5 to 20 µg/
kg/min) as a comparator,21–24 26 27 30 and three used levo-
simendan as an adjunct to standard therapy.25 28 29 Levo-
simendan was administered as continuous infusion (dose 
ranged from 0.05 to 2.0 µg/kg/min) over 24 hours with 
no bolus. Parameters reflecting cellular metabolism, 
microcirculation, haemodynamics, cardiac function 

and target organ perfusion were measured in individual 
studies (table 1).

Syntheses of results
The data on mortality were randomised and calculated 
from the 10 studies, and the final result revealed no 
statistical difference (total events 187/522 vs 197/514 in 
levosimendan and control groups, respectively; OR 0.89, 
95% CI 0.69 to 1.16, P=0.39), with no evidence of hetero-
geneity (I2=0%, P=0.52) (figure 2).

We conducted a series of subgroup analyses according 
to patients’ characteristics. No statistical significance 
could be observed in the studies enrolling patients with 
proven clinical cardiac dysfunction21 26 27 30 (OR 0.76, 
95% CI 0.39 to 1.50, P=0.43) or those with heterogeneous 
cardiac functions22–25 28 29 (OR 0.75, 95% CI 0.48 to 1.19, 
P=0.23).

We compared the effect of levosimendan versus dobuta-
mine on mortality in sepsis and found no statistical differ-
ence in mortality between levosimendan and dobutamine 
groups (OR 0.65, 95% CI 0.39 to 1.10, P=0.11),21–24 26 27 30 
and  neither of levosimendan in comparison with stan-
dard therapy25 28 29 (OR 0.82, 95% CI 0.44 to 1.55, P=0.54) 
(figure 3).

We attempted to divide the studies according to 
patients’ average age (<65 years or  ≥65 years) and 
mortality (<50% or ≥50%), and found no statistical signif-
icance between each subgroup (online  supplementary 
figure 1).

Figure 1  Flow diagram of search process and study selection. RCT, randomised control trial.
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We also extracted and compared the data on lactate 
reduction,22 23 26 28 30 measurements reflecting cardiac 
function including cardiac  index,23 25–28 30 LVEF21 26 27 30 
and LVSWI,23 26 27 30 fluid infusion,23 26 28 30 and norepineph-
rine dosage.23 25–28 30 The results revealed that lactate was 
more profoundly reduced, and cardiac function signifi-
cantly improved (with increased cardiac index, LVEF and 
LVSWI) in levosimendan group. Norepinephrine dose 
was reduced slightly; however, total fluid infusion over 
24 hours was tremendously increased in levosimendan 
group (table 2, online supplementary figure 2).

Risk of bias and sensitivity analyses
The funnel plot was drawn for testing the bias, and visual 
inspection of the funnel plot revealed potential asym-
metry (online supplementary figure 3).

The data  set was analysed both in the fixed and 
random-effects models for sensitivity analysis, and 
the result revealed no shift of favouring directions 
(online supplementary figure 4). Each trial was removed 
and the  remaining data  set reanalysed subsequently, 
and the result indicated that the statistical significance 
was obscured only when the trial by Gordon et al28 was put 
into analysis (online supplementary figure 5).

Trial sequential analysis
TSA was performed to determine the optimal infor-
mation size. We estimated a 26% mortality based on 
the recent epidemiological data on severe sepsis,31 
and assumed an average of 20% relative risk reduction 
in reference to the effect of levosimendan on overall 
mortality reduction in hospitalised patients,32 with 80% 
power and two-sided  α=0.05. The calculation indicated 
an optimal information size of 2082 patients for detec-
tion of the plausible treatment effect of levosimendan in 
sepsis. The Lan-DeMets sequential monitoring boundary 

constructed by the optimal information size did not cross, 
indicating that the cumulative evidence was not conclu-
sive and reliable (figure 4).

Discussion
The main finding of this study was that levosimendan 
could not significantly reduce mortality in severe sepsis 
and septic shock. Levosimendan could reduce serum 
lactate level more effectively and  improve cardiac func-
tion. However, no change in norepinephrine dose but 
profound increase in fluid infusion could be observed.

We noticed that, although cardiac function was 
improved after levosimendan use, more fluid was infused 
for maintenance of the target MAP probably due to the 
vasodilatory effect of levosimendan, which could exacer-
bate pulmonary and peripheral oedema and potentially 
impede oxygen uptake and exchange. The use of levosim-
endan was also suggested to be accompanied with higher 
incidence of life-threatening arrhythmias like supraven-
tricular tachyarrhythmia, which could cause haemody-
namic instability and bring risks to the patients.28

The previous study by Zangrillo et al15 enrolling a 
series of RCTs yielded a significantly reduced mortality 
in levosimendan group in septic shock. However, it 
should be noted that, in our study, statistical significance 
was obscured after a large, multicentre RCT with a sample 
size of 514 patients by Gordon et al28 was included.

We thought that there may be several reasons for 
this. The percentage of patients in the trial by Gordon 
et al who underwent cardiac function assessment was 
rather low (30%), so Gordon and coworkers might have 
enrolled patients with heterogeneous cardiac functions.33 
Although the prevalence of septic cardiomyopathy is high 
(40%–60%), the discriminative enrolment could still 

Figure 2  Effect of levosimendan on mortality in patients with severe sepsis and septic shock. M-H, Mantel-Haenszel.
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mask the potential benefit of levosimendan, considering 
that there might be patients recruited who did not have 
cardiac dysfunction, and may not benefit from inotropic 
use as indicated by the SSC International  Guidelines 
(2016) in which the increase of cardiac function to supra-
normal level is discouraged.7

We attempted to synthesise the studies with patients 
who had proven cardiac dysfunction; however, the result 
revealed no statistical significance (OR 0.76, 95% CI 0.39 
to 1.50, P=0.43). We then performed a TSA and yielded 
an optimal sample size of 1719, suggesting that more 

trials focusing on patients with cardiac dysfunction are 
probably needed to  determine the plausible effects of 
levosimendan on sepsis.

The patients enrolled in the trial by Gordon et al might 
be relatively at low risk (with the 28-day mortality of 
31%).33 34 In the study by Zangrillo et al, the mortality 
decreased from 61% to 47% after levosimendan use,15 
and in that study the baseline mortality was very high 
(61% in control group), suggesting that patients at 
‘extremely’ high risk may benefit the most from levosi-
mendan use.

Figure 3  Subgroup analysis. (A) Levosimendan in patients with proven cardiac dysfunction versus patients with heterogeneous 
cardiac function (OR 0.76, 95% CI 0.39 to 1.50, P=0.43 vs OR 0.75, 95% CI 0.48 to 1.19, P=0.23). (B) Levosimendan 
versus dobutamine (OR 0.65, 95% CI 0.39 to 1.10, P=0.11) or standard therapy (OR 0.82, 95% CI 0.44 to 1.55, P=0.54).
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We also attempted to synthesise the studies by dividing 
the studies with patients at high (≥50%) or low (<50%) 
risks and found an OR of 0.55 (95% CI 0.30 to 1.03) and 
0.99 (95% CI 0.74 to 1.32), respectively. Although no 
statistical significance could be observed, we found the 
group of studies with high-risk patients were more likely 
to benefit from levosimendan use. Still, more trials are 
definitely needed.

Limitations
Our study had several limitations. The randomised trials 
included in this meta-analysis were of limited sample size, 
8 out of 10 studies included less than 50 patients,21–27 30 
and were potentially high-biased. Follow-up duration was 
not reported in one study24; only intensive care unit 
mortality was reported in two studies,22 23 and the incon-
sistency in follow-up duration could potentially bring bias 

Table 2  Clinical outcomes after randomisation

Outcomes References Subjects (n) MD (95% CI)
P for overall 
effect

P for 
heterogeneity I2 (%)

LactateTRT 22 23 26–28 30 656 −0.89 (−1.48 to −0.29) 0.003 <0.00001 87

ΔLactate 23 26–28 30 614 −0.80 (−1.41 to −0.20) 0.009 0.0002 82

CITRT 23 26–28 30 277 0.39 (0.17 to 0.62) 0.0005 0.05 59

ΔCI 21 23 26–28 30 319 0.46 (0.30 to 0.63) <0.00001 0.01 66

LVSWITRT 26 27 30 102 3.73 (0.49 to 6.98) 0.02 0.0009 86

ΔLVSWI 23 26 27 30 142 5.00 (3.95 to 6.06) <0.00001 0.83 0

LVEFTRT 26 27 30 102 6.76 (3.53 to 10.00) <0.0001 0.75 0

ΔLVEF 21 26 27 30 144 4.98 (0.75 to 9.21) 0.02 0.001 81

Norepinephrine doseTRT 23 26–28 30 547 −0.04 (−0.16 to 0.09) 0.58 <0.00001 96

ΔNE dose 23 25 27 28 30 537 −0.06 (−0.13 to 0.01) 0.08 0.006 72

Fluid infusion in 
24 hours

23 26 28 30 581 2.72 (0.75 to 4.69)* 0.007 <0.00001 97

Note: Subscript TRT stands for outcomes after treatment; Δ stands for change range of outcomes. 
*Standard mean difference is used in this case due to large difference in means (MD 1048.74, 95% CI 303.21 to 1794.27).
CI, cardiac index; LVEF, left ventricular ejection fraction; LVSWI, left ventricular stroke work index; MD, mean difference; NE, norepinephrine.

Figure 4  Trial sequential analysis. The optimal information size of 2082 patients for detection of the plausible treatment effect 
of levosimendan in sepsis and the Lan-DeMets sequential monitoring boundary constructed by the optimal information size did 
not cross.
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to the results. Also, the dose regimen of levosimendan 
varied from 0.05 to 0.2 µg/kg/min, which could cause 
different haemodynamic effects to the patients.

Conclusion
Although levosimendan could improve clinical outcomes 
including cardiac function and tissue perfusion 
compared with dobutamine or standard therapy, it also 
increased fluid infusion but did not reduce vasopressor 
requirements. Still, it failed to bring significant benefit 
to mortality in sepsis. More RCTs are necessary to further 
elucidate the effects of levosimendan on sepsis, particu-
larly in those with cardiac dysfunctions.
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