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Objective: Levosimendan and Sacubitril/Valsartan are both potent
pharmacotherapeutic agents in the clinical management of heart failure
characterized by reduced ejection fraction. However, the limited efficacy of
monotherapy and the lack of extensive clinical experience with combination
therapy necessitate further investigation. This study aimed to evaluate the
therapeutic effects of combining levosimendan with sacubitril/valsartan on
chronic heart failure with reduced ejection fraction, specifically through a
meta-analysis of studies conducted in China.

Methods: Cochrane systematic evaluation method was used to complete data
retrieval from the following related databases: (1) Wanfang database; (2) CNKI
China Academic Journal Network; (3) Wipo Full-text Database of Chinese Sci-tech
journals; (4) PubMed; (5) Medline; (6) Chinese Biomedical Literature Database; (7)
Web of Science; and (8) Google Scholar database. We searched for studies
published up to December 2021. Data were extracted from applicable articles.
Meta-analyses were performed to assess the left ventricular ejection fractions
(LVEF) level, NT-proBNP level, Clinical efficacy, and the left ventricular end-
diastolic dimension (LVEDD) level outcomes, following PRISMA 2020 guidelines.
Results: A total of five randomized controlled trials (RCTs) comprising 398
patients were included, half of the patients for levosimendan combined with
Sacubitril/Valsartan and half of the patients for control groups. The effective rate
in experimental group was significantly higher than that in control group [Peto-
OR=3.08, 95% ClI (1.83, 5.19), P<0.05]. The LVEF level after treatment in the
experimental group was significantly higher than that in the control group
[MD =5.51, 95% CI (4.25, 6.76), P < 0.05]. After treatment, the LVEDD level in the
experimental group was lower than that in the control group [MD = -3.83, 95%
Cl (-=7.60, —0.05), P<0.05]. There was a statistically significant difference in the
N terminal pro B type natriuretic peptide (NT-proBNP) level between the two
groups after treatment, where the value for the experimental group was lower
than that for the control group [SMD = -2.68, 95% Cl (-3.94, —1.43), P<0.05].
Conclusion: Meta-analysis results showed that levosimendan combined with
Sacubitril/Valsartan has a better therapeutic effect on heart failure with reduced
ejection fraction and is beneficial for improving cardiac function. The main
mechanism for this may be related to the pharmacological action of levosimendan.
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Introduction

Heart failure is referred to as cardiac function failure caused by
a variety of heart diseases. Its main characteristics include
inadequate cardiac output, reduced tissue perfusion volume, and
pulmonary circulation blood stasis (1). With changing lifestyles
and population aging, in recent years, the incidence of heart
failure is gradually increasing despite the continuous
improvement in the related diagnosis and treatment level, and
heart failure still has a high mortality rate with its three-year
survival rate remains comparable to that of malignant tumors
(2). How to treat heart failure effectively is a common concern
for physicians. Sacubitril/Valsartan is a compound preparation,
that has been widely used in the treatment of heart failure. It can
effectively inhibit the over-activation of the renin-angiotensin-
aldosterone system while protecting the heart function and is a
first-line treatment drug recommended by the related guidelines
(3). Levosimendan is a non-digitalis-positive inotropic drug,
which can effectively improve the sensitivity of myocardial
contractility to calcium ions and then achieve the effect of
improving myocardial contractility (4, 5). Therefore, a meta-
analysis of the therapeutic effect of levosimendan and Sacubitril/
Valsartan on chronic heart failure patients with reduced ejection
fraction was conducted to provide a theoretical basis for this

combined treatment in china.

Materials and methods

Search strategy

The following relevant databases were searched: (1) Wanfang
Database; (2) CNKI China Academic Journals Network; (3)
Weipa Chinese Full-text Database of Scientific and Technological
Journals; (4) PubMed; (5) Medline; (6) Chinese Biomedical
Literature Database; (7) Web of Science; and (8) Google Scholar
Database. The search terms included the following: (1) chronic
heart failure; (2) decreased ejection fraction; (3) levosimendan;
(4) Sacubitril/Valsartan. The search keywords included the
following: (1) chronic heart failure; (2) decreased ejection
fraction; (3) levosimendan; and (4) Sacubitril/Valsartan. Studies
closely related to the above keywords were included in the
analysis. Databases were searched for studies published up to
December 2021. Additionally, the reference lists of review papers
and every publication retrieved were manually searched for any
additional published articles. Data quality assessment and
relevant data extraction from all the included literature were
completed by two researchers using a double-blind method of
Cochrane systematic review.

Study selection

All randomized controlled trials (RCTs) evaluating the
efficacy of levosimendan and Sacubitril/Valsartan for the
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treatment of heart failure with reduced ejection fraction were
included. Patients of chronic heart failure who had New York
Heart Association (NYHA) functional classification of III or
IV, received conventional anti-heart failure treatment. Patients
in control group were treated with Sacubitril/Valsartan and in
experimental group were treated with Sacubitril/Valsartan
combined with levosimendan. The exclusion criteria were as
follows: the experimental design is not rigorous; the source
data are wrong and repeatedly reported; the diagnosis and
efficacy judgment criteria are not standardized; use of the
in vitro or animal experiments; and the study object data
are missing.

Data extraction

Data extraction was completed after retrieving relevant
literature by two reviews independently. Each reviewer first read
the titles of the articles and the abstracts,
reports that were inconsistent with the inclusion criteria, and

removed the

then carefully read the whole text, further eliminating unsuitable

manuscripts. and any disagreement was resolved by a
third researcher.

The final decision about the inclusion of the manuscript was
then made. The following data were extracted from each
study: the first author’s name, publication year, regimes for
intervention and control groups, number of patients in each
group, The

observation indicators included the following: (1) «clinical

and drug duration of administration, basic
efficacy (6): clinical symptoms and signs are significantly
improved, left ventricular ejection fractions (LVEF) is >50% or
increased by >6%, NYHA class increased by >2 are excellent;
clinical symptoms and signs have improved, LVEF is 45%—49%
or increased by 3%—5%, and NYHA class increased by 1 are
effective; clinical symptoms, signs, LVEF, and NYHA class
without total
(excellent + effective)/total number of people x 100%. (2) LVEEF,
left ventricular terminal diastolic diameter (LVEDD), and NT-
proBNP before and after treatment.

improvement are ineffective. effectiveness =

Quality assessment

The quality of the included studies (randomized controlled
trials, RCTs) was independently evaluated by two authors (Che
Li and Zhenliang Chu), and any differences were resolved
through discussion and adjudication. A quality evaluation of the
included literature was carried out according to the bias risk
assessment criteria, these included addressing whether grouping
was random, whether blinding was used, whether blinding was
hidden and whether the study results data were complete. Grade
A was assigned to a study when all of the above criteria were
met. Grade B was assigned if some of the above criteria were
met. Grade C was assigned if almost none of the above criteria
were satisfied.
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Statistical analysis
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TABLE 2 Summary of the quality evaluation of included trials.

Study or subgroup Randomizing Blinding Data integrity Quiality evaluation

grade

LuX (7) Not described Yes Not described Yes B
Xiong JH (8) Not described Yes Not described Yes B
Zheng X (9) Not described Yes Not described Yes B
Jin Z] (10) Not described Yes Not described Yes B
Zhu QH (11) Not described Yes Not described Yes B
Experimental Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% ClI Peto, Fixed, 95% CI
Jin Z) 2021 22 31 18 31  25.4% 1.74[0.62, 4.89] T
Lu X 2020 28 30 18 30 19.2% 6.25[1.91, 20.47] . —
Xiong JH2020 22 24 17 24 13.1% 3.82[0.91, 16.01] T
Zheng X 2021 29 30 24 30 11.1% 4.91[1.03, 23.42] I E—
Zhu QH 2020 78 84 70 84 31.2% 2.47 [0.97, 6.26] L
Total (95% Cl) 199 199 100.0% 3.08 [1.83, 5.19] <o
Total events 179 147
itv: Chi2 = = - 12 = I t t |
1l-_leterfogeneltyl.lC?i: = 32.1_8;1d2f5 l:1(P0 o(()).0513), | 0% o1 o1 0 100
est for overall effect: Z = 4.25 (P < 0. ) Experimental Control
FIGURE 2
Contrast in effective rate between two groups.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
JinZ) 2021 40 8 31 36 7 31 11.3% 4.00[0.26, 7.74] ™
Lu X 2020 43.41 5.08 30 40.21 5.06 30 24.0% 3.20[0.63,5.77] d
Xiong JH2020 37.98 4.07 24 33.24 4.12 24 29.4% 4.74[2.42,7.06] L]
Zheng X 2021 0 0 0 0 0 0 Not estimable
Zhu QH 2020 49.8 7.6 84 41.6 6.34 84 35.3% 8.20[6.08, 10.32] u
Total (95% CI) 169 169 100.0% 5.51 [4.25, 6.76] [)
Heterogeneity: Chi? = 10.37, df = 3 (P = 0.02); I> = 71% t t t {
. -100 -50 0 50 100
Test for overall effect: Z = 8.59 (P < 0.00001) Experimental Control
FIGURE 3
Contrast in LVEF level between two groups after treatment.

2.3 Contrast in total effective rate between
two groups

The effective rate in experimental group was significant higher
than that in control group [Peto-OR=3.08, 95% CI (1.83, 5.19),
P <0.05] (Figure 2).

2.4 Contrast in LVEF level between two
groups after treatment

The difference in the LVEF level in the two groups after
treatment was The value for the
experimental group was higher than that for the control group
[MD =5.51, 95% CI (4.25, 6.76), P<0.05] (Figure 3).

statistically  significant.
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2.5 Contrast in LVEDD level between two
groups after treatment

The LVEDD level in the two groups after treatment was
statistically significantly different. The value for the experimental
group was lower than that for the control group [MD =-3.83,
95% CI (—7.60, —0.05), P<0.05] (Figure 4).

2.6 Contrast in NT-proBNP level between
two groups after treatment

The NT-proBNP level in the two groups after treatment was
statistically significantly different, the value for the experimental
group was lower than that for the control group [SMD = —2.68,
95% CI (—3.94, —1.43), P<0.05] (Figure 5).
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI

JinZ) 2021 55 5 31 58 6 31 34.9% -3.00[-5.75, -0.25] L

Lu X 2020 53.32 4.03 30 60.49 5.32 30 36.6% -7.17[-9.56, -4.78] u

Xiong JH2020 69.67 7.08 24 70.21 7.42 24 28.5% -0.54[-4.64, 3.56] *

Total (95% CI) 85 85 100.0% -3.83 [-7.60, -0.05] ]

. 2 _ . Chi? = - - S 12 = 799 t + y J
_}Iileterfogeneltyl.lT?? = 5?51 (;P;(P _9(.)5;,5)df 2 (P =0.009); | 79% 00 i 5 50 100
est for overall eftect: 2 = L. - Experimental Control
FIGURE 4
Contrast in LVEDD level between two groups after treatment.
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Jin Z) 2021 3,000 900 31 4,000 800 31 21.8% -1.16 [-1.70, -0.62] Jl

Lu X 2020 3,347.23 2,589.44 30 6,824.11 3,583.62 30 21.8% -1.10 [-1.64, -0.55] LJ

Xiong JH2020 4,024.59  224.58 24 4,277.35 214.21 24 21.5% -1.13 [-1.75, -0.52]

Zheng X 2021 2,246.57 65.41 30 3,171.28 81.31 30 12.6% -12.37[-14.71, -10.02] J

Zhu QH 2020 658.5 113.4 84 889.4 152.4 84 22.3% -1.71[-2.07, -1.36]

Total (95% CI) 199 199 100.0% -2.68 [-3.93, -1.43] [)

Heterogeneity: Tau? = 1.80; Chi? = 88.89, df = 4 (P < 0.00001); I* = 95% [ — 1 t J

Test for overall effect: Z = 4.19 (P < 0.0001) 100 E5>3)erimentaI0Control >0 100
FIGURE 5
Contrast in NT-proBNP level between two groups after treatment.

3 Discussion

Some studies have suggested that abnormal activation of the
sympathetic nervous system and the endocrine system may be
involved in the occurrence and development of heart failure,
ultimately leading to pathological changes such as ventricular
remodeling and myocardial fibrosis (12), further resulting in
impaired ventricular diastolic function and increased risk of
arrhythmias cardiac death (13).
research indicates that the effectiveness and safety of sacubitril/

and sudden Increasingly,
valsartan and levosimendan are good in the treatment of heart
failure patients with reduced ejection fraction (14), but there is
limited experience with the combination therapy of both drugs.
In this analysis, we reviewed five studies, including 398 heart
failure patients with reduced ejection fraction, and conducted a
meta-analysis. The results showed that the combination of
levosimendan and sacubitril/valsartan was more effective in
treating heart failure with reduced ejection fraction and
contributed to the improvement of patients’ cardiac function.

In the 2017 American College of Cardiology/American Heart
Association/American Heart Failure Society of America (ACC/
AHA/HFSA) guidelines, sacubitril/valsartan was recommended as
the standard therapy for heart failure patients (15). The results of
this study have shown that the experimental group had a higher
overall effectiveness rate compared to the control group,
indicating that the combination of sacubitril/valsartan with
levosimendan is more effective in treating heart failure with
reduced ejection fraction. This finding is consistent with previous
related research (16). The analysis that

suggests using
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sacubitril/valsartan alone lacks effective regulation of myocardial
enzymes, resulting in reduced efficacy. Levosimendan, on the
other hand, can compensate for this deficiency to some extent by
enhancing myocardial contractility and calcium ion sensitivity,
thereby regulating myocardial enzyme levels. The combination of
the two drugs has a synergistic effect, leading to improved
clinical treatment outcomes. Additionally, the LVEF levels in the
experimental group were higher than those in the control group,
while LVEDD and serum NT-proBNP levels were lower than in
the group. This that
combination with sacubitril/valsartan can effectively enhance the

control reflects levosimendan  in
cardiac function of heart failure patients with reduced ejection
fraction. The reason for this is that levosimendan can effectively
increase the sensitivity of myocardial cells to calcium ions,
thereby enhancing myocardial contractile function without
affecting the cellular calcium mechanism. This can conserve ATP
function, reduce total peripheral vascular resistance, and
pulmonary artery pressure, and further improve heart function.
Other studies have reported that levosimendan can effectively
dilate blood vessels, reduce peripheral vascular resistance, and
thereby reduce the cardiac load, ultimately leading to improved
heart function (17).

This study has certain limitations. For instance, it did not
analyze the cardiac index and adverse reactions of patients before
and after treatment, which may result in some limitations in the
study findings. The study population was limited to China, and
the treatment experience in countries and regions outside of
China was insufficient. The sample size included in the study

was relatively small, with a limited number of patients in each
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study. Therefore, due to the limited number of original studies, the
small number of patients in each subgroup, and significant
differences in study designs, the statistical power of this study’s
results was weakened. In future research, efforts should be made
to increase the sample size and expand the analysis of relevant
indicators to obtain more comprehensive and reliable data.

Conclusion

The combination of levosimendan and sacubitril/valsartan is
more effective in the treatment of heart failure with reduced
ejection fraction and contributes to the improvement of patients’
cardiac function. Therefore, the clinical application of sacubitril/
valsartan in combination with levosimendan is recommended for
heart failure patients with reduced ejection fraction. It is
imperative to undertake extensive multicenter randomized
controlled trials to corroborate these meta-analysis findings,

rendering them suitable for practical clinical adoption.
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