& frontiers

@ Check for updates

OPEN ACCESS

Chen Liu,
The First Affiliated Hospital of Sun Yat-sen
University, China

Ning Zhou,

Huazhong University of Science and
Technology, China

Jianging She,

The First Affiliated Hospital of Xi'an Jiaotong
University, China

Tao Yu
yutao7999@126.com

These authors have contributed equally to this
work

This article was submitted to
General Cardiovascular Medicine,

a section of the journal

Frontiers in Cardiovascular Medicine

30 October 2022
13 January 2023
23 February 2023

Wang W, Li F, Huang H, Wu X, Tian W and

Yu T (2023) Is there any difference in the
therapeutic effects of Levosimendan on
advanced HFrEF patients with sinus rhythm or
atrial fibrillation?

Front. Cardiovasc. Med. 10:1084300.

doi: 10.3389/fcvm.2023.1084300

© 2023 Wang, Li, Huang, Wu, Tian and Yu. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine

Frontiers in Cardiovascular Medicine

Original Research
23 February 2023
10.3389/fcvm.2023.1084300

Is there any difference in the
therapeutic effects of
Levosimendan on advanced HFrEF
patients with sinus rhythm or atrial
fibrillation?

Wenyan Wang?!, Fawen Li?!, Huihui Huang?, Xin Wu?,
Weixiang Tian? and Tao Yu3®*

!Department of Heart failure Center, Sichuan Provincial People’'s Hospital, Chinese Academy of
Sciences Sichuan Translational Medicine Research Hospital, University of Electronic Science and
Technology of China, Chengdu, China, ?School of Medicine, University of Electronic Science and
Technology of China, Sichuan Provincial People’s Hospital, Chengdu, China, *Department of Cardiac
Surgery, Sichuan Provincial People's Hospital, Chinese Academy of Sciences Sichuan Translational
Medicine Research Hospital, University of Electronic Science and Technology of China, Chengdu, China

Patients with advanced heart failure have a high incidence of atrial fibrillation (AF)
and develop into heart failure with reduced ejection fraction (HFrEF), and require
higher doses of inotropes. However, it is uncertain about the differences in the
effects of levosimendan in HFrEF patients with sinus rhythm or AF. A total of 63
advanced HFrEF subjects (ejection fraction<40%) were divided into sinus rhythm
(SR, n=34) and atrial fibrillation (AF, n=29) cohorts. All patients received six cycles
of intermittent repeated levosimendan infusion. After 3months of treatment,
B-type natriuretic peptide (BNP), estimated glomerular filtration rate, resting
heart rate (rHR), creatinine, left ventricle ejection fraction (LVEF), left ventricular
end diastolic diameter and blood pressure body weight, NYHA classification were
measured. After completing the course of treatment, LVEF, BNP, and rHR were
significantly decreased (p<0.0.5), and no significant differences between the two
groups were observed (p>0.05). The NYHA classification improved in the SR group
but not in the AF group. There was no significant difference between patients with
different rHRs (<70bpm vs. >70bpm) in the SR group (p>0.05) or in the AF group
(rHR<90bpm vs. rHR >90bpm) (p>0.05). This study showed no difference in the
therapeutic effect of intermittent repeated levosimendan infusion on advanced
HFrEF with different heart rhythms (SR or AF); Advanced HFrEF patients receive
levosimendan treatment without taking the inference of heart rnythm.

Levosimendan, heart failure, heart rhythm, atrial fibrillation, ejection fraction

Introduction

Patients with advanced decompensated heart failure who are connected to heart
transplantation (Hx) or ventricular assist device support (VAD) can revive intermittent
hemodynamic relief from Inotropes (1). However, only a small number of patients with
advanced heart failure (AdHF) may get VAD or Hx. However, atrial fibrillation (AF) and
decreased left atrial function are frequent complications in patients with advanced
HFrEE Notably, when AdHF with AF reaches a late stage of development (HFrEF), it is
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characterized by decreased ejection fraction because of the loss of left
atrial contractility. Most patients will become inotrope-dependent to
relieve the symptoms, reduce re-hospitalization, and create a better
quality of life (2, 3). The calcium sensitizer levosimendan can bind to
saturated cardiac troponin C and stabilize the calcium, which stabilizes
and prolongs the binding of troponin C and I and eventually improves
the contractility of the failing heart (4). As an inotropic drug with a
half-life of 80h, levosimendan has been successfully utilized in
treating advanced HFrEF patients in the clinic, with good clinical
effectiveness and a better prognosis (5).

On the other hand, troponin C, one of the myocardial damage
indicators, was found to be higher in AF patients than in Sinus rhythm
(SR) patients (6). As the cardiomyocytes are damaged, troponin C is
degraded from the myocardial fibers, resulting in a decrease in
myocardial fibers. Since levosimendan works by binding to troponin
C in myocardial fibers, it is true that individuals with advanced HFrEF
with AF have lower troponin C levels than those with advanced
HEFrEF with SR. The effect of levosimendan on advanced HFrEF with
AF should be lower than that of advanced HFrEF with SR, as
per theory.

However, there is currently no clinical report on the therapeutic
effect of levosimendan on advanced HFrEF in AF or SR patients. This
study aimed to determine whether there are differences in the impact
of intermittent and repeated levosimendan infusions on the cardiac
function of advanced HFrEF with AF or SR patients.

Materials and methods

This was a single-center, retrospective cohort study. The subjects
comprised 63 patients with advanced heart failure in our Heart Failure
Center from Nov 2017 to Dec 2020. Inclusion criteria: Left ventricle
ejection fraction (LVEF) of <40% (measured with Simpson of Doppler
Echocardiography); the definition of advanced heart failure with
reduced ejection fraction (HFrEE, LVEF<40%). Exclusion criteria: (1)
Symptomatic hypotension or blood pressure (BP) <85/60 mmHg; (2)
Severe arrhythmia; (3) Severe infection and respiratory diseases; (4)
Allergy to levosimendan or unable to tolerate long-term intravenous
pumping treatment. The Estimated glomerular filtration rate (eGFR)
is calculated following formula: male, Ccr=(140-age)*weight
(kg)*1.23/Scr (umol/L) (Ccr, Creatinine Clearance Rate; Scr, Serum
creatinine; female); Ccr = (140-age)*weight (kg)*1.03/Scr (umol/L).
AF atrial fibrillation group (n=29) based on ECG heart rhythm data.
Two groups of patients with advanced heart failure received
conventional treatment recommended by the guidelines, including
diuretics, renin-angiotensin system (RAS) blockers, angiotensin
inhibitor (ARNI),
antagonists, p-receptor blockers, digoxin, etc. Levosimendan was

receptor-neprilysin aldosterone  receptor
administered in accordance with our center’s approved treatment
protocol (7) (the total dose was 12.5mg, 0.05~0.2ug kg™ min’,
intravenous 24-48h, repeated infusion every 2-4 weeks for 3 months).
Levosimendan infusion was started at a rate of 0.1 ug kg '-min™'
during the first hour and increased to 0.2 pg-kg'-min™" after that if
well tolerated in the case of low systolic blood pressure (SBP)
(<90 mmHg). Without applying a beginning bolus, levosimendan was
infused via a 24h lasting infusion (0.1 ug/kg/min) while being
monitored for hemodynamic effects in an intermittent care scenario.
We measured the levels of B-type natriuretic peptide (BNP) before
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and 3 days after the infusion. The patients will repeat the blood test
with a total observation time of 6 months to assess the blood pressure,
resting heart rate, body weight, NYHA classification, Creatinine
(Crea), eGFR, LVEEF, left ventricular end diastolic diameter (LVEDD)
and BNP. Then proceed to investigate the differences between the two
groups (as shown in Figure 1).

Statistical analysis

Data are presented as (mean values tstandard deviations) for
continuous variables and numbers (percentage) for categorical
variables. The Student t-test and ANOVA were used for bivariate
comparisons of ordinarily distributed continuous variables. The
Kruskal-Wallis rank sum test was used for non-normally distributed
continuous variables. p-values below 0.05 were considered significant.

Results
Patient characteristics

Eventually, 63 patients (SR group, n=34, AF group, n=29) were
included in the study for analysis. For the majority of the demographic
information and clinical traits, both groups were well balanced
(Table 1).

Although the mean age of the AF group was higher than that of
the SR group (65.54+11.85 years vs. 60.91 + 14.32 years, p=0.177),
there was no difference between these two groups, neither was the
body weight (64.703 £15.024 kg vs. 57.944 + 11.824kg, p= 0.063) nor
the blood pressure (SBP:118.235 mmHg +20.911 vs. 114.690+21.994,
p=0.515; DBP: 74.794mmHg +15.878 vs. 72.241 mmHg +13.590,
p= 0.500), (The AdHF subjects with hypotension that could not
tolerate levosimendan for its vasodilation were excluded from the
study). NYHA classification (SR 3.45+0.62 vs 3.52+0.58 p=0.687).
At Dbaseline, the resting heart rate (rHR) was the same
(82.27+18.25bpm vs. 82.14+ 16.24bpm, p = 0.977). In this study, both
groups received standard Guideline-Directed Medical Therapy
(GDMT) treatment. The medicine utilization rate of the two groups
reached 100% (p = 1.00), which was equally balanced, including ACEI/
ARB (angiotensin-receptor blocker)/ ARNI and spironolactone. There
was no significant difference between the two groups for the beta
receptor blocker (88.24% vs. 86.21, p=1.00) or digoxin (50% vs.
72.41%, p=0.07).

Group comparison of patients with SR and
AF

After six cycles of intermittent repetitive infusion of levosimendan,
BNP, eGFR, LVEE, LVEDD, NYHA classification, rHR, and body
weight were assessed and compared with the baseline. The data
demonstrated a significant difference in LVEF (27.27£8.25% vs.
44.50+15.02, 26.95+9.33% vs 36.55+13.15%; p<0.01), rHR
(82.265+18.250 vs 71.552+13.991, 82.138 £ 16.239 vs 70.655+ 11.899,
p<0.05) and BNP (2,123.000ng/ml +2,500.334 vs 379.075ng/ml
+711.863, 2,269.167 ng/ml +2,392.024 vs 684.542 ng/ml £1029.799,
p<0.01) in SR and AF before or after levosimendan infusion. The
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Population inclusion cretera:
Ad HF&EF <40% 1) patients aged >18 years;
between Nov.2017and 2)diagnosis of HFrEF(LVEF < 40%);
Dec.2020 3) NYHA cardiac function grade II-1V;
4) individually optimized
anti-HF therapies.
Exclusion cretera:
1) symptomatic hypotension
Patients eligible for or BP < 85/60mmHg;

study(N=63) 2) severe arrhythmia;
3) severe infection and respiratory
insufficiency;

treated 6 recycles of 4) allergic to levosimendan
Levosimendan or not tolerate continuous infusion.
A
ECG record
sinus rhythm(N=34) atrial fibrillation(N=29)
HR>70bpm HR<70bpm HR>90bpm HR<90bpm
(N=24) (N=10) (N=8) (N=21)
A
90 days
Follow-up Visit(N=63)
FIGURE 1
The flowchart for studying the therapeutic effect of levosimendan on advanced HFrEF patients with sinus rhythm or atrial fibrillation.

LVEDD in SR slightly decreased (63.29 + 10.01 mm vs 60.54 +9.91 mm,
p<0.05) but no change was seen in AF (64.60+10.71mm vs
61.68 +12.06 mm p>0.05). Similarly, cardiac function of the NYHA
classification improved in the SR group but not in the AF group.
However, there was no significant improvement in eGFR or change in
body weight between the two groups.

Compared with baseline, for SR and AF, after six cycles of infusion
of levosimendan, NYHA classification and LVEDD was significantly
improved in SR (p < 0.05) but not in AF group; however, there was no
significant difference in the changes of BNP, LVEE, LVEDD and
NYHA classification between SR and AF (p>0.05). No significant
changes were detected in both groups as to eGFR and body weight
(p>0.05) (Figure 2).

Previous studies have proved that the prognosis of advanced
HFrEF with sinus rHR <70bpm was significantly better than that of
rHR >70bpm (5, 7, 8); we used the rHR of 70 bpm in the SR group as
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a cut-off point to observe the different responses to six cycles of
repetitive levosimendan infusion. According to rHR (rHR >70bpm
vs. rTHR<70bpm), patients with SR were divided into two subgroups,
and the changes in BNP, eGFR, LVEE, LVEDD, NYHA classification
and body weight were analyzed between these two subgroups.
Compared to the baseline, NYHA improved and LVEDD decreased
significantly in the rHR > 70 group. However, there were no significant
differences in the changes of BNP, LVEE and eGFR in the two
subgroups after levosimendan therapy, including NYHA classification
and LVEDD (p>0.05, Figure 3).

Meanwhile, studies have shown that it is appropriate to keep the
resting ventricular rate of AF patients with heart failure at around
90bpm field (2, 9). This maintains cardiac function and counteracts
the adverse effects of tachycardia and adverse drug reactions or more
pacemaker implantation in patients with strict strategy (9, 10). The
cutoff was set at 90 bpm. Similarly, we observed the changes in BNP,
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TABLE 1 Baseline characteristics of AdHF patients with SR and AF
(Mean+SD).

Patient SN AF Jo)
characteristic

N 34 29

AGE 60.912+14.320 65.536+11.852 0.177
Male (%) 70.588 68.966 0.889
Weight (IN) 64.703 +15.024 57.944+11.824 0.063
SBP (mmHg) 118.235+20.911 114.690+21.994 0.515
DBP (mmHg) 74.794+15.878 72.241+13.590 0.500
LVEDD (mm) 63.29+10.01 64.60£10.71 0.361
rHR 82.265+18.250 82.138+16.239 0.977
NYHA 3.45+0.62 3.52+0.58 0.687
CREA (umol/L) 91.929+46.084 100.469 +52.021 0.492
BNP (pg/mL) 2,123.000+2,500.334  2,269.167+2,392.024 = 0.819
eGFR (mL/min. m?) 79.639+26.687 73.400 +23.838 0.335
Digitalis (%) 50.00 72.41 0.070
beta-blockers (%) 88.24 86.21 0.462
MRA (%) 100.00 100.00 1.000
RAS-inhibitor (%) 100.00 100.00 1.000

SD, standard deviation; SBP, Systolic blood pressure; DBP, diastolic blood pressure; LVEDD,
left ventricular end-diastolic dimension; rHR, resting heart rate; NYHA, New York Heart
Association; CREA, creatinine; BNP, B-type natriuretic peptide; eGFR, estimated glomerular
filtration rate; MRA, mineralocorticoid receptor antagonist; RAS, renin-angiotensin system.

eGFR, LVEE, LVEDD, NYHA classification and body weight in the
two subgroups (rHR >90bpm vs. rHR <90bpm). Except for the
obvious improvement in NYHA classification in the subgroup with
rHR <90, there were no significant differences (p>0.05) (Figure 4).

Discussion

Patients who developed advanced heart failure with reduced EF
are most likely inotropes-dependent (11). Due to the formation of an
active metabolite designated OR-1896 in the systemic and pulmonary
hemodynamic field, Levosimendan, a calcium sensitizer, and
potassium channel-opener, is valued by specialists in heart failure
practitioners for its prolonged duration of effect (1, 5). Repeated and
intermittent infusion of levosimendan would be considered as a
strategy to improve the quality of life and survival rate for AdHF
patients or contribute to mechanical circulatory support or heart
transplant (12, 13).

Levosimendan has been proven to increase the ventricular
contractility of the failing heart. Ioannis A et al. reported that
levosimendan improves LA performance by decreasing E/e’ and E/a
while significantly increasing peak expiratory flow (PEF) and
LA-contractile strain (14). As AJHF patients are often complicated
with AF, will different rhythms lead to different cardiac responses to
these inotropes?

Based on combination treatment with digoxin and -blockers
for heart failure patients with AF or SR, Can Yontar et al.
demonstrated that levosimendan could improve left ventricular
hemodynamics. There was no significant difference between the
two groups of HF patients. (15). However, an impaired atrial
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function is associated with atrial fibrillation which might decrease
the cardiac response of levosimendan, especially for advanced
HFrEFE There is currently insufficient data to say if the therapeutic
impact of levosimendan for advanced HFrEF with SR or AF varies
between intermittent and recurrent usage. This study was designed
to answer this question.

According to the ECG rhythm, the advanced HFrEF patients in
this research were split into SR and AF groups. The two groups of
heart failure patients received standard GDMT, and heart rate control
was relatively stable. According to the RACE II trial field (9), patients
with AF could initially receive a lenient heart rate regime; the majority
of AdHF patients had AF that was long-lasting or permanent, which
reduced the number of patients who had a quicker ventricular rate.
Previous studies have proved that the worse the prognosis for heart
failure patients with SR, the faster the heart rate. The lower the heart
rate, the lower the risk of cardiovascular death and hospitalization (5,
7, 16). However, there is no clear correlation between ventricular rate
and prognosis for heart failure patients with AF (17). The baseline of
the patient’s characteristics remained unchanged following the
administration of previous digoxin or B-blocker treatment, which
neutralized the significance of analyzing the effects of levosimendan.
There was no significant difference in baseline characteristics between
the two groups (18-21).

In this study, changes in LVEF, eGFR, rHR, body weight, LVEDD,
NYHA classification and BNP were examined after six cycles of
levosimendan infusions for advanced HFrEFE and all patients had a
significant increase in LVEF (Figure 2). Intermittent repeated infusion
of levosimendan might not only offer continuous positive inotropic
support to patients with reduced EF but also give these AdHF patients
the opportunity and prerequisites to tolerate a more suitable dosage of
GDMT. Levosimendan can help AdHF patients tolerate RAS inhibitors
or ARNI, B-blockers, and spironolactone to reverse ventricular
remodeling and improve cardiac function (12, 22). The cardiac
function and LVEDD in the SR group improved, but not in the AF
group. This appears to imply that AAHF with sinus rhythm has an
advantage in response to levosimendan. However, it did not show a
significant difference when compared to the AF group, so it could not
be concluded that AdHF with sinus rhythm had a better response to
levosimendan. This also suggested that levosimendan is an inotropic
drug, which could improve myocardial contractility. However, in
order to achieve positive and valid ventricular reverse remodeling in
AdHEF patients, it should still rely on neuroendocrine antagonism and
require a relatively longer follow-up (23).

This study showed that intermittent repeated levosimendan
infusion resulted in a significant decrease in BNP levels, consistent
with the results observed in previous studies (12, 24, 25).
Levosimendan could promote ventricular emptying and reduce left
ventricular end-diastolic pressure and left atrial pressure by increasing
ventricular contractility, consequently decreasing BNP (26, 27). Atrial
cardiomyocytes can release BNP during atrial fibrillation, except
ventricular cells field, even though inotropes have a limited effect on
the strain capacity of the left atrium in patients with AF (28).
Therefore, BNP levels are usually higher than in patients with SR (29).
Hence, the reduction in BNP in AF with levosimendan therapy may
be more significant than the reduction in advanced HFrEF with SR
(30). However, as per our findings, there was no significant differences
in BNP decrease between the AF and SR groups, nor was there any
change in baseline BNP level. This further demonstrates that the
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FIGURE 2
rHR, eGFR, LVEF, body weight, left ventricular end diastolic diameter (LVEDD) cardiac function and BNP variation upon admission and at discharge in
advanced HFrEF patients with SR or AF. *p<0.05; **p<0.01; ***p<0.001.

therapeutic effect of repeated and intermittent levosimendan on
AdHEF should not be associated with rhythm.

The study did not identify any differences between the SR and
AF groups, nor did it demonstrate that intermittent repeated
infusions of levosimendan could enhance the GFR of the two
groups from the baseline. Previous studies have shown that
levosimendan could improve renal function and increase eGFR in
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patients with acute heart failure (15, 31-33), particularly for
patients with low blood pressure, renal insufficiency, or cardiorenal
syndrome induced by acute decompensated heart failure, could
benefit using
levosimendan to increase cardiac output and increase renal
perfusion through tube dilation field (34). Additionally, previous
studies have discovered that levosimendan treatment improved the

from maintaining blood volume balance,
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FIGURE 3
eGFR, LVEF, and BNP body weight, LVEDD, NYHA classification variation upon admission and at discharge in advanced HFrEF patients with rHR<70bpm
or rHR>70bpm. #p<0.05; *#p<0.01; ***p<0.001.

eGFR of heart failure patients, with a peak on day three and a return
to baseline on day thirty, which suggested levosimendan might have
a short-term beneficial effect on renal function of acutely
decompensated heart failure patients (35). The subjects in this study
were advanced HFrEF patients who lack the significant
hemodynamic benefits
levosimendan infusion which may fail to advance renal function

from intermittent and repeated
when relevant indicator parameters are detected, resulting in the
minor improvement of renal function after levosimendan treatment
in our HF cohort. The preservation of renal function was the same
for patients with various heart rhythms.

After levosimendan treatment, compared with baseline, the
resting heart rate of all patients decreased (p <0.05), but there was no
statistical difference between the AF and SR groups (p= 0.94). This
might be related to the improvement of cardiac function because the
increased output can slow down the heart rate through feedback. The
heart rate can be lowered concurrently by using B blockers (and the
combination of ivabradine in the SR group) can reduce the heart rate.
It has been demonstrated that lowering the resting heart rate will
improve the prognosis for heart failure patients with SR (5, 7). This
suggests that levosimendan, without any rhythm constraints, might
improve the prognosis of this advanced HFrEF.

Frontiers in Cardiovascular Medicine

Previous studies revealed that a high prevalence of atrial high-rate
episodes (AHRE) is associated with adverse cardiovascular events (36,
37). In the current study, SR and AF groups were divided into two
groups based on different heart rates separately, specifically
rHR>70bpm vs. <70bpm for the SR group and rHR>90bpm vs.
<90bpm for the AF group. Although after six cycles of treatment, the
cardiac function in rHR >70 group, while rHR <90 in AF group were
improved. There was no significant difference in the therapeutic effect
of levosimendan between the heart rate subgroups of SR or AF. The
faster the rHR, the more severe the decompensation of heart failure
with sinus (38), and the absolute cardiac function benefit from
levosimendan would be greater than that with rHR<70 in SR. A
higher heart rate at baseline, on the other hand, was associated with
higher all-cause mortality in patients in sinus rhythm but not in AF
(39). The effect of resting heart rate on cardiac function in patients
with atrial fibrillation is largely unknown, which may lead to
contradictory conclusions regarding inotrope intervention. This study
found that the cardiac function of the rHR > 90 subgroup was relatively
improved, but it could not be concluded that patients with AF and
AdHF who have faster rHR would benefit from Levosimendan
infusion. Therefore, heart rate has no effect on levosimendan’s effect
on cardiac function indicators for SR and AF. It has been reported that
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FIGURE 4
eGFR, LVEF, and BNP body weight, LVEDD, NYHA classification variation upon admission and at discharge in advanced HFrEF patients with rHR<90bpm
or rHR>90bpm. #*p<0.05; **p<0.01; **#*p<0.001.

AHREs in patients with a history of AF did not significantly increase
cardiovascular risk. These findings were consistent with the tendency
of our observation results (37).

The results revealed that following treatment with levosimendan,
there was no difference in eGFR change rate, BNP decrease percentage,
and EF increases between AF and SR groups (p>0.05). As a calcium
sensitizer, levosimendan progresses the cardiac contractility
independent of intracellular calcium in the flux (26); even in patients
with ischemic cardiomyopathy, levosimendan did not increase the
incidence of arrhythmia (40). This study also showed that the effects
of levosimendan were unaffected by heart rate.

Limitations
Subjects of AF should be examined with the function or size of the

left atrium, which could help identify a link between the various
responses to Levosimendan infusion. Additionally, this study did not
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investigate the data on the occurrence of AHREs in AF groups; using
90bpm as the cut-off point to observe patients with AF might lead to
bias and negative results. Whether the rapid HR of patients with atrial
fibrillation will lead to different effects of levosimendan must
be further investigated and proved by expanding the samples.

Conclusion

According to our investigation, patients with advanced HFrEF,
whether they had atrial or sinus fibrillation, underwent intermittent
repetitive levosimendan infusion for six cycles and three months.
The main finding of this study was that there was no difference in
the alterations to the heart failure index between the SR and AF
groups. In contrast, there was no difference in the secondary
outcome between patients with different rHR in AF or SN. It is
suggested that rhythm does not affect how levosimendan works to
treat advanced HFrEE.

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1084300
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Wang et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not provided for this study on human
participants because This is a retrospective study. Written informed
consent for participation was not required for this study in accordance
with the national legislation and the institutional requirements.

Author contributions

WW and FL collected the epidemiological and clinical data and
drafted the manuscript. HH and WT collected and summarized all
data. XW draw figures and tables. TY and WW designed the clinical
study, analyzed all data, and revised the final manuscript. All authors
contributed to the article and approved the submitted version.

References

1. Bouchez, S, Fedele, F, Giannakoulas, G, Gustafsson, F, Harjola, VP, Karason, K, et al.
Levosimendan in acute and advanced heart failure: an expert perspective on posology
and therapeutic application. Cardiovasc Drugs Ther. (2018) 32:617-24. doi: 10.1007/
$10557-018-6838-2

2. Nizamic, T, Murad, MH, Allen, LA, Mcllvennan, CK, Wordingham, SE,
Matlock, DD, et al. Ambulatory inotrope infusions in advanced heart failure: a
systematic review and meta-analysis. JACC Heart Fail. (2018) 6:757-67. doi: 10.1016/j.
jchf.2018.03.019

3. Toma, M, and Starling, RC. Inotropic therapy for end-stage heart failure patients.
Curr Treat Options Cardiovasc Med. (2010) 12:409-19. doi: 10.1007/s11936-010-0090-9

4. Levin, A, and Paret, G. Levosimendan. ] Pediatr Intensive Care. (2013) 02:095-103.
doi: 10.3233/PIC-13057

5. Kivikko, M, and Lehtonen, L. Levosimendan: a new Inodilatory drug for the
treatment of decompensated heart failure. Curr Pharm Des. (2005) 11:435-55. doi:
10.2174/1381612053382043

6. Otaki, Y, Arimoto, T, Takahashi, H, Kadowaki, S, Ishigaki, D, Narumi, T, et al.
Prognostic value of myocardial damage markers in patients with chronic heart failure
with atrial fibrillation. Intern Med. (2014) 53:661-8. doi: 10.2169/
internalmedicine.53.1293

7. Swedberg, K, Komajda, M, Bohm, M, Borer, JS, Ford, I, Dubost-Brama, A, et al.
Ivabradine and outcomes in chronic heart failure (shift): a randomised placebo-
controlled study. Lancet. (2010) 376:875-85. doi: 10.1016/S0140-6736(10)61198-1

8. Tsutsui, H, Momomura, SI, Yamashina, A, Shimokawa, H, Kihara, Y, Saito, Y, et al.
Efficacy and safety of Ivabradine in Japanese patients with chronic heart failure- J-shift
study. Circ J. (2019) 83:2049-60. doi: 10.1253/circj. CJ-19-0227

9. Van Gelder, IC, Groenveld, HF, Crijns, HJ, Tuininga, YS, Tijssen, JG, Alings, AM,
et al. Lenient versus strict rate control in patients with atrial fibrillation. N Engl ] Med.
(2010) 362:1363-73. doi: 10.1056/NEJMoal001337

10. Kotecha, D, and Piccini, JP. Atrial fibrillation in heart failure: what should we do?
Eur Heart J. (2015) 36:3250-7. doi: 10.1093/eurheartj/ehv513

11. Crespo-Leiro, MG, Metra, M, Lund, LH, Milicic, D, Costanzo, MR, Filippatos, G,
etal. Advanced heart failure: a position statement of the heart failure Association of the
European Society of cardiology. Eur ] Heart Fail. (2018) 20:1505-35. doi: 10.1002/
ejhf 1236

12. Comin-Colet, ], Manito, N, Segovia-Cubero, ], Delgado, ], Garcia Pinilla, JM,
Almenar, L, et al. Efficacy and safety of intermittent intravenous outpatient
Administration of Levosimendan in patients with advanced heart failure: the lion-heart
multicentre randomised trial. Eur ] Heart Fail. (2018) 20:1128-36. doi: 10.1002/ejhf.1145

13. Dabrowski, W, Siwicka-Gieroba, D, Piasek, E, Schlegel, TT, and Jaroszynski, A.
Successful combination of Landiolol and Levosimendan in patients with decompensated
heart failure. Int Heart J. (2020) 61:384-9. doi: 10.1536/ihj.19-420

14. Paraskevaidis, 1A, Ikonomidis, I, Parissis, J, Papadopoulos, C, Stassinos, V,
Bistola, V, et al. Dobutamine-induced changes of left atrial two-dimensional deformation

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1084300

Funding

This work was supported by the Sichuan Science and Technology
Program (2020YFQO0060), Sichuan Administration of Traditional
Chinese Medicine (2021-112).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

predict clinical and Neurohumoral improvement after Levosimendan treatment in
patients with acutely decompensated chronic heart failure. Int J Cardiol. (2012)
157:31-7. doi: 10.1016/j. ijcard.2010.11.007

15. Zorlu, A, Yucel, H, Yontar, OC, Karahan, O, Tandogan, I, Katrancioglu, N, et al.
Effect of Levosimendan in patients with severe systolic heart failure and worsening
renal function. Arq Bras Cardiol. (2012) 98:537-43. doi: 10.1590/s0066-
782%2012005000048

16. Pocock, SJ, Wang, D, Pfeffer, MA, Yusuf, S, McMurray, JJ, Swedberg, KB, et al.
Predictors of mortality and morbidity in patients with chronic heart failure. Eur Heart
J. (2006) 27:65-75. doi: 10.1093/eurheartj/ehi555

17. Bisson, A, Ding, WY, Bodin, A, Lip, GYH, and Fauchier, L. Clinical outcomes with
digoxin vs. Beta-blocker for heart rate control in permanent atrial fibrillation with heart
failure. Eur ] Heart Fail. (2021) 23:1563-5. doi: 10.1002/ejhf.2292

18. Rodriguez, CJ, Soliman, EZ, Alonso, A, Swett, K, Okin, PM, Goff, DC Jr, et al.
Atrial fibrillation incidence and risk factors in relation to Race-ethnicity and the
population attributable fraction of atrial fibrillation risk factors: the multi-ethnic study
of atherosclerosis. Ann Epidemiol. (2015) 25:71-6-76.el. doi: 10.1016/j. annepidem.
2014.11.024

19. Guo, Y, Tian, Y, Wang, H, Si, Q, Wang, Y, and Lip, GYH. Prevalence, incidence,
and lifetime risk of atrial fibrillation in China: new insights into the global burden of
atrial fibrillation. Chest. (2015) 147:109-19. doi: 10.1378/chest.14-0321

20. Murphy, NE, Simpson, CR, Jhund, PS, Stewart, S, Kirkpatrick, M, Chalmers, J,
et al. A National Survey of the prevalence, incidence, primary care burden and
treatment of atrial fibrillation in Scotland. Heart. (2007) 93:606-12. doi: 10.1136/
hrt.2006.107573

21. Staerk, L, Sherer, JA, Ko, D, Benjamin, EJ, and Helm, RH. Atrial fibrillation:
epidemiology, pathophysiology, and clinical outcomes. Circ Res. (2017) 120:1501-17.
doi: 10.1161/CIRCRESAHA.117.309732

22.Polzl, G, Allipour Birgani, S, Comin-Colet, J, Delgado, JE Fedele, E
Garcia-Gonzales, MJ, et al. Repetitive Levosimendan infusions for patients with
advanced chronic heart failure in the vulnerable post-discharge period. ESC Heart Fail.
(2019) 6:174-81. doi: 10.1002/ehf2.12366

23. Paolini, C, Mugnai, G, Valle, CD, Volpiana, A, Ferraglia, A, Frigo, AC, et al. Effects
and clinical implications of sacubitril/valsartan on left ventricular reverse remodeling
in patients affected by chronic heart failure: a 24-month follow-up. Int J Cardiol Heart
Vasc. (2021) 35:100821. doi: 10.1016/j. ijcha.2021.100821

24. Parissis, ] T, Adamopoulos, S, Farmakis, D, Filippatos, G, Paraskevaidis, I, Panou, F,
et al. Effects of serial Levosimendan infusions on left ventricular performance and
plasma biomarkers of myocardial injury and Neurohormonal and immune activation
in patients with advanced heart failure. Heart. (2006) 92:1768-72. doi: 10.1136/
hrt.2006.079707

25. Juguet, W, Fard, D, Faivre, L, Koutsoukis, A, Deguillard, C, Mongardon, N, et al.
Levosimendan plus Dobutamine in acute decompensated heart failure refractory to
Dobutamine. J Clin Med. (2020) 9:3605. doi: 10.3390/jcm9113605

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1084300
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://doi.org/10.1007/s10557-018-6838-2
https://doi.org/10.1007/s10557-018-6838-2
https://doi.org/10.1016/j. jchf.2018.03.019
https://doi.org/10.1016/j. jchf.2018.03.019
https://doi.org/10.1007/s11936-010-0090-9
https://doi.org/10.3233/PIC-13057
https://doi.org/10.2174/1381612053382043
https://doi.org/10.2169/internalmedicine.53.1293
https://doi.org/10.2169/internalmedicine.53.1293
https://doi.org/10.1016/S0140-6736(10)61198-1
https://doi.org/10.1253/circj. CJ-19–0227
https://doi.org/10.1056/NEJMoa1001337
https://doi.org/10.1093/eurheartj/ehv513
https://doi.org/10.1002/ejhf.1236
https://doi.org/10.1002/ejhf.1236
https://doi.org/10.1002/ejhf.1145
https://doi.org/10.1536/ihj.19-420
https://doi.org/10.1016/j. ijcard.2010.11.007
https://doi.org/10.1590/s0066–782×2012005000048
https://doi.org/10.1590/s0066–782×2012005000048
https://doi.org/10.1093/eurheartj/ehi555
https://doi.org/10.1002/ejhf.2292
https://doi.org/10.1016/j. annepidem.2014.11.024
https://doi.org/10.1016/j. annepidem.2014.11.024
https://doi.org/10.1378/chest.14-0321
https://doi.org/10.1136/hrt.2006.107573
https://doi.org/10.1136/hrt.2006.107573
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1002/ehf2.12366
https://doi.org/10.1016/j. ijcha.2021.100821
https://doi.org/10.1136/hrt.2006.079707
https://doi.org/10.1136/hrt.2006.079707
https://doi.org/10.3390/jcm9113605

Wang et al.

26. Antila, S, Sundberg, S, and Lehtonen, LA. Clinical pharmacology of Levosimendan.
Clin Pharmacokinet. (2007) 46:535-52. doi: 10.2165/00003088-200746070-00001

27. Figgitt, DP, Gillies, PS, and Goa, KL. Levosimendan. Drugs. (2001) 61:613-27;
discussion 28-9. doi: 10.2165/00003495-200161050-00006

28. Sramko, M, Wichterle, D, Melenovsky, V, Franekova, J, Clemens, M, Fukunaga, M,
et al. Independent effect of atrial fibrillation on natriuretic peptide release. Clin Res
Cardiol. (2019) 108:142-9. doi: 10.1007/500392-018-1332-1

29. Inoue, S, Murakami, Y, Sano, K, Katoh, H, and Shimada, T. Atrium as a source of
brain natriuretic polypeptide in patients with atrial fibrillation. J Card Fail. (2000)
6:92-6. doi: 10.1016/S1071-9164(00)90010-1

30. Silvet, H, Young-Xu, Y, Walleigh, D, and Ravid, S. Brain natriuretic peptide is
elevated in outpatients with atrial fibrillation. Am J Cardiol. (2003) 92:1124-7. doi:
10.1016/j. amjcard.2003.07.010

31. Bragadottir, G, Redfors, B, and Ricksten, SE. Effects of Levosimendan on
glomerular filtration rate, renal blood flow, and renal oxygenation after cardiac surgery
with cardiopulmonary bypass: a randomized placebo-controlled study. Crit Care Med.
(2013) 41:2328-35. doi: 10.1097/CCM.0b013e31828e946a

32.Fedele, F, Bruno, N, Brasolin, B, Caira, C, D'Ambrosi, A, and Mancone, M.
Levosimendan improves renal function in acute decompensated heart failure: possible
underlying mechanisms. Eur ] Heart Fail. (2014) 16:281-8. doi: 10.1002/ejhf.9

33. Lannemyr, L, Ricksten, SE, Rundgvist, B, Andersson, B, Bartfay, SE, Ljungman, C,
et al. Differential effects of Levosimendan and Dobutamine on glomerular filtration rate
in patients with heart failure and renal impairment:a randomized double-blind
controlled trial. ] Am Heart Assoc. (2018) 7:e008455. doi: 10.1161/JAHA.117.008455

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2023.1084300

34. Madeira, M, Caetano, F, Almeida, I, Fernandes, A, Reis, L, Costa, M, et al.
Inotropes and Cardiorenal syndrome in acute heart failure - a retrospective comparative
analysis. Rev Port Cardiol. (2017) 36:619-25. doi: 10.1016/j. repc.2017.03.006

35. Hou, ZQ, Sun, ZX, Su, CY, Tan, H, Zhong, X, Hu, B, et al. Effect of Levosimendan
on estimated glomerular filtration rate in hospitalized patients with decompensated
heart failure and renal dysfunction. Cardiovasc Ther. (2013) 31:108-14. doi:
10.1111/1755-5922.12001

36. Nishinarita, R, Niwano, S, Fukaya, H, Oikawa, ], Nabeta, T, Matsuura, G, et al.
Burden of implanted-device-detected atrial high-rate episode is associated with future
heart failure events- clinical significance of asymptomatic atrial fibrillation in patients
with implantable cardiac electronic devices. Circ J. (2019) 83:736-42. doi: 10.1253/circj.
CJ-18-1130

37. Ishiguchi, H, Yoshiga, Y, Shimizu, A, Ueyama, T, Ono, M, Fukuda, M, et al. The
differential prognostic impact of long-duration atrial high-rate episodes detected by

cardiac implantable electronic devices between patients with and without a history of
atrial fibrillation. J Clin Med. (2022) 11:1732. doi: 10.3390/jcm11061732

38. Bohm, M, Bewarder, Y, Kindermann, I, Slawik, J, Wintrich, J, and Werner, C.
Optimization of heart failure treatment by heart rate reduction. Int ] Heart Fail. (2019)
2:1-11. doi: 10.36628/ijhf.2019.0009

39. Kotecha, D, Flather, MD, Altman, DG, Holmes, ], Rosano, G, Wikstrand, J, et al.
Heart rate and rhythm and the benefit of Beta-blockers in patients with heart failure. J
Am Coll Cardiol. (2017) 69:2885-96. doi: 10.1016/j. jacc.2017.04.001

40. Huang, X, Lei, S, Zhu, MF, Jiang, RL, Huang, LQ, Xia, GL, et al. Levosimendan
versus Dobutamine in critically ill patients: a meta-analysis of randomized controlled
trials. J Zhejiang Univ Sci B. (2013) 14:400-15. doi: 10.1631/jzus. B1200290

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1084300
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://doi.org/10.2165/00003088-200746070-00001
https://doi.org/10.2165/00003495-200161050-00006
https://doi.org/10.1007/s00392-018-1332-1
https://doi.org/10.1016/S1071-9164(00)90010-1
https://doi.org/10.1016/j. amjcard.2003.07.010
https://doi.org/10.1097/CCM.0b013e31828e946a
https://doi.org/10.1002/ejhf.9
https://doi.org/10.1161/JAHA.117.008455
https://doi.org/10.1016/j. repc.2017.03.006
https://doi.org/10.1111/1755-5922.12001
https://doi.org/10.1253/circj. CJ-18–1130
https://doi.org/10.1253/circj. CJ-18–1130
https://doi.org/10.3390/jcm11061732
https://doi.org/10.36628/ijhf.2019.0009
https://doi.org/10.1016/j. jacc.2017.04.001
https://doi.org/10.1631/jzus. B1200290

	Is there any difference in the therapeutic effects of Levosimendan on advanced HFrEF patients with sinus rhythm or atrial fibrillation?
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Patient characteristics
	Group comparison of patients with SR and AF

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	﻿References

