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Abstract

Levosimendan, a Ca2 + sensitizer with positive inotropic effects, is primarily employed for the short-term treatment of acute
decompensated heart failure (ADHF). Levosimendan exerts renal function protection through various mechanisms, including
anti-apoptosis, anti-inflammatory, and antioxidant effects in vivo. Additionally, levosimendan may have a protective effect
on individuals with heart failure and renal insufficiency, as well as on renal function impairment after cardiac surgery. How-
ever, the application of levosimendan in patients with severe renal dysfunction remains controversial. This article delves into
the use of levosimendan in severe renal insufficiency, explores its impact on renal function, and provides a comprehensive
overview of its impact on renal function after cardiac surgery.
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Introduction

Levosimendan, a Ca2 + sensitizer interacting with cardiac
troponin C, induces a positive inotropic effect without esca-
lating myocardial oxygen consumption or affecting ven-
tricular relaxation. Additionally, it activates the K + chan-
nel in vascular smooth muscle, leading to the dilation of
tissue blood vessels [1, 2]. Levosimendan is particularly
advantageous for patients with ischemic cardiomyopathy,
including those with acute coronary syndrome (ACS) and
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heart failure with reduced ejection fraction (HFrEF) [3, 4].
Notably, renal dysfunction often accompanies heart failure,
affecting approximately 50% of acute or chronic heart failure
patients, in contrast to 5% in the general population. Renal
impairment has been associated with reduced survival in
patients with heart failure (HF) [5].

The vast majority of research documents present a wealth
of clinical and preclinical evidence that not only substanti-
ates the cardiorenal protective effects of levosimendan but
also highlights its safety profile [6, 7]. However, a conten-
tious issue remains regarding its use in patients with severe
renal insufficiency [3, 8, 9]. The renal protective effects
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of levosimendan are partially attributed to organ-specific
actions [10-13]. These effects involve relaxing pre-glomer-
ular blood vessels, increasing renal artery diameter, and
enhancing renal blood flow, directly contributing to renal
protection, especially in patients with heart failure or dia-
betes that results in renal hypoperfusion (Fig. 1). Notably,
renal tissues contain abundant K-ATP channels [14], and the
activation of these channels by levosimendan mitigates oxi-
dative stress response, alleviates cell apoptosis, and reduces
acute kidney injury (AKI) resulting from ischemia—reperfu-
sion; K(ATP) channel agonists (but not antagonists) appear
to be devoid of toxic proximal tubular cell effects [15, 16].

Levosimendan’s Impact on Renal Function
in Animal Experiments

In animal experiments, levosimendan exerts renal function
protection effects through multiple mechanisms such as
anti-apoptosis, anti-inflammatory, and antioxidant (Fig. 2).
Ischemia/reperfusion (I/R) injury, a critical factor in acute
renal failure, involves oxidative stress, inflammation, and
cell apoptosis. Levosimendan significantly reduces plasma
creatinine, decreases N-acetyl-B-D-Glucosaminidase
(NAG) levels, and lowers thiobarbituric acid reactive
substance concentrations, while simultaneously increas-
ing creatinine clearance rate. These findings suggest that
levosimendan has the potential for antioxidant and anti-
apoptotic effects mediated through mitochondrial K (ATP)
channels and NO-related mechanisms. NO is generated
in the kidneys and regulates renal hemodynamics. In this
study on the Levosimendan protection against kidney I/R
injuries in anesthetized pigs, it was found that blocking
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Fig. 1 Mechanism of renal function protection of levosimendan. The
protective effect of levosimendan on the kidneys is primarily achieved
through several mechanisms. It dilates the renal artery and glomeru-
lar artery blood vessels, which in turn increases renal blood flow and
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the release of mitochondrial K (ATP) channels and NO
aggravated renal injury. Levosimendan exerts antioxidant
and anti-apoptotic effects by activating cell signaling
pathway factors such as eNOS and cytochrome C, thereby
protecting the kidneys [15]. In another study of levosi-
mendan on endotoxin-induced acute renal failure(ARF),
it was found that levosimendan had no effect on NO gen-
eration, but, levosimendan, an ATP-sensitive K (ATP)
channel opener, completely blocked ANG II-induced MC
contraction, an action likely to increase renal vasoconstric-
tion +reduced glomerular ultrafiltration coefficient, Kf; it
can significantly prevent levosimendan induced ARF [16].
Furthermore, levosimendan can reduce malondialdehyde
(MDA) levels and enhancing superoxide dismutase (SOD)
and glutathione (GSH) activity, which demonstrating its
protective role against renal ischemia—reperfusion injury
through lipid peroxidation [17-19]. Additionally, levosi-
mendan reduces inflammatory factors such as intercellu-
lar cell adhesion molecule-1 (ICAM-1), Tumor Necrosis
Factor alpha (TNF-a), and Interleukin-6 (IL-6), improves
renal arterial pressure, and alleviates renal I/R injury [18,
20].

Levosimendan also exhibits renal protection following
cardiac arrest, leading to reduced mortality and AKI [21,
22]. Its underlying mechanism involves activating extracel-
lular signal-regulated kinase(ERK) signaling, improving
mitochondrial dysfunction, and exerting anti-inflammatory,
anti-apoptotic, and antioxidant effects. In rat models of
AKI post-cardiac arrest and cardiopulmonary resuscitation
(CPR), levosimendan decreases levels of Interleukin-6 (IL-
1), IL-6, TNF, BCL2-associated X Protein (Bax), Caspase
3, and Caspase-9, while increasing B-cell leukemia/lym-
phoma-2 (bcl-2) expression levels [21].
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improves renal circulation. Furthermore, levosimendan activates renal
tissue K-ATP channels. As a result of these actions, the glomerular
filtration rate increases, serum creatinine levels decrease, and urine
output is enhanced
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Fig.2 Effect of levosimendan on renal function in animal experiments.
Levosimendanhas shown protective effects on renal ischemia/reperfu-
sion injury and acute kidney injury after cardiac arrest and CPR in vari-
ous animals such as mice, rabbits, and pigs. The mechanisms mainly
involve anti-apoptotic, anti-inflammatory, and antioxidant effects. Lev-
osimendan increases the expression of anti-apoptotic protein Bcl-2 and
reduces the expression of apoptotic proteins Bax, Caspase-3, and Cas-
pase-9. Levosimendan reduces inflammatory factors such as ICAM-1,

Protective Effect of Levosimendan on Renal
Function in Heart Failure Patients

Levosimendan enhances renal function in patients with
acute decompensated heart failure (ADHF) via boosting
glomerular filtration rate (GFR) compared to dobutamine
after 24 and 72 h, emphasizing its superiority over dobu-
tamine in preserving renal function [23]. Another inves-
tigation, focusing on hospitalized patients with decom-
pensated heart failure and renal insufficiency, revealed
a substantial and sustained elevation in estimated GFR
(eGFR) levels following levosimendan treatment [24]. The
observed increase remained consistent for a duration of
14 days, signifying a sustained protective effect. Fedele
et al. conducted a randomized double-blind experiment,
affirming the direct renal protective effect of levosimendan

TNF-a, IL-6, IL-1p; levosimendan decreases MDA levels and SOD
and GSH activity. bax=BCL2 associated X Protein, bcl-2=B-cell
leukemia/lymphoma-2, ICAM=The intercellular adhesion mol-
ecule, TNF-a=Tumour Necrosis Factor alpha, IL-6=Interleukin-6,
IL-1p=Interleukin-1beta, MDA =malonaldehyde, GSH =glutathione,
LDH =lactate dehydrogenase, SOD = superoxidase dismutase

in patients with ADHF and moderate renal dysfunction
[25]. The study evaluated the effectiveness of levosi-
mendan in maintaining renal function through multiple
dimensions such as eGFR, renal blood flow, creatinine
urea nitrogen, and urine output. In the context of acute
heart failure (AHF), levosimendan-treated patients with
eGFR below 60 ml/min exhibited a notable difference in
elevated serum creatinine (SCr) clearance rate compared
to standard treatment [26]. Furthermore, a real-world study
demonstrated elevated eGFR levels after levosimendan
infusion in AHF patients with eGFR below 90.0 ml/min/
m?, reinforcing its positive impact on renal function [27].
In conclusion, levosimendan consistently exhibits a robust
protective effect on renal function in heart failure patients,
positioning it as a valuable therapeutic option in clinical
practice.
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Levosimendan’s Impact on SCr Levels

Levosimendan demonstrates a noteworthy improvement in
SCr levels among patients experiencing severe heart failure
and renal function deterioration [28]. Particularly, in cases of
renal function deterioration, intervention with levosimendan
resulted in a significant decrease in SCr from 1.4 +0.16 to
1.21+0.23 mg/dL (p =0.001). However, in the absence
of renal function deterioration, no significant improve-
ment was observed, with SCr ranging from 1.29 +0.33
to 1.37+0.66 mg/dL (p =0.240). In AHF patients with
an eGFR <60 ml/min (left ventricular ejection fraction
(LVEEF) less than 35%), there was a significant difference
in SCr decrease between the levosimendan group and the
standard treatment group (SCr decrease 0.13 +0.25 vs.
0.10+£0.58 mg/dL, p <0.05). Additionally, the levosimendan
group also exhibited a lower incidence of worsening renal
function (WRF) (4% vs. 19%, p <0.05) [26].

Levosimendan’s Impact on Urine Output

In patients with ADHF, the levosimendan group not only
increased eGFR significantly but also improved 24-h urine
output compared to the dobutamine group [23]. However, in
AHF patients with an eGFR <60 ml/min (LVEF less than
35%), there was no difference in urine output between the
levosimendan and the standard treatment groups (diuretics
and other positive inotropic drugs) was observed [26].

Impact of Levosimendan in Patients
with Severe Renal Insufficiency

The utilization of levosimendan in patients with severe
renal insufficiency has sparked controversy, primarily due
to the pharmacokinetic factors of this medicine. Levosi-
mendan’s primary effects are mediated by its circulating
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metabolites, specifically OR-1855 and OR-1896 (Fig. 3).
While levosimendan is rapidly cleared from the plasma,
the metabolites exhibit slower elimination, particularly
in patients with severe chronic renal failure and end-
stage renal disease (ESRD) undergoing hemodialysis [8,
9]. Caution and dose reduction are recommended when
administering levosimendan in congestive heart failure
patients with severe renal insufficiency.

A retrospective study based on data from a multi-
institutional database challenges the prevailing belief that
severe renal insufficiency is an absolute contraindication
for levosimendan use [3]. The study found that levosi-
mendan treatment in severe AHF patients, regardless of
the presence of severe renal insufficiency (eGFR <30 mL/
min/1.73m?2), did not significantly differ in mortality
rates between 90 and 180 days when compared to patients
receiving dobutamine treatment. Furthermore, a prospec-
tive, multicenter, real-world study provides additional evi-
dence supporting the safety of levosimendan in patients
with severe renal insufficiency, demonstrating remarkable
improved eGFR levels following levosimendan infusion
[27].

Nevertheless, a retrospective study comparing mil-
rinone and levosimendan in patients with AHF and renal
insufficiency raises cautionary concerns. Among patients
receiving levosimendan, those with severe renal insuffi-
ciency exhibited clinical deterioration at 15 and 30 days
compared to those treated with milrinone [29]. These find-
ings prompt a reevaluation of levosimendan as an initial
positive inotropic therapy for AHF patients with severe
renal insufficiency. Due to limited data on the elimination
of active metabolites in patients with renal dysfunction,
special caution should be exercised when using levosi-
mendan for patients with mild to moderate renal dys-
function. Renal dysfunction may lead to an increase in
the concentration of active metabolites, resulting in more
significant and long-lasting hemodynamic effects. The
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Fig.3 Metabolic transformation and elimination pathways of levosi-
mendan and its active metabolites. LS cannot be dialyzed, while the
active metabolites can be dialyzed, but the dialysis filtration is low
(8-23 ml/min), and the 4-h dialysis period has little effect on the total
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exposure of these metabolites. LS =levosimendan. LS cannot be dia-
lyzed, while the active metabolites can be dialyzed, but the dialysis
filtration is low (8—23 ml/min), and the 4-h dialysis period has little
effect on the total exposure of these metabolites
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current clinical consensus is still that patients with severe
renal function injury (eGFR < 30 mL/min/1.73m?) should
not use levosimendan.

Impact of Levosimendan on Renal Function
in Patients Undergoing Cardiac Surgery

Levosimendan presents a multifaceted influence on renal
function across diverse cardiac surgery scenarios, highlight-
ing its potential as a reno-protective agent within specific
patient populations and surgical contexts (Table 1).

Impact of Levosimendan on Extracorporeal
Circulation Cardiac Surgery and Coronary Artery
Bypass Grafting (CABG)

Levosimendan demonstrates favorable effects in patients
undergoing extracorporeal circulation cardiac surgery by
enhancing postoperative cardiac output. It relaxes pre-
glomerular resistance blood vessels, enhancing renal blood
flow and eGFR without compromising renal oxygenation
[30]. In a randomized placebo-controlled study, the levosi-
mendan group exhibited significant increases in renal blood
flow (12%, p <0.05) and eGFR (21%, p <0.05), along with
reduced renal vascular resistance (18%, p <0.05), while
filtration fraction, renal oxygen consumption, and renal

oxygen uptake remained unchanged. Levosimendan, safely
administered in ESRD patients undergoing CABG alone
[31], did not result in serious adverse reactions. However, it
is important to note that renal function monitoring indica-
tors were not part of the experimental assessment. Further-
more, in patients with impaired heart function undergoing
extracorporeal circulation CABG, levosimendan did not
exhibit any discernible effect on postoperative renal func-
tion [32]. Plasma creatinine, serum cystatin C, and urine
NAG remained consistent between the placebo and levosi-
mendan groups throughout the 5-day measurement period
after surgery.

Impact of Levosimendan on Mitral Valve Surgery

Levosimendan exhibits a renal protective effect in patients
with chronic kidney disease who undergo mitral valve sur-
gery and experience perioperative myocardial dysfunction.
In a multicenter randomized trial [33], the levosimendan
group demonstrated a lower incidence of postoperative AKI
and major complications compared to the placebo group.
Additionally, another trial reported lower SCr levels and
higher eGFR values in the levosimendan group undergo-
ing mitral valve surgery with low ejection fraction [26].
Preoperative administration of levosimendan also protects
renal function in high-risk patients undergoing heart valve
surgery [34].

Table 1 Effect of levosimendan on renal function in patients undergoing cardiac surgery

Author Year Sample size (N) Study design Groups Type of surgery Renal parameter
Zemljic [40] 2007 40 RCT LS vs standard therapy Heart transplantation eGFRT; SCr |
Knezevic [39] 2014 94 RCT LS vs standard therapy Heart transplantation eGFR1; AKI |
Treskatsch [36] 2015 157 (0N} LS (preoperative vs CABG,VR Incidence postoperative
postoperative) renal dysfunction |;
RRT|
Guerrero-Orriach [44] 2020 60 RCT LS vs dobutamine CABG,VR Renal function?
Guerrero-Orriach [42] 2019 100 RCT LS vs beta-agonist drugs CABG,VR Incidence of AKI kidney
failure |
Balzer [35] 2014 46 (ON LS (preoperative vs CABG,VR Incidence postoperative
postoperative) renal dysfunction |
Tholén [43] 2021 28 RCT LS vs placebo CABG,VR Renal blood flow7;
eGFR1; renal vascular
resistance
Bragadottir [3] 2013 30 RCT LS vs placebo CPB Renal blood flow7;
eGFR1; renal vascular
resistance;
Guerrero [34] 2017 15 OS LS (postoperative vs CPB. mitral valve SCr1; BUN|; AKIN 1
preoperative) surgery
Zangrillo [33] 2018 90 RCT LS vs placebo mitral valve surgery AKI |
Baysal [26] 2014 128 RCT LS vs standard therapy mitral valve surgery eGFR1; SCr |

LS, levosimendan; RCT, randomized clinical trial; OS, observational study; CABG, coronary artery bypass graft; VR, valve reconstrution and/or
replacement; CPB, cardiopulmonary bypass; AKI, incidence of acute kidney injury; AKIN, acute kidney injury network scores; SCr, serum cre-
atinine; BUN, blood urea nitrogen; eGFR, estimating glomerular filtration rate; RRT, renal replacement therapy
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The Impact of Levosimendan Administration Timing
and Renal Function in Patients undergoing Bypass
Grafting or Valve Surgery

Early administration of levosimendan is associated with
improved renal function after cardiac surgery (bypass graft-
ing and valve replacement) [35]. Patients who received
levosimendan after anesthesia induction exhibited a sig-
nificantly lower incidence of postoperative renal dysfunc-
tion compared to those who received levosimendan after
admission to the ICU. A retrospective study investigating the
timing of levosimendan administration on cardiac surgery
outcomes revealed a marked reduction in the rates of in-hos-
pital replacement therapy, mortality and morbidity among
patients receiving preoperative levosimendan, as opposed
to intraoperative or postoperative administration [36, 37].

Levosimendan’s Impact in Patients Undergoing
Myocardial Infarction Surgery

For patients with acute myocardial infarction-related inter-
ventricular septal rupture undergoing cardiac surgery, levo-
simendan did not significantly affect the incidence of renal
function injury (> stage III) compared to the control group
[38]. However, it is important to note that the condition of
AMI-VSR is complex, and the recruited patients in the study
might not fully represent the clinical reality, potentially
introducing some limitations.

Levosimendan’s Impact in Patients Undergoing
Heart Transplant Surgery

Levosimendan demonstrates a positive impact on early renal
function after heart transplantation [39]. In heart transplant
recipients, the levosimendan group exhibited a greater
increase in relative eGFR during the first week post-trans-
plantation (62% vs. 12%, p=0.002) and a lower incidence
of AKI (28% vs. 6%, p=0.001) compared to the standard
treatment group. These beneficial effects extend to patients
with advanced chronic heart failure awaiting heart transplan-
tation, where levosimendan contributes to improved long-
term renal function [40]. Furthermore, research indicates
that levosimendan treatment does not pose a risk factor for
AKI requiring renal replacement therapy in heart transplant
patients with preserved renal function [41].

Acute Renal Injury After Surgery

Levosimendan demonstrates a protective effect on renal func-
tion in patients with low cardiac output syndrome undergoing
cardiac surgery [42]. In patients with stable hemodynamics
post-cardiac surgery, levosimendan dilates renal blood ves-
sels, increases renal blood flow, and reduces renal vascular
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resistance. It significantly increases renal blood flow and
decreases renal vascular resistance compared to placebo [43].
Additionally, levosimendan shows a a trend toward lower renal
failure incidence in patients receiving it during surgery com-
pared to those receiving it after surgery [44]. In a multicenter,
randomized, placebo-controlled, phase 3 trial and a LEVO-
CTS trial, although explicit reduction of postoperative AKI
by levosimendan was not stated, it was demonstrated that the
use of levosimendan is not associated with postoperative renal-
replacement therapy or AKI [45, 46].

Conclusion

Levosimendan emerges as a reno-protective agent, improving
renal outcomes through various mechanisms in heart failure,
renal insufficiency, and diverse animal experiment condi-
tions. Its positive impact extends to cardiac surgeries, AKI
post-cardiac arrest, and sepsis-induced scenarios, underscoring
its potential in managing renal complications across different
clinical contexts.
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