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Abstract

The calcium sensitiser levosimendan (SIMDAX; Orion Pharma) has been in clinical use for the management of acute heart failure and a range
of related syndromes in many countries around the world for two decades. More recently, levosimendan has become available in China. The
authors have examined the profile of levosimendan in clinical trials conducted inside and outside China and grouped the findings under six
headings: effects on haemodynamics, effects on natriuretic peptides, effect on symptoms of heart failure, renal effects, effect on survival, and
safety profile. Their conclusions are that under each of these headings there are reasonable grounds to expect that the effects and clinical
benefits established in trials and with wider clinical use in Europe and elsewhere will accrue also to Chinese patients. Therefore, the authors are
confident that global experience with levosimendan provides a reliable guide to its optimal use and likely therapeutic effects in patients in China.
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The term acute heart failure (AHF) describes the rapid onset or worsening
of symptoms and/or signs of heart failure (HF) arising either de novo or,
more frequently, as a consequence of acute decompensation of chronic
HF. A wide range of possible causes or precipitants may initiate an
episode of AHF; to that extent, AHF is an umbrella term for an extensive
pathophysiological syndrome that may require widely differing clinical
responses. In any event, AHF is a life-threatening situation that requires
an urgent medical response, usually including speedy hospital admission.

AHF-related mortality rates are very high. In the European Society of
Cardiology (ESC) Heart Failure Long-Term registry, which enrolled 12,440
patients from 21 European and/or Mediterranean countries, the 1-year
mortality rate for AHF was almost fourfold that for chronic HF (23.6% versus
6.4%). The corresponding rates for the combined outcome of mortality or
HF hospitalisation were 36% for AHF and 14.5% for chronic HF!

The burden of illness associated with AHF is encountered globally.? As an
exemplar of countries that have achieved notable economic progress in
recent decades, China has recorded an increasing burden of coronary
artery disease, hypertension, diabetes and obesity.>=* This, combined
with population aging, has created the conditions for many of the diseases
of affluence to flourish. HF now affects >4 million individuals in China, and
approximately 500,000 new cases are diagnosed every year® The
prevalence and incidence rates of HF in China are comparable to those

recorded in many other countries (Figure 1).2 However, it should be noted
that many of these estimates are based on administrative data:
echocardiography-based research in various countries returns higher
percentages, as, for example, in the work of Guo et al. concerning
northern China.® Given these working estimates of prevalence and
incidence, the implied morbidity and mortality rates for a population of
>1 billion people is considerable, even though 1-year mortality in Chinese
AHF patients was the lowest recorded in the Inter-CHF registry of low-
and middle-income countries (7% versus an average of 16.5%).5

In an episode of AHF, when a patient decompensates despite optimal oral
medications, IV cardioactive and vasoactive drugs may be required to
stabilise the patient’s haemodynamics and augment peripheral perfusion.
This is also necessary to address the involvement of systemic organs, such
as the lungs, kidney and liver, which is typical of HF” However, the available
repertoire of such drugs is relatively narrow, and evidence for their sustained
benefits is limited, inconclusive and often unpersuasive, especially with
regard to longer-term effects on morbidity and survival. There have been
strikingly few successful introductions in this field of therapeutics in recent
times; some of us (DF, FF, PP) have contributed to a recent survey of the field
that includes an overview of some of the reasons for this lack of success.®

Levosimendan is a notable exception to the frustrations associated with
drug development in this field and has recently marked two decades in
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Levosimendan in Europe and China

Figure 1: Prevalence and Incidence of
Heart Failure in Various Countries
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Source: Savarese et al.? Reproduced with permission from Radcliffe Cardiology.

mainstream clinical use in many countries of Europe and elsewhere for
the management of AHF.® A consideration of its properties and clinical
impact is therefore relevant as part of a wider discussion about the
development of HF care in China.

The Inodilator Levosimendan

IV levosimendan (SIMDAX) emerged from a research and development
program by Orion Pharma (Espoo, Finland) that focused on expanding
treatment options for patients with AHF or acutely decompensated HF
(ADHF).

IV levosimendan is notable for the fact that its inotropic effects are exerted
through calcium sensitisation, not calcium mobilisation.® This novel mode
of action, which clearly differentiates it from adrenergic inotropic agents,
made levosimendan a first-in-class agent at the time of its introduction,
and it remains the only drug of its kind widely approved for clinical use.™™"
Arecently published 20-year perspective on levosimendan is instructive.’

In addition to its calcium-sensitising effect, levosimendan mediates the
opening of ATP-dependent potassium (K} channels in vascular smooth
muscle cells® This causes systemic vasodilatation at usual therapeutic
doses, and the drug should therefore be regarded as an inodilator rather
than aninotrope. Levosimendan also opens K, _ channels in mitochondria,

exerting potentially cardioprotective effects®"

Several reports have shown that the vasodilator effect of levosimendan,
and possibly its antioxidant and anti-apoptotic effects, are mediated by a
mechanism involving both the opening of mitochondrial K, , channels and
the modulation of nitric oxide release by different nitric oxide synthase
isoforms. 2%

Importantly, the combined effects of levosimendan on cardiomyocytes,
the coronary circulation and cardiac mitochondria have a favourable
effect on the overall energy balance of cardiac function, which has not
been shown for any other inodilator.”®

Various other ‘pleiotropic” actions of levosimendan may theoretically be
relevant in certain scenarios, but further studies are needed before firm
conclusions can be reached about their broader clinical significance. %
These properties of levosimendan will not be discussed further in this
review, but Chinese medical scientists at Zhejiang University have
produced a commentary that will be informative for readers interested in
those topics.”

Clinical Experience with Levosimendan

Levosimendan has been extensively evaluated for the management of
AHF in Europe in placebo- and active-controlled studies, and currently has
marketing authorisation as SIMDAX in >60 countries.”®"* Detailed clinical
evaluations have also been conducted recently in China, and instructive
comparisons may be made between trials performed in China and those
conducted elsewhere.

A summary of key findings of the first generation of major clinical trials of
levosimendan is a useful starting point for such a comparison.

First, levosimendan resulted in dose-dependent increases in cardiac
output and stroke volume, accompanied by reductions in pulmonary
capillary wedge pressure (PCWP), mean blood pressure (BP), mean
pulmonary artery pressure, mean right atrial pressure and total peripheral
resistance.®? These effects persisted after termination of drug
administration due to a long-acting metabolite designated OR-1896.

Second, rapid and sustained reductions in levels of natriuretic peptides
were seen in response to an infusion of levosimendan.® (This effect has
been corroborated in a meta-analysis of studies in AHF undertaken by
Chinese investigators at Chongging Medical University.®) Third, there
were consistent benefits in symptom control with levosimendan.?3
However, there were mixed findings for hospitalisation and mortality:
positive numerical trends were observed, but did not attain statistical
significance.?*

Fourth, as summarised by Yilmaz et al., numerous studies have indicated
an improvement in renal function with levosimendan in AHF.%® However,
this finding must be interpreted after consideration has been given to the
variation in study designs and the lack of any robust effect in the REVIVE
program.* Technical and mechanistic studies suggest that levosimendan
is differentiated from agents such as dobutamine by the fact that it exerts
a preglomerular vasodilator action via its effect on K_ channels in
arteriolar vascular smooth muscle cells** A renoprotective effect of

pharmacological preconditioning has also been proposed.®

Finally, the safety of levosimendan in predominantly non-Chinese patients
with AHF has been the subject of a meta-analysis (n=5,349) conducted by
Gong et al. from the First Affiliated Hospital of Jinan University.®® In that
study, Gong et al. concluded that there were increased risks of recurrence
of extrasystoles (RR 1.88; 95% Cl [1.26-2.81]; p=0.002); headache or
migraine (RR 1.94; 95% CI [1.54-2.43], p<0.00007) and hypotension (RR
1.33; 95% CI [115-1.53]; p=0.0001) with levosimendan compared with
combined control therapy comprising placebo or dobutamine.
Levosimendan also lowered systolic BP (SBP) to a significantly greater
extent than placebo or dobutamine (p<0.02).

Levosimendan Clinical Research in China

Acute Heart Failure Studies

The first multicentre randomised active-controlled parallel-group study of
levosimendan in China for the management of AHF was reported by Wang
et al.¥ In that study, 225 patients with decompensated HF refractory to
conventional therapy were randomised to treatment with either
levosimendan (12 ug/kg over 10 minutes, followed by continuous infusion
of 0.1 pg/kg/min for 1 hour and then 0.2 pg/kg/min for 23 hours; n=119) or
dobutamine (2 pg/kg/min for 1 hour and then 4 pg/kg/min for 23 hours;
n=106) for 24 hours. Haemodynamic responses at 24 hours were
evaluated using echocardiography in both groups and a Swan-Ganz
catheter in the levosimendan group.”
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Table 1: Haemodynamic, Echocardiographic and Biomarker Data from the Study of Wu et al.*°

ariable Levosimendan (n=20) Placebo (n=10)
HR (BPM) 82+9 86+6 8146 81+7 81+9 82+7
MAP (mmHg) 88+7 84 +£10 87+7 87+6 87+6 866
mPAP (mmHg) 37+2 30+ 25+ 1 38+1 3741 37+2
PCWP (mmHg) 26+2 20 +3°F 17+ 2% 25+2 26+3 23+2
Cl (ifmin/m?) 19+03 23402 26+02° 1902 18+02 20401
SVR (dynxs/cm?) 1,636 £ 125 1320 £ 1127 1108 + 98* 1,701 +165 1759178 1,595 +128
CPI (W/m?) 0.36+0.06 0.43+0.06* 0.51+0.05* 0.36+0.05 0.35+0.05 0.38+0.03
RV CPI (W/m?) 015+ 0.02 016+ 0.01 015+ 0.01 016 +0.02 015+ 0.02 016+ 0.01
NYHA class 36+05 28+06" 23+05" 35405 37405 35+07
E/A ratio 11405 15+0.5" 16+07* 12+03 11+06 13+04
LV ESV (ml) 78+ 24 61+19* 54+16 76+ 26 78+23 73+ 21
LV EDV (ml) 12 +55 108 + 48 105 + 45 15 +49 116 + 56 18+ 45
LVEF (%) 36+3 43+ 5* 50+ 8" 35+4 3445 37+5
BNP (pg/m) 1,234 + 867 556 + 503"t 275 + 330" 1,217 734 1182 + 845 967 + 898
Tnl (ng/mi) 76+12 30+ 9% 10+ 67 73+16 48 +12* 20+7
CK-MB (U/ml) 43115 24412 12410 4619 2810 1849

Data are the mean + SD. *p<0.05 compared with baseline within the levosimendan group; "p<0.05 compared with placebo at the same time point after treatment. BNP = B-type natriuretic peptide;
Cl = cardiac index; CK-MB = creatine kinase myocardial band; CPl = cardiac power index; E/A ratio = ratio of early to late peak velocity blood flow during left ventricular diastole; EDV = end-diastolic
volume; ESV = end-systolic volume; HR = heart rate; LV = left ventricular; LVEF = left ventricular ejection fraction; MAP = mean arterial pressure; mPAP = mean pulmonary artery pressure;

NYHA = New York Heart Association; PCWP = pulmonary capillary wedge pressure; RV = right ventricular; SVR = systemic vascular resistance; Tnl = troponin I. Source: Wu et al

permission from Karger.

The end-of-treatment haemodynamic findings in that study favoured
levosimendan, with numerically more frequent improvement in left
ventricular ejection fraction (LVEF) in the levosimendan than dobutamine
group (6.4% versus 4.6%; p>0.05) and significantly greater stroke volume
enhancement with levosimendan (+111 versus +2.8 ml; p<0.05).” The
‘clinical effectiveness rate’ was also significantly higher in the
levosimendan than dobutamine group (32% versus 18%; p<0.01) and there
were significantly (p<0.05) fewer adverse events in the levosimendan
group, including hypokalaemia, hypotension and ventricular premature
beats. Overall, levosimendan was well tolerated and both
haemodynamically and clinically superior to dobutamine.

In a study by Zhang et al., 114 patients with ADHF were randomised to
receive levosimendan for 24 hours and another 114 were randomised to
dobutamine.*® The ejection fraction increased by “3% in both groups,
but PCWP decreased significantly more in the levosimendan than
dobutamine group (-8.90 + 714 mmHg versus -5.64 + 6.83 mmHg;
mean + SD; p=0.04), as did the plasma N-terminal pro B-type natriuretic
peptide (NT-proBNP) concentration (-22.36 + 38.98% versus -8.56 +
42.42%; mean + SD; p<0.01). The improvement in dyspnoea at the
conclusion of drug infusion was significantly more pronounced in the
levosimendan group. The incidence of adverse reactions was similar in
the two groups.

The same authors confirmed these findings in another randomised control
study, also reporting a significantly more pronounced increase of the
cardiac index from baseline value in the levosimendan group when
compared to the dobutamine group.®

Acute Heart Failure Associated With Ml
Two studies published simultaneously in 2014 have been conducted in
this field of cardiology in China.**

1.° Reproduced with

In a pilot study by Wu et al., 30 consecutive patients with an acute Ml (AMI)
who exhibited signs of myocardial stunning despite undergoing an
emergency percutaneous coronary intervention within 12 hours after the
infarction were enrolled in an open-label randomised placebo-controlled
trial.** Twenty patients were randomised to receive levosimendan (0.1 ug/
kg/min for 24 hours), and 10 were assigned to matching placebo. All
patients were in New York Heart Association (NYHA) class Ill or IV at
baseline, all were taking aspirin or other antiplatelet drugs, angiotensin-
converting enzyme inhibitors and diuretics and most (70-85% depending
on treatment group assignment) were also taking B-blockers and
spironolactone.®® Patients in the two groups were also well matched
regarding the location of index infarction and pre-intervention coronary
blood flow status. Comparison across multiple indices of haemodynamic
performance and biomarkers identified broad-ranging statistically
significant effects of levosimendan (Table 7). In addition, echocardiographic
analysis established a lower percentage of stunned or infarcted
myocardial segments in the levosimendan group (p<0.05 and p<0.01,
respectively).

In a study reported in the same issue of Cardiology, Jia et al. described
the recruitment of 160 patients with HF complicated by AMI to a
randomised single-centre single-blind study.* In contrast with the study of
Wu et al., this study was designed to address the significant proportion of
patients with AMI who had not undergone cardiac revascularisation
procedures, thus providing similarities to the enrolled population of the
RUSSLAN study.? Performed at 21 centres in Latvia and Russia, RUSSLAN
was the principal regulatory study to examine the impact of SIMDAX-
brand levosimendan in patients with AHF/AMI.

For their study, Jia et al. selected patients who had AMI diagnosed
according to established criteria during the previous 14 days, LVEF <40%,
Killip class II-IV and either or both of: dyspnoea at rest and/or need for
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Figure 2: Treatment Effect of Levosimendan on
the Composite Outcome of Death, Myocardial
Ischaemia and Worsening Heart Failure
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Source: Jia al.* Adapted with permission from Karger.

mechanical ventilation for ADHF; and non-hypovolaemic oliguria.” Eligible
patients were randomised in a 1:1ratio to receive levosimendan (0.1 pg/kg/
min for 24 hours) or placebo, and treatment effects were assessed via a
composite primary endpoint that included death, myocardial ischaemia or
worsening HF at both 14 days and 6 months.

Although the percentage of patients who died or experienced worsening
HF at 14 days was lower and the percentage of patients with myocardial
ischaemia was higher in the levosimendan group, the differences did not
reach statistical significance.” Overall, the percentage of patients meeting
the primary composite endpoint criteria at 14 days was lower, albeit not
significantly, with levosimendan (21.2% versus 26.2%)."

At 6 months, the non-significant trends for death and worsening HF were
supplemented by a significant trend for a lower incidence of Ml in the
levosimendan group between 14 days and 6 months (3.8% versus 13.8%;
HR 0.261; p=0.036)."" As a result, there was a significant treatment effect
of levosimendan on the composite primary endpoint (43.7% versus 62.5%;
HR 0.636; 95% Cl [0.413-0.981]; p=0.041; Figure 2).* These findings are
strikingly similar to those of the RUSSLAN trial 2

Stratification of outcomes by Killip class and revascularisation status
indicated that favourable treatment effects of levosimendan were more
likely to be recorded in patients in Killip class Il (29.0% versus 52.6%;
p=0.066) or in those who had undergone revascularisation (40.9% versus
67.4%; p=0.037)."

There was also a marked reduction in B-type natriuretic peptide (BNP) in
response to levosimendan infusion and an enhancement of LVEF was
apparent within 3 days of treatment (p=0.008 versus the control group).

Chronic or Refractory Heart Failure

The impact of a single 24-hour infusion of levosimendan on the clinical
status of elderly patients with refractory HF was investigated in a two-stage
study undertaken by researchers at Chongqing Medical University.* In the
first phase of this trial, 268 patients were assigned to maximal conventional

HF therapy if they fulfilled the following criteria: age >70 years, NYHA Class
-1V, LVEF <40% and plasma NT-proBNP >1,000 pg/ml. Patients (n=42)
who still met all these criteria after 2 weeks were then divided into two
groups well matched with regard to demographic criteria, and were
randomly assigned to a continuation of standard therapy or to standard
therapy plus an infusion of levosimendan (12 ug/kg for 10 min, followed by
continuous infusion of 0.1 pg/kg/min for 1 hour and then 0.2 pg/kg/min for
23 hours).* It is not clear from the original report whether the comparator
group received a matching placebo infusion.

At assessment 1 week later, all 21 of the levosimendan-treated patients
were classified in NYHA Class | or Il, compared with 1 of 21 patients in the
control group (p<0.05).“ Comparisons of changes in LVEF and NT-proBNP
were also robustly in favour of levosimendan.*? Levosimendan was
reported to be well tolerated in that study, but the authors acknowledged
that the small patient numbers and the short duration of follow-up limited
their ability to draw firm conclusions.*

Practical Issues Concerning the Use of
Levosimendan in the Chinese Clinical Setting

Cui et al. have recently commented on the need to develop an efficient
HF management program in China, highlighting, among other things, the
“importance of establishing the most cost-effective prevention and
therapy strategies”* Defining the role and usage of levosimendan may
be seen as one aspect of this requirement.

The Chinese Society of Cardiology is affiliated with the ESC and its 2018
guidelines closely reflect the ESC recommendations.***® The uses of
levosimendan identified in both sets of guidelines include:

« short-term, IV use in patients with hypotension (systolic blood
pressure [SBP] <90 mmHg) and/or signs or symptoms of
hypoperfusion despite adequate filling status to increase cardiac
output and BP, improve peripheral perfusion and maintain end-organ
function (recommendation grade IIb C); and

« reversing the effect of B-blockade if B-blockade is thought to be
contributing to hypotension with subsequent hypoperfusion
(recommendation grade IIb C).

To these indications may be added the possibility of using intermittent
infusions of levosimendan for long-term symptom relief or control in cases
of AHF. This use is acknowledged by the Heart Failure Association of the
ESC, which recognises the advantage of the prolonged haemodynamic
effect conferred by the metabolite OR-1896.%

The use of levosimendan in Chinese patients for the management of AHF
broadly conforms to international practice. For that indication, the drug is
given as a continuous infusion of 0.05—-0.2 pg/kg/min for 24 hours. Infusion
may be preceded by a loading dose of 612 pg/kg over 10 min if an instant
effect is sought, as long as baseline SBP is adequate.**® The use of an
initial loading dose of levosimendan is not currently recommended, but
was used in at least one of the Chinese trials described previously.”

Infusion is most often commenced initially at a dose of 0.1 ug/kg/min (or
0.05 pg/kg/min when SBP is marginal) and then up-titrated to 0.2 pg/kg/
min after the first 2—3 hours, provided that satisfactory BP is maintained.
The recommended duration of infusion in AHF is 24 hours. If a faster onset
of action is required, treatment can be initiated at a dose of 0.2 pg/kg/min,
which has an acceptable risk=benefit profile for infusions of up to 6 hours.”
Hypovolaemia and hyperkalaemia should be corrected before infusion,
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and volume and potassium status monitored during treatment. In
complicated cases, a pulmonary artery (Swan—Ganz) catheter may be
considered to monitor filling pressures and cardiac output.*® These
requirements profile levosimendan as a drug most appropriately used by
experienced physicians, probably in tertiary cardiology centres.

HF is part of an emerging cardiovascular health challenge in China.
Initiatives such as the China-PEACE study (NCT02877914) and the HERO
registry have identified several new themes that may be pertinent to the
successful deployment of levosimendan 345

First, the use of several standard classes of drugs in HF patients in China
is lower than that in international registries. In particular, the use of
B-blockers currently appears to be notably low.*® The population of HF
patients in China being treated with B-blockers can be expected to
expand considerably in the coming years. If this is indeed the case, then
the population of patients for whom levosimendan may be the preferred
inotropic therapy can be expected to increase over time.

Second, a large proportion of HF cases in China appear to have good
LVEF (>50%), so-called HF with preserved EF (HFpEF).*® Levosimendan
has not been extensively studied in this segment of the HF population,
and a meta-analysis of outcomes in patients undergoing cardiac surgery
identified no survival benefit in those with preserved LVEF (RR 1.06; 95%
CI[0.72-1.56]; p=0.78) compared with studies of patients with moderate
and low LVEF (RR 0.44; 95% CI [0.27-0.70]; p<0.001).>* However, mortality
reduction may not be the only legitimate aim of short-term treatment, and
there are indications of the potential of levosimendan to improve diastolic
function from a small prospective randomised study of patients undergoing
aortic valve surgery.”™® Some commentators think the latter may be
relevant to HFpEF.% In addition, a modest haemodynamic response has
recently been reported from the Phase 2 HELP trial (NCT03541603) and
more insights may emerge from its open-label extension (NCT03624010).
Pending further research, the use of levosimendan in patients with HFpEF
should be restricted to people fulfilling current guideline criteria and in
whom active haemodynamic monitoring is performed.

Finally, attention must be given to the widespread use of traditional
Chinese medicines (TCMs) in the management of HF patients. These
compounds have a prominent place in the Chinese health ecosystem, and
it would be misplaced to dismiss them. However, few TCMs have been
subjected to Western-style assessment and, although plans are in hand
for a systematic review and network meta-analysis of HF-targeted TCMs,
those plans are at an early stage.”’ Given that levosimendan will, in most
cases, be administered as a short-term treatment, the potential for
meaningful adverse interactions with TCMs would appear to be limited.
However, there is a need for care in monitoring and recording such
interactions until potential hazards have either been identified or can be
discounted. This requirement may gain further impetus if levosimendan
becomes widely used in China as a recurring intermittent infusion to
support people with episodic decompensations or with advanced HF.

Expert Assessment

We opened this short review with a list of the key characteristics of
levosimendan in acute or decompensated HF which, with experience in
China duly noted, may now usefully be revisited.

Haemodynamics
Levosimendan has consistently been shown to exert a range of favourable
effects on several haemodynamic indices, including LVEF, cardiac index

and PCWP, as well as on echocardiographic indicators of ventricular
function. These effects were apparent in the series of pivotal regulatory
studies conducted in Europe and have been recapitulated in the Chinese
studies reviewed in this paper.

Natriuretic Peptides

Rapid, early and sustained reductions in BNP constitute a constant feature
of the response to levosimendan in patients with acute or decompensated
HF, and studies in Chinese patients confirm this effect, as discussed
earlier. For example, a meta-analysis of randomised controlled trials in
patients with advanced HF by Cui et al., from Chongging Medical
University, has confirmed this effect of levosimendan and associated it
with improvement in LVEF compared with placebo, dobutamine,
furosemide and prostaglandin E, (standardised mean difference 0.74; 95%
C1]0.22-1.25]; p=0.005).

Allinall, an effect on natriuretic peptide concentrations may be considered
as one of the means for discriminating between levosimendan responders
and non-responders (i.e. those in whom levosimendan has robust
natriuretic peptide level decreasing effects, and those in whom this effect
was not present, respectively).?® This reflects the general correlation
existing between decreases in natriuretic peptide and treatment efficacy
in HF, not only for levosimendan.*

Symptoms

Relief of HF-related symptoms such as dyspnoea is a robust finding in
clinical studies of levosimendan in acute or decompensated HF: experience
in the REVIVE trial may be considered as an exemplar of this fact, which has
been broadly replicated in the Chinese studies we have summarised.

Renal Effects

Regarding AHF with accompanying renal dysfunction, Chinese data
consistent with observations in non-Chinese populations are already
available,360-62

A further contribution to understanding the renal effects of levosimendan
may be found in the work of Chen et al., who conducted a network meta-
analysis of 29 published trials to provide direct comparisons of
levosimendan versus placebo or inotropes in patients undergoing cardiac
surgery.®® They concluded that, compared with placebo, the use of
levosimendan significantly decreases the risks of mortality (OR 0.74; 95%
Cl [0.56-0.97)) and acute renal injury (OR 0.61; 95% CI [0.45-0.82)),
especially in patients with low systolic function.®* Comparisons with
milrinone, dopamine, dobutamine and fenoldopam identified
levosimendan as the best treatment based on p-values.

In an associated development, the authors of a recently reported
retrospective cohort study conducted in Taiwan showed that an estimated
glomerular filtration rate of <30 ml/min/1.73 m? was not necessarily a
contraindication to the use of levosimendan in patients with AHF and
reduced EF, albeit no substantive effect was observed on 30- to 180-day
mortality.*

Survival

Effects on mortality remain the subject of debate, and the lack of a
significant improvement in large regulatory studies offsets some of the
more optimistic findings from meta-analyses, as in the work of Gong et al.
and Pollesello et al.**® The meta-analysis and trial sequential analysis of
randomised trials of levosimendan in patients with left ventricular
dysfunction undergoing cardiac surgery undertaken by Xing et al. is
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another example of the need for further research on this theme.®
Nevertheless, we consider that levosimendan is likely associated at least
with lower mortality rates than dobutamine, perhaps due, in part, to its
more favourable impact on myocardial cellular energy balance. We further
see no a priori reason that any treatment benefits identified in non-
Chinese patients will not extend to Chinese patients. However, we note
that aside from any consideration of ethnic differences, mortality and
rehospitalisation rates among patients with decompensated HF remain
high for some time after the index admission.

Safety Profile

Safety and tolerability concerns associated with levosimendan are well
characterised, expected by its mode of action and, for the most part,
demonstrated to be avoidable with due attention to issues such as
baseline BP and fluid and electrolyte status. In fact, it has been recognised
that hypotension can be a limitation of levosimendan applications, and
several reports have suggested that omission of the loading dose of
levosimendan in patients with low baseline BP or at risk of hypovolaemia
can be a way to limit the incidence of hypotension (e.g. see the expert
consensus by Nieminen et al.).”

In this area, the research of Gong et al. is of note.®® It is rare for adverse
events or tolerability issues to necessitate cessation of levosimendan
therapy. We see no evidence or theoretical reason to expect a different
response from Chinese patients, but continued surveillance is warranted.

Conclusion

In cases of refractory HF, the (limited) experience reported by Chinese
clinical researchers supports the expectation from studies elsewhere that
levosimendan will deliver short-term improvements in haemodynamics
and clinical symptomatic status. The preliminary work of Bonios et al.
encourages an expectation that prolonged levosimendan therapy,
administered as a succession of intermittent infusions, may also be
accompanied by survival advantages in advanced HF refractory to

conventional therapies.’ Indeed, a meta-analysis confirmed the
association of repetitive levosimendan administration in advanced heart
failure with a significant reduction in mortality at the longest follow-up
available.% However, confirmation of that finding is needed for patients of
all ethnicities.

A recent report by Wang and Luo offers assurance on the use of
levosimendan in patents with refractory HF accompanied by hypotension.®

Additional AHF scenarios that may warrant the use of levosimendan
include decompensation accompanied by worsening renal function,
cardiac ischaemia or elevated pulmonary artery pressure, as well as
cardiogenic shock or takotsubo syndrome’®” To the extent that
experience with levosimendan in HF in the context of AMI or acute
decompensation or chronic or refractory HF has been substantially similar
in Chinese and non-Chinese patients, we are encouraged to the view that
the effects of levosimendan demonstrated in these additional clinical
scenarios in predominantly non-Chinese populations are likely to be
replicated in Chinese patients with otherwise similar clinical presentations.
However, for all these additional indications it will be necessary to
substantiate these expectations through direct study of Chinese patients
in controlled studies.

For similar reasons, in this review we did not touch the perioperative use
of the drug or its use in intensive care unit settings.”” Instead, we focused
on its main indications in acute heart failure and acute cardiac care, as
recently defined in the reviews by Farmakis et al. and Heringlake et al ™"

From the data reviewed here, we conclude that there is enough evidence
to show that the effects of levosimendan in acute and decompensated HF
documented by studies in non-Chinese patients are replicated in Chinese
patients and that experience accumulated by studies performed outside
China may be regarded as a reasonable guide to the use of levosimendan
in China.

1. Crespo-Leiro MG, Anker SD, Maggioni AP, et al. European

Society of Cardiology Heart Failure Long-Term Registry
(ESC-HF-LT): 1-year follow-up outcomes and differences

across regions. Eur J Heart Fail 2016;18:613-25. https://doi. 10. Maack C, Eschenhagen T, Hamdani N, et al. Treatments PMID: 16891290.

0rg/10.1002/ejhf.566; PMID: 27324686. targeting inotropy. Eur Heart J 2019;40:3626—44. https://doi.  18. du Toit EF, Genis A, Opie LH, et al. A role for the RISK
Savarese G, Lund LH. Global public health burden of heart 0rg/10.1093/eurheartj/ehy600; PMID: 30295807. pathway and K, channels in pre- and post-conditioning
failure. Card Fail Rev 2017;3:7-11. https://doi.org/10.15420/ 11. Sorsa T, Pollesello P, Solaro RJ. The contractile apparatus as induced by levosimendan in the isolated guinea pig heart.
cfr.2016:25:2; PMID: 28485469. a target for drugs against heart failure: interaction of Br J Pharmacol 2008;154:41-50. https://doi.org/10.1038/

Yu Y, Gupta A, Wu C, et al. Characteristics, management, levosimendan, a calcium sensitiser, with cardiac troponin C. bjp.2008.52; PMID: 18297097.

and outcomes of patients hospitalized for heart failure in Mol Cell Biochem 2004;266:87-107. https://doi. 19. Tritapepe L, De Santis V, Vitale D, et al. Levosimendan pre-
China: the China PEACE Retrospective Heart Failure Study. 0rg/10.1023/B:MCBI.0000049141.37823.19; PMID: 15646030. treatment improves outcomes in patients undergoing

J Am Heart Assoc 2019;8:012884. https://doi.org/10.1161/ 12. Levijoki J, Pollesello P, Kaivola J, et al. Further evidence for coronary artery bypass graft surgery. Br J Anaesth
JAHA119.012884; PMID: 31431117. the cardiac troponin C mediated calcium sensitization by 2009;102:198-204. https://doi.org/10.1093/bja/aen367;
Li'Y, Teng D, Shi X, et al. Prevalence of diabetes recorded in levosimendan: structure—response and binding analysis PMID: 19151048.

mainland China using 2018 diagnostic criteria from the with analogs of levosimendan. J Mol Cell Cardiol 20. Grossini E, Molinari C, Caimmi PP, et al. Levosimendan
American Diabetes Association: national cross sectional 2000;32:479-91. https://doi.org/10.1006/jmcc.1999.1093; induces NO production through p38 MAPK, ERK and Akt in
study BMJ 2020;369:m997. https://doi.org/10.1136/bmj.m997; PMID: 10731446. porcine coronary endothelial cells: role for mitochondrial
PMID: 32345662. 13. Kaheinen P, Pollesello P, Levijoki J, Haikala H. Effects of KATP channel. Br J Pharmacol 2009;156:250-61. https:/doi.
Pan XF, Wang L, Pan A. Epidemiology and determinants of levosimendan and milrinone on oxygen consumption in org/10.1111/j.1476-5381.2008.00024.x; PMID: 19154424.
obesity in China. Lancet Diabetes Endocrinol 2021;9:373-92. isolated guinea-pig heart. J Cardiovasc Pharmacol 21. Uberti F, Caimmi PP, Molinari C, et al. Levosimendan
https://doi.org/10.1016/S2213-8587(21)00045-0; 2004;43:555-61. https://doi.org/10.1097/00005344- modulates programmed forms of cell death through K(ATP)
PMID: 34022156. 200404000-00011; PMID: 15085067. channels and nitric oxide. J Cardiovasc Pharmacol

Guo L, Guo X, Chang Y, et al. Prevalence and risk factors of ~ 14. Chu KM, Hu YP, Liou JT. A pharmacokinetic and 2011;57:246-58. https://doi.org/10.1097/

heart failure with preserved ejection fraction: a population- pharmacodynamic study of intravenous levosimendan in FJC.0b013e318204bb55; PMID: 21107279.

based study in northeast China. Int J Environ Res Publ Health healthy Chinese volunteers and ethnic comparisons. Acta 22. Grossini E, Bellofatto K, Ferruggio, S, et al. Levosimendan
2016;13:770. https://doi.org/10.3390/ijerph13080770; Cardiol Sin 2014;30:298-307. PMID: 27122803. inhibits peroxidation in hepatocytes by modulating

PMID: 27483300. 15. Yokoshiki H, Katsube Y, Sunagawa M, et al. Levosimendan, apoptosis/autophagy interplay. PLoS One 2015;10:e0124742.
Fedele F, Severino P, Calcagno S, Mancone M. Heart failure: a novel Ca?' sensitizer, activates the glibenclamide-sensitive https://doi.org/10.1371/journal.pone.0124742;

TNM:-like classification. J Am Coll Cardiol 2014;63:1959-60. K* channel in rat arterial myocytes. Eur J Pharmacol PMID: 25880552.
https://doi.org/10.1016/j.jacc.2014.02.552; PMID: 24657683. 1997;333:249-59. https://doi.org/10.1016/S0014- 23. Nieminen MS, Pollesello P, Vajda G, Papp Z. Effects of
Pollesello P, Ben Gal T, Bettex D, et al. Short-term therapies 2999(97)01108-4; PMID: 9314042. levosimendan on the energy balance: preclinical and

for treatment of acute and advanced heart failure —why so  16. Kopustinskiene DM, Pollesello P, Saris NE. Levosimendan is clinical evidence. J Cardiovasc Pharmacol 2009;53:302-10.
few drugs available in clinical use, why even fewer in the a mitochondrial K(ATP) channel opener. Eur J Pharmacol https://doi.org/10.1097/FJC.0b013e31819¢9al7;

pipeline? J Clin Med 2019;8:1834. https://doi.org/10.3390/ 2001;428:311-4. https://doi.org/10.1016/S0014- PMID: 19276987.

jcm8111834; PMID: 31683969. 2999(01)01350-4; PMID: 11689188. 24. Farmakis D, Alvarez J, Gal TB, et al. Levosimendan beyond
Papp Z, Agostoni P, Alvarez J, et al. Levosimendan efficacy 17. Papp JG, Pollesello P, Varrd AF, et al. Effect of levosimendan inotropy and acute heart failure: evidence of pleiotropic

and safety: 20 years of SIMDAX in clinical use. Card Fail Rev
2020;6:e19. https://doi.org/10.15420/cfr.2020.03;
PMID: 32714567.

EUROPEAN CARDIOLOGY REVIEW
Access at: www.ECRjournal.com

and milrinone on regional myocardial ischemia/reperfusion-
induced arrhythmias in dogs. J Cardiovasc Pharmacol Ther
2006;11:129-35. https://doi.org/10.1177/1074248406289286;


https://doi.org/10.1002/ejhf.566
https://doi.org/10.1002/ejhf.566
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.1161/JAHA.119.012884
https://doi.org/10.1161/JAHA.119.012884
https://doi.org/10.1136/bmj.m997
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.3390/ijerph13080770
https://doi.org/10.1016/j.jacc.2014.02.552
https://doi.org/10.3390/jcm8111834
https://doi.org/10.3390/jcm8111834
https://doi.org/10.15420/cfr.2020.03
https://doi.org/10.1093/eurheartj/ehy600
https://doi.org/10.1093/eurheartj/ehy600
https://doi.org/10.1023/B:MCBI.0000049141.37823.19
https://doi.org/10.1023/B:MCBI.0000049141.37823.19
https://doi.org/10.1006/jmcc.1999.1093
https://doi.org/10.1097/00005344-200404000-00011
https://doi.org/10.1097/00005344-200404000-00011
https://doi.org/10.1016/S0014-2999(97)01108-4
https://doi.org/10.1016/S0014-2999(97)01108-4
https://doi.org/10.1016/S0014-2999(01)01350-4
https://doi.org/10.1016/S0014-2999(01)01350-4
https://doi.org/10.1177/1074248406289286
https://doi.org/10.1038/bjp.2008.52
https://doi.org/10.1038/bjp.2008.52
https://doi.org/10.1093/bja/aen367
https://doi.org/10.1111/j.1476-5381.2008.00024.x
https://doi.org/10.1111/j.1476-5381.2008.00024.x
https://doi.org/10.1097/FJC.0b013e318204bb55
https://doi.org/10.1097/FJC.0b013e318204bb55
https://doi.org/10.1371/journal.pone.0124742
https://doi.org/10.1097/FJC.0b013e31819c9a17

Levosimendan in Europe and China

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

effects on the heart and other organs: an expert panel
position paper. Int J Cardiol 2016;222:303-12. https://doi.
0rg/10.1016/j.ijcard.2016.07.202; PMID: 27498374.

Yilmaz MB, Grossini E, Silva Cardoso JC, et al. Renal effects
of levosimendan: a consensus report. Cardiovasc Drugs Ther
2013;27:581-90. https://doi.org/10.1007/510557-013-6485-6;
PMID: 23929366.

Grossini E, Pollesello P, Bellofatto K, et al. Protective effects
elicited by levosimendan against liver ischemia/reperfusion
injury in anesthetized rats. Liver Transpl 2014;20:361-75.
https://doi.org/101002/1t.23799; PMID: 24273004.

Pan J, Yang YM, Zhu JY, Lu YQ. Multiorgan drug action of
levosimendan in critical ilinesses. Biomed Res Int
2019;2019:9731467. https://doi.org/10.1155/2019/9731467;
PMID: 31641670.

Follath F, Cleland JG, Just H, et al. Efficacy and safety of
intravenous levosimendan compared with dobutamine in
severe low-output heart failure (the LIDO study): a
randomised double-blind trial. Lancet 2002;360:196-202.
https://doi.org/10.1016/S0140-6736(02)09455-2.

Moiseyev VS, Péder P, Andrejevs N, et al. Safety and
efficacy of a novel calcium sensitizer, levosimendan, in
patients with left ventricular failure due to an acute
myocardial infarction. A randomized, placebo-controlled,
double-blind study (RUSSLAN). Eur Heart J 2002;23:1422-32.
https://doi.org/10.1053/euhj.2001.3158; PMID: 12208222.
Packer M, Colucci W, Fisher L, et al. Effect of levosimendan
on the short-term clinical course of patients with acutely
decompensated heart failure. JACC Heart Fail 2013;1:103-11.
https://doi.org/10.1016/}.jchf.2012.12.004; PMID: 24621834.
Mebazaa A, Nieminen MS, Packer M, et al. Levosimendan vs
dobutamine for patients with acute decompensated heart
failure: the SURVIVE randomized trial. JAMA 2007;297:1883—
91. https://doi.org/10.1001/jama.297171883; PMID: 17473298.
Nieminen MS, Akkila J, Hasenfuss G, et al. Hemodynamic
and neurohumoral effects of continuous infusion of
levosimendan in patients with congestive heart failure. J Am
Coll Cardiol 2000;36:1903-12. https://doi.org/10.1016/S0735-
1097(00)00961-X; PMID: 11092663.

Cui D, Liao Y, Li G, Chen Y. Levosimendan can improve the
level of B-type natriuretic peptide and the left ventricular
ejection fraction of patients with advanced heart failure: a
meta-analysis of randomized controlled trials. Am J
Cardiovasc Drugs 2021;21:73-81. https://doi.org/10.1007/
540256-020-00416-y; PMID: 32462455.

Bragadottir G, Redfors B, 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. https://doi.org/10.1097/
CCM.0b013e31828e946a; PMID: 23921271.
Guerrero-Orriach JL, Malo-Manso A, Ramirez-Aliaga M, et al.
Renal and neurologic benefit of levosimendan vs
dobutamine in patients with low cardiac output syndrome
after cardiac surgery: clinical trial FIM-BGC-2014-01. Front
Pharmacol 2020;11:1331. https://doi.org/10.3389/
fphar.2020.01331; PMID: 32982742.

Gong B, Li Z, Yat Wong PC. Levosimendan treatment for
heart failure: a systematic review and meta-analysis.

J Cardiothorac Vasc Anesth 2015;29:1415-25. https://doi.
0rg/10.1053/j.jvca.2015.03.023; PMID: 26275522.

Wang L, Cui L, Wei JP, et al. Efficacy and safety of
intravenous levosimendan compared with dobutamine in
decompensated heart failure. Zhonghua Xin Xue Guan Bing Za
Zhi 2010;38:527-30 [in Chinese]. PMID: 21033135.

Zhang YH, Zhang J, Qing EM, et al. Comparison on efficacy
and safety between domestic levosimendan versus
dobutamine for patients with acute decompensated heart
failure. Zhonghua Xin Xue Guan Bing Za Zhi 2012;40:153-6 [in
Chinese]. https://doi.org/10.3760/cma.j.issn.0253-3758.
2012.02.015; PMID: 22490717.

Zhang YH, Qing EM, Zhang J, et al. Hemodynamic and
efficacies of domestic levosimendan versus dobutamine in
patients with acute decompensated heart failure. Zhonghua
Yi Xue Za Zhi 2012;92:555-8 [in Chinese]. https://doi.
0rg/10.3760/cma.j.issn.0376-2491.2012.08.014;

PMID: 22490161.

Wu X, Wu J, Yan X, Zhang Y. Enhancement of myocardial
function and reduction of injury with levosimendan after
percutaneous coronary intervention for acute myocardial
infarction: a pilot study. Cardiology 2014;128:202-8.
https://doi.org/10.1159/000360933; PMID: 24751502.

Jia Z, Guo M, Zhang YQ, et al. Efficacy of intravenous
levosimendan in patients with heart failure complicated by
acute myocardial infarction. Cardiology 2014;128:195-201.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

https://doi.org/10.1159/000357864; PMID: 24751462.

Zhang D, Yao Y, Qian J, Huang J. Levosimendan improves
clinical outcomes of refractory heart failure in elderly
Chinese patients. Med Sci Monit 2015;21:2439-45. https:/
doi.org/10.12659/MSM.893580; PMID: 26289557.

Cui X, Hu K, Ge J. Current status of heart failure in China.
Cardiol Plus 2017;2:13—7. https://doi.org/10.4103/2470-
511.248468.

Heart Failure Group of Chinese Society of Cardiology of
Chinese Medical Association, Chinese Heart Failure
Association of Chinese Medical Doctor Association, Editorial
Board of Chinese Journal of Cardiology. Chinese guidelines
for the diagnosis and treatment of heart failure 2018.
Zhonghua Xin Xue Guan Bing Za Zhi 2018;46:760-89 [in
Chinese]. https://doi.org/10.3460/cma.}.issn.0253-3758.
2018.10.004; PMID: 30369168.

Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC
qguidelines for the diagnosis and treatment of acute and
chronic heart failure: the Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure of the
European Society of Cardiology (ESC). Developed with the
special contribution of the Heart Failure Association (HFA) of
the ESC. Eur Heart J 2016;37:2129-200. https://doi.
0rg/10.1093/eurheartj/ehw128; PMID: 27206819.
Crespo-Leiro MG, Metra M, Lund LH, et al. Advanced heart
failure: a position statement of the Heart Failure Association
of the European Society of Cardiology. Eur J Heart Fail
2018;20:1505-35. https://doi.org/10.1002/ejhf1236;

PMID: 29806100.

Nieminen MS, Buerke M, Cohen-Soldl A, et al. The role of
levosimendan in acute heart failure complicating acute
coronary syndrome: a review and expert consensus opinion.
Int J Cardiol 2016;218:150~7. https://doi.org/10.1016/;.
jjcard.2016.05.009; PMID: 27232927,

Harjola VP, Giannakoulas G, von Lewinski D, et al. Use of
levosimendan in acute heart failure. Eur Heart J Supp!
2018;20(Suppl 1):12-10. https://doi.org/10.1093/eurheartj/
suy039; PMID: 30555279.

Yu'Y, Zhang H, Li X, et al. The China Patient-centered
Evaluative Assessment of Cardiac Events (China PEACE)
retrospective heart failure study design. BMJ Open
2018;8:€020918. https://doi.org/10.1136/
bmjopen-2017-020918; PMID: 29748344.

Li L, Liu R, Jiang C, et al. Assessing the evidence-practice
gap for heart failure in China: the Heart Failure Registry of
Patient Outcomes (HERO) study design and baseline
characteristics. Eur J Heart Fail 2020;22:646—-60. https://doi.
0rg/10.1002/ejhf1630; PMID: 31820513.

. Jackson JD, Cotton SE, Bruce Wirta S, et al. Care pathways

and treatment patterns for patients with heart failure in
China: results from a cross-sectional survey. Drug Des Devel
Ther 2018;12:2311-21. https://doi.org/10.2147/DDDT.5166277;
PMID: 30100706.

Gupta A, Yu Y, Tan Q, et al. Quality of care for patients
hospitalized for heart failure in China. JAMA Netw Open
2020;3:1918619. https://doi.org/10.1001/
jamanetworkopen.2019.18619; PMID: 31913489.

Zhang Y, Zhang J, Butler J, et al. Contemporary
epidemiology, management, and outcomes of patients
hospitalized for heart failure in China: results from the China
Heart Failure (China-HF) registry. J Card Fail 2017;23:868-75.
https://doi.org/10.1016/j.cardfail.2017.09.014;

PMID: 29029965.

Tena MA, Urso S, Gonzalez JM, et al. Levosimendan versus
placebo in cardiac surgery: a systematic review and meta-
analysis. Interact Cardiovasc Thorac Surg 2018;27:677-85.
https://doi.org/10.1093/icvts/ivy133; PMID: 29718383.
Jorgensen K, Bech-Hanssen O, Houltz E, Ricksten SE.
Effects of levosimendan on left ventricular relaxation and
early filling at maintained preload and afterload conditions
after aortic valve replacement for aortic stenosis. Circulation
2008;117:1075-81. https://doi.org/10.1161/
CIRCULATIONAHA107.722868; PMID: 18268152.

El-Guindy A, Yacoub MH. Heart failure with preserved
ejection fraction. Glob Cardiol Sci Pract 2012;2012:10. https://
doi.org/10.5339/gcsp.2012.10; PMID: 25610841,

Lin S, Shi Q, Yang F, et al. Traditional Chinese medicine
injections for heart failure: a protocol for systematic review
and network meta-analysis of randomised controlled trials.
BMJ Open 2020;10:¢037331. https://doi.org/10.1136/
bmjopen-2020-037331; PMID: 32988945.

Farmakis D, Parissis JT, Bistola V, et al. Plasma B-type
natriuretic peptide reduction predicts long-term response to
levosimendan therapy in acutely decompensated chronic
heart failure. Int J Cardiol 2010;139:75-9. https://doi.

EUROPEAN CARDIOLOGY REVIEW
Access at: www.ECRjournal.com

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

.

72.

73.

74.

75.

0rg/10.1016/j.ijcard.2008.10.003; PMID: 18973957.
Cohen-Solal A, Logeart D, Huang B, et al. Lowered B-type
natriuretic peptide in response to levosimendan or
dobutamine treatment is associated with improved survival
in patients with severe acutely decompensated heart
failure. J Am Coll Cardiol 2009;53:2343-8. https://doi.
0rg/10.1016/j.jacc.2009.02.058; PMID: 19539144.

Hou ZQ, Sun ZX, Su CY, 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. https://doi.org/10.1111/1755-
92212001; PMID: 23490237.

Lannemyr L, Ricksten S-E, Rundqvist B, 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. J Am
Heart Assoc 2018;7:e008455. https://doi.org/10.1161/
JAHA117.008455; PMID: 30369310.

Fedele F, Bruno N, Brasolin B, et al. Levosimendan improves
renal function in acute decompensated heart failure:
possible underlying mechanisms. Eur J Heart Fail
2014;16:281-8. https://doi.org/10.1002/ejhf.9;

PMID: 24464960.

Chen WC, Lin MH, Chen CL, et al. Comprehensive
comparisons among inotropic agents on mortality and risk
of renal dysfunction in patients who underwent cardiac
surgery: a network meta-analysis of randomized controlled
trials. J Clin Med 2021;10:1032. https:/doi.org/10.3390/
jcm10051032; PMID: 33802296.

Chan CC, Lee KT, Ho WJ, et al. Levosimendan use in
patients with acute heart failure and reduced ejection
fraction with or without severe renal dysfunction in critical
cardiac care units: a multi-institution database study. Ann
Intensive Care 2021;11:27. https://doi.org/10.1186/513613-021-
00810-y; PMID: 33555483.

Pollesello P, Parissis J, Kivikko M, Harjola VP. Levosimendan
meta-analyses: is there a pattern in the effect on mortality?
Int J Cardiol 2016;209:77-83. https://doi.org/10.1016/j.
ijcard.2016.02.014; PMID: 26882190.

Xing Z, Tang L, Chen P, et al. Levosimendan in patients with
left ventricular dysfunction undergoing cardiac surgery: a
meta-analysis and trial sequential analysis of randomized
trials. Sci Rep 2018;8:7775. https://doi.org/10.1038/541598-
018-26206-w; PMID: 29773835.

Bonios MJ, Terrovitis JV, Drakos SG, et al. Comparison of
three different regimens of intermittent inotrope infusions
for end stage heart failure. Int J Cardiol 2012;159:225-9.
https://doi.org/10.1016/}.ijcard.2011.03.013; PMID: 21481958.
Silvetti S, Nieminen MS. Repeated or intermittent
levosimendan treatment in advanced heart failure: An
updated meta-analysis. Int J Cardiol 2016;202:138-43.
https://doi.org/10.1016/}.ijcard.2015.08.188; PMID: 26386941
Wang M, Luo B. Levosimendan is safe to patients with
advanced heart failure and hypotension. Int J Cardiol
2021;338;153. https://doi.org/10.1016/}.ijcard.2021.05.057;
PMID: 34118325.

Agostoni P, Farmakis DT, Garcia-Pinilla JM, et al.
Haemodynamic balance in acute and advanced heart
failure: an expert perspective on the role of levosimendan.
Card Fail Rev 2019;5:155-61. https://doi.org/10.15420/
cfr.2019.01.RT; PMID: 31768272.

Bouchez S, Fedele F, Giannakoulas G, et al. Levosimendan
in acute and advanced heart failure: an expert perspective
on posology and therapeutic application. Cardiovasc Drugs
Ther 2018;32:617-24. https://doi.org/10.1007/510557-018-
6838-2; PMID: 30402660.

Guarracino F, Heringlake M, Cholley B, et al. Use of
levosimendan in cardiac surgery: an update after the LEVO-
CTS, CHEETAH, and LICORN trials in the light of clinical
practice. J Cardiovasc Pharmacol 2018;71:1-9. https://doi.
0rg/10.1097/FJC.0000000000000551; PMID: 29076887.
Herpain A, Bouchez S, Girardis M, et al. Use of
levosimendan in intensive care unit settings: an opinion
paper. J Cardiovasc Pharmacol 2019;73:3-14. https://doi.
0rg/10.1097/FJC.0000000000000636; PMID: 30489437.
Farmakis D, Agostoni P, Baholli L, et al. A pragmatic
approach to the use of inotropes for the management of
acute and advanced heart failure: an expert panel
consensus. Int J Cardiol 2019;297:83-90. https://doi.
0rg/10.1016/j.ijcard.2019.09.005; PMID: 31615650.
Heringlake M, Alvarez J, Bettex D, et al. An update on
levosimendan in acute cardiac care: applications and
recommendations for optimal efficacy and safety. Expert Rev
Cardiovasc Ther 2021;19:325-35. https://doi.org/10.1080/1477
9072.20211905520; PMID: 33739204.


https://doi.org/10.1016/j.ijcard.2016.07.202
https://doi.org/10.1016/j.ijcard.2016.07.202
https://doi.org/10.1007/s10557-013-6485-6
https://doi.org/10.1002/lt.23799
https://doi.org/10.1155/2019/9731467
https://doi.org/10.1016/S0140-6736(02)09455-2
https://doi.org/10.1053/euhj.2001.3158
https://doi.org/10.1016/j.jchf.2012.12.004
https://doi.org/10.1001/jama.297.17.1883
https://doi.org/10.1016/S0735-1097(00)00961-X
https://doi.org/10.1016/S0735-1097(00)00961-X
https://doi.org/10.1007/s40256-020-00416-y
https://doi.org/10.1007/s40256-020-00416-y
https://doi.org/10.1097/CCM.0b013e31828e946a
https://doi.org/10.1097/CCM.0b013e31828e946a
https://doi.org/10.3389/fphar.2020.01331
https://doi.org/10.3389/fphar.2020.01331
https://doi.org/10.1053/j.jvca.2015.03.023
https://doi.org/10.1053/j.jvca.2015.03.023
https://doi.org/10.3760/cma.j.issn.0253-3758.2012.02.015
https://doi.org/10.3760/cma.j.issn.0253-3758.2012.02.015
https://doi.org/10.3760/cma.j.issn.0376-2491.2012.08.014
https://doi.org/10.3760/cma.j.issn.0376-2491.2012.08.014
https://doi.org/10.1159/000360933
https://doi.org/10.1159/000357864
https://doi.org/10.12659/MSM.893580
https://doi.org/10.12659/MSM.893580
https://doi.org/10.4103/2470-511.248468
https://doi.org/10.4103/2470-511.248468
https://doi.org/10.3460/cma.j.issn.0253-3758.2018.10.004
https://doi.org/10.3460/cma.j.issn.0253-3758.2018.10.004
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1002/ejhf.1236
https://doi.org/10.1016/j.ijcard.2016.05.009
https://doi.org/10.1016/j.ijcard.2016.05.009
https://doi.org/10.1093/eurheartj/suy039
https://doi.org/10.1093/eurheartj/suy039
https://doi.org/10.1002/ejhf.1630
https://doi.org/10.1002/ejhf.1630
https://doi.org/10.2147/DDDT.S166277
https://doi.org/10.1001/jamanetworkopen.2019.18619
https://doi.org/10.1001/jamanetworkopen.2019.18619
https://doi.org/10.1016/j.cardfail.2017.09.014
https://doi.org/10.1093/icvts/ivy133
https://doi.org/10.1161/CIRCULATIONAHA.107.722868
https://doi.org/10.1161/CIRCULATIONAHA.107.722868
https://doi.org/10.5339/gcsp.2012.10
https://doi.org/10.5339/gcsp.2012.10
https://doi.org/10.1136/bmjopen-2020-037331
https://doi.org/10.1136/bmjopen-2020-037331
https://doi.org/10.1016/j.ijcard.2008.10.003
https://doi.org/10.1016/j.ijcard.2008.10.003
https://doi.org/10.1016/j.jacc.2009.02.058
https://doi.org/10.1016/j.jacc.2009.02.058
https://doi.org/10.1111/1755-922.12001
https://doi.org/10.1111/1755-922.12001
https://doi.org/10.1161/JAHA.117.008455
https://doi.org/10.1161/JAHA.117.008455
https://doi.org/10.1002/ejhf.9
https://doi.org/10.3390/jcm10051032
https://doi.org/10.3390/jcm10051032
https://doi.org/10.1186/s13613-021-00810-y
https://doi.org/10.1186/s13613-021-00810-y
https://doi.org/10.1016/j.ijcard.2016.02.014
https://doi.org/10.1016/j.ijcard.2016.02.014
https://doi.org/10.1038/s41598-018-26206-w
https://doi.org/10.1038/s41598-018-26206-w
https://doi.org/10.1016/j.ijcard.2011.03.013
https://doi.org/10.1016/j.ijcard.2015.08.188
https://doi.org/10.1016/j.ijcard.2021.05.057
https://doi.org/10.15420/cfr.2019.01.R1
https://doi.org/10.15420/cfr.2019.01.R1
https://doi.org/10.1007/s10557-018-6838-2
https://doi.org/10.1007/s10557-018-6838-2
https://doi.org/10.1097/FJC.0000000000000551
https://doi.org/10.1097/FJC.0000000000000551
https://doi.org/10.1097/FJC.0000000000000636
https://doi.org/10.1097/FJC.0000000000000636
https://doi.org/10.1016/j.ijcard.2019.09.005
https://doi.org/10.1016/j.ijcard.2019.09.005
https://doi.org/10.1080/14779072.2021.1905520
https://doi.org/10.1080/14779072.2021.1905520

