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Abstract

The authors describe a case of a patient with severe
ischemic heart disease who benefited from the
combination of Levosimendan with intra-aortic
balloon pump in the perioperative period of a triple
coronary artery bypass graft. On this occasion, they
review the literature on the benefits of levosimendan
in this indication in terms of hemodynamics, renal

function and mortality.

Cardiology and Cardiovascular Medicine

Introduction

Levosimendan is a calcium-sensitizing inotrope drug
and also an ATP-sensitive potassium (KATP)
channel opener that results in significant vasodilation
in various circulations in the body, such as lung, gut
and brain, not just the kidneys & coronaries) that
decreases left and right ventricular afterload and
complements the inotropic effect of the drug.
Levosimedan has been investigated as a
pharmacological intervention to prevent low cardiac
output syndrome (LCOS) and reduce morbidity and
mortality after cardiac surgery. The authors present a

brief review of the literature and a case report
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highlighting the potential benefits of the use of
levosimendan in the preoperative conditioning of

cardiac surgery patients.

Case Report

A 58-year-old Caucasian female patient was admitted
to the intensive care unit for conditioning prior to a
scheduled surgery consisting of a triple coronary
artery bypass graft (CABG) with mitral
reconstruction. On arrival, the patient was afebrile
with a blood pressure of 87/36 mmHg and heart rate
of 80/min (sinusal rhythm). Cardiac ultrasound
showed significant left ventricular dilation
(telediastolic diameter of 59 mm) associated with
grade Il mitral regurgitation. The patient was found
to have an ejection fraction of 20% with antero-
septo-apical and basal akinesia. There was also
tricuspid regurgitation with pulmonary arterial
systolic pressure evaluated at 43 mmHg. A 34 ml
intra-aortic balloon pump (IABP) was placed, the
hemoglobin and calcium levels were optimized and
treatment with levosimendan was started at a dose of
0.10 pg/kg/min. The surgery was performed after 48
hours of supportive treatment. The postoperative
course was characterized by a low cardiac output
syndrome lasting 5 days, requiring vasoconstrictive
and inotropic drugs (noradrenaline with a maximum
dose of 0.11 pg/kg/min and adrenaline with a
maximal dose of 0.17 pg/kg/min). The IABP was
maintained at 1/1. Renal function improved, with
creatinine decreasing from 1.15 mg/dl to 0.61 mg/dl.
The patient left intensive care 13 days after
admission without nosocomial infection or the need
for renal replacement therapy (RRT). She was free of
dyspnea at the time of discharge from hospital and

was able to resume light sport activity (cycling and
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walking). One vyear later, the patient’s ejection
fraction measured by echocardiography was found to
be 35%. The continuing treatment consisted of
sacubitril/valsartan 49/51mg once a day, bisoprolol 5
mg twice a day, apixaban 2.5 mg twice a day and

atorvastatin 40 mg once a day.

Discussion

Preoperative  conditioning for cardiac surgery
includes a range of treatments aimed at the
optimization of biological, hemodynamic, and
infectious parameters. The use of IABP has shown a
prophylactic benefit in CABG [1,2]. The association
of levosimendan with IABP has to our knowledge
not yet been evaluated. Controversy still exists in the
literature regarding the use of levosimendan in

cardiac surgery.

Levosimendan and Low Cardiac Output Syndrome

Low cardiac output syndrome (LCQS) is the result of
a mismatch between oxygen delivery and its
metabolic demand driven by myocardial dysfunction
and circulatory failure. Following complex cardiac
surgery requiring cardiopulmonary bypass (CPB), a
decline in cardiac performance occurs with an
increase in pulmonary and systemic afterload
associated with a relative decrease in myocardial
contractility [3]. Levosimendan is an inotropic
calcium-sensitizing drug and a KATP channel opener
and thus has myocardial protective properties. At the
mitochondrial level, the opening of the KATP
channel improves energy homeostasis and protects
the heart from calcium overload and oxidative stress.
At the coronary level, the opening of the KATP
channel increases intracellular potassium resulting in

coronary vasodilation, thereby improving blood flow
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in ischemic areas with the net result of improving
cardiac function [4]. Several randomized studies have
shown benefit from the use of levosimendan when it
was administered within 24 hours prior to surgery [5-
7]. In these studies, patients had an ejection fraction
of less than 40% and were conditioned for elective
CABG surgery. All three studies showed a decrease
in the incidence of LCOS. This benefit was also
demonstrated in the LEVO-CTS study in a subgroup
analysis of patients operated exclusively for CABG
[8]. In the study by Levin et al, a decrease in
complicated weaning from CPB (2.4% versus 9.6%;
p <0.05) was observed in patients receiving

levosimendan [5].

Levosimendan and Renal Function

There is a decrease in the incidence of acute kidney
injury (AKI) in patients on levosimendan.
Levosimendan improves hemodynamics with an
increase in cardiac output and a decrease in pressure
in the right cardiac chambers which in turn decreases
the pressure in the renal veins [4]. In addition, via its
KATP channel-opening properties, Levosimendan
induces vasodilation of the afferent arteriole,
resulting in an increase in the glomerular filtration
pressure. This is in contrast to dobutamine, which
induces both afferent and efferent vasodilation [9]. In
a study of 60 patients with LCOS randomized to
receive either levosimendan or dobutamine, a
significant improvement in renal function was
observed in the levosimendan group (23% versus
3%, p <0.05) [10]. Other studies have demonstrated
this benefit, with a lower incidence of AKI on
discharge from intensive care [11,12]. Several meta-
analyses have shown a reduction in the need for RRT
in patients with left ventricular dysfunction treated

with levosimendan [12-14].
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Levosimendan and Mortality

Several meta-analyzes have shown a reduction in 30-
day mortality in patients with preoperative left
ventricular dysfunction and an ejection fraction
below 40% [13,4,14]
multicenter randomized studies, the CHEETAH,
LICORN and LEVO-CTS studies, have shown no
benefit from the use of Levosimendan in terms of
reduction in 30-day mortality [15,16,8]. The LEVO-

CTS study showed only a trend in favor of

However, three large

levosimendan regarding 90-day mortality (4.7 vs
placebo 7.1% p = 0.12) in patients undergoing
isolated coronary artery bypass graft [8]. These
studies included a broad spectrum of cardiac
pathologies; however, when one considers only
patients with coronary pathologies and an ejection
fraction below 25%, there is a trend toward lower
mortality with levosimendan [4]. A recent meta-
analysis of 6 studies with a total of 590 patients
demonstrated a benefit in 30-day mortality when
levosimendan was compared with an active treatment
rather than with placebo. Theses six studies
comparing levosimendan with dobutamine, milrinone
or IABP showed that levosimendan had lower
mortality than other treatments (RR 0.32, 95 CI: 0.16
to 0.66, p = 0.002 and 12 = 0 %) [17]. Some authors
believe that the observed benefit may be linked to a

lower exposure to exogenous catecholamines [18].

Conclusions

Large, randomized studies have not shown any
mortality benefit of levosimendan compared to
placebo. However, it seems that in ischemic
pathology treated with CABG, patients with left

ventricular dysfunction who receive levosimendan
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may benefit in terms of mortality, low cardiac output
syndrome and the need for renal replacement therapy
when compared to classic dobutamine support
strategies. The combined use of intra-aortic balloon

pump and levosimendan deserves to be evaluated.

Acknowledgements: The authors wanted to thanks

Dr Melissa Jackson for reviewing our text.

Funding: None.

Availability of data and materials: Not

applicable.

Authors’ contributions: SR and DC designed the
paper. All authors participated in drafting and
reviewing. All authors read and approved the final

version of the manuscript.

Ethics approval and consent to participate:
Not applicable.

Consent for publication: Not applicable.

Competing interests: The authors declare that

they have no competing interests

References

1. Pilarczyk K, Boening A, Jakob H, et al.
Preoperative intra-aortic counterpulsation in
high-risk  patients undergoing cardiac
surgery: a meta-analysis of randomized
controlled trials. European Journal of
Cardio-Thoracic Surgery 49 (2016): 5-17.

2. Deppe AC, Weber C, Liakopoulos OJ, et al.

Preoperative intra-aortic balloon pump use

Cardiology and Cardiovascular Medicine

DOI: 10.26502/fccm.92920163

in high-risk patients prior to coronary artery
bypass graft surgery decreases the risk for
morbidity and mortality—A meta-analysis
of 9,212 patients. Journal of Cardiac
Surgery 32 (2017): 177-185.

L Epting C, E McBride M, L Wald E, et al.
Pathophysiology of post-operative low
cardiac output syndrome. Current Vascular
Pharmacology 14 (2016): 14-23.

Sanfilippo F, Knight JB, Scolletta S, et al.
Levosimendan for patients with severely
reduced left ventricular systolic function
and/or low cardiac output syndrome
undergoing cardiac surgery: a systematic
review and meta-analysis. Critical Care 21
(2017): 252.

Levin R, Degrange M, Del Mazo C, et al.
Preoperative  levosimendan  decreases
mortality and the development of low
cardiac output in high-risk patients with
severe left  ventricular  dysfunction
undergoing coronary artery bypass grafting
with cardiopulmonary bypass. Experimental
& Clinical Cardiology 17 (2012): 125.
Anastasiadis K, Antonitsis P, Vranis K, et
al. Effectiveness of prophylactic
levosimendan in patients with impaired left
ventricular function undergoing coronary
artery bypass grafting: a randomized pilot
study. Interactive Cardiovascular and
Thoracic Surgery 23 (2016): 740-747.
Jiménez-Rivera JJ, Alvarez-Castillo A,
Ferrer-Rodriguez J, et al. Preconditioning
with levosimendan reduces postoperative
low cardiac output in moderate-severe
systolic dysfunction patients who will

undergo elective coronary artery bypass

Vol. 4 No. 6 — December 2020. [ISSN 2572-9292] 700



Cardiol Cardiovasc Med 2020; 4 (6): 697-701

10.

11.

12.

13.

Cardiology and Cardiovascular Medicine

graft surgery: a cost-effective strategy.
Journal of Cardiothoracic Surgery 15
(2020): 108.

Mehta RH, Leimberger JD, van Diepen S, et
al. Levosimendan in patients with left
ventricular dysfunction undergoing cardiac
surgery. New England Journal of Medicine
376 (2017): 2032-2042.

Honore PM, Gutierrez LB, Redant S, et al.
How levosimendan can improve renal
function?. Critical Care (London, England)
23 (2019): 331.

Orriach JL, Arce IN, Rodriguez PH, et al.
Preservation of renal function in cardiac
surgery patients with low cardiac output
syndrome: levosimendan vs beta agonists.
BMC Anesthesiology 19 (2019): 212.
Baysal A, Yanartas M, Dogukan M, et al.
Levosimendan improves renal outcome in
cardiac surgery: a randomized trial. Journal
of Cardiothoracic and Vascular Anesthesia
28 (2014): 586-594.
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. Frontiers
in Pharmacology 11 (2020): 1331.

Harrison RW, Hasselblad V, Mehta RH, et
al. Effect of levosimendan on survival and

14.

15.

16.

17.

18.

DOI: 10.26502/fccm.92920163

adverse events after cardiac surgery: a meta-
analysis. Journal of Cardiothoracic and
Vascular Anesthesia 27 (2013): 1224-1232.
Wang H, Luo Q, Li Y, et al. Effect of
Prophylactic Levosimendan on All-Cause
Mortality in Pediatric Patients Undergoing
Cardiac Surgery—An Updated Systematic
Review and Meta-Analysis. Frontiers in
Pediatrics 8 (2020): 456.

Cholley B, Caruba T, Grosjean S, et al.
Effect of levosimendan on low cardiac
output syndrome in patients with low
ejection fraction undergoing coronary artery
bypass grafting with cardiopulmonary
bypass: the LICORN randomized clinical
trial. JAMA 318 (2017): 548-556.

Landoni G, Lomivorotov VV, Alvaro G, et
al. Levosimendan for hemodynamic support
after cardiac surgery. New England Journal
of Medicine 376 (2017): 2021-231.
Elbadawi A, Elgendy 1Y, Saad M, et al.
Meta-analysis of trials on prophylactic use
of levosimendan in patients undergoing
cardiac surgery. The Annals of Thoracic
Surgery 105 (2018): 1403-1410.

Herpain A, Bouchez S, Girardis M, et al.
Use of levosimendan in intensive care unit
settings: an opinion paper. Journal of
Cardiovascular Pharmacology 73 (2019): 3.

}@ ® This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4.0

Vol. 4 No. 6 — December 2020. [ISSN 2572-9292] 701


http://creativecommons.org/licenses/by/4.0/

