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Commentary
Patients undergoing cardiac surgery are becoming older and with 

greater comorbidities, carrying an increased risk for perioperative 
complications which result in higher mortality and higher costs for 
the health care service [1]. One of the most demanding complications, 
in terms of morbidity and costs, is the low cardiac output syndrome 
(LCOS), which occurs in 10-15% of patients undergoing cardiac 
surgery with cardiopulmonary bypass [2,3]. LCOS is generally more 
common among patients with impaired left ventricular function, 
and is managed with inotropic agents and, eventually, mechanical 
support such as intra-aortic balloon pump, extracorporeal membrane 
oxygenator or ventricular assist devices. Although recent advances in 
pharmacologic and mechanical treatments, short-term mortality risk 
for patients with LCOS remains up to 15 times higher compared to an 
uneventful post-operative course [1]. Most of the available inotropic 
agents have detrimental side effect or have a poor safety profile, thus 
exposing the patient to treatment-related risks and complications. The 
prevention and the effective treatment of LCOS is one of the pivotal 
requirement to improve outcomes in cardiac surgery.

In recent years, levosimendan is considered to be the ideal 
inotropic agent to support cardiac function in case of LCOS after 
cardiac surgery. Levosimendan is a calcium-sensitizing inotrope with 
a peripheral vasodilatory effect related to the ATP-sensitive potassium 
channel opening, and is able to increase cardiac output with minimal 
increase in myocardial oxygen consumption. Diluted with glucose 5% 
solution before infusion, levosimendan assumes a golden color and is 
administered in continuous infusion.

However, levosimendan has been investigated in many small 
clinical trials and observational studies until the recent publication 
of two multicenter, randomized, placebo-controlled clinical trials, 
which reassessed the effects and the importance of this drug [2,3]. 
The prophylactic administration among patients at high risk for 
postoperative LCOS was evaluated in the LEVO-CTS Trial [2], while the 
therapeutic effect among patients with ongoing myocardial dysfunction 
requiring inotropic support was investigated in the CHEETAH Trial [3].

In the LEVO-CTS Trial [2], performed in the United States 
and Canada from September 2014 to November 2016, 882 patients 
undergoing on-pump cardiac surgery were randomly assigned to 
receive either intravenous levosimendan or placebo. Prophylactic 
levosimendan did not result in a reduced rate of the composite end 
point of death, renal-replacement therapy, perioperative myocardial 
infarction, or use of a mechanical cardiac assist device. All patients 
had preoperative left ventricular dysfunction with preoperative 
left ventricular ejection fraction less than 35%, and most patients 
underwent coronary artery bypass grafting (CABG).

The CHEETAH Trial [3], performed in Italy, Russia and Brazil, was 
performed from November 2009 to April 2016. Patients were randomly 
assigned to receive levosimendan or placebo, for up to 48 hours or until 
discharge from the intensive care unit (ICU), on top of standard care, 
and the primary outcome of the trial was 30-day mortality. Patients 
were included in case of perioperative cardiovascular dysfunction, 
such as preoperative left ventricular ejection fraction less than 25%, 

preoperative support with an intra-aortic balloon pump, or the need 
for support with an intra-aortic balloon pump or high-dose inotropes 
to be weaned from cardiopulmonary bypass or within the first 24 hours 
after surgery. Therefore, unlike LEVO-CTS Trial, randomization was 
performed after the diagnosis of LCOS, and CHEETAH Trial investigated 
the therapeutic effect than the prophylactic effect of levosimendan 
administration. The trial was stopped for futility after 506 patients were 
enrolled, since levosimendan in addition to standard care did not result 
in lower 30-day mortality than placebo. Also, mechanical ventilation, 
hospital stay, and rates of hypotension or cardiac arrhythmias were not 
different between groups. Less than half patients underwent CABG, 
and considering only patients with impaired ventricular function, no 
beneficial effects were observed.

The other clinical trial currently investigating levosimendan is the 
levosimendan in Coronary Artery Revascularization (LICORN) trial, 
involving 340 patients with left ventricular dysfunction undergoing 
CABG [4]. Complete results of this trial are expected in the next year.

Considering the disagreement between the small observational 
studies and the recently published clinical trials, the proper evaluation 
of levosimendan in cardiac surgery dampened the early enthusiasms. It 
appears that levosimendan could quit from the scenes in the next years, 
but a great number of confounding variables should be considered 
when evaluating the results of those trials and the possible (in) efficacy 
of this compound.

First, levosimendan might benefit only patients with severe left 
ventricular dysfunction at baseline [5], but the ejection fraction cannot 
be considered as the unique marker of left ventricular impairment. 
The presence of mitral regurgitation, aortic valve regurgitation or 
ventricular septal defect might overestimate ejection fraction and 
reduce the number of patients with poor ventricular function included 
in those trials. Also, the diastolic dysfunction is not an inclusion criteria 
in those trials and recent evidences are pointing out the importance of 
myocardial relaxation for proper function.

Studies differ with regards to the timing of levosimendan 
administration, and it might be postulated that a drug started just before 
surgery for a chronic condition may not be effective in preventing 
perioperative injury.

Similarly, there is no consensus in terms of administered dose. 
Many observational studies report a loading dose followed by an 
infusion of at least 0.10 μg per kilogram per minute [5,6]. In the LEVO-
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CTS Trial, levosimendan was given at a dose of 0.20 μg per kilogram 
per minute for 1 hour, followed by a dose of 0.10 μg per kilogram per 
minute for 23 hours, while in CHEETAH Study it is reported a tailored 
continuous infusion at a dose of 0.025 μg to 0.20 μg per kilogram per 
minute, with a mean infusion dose of 0.07 μg per kilogram per minute 
[2,3]. CHEETAH Study used a more conservative approach, avoiding 
loading doses and high-dose infusions which could be associated 
more frequently with hypotension and other side effects. In the 
treatment of sepsis, LeoPARDS Study [7] proved that the addition of 
levosimendan to standard treatment was not associated with less severe 
organ dysfunction or lower mortality, but resulted in a higher risk of 
supraventricular tachyarrhythmias and hypotension at an infusion dose 
of 0.20 μg per kilogram per minute. Therefore, the proper loading and 
infusion doses are not universally accepted and dedicated studies are 
warranted.

Also, the type of surgery should be taken into account when 
evaluating the effects of an inotrope. Considering that patients with 
ischemic heart disease or valvular heart disease have profound 
differences in cardiac physiology and response to pharmacologic 
treatments, the various effects of levosimendan may differ between 
patients who have ischemic left ventricular dysfunction and patients 
who have left ventricular dysfunction related to pressure or volume 
overload.

Finally, the economic counterpart of levosimendan administration 
should be considered, since the unitary cost of a vial is about 1000 
€-1500 €. Many previously published studies justified the economic 
usefulness of levosimendan compared to other drug regimen [8-
12], but a dedicate economic analysis of recent prospective trials will 
confirm or deny the previous results.

At present, recently published clinical trials do not support the 
administration of levosimendan as a prophylactic or therapeutic 
measure in the management of LCOS after cardiac surgery. Ongoing 
studies in cardiac surgery and in other fields will shed new light on this 
topic, to answer the question: “is it all gold that glitters?”
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