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ABSTRACT

Objectives: The aim of this study was to compare the use 
of levosimendan versus intra-aortic balloon pump (IABP) in 
patients with poor left ventricular function undergoing coro-
nary artery bypass grafting (CABG) with ejection fraction less 
than 35%.

Methods: Between February 2016 and March 2019, a 
prospective randomized study was performed on a group of 
279 consecutive patients with left ventricular ejection frac-
tion < 35%, who underwent elective CABG without concom-
itant procedures. These patients were divided into 2 groups, 
according to the treatment they received – either levosi-
mendan (Group A) or intra-aortic balloon counterpulsation 
(Group B).

Results: There was no statistically significant difference 
between the 2 groups, regarding mortality and morbidity. In 
the IABP group, the mean arterial blood pressure (2 hours 
post cardiopulmonary bypass) significantly was higher, and 
the heart rate in postoperative Day 1 significantly was lower. 
The levosimendan group had a significantly lower ICU stay 
than the IABP group.

Conclusion: We found that starting levosimendan infu-
sion after induction of anesthesia is an acceptable option in 
comparison to IABP. The use of levosimendan in high-risk 
cardiac patients is comparable to IABP in improving hemo-
dynamics during and after conventional on-pump CABG and 
results in a shorter ICU stay. 

INTRODUCTION

In recent years, cardiac surgery patients are characterized 
by older age, more preoperative co-morbidities, and jeop-
ardized left ventricular function, the so-called “high risk” 
patients [Miceli 2009]. To decrease the risk, intra-aortic bal-
loon pump (IABP) is a form of internal counter pulsation 
that has been used as an assisting circulatory support device. 
In diastole augmentation due to inflation of IAB poten-
tially increases cerebral, coronary and systemic circulations 

[Parissis 2016]. Indications of perioperative insertion of 
intra-aortic balloon pump in cardiac surgery is well known 
and supported in the literature [Myat 2012; Toller 2013]. 
Traditionally dopamine, dobutamine and epinephrine have 
been used as inotropic support in cardiac surgery [Hardy 
1993]. The mechanism of action of most currently available 
inotropic drugs is by augmenting myocardial contractility 
through enhancing concentrations of intracellular calcium 
leading to an increase in myocardial oxygen consumption  
[Silva-Cardoso 2009]. With the use of levosimendan, occur-
rence of arrhythmias is reduced. This can be attributed to 
the fact that total intracellular calcium levels are not raised. 
Levosimendan does not affect the duration of diastole and so 
ventricular relaxation is not jeopardized, therefore maintain-
ing adequate ventricular filling and optimal coronary perfu-
sion. Vasodilatation occurring through the opening of potas-
sium channels may predispose hypotension [Packer 2013]. 
Long-term benefits are noted with levosimendan use, as the 
presence of a pharmacologically active metabolite with a long 
elimination half-life (75–80 h) leads to long standing hemo-
dynamic effects lasting up to 7 to 9 days [Altenberger 2010].

MATERIALS AND METHODS

This research was performed after informed consent 
was obtained from each patient as well as approval from 
our department council and ethical committees. Between  
February 2016 and March 2019, a prospective randomized 
study was performed on a group of 279 consecutive patients 
with left ventricular ejection fraction < 35%, who underwent 
elective CABG without concomitant procedures. Excluded 
were unstable cases undergoing urgent CABG, recent acute 
myocardial infarction (within 2 weeks before surgery). Also 
excluded from our study were patients with severe chronic 
obstructive pulmonary disease (COPD), renal failure requir-
ing hemodialysis, and history of cerebrovascular stroke.

Patients included in the study presented with multiple cor-
onary vessels disease indicated for CABG confirmed by coro-
nary angiographic studies, and those with preoperative echo-
cardiography that revealed poor left ventricular function with 
ejection fraction less than 35%. Exclusion criteria were those 
who had levosimendan administered within the preceding 
30 days; patients with contraindications to IABP (ie, severe 
peripheral vascular disease, aortic regurgitation, dissection, 
or aneurysm); patients with presence of significant ischemic 
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mitral regurge > +1 grade; and those who were CABG reop-
erations, had chronic obstructive pulmonary disease, or liver 
and kidney diseases.

The primary end point was mortality. The secondary 
end points were ICU and hospital stays, mechanical ventila-
tion time, morbidities (arrhythmias, dialysis, reopening, and 
mediastinitis), and postoperative ejection fraction. 

There were no significant differences in demographic data 
or baseline clinical characteristics between the groups, as 
shown in the first table (Table 1).

In all cases, history taking and physical examination as 
well as complete laboratory investigation, chest x-ray, 2D and 
M mode echocardiography, and myocardial viability study 
(if available) were reviewed. Ejection fraction was estimated 
using Simpson’s method by 2D transthoracic echocardiogra-
phy. All patients had a Swan-Ganz catheter inserted through 
the right internal jugular vein and hemodynamics of patients 
meticulously were revised. Cardiac index was estimated using 
Swan-Ganz catheter.

In Group A, levosimendan was administered intravenously 
through a central venous line after induction of anesthesia. 
Hemodynamics closely were monitored with a continu-
ous infusion of 0.1μg/kg/min diluted in 5% glucose with a 
0.25mg/mL concentration over 24 hours (without boluses).

In the IABP group (Group B), insertion of the device was 
done with induction of general anesthesia. The IABP was 
inserted through the femoral artery using Seldinger tech-
nique under local anesthesia and sedation (Datascope Sen-
sation, linear 7.5 F, 40 mL; Datascope Corp, Fairfield, NJ). 
Sheathless insertion was the preferred method. Heparin infu-
sion was initiated postoperatively in the ICU after confirm-
ing the absence of significant mediastinal bleeding at a rate 
of 5 U/kg/h to maintain ACT within 150 sec. The IABP was 

kept for at least 36 hours postoperatively or until the patient’s 
hemodynamics and parameters showed no finding of low 
cardiac output. Routine median sternotomy incision was per-
formed in all cases. Standard cardiopulmonary bypass (CPB) 
was initiated through aorto-atrial cannulation in all patients 
after assuring that the ACT was above 480 sec. Left internal 
mammary artery almost always was grafted to the left anterior 
descending artery, while the great saphenous vein was used 
to graft other targets. Warm intermittent antegrade blood – 
potassium cardioplegia was used for myocardial protection. 
Heparin was reversed with protamine sulfate after weaning 
from CPB. In the IABP group, epinephrine and/or norepi-
nephrine infusion were started if needed to keep the cardiac 
index above 2.0 L/min/m2. In the levosimendan group, nor-
epinephrine almost always was used to avoid severe periph-
eral vasodilatation. With nearly all patients in both groups, 
we used norepinephrine to avoid the peripheral vasodilatory 
effect of both levosimendan and IAB to maintain sufficient 
hemodynamics. When necessary, epinephrine was added to 
maintain cardiac index above 2.0 L/min/m2.

Statistical analysis was performed with SPSS software v. 
24. All data are expressed as mean and standard deviation. 
Categorical variables are expressed as number and percent-
age. P value < .05 was considered statistically significant.

RESULTS

Regarding intraoperative data, the total bypass time was 
calculated for all patients. The mean bypass time in Group 
A ranged between 60-135 minutes with a mean 85.4 ± 20.99 
minutes. In Group B, it ranged between 67-133 minutes with 
a mean 90.7 ± 20.4 minutes. The number of grafts ranged 
from 2 to 4 with a mean of 3.2 ± 0.48 in Group A, while Group 
B had a number of grafts ranging from 3 to 4 with a mean of 
3.3 ± 0.47. There was no statistical significance between the 2 
groups in both bypass time and number of grafts.

In our study, we recorded the mean arterial pressure, cen-
tral venous pressure, heart rate, and cardiac index of patients 
in the 2 groups as shown in the second table (Table 2). The 
most important finding after analysis of the hemodynamic 
parameters of the patients in the 2 groups was the statistically 
significant difference in the mean arterial pressure at 2 hours 
after CPB. It was 79.8 ± 7.9 in Group A compared with 84.8 
± 8.7 in Group B (P = .02). Also, the heart rate showed statis-
tically significant difference in postoperative day 1 (POD 1)  
being 90.6 ± 9.3 in Group A compared with 83.3 ± 6.8 in 
Group B (P = .05).

The postoperative data shown in Table 3, revealed no sta-
tistically significant difference between the 2 groups, regard-
ing postoperative mechanical ventilation time, arrhythmias, 
reopening, need for hemodialysis, mediastinitis, or hospital 
stay (Table 3).

We used norepinephrine with nearly all patients to avoid 
peripheral vasodilatatory effects in both groups to maintain 
cardiac index above 2 L/min/m2, and we added adrenaline 
when needed to maintain sufficient hemodynamics. There 
was no statistically significant difference in both groups, 

Table 1. Demographic data and clinical characteristics of the 
patients

Variable Levosimendan (Group A) IABP (Group B) P

Male/Female 98/37 (73%/27%) 120/24 (83%/17%) .54

Age 57.7 ± 4.8 58.8 ± 4.2 .34

BMI 30 ± 3.4 29 ± 3.5 .32

DM 76 (56%) 91 (63%) .65

Hypertension 81 (60%) 101 (70%) .52

EF 32.2 ± 2.1 % 33 ± 1.7 .07

NYHA class

Class II 11 (8%) 7 (5%)

Class III 108 (80%) 125 (87%) .35

Class IV 16 (12%) 12 (8%)

Euroscore 5.8 ± 1.1 5.2 ± 2 .10

Continuous variables are expressed as mean ± SD and categorical variables 
as number (%)
P < .05 = significant.
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regarding use of inotropes; with both, we almost always used 
norepinephrine and there was no difference in use of epineph-
rine (0.68). We found no significant difference between the 2 
groups in mean time of inotropic support with 2.3 days in 
Group A and 2.6 days in Group B (0.65). Regarding mortality, 
9 patients died in Group A – one from acute renal failure and 
8 from multi-organ failure, due to low cardiac output syn-
drome. In Group B, 12 patients died – 2 patients developed 
acute renal failure and the remaining 10 patients died from 
multi-organ failure, due to low cardiac output syndrome. 
There also was no statistically significant difference between 
the 2 groups regarding mortality. The postoperative cardiac 
function was measured by estimating the ejection fraction (EF 
%). In Group A, the patients had an ejection fraction, ranging 
from 30-49% with a mean of 34.2 ± 2.1, while in Group B, it 
ranged from 31-50 % with a mean of 38.7 ± 4.6%. There was 
no statistical significance between the 2 groups.

The only postoperative parameter showing statistical sig-
nificance between the 2 groups was intensive care unit (ICU) 
stay. In Group A, it ranged between 3 to 6 days with a mean 
of 4.4 ± 0.8 days, while Group B ranged from 4 to 7 days with 
a mean of 5.2 ± 0.9 days (P = .05).

In Group B (IABP), 6 patients developed limb ischemia 
(4.1%). Five of those patients had transient ischemia that 
resolved after removal of IABP, while the remaining patient 
required a vascular surgical intervention in the form of fas-
ciotomy. Bleeding with hematoma occurred in 4 patients 
(2.8%) without need for surgical intervention.

DISCUSSION

In the last decade, the great innovation in the treatment 
modalities of coronary artery disease with interventional car-
diology provided a less invasive option than surgery in treat-
ment of cardiac patients, changing the cohort of patients 
referred to cardiac surgery into high-risk cases [Miceli 2009]. 
The available surgical patients categorized as high risk are 
characterized by multiple co-morbidities, older age, lower 
cardiac function, and worse clinical condition compared to 
before. Ischemic dilated cardiomyopathy is considered a 

big problem that surgeons today. This explains the increas-
ing numbers of patients with (low cardiac output syndrome) 
LCOS both pre- and postoperatively with a very high mortal-
ity rate [Elahi 2011]. IABP is a frequently used method in car-
diac surgery that provides a mechanical circulatory support 
by reducing myocardial oxygen consumption of the heart, 
decreasing after load and enhancing hemodynamic stabil-
ity improving the results of high-risk patients with coronary 
artery disease undergoing surgery. Vascular injury, bleeding 
and limb ischemia are considered troublesome complications 
of IABP insertion [Lomivorotov 2011]. Preoperative prophy-
lactic IABP improves outcome and reduced hospital mortal-
ity. A retrospective analysis done by Lavana and colleagues 
showed a reduction in hospital mortality in high-risk CABG 
patients [Lavana 2010].

Wang and colleagues [Wang 2007] demonstrated that 
preoperative prophylactic IABP provides a decrease in short-
term mortality in high-risk CABG patients with the same 
conclusion being reached by Suzuki and colleagues [Suzuki 
2004]. Levosimendan is a calcium sensitizer drug that’s effec-
tive in treatment of heart failure and also has protective prop-
erties on the heart as it facilitates opening of the adenosine 
triphosphate dependent potassium channel. Also, it decreases 
afterload, leading to increased cardiac index [Elahi 2011].

In Group A, levosimendan was administered through a 
central venous catheter for approximately 24 hours as a con-
tinuous infusion of 0.1 micrograms/kg/min diluted in 5% 
glucose with a 0.25-mg/mL concentration, without boluses. 
Levosimendan considerably improved hemodynamics with-
out increase in myocardial oxygen demand. Di Molfetta 
and colleagues showed superiority of levosimendan in com-
parison with other conventional inotropes. The timing of its 
administration was important. Preoperative administration to 
patients with severely reduced ventricular contractility is rec-
ommended [Di Molfetta 2018].

It was found that patients with a preoperative LVEF ≤ 30 % 
who received levosimendan were treated with a smaller amount 
of dobutamine in comparison with those treated with milrinone 
and show a lower mortality rate after surgery [De Hert 2007].

Impaired LV function was a constant characteristic of all 
our patients who received levosimendan after induction of 

Table 2. Perioperative hemodynamic parameters

Variable Baseline 2 hours after CPB 6 hours after CPB POD1

Levo IABP Levo IABP Levo IABP Levo IABP

Mean arterial pressure (mmHg) 82.8 ± 7.8 79 ± 8.8 79.8 ± 7.9 84.8 ± 8.7 78.8 ± 7.4 79.5 ± 9.7 82.6 ± 7.5 81.8 ± 9.2

P = .08 (NS) P = .02 (Significant) P = .74 (NS) P = .76 (NS)

Central venous pressure (mmHg) 10.1 ± 1.9 9.7 ± 1.9 10.4 ± 1.9 9.8 ± 1.8 9.3 ± 2 8.9 ± 1.8 9 ± 1 8.6 ± 1.1

P = .33 (NS) P = .23 (NS) P = .55 (NS) P = .13 (NS)

Heart rate (beat/min) 67.5 ± 6.6 68.4 ± 10.5 80.2 ± 8.5 82.4 ± 10.5 84.6 ± 9.1 78.3 ± 11.5 90.6 ± 9.3 83.3 ± 6.8

P = .67 (NS) P = .42 (NS) P = .34 (NS) P = .008 (Significant)

Cardiac index (l/min/m2) 1.4 ± 0.2 1.5 ± 0.38 1.6 ± 0.2 1.6 ± 0.2 2 ± 0.8 2.2 ± 0.9 2.5 ± 0.9 2.6 ± 0.92

P = .13 (NS) P = .09 (NS) P = .18 (NS) P = .08 (NS)
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anesthesia as a prophylaxis against low cardiac output syn-
drome (LOS). Timing of levosimendan infusion could be 
of critical importance, when analyzing outcome for many 
authors. In a study where 45 patients with LOS received levo-
simendan either after induction of anesthesia or in the ICU, 
hemodynamic responses were similar in the 2 groups, but the 
anesthesia group had significantly shorter stay both in ICU 
and at the hospital [Tasouli 2007]. In a retrospective study 
by Lavana and colleagues, starting IABP before surgery may 
cause a reduction in hospital mortality [Lavana 2010].

The perioperative use of levosimendan in high-risk patients 
can decrease the ICU stay, when compared with the IABP. 
Patients with absolute contraindications to the IABP, such as 
severe peripheral arterial disease or aortic regurgitation also can 
benefit from this strategy. When compared with IAB, use of levo-
simendan infusion in this cohort of high surgical risk patients can 
lead to shorter ICU stay. Also, when there is an absolute contra-
indication for use of IAB as in patients with extensive peripheral 
vascular disease or those who had significant aortic regurgitation, 
they can benefit from levosimendan infusion.

It was found that the use of levosimendan in patients with 
massively jeopardized systolic function and symptoms of 
congestive heart failure undergoing heart surgery showed a 
dramatic augmentation in CO and improvement in various 
hemodynamic parameters [Rajek 2003].

Levosimendan facilitates weaning from CPB in high 
perioperative risk patients, decreased catecholamine needs, 
mechanical circulatory support, and ICU stay. But no data 
supports optimum dosage and timing for levosimendan 
administration [Shahzad 2006].

In our study, we used norepinephrine in almost always 
all patients to avoid peripheral vasodilatatory effects in both 

groups to maintain cardiac index above 2L/min/m2. We added 
adrenaline, when needed to maintain sufficient hemodynam-
ics. There was no statistically significant difference in the 
groups, regarding use of inotropes as we nearly always used 
norepinephrine, and there was no difference in use of epi-
nephrine (0.68). There was no significant difference between 
the 2 groups in mean time of inotropic support of 2.3 days 
in Group A and 2.6 days in Group B (0.65). We did not use 
neosyephrein as it is not available, and our center’s protocol 
is to avoid vasopressin use in CABG patients. This is because 
of possible coronary vasospasm, which we encountered with 
some previous patients who underwent CABG; after neosye-
phrein use, it led to significant arrhythmias that sometimes 
were life threatening and unpredictable. We only use neo-
syephrein in CABG patients, if there is severe vasoplegia not 
controlled with both epinephrine and norepinephrine and 
only with great caution. We frequently use it if vasoplegia has 
occurred in non-CABG patients with satisfactory outcome. 
Vasopressin can induce both systemic and coronary vasocon-
striction basically through the vasopressin V1 receptor and 
can decrease coronary blood flow via the constriction of small 
coronary vessels. Studies have shown that ST-segment eleva-
tion ECG changes can occur with use of vasopressin, due to 
its induced coronary vasospasm without underlying signifi-
cant coronary artery ischaemic lesions [Peberdy 2010].

In our study, we noticed significantly higher heart rate at 
postoperative Day 1 in the levosimendan group. This comes 
in favor with the previous studies concluding the potent ino-
tropic and vasodilator effect of levosimendan. In the levosi-
mendan group compared with the IABP group, mean arterial 
blood pressure significantly was lower at 2 hours post CPB. 
However, mortality and the rate of other major complications 
showed no statistically significant difference between the 2 
groups. Some investigators found that levosimendan was 
associated with an increased risk of postoperative atrial fibril-
lation [Ayman 2018], but in our study no statistically signifi-
cant difference regarding arrhythmias was found.

CONCLUSION

We found that starting levosimendan infusion after induc-
tion of anesthesia is an acceptable option in comparison to 
IABP. The use levosimendan in high-risk cardiac patients is 
comparable to IABP, in terms of improving hemodynamics 
during and after conventional on-pump CABG and it resulted 
in shorter ICU stay.
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