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ABSTRACT Objective: To investigate the perioperative and postop-
erative effects of preoperative levosimendan use in coronary artery pa-
tients with low ejection fraction (EF) (<40%). Material and Methods:
A total of 6,571 coronary bypass patients who were treated at Kartal
Kosuyolu High Specialization Training and Research Hospital between
2016 and 2019 were scanned, and 132 patients with preoperative EF
below 40% were retrospectively analyzed. The patients were divided
into 2 groups as those who received preoperative levosimendan (Group
1: 90 patients) and the control group, who did not receive it at all
(Group 2: 42 patients). All of the patients included in the study were on-
pump coronary bypass patients and excluded off-pump bypass, emer-
gency bypass, and other concomitant procedures. Results: In terms of
EF values, improvements over time were significantly different in favor
of Group 1 (p<0.043). The duration of the intensive care unit stay in
Group 1 was longer (p<0.047). The changes in patients in terms of post-
operative venous oxygen saturation over time were found to be statis-
tically positive in favor of Group 1 (p<0.042). Mortality was observed
in 5 patients in the postoperative early period (first 30 days), all of
whom were from Group 1. However, no statistical difference was ob-
served. Conclusion: Preoperative use of levosimendan in coronary
artery patients with low EF improved some hemodynamic parameters;
however, it did not make a significant hemodynamic and clinical con-
tribution to surgery success in high-risk patients.
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OZET Amagc: Ejeksiyon fraksiyonu (EF) diisiik (<%40) olan koroner
arter hastalarinda preoperatif levosimendan kullaniminin perioperatif
ve postoperatif etkilerinin incelenmesi. Gere¢ ve Yontemler: Kartal
Kosuyolu Yiiksek Thtisas Egitim ve Arastirma Hastanesinde 2016 ile
2019 arasinda koroner baypas yapilmis olan toplam 6.571 hasta tarandi
ve preoperatif EF’si %40’ altinda olan 132 hasta geriye doniik olarak
incelendi. Hastalar preoperatif levosimendan alanlar (Grup 1:90 hasta)
ve hi¢ almayan kontroller (Grup 2: 42 hasta) olmak iizere 2 gruba ay-
rildi. Calismaya On-pump bypass hastalari dahil edildi ve Off-pump
baypas, acil baypas ve diger eszamanli iglemler yapilan hastalar alin-
madi. Bulgular: EF degerleri agisindan, zaman igindeki diizelmeler
Grup 1 lehine anlamlt olarak farkliydi (p<0,043). Grup 1°de yogun ba-
kimda kalis siiresi daha uzundu (p<0,047). Hastalarda zaman iginde po-
stoperatif vendz oksijen saturasyonundaki degigsmeler Grup 1 lehine
istatistiksel olarak pozitifti (p<0,042). Postoperatif erken donemde (ilk
30 giin) tamami1 Grup 1’de olan 5 hastada mortalite gerceklesti. Fakat
istatistiksel anlam bulunmadi. Sonug: Ejeksiyon fraksiyonu diisiik ko-
roner arter hastalarinda preoperatif levosimendan kullanimi bazi he-
modinamik parametreleri diizeltti fakat yiiksek riskli hastalarda cerrahi
basarisina anlamli hemodinamik ve klinik katkis1 olmadi.
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In isolated coronary artery patients, low ventric-
ular function is the most important cause of periop-
erative mortality and morbidity.'? Levosimendan is
a calcium sensitizing agent. It has been reported that
levosimendan decreases the symptoms of low cardiac
output syndrome and it is associated with surgical
mortality, as in heart failure and cardiogenic shock.**
The use of inotropes increases the oxygen consump-
tion of myocardium due to tachycardia. Levosimen-
dan binds cardiac troponin-c and prolongs the
contraction time of actin-myosin without increasing
intracellular calcium. In addition, cardioprotective,
immunomodulatory, antiarrhythmic, anti-inflamma-
tory, and antioxidant properties of levosimendan
make it an ideal inotropic drug by providing protec-
tion against ischemic stress.’

I MATERIAL AND METHODS

Data belonging to 6,571 coronary bypass surgeries
performed at Kartal Kosuyolu High Specialization
Training and Research Hospital between 2016 and
2019 were retrospectively reviewed. We included
132 patients with preoperative low ejection fraction
(EF) and their records were examined. The patients
were evaluated in 2 groups. Group 1 included 90 pa-
tients who received preoperative levosimendan and
Group 2 (control group) included 42 patients who did
not receive it at all. All patients were those who un-
derwent on-pump bypass surgery. Those who under-
went off-pump bypass surgery and other concomitant
procedures, those who required emergency coronary
bypass surgery, and those with a history of cardiac
surgery were not included in the study to ensure ho-
mogeneity between groups. In the selection of pa-
tients, based on the preoperative transthoracic
echocardiography results, any value less than 40%
was considered as low EF. All patients were isolated
coronary bypass patients with no history of inotropic
drug use. Not the same surgical team performed all
the operations. The groups were compared in terms of
perioperative and postoperative data, as well as in
terms of myocardial infarction (MI). The drug proto-
col showed that patients were transferred to the in-
tensive care unit (ICU) approximately 12 hours
before the surgery and then levosimendan infusion
was started. The infusion was continued during the

peri- and postoperative period for a total of 24 hours
with a 0.1 mg/kg per min using the routine treatment
dose of 12.5 mg levosimendan/500 mL 5% Dx. Pre-
operative, perioperative, and postoperative data were
recorded in detail. Anesthesia and surgical proce-
dures were performed with routine techniques. While
maintaining cardiac arrest with intermittent blood
cardioplegia by antegrade and retrograde routes, it
was ensured that the arterial pressure did not fall
below 60 mmHg. All of the patients were routinely
transferred to the ICU intubated. Ethics committee
approval was obtained from Kartal Kosuyolu High
Specialization Training and Research Hospital Non-
interventional Procedures Council (12.12.2019,
2019.7/11-229). The study was carried out in accor-
dance with the principles of the Helsinki Declaration.

STATISTICAL ANALYSIS

Descriptive statistics are presented as mean+standard
deviation for variables with a normal distribution,
median (minimum-maximum) for variables with non-
normal distribution, and the number of cases (%) for
nominal variables. The significance of the difference
between the groups in terms of averages was evalu-
ated with the t test, and the significance of the differ-
ence in terms of median values was evaluated with
the Mann-Whitney U test. Nominal variables were
evaluated with the Pearson chi-square or Fisher’s
exact test. Data analysis was performed using IBM
SPSS 15.0 (SPSS Inc., Chicago, IL, USA) package
program. Any p value less than 0.05 was considered
statistically significant. The changes of the preoper-
ative and postoperative measurements of the patients
between the groups were evaluated by the two-way
mixed ANOVA analysis.

I RESULTS

A total of 132 patients, 116 (87.9%) male and 16
(12.1%) female, with a mean age of 61.423 (£9.160)
years, were included in the study. There was no sta-
tistical difference between the 2 groups in terms of
diabetes mellitus, chronic obstructive pulmonary dis-
ease, cerebrovascular event, and kidney failure (Table
1). There was no statistical difference between groups
in terms of cross clamping time and cardiopulmonary
bypass (CPB) time (Table 2). Postoperative intra-aor-
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TABLE 1: Patients’ preoperative parameters.
Group 1 Group 2
Number of patients 90 42
BMI (kg/m?) 26.6+3.6 276 £3.5
DM (n, %) 51 (56.7%) 23 (54.8%)
COPD (n, %) 19 (21.1%) 6 (14.3%)
CVE (n, %) 4 (4.4%) 1(2.4%)
Recent MI (n, %) 46 (51.1%) 14 (33.3%)
Kidney failure 6 (6.7%) 4(9.5%)
Echocardiography
EF (%) 33.8+4.3 35.9+5.2
LVEDD (cm) 54106 5.5+0.6
LVESD (cm) 4.060.7 4.2+0.8
PAPs (mmHg) 33.3+2.3 32.6x2.5
TAPSE (cm) 1.1£0.08 1.08+0.01

BMI: Body mass index; DM: Diabetes mellitus; COPD: Chronic obstructive pulmonary
disease; MI: Myocardial infarction; CVE: Cerebrovascular event; EF: Ejection fraction;
LVEDD: Left ventricular end diastolic diameter; LVESD: Left ventricular end systolic di-
ameter; PAPs: Pulmonary artery pressure systolic; TAPSE: Tricuspid annular plane sys-
tolic excursion.

TABLE 2: Patients’ intraoperative parameters.

Group 1 Group 2

Cross clamping time (min) 72423.7 80.5+24.9

CPB time (min) 118.8+£39.6 128.3+30
2 X CABG (n) 22 2
3 X CABG (n) 27 2
4 X CABG (n) 26 22
5X CABG (n) 27 14

CPB: Cardiopulmonary bypass; CABG: Coronary artery bypass graft.

tic balloon pump (IABP) was needed in 17 (12.9%)
patients, 15 of whom were from Group 1, which was
close to the statistical significance limit (p<0.057).
For postoperative MI, the ECG and blood values of
these patients were examined, and perioperative MI
findings were observed only in 5 patients. It is note-
worthy that 60 (45.5%) patients had recent MI, 46 of
whom were from Group 1, which was close to the sta-
tistical limit (p<0.056). Mortality was observed in 5
patients in the postoperative early period (first 30
days) and these patients were from Group 1 (Table
3). However, there was no statistical difference.
Changes in EF values over time were significantly
different in favor of Group 1 (p<0.043) (Figure 1).

Postoperative EF values in Group 2 increased com-
pared to preoperative values, which was not signifi-
cant. For both groups, no significant difference was
observed between pre-operative and post-operative
values in terms of left ventricular end-diastolic di-
ameter, left ventricular end-systolic diameter, pul-
monary artery pressure systolic, and tricuspid annular
plane systolic excursion.

Extracorporeal membrane oxygenator (ECMO)
was needed postoperatively in 2 patients in Group 1
(Table 3). There was no significant difference be-
tween the 2 groups in terms of the need for postoper-
ative inotrope use. The changes in postoperative
venous oxygen saturation with respect to time were
statistically positive in favor of Group 1 (p<0.042)
(Figure 2). The duration of ICU stay in Group 1 was
longer (p<0.047). The average follow-up time was
found to be 24.70 (+£29.62) days in both groups.

I DISCUSSION

Due to the development of percutaneous interven-
tional techniques, coronary invasive procedures have
increased, and more recently, patients who undergo
surgery appear to be composed of those with ad-
vanced perioperative risks.® In this case, it is impor-
tant to establish good surgical strategies. Low EF and
pulmonary hypertension are known to be among the
main factors influencing postoperative prognosis.’
The presence of these factors causes difficulties in
weaning from CPB, which may appear as advanced
impairments in both left and right ventricular func-
tions after CPB.° Standard treatment methods used in
cardiac surgery for patients experiencing difficulty in
weaning from CPB include inotropic drugs, va-
sodilators, IABP, and ECMO. Levosimendan may be
one of these treatment options. Levosimendan has a
positive inotropic effect by increasing calcium reten-
tion of myofilaments, and a vasodilator effect by
opening adenosine triphosphate-sensitive potassium
channels.® Unlike other positive inotropic drugs, it
does not increase myocardial oxygen consumption,
but increases coronary perfusion and decreases pre-
load while making this effect.”!°

In the literature, there exist many studies on the
use of levosimendan in cardiac surgery. However,
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TABLE 3: Patients’ postoperative parameters.

Group 1
Duration of intubation (hours) 14.7+16.6
Duration of ICU stay (days) 3.9+54
Revision 9(10.0%)
Postoperative MI 5
Postoperative CVE 3(3.3%)
Inotrope use 40 (44.4%)
IABP 15 (16.7%)
ECMO 2(2.2%)
Echocardiography
EF (%) 38.419.2
LVEDD (cm) 5.3x0.5
LVESD (cm) 3.9+0.7
PAPs (mmHg) 33.6+2.06
TAPSE (cm) 1.110.07
Mean follow-up duration (days) 24,70 (+x29.62)
Mortality 5(5.6%)

Group 2
12.2¢12.9
37464
2 (4.8%)
0
2 (4.8%)
40 (52.4%)
2 (4.8%)
0 (0%)

p value

p<0.047

p<0.057

37584
5.5£0.68
4.05£0.8

33.04+1.01
1.10£0.01

24.70 (+29.62)

0(0%)

ICU: Intensive care unit; MI: Myocardial infarction; CVE: Cerebrovascular event; IABP: Intra-aortic balloon pump; ECMO: Extracorporeal membrane oxygenation; EF: Ejection fraction;
LVEDD: Left ventricular end diastolic diameter; LVESD: Left ventricular end systolic diameter; PAPs: Pulmonary artery pressure systolic; TAPSE: Tricuspid annular plane systolic ex-

cursion.

Estimated Marginal Means MEASURE_1
Group

— Patient

— Control

Estimated Marginal Means

Time

FIGURE 1: Improvements in ejection fraction values by time.

there exist a limited number of studies in the literature
on its preoperative use.'! Tritapepe et al. stated that
the use of levosimendan before coronary bypass
surgery preserved the myocardium and contributed
to postoperative hemodynamics with improvement
in the cardiac index.!? In our study, cardiac index
could not be measured due to the lack of some ret-
rospective parameters. However, in order to evalu-
ate the postoperative hemodynamic improvement,
postoperative venous oxygen saturations were ex-
amined, and a positive change over time was found
statistically significant in the group using levosi-
mendan.

No statistical contribution of levosimendan use
was observed in a randomized LICORN study, in
which the effect of levosimendan use on 30-day mor-
tality was evaluated.!® Similarly, there was no statis-
tical difference in our study in terms of early
postoperative mortality. In addition, there was no sig-
nificant difference in terms of surgical parameters.

The higher number of patients with recent MI in
the group who received levosimendan compared to
controls was noteworthy, which, we think, may have
been caused by more frequent use of postoperative
IABP in this group. Postoperative inotrope use was
statistically similar between groups.

Venous saturation

90
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40
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FIGURE 2: Improvement over time in venous oxygen saturation.
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In our study, the ICU stay durations were found
to be statistically higher than those reported in the lit-
erature. This may be due to the presence of patients
with recent MI and patients with higher risk in our
study.

It is noteworthy that the improvement in time in
the postoperative EF of patients using levosimendan
was statistically significant. Garcia-Gonzalez et al.
also reported that acute heart failure symptoms and
hemodynamic parameters improved with levosimen-
dan use in patients with low EF."* In our study, no
statistical difference was found in the evaluation in
terms of ventricular diameters. The contribution of
coronary revascularization in the improvement of EF
is undeniable. However, in our study, the time-de-
pendent improvement in EF was more positive in the
group who received levosimendan.

There is no consensus in the literature about the
time of levosimendan administration."* In our study,
patients were taken to the ICU the day before the sur-
gery and the treatment dose was completed in 24
hours.

It is known that one of the most important stages
of cardiac surgery is the stage of weaning from CPB.
There are publications in the literature showing that
levosimendan protects the right ventricle by decreas-
ing pulmonary pressures with the vasodilator effect.'®
However, there is no consideration that it has a sig-
nificant contribution by perioperative use in high-risk
coronary artery disease. There are studies suggesting
that levosimendan contributes to the improvement of
postoperative renal functions.'> However, no statisti-
cal difference was observed in our study.

LIMITATIONS

This is a retrospective study and the low number of
controls should be noted. The reason for this is that
patients who underwent off-pump bypass were ex-
cluded to ensure homogeneity between groups. An-

other limitation is that the cardiac index could not be
measured due to the lack of some data. EF and ve-
nous oxygen saturations were based on postoperative
hemodynamic evaluations. Another limitation may
be that not the same surgical team performed all the
surgeries.

I CONCLUSION

Preoperative use of levosimendan in coronary artery
patients with low EF provided improvement in some
hemodynamic parameters, while no apparent hemo-
dynamic and clinical contribution was found in the
success of surgery in high-risk patients. It is clear that
more studies involving a larger series are needed in
terms of routine use.
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