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ABSTRACT

Background: Off-pump coronary artery bypass grafting (OPCABG) in patients with low left ventricular
ejection fractions (LVEF) < 30% mostly complicated by hemodynamic instability that is prevented by intra-
aortic balloon pump (IABP). Compared to IABP, levosimendan can be used as it has a beneficial
hemodynamic and cardioprotective effects with favorable outcome effect.

Objectives: Was to compare the use of Levosimendan versus IABP in OPCABG patients with low LVEF in
the early perioperative period.

Patients and Methods: Between July 2019 and July 2021, a prospective randomized study was performed
on a group of 60 patients with LVEF< 35%, who underwent elective OPCABG at Azhar University and Safa
Hospitals. These patients were divided into 2 groups, according to the treatment they received — either
levosimendan (Levo group) or IABP group. Hemodynamic parameters and cardiac function assessed as well
as postoperative major events were recorded.

Results: Cardiac functions were significantly improved postoperatively in IABP group compared to Levo
group. Five minutes after induction, MAP was significantly lowered in IABP group compared to Levo group
while CVP was significantly higher in IABP group compared to Levo group. There was a significant
mechanical ventilation time among IABP group compared to Levo groups. And there were a significant more
blood loss and higher incidence of AF and LCO in Levo group compared to |ABP groups. Levo group had a
significantly lower ICU stay than the IABP group with no statistically significant difference between them
regarding mortality and morbidity.

Conclusion: Levosemindan is easy to use and lowering the incidence of use of IABP and decreases hospital
stay and morbidity for LVEF patients but can't be reached the effectiveness of IABP done by expert hands.

Keywords: Intra-aortic balloon pump, off-pump coronary artery bypass grafting, levosimendan.

INTRODUCTION by hemodynamic instability which may
lead to multiple organ dysfunctions,

ff-
Off-pump _ coronary _artery  bypass particularly in patients with with low LV

grafting (OPCABG) is often complicated
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ejection fraction (LVEF <35%) (Mate et
al., 2020).

Preoperative conditioning for cardiac
surgery includes a range of treatments
aimed at the optimization of biological,
hemodynamic and infectious parameters.
The use of intra-aortic balloon pump
(IABP) as a mechanical support has
shown a prophylactic benefit in CABG
(Deppe et al., 2017). Also, in the last
decade, levosimendan, a calcium
sensitizer drug, has shown a beneficial
hemodynamic and cardioprotective effects
and a favorable outcome effect in cardiac
surgery (Allama et al., 2020).

Several randomized studies have
shown benefit from the wuse of
levosimendan when it was used prior to
surgery (Levin et al., 2012; Anastasiadis
et al., 2016; Jimenez-Rivera et al., 2020).
However, controversies do exist even in
meta-analysis studies (Lim et al., 2015;
Mehta et al., 2017; Elbadawi et al., 2018).
So, our study aimed to compare the use of
Levosimendan versus the IABP support in
OPCABG patients with low LVEF in the
early perioperative period.

PATIENTS AND METHODS

Between July 2019 and July 2021, this
prospective  randomized study was
performed on a group of 60 consecutive
patients with left ventricular ejection
fraction < 35%, who underwent elective
off-pump CABG without concomitant
procedures at Azhar University and Safa
Hospitals.

Patients were divided to two groups
(30 patients each group): Levosimendan
group (Levo group) and Intra-aortic
balloon pump group (IABP group).

Current study was performed after
informed consent obtained from each
patient as well as approval from our
department council and local ethical
committees.

Inclusion criteria:

Patients between 35 and 75 years of
age with severe LV dysfunction (LV
ejection fraction <35% determined by
preoperative transthoracic echo-
cardiography) indicated for off-pump
CABG confirmed by coronary
angiographic studies and preoperative
echocardiography.

Exclusion criteria:
» Preoperative LVEF more than 35%.

» Abnormal cardiac
Pacemaker dependent.

rhythm  or

* Intractable pulmonary edema or the
need to mechanical ventilation
preoperative or severe hemodynamic
unstability.

» Previous cardiac surgery.

* Neurological dysfunction disease
which severely affecting ambulation
or day to day functioning.

« Chronic kidney or liver diseases.

« Any morphological valvular lesions
which  needs wvalve repair or
replacement.

Methods:

In all cases, history taking and physical
examination, NYHA classification as well
as complete laboratory investigation, chest
x-ray, echocardiography, and myocardial
viability study (if available) were
reviewed.
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Ejection fraction:

Ejection fraction was estimated using
Simpson’s method by 2D transthoracic
echocardiography.

Operative protocol:

Patients in Levo group; Levosimendan
infusion was started 12-24hrs before
operation with an initial dose of 12 u/kg
over 10 minutes, followed by 0.1 u/kg/min
over 24 hours.

Patients in IABP group; IABP was
inserted through the femoral artery by the
percutaneous sheathless technique, using
an 8F 40-mL intra-aortic balloon catheter
connected to the IABP machine. The
position of the balloon was confirmed by
radiography. Heparin infusion was started
at a rate of 5-10 U/kg/h to maintain
activated coagulation time within 140 —
160 sec. The IABP was continued until at
least the first day after surgery.

Anesthetic management and surgical
procedures were the same in both groups.
Induction and maintenance of general
anesthesia with endotracheal intubation
was standardized in both groups. All
procedures were performed using the off-
pump technique.

The OPCAG was performed using the
left internal mammary artery (LIMA) and
revised great saphenous vein grafts
(rSVGs) as conduits. Left anterior
descending (LAD) artery was
revascularized by LIMA, while other
coronary arterial targets were
revascularized by rSVGs via an
aortocoronary anastomosis.

Criteria for IABP removal were:
cardiac index >2.0 L/m2 and/or mixed
venous oxygen saturation >60% with

minimum inotropic support (epinephrine <
0.05 ug/kg/min  or dopamine <5
ug/kg/min), and a normal lactate level
without metabolic acidosis. In the absence
of new zones of dyskinesia on
echocardiography and ischemic changes
on the electrocardiogram, the IABP was
removed. Otherwise, IABP was continued
at the initial settings until the next
morning and further new assessment.

Data collected:

Hemodynamic parameters (heart rate,
mean arterial blood pressure and central
venous pressure were assessed before
induction, 5 minutes after anesthesia
induction and post-operatively at 1CU
admission.

Echocardiography was done the day
before surgery and 48 hours postoperative
to measure the Ejection Fraction, left
ventricular end systolic diameter, Left
ventricular end diastolic diameter, and
Pulmonary artery pressure.

Low cardiac output syndrome (LCOS)
was defined as the presence of low CI
(<2.2 L/min/m2) with elevated PCWP
(>16 mmHg) and a partial pressure of
arterial oxygen (PaO2) of <60 mmHg.

Biochemical data collected:

Total CK, CKMB and cardiac troponin
I (cTnl) levels are performed for each
patient on the day before surgery and 48
hours postoperative.

Outcomes:

The primary end point was early
outcome including the success rate,
improvement of EF and mortality, while
secondary end points were ICU and
hospital stays.
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Statistical analysis:

IBM Statistical Package for Social
Sciences (SPSS) software (SPSS Inc.,
Chicago, IL, USA) was used for the
statistical analysis. All continuous data

were analyzed by Student’s t test; Chi
square test and Fisher’s exact test. The
results are reported as the mean + standard
deviation. P < 0.05 was considered
statistically significant.

RESULTS

Demographic data, risk factors of
cardiac diseases and cardiac
characteristics of the studied groups were
demonstrated in Table 1. IABP group was
more in NYHA class IV compared to
Levo group with a significant difference
between them (p<0.05).

Cardiac  functions
echocardiography  (ejection  fraction
(EF%), end  diastolic  dimension
(EDD/mm) and pulmonary artery systolic
pressure (PASP/mmHg) were
significantly improved postoperatively in
IABP group compared to Levo group. In
IABP group, the patients had an EF% with
a mean of 43.56+5.21, while in Levo
group, with a mean of 36.73+3.64%
(p<0.01). Also in IABP group, the patients
had EDD with a mean of 57.0+1.50 mm,
while in Levo group, with a mean of
62.2+1.95mm (p<0.01) (Table 2).

Hemodynamic parameters (heart rate
(HR), mean arterial pressure (MAP),
oxygen saturation (SpO2) and central
venous pressure (CVP)) were recorded
basal, 5 minutes after induction and at
ICU admission. Five minutes after
induction, MAP was significantly lowered
in IABP group compared to Levo group
(p<0.01) while CVP was significantly
higher in IABP group compared to Levo
group (p<0.01). On ICU admission,
significant higher MAP was observed in
IABP group compared to Levo group
(p<0.01) while CVP was significantly
lowered in IABP group compared to Levo
group (p<0.01) (Table 3).

Regards to markers of myocardial
damage (CK, CK-MB and troponin 1),

assessed by

levels of CK-MB and troponin | in
levosimendan group was significantly
lower at 48 h after the operation compared
to IABP group (p<0.01) while there was
no significant difference between them in
regard to total CK level (p>0.05) (Table
4).

We used norepinephrine with nearly all
patients to avoid peripheral vasodilatatory
effects in both groups to maintain cardiac
index above 2 L/min/m2 with no
statistically significant difference in both
groups, regarding use of inotropes
(p=0.620).

There was a significant mechanical
ventilation time among IABP group
compared to Levo groups (p<0.01). And
there were a significant more blood loss
(p<0.01) and higher incidence of AF and
LCO (p<0.05) in Levo group compared to
IABP groups (p<0.01). While there were
no statistically significant differences
between the 2 groups, regarding
postoperative MI or stroke. No patient
required reexploration due to bleeding in
current study (Table 5).

Among IABP group, the lengths of
ICU and hospital stay were higher
compared to Levo group. The mean ICU
stay in IABP group was 4.90+0.98 days
compared to Levo group (3.23+£0.60 days)
(p<0.001). The patients in IABP group
had delayed hospital discharge at 7.97
days, compared to Levo group (6.63 days)
(p<0.001) (Table 6).

Although, there was no statistically
significant difference between the 2
groups regarding mortality, there was only
one and two in-hospital mortality Levo



89

COMPARATIVE STUDY BETWEEN EARLY PERIOPERATIVE...

and IABP groups respectively. In Levo
group, one patient developed severe LCO
syndrome immediately  postoperative
CABG and did not respond to maximum
inotropic support. While in IABP group,
one patient developed severe HF on 2nd

day postoperative to CABG and died
suddenly inspite of postoperative Echo
changes and normal serum electrolytes.
The second patient died due to LCO and
multiple organ dysfunctions.

Table (1): Demographic data of studied groups

Groups | Levo. Group IABP Group
Parameters No= 30 No=30 Test | PValue
+ +
Age (years) 56('f55_-6‘;')12 58(.5::;__62.)29 0903 | 0.370
Gender
Males 23 (77%) 22 (713%) 0.240 0.624
Females 7 (23%) 8 (27%) '
BMI 30.22+4.22 29.01+5.10 1.001 0.320
Dyslipidemia 15 (50%) 15 (50%) 0.010 0.920
Systemic hypertension 22 (713%) 18 (60%) 1.083 0.298
Diabetes mellitus 19 (63%) 20 (67%) 0.069 0.792
Smoking history 21 (71%) 19 (63%) 0.366 0.545
NYHA class
Class Il 6 (20%) 3 (10%) 9 0
Class 111 16 (53%) 13 (43%) 780 .007
Class IV 8 (27%) 14 (47%)

Table (2): Echocardiographic parameters of studied cases

Groups Levo. Group IABP Group
Parameters No= 30 No=30 Test P Value
Preoperative
EF (%) 30.98+3.63 31.26+2.65 0.341 0.734
EDD (mm) 64.9+4.4 64.1+3.9 0.745 0.459
PASP (mmHg) 28.05+4.86 27.83+7.13 0.140 0.889
Postoperative
EF (%) 36.73+£3.64 43.56+5.21 5.886 <0.001
EDD (mm) 62.2+1.95 57.0+1.50 11.57 <0.001
PASP (mmHg) 23.25+3.69 23.30+3.39 0.055 0.956

EF= Ejection fraction, EDD=End diastolic dimension, PASP= Pulmonary artery systolic pressure
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Table (3): Hemodynamic parameters of studied cases

Levo.

P Groups Group IABPEBroup Test | P Value

arameters _ No=30

No= 30
Preoperative
Heart rate (beat/minute) 80.63+6.73 | 80.76+£7.39 | 0.071 | 0.943
Mean arterial pressure (mmHg) 78.00£5.60 | 77.27+3.80 | 0.591 | 0.557
Oxygen saturation (Spo2) % 94.54+2.48 | 93.48+3.76 | 1.289 0.202
Central venous pressure (mmHg) 8.92+4.55 7.70£3.65 1.146 | 0.256
5 minutes after induction
Heart rate (beat/minute) 91.6+6.47 03.79+7.99 | 1.167 | 0.248
Mean arterial pressure (mmHg) 72.35+4.78 | 64.81+3.82 | 6.749 | <0.001
Oxygen saturation (Spo2) % 98.5740.49 | 98.58+0.49 | 0.079 | 0.937
Central venous pressure (mmHg) 2.30£2.60 5.48+3.03 4.362 | <0.001
on ICU admission
Heart rate (beat/minute) 81.45+7.45 | 82.43+8.66 | 0.470 | 0.640
Mean arterial pressure (mmHg) 78.80+3.81 | 82.83+4.59 | 3.700 | <0.001
Oxygen saturation (Spo2) % 98.45+0.50 | 98.43+0.49 | 0.156 | 0.876
Central venous pressure (mmHg) 9.62+2.65 7.04+£1.91 4.326 | <0.001
Table (4): Markers of myocardial damage among studied cases
IABP
. Groups Levo._Group Group Test | P Value
Cardiac markers No= 30 No=
0=30

Baseline

CK (1U/L) 88.6+10.6 90.7+11.4 | 0.739 0.462

CK-MB (1U/L) 18.2+2.91 19.1+3.44 1.094 0.278

Cardiac Troponin I (ng/ml) 0.12+0.11 0.11+0.01 0.496 0.621

48 hours postoperative

CK (1U/L) 208.5+14.6 | 214.5+15.1 1.565 0.123

CK-MB (1U/L) 50.4+4.59 56.6+7.22 3.969 | <0.001

Cardiac Troponin I (ng/ml) 1.55+0.45 2.20+1.02 3.193 0.002

Table (5): Need for inotropic support and major postoperative adverse events among

studied groups

Levo.

Groups Group IABP_Group Test P Value

Adverse events _ No=30
No= 30

Need for inotropic support (%) 23 (77%) 21 (70%) 0.245 0.620
Mechanical ventilation (hours) 16.20£13.05 25.62+3.47 3.821 <0.001
Blood loss in first 24 hrs. (L) 0.7+£0.22 0.5+0.19 5.504 <0.001
Myocardial infarction (MI) 0 1 (3.3%)
Stroke 1 (3.3%) 2 (6.7%) 0.900 0.342
Atrial fibrillation (AF) 11 (37%) 6 (20%) 4.491 0.034
Low cardiac output syndrome 8 (27%) 4 (13%) 4.225 0.039
Reexploration 0 0
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Table (6): Postoperative outcomes of studied groups

Groups Levo. Group IABP Group
Outcome No= 30 No=30 Test P Value
3.23+0.60 4.90+0.98
Total ICU stay (days) (2_5) (1-6) 7.960 <0.001
Total hospital stays 6.63+0.71 7.97+£1.45
(days) 5 8) (- 10) 4546 | <0.001
In-hospital mortality 1 (3.3%) 2 (6.7%) 0.900 0.342
DISCUSSION Although, Levosimendan, is a calcium-
Regarding preoperative and sensitizing inotrope and ATP sensitive

postoperative cardiac functions (measured
by estimating the ejection fraction (EF%)
and end diastolic dimension (EDD/mm)
they were significantly improved in IABP
group compared to levosimendan group.
While no significant difference between
the two groups regards to pulmonary
artery systolic pressure (PASP/mmHgQ)
(p>0.05). These results were in agreement
with Lomivorotov et al., (2011); Gandham
et al. (2013) and Mate et al., (2020)
studies.

In current study, postoperatively on
ICU admission we noticed significantly
lower MAP in levosimendan group
compared to IABP group (p<0.01) while
CVP was significantly higher in
levosimendan group compared to IABP
group (p<0.01) and no significant
difference in the heart rate and oxygen
saturation at all times between both
groups. Compared to these findings, Mate
et al., (2020) found that HR, MAP, and
VIS were comparable in both groups at all
time points.

Also, Gandham et al. (2013) showed a
significant higher HR in the conventional
group at mostly all times postoperatively
P<0.05. This difference may be due to that
they were mainly comparing dobutamine
with levosimendan.

potassium channel opener and has been
reported to be effective in decreasing
LCOS (Tena et al., 2018). Current study
revealed that levosimendan-treated
patients experienced statistically
significantly higher LCOS events (27%
vs. 13%; P = 0.039) compared to IABP
group.

Supporting our work, the double-blind
randomized trial by Shah et al. (2014)
tested preoperatively administered
levosimendan 200 w/kg infusion for 24 h
against placebo for OPCABG in 50
patients with LVEF <30% revealed that,
the levosimendan-treated patients had
higher LCOS events during the operative
and early postoperative periods.

Against our study, Lomivorotov et al.
(2014) compared levosimendan and IABP
in high-risk cardiac patients. They found
that Levosimendan was effective in
reducing LCOS when compared with
placebo (14.8% in the levosimendan
group vs 29.0% in the placebo group).
Also, Toller et al. (2015), had found that
administering the drug in the ICU (late
postoperative) in the event of LCOS result
in unfavorable outcome. However, early
treatment reflects better results.

adverse events of
patients did not

Regards to
levosimendan, our
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develop significant hypotension, any
hemodynamic instability, and other side
effects such as nausea and headache in the
preoperative period and the regimen was
tolerated well. Moreover, patients given
levosimendan had a lower level of
troponin | at 48 h after the operation
compared to IABP group (p<0.01).
Similar to our findings Lomivorotov et al.,
(2011) revealed that, infusion of
levosimendan after anesthesia induction
contributes to lower cardiac Troponin |
concentration and improved
hemodynamics  compared  with a
preoperative |IABP.

Regard to inotropes usage, we used
norepinephrine with nearly all patients to
avoid peripheral vasodilatatory effects in
both groups to maintain cardiac index
above 2 L/min/m2. There was no
statistically significant difference in both
groups, regarding use of inotropes
(p=0.620).

Allama et al., (2020) in their study
showed that in IABP group, 34.4%
patients needed minimal support, 34.4%
patients needed moderate support, and
31.03% patients needed high inotropic
support with the IABP which has already
been inserted in this group. While in
levosimendan group: 31.03% patients
needed minimal support, 44.8% patients
needed moderate support), 13.7% patients
needed high inotropic support, and 10.3%
patients needed to insert an IABP with the
high support. There is significant decrease
in the amount of support when
levosimendan is used.

Regard to postoperative events,
patients in levosimendan group have
higher incidence of AF compared to those
in IABP group (37% vs 20% with

p=0.034). Similar to our finding, some
investigators found that levosimendan was
associated with an increased risk of
postoperative AF (Abacilar et al., 2013;
Kandasamy et al., 2017; Elbadawi et al.,
2018).

Against to current study, Allama et al.,
(2020) in their study found that no
statistical significance between
levosimendan and IABP groups regard to
postoperative AF. Moreover, Desai et al.,
(2018) and Mate et al., (2020) revealed
that, the incidence of postoperative AF
was statistically significant lower in
levosimendan group compared to IABP
group (p=0.01).

No patient required reexploration due
to bleeding in current study. Compared to
our results, Allama et al., (2020) in their
study, one patient, three patients and two
patients in  control, IABP and
levosimendan groups respectively had
reopening. But there was no statistical
significance between the two groups. We
believe that highly surgical expertise of
participating pioneers, minimal handling
of heart, and short anastomoses time
might have contributed in this regard.

Regards to lengths of ICU and hospital
stays, they were shorter in levosimendan
group compared to IABP group (3.23 vs
4.90 and 6.63 vs 7.97 days for hospital
and ICU stays respectively with p<0.001
for both. In agree with our results, Severi
et al., (2011) observed a shorter ICU stay
in patients pretreated with levosimendan
compared to patients receiving
prophylactic IABP. The patients in 1ABP
group stayed in the ICU for a longer
duration (6.5+£0.1 days) compared to the
patients in levosimendan group (4.6+0.2
days) group. Also, Allama et al., (2020) in
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their study revealed that, the mean ICU
stay in control group was 7.3+£0.85 days,
while in IABP group it was 5.2+0.85 days,
in levosimendan group it was 4.4+0.77
days. There was statistical significance
between the three groups.

Recently, Mate et al., (2020) study
revealed that, the mean ICU stay in IABP
group was 6.5£0.1 days compared to
levosimendan group (4.4+0.2 days), with
p<0.001). The patients in IABP group had
delayed hospital discharge at 13.4 days,
compared to levosimendan group (10.2
days), indicating a statistically significant
difference (p<0.001).

Against our study, Desai et al., (2018)
found that, ICU and hospital stay were
similar in both groups. Also, Kandasamy
et al. (2017) did not find any difference in
terms of ICU and hospital stay.

Regards to hospital mortility, there was
no statistically significant difference
between the 2 groups, there was only one
in levosimendan and two patients in IABP
group have in-hospital mortality. Like our
results, Mate et al., (2020), revealed that,
mortality and the rate of other major
complications showed no statistically
significant difference between the 2
groups. Where two patients (one in each
group) died due to sepsis and multiple
organ dysfunction. Similarly, Desai et al.,
(2018) in their study, two patients died in
IABP group due to cardiogenic shock and
sepsis as compared to none in the
levosimendan group.

In agreement with current results,
Landoni et al. (2017) in their meta-
analysis emphasized that the use of
levosimendan contributed to a significant
reduction of mortality in cardiac patients
with favorable outcomes.

In Allama et al., (2020) study with
respect to in hospital mortality, in control
group, four patients died, two of them
failed to come off bypass and two died
from multiorgan failure due to the LCOS,
one patient died at postoperative day 4
and the other at postoperative day 6, while
in IABP group three patients died, one
patient failed to come off bypass and of
the other patients one developed acute
renal failure and died at the fifth
postoperative day, the third patient died
from septicemia and died after 2 weeks.
While in levosimendan group, two
patients died, one of them failed to come
off bypass and the other died on the first
day postoperatively due to hemodynamic
instability. There was no statistical
significance between the three groups.

Landoni et al., 2012 showed a
significant reduction of mortality with the
use of levosimendan in high-risk cardiac
patients.

This study highlights the favorable
hemodynamic profile of IABP in terms of
reduced postoperative complications and
improved EF% after its application. We
consistently observed lower AF, LCOS
and minimal blood loss in patients treated
with IABP during intra- and postoperative
period, compared to levosimendan.

The main disadvantages of IABP,
particularly in patients with systemic
atherosclerosis, is the development of
complications associated with instillation
of the balloon including includes limb
ischemia, damage to the vessels, and
bleeding (not recorded in current study) as
well as its highly cost compared to
levosimendan vial (Abacilar et al., 2013).
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CONCLUSION

Levosemindan is easy to use in high-
risk cardiac patients is as effective as the
use of IABP, in terms of improves the
overall myocardial function  when
administered 12 to 36 hrs before surgery.

Levosemindan lowering the incidence
of use of IABP and decreases hospital stay
and morbidity for low EF CABG patients
but can't be used in acute hemodynamic
unstable cases.

IABP needs expert hands and has
better effect on patients but it also has
more complications than levosemindan.

Further studies with a large number of
patients and long term follow up to
confirm the results were recommended as
well as combined use of intra-aortic
balloon pump and levosimendan deserves
to be evaluated.
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