Journal of

Cardio - Thoracic Medicine

e

http://jetm.mums.ac.1r

On-Pump Beating Myocardial Revascularization in Patients
with Acute Coronary Syndrome

Behrouz Motahedi !, Mahdi Kahrom *1

1 Department of Cardiovascular Surgery, Faculty of Medicine, Mashhad University of Medical Sciences,

Mashhad, Iran.

ARTICLEINFO

ABSTRACT

Article type:
Original Article

Article history:

Received: 24 July 2022
Revised: 14 December 2022
Accepted: 21 December 2022

Keywords:

Coronary artery bypass grafting
Myocardial Revascularization
Acute coronary syndrome

Introduction: The on-pump beating heart technique for myocardial
revascularization with a normothermic Cardiopulmonary bypass (CPB) represents a
combination of standard on-pump and off-pump bypass techniques. The purpose of
our study was to evaluate the outcome of patients with acute coronary syndrome
undergoing on-pump beating coronary artery bypass grafting (CABG).

Methods: Between February 2020 and February 2021, 125 consecutive patients with
acute coronary syndrome requiring coronary revascularization and not candidate for
primary angioplasty or thrombolytic therapy, underwent on-pump beating
myocardial revascularization. In this cohort study the primary inclusion criteria were
the persistence of coronary artery disease (CAD) suitable for CABG and acute
coronary syndrome. Our outcome variables included all-cause mortality, low cardiac
output state, arrhythmia, postoperative myocardial infarction (MI), respiratory
failure, stroke, ICU and total hospital stay.

Results: Mean age of patients was 59.11+9.81 years (range 33-84 years) and 68% of
patients were male. Preoperative mean left ventricular ejection fraction was 43.61 *
9.61 % (range 10-60 %) which improved to 46.71+8.41% postoperatively (p=0.010).
The average number of graft per patient was 2.91+#0.71 and complete
revascularization was performed in 119 patients (95.2%). Mean ICU stay of patients
was 2.11+1.41 (range 1-12) and mean hospital stay of patients was 6.11 + 3.71
(range 5-15). Three patients (2.4%) died during recovery in the ICU due to acute
cardiac failure.

Conclusion: On-pump beating CABG (OPBCABG) is an effective strategy with
improved hospital outcome and can be a good alternative to conventional CABG and
off-pump cardiac bypass surgery in acute coronary syndrome (ACS).
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Introduction

(Conventional CABG) is the most common
strategy. Using this strategy, peri-operative

The prevalence of high risk patients
candidate for coronary artery bypass
grafting (CABG) is increasing and in these
patients, choice of surgical strategy remains
a challenge (1,2). CABG with heart-lung
bypass and cardioplegic arrest

mortality rate is about 2%, and myocardial
infarction (MI), renal failure needing dialysis
or stroke developed in 5-7% of patients (3).
Nevertheless, approximately one half of the
coronary artery disease (CAD) patients
present with acute MI or left ventricular
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dysfunction (LVD), who have additional risk
for CABG surgery (4).

Despite a large number of studies and
presence of different pump techniques, there
is controversial debate whether CABG
surgery should be performed with or
without Cardiopulmonary bypass (CPB) (5).
No surgical strategy was found perfect to be
performed in all patients and the optimal
technique used is still controversial.

Conventional CABG (CCABG) which is used
routinely worldwide uses CPB and
cardioplegic arrest to provide a stationary
state and facilitate the operation. This
surgical method leads to obligate duration of
global myocardial ischemia that is partially
decreased by cardioplegic cardiac arrest (6).
Nonetheless this standard technique is still
associated with some complications mostly
due to the use of aortic X-clamping,
cardioplegic cardiac arrest and
extracorporeal circulation (7).

During the past two decades, interest has
been raised in the off-pump coronary artery
bypass grafting (OPCAB) technique, which
avoids  CPB, aortic  cross-clamping,
cardioplegic arrest, and global “ischemic
time” with the specific purpose of decreasing
the morbidity and mortality (8,9). Despite
proved safety and efficacy of both CCABG
and OPCAB in routine patients, under some
conditions, using of both strategies are not
feasible and even detrimental to the heart
(10-12).

On-pump beating CABG (OPBCABG)
surgery is the combination of both
mentioned techniques, with maintenance of
myocardial flow and empty heart beating
during surgery, and seems to be beneficial
for complete revascularization and suitable
for high risk patients. The OPBCABG strategy
can decrease the morbidity and mortality in
such high risk group of patients (7). The goal
of this cohort study is to evaluate the
outcome of patients with acute coronary
syndrome undergoing OPBCABG.

Materials and Methods

Out of 677 patients in our center operated
for CABG from February 2020 to February
2021, 125 (18.5%) consecutive patients with
acute coronary syndrome requiring
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coronary  revascularization and not
candidate for angioplasty or thrombolytic
therapy, underwent on-pump beating CABG.

The basic inclusion criteria for our study
were the diagnosis of CAD feasible for CABG
on the coronary angiography and presence
of acute coronary syndrome; including
recent ST elevation or non ST elevation MI or
unstable angina.

All patients were proved to have none of
liver or renal disorder, blood disease,
significant carotid stenosis or chronic
obstructive pulmonary disease (COPD)
before enrollment.

Preoperative coronary angiography and
trans-thoracic echocardiography (TTE) were
done in all patients.

Postoperatively, our outcome variables
were low cardiac output condition,
reoperation, serious arrhythmia,
postoperative MI, respiratory failure, stroke,
intra-aortic balloon pump (IABP) insertion,
ICU and hospital length of stay, in-hospital
and early mortality.

All the data were expressed as mean *
standard deviation. The clinical data were
compared using the chi-square test, Mann-
Whitney U test, and independent t-test when
suitable. A p value < 0.05 was considered
statistically significant.

After harvesting of the bypass conduits
such as left internal mammary artery (LIMA)
and the greater saphenous vein, CPB was
started after injection of IV heparin at a dose
of 300-400 IU/kg sufficient to rise the
activated clotting time (ACT) to above 480
seconds before starting of CPB. All patients
were cannulated in the standard protocol
and CPB was established when the ACT was
suitable with controlled blood flow at 30-50
ml/kg/min.

On the full (CPB) and beating heart, the
conduits were distally anastomosed to the
coronary arteries using Octopus device
stabilizer (Medtronic Inc.). The goal of the
surgery was to perform complete coronary
revascularization in all patients.

After proximal anastomosis of conduits to
ascending aorta, re-warming to 37 C was
completed and CPB discontinued, protamine
sulphate was administered to reverse
systemic heparinization.
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Results

Between February 2020 and February
2021, a total of 125 consecutive patients
with acute coronary syndrome were
enrolled for on-pump-beating heart
coronary revascularization. Mean age of
patients was 59.11 * 9.81 years (range 33-
84 years) and 68.0% of patients were male.

Preoperative mean left ventricular ejection
fraction was 43.61 + 9.61 % (range 10-60 %)
which improved to 46.71+8.41%
postoperatively (p=0.010). Demographic

followed by two vessel (16.0%) and single
vessel disease (1.6%). Left main stem
involvement was present in 22 patients
(17.6%). Patients' inclusion criteria are
shown in Table 2.

The average number of conduit used per
patient was 2.91 + 0.71 and the LIMA was
grafted in 119 patients (95.2%). In six
patients the mammary artery was not
harvested due to the patient's hemodynamic
instability. Complete revascularization was
achieved in 119 patients (95.2%). The mean
CPB and operative time were 60.12 + 11.02

characteristics and patients' risk factors are and 158.22 * 32.20 minutes respectively

shown in table 1. The greater part of our (Table 3).

patients had three vessel disease (82.4%)

Table 1. Basic patients' characteristics.
CCS angina class Number Percent (%)
I 0 0
II 19 15.2
111 65 52.0
1A% 41 32.8
LVEF 43.61+9.61
Hypertension 76 60.8
Smoking 16 12.8
Addiction 29 23.2
Hypercholesterolemia 42 33.6
Diabetes mellitus (I&II) 44 35.2
Peripheral vascular disease 9 7.2
Prior myocardial infarction 71 56.8
Myocardial infarction < 7 days 37 29.6
Urgency 7 5.6
Emergency 43 344
Preoperative IABP 12 9.6
Left main stump disease 22 17.6
Three Vessel disease 103 82.4
Two Vessel disease 20 16.0
Single Vessel disease 2 1.6

Abbreviations: CCS: Canadian Cardiovascular Society Angina Class; LVEF: Left Ventricular

Ejection Fraction; IABP: Intra-Aortic Balloon Pump.

Table 2. Patients' risk profile .

Patients' risk profile
U/A (unstable angina)

Severe left main stenosis (more than 70%)

Intractable ventricular arrhythmia
Early post-acute MI (ongoing chest pain)
Post PCI complication

Severe LV dysfunction (less than 35%)

Number Percent (%)
24 19.2
22 17.6
4 3.2
37 29.6
17 13.6
44 35.2

Abbreviations: MI: Myocardial Infarction; PCI: Percutaneous Coronary Intervention.
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IABP was inserted preoperatively in two
patients and five other cases needed IABP
support for low cardiac output condition in
post operative course. Mean number of
packed cell transfusion during hospital
admitting was 2.21+0.71 units (range 0-6).
Mean ICU stay of patients was 2.11 + 1.41
days (range 1-12). Mean patients' hospital
stay was 6.11 * 3.71 days (range 5-15) and
median length of stay was 5 days (Table
4).Three patients (2.4%) died during
recovery in the ICU due to acute cardiac
failure. The follow-up visit was inclusive for
all 122 patients survived from operation
with the median follow-up duration of 13
months.

Discussion

Acute coronary syndrome patients
represent an important group of patients

Table 3: Patients' Intraoperative data.

which are referred for urgent CABG, with
early morbidity and mortality about 4 times
those of elective and stable CAD patients (6).
Complete myocardial coronary
revascularization should be the main
priority of the bypass grafting irrespective of
the technique, as incomplete
revascularization is considerably associated
with post-operative low cardiac output
syndrome, peri-operative MI, and mortality
(3).

CCABG with cardiac arrest is still the
standard and the most commonly used
technique in coronary artery
revascularization. Complications associated
with this strategy are related to the
inflammatory response, hypothermia, aortic
cross clamping, use of cardioplegia and
myocardial protection (10,11,13).

Number Percent (%)
No. of graft/patient 2.91+0.71
Use of LIMA 119 95.2
Use of veins 125 100
Left anterior descending artery 125 100
Diagonal branches 15 12.0
Marginal branches or Circumflex 115 92.0
Right coronary artery 118 94.4
Complete revascularization 119 95.2
Cardiopulmonary bypass time (min) 60.12 +11.02
Operative time (min) 158.22 + 32.20
Abbreviation: LIMA: Left internal mammary artery
Table 4: Patients' Postoperative Morbidity and Mortality.
Number Percent (%)
30-Day Mortality 3 2.4
Re-exploration for bleeding 4 3.2
Intraoperative IABP 7 5.6
Sternal Infection 4 3.2
Atrial Fibrillation 10 8.0
Ventricular Arrhythmias 4 3.2
Myocardial infarction 5 4.0
CVA 1 0.8
Respiratory Failure 8 6.4
Acute Renal Failure 10 8.0
Estimated blood loss (milliliter) 530 £ 312
Intensive care unit stay (days) 211 +1.41
Hospital stay (days) 6.11 +3.71

Abbreviations: IABP: Intra-Aortic Balloon Pump ; CVA: Cerebro-Vascular Accident.
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Although low-risk cases undergoing CCABG
with a minor risk of developing peri-
operative side effects from applying of CPB
and cardioplegic arrest, the high-risk group
of patients with ACS and uncompensated
heart failure is prone to complications of
emergency surgery (7,14,15). Consequently,
conventional CABG may not be the perfect
strategy in this subgroup of unstable cases:
in particular, aortic cross clamping and
cardioplegic arrest have been proved as
operative risk factors for morbidity and
mortality in these patients (16,17).

Interest has reemerged in the OPCAB
grafting technique. Moreover, avoidance of
aortic cannulation, aortic manipulation and
CPB during OPCAB would translate into
decreased inflammatory response,
coagulopathy, stroke, reduced morbidity and
mortality (5).

Another drawback of performing an
OPCAB approach is the obvious difficulty of
the surgical grafting on the beating heart,
especially in unstable and high risk patients
due to hemodynamic deterioration (18).
Despite the current interest in favor of
OPCAB surgery in patients with stable CAD,
there has always been a debate on which
surgical technique is more superior to
another, in decreasing the morbidity and
mortality owing to coronary
revascularization (3).

Similar early and late survivals are shown
in different RCTs for both off-pump and
CCABG. In contrast, patients undergoing
OPCAB surgery appears to have reduced
number of grafts and increased require
repeating revascularization procedure (5,
19-21).

The major benefits of OPBCABG are the
decreasing of the hemodynamic instability
condition during cardiac manipulations, the
absence of aortic X-clamping and
reperfusion injury or myocardial stunning
after cardioplegic cardiac arrest (7, 22, 23).

In this study, data was gathered from 125
patients with acute coronary syndrome
(ACS) meeting our inclusion criteria. The
2.4% hospital mortality rate of patients
shows that this high risk subgroup of
patients with ACS can undergo coronary
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artery bypass surgery with a safe and good
outcome.

During follow up visit, enhancement in LV
ejection fraction after surgical bypass was
clearly shown. Preoperative mean left
ventricular ejection fraction was 43.61+9.61
% (range 10-60 %) which improved to
46.71+8.41% postoperatively (p=0.010).

According to available literature and our
experience, conventional CABG on CPB and
cardioplegic arrest in high-risk cases is
related with high rate of mortality and
morbidity (24,25). It is demonstrated that,
myocardial protection strategies could not
satisfactorily keep away from myocardial
injury in these high risk group of patients
undergoing CABG and may end to difficult
weaning from CPB (25,26).

In conclusion, on-pump beating CABG
(OPBCABG) is an effective method with
improved hospital outcome and can be a
good alternative to CCABG and OPCAB in
ACS and, to our opinion, this strategy can
end to satisfactory results.

The limitations to the present study were
lack of control group to compare the
outcome between two groups and use of
only mortality and morbidity end points for
evaluation of patient outcome. Other indices
such as cardiac biomarkers would be
effective  analysis for evaluation of
myocardial function after revascularization.

Conclusions

OPBCABG is an effective method with
improved hospital outcome and can be an
amazing substitute to conventional CABG
and off-pump surgery in ACS.
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