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Abstract 

Purpose: In this retrospective, observational, non-randomized study, we present the results of our department in on‐
pump beating‐heart coronary artery bypass grafting and we review the relevant medical literature.   

Methods: All data related to patients who underwent on‐pump beating‐heart coronary artery bypass grafting at our 
center for three consecutive years were collected. These patients were classified into two groups: isolated bypass grafts 
or combined with aortic valve replacement. All data related to preoperative characteristics, procedural characteristics, 
and clinical outcomes are presented separately for the two groups. 

Results: During the study period, 175 patients underwent on‐pump beating‐heart bypass grafting alone and 32 
combined with aortic valve replacement. Despite higher than average Euroscore in both groups, mortality, and 
morbidity were satisfactory while the rate of complete revascularization was higher than previously reported for classic 
off-pump surgery. 

Conclusion: On‐pump beating heart coronary artery bypass grafting offers an excellent alternative in the surgical 
treatment of coronary artery disease.  Patient selection is very important, and in the hands of skilled surgeons, it may 
prevent intraoperative complications and offer the appropriate revascularization, especially for high-risk patients.  
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1. Introduction

Coronary Artery Disease (CAD) is one of the leading causes of death worldwide [1,2]. Despite significant advances in 
both medical and interventional treatment, Coronary Artery Bypass Graft (CABG) remains the gold standard treatment 
for patients with severe CAD [3]. CABG has been improved over time to produce outstanding short- and long-term 
results for the treatment of multi-vessel CAD [1,2]. However, cardiopulmonary bypass (CPB) and cardioplegic arrest 
may be the cause of cardiac and systemic complications [3‐6]. On the other hand, off-pump CABG has raised concerns 
about the completeness of revascularization and the long-term outcomes [7]. In addition, transitory haemodynamic 
instability caused by surgical manipulations may necessitate an urgent conversion to an on-pump conventional CABG, 
significantly complicating the procedure [1,2]. More than 20 years ago, Perrault et al. [8] proposed the “CPB-assisted 
strategy”, which gradually became an alternative option in the management of high-risk patients. On‐pump Beating‐
Heart CABG (OPBHC) is used in our center on a routine basis. In this paper, we report the results from the treatment of 
patients with OPBHC for three consecutive years. We also report the results of combined OPBHC and Aortic Valve 
Replacement (AVR) during the same period. To our knowledge, the latter technique has not been previously described. 
In the second part of the paper, we review the current literature on OPBHC.  
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2. Methods 

In this retrospective, observational, non-randomized study, we included all patients undergoing OPBHC at our center 
between 2018 and 2020. These operations were performed by two different surgical teams during the above-mentioned 
time frame. Patients underwent either OPBHC or combined OPBHC and AVR. We have recorded all data related to these 
patients and classified them into three groups: 

 Preoperative characteristics of the patients (demographics and medical history)  
 Procedural characteristics (operative times, completeness of revascularization, number of grafts)  
 Clinical outcomes (duration of ventilation, duration of intensive care unit, duration of in-hospital stay, acute 

renal failure, stroke, arrhythmias, wound infections, death, re-exploration).    

2.1. Technique 

After the median sternotomy is completed, the left internal mammary artery is prepared, and routine aortic and venous 
cannulation is performed. Additionally, when AVR is scheduled a left ventricular vent is placed via the right superior 
pulmonary vein. Subsequently, heparin is administered and CPB is established. During the period of CPB, the anesthetic 
team is focused on the maintenance of the beating state of the heart. Thus, electrolyte balance and adequate perfusion 
are closely monitored. The mean arterial blood pressure is maintained between 50–80 mm Hg at a flow rate of 2.2–3.4 
L/m2/min, while the haematocrit is kept at 18–24% during mild hypothermia and >22% during normothermia. The 
perfusate temperature is being adjusted to maintain a temperature between 33–34 °C for OPBHC and 30-33°C for 
OPBHC+AVR. When AVR is required, aorta is cross-clamped after distal anastomoses are completed and cold blood 
cardioplegia is administered at 20-minute intervals. Finally, proximal anastomoses are performed with the heart in a 
beating state. 

3. Results 

The majority of patients were males between the ages of 60 and 70. Almost one-third of these patients underwent urgent 
or emergency surgery as a result of hemodynamic instability, recent Myocardial Infarction (MI), unstable angina, and 
severe Left Main Stem Disease (LMSD). The rest of the demographic characteristics and comorbidities of the population 
are displayed in Table 1. As expected the patients who underwent combined AVR and CABG had substantially longer 
operating times. None of the patients who underwent isolated CABG required aortic cross-clamping. The rate of 
complete revascularization in our patients was higher than previously reported results for off-pump surgery since the 
performed/intended grafts ratio in the two groups was 351/396 and 43/48 respectively (Table 2). Despite higher than 
average Euroscore in the two groups (2.1 and 3.9 respectively) recovery was generally satisfactory in most patients 
with only 4 deaths in total.  The average length of ICU stay was 2-3 days while the total in-hospital stay was 5-7 days. 
Re-exploration for bleeding was required in 5.1 % of OPBHC and 12.5 % of OPBHC+AVR patients while only one patient 
experienced a stroke. Acute renal failure requiring dialysis was recorded in 9.3% of OPBHC+AVR while in the OPBHC 
group was only 2.8%. Finally, arrhythmias were the most frequent problems seen in both groups (36% and 43%, 
respectively) (Table 3). However, this was mainly driven by the high incidence of postoperative atrial fibrillation which 
is expected in the first days postoperatively.  
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Table 1 Patient characteristics  

 OPBHC OPBHC+AVR 

Population 175 32 

Male/Female 105/70 18/14 

Age (in years) 62.8±0.88 69.42±0.69 

BMI 27.8±0.63 27.6±0.24 

Smokers  68 (38.8 %) 10 (31.2%) 

Hypertension  102(58.2%) 12 (37.5%) 

Diabetes Mellitus  46(26.2%) 8(25%) 

Chronic Kidney Disease  20(11.4%) 2(6.2%) 

COPD  32(18.2%) 6(18.7%) 

Peripheral Vascular Disease  39(22.2%) 8(25%) 

Mean Ejection Fraction  42% 55% 

Recent MI 41(23.4%) 2(6.2%) 

Unstable angina  23(13.1%) - 

Urgent  43(24.5%) 4(12.5%) 

Emergency  7(4%) - 

Extent of CAD    

LMSD 23(13.1%) 2(6.2%) 

SVD 17 (9.7%) 22(68.7%) 

DVD  58 (33.1%) 5(15.6%) 

TVD  77(44%) 3(9.3%) 

EUROSCORE II 2.1 % 3.9% 

AVR: Aortic Valve Replacement; BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease; LMSD: Left Main Stem Disease; SVD: Single 
Vessel Disease; DVD: Double Vessel Disease; OPBHC: On‐pump Beating‐Heart Coronary Artery Bypass Graft; TVD: Triple Vessel Disease; MI: 
Myocardial Infarction;  

Table 2 Procedural characteristics 

 OPBHC OPBHC+AVR 

Total operating time (average in mins) 192 232 

By-pass time (average in mins) 63 87 

Cross clamp time (average in mins) - 40 

Total grafts (average) 2.3 1.3 

Number of grafts   

Single graft 21 24 

Two grafts 77 5 

Three grafts 75 3 

Four grafts 2 - 

Performed/Intended grafts 351/396 43/48 
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Table 3 Clinical outcomes 

 OPBHC OPBHC+AVR 

Duration of ventilation (in hours) 6.2 8.4 

Duration of ICU stay (in days) 1.8 3.2 

Duration of in-hospital stay (in days) 5.2 7.3 

Re-exploration 9(5.1%) 4(12.5%) 

Acute renal failure 5(2.8%) 3(9.3%) 

Stroke 1(0.5%) - 

Arrhythmias  63(36%) 14(43%) 

Wound infection 11(6.2%) 3(9.4%) 

AVR: Aortic Valve Replacement; ICU: Intensive Cara Unit; OPBHC: On‐pump Beating‐Heart Coronary Artery Bypass Graft; 

4. Discussion 

In high-risk patients, the OPBHC procedure provides an efficient way to perform surgical revascularization [10-28]. 
Elective use of OPBHC might be the suitable approach when hemodynamic stability and adequate end-organ perfusion 
are the primary concerns. Cardiogenic shock, early graft failure requiring reoperation, redo CABG surgery, reduced 
LVEF, and technically challenging off-pump operations (such as those involving poor-quality coronary arteries) may all 
benefit from the OPBHC technique. 

OPBHC has been proposed as a safe and effective procedure in high-risk patients who have recently experienced MI and 
need urgent surgical revascularization [9], even in cases of cardiogenic shock. It avoids cardioplegic arrest and aortic 
cross-clamping and provides adequate end-organ perfusion with reduced inotrope requirement. In high-risk patients, 
the OPBHC procedure provides an efficient way to perform surgical revascularization [10-14,16‐18,20‐22,24‐30]. This 
evidence suggests that OPBHC may be the treatment of choice for patients who have experienced a cardiogenic shock 
after acute MI. Cardiogenic shock following acute MI occurs in 10% to 20% of patients and is the leading cause of in-
hospital mortality [31-35]. Even though urgent CABGs performed after an acute MI carries a higher mortality risk than 
percutaneous procedures, it is unavoidable in cases of percutaneous intervention failure or complication, unfavorable 
coronary anatomy for percutaneous coronary intervention (PCI), or persistent myocardial ischemia that is resistant to 
medical or percutaneous therapy [13,28,31,32]. In these cases, cardioplegic arrest and ischemia–reperfusion syndrome, 
are poorly tolerated by the injured myocardium [13,32] leading to a deterioration of cardiac function and unfavorable 
clinical outcomes [13,32]. The findings of the GUSTO1 and SHOCK studies support urgent intervention [35]. The SHOCK 
trial analysis demonstrated that CABG had comparable results to PCI despite dealing with more complex CAD and 
higher-risk patients [31,35‐37]. This can be explained by the higher rate of complete revascularization in surgical 
patients (87% in CABG vs 23% in PCI) or the different mechanism of revascularization between the two techniques. 
However, in most registries, less than 5% of patients were referred for surgery in this instance [31,38]. 

Off‐pump CABG in patients with hemodynamic instability or recurrent arrhythmias may also require higher doses of 
inotropes or vasopressors further increasing the risk of end-organ damage. Additionally, acute refractory hypotension 
can be induced by heart compression and target artery occlusion. Emergent intraoperative conversion to on-pump 
CABG is unavoidable on these occasions with this incidence ranging from 5% to 7% [10]. Conversion leads to a mortality 
rate as high as 40% and an up to seven-fold greater risk of death [10]. OPBHC can eliminate the risks associated with an 
emergency establishment of CPB, notwithstanding its rarity (incidence ranges from 5% to 7%) [10]. Additionally, 
OPBHC with complete cardiopulmonary assistance lowers ventricular volume loading. This would make it possible to 
gently mobilize the heart while maintaining adequate coronary flow and myocardial protection [16,34]. Furthermore, 
this method might make it easier to graft the heart's inferior and lateral walls, which would explain why OPBHC had 
higher rates of complete revascularization than off-pump CABG and shorter CPB times than on-pump CABG [30]. 

Aortic cannulation in patients with extensive aortic calcifications is considered to be a risk factor for embolization. 
However, aortic cross-clamping appears to be the major determinant of this complication [4,39]. Therefore, the absence 
of aortic cross-clamping may directly reduce the stroke risk for OPBHC technique compared to standard on-pump CABG. 
However, off-pump CABG remains the treatment of choice in patients with a history of stroke or with porcelain aorta 
since it is related to better neurological outcomes than on-pump CABG [4,40].  The incidence of postoperative stroke is 
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comparable between OPBHC and off-pump CABG, indicating that the sole effect of aortic cannulation may be negligible. 
On the other hand, the dynamics of aortic side-clamping for proximal anastomosis, differ remarkably between the two 
techniques. OPBHC promotes a "softer" aortic lateral clamping, whereas, in standard off-pump CABG, the same 
maneuver may result in a more traumatic side clamping. Finally, the "no touch" approach [41,42] prevents the need for 
aortic side-clamping and in theory, is the ideal technique in patients with markedly calcified ascending aorta [42]. 
Consequently, there are plenty of options in the treatment of patients at high risk for stroke and OPBHC may be one of 
them.   

It's still under discussion the treatment of choice in patients with poor LV function. For these patients, the traditional 
on-pump CABG has been shown to have increased mortality and morbidity [3]. On the other hand, during off-pump 
surgery, patients with poor LV function are at great risk for intraoperative hemodynamic deterioration and incomplete 
revascularization [18]. Traditional on-pump CABG is also related to more frequent use of postoperative intra-aortic 
balloon pump (IABP) and higher post-operative inotropic support [28] in these patients. The shorter duration of CPB, 
the improved hemodynamics and myocardial perfusion, and the decreased myocardial stunning could all be 
contributing factors to the reduced postoperative IABP use in OPBHC patients, which could clinically translate into a 
decreased incidence of perioperative MI following OPBHC.  

The idea of adopting OPBHC in elective patients opens another interesting debate and it is supported by some studies 
[7,15,19,23]. It is a reasonable strategy to prevent hemodynamic deterioration and ensure appropriate end-organ 
supply [13,16,17,27‐29]. However, this concept should be further examined in future clinical trials. As demonstrated in 
the present study, in our center, OPBHC is routinely used for isolated CABGs or combined with AVR. From our 
experience, OPBHC in elective patients is a safe technique with exceptional results. 

Limitations 

This study has certain limitations. It is a retrospective observational study from a single center. There is no control 
group and the clinical outcomes are limited to the time the patients were in the hospital. Finally, the OPBHC+AVR group 
is small, thus larger studies will be needed to draw firm conclusions. 

5. Conclusion 

OPBHC enables the maintenance of coronary flow while lowering cardiac preload and after-load, hence lowering 
myocardial oxygen demand and ensuring a steady supply of oxygen. This offers intraoperative hemodynamic stability 
without the need for cardioplegic cardiac arrest or aortic cross-clamp. Patient selection is very important, and in the 
hands of skilled surgeons, OPBHC may prevent intraoperative complications and offers the appropriate 
revascularization even for high-risk patients.  
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