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ABSTRACT

Background and Aim: Novel surgical approaches are gaining attention in an attempt to over-
come possible adverse events following coronary artery bypass graft (CABG) surgery. This 
single-center study aimed to evaluate and compare the early postoperative outcomes of on-
pump beating-heart (OPBH-CABG) versus off-pump CABG surgery in similar risk groups 
with a total number of 1–2 grafts. Methods: The records of a total of 229 patients who under-
went non-emergency, primary, isolated, either OPBH-CABG (n = 32) or off-pump CABG (n 
= 197) surgery were retrospectively evaluated. Reported outcome measures included baseline 
data, the number of coronary artery grafts, prophylactic intra-aortic balloon pump, time of 
extubation from mechanical ventilation, duration of stay in the coronary ICU and hospital, 
as well as early postoperative complications, in-hospital and early postoperative mortality. 
Results: The groups were identical with regards to age and BMI. The patients in the off-
pump group received a higher number of grafts (1.84 ± 0.36 vs. 1.18 ± 0.39, p <0.0001). The 
OPBH-CABG group had a higher Euroscore II score (2.514 ± 1.68 vs. 1.706 ± 1.93, p = 0.021). 
The time to extubation after the surgery, postoperative length of ICU stay, and total length of 
hospital stay were similar between the groups (p = 0.2228; p = 0.098; p = 0.717, respectively). 
The incidence of arrythmia and atrial fibrillation was higher in the on-pump group (12.5% 
vs. 2.53%, p <0.05). One patient in the on-pump, and four patients in the off-pump groups 
deceased due to postoperative complications. Conclusions: OPBH-CABG surgery is compa-
rable to off-pump CABG in terms of early postoperative outcomes. In patients who underwent 
OPBH-CABG, the risk of arrythmia and atrial fibrillation should be of concern and solved with 
optimal strategies.
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INTRODuCTION

Coronary artery bypass grafting (CABG) had been a stan-
dard surgical procedure for the improvement of coronary 

artery disease and related conditions. Owing to the current 
interventions and developments in the areas of cardiovas-
cular surgery and anesthesiology, the mean age of the pa-
tients undergoing CABG has increased in the last decades.1 
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In conventional CABG, intraoperative hypothermia, 
aortic cannulation, and implementation of cross-clamp-
ing have been shown to be associated with numerous se-
vere complications including stroke, arrythmia and dys-
rhyhmias, neurocognitive perturbations, and increased 
rate of mortality.2–5 Hence, novel approaches are of crucial 
importance for the safety and increased survival of pa-
tients in the clinical and age-related high-risk group.

On-pump beating-heart CABG (OPBH-CABG) surgery 
is a relatively novel hybrid approach to coronary artery 
grafting, which aims to stabilize hemodynamic parame-
ters during the operative period. This has specific benefits 
such as reduced preload alongside the afterload, which 
decreases the oxygen demand of the myocardial tissue.6

However, despite reported benefits for the high clinical 
risk patients and older individuals, the clinical benefits of 
OPBH-CABG are still under discussion due to reported ad-
verse effects on graft patency, revascularization, and cardiac 
output. On the other hand, the longer follow-up data of more 
than 5 years in multicenter trials comparing the efficiency 
of OPBH-CABG with off-pump CABG presented better out-
comes with the former, possibly as a result of improved ex-
perience, skill, and patient selection criteria over time.7,8 

In the present retrospective study, we aimed to report 
our clinical experience with high-risk patients who un-
derwent OPBH-CABG surgery, and to compare the preop-
erative, intraoperative, and postoperative outcomes with 
the data of a cross-sectional group with similar charac-
teristics operated with off-pump CABG surgery. 

MATERIALS AND METHODS

Patient selection criteria

A total of 229 patients who underwent CABG between 
April 2017 and August 2019 were included in the study. 
The study was conducted in accordance with the Declara-
tion of Helsinki, and ethical approval was obtained from 
the institutional review board. 

Patients with mechanical defects related to the ven-
tricular septum, papillary muscles, and mitral valve, as 
well as a concurrent cardiac condition that required in-
tervention in the same session were excluded. Emergency 
surgery procedures, cases switched to open heart surgery 
following initiation of OPBH-CABG, patients with chronic 
renal impairment with a history of regular dialiysis and/or 
a high serum creatinine level ≥2 mg/dL were also exclud-
ed. Since the number of grafts in the OPBH-CABG cases 
were 1 and 2, conventional CABG cases with more than 2 
vascular graftings were further excluded.

Of the remaining, we evaluated the retrospective chart 
data of 32 OPBH-CABG and 197 off-pump CABG cases. 

study variables

Demographic variables included common variables such 
as age, gender, and body mass index. Preexisting comor-
bidities including diabetes mellitus, hypertension, chronic 
obstructive pulmonary disease, thyroid disease, cerebro-
vascular disease, carotid artery disease, New York Heart 
Association (NYHA) class, European System for Cardiac 
Operative Risk Evaluation II model (EuroSCORE II), and 
ASA status were recorded. 

Intraoperative variables were the number of coronary 
artery grafts, additional dosing of systemic hepariniza-
tion, requirement for support with inotropic, adrenergic, 
noradrenergic, dopaminergic, calcium sensitiser agents, 
prophylactic intra-aortic balloon pump, pacemaker re-
quirement, and duration of surgery.

We also recorded the need for postoperative treatment 
with vasopressor, positive inotropic agents, time of ex-
tubation from mechanical ventilation, duration of stay in 
the coronary ICU and hospital, postoperative complica-
tions, in-hospital mortality, mortality within 30 days af-
ter the CABG surgery. 

surgical Procedures

Median sternotomy was performed, and the left internal 
mammarian artery (LIMA) was used for grafting the left 
anterior descending artery in all cases. The remaining 
grafting was performed using the graft obtained from the 
saphenous vein.

OPBH-CABG patients were operated under cardio-
pulmonary bypass (CPB) on the working heart using a 
mechanical stabilizer (Abbott, USA), 3-way Swan-Ganz 
catheter with radial artery cannula, central catheter, and 
thermodilution catheter. Chest electrodes for ECG and 
temperature probes were placed. The body temperatures 
of the patients were kept at 36 °C, and a cell salvage device 
was used during the operations. A standard anesthesia 
protocol consisting of fentanyl citrate (Fentanyl, Janssen), 
midazolam (Dormicum, Roche), and pancuronium (Pavu-
lon, Organon) was applied for sedation and induction of 
anaesthetia.

off-PumP cabg Procedure

After the median sternotomy, the LIMA was prepared as 
a pedicle graft. Following the administation of heparin (3 
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mg/kg), an aortic cannula and a right atrial “two-stage” 
venous cannula were placed when the activated clotting 
time (ACT) reached over 480 seconds. An oxygenator 
(Dideco, Italy) and a roller pump (Sarns 7000, USA) were 
used for CPB. Patients were cooled to 28–30 °C, and an-
tegrade warm blood cardioplegia (15 mL/kg) was admin-
istered following cross-clamping. The pump speed was 
adjusted to keep arterial blood pressure at 60–90 mmHg. 
Cold blood cardioplegia was given every 20 minutes, and 
hot blood cardioplegia was given for 5 minutes prior to 
the cross-clamp being removed. Distal anastomoses were 
sealed with 7/0 polypropylene suture (Prolene, Ethicon, 
Somerville, NJ), proximal anastomoses were sutured with 
5/0 polypropylene during warm-up with a side clamp. 
Heparin effect was neutralized with protamine prior to the 
termination of CPB. 

on-PumP cabg Procedure

For the OPBH-CABG procedure, a 1 mg/kg dose of hepa-
rin was administered, and ACT was kept over 300 seconds. 
The order was determined as anterior ventricular, poste-
rior, and lateral vessels, respectively. A deep pericardial 
sling suture was placed in the left superior pulmonary 
vein area in an attempt to reach the right and circumflex 
coronary artery. During the operation, the operating ta-
ble was placed in the Trendelenburg position and rotated 
to the right. A bulldog clamp was placed in the proximal 
region following arteriotomy in all anastomoses. Distal 
anastomoses were sealed with the help of a mechanical 
stabilizer (Octopus II, Medtronic, USA) and 7/0 polypro-
pylene suture. Protamin-induced heparin neutralization 
was performed at the end of the operation. 

Inotropic support was provided for patients with a sys-
tolic blood pressure of <90 mmHg for both groups.

statistical analysis 

All statistical analyses were carried out using Graph-
Pad version 8.3 (GraphPad Software, La Jolla, Califor-
nia, USA). Continuous data were presented as mean ± 
standard deviation (SD), and categorical variables were 
expressed as numbers (percentages). Normally and non-
normally distributed continuous variables were com-
pared using Student’s t-test and the Mann-Whitney U 
test, respectively. Fisher’s exact test or the chi-square 
test was used to compare categorical variables. Cumula-
tive survival curves were constructed using the Kaplan-
Meier method. A p value of less than 0.05 was considered 
statistically significant.

RESuLTS

Two hundred twenty-nine patients with coronary artery 
disease who underwent CABG surgery of 1 or 2 grafts were 
included in the study. Among these, 32 patients received 
OPBH-CABG, and the remaining 197 patients underwent 
off-pump CABG. The baseline characteristics of the entire 
cohort are shown in Table 1. 

The mean age of the on-pump group was 65.31 ± 10.16 
years, whereas the off-pump group had a mean age of 
62.10 ± 9.637 years (p = 0.085). The female to male ratio 
was higher in the off-pump group (1/31 vs. 37/160, p <0.05). 
The BMI of the patients did not differ between the groups 
(25.99 ± 3.45 kg/m2 vs. 26.70 ± 3.82 kg/m2, p = 0.14).

Patients in the on-pump group had a higher prevalence 
of diabetes and thyroid disease compared to the off-pump 
group (43.7% vs. 27.4%, p <0.05; 12.5% vs. 4.5%, p <0.05, 
respectively).

Although the ratios of patients with congestive heart 
failure, hypertension, chronic renal disease, cerebrovas-
cular disease, and carotid artery disease were higher in 
the on-pump group, the statistical analysis did not yield a 
significant difference. 

Two patients in the on-pump group, and four patients 
in the off-pump group received prophylactic preoperative 
intra-aortic balloon pump (IABP) support (p = 0.66). 

There was a statistically signifcant difference in the 
number of grafts between groups, with a higher number 
of grafts in the off-pump group (1.84 ± 0.36 vs. 1.18 ± 0.39, 
p <0.0001). 

A higher Euroscore II score was observed in the on-
pump group (2.514 ± 1.68 vs. 1.706 ± 1.93, p = 0.021).

Early postoperative variables and outcomes are pre-
sented in Table 2. The time to extubation after the sur-
gery was similar between the on-pump and the off-pump 
groups (20.94 ± 30.63 hours vs. 12.08 ± 12.01 hours, p = 
0.2228). The postoperative length of ICU stay was 1.58 ± 
1.47 days in the on-pump group and 1.21 ± 0.84 days in the 
off-pump group (p = 0.098).

The total length of hospital stay was 10.97 ± 4.25 days 
for the on-pump group and 11.13 ± 4.10 days in the off-
pump groups (p = 0.717).

There were no significant differences between the 
groups with regards to pulmonary, gastrointestinal, neu-
rological, and local complications. The incidence of ar-
rythmia and atrial fibrillation was higher in the on-pump 
group (12.5% vs. 2.53%, p <0.05).

One patient in the on-pump, and three patients in the 
off-pump surgery groups deceased due to postoperative 
pulmonary complications. One patient in the off-pump 
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group had an ICU stay of six months and died due to various 
complications that involved multiple organs and systems. 

DISCuSSIONS

Being one of the most prevalent causes of death world-
wide, there have been major developments regarding 

treatment strategies for coronary artery disease, in order 
to improve quality of life, related comorbidities, and sur-
vival. Although CABG is the routine and most frequently 
applied treatment of choice, accumulated evidence re-
vealed various negative impacts on organ systems, par-
ticularly in high-risk individuals. Therefore, cardiovas-
cular surgeons are in search of alternative strategies to 

TABLE 1. Baseline characteristics and operation data of the entire patients

On-pump 
beating-heart 

surgery  
(n = 32)

Off-pump surgery  
(n = 197)

p value

Age, years 65.31 ± 10.16 62.10 ± 9.637 0.085

M/F 1/31 37/160 <0.05

BMI, kg/m2 25.99 ± 3.455 26.70 ± 3.821 0.14

Congestive heart failure, n (%) 5 (15.5%) 22 (11.1%) 0.77

COPD, n (%) 3 (9.3%) 19 (9.6%) 0.91

Hypertension, n (%) 21 (65.6%) 110 (55.8%) 0.32

Diabetes, n (%) 14 (43.7%) 54 (27.4%) <0.05

Chronic renal disease, n (%) 2 (6.2%) 8 (4.0%) 0.68

Thyroid disease, n (%) 4 (12.5%) 9 (4.5%) <0.05

Cerebrovascular disease, n (%) 3 (9.3%) 8 (4.0%) 0.38

Carotid artery disease, n (%) 2 (6.2%) 7 (3.5%) 0.47

Prophylactic IABP support, n (%) 2 (6.2%) 4 (2.0%) 0.66

EuroSCORE points 2.514 ± 1.687 1.706 ± 1.939 0.021

Number of grafts, mean ± SD 1.188 ± 0.396 1.845 ± 0.363 <0.0001 

CBP time, min 0 98.28 ± 35.09 <0.001 

BMI – body mass index, COPD – chronic obstructive pulmonary disease

TABLE 2. Early postoperative outcomes between the two groups

On-pump 
beating-heart 

surgery  
(n = 32)

Off-pump surgery  
(n = 197)

p value

In-hospital mortality, n (%) 1 (3.12%) 4 (2.03%) 0.78

Pulmonary complications, n (%) 1 (3.12%) 4 (2.03%) 0.78

Gastrointestinal complications, n (%) 0 1 (0.5%) 0.384

Renal failure requiring hemodialysis, n (%) 0 1 (0.5%) 0.384

Reoperation for bleeding, n (%) 0 5 (2.53%) 0.09

Arrythmia  and atrial fibrillation, n (%) 4 (12.5%) 5 (2.53%) <0.05

Wound infection, n (%) 0 2 (1.01%) <0.05

Postoperative extubation duration, hours 20.94 ± 30.63 12.08 ± 12.01 0.222

Length of ICU stay, days 1.581 ± 1.478 1.219 ± 0.8460 0.098

Length of hospital stay, days 10.97 ± 4.254 11.13 ± 4.100 0.717

Carotid artery disease, n (%) 2 (6.2%) 7 (3.5%) 0.47

Prophylactic IABP support, n (%) 2 (6.2%) 4 (2.0%) 0.66

EuroSCORE points 2.514 ± 1.687 1.706 ± 1.939 0.021

Number of grafts, mean ± SD 1.188 ± 0.3966 1.845 ± 0.3631 <0.0001 
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overcome intraoperative and postoperative complications 
due to several interventions and manipulations during the 
course of CABG surgery. 

OBPH-CABG surgery is a relatively novel, hybrid meth-
od, preserving the heartbeat and blood flow during the 
operation, hence preventing myocardial damage and re-
lated adverse events. The complications related to aortic 
crossclamping or cardioplegic arrest during conventional 
CABG surgery have been well documented in patients with 
poor preoperative condition.9,11 

In our study, we aimed to compare the operative and 
early postoperative data of two patient groups that un-
derwent CABG with OBPH and off-pump surgery modali-
ties. We found that there were no significant differences 
between the OBPH and off-pump surgery groups with re-
gards to postoperative extubation duration, length of ICU 
and hospital stay, and complications. On the other hand, a 
higher EuroSCORE II in the OBPH surgery group suggested 
a higher risk profile for this group of patients, irrespective 
of age and cardiovascular, pulmonary, renal, and cerebro-
vascular comorbidities.

Our findings are consistent with the data of several 
research groups comparing the two operative modalities 
for similar variables. Recent studies have concluded that 
OBPH-CABG surgery is equivalent or superior to off-pump 
surgery in different risk groups of patients. In their co-
hort of patients with a left ventricular ejection fraction 
(LVEF) of <35%, Xia et al. and Gamal et al. have reported 
that OBPH-CABG had improved cardiac function in the 
early postoperative period, suggesting that this technique 
is an efficient alternative to off-pump surgery in patients 
with severely reduced LVEF.12,13 Although the former also 
concluded that the on-pump group had received a higher 
number of bypass grafts, our findings contradict their data. 
However, while their study included patients with at least 3 
grafts, none of the patients in our cohort underwent CABG 
for more than 2 grafts. This variation might be due to the 
increased variability in patient selection criteria between 
surgical teams, and also to the experience of the surgical, 
antesthesiology, and postoperative reanimation teams. 

Matkovic et al. conducted a long-term follow-up study 
comparing the outcomes of two different surgical teams. 
They concluded that on-pump and off-pump surgery did 
not differ significantly in terms of cardiovascular and 
cerebrovascular outcomes and long-term survival. They 
also reported that off-pump surgery was related to re-
peated hospitalizations for cardiac complaints during the 
five-year follow-up.14 

The complications of CABG on cardiovascular, pulmo-
nary, neurological, and renal systems have been docu-

mented and reported worldwide.15–18 Although not having 
reached statistical significance, the ratios of postopera-
tive complications related to the gastrointestinal and re-
nal systems, reoperation for bleeding, and wound infec-
tion were higher in the off-pump group. This finding may 
be the consequence of adequate circulation support and 
preserved blood flow during OBPH surgery. Despite the 
suggestion that reoperation for bleeding might be related 
to additional heparinization, none of the patients in our 
study group with this complication received additional 
doses of heparin or drugs with a similar effect on platelets 
and the coagulation cascade.12

On the other hand, a relatively higher incidence of 
postoperative pulmonary complications in the on-pump 
group might be a result of extracorporeal circulation dur-
ing surgery. However, the sole patient with complications 
in this group, a 74-year-old male with multiple chronic 
comorbidities, had died due to additional complications 
from delayed extubation on the 7th postoperative day.

Four patients that deceased during hospitalization had 
a poor clinical status with a  EuroSCORE II >6, whereas one 
patient in the off-pump group, with a lower EuroSCORE II 
score and 189 minutes of CBP time, could not be extubated 
during the postoperative period and had deceased on the 
7th postoperative day due to pulmonary complications. 

The incidence of arrythmia and atrial fibrillation was 
significantly higher in the on-pump group, consistent 
with the findings of different studies with larger study 
populations, and also with the conclusions of meta-anal-
yses.19,20 Although none of the patients had deceased due 
to complications resulting from arrythmia and atrial fi-
brillation in our study group, their deaths were related to 
an increased risk of hemodynamic instability and throm-
boembolic events. The reason for the superiority of off-
pump surgery in terms of arrythmia and atrial fibrillation 
is still under debate. Although atrial cannulation during 
on-pump surgery might be the main underlying cause, 
some suggest that the concomitant use of cardiopulmo-
nary bypass may influence the postoperative new-onset 
arrythmia and atrial fibrillation.21 

There are several limitations to our study. Firstly, this 
is a single-center, retrospective clinical chart data-col-
lection study, with a small sample size and short follow-
up duration, which may have influenced the comparative 
analyses between groups. Secondly, we did not subgroup 
the patients according to LVEF, and the study groups in-
cluded patients with various degrees of impaired left ven-
tricular function. Last but not least, although the compli-
cations were determined according to several clinical and 
paraclinical factors, including results obtained from blood 



8 Journal of Cardiovascular Emergencies 2021;7(1):3-8

specimens, we did not include data regarding serum lev-
els of cardiovascular and acute renal injury markers in the 
present analysis. 

CONCLuSIONS

In conclusion, on-pump beating-heart CABG surgery 
might be an efficient alternative to off-pump surgery with 
similar postoperative outcomes of in-hospital mortality 
or morbidity. Further studies that would include larger 
study populations, in high-volume centers, with inclusion 
of additional comorbidities, with longer follow-up dura-
tion are needed for a precise analysis of possible compli-
cations and fesability of this method.
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