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Off pump Versus On pump Coronary Artery Bypass Grafting: Short-term Outcomes

ABSTRACT

Background: Coronary artery disease (CAD) is a major public health issue and a leading cause 
of death globally. It is one of the most common indications for surgical intervention. There 
are a lot of different techniques, including CABG, which consists of two approaches: sternot-
omy and mini-thoracotomy. Different techniques have been developed to improve surgical 
outcomes, including the use of machine for extracorporal circulation (on-pump) or without it 
(off-pump). Objective: The objective of this study was to assess whether off-pump CABG 
offers superior short-term outcomes compared to traditional on-pump CABG in patients 
undergoing isolated CABG.. Methods: In period between 2022 – 2023, we performed CABG 
operation in 80 patients. CABG was performed either on- pump or off-pump. Results: The 
results have shown advantages and disadvantages of one or another type of CABG. We were 
comparing the duration of surgical procedure, time on mechanical ventilation, drainage volume, 
neurological incidents, time to discharge, indication for repeat revascularization and mortality 
between two groups. Conclusion: The choice of surgical technique should be based on indi-
vidual patient factors, including comorbidities and surgical risks. It is important to say that 
OPCABG is more challenging than ONCABG, and it is very important that OPCABG is done by 
skilled, experienced and confident surgeon, which contributes to better outcome and survival.
Keywords: coronary disease, Off pump coronary artery bypass, On pump coronary 

artery bypass, coronary artery bypass grafting.

1.	 BACKGROUND
On pump CABG (ONCABG) em-

ploys cardiopulmonary bypass to pro-
vide a calm, bloodless surgical field, but 
it is associated with a systemic inflam-
matory response and various postoper-
ative complications. Off pump CABG 
(OPCABG) was introduced to mini-
mize these risks and has shown poten-
tial in reducing operation time, inten-
sive care unit (ICU) stay, transfusion 
rates, and early morbidity. However, 
the effectiveness of OPCABG remains 
a matter of controversy, with some 
studies reporting positive outcomes 
while others raising concerns about its 
effectiveness (1, 2)

2.	 OBJECTIVE
The objective of this study was to as-

sess whether off-pump CABG offers su-
perior short-term outcomes compared 
to traditional on-pump CABG in pa-

tients undergoing isolated CABG.

3.	 METHODS
The study was constructed as a ret-

rospective, comparative cohort study. 
It enrolled 80 patients who underwent 
isolated CABG and were assigned to ei-
ther the on-pump or off-pump group in 
equal numbers. All surgeries were per-
formed by experienced surgeons at the 
Clinic for Cardiovascular Surgery-Uni-
versity Clinical Center of Sarajevo be-
tween January 2022 and January 2023

Data collection
Patient data, including preopera-

tive characteristics, perioperative data, 
postoperative outcomes, and complica-
tions, were collected and entered into a 
database. Follow-up data were recorded 
for mortality, myocardial infarction, 
newly onset heart rhythm abnormali-
ties, renal dysfunction, and cerebrovas-
cular incidents.
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Surgical Technique
All surgeries were performed under general endotracheal 

anesthesia. OPCAB procedures were conducted with the as-
sistance of heart stabilizers to expose the coronary arteries. 
On-pump cases were carried out using the standard cardio-
pulmonary bypass (CPB) technique with ascending aortic 
cannulation and cannulation of the right atrium with a single 
two-staged cannula. The grafts employed were the left and 
right internal mammary arteries, as well as saphenous vein 
grafts.

Statistical analysis
Descriptive statistics were calculated for the baseline de-

mographic and clinical features, as well as treatment out-
comes. Categorical variables were presented as numbers and 
percentages. All analyses were conducted using IBM Statis-
tics SPSS, v23.0 (Chicago, Illinois, USA).

4.	 RESULTS:
The study included a total of 80 patients. They were divided 

into two groups based on whether they underwent off-pump 
or on-pump CABG. The female-to-male ratio (1:3) was equal 
in both groups.

Preoperative data
The sample included a total of 84 patients, 42 in the 

ONCAB–on-pump coronary artery bypass grafting and 42 
in the OPCAB–off-pump coronary artery bypass grafting 
group. Mean age of the respondents in the total sample was 
65,83±7,7 years with the youngest patient at the age of 43 
and the oldest at age of 82 years. The groups are consisted in 
the term of age with the mean age of 66,07±7,78 years in the 
ONCAB and 65,59±8,01 years in the OPCAB group.

According to gender, the groups are equal with the male to 
female ratio of 32 : 10.

The preoperative data regarding ECG characteristics 
showed no significant difference in the preoperative incidence 
of atrial fibrillation, bundle branch block, atrioventricular 
block, as well as ventricular or supraventricular tachycardia. 
Preoperative data analysis revealed no significant difference 
in preoperative ECG characteristics, including the incidence 
of atrial fibrillation, bundle branch block, atrioventricular 
block, ventricular or supraventricular tachycardia between 
the two groups. Regarding preoperative comorbidities, a sig-
nificantly larger incidence of peripheral vascular disease was 
observed in patients who underwent OPCABG compared to 
those who underwent ONCABG (p=0.012). 

In addition, patients in the OPCABG group had a signifi-
cantly higher incidence of hyperlipidemia compared to those 
in the ONCABG group (p=0.0001). No significant differ-
ences were observed between the two groups regarding the 
presence of hypertension, diabetes, chronic obstructive pul-
monary disease, renal dysfunction, or preoperative infection 
status.

A comparison of preoperative echocardiography showed 
that the patients in the OPCABG group had lower right ven-
tricular strenght (TAPSE mean value 16,40) compared to 
ONCABG group (TAPSE mean value 23,21) . However, a 
higher incidence of LM stenosis was noted in patients who 
underwent OPCABG, as it was present among 28,6% of cases 
in the OPCAB and only 4,8% of cases in the ONCAB group 
(p=0.007).

Perioperative data
In all surgical procedures, the grafts used were the mam-

mary artery as well as the great saphenous vein. Regarding the 
number of vessels that received cardiosurgical revasculariza-
tion, there was a statistically significant difference between 
the two groups. The patients who underwent ONCABG 
mostly had full revascularization which included three grafts 
(in 62% of cases) and four grafts (in 8% of cases). In the OP-
CABG groups the incidence of the triple or quadruple by-
pass was significantly lower than in the ONCABG group 
(p=0,024) where patients mostly received two grafts (in 65% 
of the cases). While observing the total duration of the sur-
gery significantly shorter total time was noted in the OP-
CABG group compared to the ONCABG group (p=0,005).

In all surgical procedures, the mammary artery and the 
great saphenous vein were used as grafts for cardiac revas-
cularization. The analysis showed a statistically significant 
difference between the two groups regarding the number of 
vessels that received revascularization. The majority of pa-
tients who underwent on-pump CABG received full revascu-
larization, which included three coronary arteries (in 62% of 
cases) and four coronary arteries (in 8% of cases). In contrast, 
patients who underwent OPCABG had a significantly lower 
incidence of triple or quadruple bypass compared to the ON-
CABG group (p=0.024). In the OPCABG group, most pa-
tients received double bypass (in 65% of cases). In many cen-
ters OPCABG is offered to patients who require one or two 

ONCAB (n=42) OPCAB (n=42) p

Age 66,07±7,48 65,59±8,01 0,579

Gender Male 32 (76,2) 32 (76,2) -

Female 10 (23,8) 10 (23,8)

Table 1. Demographic data

ONCAB (n=40) OPCAB (n=40) p

One vessel 0 (0,0) 0 (0,0) -

Two vessel 7 (21,4) 4 (9,5) 0,227

Three vessel 32 (76,2) 38 (90,5) 0,141

LM 2 (4,8) 12 (28,6) 0,007

Table 2. Coronography parameters before surgery

ONCAB (n=40) OPCAB (n=40) p

Total duration of surgery (h) 4,06±0,91 3,56±0,67 0,005

Table 3. Comparison of parameters after the surgery

ONCAB (n=42) OPCAB (n=42) p

Bypass 1 0 (0,0) 3 (7,1) 0,241

Bypass 2 13 (31,0) 23 (64,8) 0,023

Bypass 3 26 (61,9) 16 (38,1) 0,024

Bypass 4 3 (7,1) 0 (0,0) 0,120

Table 4. Number of coronary bypass in revascularisation

Table 5. Comparison of drainage volume (mL)

ONCAB (n=40) OPCAB (n=40) p

1h 111,43±47,74 70,48±49,53 0,0001

2h 183,81±68,24 129,88±80,68 0,001

ONCAB (n=40) OPCAB (n=40) P

AKI 2 (4,8) 0 (0,0) 0,247

Table 6. Comparison of renal status after the surgery.
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grafts, while more grafts often require use of the heart-lung 
machine. As in the other researches it is believed that some of 
the high risk patients are offered incomplete revascularization 
as a safer option for a better long-term survival.

Postoperative data
Patients who underwent OPCABG had a significantly 

lower amount of postoperative drainage, especially in the first 
and second hour after surgery, compared to the ONCABG 
group (p=0.0001 and p=0.001). This led to a smaller amount 
of blood and other derivative transfusions in the OPCABG 
group compared to the ONCABG group.

In the postoperative period, patients who underwent ON-
CABG required a larger number and higher doses of ino-
tropes compared to the OPCABG group (p=0.029).

The incidence of newly onset atrial fibrillation was equal 
in both groups. ONCABG was associated with a higher in-
cidence of ventricular extrasystoles (VES), supraventricular 
extrasystoles (SVES), and ventricular tachycardia (VT) com-
pared to OPCABG (p=0.006).

Acute renal insufficiency was reported in 5% of patients 
in the ONCABG group, while there were no cases of the same 
in the OPCABG group.

Neurological incidents were reported in 8% of cases in the 
ONCABG group (5% cerebrovascular insult and 3% transi-
tory ischaemic attack), while no cases of neurological inci-
dents were noted in the OPCABG group.

Regarding total hospital stay, we have found that 21 out of 
40 patient in ONCABG group were discharged on the 7th to 
14th postoperative day. No patients in this group had shorter 
postoperative hospital stay than 7 days. In the OPCAB group 
17 patients were discharged on the 5th postoperative day, 7 
patients on the 4th postoperative day. The times of discharge 
were greatly shorter in OPCABG group compared to ON-

CABG when comparing patients with similar preoperative 
state.

5.	 DISCUSSION
This study was undertaken to compare the short-term out-

comes of on-pump and off-pump coronary artery bypass 
grafting (CABG) procedures in patients undergoing isolated 
CABG. 80 patients were enrolled, with 40 patients assigned 
to each group, and analyzed patient data, including preop-
erative characteristics, perioperative data, postoperative out-
comes, and complications. In our group, bypass revascular-
ization was needed more for male patients than for female pa-
tients, which was similar as in other studies. The study found 
that OPCABG resulted in a significantly shorter total dura-
tion of surgery compared to ONCABG, which was shown in 
previous studies by Zhang and Pompeu (1, 3). Our patients 
who were at off-pump were extubated from mechanical ven-
tilation in shorter time than patients who were on-pump. The 
patients who were off-pump also required less blood products. 
In our study, significant differences were found in mortality, 
myocardial infarction, newly onset heart rhythm abnormali-
ties and cerebrovascular incidents between the two groups, in 
which patients with off-pump had lower mortality, lower inci-
dence of myocardial infarction and cerebrovascular incidents 
as well. These findings were different to some other research 
studies performed on a larger number of patients like the study 
˝Off-pump versus on-pump coronary artery bypass surgery: 
meta-analysis and meta-regression of 13,524 patients from 
randomized trials ,̋ where they found that there was no dif-
ference in mortality, myocardial infarction, cerebrovascular 
incidents and heart rhythm abnormalities (3, 4, 5). An im-
portant benefit of OPCABG includes a reduction of neurolog-
ical events or stroke, most likely due to minimal or no aortic 
manipulation. We have also found other studies that strongly 
suggest that OPCABG reduces neurological incidents (3, 6). 
In a large meta-analysis study performed by Gaudino and col-
leagues in 2018 showed in numerous researches different per-
centage of conversion from OPCBG to ONCABG between 
from less than 3% to up to more than 10% (12). 

Another study performed by Kowalewski M. and colleagues 
showed the conversion rate from 0% to 22,5% (6). In regards 
to the previously mentioned in our study none of the patients 
required conversion from OPCABG to ONCABG surgery. 
During this research we have also noted that OPCABG pa-
tients have fewer anastomoses, which suggests that OPCABG 
patients receive incomplete myocardial revascularization, due 

Figure 1. Number and doses of inotropes required after surgery

Figure 2. Comparison of neurolgical incidents. Both cardiac arrest (11,9 : 
9,5%) and fibrillation (19,0 : 9,5%) were more present in ONCAB group

Figure 3. Occurence of VF and cardiac arrest
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to it being a safer option for high-risk patients, which agrees 
with other research found (7, 8). Myocardial infarction (MI) 
as a safety predictor, and postoperative complication was ob-
served and in our study and there was no incidence of MI in 
either group. In comparison, the study by Kowalewski M and 
colleagues showed that in 43 trials with a total of 15,733 sub-
jects, no differences were found between OPCAB and CABG 
with respect to MI the event rate was 4.31% for OPCAB and 
4.67% for CABG (6). When comparing all of the available 
data we are led to believe that OPCABG may be more benefi-
cial for high-risk patients, reducing the risk of stroke and im-
proving overall survival (6). 

It is important to note that the study only evaluated short-
term outcomes and did not analyze the long-term outcomes 
of the two procedures. In many centers, off-pump CABG is of-
fered to patients who only require one or two grafts, whereas, 
all else equal, the same patient requiring four or five grafts 
will not be considered for off-pump CABG. It is important to 
say that OPCABG is more challenging than ONCABG, and 
it is very important that OPCABG is done by skilled, experi-
enced and confident surgeon, which contributes to better out-
come and survival. It is doubtless that despite the substantial 
learning curve associated with off-pump CABG in high-risk 
patients are better than of conventional on-pump CABG. 
However, these beneficial outcomes in high-risk patients can 
only be achieved if off-pump is offered to both high and and 
low-risk patients. Ultimately, the choice of surgical technique 
should be based on individual patient factors, including co-
morbidities and surgical risks.

6.	 CONCLUSION
This study adds to the body of literature on the effectiveness 

of on- pump and off-pump CABG procedures. In fact, centers 
with established off-pump training programs have consis-
tently shown that off-pump CABG can be safely and success-
fully taught to trainees without jeopardizing outcomes.
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