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Introduction

Coronary artery bypass grafting (CABG) was first 
performed in the 1960s as the sole method of treatment 
for ischemic heart disease. The first CABG, performed 
by Goetz in 1960,1,2) was an off-pump CABG (OPCAB) 
that did not use cardiopulmonary bypass (CPB). 

OPCAB was chosen because CPB, which was initially 
used for human in 1953, was inadequate. Thereafter, 
with advances in CPB, conventional CABG (CCABG) 
performed with CPB and cardiac arrest became the 
gold standard. Soon after, OPCAB was not used until 
reports from Benetti3) and Buffolo et al.4) in 1985 
brought it back into the spotlight. Because CPB is not 
used, OPCAB is minimally invasive and thus, it is 
expected to reduce the incidence of complications, 
mortality rate, and medical costs involved. Subse-
quently, OPCAB gained worldwide attention, and clin-
ical trials commenced. In Japan, OPCAB was 
performed first on series of patients (Fig. 1), as reported 
by Tashiro et al.,5,6) and following the advent of the 
stabilizer (Fig. 2) in 2000, OPCAB has become a com-
mon practice for CABG in Japan, with approximately 
65% CABG procedures currently being performed 
using OPCAB. This rate is extremely high in contrast 
to the rate of OPCAB performed in Western countries 
(approximately 15%). Thus, we can say that Japan is 
major country of OPCAB.

Purpose: Off-pump coronary arterial bypass grafting (OPCAB) has become a common 
practice for coronary artery bypass grafting (CABG) in Japan, with approximately 65% 
CABG procedures currently being performed using OPCAB. However, it is unclear 
whether OPCAB is superior in terms of associated mortality, incidence of complications, 
graft patency rate, and long-term outcomes compared with conventional CABG (CCABG).
Methods: Literature consideration was performed, mainly based on observational studies 
involving large samples and randomized controlled trials (RCTs).
Results: Many RCTs indicated that the acute-phase and long-term mortality rates were 
comparable between CCABG and OPCAB or that OPCAB was inferior to CCABG. In 
contrast, many observational studies indicated that OPCAB was superior to CCABG.
Conclusion: CABG is a delicate procedure, the outcomes of which vary in accordance 
with the patient’s condition as well as the level of expertise of the associated institution 
and surgeon. In the future, we hope that reports will emerge with excellent results, includ-
ing long-term results, from Japanese institutions experienced in performing OPCAB.
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Advances in CPB have clearly improved cardiac sur-
gery; however, regardless of the constant progress, the 
non-physiological impact of CPB causes tissue damage 
and organ dysfunction.7) In particular, cerebrovascular 
accidents arising in association with CPB are a major 
problem.8,9) However, it is unclear whether OPCAB is 
superior in terms of associated mortality, incidence of 
complications, graft patency rate, and long-term out-
comes compared with CCABG.

The popularization of OPCAB has given rise to sev-
eral questions:

(1) Does OPCAB really reduce hospital morbidity 
and mortality in CABG?

(2) What is the patency and quality of grafts in OPCAB 
compared with that in CABG using CPB?

(3) Is OPCAB reproducible in average surgeon?
Because multiple studies have been performed to 

address these questions, the available evidence should be 
evaluated by cardiac surgeons to examine how OPCAB 
should be performed in clinical practice.

Hospital Morbidity and Mortality

Initial studies were retrospective analyses, particu-
larly those involving large databases, and small obser-
vational studies. These studies indicated that OPCAB 
reduces hospital morbidity and mortality in CABG.10-12) 
Furthermore, mortality and morbidity rates were found 
to be similar to those associated with CCABG.13) There-
after, observational studies involving a large subject 
sample and randomized controlled trials (RCT) initially 
including a small subject sample and low-risk patients 
were commenced. Gerola et al.14) compared the results 
of OPCAB and CCABG in low-risk patients and 
found that although the in-hospital mortality rate 
was lower for OPCAB than for CCABG, it was not 
significantly different. They mentioned reason why 
there is no significant difference between OPCAB and 
CCABG in-hospital mortality are their study did not 
involve patients with three vessel disease and the opera-
tion lasted a short cardiopulmonary bypass time, in the 
mean time of 50 minutes. They also reported no signif-
icant difference regarding the incidence of postopera-
tive complications.

The first RCT, the Randomized On/Off Bypass 
(ROOBY) trial,15) compared 2023 patients who were 
randomly assigned to undergo OPCAB or CCABG. No 
significant difference was observed between the two 
groups in terms of in-hospital mortality, and the results 
revealed inferior postoperative graft patency with 
OPCAB. However, practitioners in the ROOBY trial 
included residents who were unfamiliar with OPCAB, 
which could have resulted in the high rate of CPB con-
version and poor surgical outcomes; thus, there has been 
some criticism that the comparison was biased.16) It is 
argued that OPCAB is a delicate surgical procedure that 
requires considerable expertise and in this respect, it 
appears to have low reproducibility.

Fig. 2  From 2000, revascularization with OPCAB was performed 
to all coronary arteries, including the posterior coronary 
artery. This shift in approach was due to the introduction of 
stabilizers and deep pericardial suture techniques 

Fig. 1  Before 2000, revascularization with OPCAB was performed 
to anterior coronary artery. At that time, the auxiliary support 
only a sponge placed on the back of the heart and two strings 
that blocked and fixed the target coronary artery 
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More than 4700 patients were enrolled in the multi-
center, multinational study by the CABG Off or On-Pump 
Revascularization Study (CORONARY) group, for 
which a report was published in 2012.17) Outcomes of 
OPCAB and CCABG on postoperative day 30 were 
compared. This study showed that although the hospital 
mortality is similar between surgery with and without 
CPB, OPCAB significantly reduced the need for transfu-
sion and reoperation for bleeding in addition to the inci-
dence of acute renal failure and respiratory complications. 
In this RCT study, the 30-day hospital mortality in 
OPCAB and CCABG groups was similar. However, 
morbidity was lower in the OPCAB group.

Murzi et al.18) compared 548 patients who had under-
gone CCAB with 548 patients who had undergone 
OPCAB; the patients were matched using the propensi-
ty-score analysis of 2375 patients who had undergone 
isolated CABG. Compared with CCAB, OPCAB was 
associated with lower in-hospital mortality, incidence of 
stroke, postoperative renal dysfunction, pulmonary com-
plications, and infectious complications.

Furthermore, in a meta-analysis of a large number of 
RCTs, Kowalewski et al.19) concluded the following: 
OPCAB is associated with a significant reduction in the 
odds of cerebral stroke compared with CCABG. In addi-
tion, benefits of OPCAB in terms of death, myocardial 
infarction, and cerebral stroke are significantly related to 
patient risk profile, suggesting that OPCAB should be 
strongly considered in high-risk patients.

A meta-analysis of 37 RCTs (n = 3449) and 22 
risk-adjusted (logistic regression or propensity-score) 
observational studies (n = 293617) was performed by 
Wijeysundera et al.20) The study tabulated several RCTs 
and observational studies comparing OPCAB and 
CCABG, with excellent content. It was found that the 
difference between OPCAB and CCABG was negligible 
in RCTs, whereas OPCAB was found to be considerably 
superior in the observational studies. In RCTs, although 
no significant difference was found regarding mortality, 
OPCAB was found to be significantly superior to 
CCABG for a few items, including atrial fibrillation and 
blood transfusion. In contrast, for all items including 
mortality, stroke, myocardial infarction, and atrial fibril-
lation, OPCAB proved to be superior in observational 
studies. In terms of ethical considerations in RCTs 
because patients who provided consent for both methods 
were included, the subjects tended to be low-risk cases. 
On the other hand, in observational studies, there were 
many severe cases included, which is closer to an actual 

clinical situation and, therefore, gave superior results for 
OPCAB. Furthermore, Puskas et al.21) compared OPCAB 
and CCABG in STS database cases with high STS 
scores, and they found that in high STS score cases 
in-hospital morbidity and mortality was considerably 
lower for OPCAB.

Survival

Many RCTs have found that early mortality rate of 
OPCAB is comparable with that of CCABG. Thus, it 
would be interesting to determine whether long-term 
survival differs between OPCAB and CCABG.

Angelini et al.22) studied 401 patients from two sepa-
rate RCT for a period of up to 6 and 8 years. There were 
no differences between the OPCAB and CCABG groups 
in terms of survival, survival free from major adverse car-
diac events (MACEs, including myocardial infarction, 
angina recurrence, and need for revascularization), sur-
vival free from death or MACEs, graft patency, and qual-
ity of life. Similar results were reported by Hueb et al. in 
the MASS III trial.23) In the SMART trial, Puskas et al.24) 
observed patients for 5 years postoperatively to compare 
long-term outcomes, and they reported that survival was 
considerably better for OPCAB than for CCABG.

Studies of the ROOBY and CORONARY groups 
which are RCTs with large subject samples have also 
drawn attention.

Among the largest trials are the ROOBY15) trial, which 
included 2203 patients from the veterans affairs medical 
system, and the CORONARY trial,25) which included 
4752 patients. They provided divergent results. In the 
ROOBY trial,15) the 30-day observation results were 
comparable, whereas the results of the 1-year observa-
tions revealed that survival and cardiac mortality rates of 
OPCAB were inferior to that of CCABG. However, the 
ROOBY trial included non-expert results, the trial was 
criticized because the reported 12.4% rate of intraopera-
tive conversion from planned OPCAB to on-pump 
CABG was five times that reported in the national data-
base of the Society of Thoracic Surgeons.16) In the COR-
ONARY trial, at the 1-year observation, the mortality 
rate and incidence of myocardial infarction, angina, and 
repeat revascularization were comparable. Thus, it was 
concluded that long-term outcomes of OPCAB and 
CCABG were comparable. Furthermore, the 5-year 
long-term observation test from the CORONARY trial 
subsequently announced that results for OPCAB and 
CCABG were comparable.26) The results differed 
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between the two trials, as the CABG experts performed 
the CORONARY trial, while the ROOBY trial included 
non-expert results. Moreover, this resulted in a major 
discrepancy in intraoperative conversion rates from 
planned OPCAB to CCABG of 7.9% and 12.4%, 
respectively. Because OPCAB is a surgical procedure 
that requires expert skill, benefits of the procedure 
begin to appear when it is performed by a surgeon with 
such skills.

In an observational study with a large subject sam-
ple, Dalen et al.27) compared 50676 patients who had 
undergone primary isolated non-emergent CABG in 
Sweden between 1998 and 2008 (3337 patients who 
had undergone OPCAB and 47339 patients who had 
undergone CCABG). The 10-year survival rate and 
incidence of re-hospitalization for myocardial infarc-
tion, heart failure, or stroke were similar between off-
pump and on-pump CABG. Murzi et al.18) compared 
patients who had undergone isolated CABG (1297 
patients who had undergone OPCAB and 1078 patients 
who had undergone CCAB) and found that the 1-, 5-, 
and 10-year survival rates were similar for OPCAB and 
CCABG groups. Kirmani et al.28) conducted follow-up 
observation for a median of 7.0 years for 8055 patients. 
They included 2082 patients by propensity matching, 
and upon comparing the CCABG and OPCAB groups, 
they reported that survival rates between the groups 
were comparable.

Quality of Surgery: Complete Revascularization 
and Graft Patency

Factors used to determine the quality of CABG 
include complete myocardial revascularization achieved 
at the necessary site as well as short- and long-term post-
operative graft patency. Therefore, complete myocardial 
revascularization is an important factor for determining 
long-term outcomes.

Incomplete revascularization at coronary artery bypass 
grafting compromises patient outcomes. In 1981, Buda et 
al.29) reported a 5-year survival of 69% vs 84% in patients 
with incomplete revascularization vs in those with com-
plete revascularization. Scott et al.30) reported that incom-
plete revascularization was an independent risk factor for 
late mortality with a 20-year survival of 42%–44% in 
patients with incomplete revascularization compared with 
that of 75% in those with complete revascularization. In 
recent studies, in elderly patients, incomplete revascular-
ization does not affect long-term survival.31) This indicates 

that incomplete revascularization could be permitted for 
many elderly patients who undergo OPCAB.

OPCAB requires expert skill in revascularization of 
the coronary artery on the posterior surface of the heart. 
Therefore, at institutions with inexperienced surgeons, 
such revascularization can be inadequate, and OPCAB 
tends to be selected for patients who require revascular-
ization only on the anterior surface of the heart. As a 
result, reports can be found indicating that in OPCAB, 
few coronary anastomoses are performed.18,22,28,33) With 
respect to postoperative graft patency, several reports 
indicate that patency is inferior in OPCAB; thus, com-
pared with CCABG, OPCAB is associated with a higher 
rate of long-term events because of incomplete revascu-
larization and graft occlusion.23,32,33,34) In recent years, 
reports have emerged indicating that at institutions with 
surgeons experienced in OPCAB, long-term outcomes 
for graft patency in OPCAB are comparable with those 
in CCABG.25,35-39) Thus, the quality of OPCAB can only 
be maintained when performed by an expert surgeon and 
at an experienced institution.

OPCAB in High-Risk Patients

The proportion of elderly people in Japan has 
increased considerably over recent decades, it is 
assumed that an increasing number of elderly patients 
will become a candidate for CABG. Most of these 
patients have significant comorbidities; thus, coronary 
revascularization is associated with an increased risk of 
death and overall postoperative morbidity, compromis-
ing the length of hospital stay and medical bills required. 
The past decade heralded improvements in surgical, 
anesthetic, and perfusion procedures. This progress led 
to CABG being regarded as a safe option for treatment 
of this high-risk group.40)

In a meta-analysis of patients aged ≥70 years,41) it was 
concluded that OPCAB may be associated with a lower 
incidence of death, stroke, and AF in elderly individuals, 
which may result in a shorter length of hospital stay. This 
meta-analysis has confirmed that the elderly benefit 
more from OPCAB surgery.

Two recent RCTs42,43) in which the effect of surgery 
with or without CPB was compared in patients aged >75 
years showed no significant difference in-hospital mor-
tality and survival at 6 months and 1 year.

For RCT involving high-risk patients in whom 
OPCAB was expected to be more effective, Lemma 
et al.44) included 411 patients with a EuroScore of >6 
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(195 patients who had undergone CCABG and 216 
patients who had undergone OPCAB). Therefore, the 
rate of composite primary end point (operative mortal-
ity, myocardial infarction, stroke, renal failure, reoper-
ation for bleeding, and adult respiratory distress 
syndrome within 30 days postoperatively) was signifi-
cantly lower in the OPCAB group than in the CCABG 
group (5.8% vs 13.3%).

Møller et al.45) conducted RCT of high-risk patients 
with a EuroScore of ≥5 and reported no difference in 
rates of complications and mortality between OPCAB 
and CCABG groups during the 30-day postoperative 
observation.

Observational studies of high-risk patients using 
EuroScores revealed no difference in the 1- and 5-year 
survival rates; however, the incidence of stroke was 
lower for OPCAB.46)

Cavallaro et al.47) compared 83914 patients who had 
undergone CABG depending on whether they under-
went OPCAB or CCABG. Among the high-risk patients 
(≥85 years, COPD, renal failure, peripheral artery dis-
ease, and aortic atherosclerosis), although there was no 
difference in the incidence of early death, the incidence 
of stroke was predominantly lower in those who had 
undergone OPCAB.

Although there have been no RCTs that have included 
dialysis patients with end-stage renal disease, which is a 
high-risk factor for CABG, several observational studies 
including such patients have been reported.48-52) Many 
reports have indicated that OPCAB is superior with 
respect to the rate of acute-phase death and incidence of 
acute-phase complications. Regarding long-term sur-
vival, it has been reported that OPCAB is comparable or 
inferior in the event of incomplete revascularization. 
Because both of these reports included a small subject 
sample, we hope that studies involving more subjects 
will be performed in the future.

The effect of OPCAB has also been examined in 
patients with chronic kidney disease, who are not dialy-
sis-dependent. Lim et al.53) conducted a meta-analysis on 
nine observational studies and one RCT that included 
patients with non-dialysis-dependent renal dysfunction 
undergoing CABG (1850 patients who had undergone 
on-pump CABG and 1183 patients who had undergone 
OPCAB). They reported that OPCAB was much more 
beneficial than conventional surgery in preventing the 
development of acute renal failure (OR 0.55; P = 0.01) 
and early mortality was lower following OPCAB (OR 
0.62; P = 0.04). Chawla et al.54) examined 742909 

patients (584348 patients who had undergone on-pump 
CABG and 158561 patients who had undergone OPCAB) 
from the Society of Thoracic Surgery Database. They 
reported that in-hospital mortality and renal replacement 
therapy rates were lower with OPCAB than with CCABG 
in patients with renal failure.

Puskas et al.21) conducted an observational study using 
STS database, and for severe cases, which are defined as 
patients having a risk of mortality of ≥5% as calculated 
using the STS score, they found that compared with 
CCABG, OPCAB was associated with significantly 
reduced in-hospital morbidity and mortality.

In a comparative study of high-risk patients, RCTs 
revealed no significant difference between CCABG and 
OPCAB because the subject sample included relatively 
mild cases for ethical reasons, and the participation of 
surgeons who were inexperienced in OPCAB meant that 
the quality of OPCAB cannot be ensured in many 
instances. For these reasons, RCT results for OPCAB 
and CCABG were comparable or those for OPCAB were 
inferior. On the other hand, in the observational studies, 
as more severe cases were included in the comparison, 
the results revealed that OPCAB was remarkably effec-
tive as well as superior to CCABG.

Conclusions

CABG is a delicate procedure, the outcomes of which 
vary in accordance with the patient’s condition as well as 
the level of expertise of the associated institution and 
surgeon. For example, even if the surgery is completed 
safely, if postoperative imaging shows that graft patency 
has not been achieved, the effect of the surgery is conse-
quently extremely poor. For CCABG performed for car-
diac arrest using an artificial heart–lung machine, 
short- and long-term postoperative patency can also be a 
problem. In OPCAB, it is suggested that the greater tech-
nical expertise required makes the reproducibility of 
OPCAB difficult.

RCT is a means for examining the validity of a treat-
ment method under general clinical conditions and pro-
duce many significant results that contribute to the 
creation of guidelines. However, RCTs can include 
biased factors, such as limiting the subject sample to 
mild cases who meet the ethical requirement and the par-
ticipation of institutions and surgeons who are inexperi-
enced in the procedure. Many reports of RCTs indicate 
that the acute-phase and long-term mortality rates were 
comparable between CCABG and OPCAB or that 
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OPCAB was inferior to CCABG. In contrast, many 
reports of observational studies indicated that OPCAB 
was superior. The difficulty of reproducing OPCAB is 
reflected in these results.

In Japan, 65% of CABG procedures are performed 
using OPCAB, and there are some institutions in which 
this figure is close to 100%. In the future, we hope that 
reports will emerge with excellent results, including 
long-term results, from such institutions experienced in 
OPCAB.
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