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Abstract
Objective The Japanese Off-Pump Coronary Revascularization Investigation (JOCRI) study reported a non-significant dif-
ference in early outcomes and graft patency between off-pump coronary artery bypass grafting and on-pump coronary artery 
bypass grafting in 2005. The JOCRIED study aimed to review the long-term outcomes of the JOCRI study participants.
Method and results The JOCRIED study enrolled 123 of the JOCRI study participants completing the clinical follow-up 
between August 2018 and August 2020; 61 patients in the off-pump group and 62 patients in the on-pump group. The follow-
up period was 13.8 ± 2.8 years. The groups were compared regarding mortality, the incidence of major adverse cardiac and 
cerebrovascular events and repeat revascularisation. The 15-year cumulative survival rate (off-pump vs on-pump, respectively; 
77.7% vs 75.3%; p = 0.85), major adverse events-free survival rate (62.5% vs 55.6%; p = 0.27) and repeat revascularisation-
free rate (84.8% vs 78.0%; p = 0.16) were not significantly different between the two groups. Revascularisation was the most 
common major adverse events in the JOCRIED participants. Although percutaneous coronary intervention was performed 
in 8 patients (13%) in the off-pump group and in 14 patients (23%) in the on-pump group (p = 0.23), no patients underwent 
redo coronary artery bypass grafting.
Conclusions Off-pump coronary artery bypass grafting provides comparable 15-year outcomes to on-pump coronary artery 
bypass grafting.

Keywords JOCRI · JOCRIED · Multiple arterial conduits · Coronary artery bypass grafting · Off-pump

Introduction

Off-pump coronary artery bypass (OPCAB) was developed 
to address the hypothesis that avoiding cardiopulmonary 
bypass in OPCAB contributes to decreased perioperative 
mortality and morbidity, including stroke, compared with 
on-pump coronary artery bypass (ONCAB). However, sev-
eral studies failed to show that OPCAB had benefits regard-
ing early outcomes compared with ONCAB [1]. In addition, 
the long-term outcomes of OPCAB versus ONCAB are still 
under debate, as reported in two large randomised controlled 
trials. The coronary artery bypass grafting (CABG) Off or 
On Pump Revascularization study (CORONARY) showed 
comparable 5-year results between the two techniques [2], 
whereas the Randomised On/Off Bypass (ROOBY) trial 
reported increased 5-year mortality with OPCAB [3]. There-
fore, the benefits of avoiding cardiopulmonary bypass may 
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be overwhelmed by the increased technical complexity of 
OPCAB regarding early and long-term outcomes. In con-
trast, the Japanese Off-Pump Coronary Revascularization 
Investigation (JOCRI) study, which was a two-armed ran-
domised multicentre trial, reported a non-significant differ-
ence in early outcomes and graft patency between OPCAB 
and ONCAB [4]. Surgery by expert surgeons and using 
multiple arterial conduits in the JOCRI study might have 
contributed to overcoming technical complexity in OPCAB. 
However, the long-term outcomes of the JOCRI study are 
unclear. The current study, the JOCRIED study, aimed to 
review the long-term outcomes of the JOCRI study partici-
pants and to verify the rationale for OPCAB using multiple 
arterial conduits.

Methods

Study cohort and data collection

The JOCRI study was a two-armed randomised multicen-
tre trial conducted at five institutions (National Cerebral 
and Cardiovascular Center, Fukuoka University, Kanazawa 
University, Kyoto Prefectural Med University and Nippon 
Med School) in Japan between 2002 and 2004, with patients 
randomised equally to an OPCAB or ONCAB group [4]. 
The protocol and results of the JOCRI study have been pub-
lished. Briefly, the inclusion criteria in the JOCRI study 
were isolated, double- or triple-vessel disease and first-
time CABG. All CABG procedures were performed by a 
single experienced surgeon who had performed more than 
200 OPCABs before the JOCRI study, in each hospital. The 
study’s exclusion criteria were age > 70 years, severe ascend-
ing aortic calcification on computed tomography, carotid 
arterial stenosis > 75%, acute Q-wave myocardial infarction 
necessitating emergency operation, left ventricular ejection 
fraction < 30%, serum creatinine level > 2.0 mg/dL, liver 
cirrhosis, chronic obstructive pulmonary disease requiring 
a bronchodilator or steroid, pulmonary hypertension with 
a mean pulmonary artery pressure > 25 mmHg or another 
comorbidity that is not appropriate for cardiopulmonary 
bypass (CPB), such as anomalous coagulation, cancer or 
an inability to provide written informed consent. All cases 
underwent surgery via a median sternotomy. OPCAB was 
performed using a stabiliser device under systemic heparin-
isation. ONCAB was performed under full cardiopulmo-
nary bypass with mild hypothermia and under direct cross 
clamping of the ascending aorta and induced cardiac arrest. 
Postoperatively, aspirin 100 mg daily was prescribed for life 
unless the drug was not indicated. Baseline characteristics, 
surgical data and the early clinical outcomes of the enrolled 
167 patients in the JOCRI study were stored as a preserved 
data sheet in an outside data centre.

The JOCRIED study enrolled 123 of the JOCRI study 
participants completing the clinical follow-up between 
August 2018 and August 2020. Data were collected from 
the medical records at the five participating institutions and 
from referral letters, which were further supplemented by 
telephone interviews with patients under the care of distant 
physicians. There were 61 patients in the OPCAB group and 
62 patients in the ONCAB group. The follow-up period was 
13.8 ± 2.8 years. The remaining 44 patients in the JOCRI 
trial were those who were not contactable between August 
2018 and August 2020 by telephone or at the contact address 
or those who were not recorded as deceased by August 2020. 
Backgrounds, characteristics, operative procedure, early 
outcomes and the study institutes of these 44 patients were 
not significantly different from those of the JOCRIED study 
participants. Preoperatively, all patients or their legal repre-
sentatives provided written informed consent for surgery and 
the use of their data for diagnostic and research purposes. 
This study was approved by National Cerebral and Cardio-
vascular Center review board (Approval Number: M30-024).

Study outcomes

The two groups were compared regarding mortality and 
the incidence of major adverse cardiac and cerebrovascular 
events (MACCE), namely all-cause mortality, myocardial 
infarction (MI), cerebrovascular accidents and repeat revas-
cularisation. Cerebrovascular accident was defined as a new 
neurological deficiency evidenced by clinical signs lasting 
more than 24 h or evidence on computed tomography or 
magnetic resonance imaging of a recent brain infarct. Repeat 
revascularisation was defined as coronary bypass surgery or 
percutaneous coronary intervention (PCI) performed after 
the JOCRI trial.

Indications for coronary intervention post‑OPCAB 
or ‑ONCAB bypass grafting

The indications and procedures for coronary intervention 
post-OPCAB or -ONCAB were determined by heart team 
discussions at each institute. Coronary intervention was 
indicated in cases having (1) acute coronary syndrome 
with significant stenosis or occlusion of the culprit arter-
ies and/or the bypassed conduits, or (2) angina symptoms 
and/or evidence of myocardial ischaemia with signifi-
cant stenosis or occlusion of the major branches of the 
native coronary artery or the grafted conduits. Myocar-
dial ischaemia was diagnosed by stress myocardial scin-
tigraphy and/or by fractional flow reserve under coronary 
angiography. CABG was selected in cases with multiple 
complex lesions; otherwise, PCI was selected for coronary 
intervention post-OPCAB or -ONCAB. The procedural 
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details of the PCI were determined by the interventional 
cardiology team at each institute.

Statistical analyses

Continuous variables were summarised as medians and 
interquartile ranges. Between-group differences were 
assessed using the Wilcoxon rank sum test. Categorical 
and ordinal variables were summarised as numbers and 
percentages (%), and between-group differences were 
assessed using the chi-square test. The cumulative prob-
ability of freedom from death was computed using the 
Kaplan–Meier method. A Cox proportional hazards model 
was used to assess the hazard of freedom from mortality, 
MACCE and repeat revascularisation in patients undergo-
ing OPCAB versus ONCAB grafting. In the Cox propor-
tional analysis, missing data were imputed with the mul-
tiple imputation method using the “aregImpute” function 
in the rms package in R (The R Foundation for Statistical 
Computing, Vienna, Austria). All statistical analyses were 
performed with a two-sided significance level of 5% using 
R 3.6.0.

Results

Patients’ characteristics and operative data

The patients’ backgrounds and characteristics were not sig-
nificantly different between the OPCAB and the ONCAB 
groups (Table 1). The majority of cases had triple-vessel 
disease, and half of the cases had diabetes mellitus in both 
groups. Operation time was significantly shorter in the 
OPCAB group than that in the ONCAB group (Table 2), and 
no cases required intraoperative conversion from OPCAB to 
ONCAB or from ONCAB to OPCAB. Bypass grafting was 
performed in all major branches with proximal significant 
stenosis to achieve complete revascularisation in all cases. 
Direct anastomosis of the conduit to the ascending aorta was 
avoided in 52 (85%) cases in the OPCAB group and in 51 
(84%) cases in the ONCAB group.

There was no significant difference in the conduit selec-
tion or the graft design between the two groups. Complete 
myocardial revascularisation was achieved in 56 patients 
(95%) in the OPCAB group and in 54 (96%) patients in the 
ONCAB group. The left internal thoracic artery (LITA) was 
used in all cases apart from one case whose LITA was dis-
sected, while bilateral ITAs were used in 83 cases (72%). 
The radial artery was used in 89 cases (72%), the right gas-
troepiploic artery was used in 25 cases (20.3%) and a saphe-
nous vein graft was used in 17 cases (13.8%).

Long‑term outcomes

Death (all-cause mortality) occurred in 13 cases (21%) in 
the OPCAB group and in 14 cases (23%) in the ONCAB 
group (Table 3). Of these cases, there were four cardiac 
mortalities, which resulted from congestive heart failure 
in two cases in the OPCAB group and in one case in the 
ONCAB group, and acute MI-related multiorgan failure in 
one case in the ONCAB group. The 5-year cumulative sur-
vival rate was 98.4% in the OPCAB group and 93.5% in the 
ONCAB group, while the 15-year cumulative survival rate 
was 77.7% in the OPCAB group and 75.3% in the ONCAB 
group (Fig. 1a). In addition, the 5-year MACCE-free sur-
vival rate was 96.7% in the OPCAB group and 83.9% in 
the ONCAB group, while the 15-year MACCE-free sur-
vival rate was 62.5% in the OPCAB group and 55.6% in 
the ONCAB group (Fig. 1b). The long-term outcomes for 
mortality (hazard ratio, 0.793; 95% confidence interval (CI), 
0.394–1.595; p = 0.516), MACCE risk (hazard ratio, 0.751; 
95% CI 0.457–1.235; p = 0.259) and revascularisation rate 
(hazard ratio, 0.723; 95% CI 0.436–1.200; p = 0.21) were 
not significantly different between the two groups (Table 4).

Coronary intervention post‑CABG

Revascularisation was the most common MACCE in the 
JOCRIED participants. The evaluation of graft patency by 
coronary angiography or coronary computed tomography 

Table 1  Patients’ background and characteristics (2002–2004)

CCS Canadian cardiovascular society functional classification, LVEF 
left ventricular ejection fraction, MI myocardial infarction, NYHA 
New York heart association, ONCAB on-pump coronary artery 
bypass grafting, OPCAB off-pump coronary artery bypass grafting, 
PCI percutaneous intervention
Values are mean ± standard deviation or frequency (percent)

Variable OPCAB ONCAB P value

Number of patients 61 62
Age, y 60 ± 6 58 ± 7 0.31
Male 52 (85) 56 (90) 0.42
Coronary disease
 Triple-vessel 45 (74) 44 (71) 0.84
 Double-vessel 16 (26) 18 (29)

NYHA I or II 55 (90) 56 (90) 0.65
CCS class I or II 45 (74) 47 (76) 0.42
History of MI 30 (49) 27 (43) 0.59
History of PCI 16 (26) 10 (16) 0.19
LVEF 55 ± 14 53 ± 13 0.44
Smoking 34 (56) 42 (68) 0.19
Diabetes mellitus 29 (48) 34 (55) 0.47
Hyperlipidaemia 40 (66) 46 (74) 0.33
Hypertension 43 (71) 40 (65) 0.57
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was performed in 28 (48%) of the OPCAB patients and in 
28 (49%) of the ONCAB patients. Complete graft patency 
was confirmed in 18 (64%) of the OPCAB patients and in 19 
(68%) of the ONCAB patients. While PCI was performed in 
8 cases (13%) in the OPCAB group and in 14 cases (23%) 
in the ONCAB group (p = 0.23), no cases underwent redo 
CABG. PCI was performed for acute coronary syndrome 
in four cases (7%) in the OPCAB group and in seven cases 
(11%) in the ONCAB group (p = 0.53). The remaining four 
cases in the OPCAB group and seven cases in the ONCAB 
group underwent PCI for angina symptoms and/or evidence 
of myocardial ischaemia. The 15-year revascularisation-
free rate was 84.8% in the OPCAB group and 78.0% in the 
ONCAB group (Fig. 1c).

Eight cases in the OPCAB group underwent PCI for 10 
regions, namely two regions in the left circumflex territory, 

five regions in the right coronary artery territory and three 
unrecorded regions. Fourteen cases in the ONCAB group 
underwent PCI for 16 regions, namely 1 region in the left 
main, 1 region in the left anterior descending territory, 6 
regions in the left circumflex territory, 5 regions in the right 
coronary artery territory and 3 unrecorded regions. Revas-
cularisation was successfully achieved in all cases, with 
improvement in symptoms and/or myocardial ischaemia. 
No cases experienced major adverse events or underwent 
repeat PCI after the primary PCI post-OPCAB or -ONCAB.

Discussion

The JOCRIED study revealed the very long-term outcomes 
of OPCAB versus ONCAB; participant enrolment in the 
JOCRI study was complete in 2004. There was no signifi-
cant difference in long-term outcomes between the OPCAB 
group and the ONCAB group in the JOCRIED study. This 
core outcome was consistent with previous reports that 
included a larger number of participants with a shorter fol-
low-up than that in the JOCRIED study. In contrast, several 
reports showed that OPCAB lead to inferior long-term out-
comes compared with ONCAB [5, 6]. Success following 
OPCAB in the JOCRI study and the JOCRIED study may 
be attributed to surgery performed by expert surgeons and 
using multiple arterial conduits.

Table 2  Characteristics of undergoing OPCAB versus ONCAB

CPB cardiopulmonary bypass, GEA gastroepiploic artery, LITA left 
internal thoracic artery, ONCAB on-pump coronary artery bypass 
grafting, OPCAB off-pump coronary artery bypass grafting, RITA 
right internal thoracic artery
Values are mean ± standard deviation or frequency (percent)

Variable OPCAB ONCAB P value

Operation time 274 ± 64 310 ± 56  < 0.01
CPB time NA 86 ± 29
Arrest induced NA 59 (95)
Arrest time NA 59 ± 23
Switch to on-pump 0
Graft completeness 56 (95) 54 (96) 1.00
Graft
 LITA 61 (100) 61 (98) 1
 RITA 40 (65) 49 (79) 0.11
 Radial artery 42 (69) 47 (76) 0.42
 GEA 15 (25) 10 (16) 0.27
 Vein graft 12 (20) 5 (8) 0.07

Distal anastomosis, n 3.7 ± 1.0 3.5 ± 0.9 0.29
Arterial grafts anastomosis, n 3.3 ± 1.0 3.4 ± 0.9 0.807
Distal anastomosis
 1 1 (2) 0 (0) 0.8
 2 6 (10) 8 (12)
 3 17 (28) 22 (36)
 4 24 (39) 22 (36)
  ≥ 5 13 (21) 10 (16)

Aorta no-touch 52 (85) NA
Aortic anastomosis 9 (15) 10 (16) 1
Number of anastomosis by each graft 0.65
 Arterial graft 215 211
 ITA 88 (41) 94 (44)
 Radial artery 101 (47) 105 (49)
 GEA 26 (22) 12 (7)
 Vein grafts 19 7

Table 3  Long-term clinical outcomes

CABG coronary artery bypass grafting, ONCAB on-pump coronary 
artery bypass grafting, OPCAB off-pump coronary artery bypass 
grafting, PCI percutaneous coronary intervention
Values are the number or number (percent)

Variable OPCAB ONCAB P value

Mortality 13 (21) 14 (23) 1
Cardiac mortality 2 (3) 2 (3) 1
Heart failure 2 1
Acute myocardial infarction 0 1
Non-cardiac mortality 11 (18) 12 (19) 1
Pneumonia 1 2
Neurological disease 2 1
Cancer 5 3
High age 0 1
Unknown 3 5
Congestive heart failure 2 (3) 2 (3) 1.00
Cerebrovascular accident 1 (1) 2 (3) 1.00
Repeat revascularisation 8 (13) 14 (23) 0.23
CABG 0 0 1
PCI 8 (13) 14 (23) 0.23
Cerebral bleeding 3 (5) 2 (3) 0.68
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Technical complexity in OPCAB is represented by 
anastomotic site deployment, conduit length adjustment 
and by anastomosis itself [7]. However, these aspects can 
be appropriately addressed by expert surgeons [8]. Several 
previous studies reported that a less-experienced surgeon, 
incomplete revascularisation and conversion to ONCAB 

were associated with higher mortality than mortality after 
procedures without these factors [3, 6]. In addition, using 
arterial conduits makes conduit length adjustment easy 
compared with using venous grafts, and arterial conduits 
are less likely to kink than venous grafts. Moreover, insta-
bility in the anastomosis may result in fewer technical 

Fig. 1  Long-term cumulative 
probability of survival (a), 
major adverse cardiac and cer-
ebrovascular events-free rate (b) 
and revascularisation-free rate 
(c) in the OPCAB and ONCAB 
groups. OPCAB off-pump 
coronary artery bypass, ONCAB 
on-pump coronary artery bypass
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errors with arterial conduits than those with venous grafts 
early and long term.

In addition to the core outcomes, the JOCRIED study 
provides several important implications in the contem-
porary performance of CABG. First, survival rates and 
MACCE-free survival rates post-CABG using multiple 
arterial conduits were revealed in this study. The 15-year 
survival and the 15-year MACCE-free survival were > 75% 
and > 60%, respectively, in the JOCRIED study, which 
were comparable or even better to those in other studies 
reporting > 15 year outcomes post-CABG [9–12]. Sec-
ond, no cases with multiple regional ischaemia required 
redo CABG in the JOCRIED study. Additionally, only 
two cases required PCI for the left main or left anterior 
descending territory in this study. More importantly, only 
one case died because of acute MI. Again, using multiple 
arterial conduits possibly contributed to avoiding severe 
or lethal ischaemic regions [11, 12].

The limitation of this study is the small size of the study 
cohort, which resulted from incomplete follow-up of the 
JOCRI participants. The original JOCRI trial was the oldest 
randomised clinical trial of OPCAB versus ONCABG, and 
the study was completed in September 2004. However, the 
backgrounds, characteristics and surgical procedures of the 
cases who were not enrolled in the JOCRIED study were not 
significantly different from those of the JOCRIED study par-
ticipants. Moreover, because we performed an analysis that 
complemented the missing values, the effect of incomplete 
follow-up was minimal. Additionally, the study limitations 
of the JOCRIED study are similar to those of the JOCRI 
study, in which cases ≥ 70 years of age and cases with left 
ventricular ejection fraction < 30% were excluded.

The clinical goals of OPCAB are (1) quick recovery from 
surgery for low-risk CABG candidates, (2) avoiding postop-
erative complications for high-risk CABG candidates and (3) 
minimising medical costs. Previously published randomised 
clinical studies of OPCAB versus ONCAB, including the 
JOCRI and JOCRIED studies, enrolled low-risk CABG can-
didates. As a result, early- and long-term outcomes were 
comparable between OPCAB and ONCAB. Thus, high-risk 
CABG candidates would benefit more from OPCAB, which 
has been shown to reduce postoperative complications in 

high-risk cases, such as those with chronic kidney disease 
or cerebral infarction [7, 13, 14].

In conclusion, OPCAB provided comparable 15-year out-
comes to those with ONCAB in low-risk patients. Surgery 
by expert surgeons and using multiple arterial conduits are 
keys to success in OPCAB. OPCAB is warranted for high-
risk CABG candidates.
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