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Abstract

OBJECTIVES: The very long-term mortality of off-pump and on-pump coronary artery bypass grafting (CABG) versus percutaneous coron-
ary intervention (PCI) in a randomized complex coronary artery disease population is unknown. This study aims to investigate the impact
of on-pump and off-pump CABG versus PCI on 10-year all-cause mortality.

METHODS: The SYNTAX trial randomized 1800 patients with three-vessel and/or left main coronary artery disease to PCI or CABG and
assessed their survival at 10 years. In this sub-study, the hazard of mortality over 10 years was compared according to the technique of
revascularization: on-pump CABG (n = 725), off-pump CABG (n = 128) and PCI (n = 903).

RESULTS: There was substantial inter-site variation in the use of off-pump CABG despite baseline characteristics being largely homogeneous
among the 3 groups. The crude rate of mortality was significantly lower following on-pump CABG versus PCI [25.6% vs 28.4%, hazard ratio (HR)
0.79, 95% confidence interval (CI) 0.65–0.96], while it was comparable between off-pump CABG and PCI (28.5% vs 28.4%, HR 0.98, 95% CI
0.69–1.40). After adjusting for the 9 variables included in the SYNTAX score II 2020, 10-year mortality remained significantly lower with
on-pump CABG than PCI (HR 0.75 against PCI, P = 0.009).

CONCLUSIONS: In the SYNTAXES trial, 10-year mortality adjusted for major confounders was significantly lower following on-pump
CABG compared to PCI. There was no evidence for unadjusted difference between off-pump CABG and PCI, although the unadjusted
estimated HR had a wide CI. Site heterogeneity in the technique used in bypass surgery has had measurable effects on treatment
performance.

Keywords: Coronary artery bypass grafting • Revascularization • Complex coronary artery disease • Percutaneous coronary intervention •
Ten-year mortality

ABBREVIATIONS

3VD Three-vessel disease
CABG Coronary artery bypass grafting
CAD Coronary artery disease
CI Confidence interval
CPB Cardiopulmonary bypass
HR Hazard ratio
IMA Internal mammary artery
IPTW Inverse probability of treatment weight
PCI Percutaneous coronary intervention

INTRODUCTION

For 30 years, the risks and benefits of the off-pump versus on-pump
approach to coronary artery bypass grafting (CABG) surgery have
been debated extensively [1]. CABG using cardiopulmonary bypass
(CPB) (on-pump) is both a safe and effective way to revascularize
complex coronary artery disease (CAD); however, it is associated
with a higher incidence of perioperative complications, and in an
effort to address this, CABG without using CPB (off-pump) was
introduced into daily practice widely. The systematic meta-analysis
from randomized control trial showed that the incidence of the
major adverse cardiac and cerebrovascular events did not differ
with or without CPB for the longest available follow-up, while on-
pump surgery was associated with an increased occurrence of
stroke, renal impairment and mediastinitis. The incidence of
mid-term graft failure and the need for repeat revascularization was
increased after off-pump surgery [2].

A meta-analysis including 20 627 patients showed a higher risk
of mortality in off-pump versus on-pump CABG [3], with the
main reasons lower rates of complete revascularization and
reduced graft patency, mainly when off-pump surgery is
performed by surgeons with limited experience [4–6].

Randomized controlled trials and large observational studies
focusing on three-vessel disease (3VD) have uniformly demon-
strated that CABG is associated with significantly lower mortality
than percutaneous coronary intervention (PCI) [7, 8]. The

SYNTAXES trial, aiming for extended follow-up of the SYNTAX
trial population from 5 to 10 years, showed no significant differ-
ence in all-cause death between PCI and CABG at 10 years, while
CABG provided a significant survival benefit in patients with 3VD
[9, 10]. However, the specific implications of off-pump versus on-
pump surgery relative to PCI are still to be determined. Thus, we
focused on the impact of on-pump and off-pump CABG versus
PCI on very long-term all-cause mortality.

METHODS

Ethical statement

In the main trial, written informed consent was taken by each
participating centre and the study was approved by the
institutional review board (MEC-2016-716).

Study design

The design and the primary results of the SYNTAX study have
been reported previously [9, 10]. Briefly, all-comer patients with
de novo 3VD and/or left main CAD were enrolled and random-
ized to either CABG (n = 897) or PCI (n = 903) with paclitaxel-
eluting stent (TAXUS, Boston Scientific, Marlborough, MA, USA).
The SYNTAXES study (NCT03417050) was an investigator-driven
extended follow-up which aimed to evaluate vital status at up to
10 years.

All the baseline, periprocedural and post-procedural charac-
teristics were extracted from the electronic clinical report form.
For the purposes of these analyses, the 3 comparator revasculari-
zation groups in this patient cohort were on-pump CABG, off-
pump CABG and PCI, as per the intention to treat. Each group’s
cumulative mortality of up to 10 years was analysed with and
without adjustment for baseline characteristics. Notably, since
the procedural technique was left to the operator’s discretion,
significant inter-institutional and regional disparities in the pres-
ence and absence of a pump during CABG were expected. Sites
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were grouped by country and using the United Nations geo-
scheme for regions to help assess the heterogeneous use of on-
and off-pump CABG [11].

Study end points

The primary end point was time to all-cause death over 10 years.
Vital status was confirmed by contact with medical personnel,
electronic healthcare record review or municipal survival record.

Statistical analysis

For descriptive summaries, categorical variables are expressed as
numbers and percentages, and continuous variables are median
[1st and 3rd interquartile range]. To compare the specific 2
groups to be focused on, unpaired t-tests for continuous varia-
bles and Fisher’s exact test or chi-square test for categorical varia-
bles. A 95% confidence interval (CI) of odds ratio for the
categorical values or that of mean differences between groups
for continuous values was presented.

The Kaplan–Meier estimator was used to assess unadjusted
and adjusted time to 10-year mortality. The treatment effect of
on-pump and off-pump CABG against PCI is presented as a haz-
ard ratio (HR) with a 95% CI. After presenting crude data, the in-
verse probability of treatment weight (IPTW) adjustment based
on the 9 baseline factors included in SYNTAX score II 2020 was
done for the comparison between on-pump CABG versus PCI
[12, 13]. Those who have missing value(s) concerning 9 factors
were removed from IPTW adjustment. The detailed methods are
described in the Supplementary Material. IPTW adjustment was
confirmed by the sensitivity analysis described also in the
Supplementary Material. We did not perform the same adjust-
ment analysis for off-pump CABG versus PCI because of the
instability of the model from a statistical point of view.

All statistical analyses were performed using R 4.1.1 (The R
Foundation for Statistical Computing, Vienna, Austria). All reported
P < 0.05 was considered statistically significant. Either the CI of odds
ratio does not contain 1 or the CI of difference between groups
does not contain 0, the compared 2 groups are recognized to have
a significant difference.

RESULTS

Baseline characteristics among the 3 groups

The randomized cohort of the SYNTAX study enrolled 1800
patients from 18 countries, of whom 5 did not participate in the
10-year follow-up and were censored at 5 years. Of the 897
patients in the CABG randomized arm, 44 did not have intrao-
perative information regarding the type of heart–lung support
and were excluded from analysis in this sub-study (Fig. 1). The
median follow-up in the full cohort was 11.2 (7.7, 12.1) years.
There was a heterogeneous distribution of off-pump CABG pro-
cedures across centres (Fig. 2), with it performed in only 28 of
the 85 participating institutions (32.9%), with 5 centres perform-
ing it exclusively. In 4 centres with only 1 or 2 patients recruited,
there was no allocation to the CABG arm as per randomization.

Baseline characteristics grouped according to the revasculari-
zation strategies are shown in Table 1. The 9 prognostic determi-
nants of the SYNTAX score II 2020 were evenly distributed

among the 3 groups except for smoking habit (ever smoker). The
rate of hypertension was the highest in the PCI group (68.9%),
while the rate of patients with anaemia at baseline was the high-
est in the off-pump CABG group (37.4%).

When comparing on-pump and off-pump CABG, there were no
significant differences in comorbidities or lesion complexity as
semi-quantified by the anatomic SYNTAX score, even though bifur-
cation lesions were significantly more frequent in the on-pump
CABG group (74.8% vs 64.3%, 95% CI 0.40–0.93). Mental and phys-
ical status per the SF-36 were comparable, as were rates of emer-
gent cases, angina status and the logistic EuroSCORE. Notably, the
estimated 10-year mortality calculated by the SYNTAX score II 2020
was highest in the PCI group, with no significant difference between
the on-pump and off-pump CABG groups.

Differences in procedural characteristics of
on-pump and off-pump CABG

The procedural characteristics are presented in Table 2. Patients
in the on-pump CABG group had a significantly higher total
number of conduits compared to the off-pump CABG group (3
[2, 3] vs 3 [2, 3], 95% CI 0.06–0.33). The left internal mammary
artery (IMA) was used in >95% of patients in both groups,
however, usage of the right IMA and bilateral IMAs was signifi-
cantly lower in the on-pump versus the off-pump group (26.5%
vs 36.7%, P = 0.019, 26.1% vs 36.7%, P = 0.018, respectively). The
number of arterial conduits per patient was higher in the off-
pump group (1 [1, 2] vs 1 [1, 2], 95% CI -0.27 to -0.03), while the
use of venous conduits (1 [1, 2] vs 1 [0, 2], 95% CI 0.17–1.07) was
significantly higher in the on-pump group. The usage of jump
grafts was similar (31.2%). Operation times were significantly
longer with on-pump versus off-pump CABG (205 [165, 245] vs
183 [156, 225] min, 95% CI 5.44–29.9).

In the CABG group, the rate of complete revascularization, which
was reported according to the postoperative surgical report incor-
porated into the anatomic SYNTAX score (refer to SYNTAX Score
surgical), was similar between on-pump and off-pump CABG (64%
vs 63.3%). Incomplete revascularization of the right coronary artery
and left circumflex, which perfuses the inferolateral wall, was nu-
merically higher but not statistically significant with off-pump than
on-pump CABG (33.6% vs 28.8%, 0.81–1.90).

Peri procedural cerebrovascular events were reported in 13
cases (1.8%) in the on-pump CABG group, while none occurred
with off-pump CABG.

Figure 1: Study flowchart illustration. The sample size for the comparator
groups analysed for the primary analysis was reduced slightly due to missing-
ness in a small proportion of baseline variables used in the adjusted model.
CABG: coronary artery bypass grafts; PCI: percutaneous coronary intervention.
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Figure 2: Region disparity of on-pump and off-pump in SYNTAX trial. Patient number of the on-pump and off-pump CABG per institute stratified by country and re-
gion. In 4 centres with only 1 or 2 patients recruited, there was no allocation to the CABG arm as per randomization. CABG: coronary artery bypass graft.
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Ten-year mortality after revascularization

As presented in Fig. 3A, crude cumulative 10-year mortality after
revascularization was lowest with on-pump CABG (23.0%), while
rates after off-pump CABG (28.4%) and PCI (28.5%) were com-
parable. Crude mortality stratified by anatomical SYNTAX score
is presented in Supplementary Material, Fig. S1. Cox regression

analysis of 10-year mortality showed a significant risk reduction
with on-pump CABG versus PCI (HR 0.79, 95% CI 0.65–0.96,
P = 0.018) while no significant difference was seen between off-
pump CABG and PCI (HR 0.98, 95% CI 0.69–1.40, P = 0.911). The
mortality rates at 5 years post-revascularization were 10.2%,
11.7% and 14% with off-pump CABG, on-pump CABG and PCI,
respectively. However, no significant differences were seen in

Table 1: Baseline patient characteristics

Factor Group On-pump, N = 725 Off-pump, N = 128 PCI, N = 903

Age 66 (33, 86) 65 (32, 85) 66 (36, 89)
Sex, n (%) Male 580 (80.0) 98 (76.6) 690 (76.4)

Female 145 (20.0) 30 (23.4) 213 (23.6)
Region, n (%) North America 79 (10.9) 37 (28.9) 123 (13.6)

Eastern Europe 73 (10.1) 10 (7.8) 97 (10.7)
Northern Europe 188 (25.9) 17 (13.3) 214 (23.7)
Southern Europe 102 (14.1) 21 (16.4) 134 (14.8)
Western Europe 283 (39.0) 43 (33.6) 335 (37.1)

Caucasian, n (%) 696 (96.0) 121 (94.5) 875 (96.9)
Procedure status, n (%) Elective 671 (92.6) 116 (90.6) 833 (94.1)

Urgent 54 (7.4) 12 (9.4) 52 (5.9)
BMI 27.0 (24.7, 30.2) 28.3 (25.2, 30.9) 27.4 (24.9, 30.9)
CKD (%) 120 (18.4) 28 (23.3) 167 (19.6)
CrCl (ml/min) 81.7 (65.0, 103.1) 85.4 (61.7, 102.7) 80.0 (64.2, 103.3)
Anemia, n (%) 176 (28.7) 43 (37.4) 205 (25.4)
Hb (g/dl) 13.8 (12.6, 14.8) 13.7 (12.2, 14.7) 14.0 (12.9, 14.9)
Ever smoker, n (%) 153 (21.2) 35 (27.6) 167 (18.5)
COPD, n (%) 71 (9.8) 7 (5.5) 71 (7.9)
Dyslipidemia, n (%) 565 (78.7) 91 (71.7) 705 (78.7)
LDL-cholesterol (mg/dl) 87.4 (66.5, 112.4) 88.4 (68.0, 114.8) 93.3 (73.5, 117.6)
CRP (mg/dl) 0.34 (0.13, 1.48) 0.42 (0.18, 1.14) 0.33 (0.13, 0.87)
Medically treated DM, n (%) 169 (23.3) 32 (25.0) 231 (25.6)
Insulin use, n (%) 71 (9.8) 14 (10.9) 89 (9.9)
HbA1c % 5.9 (5.5, 6.5) 5.9 (5.6, 6.4) 5.9 (5.6, 6.4)
Hypertension, n (%) 466 (64.3) 76 (59.4) 622 (68.9)
Metabolic syndrome, n (%) 253 (44.5) 58 (50.9) 339 (46.0)
EF < 50%, n (%) 150 (20.7) 23 (18.0) 193 (21.4)
LVEF % 60.0 (50.0, 65.5) 59.0 (50.0, 66.0) 60.0 (52.0, 67.0)
Pre-HF, n (%) 37 (5.2) 7 (5.6) 36 (4.0)
Pre-CEVD, n (%) 106 (14.7) 21 (16.4) 119 (13.2)
Pre-stroke, n (%) 34 (4.7) 7 (5.5) 35 (3.9)
Pre-MI, n (%) 248 (34.4) 35 (28.5) 285 (31.9)
Pre-PVD, n (%) 76 (10.5) 14 (10.9) 82 (9.1)
Disease type, n (%) 3VD 445 (61.4) 72 (56.2) 546 (60.5)

LMCAD 280 (38.6) 56 (43.8) 357 (39.5)
Bifurcation lesion, n (%) 540 (74.8) 81 (64.3) 649 (72.4)
Total occlusion, n (%) 153 (21.2) 36 (28.6) 217 (24.2)
Number of lesions 4 (3, 6) 4 (3, 5) 4 (3, 5)
Anatomical SYNTAX score 28.0 (21.0, 37.0) 27.5 (18.0, 35.0) 27.0 (20.0, 35.0)
Silent ischaemia, n (%) 100 (13.8) 20 (15.6) 127 (14.1)
Stable angina, n (%) 419 (57.8) 72 (56.2) 514 (56.9)
Unstable angina, n (%) 206 (28.4) 36 (28.1) 262 (29.0)
IABP use, n (%) 22 (3.0) 3 (2.3) 43 (4.8)
SF36-MCS 47.6 (37.4, 55.1) 43.8 (35.4, 53.9) 46.1 (36.0, 55.2)
SF36-PCS 41.5 (33.1, 48.5) 39.4 (31.4, 47.5) 39.9 (32.7, 47.6)
Logistic EuroSCORE 4.00 (2.00, 5.00) 3.00 (2.00, 5.25) 4.00 (2.00, 5.00)
SYNTAX score II 2020 20.0 (11.0, 33.0) 19.0 (11.0, 34.0) 24.0 (14.0, 39.0)

Factors highlighted in italic are related to the SYNTAX score II 2020 and used for IPTW adjustment. Values are represented as median (1st, 3rd interquartile range).
The number (proportion) of missing data values for each variable is as follows; BMI 1 (0.1%), creatinine clearance 132 (7.5%), Hb 220 (12.5%), LDL-cholesterol 203
(11.6%), CRP 123 (7.0%), HbA1c 212 (12.1%), number of lesions 11 (0.6%), anatomical SYNTAX score 9 (0.6%), SF36-MCS 136 (7.7%), SF36-PCS 136 (7.7%), CKD
132 (7.5%), ever smoker 5 (0.3%), dyslipidemia 15 (0.9%), metabolic syndrome 336 (19.1%), LVEF (categorical) 28 (1.6%), pre-HF 21 (1.2%), pre-CEVD 8 (0.5%), pre-
stroke 8 (0.5%), pre-MI 20 (1.1%), bifurcation lesion 11 (0.6%), TO 11 (0.6%) and IABP 7 (0.4%).
BMI: body mass index; CEVD: cerebrovascular disease; COPD: chronic obstructive pulmonary disease; CrCl: creatinine clearance; CRP: C-reactive protein;
DM: diabetes mellitus; EF: ejection fraction; Hb: haemoglobin; HbA1c: glycated haemoglobin; LDL: low-density lipoprotein; HF: heart failure; IABP: intra-aortic bal-
loon pump; LMCAD: left main coronary artery disease; LVEF: left ventricular ejection fraction; MCS: mental component summary; MI: myocardial infarction; PCI:
percutaneous coronary intervention; PCS: physical component summary; PVD: peripheral vascular disease; SF: short form; 3VD: three-vessel disease.
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Cox regression analysis at 5 years between off-pump and PCI (HR
0.68, 95% CI 0.36–1.25) or on-pump and PCI (HR 0.79, 95% CI
0.60–1.06).

After IPTW adjustment by the factors included in the SYNTAX
score II 2020, on-pump CABG had lower 10-year mortality com-
pared to PCI (HR 0.75, 95% CI 0.62–0.93, P = 0.009, Fig. 3B). A
total of 134 patients having more than 1 missing value were
removed from the IPTW adjustment. The sensitivity analysis con-
firmed this superiority after considering the additional confound-
ing factors: sex, hypertension and the CABG procedure
heterogeneity among sites (Supplemental Material).

DISCUSSION

The main findings of this study are:

i. There is a huge disparity in the selection of on-pump and off-
pump CABG among sites, as well as countries and regions.

ii. The cumulative incidence of crude 10-year mortality was sig-
nificantly lower with on-pump CABG compared to PCI, and
not different between off-pump CABG and PCI.

iii. The differences between on-pump CABG and PCI in 10-year
mortality remained significant after adjustment for the prog-
nostic factors incorporated into the SYNTAX score II 2020.

This is the first report on the impact of on-pump CABG com-
pared to PCI on 10-year mortality in a complex CAD population
randomized to either CABG or PCI.

First, it is imperative to highlight the disparity in the selection
of on-pump and off-pump CABG among sites, especially as this
potentially confounding factor on outcomes has never previously
been examined in the SYNTAXES trial. During the systematic re-
view of previously published regional differences in the
SYNTAXES trial, we first recognized the disparity of treatment
methods in the CABG group [14]. It is also imperative to question
whether this discrepancy is also seen in other randomized trials

of complex CAD, since it could influence the interpretation of the
treatment effect of CABG against PCI. Consequently, it is para-
mount to aggregate similar randomized trials to establish
whether this observation is confirmed in other trials.

Numerous patient and clinical factors influence the decision to
perform a CABG operation on-pump versus off-pump [4, 5].
Since the surgical technique was left to the surgeon’s discretion,
we genuinely expected frailer patients with comorbidities such as
chronic obstructive lung disease and cerebrovascular disease to
be over-represented in the off-pump group, with patients having
more complex anatomy predominating in the on-pump group.
In reality, however, there were no significant differences in the
SYNTAX score or logistic EuroSCORE between the 2 surgical
approaches. Similarly, the mental and physical component sum-
mary of the SF 36 self-report questionnaire, a reliable evaluation
of frailty and mental condition at baseline, was also comparable
[15]. In terms of specific outcomes, the prevention of cerebrovas-
cular complications (1.8% vs 0%) was indeed achieved by the
aortic ‘no-touch technique’ and remains one of the most import-
ant motivations for using the off-pump technique.

Somewhat paradoxical, but interesting observations on pro-
cedural characteristics are reported. The total number of con-
duits was higher in the on-pump group, reflecting the
numerically greater number of lesions. However, another plaus-
ible explanation may be that surgeons working on-pump had
better technical opportunities to bypass target vessels that were
located along the inferior and posterior walls; incomplete revas-
cularization rate was higher in off-pump cases, even though
jump grafts were used equally. Of note, bilateral IMAs are used
more frequently in the off-pump group. Taggart et al. reported
that 10-year mortality was comparable in 2 groups assigned bi-
lateral versus single IMA (20.3% vs 21.2%) [16]. The on-pump and
off-pump procedures were performed in equal measures in both
arms, while the number of patients having >3 vessels grafted was
lower with bilateral IMAs. Ultimately, there is a trade-off between
better long-term graft patency with arterial conduits and lower

Table 2: Procedural characteristics

Factor On-pump Off-pump 95% CI

N 725 128
IABP use (%) 22 (3.0) 3 (2.3) 0.14 to 2.61
Cardioplegia, n (%) 690 (95.2) 0
Hypothermia, n (%) 585 (80.7) 0
Complete revascularization, n (%) 464 (64.0) 81 (63.3) 0.65 to 1.47
Incomplete revascularization in

inferolateral wall, n (%)
205 (28.8) 43 (33.6) 0.81 to 1.90

Bilateral IMA use, n (%) 189 (26.1) 47 (36.7) 1.08 to 2.48
Left IMA use, n (%) 703 (97.0) 127 (99.2) 0.63 to 165.2
Right IMA use, n (%) 192 (26.5) 47 (36.7) 1.06 to 2.43
Jump graft use, n (%) 225 (31.2) 40 (31.2) 0.65 to 1.53
Number of lesions 4 (3, 6) 4 (3, 5) -0.03 to 0.65
Number of total conduits 3 (2, 3) 3 (2, 3) 0.06 to 0.33
Number of arterial conduits 1 (1, 2) 1 (1, 2) -0.27 to -0.03
Number of venous conduits 1 (1, 2) 1 (0, 2) 0.17 to 1.07
Operation time (min) 205 (165, 245) 183 (156, 225) 5.44 to 29.9

Values are represented as median (1st, 3rd interquartile range). To compare the difference between 2 groups, a 95% CI of odd’s ratio for the categorical values or
that of mean differences between groups for continuous values was presented. The number (proportion) of missing data values for each variable is as follows:
number of lesions 5 (0.6%), number of total conduits 1 (0.1%) and complete revascularization 13 (0.5%).
CI: confidence interval; IABP: intra-aortic balloon pump; IMA: internal mammalian artery.
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complete revascularization rates; the merits of bilateral IMAs
might have been offset by relatively higher incomplete
revascularization.

The crude survival curve after off-pump CABG changes around
the seventh year of follow-up. Eventually, after 10 years, it
becomes identical to the PCI group. Of note, at 5 years, the crude
mortality in the off-pump group was comparable to the on-
pump group, which is at variance with the EXCEL trial, which

reported diverging rates of 3-year mortality after IPTW adjust-
ment of 8.8% and 4.5% with off-pump versus on-pump CABG, re-
spectively [17].

Our findings are both concordant and discordant with the
results of the 10-year follow-up of the ROOBY trial, which was
conducted in the same period as the SYNTAX trial and random-
ized 2203 patients to off-pump CABG and on-pump CABG [18].
Both trials reported lower 10-year mortality with on-pump

Figure 3: Crude and adjusted survival curve of 10-year mortality. (A) Crude survival curve of 10-year mortality. Image (A) shows rude Kaplan–Meier mortality curves
in 3 groups (on-pump CABG, off-pump CABG and PCI). (B) Inverse probability weighting-adjusted survival curves of on-pump CABG and PCI. Image (B) shows inverse
probability weighting-adjusted survival curves of on-pump CABG and PCI. CABG: coronary artery bypass grafts; COPD: chronic obstructive pulmonary disease; EF:
ejection fraction; PCI: percutaneous coronary intervention.
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versus off-pump CABG; in SYNTAXES, mortality with off-pump
CABG was lower than on-pump CABG between 4 and 6 years
after revascularization, while in the ROOBY trial mortality with
on-pump CABG was consistently lower than off-pump through-
out the trial. The overall 10-year CABG mortality was lower in
SYNTAXES (24%) than in ROOBY (32.7%) despite the population
in SYNTAX being on average 2 years older. Presumably, the par-
ticipating sites in SYNTAX selected the most appropriate proced-
ure for each patient.

Not only preprocedural and periprocedural aspects but also
post-procedural factors affect long-term mortality. Medications
at discharge and 5 years after the index procedure are presented
in the Supplementary Material, which shows non-inferior medi-
cations had been done in the off-pump CABG and PCI arm com-
pared to the on-pump CABG arm.

We demonstrated that on-pump CABG had a significantly low
incidence of 10-year mortality compared to PCI after adjustment.
However, due to the small number of off-pump CABG proce-
dures, we could not apply the same statistical approach to com-
pare off-pump CABG to PCI. It would be desirable to pool
randomized trials to overcome this issue of underpowering.

Limitations

The current study has several limitations. First, the present study
on on-pump and off-pump CABG compared to PCI was not
randomized and is a post hoc analysis. All reported findings
should be considered exploratory and hypothesis generating.
Second, the SYNTAX trial was conducted between 2005 and
2007 with the predominant use of first-generation PES in the PCI
arm, which may limit the generalizability of our findings to cur-
rent clinical practice. Conversely, CABG procedures have
improved as well as its outcome. It is, however, unavoidable that
the findings from long-term follow-up data are based on out-
dated technology while the evidence for contemporary technol-
ogy can be derived only from short-term follow-up studies.
Third, heterogeneity of the CABG procedure was substantial
among sites, countries and regions. IPTW adjustment even care-
fully applied may not have overcome all the confounding factors.
Fourth, the SYNTAXES study was performed to evaluate survival
for up to 10 years, and the end point was all-cause death only.
We do not have the data on MACCE beyond 5 years. However,
the SYNTAXES study provides the first randomized trial that was
meticulously collected and achieved a high follow-up rate of
93.8% for 10-year vital status (1689 of 1800 enrolled patients).
Even though the overall sample size was sufficient and the 10-
year follow-up rate was high enough for the primary purpose of
the SYNTAXES trial, the subdivision of the global cohort into 3
groups resulted in insufficient statistical power for comparing off-
pump to PCI or on-pump CABG.

It is desirable to conduct an additional investigation on this
topic using large patient-based analyses with very long-term fol-
low-up using a pooled dataset coming from randomized trials
assigning CABG and PCI in complex CAD [8, 19, 20].

CONCLUSIONS

In the SYNTAXES trial, 10-year mortality adjusted for major
confounders was significantly lower following on-pump CABG
compared to PCI, whereas the unadjusted difference between

off-pump CABG and PCI was a crude analysis with no confound-
ers control and the unadjusted estimated HR had a wide CI. Site
heterogeneity in the technique used in bypass surgery could
have affected treatment performance. Given its impact on
outcomes, it should be pre-stratified in future trials.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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There has been an upward trend in the use of the radial artery (RA) as 
a conduit in coronary artery bypass grafting (CABG) procedures.​1

One factor contributing to this trend is the growing prevalence of 
multiple arterial grafting. This technique, which is defined as two or 
more distal anastomoses with arterial conduits, has increased from 
10.9% of CABG procedures in 2020 to 14.3% of CABG procedures 
in 2021.​1

Usage of bilateral internal mammary arteries and usage of radial 
artery has slowly increased, accounting 
for 6.7% and 9.1% of all isolated CABG 
procedures in 2021, respectively.​1
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