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Abstract
Aims: The impact of an occluded right coronary artery (RCA) in patients with left main coronary artery 
disease (LMCAD) undergoing revascularisation is unknown. We compared outcomes for patients with 
LMCAD randomised to percutaneous coronary intervention (PCI) or coronary artery bypass grafting 
(CABG) according to the presence of an occluded RCA in the EXCEL trial.

Methods and results: The EXCEL trial randomised 1,905 patients with LMCAD and SYNTAX scores 
≤32 to PCI with everolimus-eluting stents versus CABG. Patients were categorised according to whether 
they had an occluded RCA at baseline, and their outcomes were examined using multivariable Cox pro-
portional hazards regression. The primary endpoint was a composite of death, stroke, or myocardial infarc-
tion at three years. Among 1,753 patients with a dominant RCA by core laboratory analysis, the RCA 
was occluded in 130 (7.4%) at baseline. PCI was attempted in 34 of 65 patients with an occluded RCA 
(52.3%) and was successful in 27 (79.4% of those attempted; 41.5% of all RCAs recanalised). The RCA 
was bypassed in 42 of 65 patients with an occluded RCA (64.6%; p=0.0008 versus PCI). The three-year 
absolute and relative rates of the primary endpoint were similar between PCI and CABG, in patients with 
or without an occluded RCA (pinteraction=0.92).

Conclusions: In the EXCEL trial, the presence of an occluded RCA at baseline did not confer a worse 
three-year prognosis in patients undergoing revascularisation for LMCAD and did not affect the relative 
outcomes of PCI versus CABG in this high-risk patient cohort.
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Abbreviations
BARC Bleeding Academic Research Consortium
CABG coronary artery bypass grafting
CAD coronary artery disease
CTO chronic total occlusion
IDR ischaemia-driven revascularisation
LAD left anterior descending artery
LM left main coronary artery
MI myocardial infarction
PCI percutaneous coronary intervention
RCA right coronary artery

Introduction
Patients with left main (LM) coronary artery disease (CAD) in 
whom the right coronary artery (RCA) is occluded are at poten-
tially high risk for percutaneous coronary intervention (PCI). Since 
the RCA is totally occluded, if a significant complication occurs 
in the left coronary system during the procedure, complete depri-
vation of blood supply to the entire myocardium may occur. For 
this reason, coronary artery bypass grafting (CABG) may com-
pare favourably to PCI for LM revascularisation in these high-risk 
patients. Furthermore, CABG more frequently achieves complete 
revascularisation than PCI in patients with complex lesions and 
extensive CAD1, and complete revascularisation has been assoc-
iated with decreased rates of adverse events, including a lower 
risk of mortality2-6. The presence of an occluded RCA at baseline, 
the most challenging lesion subtype to treat successfully with PCI, 
might therefore differentially impact on the relative rate of short- 
and long-term clinical outcomes in CABG versus PCI in patients 
with LMCAD. Conversely, patients with chronic total occlusions 
often have increased surgical risk due to a higher prevalence of 
risk factors including older age, chronic kidney disease, and extra-
cardiac vascular disease, and may less likely achieve complete 
revascularisation1,7,8. We sought to assess the relative efficacy of 
PCI versus CABG on the 30-day and three-year risk of adverse 
ischaemic events after LM revascularisation for patients with and 
without an occluded RCA at baseline in the Evaluation of XIENCE 
Versus Coronary Artery Bypass Surgery for Effectiveness of Left 
Main Revascularization (EXCEL) trial.

Methods
TRIAL DESIGN AND STUDY POPULATION
The study design, protocol, and primary results of the EXCEL 
trial have been described previously in detail9,10. In brief, EXCEL 
was a prospective, international, open-label, multicentre trial that 
randomised 1,905 patients with LMCAD to PCI (n=948) with 
fluoropolymer-based cobalt-chromium everolimus-eluting stents 
(XIENCE; Abbott Vascular, Santa Clara, CA, USA) or CABG 
(n=957). Key inclusion criteria were visually estimated ≥70% 
diameter stenosis of the LM or 50% to <70% LM stenosis if 
determined to be haemodynamically significant by means of non-
invasive or invasive testing, low or intermediate anatomical CAD 
complexity (defined by a site-assessed SYNTAX score ≤32), and 

a consensus among the members of the Heart Team regarding eligi-
bility for revascularisation with either PCI or CABG1. For the pre-
sent analysis, patients were categorised according to whether they 
had an occluded dominant RCA at baseline or not. Patients were 
excluded either because they were missing information regard-
ing the coronary dominance (right or left) or the patency/occlu-
sion of the RCA (i.e., angiogram not available for core laboratory 
review) or because they had a left dominant coronary circulation.

DEFINITIONS AND ENDPOINTS
The primary endpoint of the EXCEL trial was the rate of a compos-
ite of death from any cause, stroke, or myocardial infarction (MI) at 
three years. The definitions of the component endpoints have been 
reported previously9. An independent events committee reviewed 
and adjudicated all primary and major secondary adverse events 
as well as stent thromboses and symptomatic graft occlusions.

The Duke Jeopardy score, which encompasses both the severity 
of and volume of myocardium subtended by a coronary stenosis, 
was calculated by dividing the coronary tree into six segments: 
the left anterior descending (LAD) artery, diagonal branches of the 
LAD, septal perforating branches, the circumflex artery, obtuse 
marginal branches, and the posterior descending artery. All seg-
ments distal to stenosis of ≥70% were considered at risk. Each 
such segment was assigned two points. The points were added up 
for the final score (maximum 12 points)11,12.

STATISTICAL ANALYSIS
Comparison of baseline and procedure characteristics, medical his-
tory, and clinical events was conducted using the χ2 test or Fisher’s 
exact test for binary variables, t-test or Wilcoxon rank-sum test 
for continuous variables, and log-rank test for time-to-event vari-
ables. Adjusted comparisons of the outcomes of PCI versus CABG 
were conducted in patients with and without an occluded RCA 
using multivariable Cox proportional hazards regression. Covariates 
included in the adjusted model based on historical prognostic rele-
vance were age, sex, diabetes mellitus, body mass index, hyperten-
sion, chronic obstructive pulmonary disease, smoking status, chronic 
kidney disease (creatinine clearance ≤60 mL/min), peripheral vas-
cular disease, prior cerebrovascular accident or transient ischaemic 
attack, recent MI (within one week from the randomisation), distal 
LM disease (bifurcation or trifurcation), left ventricular ejection frac-
tion (LVEF), baseline SYNTAX score (core laboratory assessed), 
and randomisation (PCI versus CABG). All analyses were performed 
in the intention-to-treat population. All p-values are two-tailed, 
and p<0.05 was considered statistically significant for all analysis.

Results
Among the 1,905 patients with LMCAD who were enrolled in 
the EXCEL trial, 1,753 patients with a dominant RCA had known 
RCA status (occluded or patent) at baseline and comprised the pre-
sent analysis population. Among these 1,753 patients, an occluded 
RCA at baseline was present in 130 patients (7.4%). Baseline 
characteristics of patients with and without an occluded RCA 
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are presented in Table 1. Patients with an occluded RCA more 
frequently had peripheral vascular disease, prior PCI, and lower 
LVEF at baseline. The severity and extent of CAD as reflected 
by the mean SYNTAX score were significantly higher in patients 
with an occluded RCA (Supplementary Table 1). Planned staged 
procedures were more common in patients with an occluded RCA 
assigned to PCI. The number of treated non-LM vessels and 
lesions, as well as the number of stents implanted in non-LM ves-
sels, was higher among patients with versus without an occluded 
RCA. Radiation dose was also higher among patients with an 
occluded RCA, while the amount of total contrast injected was 
comparable between patients with and without an occluded RCA. 
There were no significant differences in baseline characteristics 
between patients treated with PCI or with CABG in those with or 
without an occluded RCA.

Among 65 patients with an occluded RCA assigned to PCI, 
PCI was attempted in 34 patients (52.3%) and was successful in 
27 (79.4% of those attempted; 41.5% of all RCAs recanalised). 
The rates of procedural complications did not differ significantly 
between patients with occluded versus patent RCA who were 
treated with PCI except for a higher rate of coronary perforation 
during the procedure that was not seen at the end of the procedure 
(Supplementary Table 2). Among 65 patients with an occluded 
RCA assigned to CABG, the RCA was bypassed in 42 (64.6%). 
Thus, assuming all bypass grafts were patent post procedure, more 
occluded RCAs were successfully recanalised by CABG than PCI 
(64.6% vs 41.5%, p=0.0008).

Table 1. Baseline characteristics.

Characteristic Occluded RCA (n=130) Patent RCA (n=1,623) p-value
Age, years 66.4±8.8 66.0±9.7 0.80

Male 103/130 (79.2) 1,239/1,623 (76.3) 0.45

Body mass index, kg/m2 29.0±5.4 28.7±4.9 0.50

Hypertension 102/130 (78.5) 1,181/1,622 (72.8) 0.16

Diabetes 36/130 (27.7) 474/1,622 (29.2) 0.71

Insulin-treated 8/130 (6.2) 126/1,622 (7.8) 0.51

Haemoglobin A1c, % 6.1±1.1 6.2±1.3 0.78

Cigarette smoking (current) 37/129 (28.7) 349/1,610 (21.7) 0.07

Prior myocardial infarction (within 2 months) 22/128 (17.2) 236/1,609 (14.7) 0.44

Prior percutaneous coronary intervention 32/129 (24.8) 275/1,621 (17.0) 0.02

Chronic obstructive pulmonary disease 13/129 (10.1) 126/1,620 (7.8) 0.35

Congestive heart failure 9/130 (6.9) 113/1,617 (7.0) 0.98

Peripheral vascular disease 24/130 (18.5) 140/1,615 (8.7) 0.0002

Chronic kidney disease 18/125 (14.4) 257/1,594 (16.1) 0.61

Dialysis 0/130 (0.0) 5/1,622 (0.3) 1.00

Left ventricular ejection fraction, % 53.9±10.3 57.3±9.2 <0.0001

Presenting clinical 
syndrome

Recent myocardial infarction (within 7 days) 23/130 (17.7) 246/1,616 (15.2) 0.45

ST-segment elevation 3/129 (2.3) 22/1,611 (1.4) 0.43

Non–ST-segment elevation 19/129 (14.7) 217/1,611 (13.5) 0.69

Unstable angina 25/130 (19.2) 392/1,616 (24.3) 0.20

Stable angina 71/130 (54.6) 857/1,616 (53.0) 0.73

Values are % (n/N) or mean±standard deviation. RCA: right coronary artery

RESIDUAL SYNTAX AND DUKE JEOPARDY SCORES IN 
PATIENTS UNDERGOING PCI
As shown in Table 2 and Figure 1, the residual SYNTAX score 
and delta SYNTAX score (the difference between the baseline and 
residual [post-PCI] SYNTAX scores) were both higher in patients 
with versus without an occluded RCA. Complete revascularisa-
tion (residual SYNTAX score=0) was less commonly achieved 
in patients with versus without an occluded RCA (15.6% ver-
sus 28.4%, p=0.03). Similarly, the baseline and residual Duke 
Jeopardy scores were significantly higher in patients with an 
occluded RCA. A residual Duke Jeopardy score ≥4 was present in 
25.4% of patients with an occluded RCA versus 10.3% of patients 
with a patent RCA (p=0.0003).

Table 2. Baseline and residual SYNTAX and Duke Jeopardy scores 
in patients undergoing percutaneous coronary intervention.

Occluded RCA 
(n=65)

Patent RCA 
(n=802)

p-value

Residual SYNTAX score 10.6±8.8 6.1±6.0 <0.0001

Residual SYNTAX score=0 10/64
(15.6)

227/799
(28.4) 0.03

Delta SYNTAX score* 22.4±8.9 20.2±7.4 0.02

Baseline Duke Jeopardy score 6 (2-12) 6 (0-10) 0.04

Residual Duke Jeopardy score 2 (2-3) 0 (0-2) <0.0001

Values are mean±standard deviation or median (interquartile range). 
*Delta SYNTAX score is the difference between the baseline and residual 
(post-procedure) SYNTAX scores. RCA: right coronary artery
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Figure 1. Distribution of SYNTAX score and Duke Jeopardy score in patients with right coronary artery total occlusion who underwent 
percutaneous coronary intervention. SYNTAX score (A), and Duke Jeopardy score (B) at baseline (top panel) and post procedure (residual) 
(bottom panel).

CLINICAL OUTCOMES
Thirty-day outcomes did not differ significantly between patients 
with versus without an occluded RCA at baseline. The three-year 
rate of the primary composite endpoint of death, stroke, or MI 
was also similar in those with and without an occluded RCA at 
baseline (16.4% vs 14.2%; hazard ratio [HR] 1.14, 95% confi-
dence interval [CI]: 0.73-1.78, p=0.58) (Supplementary Table 3). 
Similarly, the three-year rates of the components of the primary 
endpoint and ischaemia-driven revascularisation (IDR) were simi-
lar in patients with and without an occluded RCA at baseline. 
The only outcome that differed between the groups was sympto-
matic graft stenosis or occlusion, which was more common among 
patients with an occluded RCA at baseline. These results were 
similar after multivariable adjustment for differences in baseline 
covariates (Supplementary Table 4).

The relative outcomes at 30 days did not differ significantly 
after PCI versus CABG according to the presence of an occluded 
RCA except for the rate of clinically significant bleeding (Bleeding 
Academic Research Consortium [BARC] 3-5 bleeding), which 
was significantly higher with CABG than with PCI among patients 
without an occluded RCA but not among patients with an occluded 
RCA (pinteraction=0.04) (Supplementary Table 5). At three years, no 
significant differences in the absolute or relative rates of the pri-
mary endpoint were observed between the PCI and CABG groups 
in patients with an occluded RCA (17.2% vs 15.5%; HR 1.07, 
95% CI: 0.45-2.51, p=0.88) or without an occluded RCA (14.5% 
vs 13.9%; HR 1.02, 95% CI: 0.79-1.33, p=0.86) (pinteraction=0.92) 
(Supplementary Table 6, Figure 2A). Similarly, the relative risks 
of PCI versus CABG for the individual components of the primary 

endpoint were consistent in patients with and without an occluded 
RCA (Figure 2B, Figure 2C). Among patients without an occluded 
RCA, the three-year rate of IDR was significantly higher after 
PCI compared with CABG (12.7% vs 6.9%; HR 1.87, 95% CI: 
1.34-2.61, p=0.0002), whereas the three-year risk of IDR was 
similar with PCI and CABG for patients with an occluded RCA 
(11.1% vs 11.1%; HR 0.93, 95% CI: 0.33-2.66, p=0.90); how-
ever, the p-value for interaction was not significant (pinteraction=0.22) 
(Figure 2D). Among patients with an occluded RCA at baseline, 
the rates of any RCA revascularisation or RCA graft occlusion 
at three years were similar with PCI and CABG (4.5% vs 2.4%; 
HR 1.64, 95% CI: 0.10-26.29, p=0.73). After multivariable adjust-
ment, the risk of IDR remained significantly higher after PCI ver-
sus CABG for patients without an occluded RCA but not for those 
with an occluded RCA (Table 3). Among all 130 patients with an 
occluded RCA, the three-year rate of the primary endpoint was 
17.5% among the 69 patients in whom either RCA PCI was suc-
cessful or RCA CABG was performed versus 15.0% among the 
61 patients in whom RCA PCI was unsuccessful or PCI or CABG 
was not attempted (p=0.58).

Discussion
To the best of our knowledge, the present analysis from the 
EXCEL trial is the first to examine the outcomes of LM revas-
cularisation with PCI versus CABG according to the presence of 
an occluded RCA at baseline. The major findings are that (i) the 
presence of an occluded RCA was not independently associated 
with a higher 30-day or three-year risk of the primary compos-
ite endpoint of death, stroke, or MI, or any its components, and 
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Figure 2. Kaplan-Meier failure rates in patients with versus without right coronary artery total occlusion at baseline according to 
revascularisation modality. A) Primary endpoint (death, stroke, or myocardial infarction). B) All-cause death. C) Myocardial infarction. 
D) Ischaemia-driven revascularisation. Pinteraction indicates the p-value for the interaction test comparing the effect of treatment (PCI versus 
CABG) in patients with and without RCA total occlusion. CABG: coronary artery bypass grafting; CI: confidence interval; HR: hazard ratio; 
PCI: percutaneous coronary intervention; RCA: right coronary artery

Table 3. Multivariable adjusted 3-year outcomes of percutaneous coronary intervention versus coronary artery bypass grafting in 
patients with and without right coronary artery total occlusion.

Occluded RCA adjusted hazard ratio 
(95% confidence interval) (n=130)*

Patent RCA adjusted hazard ratio (95% 
confidence interval) (n=1,623)*

p interaction

Primary endpoint¶ 0.92 (0.37-2.28) 0.96 (0.72-1.26) 0.94

Death 0.64 (0.19-2.13) 1.22 (0.81-1.85) 0.32

Cardiovascular 0.80 (0.16-4.03) 1.00 (0.58-1.73) 0.80

Non-cardiovascular 0.47 (0.08-2.90) 1.61 (0.84-3.07) 0.21

Myocardial infarction 1.08 (0.29-4.07) 1.01 (0.69-1.47) 0.92

Stroke – 0.99 (0.13-7.84) –

Revascularisation (all) 1.07 (0.39-2.98) 1.89 (1.33-2.70) 0.30

Ischaemia-driven 0.93 (0.32-2.66) 1.91 (1.34-2.74) 0.20

*Adjusted hazard ratio and 95% confidence interval for percutaneous coronary intervention versus coronary artery bypass grafting; ¶death, stroke, or 
myocardial infarction. RCA: right coronary artery
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(ii) the short- and long-term outcomes after PCI versus CABG 
were consistent for patients with and without an occluded RCA 
at baseline. The moderate success rate of revascularisation by PCI 
(79.4%) implies that most of the RCA occlusions were chronic. 
It is noteworthy that, although total occlusions of the RCA were 
successfully revascularised more frequently with CABG than PCI, 
the total proportion of occluded RCA vessels revascularised after 
both procedures was relatively low and similar to that observed 
from the SYNTAX trial era13.

Theoretically, the presence of an occluded RCA could influ-
ence short- and long-term outcomes after PCI versus CABG in 
several ways. Short-term results might be affected by increased 
procedural risks associated with an occluded RCA, either directly 
or due to associated comorbidities. The presence of an occluded 
RCA may further impact on long-term results differently after PCI 
versus CABG. First, the PCI retrograde approach to the occluded 
RCA14 is inherently more complex and potentially risky in patients 
with LMCAD, even if attempted after LM stenting. Nevertheless, 
the 79.4% success rate of PCI of the occluded RCA was reason-
able, considering that the residual Duke Jeopardy score was ≤2 in 
approximately 75% of patients. Second, right ventricular dysfunc-
tion is more common in patients with versus without an occluded 
RCA, especially when the occlusion is located proximally in 
the RCA with poorly developed coronary collaterals15. In this 
regard, right ventricular function might further deteriorate during 
CABG due to ischaemic stress16-18, increasing the procedural risk. 
However, in the current study no clear advantage was found for 
either PCI or CABG in the treatment of LMCAD in patients with 
an occluded RCA at baseline.

Interestingly, the lower rate of repeat revascularisation observed 
with CABG compared with PCI in the main EXCEL trial analy-
sis9 was not seen in patients with an occluded RCA, who had 
similar rates of IDR with PCI and CABG. The adjusted HR (PCI 
versus CABG) for IDR was 0.93 (95% CI: 0.32-2.66) in patients 
with an occluded RCA compared with 1.91 (95% CI: 1.34-2.74) 
in patients without an occluded RCA, although this interaction 
did not reach statistical significance. Occluded vessels are often 
diffusely atherosclerotic and heavily calcified, potentially reduc-
ing long-term graft patency19. The presence of coronary occlusion 
(especially long lesions >40 mm) has been shown to be an inde-
pendent predictor of post-CABG graft failure20,21. RCA occlusions 
in particular have been reported to have a higher risk of graft fail-
ure than patients with LAD or circumflex artery occlusions20,22. 
The particularly high risk of graft failure after CABG of RCA 
occlusions may be related to the relatively high use of vein grafts 
for their treatment20. After revascularisation of a chronic occlu-
sion, graft patency may be further compromised by competitive 
flow through collaterals23-25, which may remain patent even after 
successful bypass26. The collateral network distal to the occluded 
RCA may be particularly robust after LM revascularisation and 
create competitive flow with the graft23,24. Thus, the advantage 
of CABG in reducing IDR may be less evident in patients with 
an occluded RCA. However, as the number of patients with an 

occluded RCA who were treated with CABG was modest and rou-
tine angiographic follow-up was not performed, these observations 
should be considered exploratory.

The differences observed in clinically significant bleed-
ing between PCI and CABG in patients with but not without an 
occluded RCA (pinteraction=0.04 for BARC 3-5) might be a chance 
finding as a result of multiplicity. This contention is supported by 
the lack of interaction between the treatment arm and the presence 
of an occluded RCA regarding bleeding according to Thrombolysis 
In Myocardial Infarction (TIMI) criteria.

Limitations
The present study is a post hoc analysis and thus hypothesis-gen-
erating. The EXCEL trial was not powered to detect differences 
between patients with versus without an occluded RCA regard-
ing the efficacy of PCI versus CABG. The overall number of 
patients with an occluded RCA was relatively small and results 
should thus be interpreted with caution. Even though EXCEL 
collected information on most cardiovascular risk factors and 
covariate differences were accounted for in multivariable mod-
els, we cannot rule out the presence of unmeasured confound-
ers. Our findings are applicable to the specific patient population 
enrolled in EXCEL; their generalisability to a broader group of 
patients with versus without RCA chronic total occlusion (CTO) 
undergoing LM revascularisation requires external validation. 
The occluded RCA PCI success rate in the present study of 
79.4% of those attempted (41.5% of all RCA vessels) represents 
the outcomes from a large group of skilled operators participat-
ing in EXCEL. Real-world success rates may be higher or lower 
depending on the expertise of the individual operator. Similarly, 
only 64.6% of occluded RCAs were grafted during CABG, pos-
sibly reflecting poor distal targets or lack of viable myocardium. 
Moreover, not all grafts are patent early and in the intermediate 
term after CABG, and restenosis after RCA PCI may certainly 
occur. Thus, because of absent routine follow-up angiography, 
the long-term absolute and relative RCA patency rates after both 
revascularisation modalities are unknown. No significant differ-
ence in the present study was noted in the three-year rate of the 
primary outcome measure in patients in whom an occluded RCA 
was versus was not successfully revascularised; however, the 
present analysis was underpowered in this regard to draw defini-
tive conclusions. Finally, routine angiographic follow-up was not 
performed, and thus the rates of restenosis and graft occlusion 
were not ascertained.

Conclusions
In the EXCEL trial, the outcomes of PCI versus CABG for 
LMCAD were consistent for the primary endpoint of three-year 
death, stroke, or MI in patients with and without an occluded 
RCA at baseline. The increased need for repeat intervention during 
three-year follow-up after PCI with everolimus-eluting stents com-
pared with CABG was confined to patients without an occluded 
RCA at baseline.
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Occluded RCA and left main revascularisation

Impact on daily practice
The presence of right coronary artery (RCA) total occlusion was 
not associated with an increased 30-day or three-year risk of 
adverse clinical outcomes after left main coronary artery (LM) 
revascularisation. The relative risk associated with percutane-
ous coronary intervention (PCI) versus coronary artery bypass 
grafting (CABG) regarding the composite of death, myocardial 
infarction, or stroke was similar for patients with and without an 
occluded RCA. The risk of ischaemia-driven revascularisation 
was lower after CABG compared with PCI in patients without 
but not in those with an occluded RCA, although there was no 
statistical interaction between an occluded RCA and treatment 
modality. In conclusion, the presence of an occluded RCA at 
baseline did not appear to affect outcomes adversely after LM 
revascularisation by PCI or CABG.
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Supplementary data 

Supplementary Table 1. Angiographic and procedural characteristics. 

 Occluded RCA 

(n=130) 

Patent RCA 

(n=1,623) 
p-value 

Number of non-LM diseased vessels 2.1±0.7 1.5±1.0 <0.0001 

  1 28/130 (21.5) 522/1,623 (32.2) 0.01 

  2 66/130 (50.8) 526/1,623 (32.4) <0.0001 

  3 36/130 (27.7) 296/1,623 (18.2) 0.008 

Baseline SYNTAX score (core lab) 32.7±7.9 26.0±9.3 <0.0001 

  Low (0-22) 7/130 (5.4) 620/1,623 (38.2) <0.0001 

  Intermediate (23-32) 68/130 (52.3) 637/1,623 (39.2) 0.003 

  High (≥33) 55/130 (42.3) 366/1,623 (22.6) <0.0001 

Left main coronary artery disease    

  Left main coronary artery diameter stenosis, % 62.1±12.1 64.8±12.2 0.02 

  Ostial lesion 41/126 (32.5) 567/1,585 (35.8) 0.47 

  Mid shaft lesion 54/126 (42.9) 651/1,585 (41.1) 0.70 

  Distal lesion (bifurcation or trifurcation) 97/126 (77.0) 1,233/1,585 (77.8) 0.83 

Staged procedure(s) planned 21/84 (25.0) 69/907 (7.6) <0.0001 

Number of left main stents  1.6±0.6 1.5±0.8 0.12 

Total left main stent length, mm 30.4±16.5 28.4±16.9 0.29 

Number of non-left main vessels treated 0.9±0.8 0.7±0.8 0.05 

Number of non-left main lesions treated 1.4±1.4 0.9±1.1 0.006 

Number of non-left main stents implanted 1.5±1.8 0.9±1.3 0.02 

Total contrast injected, cc 267.1±124.2 254.7±126.5 0.22 

Total fluoroscopy time, minutes 33.1±21.7 23.5±15.1 <0.0001 

Procedural complications‡ 11/84 (13.1) 82/860 (9.5) 0.30 

Procedure duration, minutes§ 174.8±103.8 161.0±98.6 0.10 

Hospitalisation duration, days 9.7±8.4 9.0±8.6 0.16 

Data expressed as n/N (%) or mean±standard deviation. Angiographic data are core laboratory derived. All data are per patient 

unless otherwise noted. ‡ Occurrence of one of the following: chest pain lasting >10 minutes, electrocardiogram changes lasting 

>10 minutes, slow coronary flow, no reflow, distal embolisation, side branch closure (>2 mm side branch), acute vessel closure, 

perforation, stent thrombosis, cardiac tamponade requiring pericardial synthesis, cardiac arrest requiring cardiopulmonary 

resuscitation or defibrillation/cardioversion, ventricular arrhythmias requiring defibrillation or cardioversion, bradyarrhythmias or 

heart block requiring temporary pacemaker, intubation, hypotension requiring pressors or intra-aortic balloon pump, stroke, 

coronary dissection, aortic dissection, or bleeding. § Time from local anaesthesia to time of last guidewire removal. RCA: right 

coronary artery  



 

 

Supplementary Table 2. Clinical and angiographic complications during PCI. 

 Occluded RCA Patent RCA p-value 

Angiographic complications occurring any time during the 

procedure*    

  Perforation 2/64 (3.1) 4/778 (0.5) 0.01 

  Abrupt closure 1/64 (1.6) 18/778 (2.3) 0.70 

  No reflow 0/64 (0.0) 19/778 (2.4) — 

  Distal embolisation 1/64 (1.6) 8/778 (1.0) 0.69 

  Dissection type E or F 0/64 (0.0) 2/778 (0.3) 0.69 

  Side branch (>2 mm) closure 0/63 (0.0) 12/766 (1.6) — 

Angiographic complications present at the procedure end*    

  Perforation 0/63 (0.0) 1/773 (0.1) — 

  Abrupt closure 0/63 (0.0) 7/773 (0.9) — 

  No reflow 0/63 (0.0) 5/773 (0.7) — 

  Distal embolisation 0/63 (0.0) 6/773 (0.8) — 

  Dissection type E or F 0/63 (0.0) 0/773 (1.7) — 

  Side branch (>2 mm) closure 0/60 (0.0) 7/762 (0.9) — 

Clinical procedural complications†    

  Chest pain lasting >10 minutes 1/63 (1.6) 12/791 (1.5) 1.00 

  ECG changes lasting >10 minutes 1/63 (1.6) 9/791 (1.1) 0.54 

  Cardiac tamponade requiring pericardiocentesis 1/63 (1.6) 0/791 (0.0) 0.07 

  Cardiac arrest requiring CPR or defibrillation/cardioversion 0/63 (0.0) 1/791 (0.1) 1.00 

  Ventricular arrhythmias requiring defibrillation/cardioversion 0/63 (0.0) 2/791 (0.3) 1.00 

  Bradyarrhythmias or heart block requiring temporary pacemaker 0/63 (0.0) 2/791 (0.3) 1.00 

  Intubation 0/63 (0.0) 1/791 (0.1) 1.00 

  Hypotension requiring pressors or IABP 0/63 (0.0) 10/791 (1.3) 1.00 

  Stroke 0/63 (0.0) 0/791 (0.0) — 

  Coronary dissection 2/63 (3.2) 23/791 (2.9) 0.71 

  Aortic dissection 0/63 (0.0) 1/791 (0.1) 1.00 

  Bleeding 0/63 (0.0) 2/791 (0.3) 1.00 

  Other 1/63 (1.6) 5/791 (0.6) 0.37 

Data expressed as n/N (%). * Angiographic core laboratory assessed. † Clinical site assessed.  

CPR cardiopulmonary resuscitation; ECG: electrocardiogram; IABP: intra-aortic balloon pump; PCI: percutaneous 

coronary intervention; RCA: right coronary artery 

  



 

Supplementary Table 3. Three-year clinical outcomes in patients with versus without right 

coronary artery chronic total occlusion. 

 
Occluded RCA 

(n=130) 

Patent RCA 

(n=1,623) 
p-value 

Primary endpoint* 16.4 (21) 14.2 (226) 0.58 

  Death 9.5 (12) 6.7 (105) 0.26 

  Myocardial infarction 7.8 (10) 7.7 (121) 0.96 

  Stroke 1.6 (2) 2.5 (39) 0.52 

Cardiovascular death 5.7 (7) 3.8 (60) 0.36 

Revascularisation (all) 11.9 (15) 9.9 (152) 0.44 

  Ischaemia-driven  11.1 (14) 9.8 (150) 0.61 

     Target vessel 10.3 (13) 8.6 (131) 0.47 

     Target lesion 8.7 (11) 7.6 (116) 0.60 

     Non-target lesion 2.4 (3) 1.9 (31) 0.72 

     Non-target vessel 0.9 (1) 1.8 (27) 0.42 

  Non-ischaemia-driven 1.6 (2) 0.7 (10) 0.23 

Stent thrombosis (definite or probable) 0.0 (0) 0.8 (12) 0.32 

  Definite 0.0 (0) 0.4 (6) 0.49 

  Probable 0.0 (0) 0.4 (6) 0.49 

Symptomatic graft stenosis or occlusion 5.5 (7) 2.3 (35) 0.02 

Values are Kaplan-Meier estimated % (n). * Death, stroke, or myocardial infarction.  

RCA: right coronary artery 

  



 

Supplementary Table 4. Multivariable adjusted 3-year outcomes of patients with and 

without right coronary artery chronic total occlusion. 

 
Adjusted hazard ratio* 

(95% confidence interval) 
p-value 

Primary endpoint† 1.09 (0.67, 1.77) 0.74 

  Death 1.40 (0.72, 2.71) 0.32 

  Myocardial infarction 1.05 (0.53, 2.09) 0.88 

  Stroke 0.33 (0.05, 2.43) 0.28 

Cardiovascular death 1.34 (0.55, 3.23) 0.52 

Non-cardiovascular death 1.49 (0.55, 4.06) 0.43 

Revascularisation (all) 1.37 (0.78, 2.39) 0.27 

  Ischaemia-driven 1.28 (0.72, 2.28) 0.40 

* For patients with versus without right coronary artery chronic total occlusion. † Death, stroke, or 

myocardial infarction.



 

 

Supplementary Table 5. Thirty-day clinical outcomes of percutaneous coronary intervention versus coronary artery bypass 

grafting in patients with and without right coronary artery chronic total occlusion. 

 
RCA CTO (n=130) No RCA CTO (n=1,623) 

pinteraction 
PCI CABG HR (95% CI)* PCI CABG HR (95% CI)* 

Primary endpoint† 3.1 (2) 4.6 (3) 0.66 (0.11-3.98) 4.6 (37) 7.5 (61) 0.61 (0.41-0.92) 0.92 

  Death 0.0 (0) 0.0 (0) — 1.0 (8) 1.2 (10) 0.81 (0.32-2.05) — 

    Cardiovascular 0.0 (0) 0.0 (0) — 1.0 (8) 1.1 (9) 0.90 (0.35-2.33) — 

  Myocardial infarction 3.1 (2) 4.6 (3) 0.66 (0.11-3.98) 3.6 (29) 5.7 (46) 0.64 (0.40-1.02) 0.96 

    Periprocedural 3.1 (2) 4.6 (3) 0.66 (0.11-3.98) 3.4 (27) 5.3 (43) 0.64 (0.39-1.03) 0.96 

    Spontaneous 0.0 (0) 0.0 (0) — 0.2 (2) 0.4 (3) 0.67 (0.11-4.02) — 

  Stroke 0.0 (0) 0.0 (0) — 0.6 (5) 1.4 (11) 0.46 (0.16-1.32) — 

Any revascularisation 1.5 (1) 1.5 (1) 0.99 (0.06-15.86) 0.6 (5) 1.2 (10) 0.50 (0.17-1.48) 0.65 

  Ischaemia-driven 0.0 (0) 1.5 (1) — 0.6 (5) 1.2 (10) 0.50 (0.17-1.48) — 

Definite stent thrombosis or 

symptomatic graft occlusion‡ 

0.0 (0) 1.5 (1) — 0.2 (2) 1.0 (8) 0.25 (0.05-1.19) — 

BARC bleeding§        

    Any 10.8 (7) 7.7 (5) 1.43 (0.45-4.50) 7.0 (56) 13.5 (109) 0.51 (0.37-0.70) 0.09 

    Type 2-5 9.2 (6) 6.1 (4) 1.51 (0.43-5.37) 5.3 (42) 12.1 (98) 0.42 (0.29-0.61) 0.06 

    Type 3-5 6.1 (4) 4.6 (3) 1.32 (0.29-5.88) 2.2 (18) 9.0 (73) 0.24 (0.14-0.41) 0.04 

TIMI bleeding        

    Major 1.5 (1) 0.0 (0) — 1.1 (9) 4.0 (32) 0.28 (0.13-0.59) — 

    Minor 3.1 (2) 3.1 (2) 1.00 (0.14-7.07) 2.6 (21) 5.6 (45) 0.47 (0.28-0.79) 0.46 

Blood transfusion 6.1 (4) 7.7 (5) 0.78 (0.21-2.90) 2.9 (23) 12.9 (104) 0.21 (0.14-0.34) 0.07 

 

Values are Kaplan-Meier estimated % (n). * Hazard ratio (HR) for patients with occluded right coronary artery (RCA) versus with patent RCA; † 

death, stroke, or myocardial infarction; ‡ definite and probable stent thrombosis were defined according to the Academic Research Consortium 

criteria; § Bleeding Academic Research Consortium (BARC) type 2-5 is bleeding that requires medical attention and type 3-5 is severe or fatal 

bleeding. CABG: coronary artery bypass grafting; CI: confidence interval; PCI: percutaneous coronary intervention; TIMI: Thrombolysis In 

Myocardial Infarction  



 

Supplementary Table 6. Three-year clinical outcomes of percutaneous coronary intervention versus coronary artery bypass grafting in 

patients with and without right coronary artery total occlusion.  

 

Occluded RCA (n=130) Patent RCA (n=1,623) 

pinteraction 
PCI CABG 

Hazard ratio 

(95% confidence 

interval) 

PCI CABG 

Hazard ratio 

(95% confidence 

interval) 

Primary endpoint* 17.2 (11) 15.5 (10) 1.07 (0.45-2.51) 14.5 (115) 13.9 (111) 1.02 (0.79-1.33) 0.92 

  Death 9.6 (6) 9.4 (6) 0.99 (0.32-3.06) 7.7 (61) 5.6 (44) 1.38 (0.94-2.04) 0.58 

  Myocardial infarction 7.8 (5) 7.7 (5) 0.97 (0.28-3.36) 7.8 (61) 7.5 (60) 1.02 (0.71-1.45) 0.96 

  Stroke 3.2 (2) 0.0 (0) — 1.9 (15) 3.1 (24) 0.62 (0.33-1.19) — 

Cardiovascular death 6.5 (4) 4.5 (3) 1.32 (0.30-5.92) 4.2 (33) 3.4 (27) 1.22 (0.73-2.03) 0.92 

Revascularisation (all) 12.7 (8) 11.08 (7) 1.09 (0.39-3.00) 12.8 (98) 7.0 (54) 1.85 (1.33-2.58) 0.33 

  Ischaemia-driven  11.1 (7) 11.1 (7) 0.93 (0.33-2.66) 12.7 (97) 6.9 (53) 1.87 (1.34-2.61) 0.22 

    Target vessel 9.5 (6) 11.1 (7) 0.80 (0.27-2.37) 10.7 (82) 6.4 (49) 1.70 (1.19-2.43) 0.20 

    Target lesion 6.3 (4) 11.1 (7) 0.53 (0.16-1.81) 9.1 (70) 6.0 (46) 1.54 (1.06-2.23) 0.10 

    Non-target lesion 4.7 (3) 0.0 (0) — 3.4 (26) 0.7 (5) 5.26 (2.02-13.69) — 

    Non-target vessel 1.7 (1) 0.0 (0) — 2.8 (21) 0.8 (6) 3.50 (1.41-8.68) — 

  Non-ischaemia-driven 1.5 (1) 1.6 (1) 0.99 (0.06-15.86) 1.0 (8) 0.3 (2) 3.98 (0.84-18.72) 0.39 

Stent thrombosis (definite or probable) 0.0 (0) 0.0 (0) — 1.5 (12) 0.0 (0) — — 

  Definite 0.0 (0) 0.0 (0) — 0.8 (6) 0.0 (0) — — 

  Probable 0.0 (0) 0.0 (0) — 0.8 (6) 0.0 (0) — — 

Symptomatic graft stenosis or occlusion 0.0 (0) 11.1 (7) — 0.0 (0) 4.5 (35) — — 

Values are Kaplan-Meier estimated % (n events). * Death, stroke, or myocardial infarction. CABG: coronary artery bypass grafting; PCI: percutaneous coronary 

intervention; RCA: right coronary artery 


