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BACKGROUND: Heart failure might be an important determinant in choosing coronary revascularization modalities. There was 
no previous study evaluating the effect of heart failure on long-term clinical outcomes after percutaneous coronary interven-
tion (PCI) relative to coronary artery bypass grafting (CABG).

METHODS AND RESULTS: Among 14 867 consecutive patients undergoing first coronary revascularization with PCI or isolated 
CABG between January 2011 and December 2013 in the CREDO-Kyoto PCI/CABG registry Cohort-3, we identified the cur-
rent study population of 3380 patients with three-vessel or left main coronary artery disease, and compared clinical outcomes 
between PCI and CABG stratified by the subgroup based on the status of heart failure. There were 827 patients with heart 
failure (PCI: N=511, and CABG: N=316), and 2553 patients without heart failure (PCI: N=1619, and CABG: N=934). In patients 
with heart failure, the PCI group compared with the CABG group more often had advanced age, severe frailty, acute and se-
vere heart failure, and elevated inflammatory markers. During a median 5.9 years of follow-up, there was a significant interac-
tion between heart failure and the mortality risk of PCI relative to CABG (interaction P=0.009), with excess mortality risk of PCI 
relative to CABG in patients with heart failure (HR, 1.75; 95% CI, 1.28–2.42; P<0.001) and no excess mortality risk in patients 
without heart failure (HR, 1.04; 95% CI, 0.80–1.34; P=0.77).

CONCLUSIONS: There was a significant interaction between heart failure and the mortality risk of PCI relative to CABG with 
excess risk in patients with heart failure and neutral risk in patients without heart failure.
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Heart failure is a major public health burden world-
wide in rapidly aging societies, and coronary artery 
disease (CAD) is one of the most common etiolo-

gies of heart failure. The STICHES (Surgical Treatment 
for Ischemic Heart Failure Extension Study) trial 
showed that coronary artery bypass grafting (CABG) 
compared with medical therapy only was superior in 
improving survival in patients with systolic dysfunction,1 
whereas there are currently no dedicated random-
ized controlled trials (RCTs) comparing percutaneous 
coronary intervention (PCI) versus medical therapy in 
patients with heart failure. The optimal revasculariza-
tion strategy in CAD patients with heart failure is still 

controversial, because previous RCTs comparing PCI 
with CABG have excluded patients with heart failure, or 
included only a very small proportion of patients with 
heart failure.2–7 In the observational studies, there is a 
report that PCI had comparable long-term survival out-
comes to CABG in patients with multivessel disease 
and systolic dysfunction,8 while other studies have 
suggested that CABG had significant survival benefit 
as compared with PCI in CAD patients with systolic 
dysfunction and/or heart failure.9–11 At present, there 
was no previous study evaluating the effect of heart 
failure on long-term clinical outcomes after PCI relative 
to CABG. Therefore, we sought to evaluate the effect 
of heart failure on long-term clinical outcomes after 
PCI versus CABG in patients with severe CAD such as 
three-vessel coronary artery disease (3VD) or left main 
coronary artery disease (LMCAD) in a large observa-
tional database of patients undergoing first coronary 
revascularization in Japan.

METHODS
Study Design
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. The CREDO-Kyoto (Coronary 
Revascularization Demonstrating Outcome Study in 
Kyoto) PCI/CABG registry Cohort-3 is a physician-
initiated, noncompany-sponsored, multicenter reg-
istry enrolling consecutive patients who underwent 
first coronary revascularization with PCI or isolated 
CABG without combined noncoronary surgery among 
22 Japanese centers between January 2011 and 
December 2013. Among 14  927 patients enrolled in 
the registry, we excluded those patients who refused 
study participation (N=60), acute myocardial infarction 
(N=5510), and one- or two-vessel disease (N=5977), 
and the current study population consisted of 3380 
patients with severe CAD (3VD: N=2525, and LMCAD: 
N=855) (Figure  1). In this study, we compared long-
term clinical outcomes between PCI and CABG strati-
fied by the subgroup based on the status of heart 
failure. Heart failure was defined as having been di-
agnosed with heart failure at index hospitalization for 
coronary revascularization, and/or prior hospitalization 
for heart failure regardless of left ventricular ejection 
fraction. Heart failure at index hospitalization for coro-
nary revascularization was defined as New York Heart 
Association (NYHA) class greater than or equal to II.

The relevant ethics committees in all the partici-
pating centers approved the study protocol. Because 
of the retrospective enrollment, written informed con-
sents from the patients were waived; however, we 
excluded those patients who refused participation in 
the study when contacted for follow-up. This strategy 

CLINICAL PERSPECTIVE

What Is New?
•	 According to a Japanese observational all-

comers registry database of patients who un-
derwent first coronary revascularization for 
three-vessel or left main disease, the excess 
mortality risk of percutaneous coronary inter-
vention (PCI) relative to coronary artery bypass 
grafting (CABG) was significant in patients with 
heart failure, whereas it was not significant in 
patients without heart failure, with significant in-
teraction between heart failure and the mortality 
risk of PCI relative to CABG.

•	 There were substantial baseline differences 
between the PCI and CABG groups in patients 
with heart failure, while those were generally 
well balanced in patients without heart failure.

What Are the Clinical Implications?
•	 Considering the possible presence of selection 

bias for coronary revascularization modality in 
patients with heart failure, we should be cau-
tious in interpreting the results from the obser-
vational studies suggesting the higher mortality 
risk of PCI relative to CABG in patients with 
heart failure.

•	 It was reassuring that the practice pattern in the 
present study was not associated with an ex-
cess long-term mortality risk of PCI relative to 
CABG in patients with severe coronary artery 
disease and without heart failure.

Nonstandard Abbreviations and Acronyms

3VD	 three-vessel coronary artery disease
LMCAD	 left main coronary artery disease
SYNTAX	 Synergy between PCI with Taxus and 

Cardiac Surgery
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is concordant with the guidelines of the Japanese 
Ministry of Health, Labor and Welfare.

Outcome Measures
The primary outcome measure was all-cause death. 
The secondary outcome measures included cardio-
vascular death, noncardiovascular death, myocar-
dial infarction, stroke, hospitalization for heart failure, 
major bleeding, and any coronary revascularization. 
Definitions of the outcome measures were described 
in Appendix S1.

Data Collection
Clinical, angiographic, and procedural data were col-
lected from hospital charts or hospital databases 
according to the pre-specified definitions by the expe-
rienced clinical research coordinators belonging to an 
independent clinical research organization (Research 
Institute for Production Development, Kyoto, Japan). 
Follow-up data were collected from the hospital charts 
and/or obtained by contacting with patients, their 

relatives, or referring physicians. The clinical event 
committee adjudicated those events such as death, 
myocardial infarction, stroke, and major bleeding. 
Coronary anatomic complexity was evaluated accord-
ing to the SYNTAX (Synergy between PCI with Taxus 
and Cardiac Surgery) score, which was evaluated by 
the experienced cardiologists (Appendix S1).

Statistical Analysis
Categorical variables were presented as num-
ber and percentage, and compared with the chi-
square test. Continuous variables were expressed as 
mean±standard deviation or median and interquartile 
range (IQR). Continuous variables were compared with 
the Student t test or Wilcoxon rank sum test based 
on their distributions. Cumulative incidence of the out-
come measures was estimated by the Kaplan-Meier 
method, and the differences were assessed with the 
log-rank test. The effects of PCI relative to CABG for 
the outcome measures were estimated by the Cox 
proportional hazard models, and were expressed as 
hazard ratios (HRs) and their 95% CIs. The adjusted 

Figure 1.  Study flowchart.
CABG indicates coronary artery bypass grafting; CREDO-Kyoto PCI/CABG Registry Cohort-3, Coronary Revascularization 
Demonstrating Outcome study in Kyoto PCI/CABG Registry Cohort-3; LMCAD, left main coronary artery disease; and PCI, 
percutaneous coronary intervention.

CREDO-Kyoto PCI/CABG Registry Cohort-3
14,927 patients who underwent first coronary revascularization with PCI or isolated CABG

among 22 Japanese centers between January 2011 and December 2013

CABG: N=1620PCI: N=13,307

Refusal for study participation N=11Refusal for study participation N=49

Acute myocardial infarction N=194

1- or 2-vessel disease N=165

Current study population
Severe coronary artery disease (3-vessel disease or LMCAD): N=3380

(3-vessel disease: N=2525, LMCAD: N=855)

Acute myocardial infarction N=5316

1- or 2- vessel disease N=5812

Patients with heart failure: N=827
(Current heart failure at index hospitalization: N=546 [66.0%])

(Prior hospitalization for heart failure only: N=281 [34.0%])

Patients without heart failure: N=2553

CABG: N=316PCI: N=511

CABG: N=934PCI: N=1619
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HRs were estimated by the multivariable Cox pro-
portional hazard models adjusting for the 26 clinically 
relevant factors listed in Table. To avoid overfitting for 
the outcome measures with <100 patients with event, 
we constructed the parsimonious models with 7 risk-
adjusting variables (age ≥75 years, men, diabetes mel-
litus, prior myocardial infarction, prior stroke, estimated 
glomerular filtration rate <30  mL/min per 1.73  m2 or 
hemodialysis, and severe frailty). In patients with heart 
failure, the primary outcome measure was compared 
between PCI and CABG in the subgroups stratified by 
heart failure presentation (current heart failure at index 
hospitalization or prior hospitalization for heart failure 
only), NYHA classification, and left ventricular ejection 
fraction. In this analysis, the multivariable analysis was 
performed with the parsimonious model described 
above. As a sensitivity analysis, we performed the 
main analysis after excluding patients with surgical in-
eligibility. Moreover, as a sensitivity analysis, we per-
formed the adjusted analysis including SYNTAX score 
as a continuous explanatory variable in the model in 
3129 (92.6%) patients whom the SYNTAX score was 
available. Statistical analyses were performed with 
JMP 14.0 software (SAS Institute, Inc., Cary, NC). All 
statistical analyses were 2-tailed, and P values of <0.05 
were considered statistically significant.

RESULTS
Study Population
In this study population of 3380 patients with severe 
CAD, there were 827 patients with heart failure (PCI: 
N=511, and CABG: N=316), and 2553 patients with-
out heart failure (PCI: N=1619, and CABG: N=934) 
(Figure  1). The proportion of PCI/CABG was similar 
in patients with and without heart failure. Among 827 
patients with heart failure, there were 546 patients 
with current heart failure at index hospitalization (PCI: 
N=399, and CABG: N=147), and 281 patients with prior 
hospitalization for heart failure only (PCI: N=112, and 
CABG: N=169). PCI was more often chosen in patients 
with current heart failure at index hospitalization, par-
ticularly in patients with severe current heart failure at 
index hospitalization (NYHA class III or IV) (Table S1).

Baseline Characteristics
Patients with heart failure were older, and more often 
women, and more often had comorbidities, frailty, sur-
gical ineligibility, and complex coronary anatomy than 
in those without heart failure (Table S2).

In patients both with and without heart failure, the 
PCI group were older, and more often women than 
the CABG group. In patients with heart failure, the PCI 
group more often had current heart failure at index 
hospitalization and severe heart failure than the CABG 

group. The PCI group had higher inflammatory mark-
ers, and higher prevalence of frailty than the CABG 
group in patients with heart failure, but not in patients 
without heart failure. Interval from hospitalization to 
index procedure was significantly longer in the PCI 
group than in the CABG group in patients with heart 
failure, while it was significantly longer in the CABG 
group than in the PCI group in patients without heart 
failure. Regarding angiographic and procedural char-
acteristics, the CABG group compared with the PCI 
group had greater number of target lesions or anas-
tomoses, and higher coronary anatomic complexity 
regardless of heart failure (Table).

Baseline characteristics in patients with 3VD and 
LMCAD were consistent with those in the entire study 
population (Tables S3 and S4).

Regarding the baseline characteristics stratified 
by the current heart failure at index hospitalization or 
prior hospitalization only, the PCI group had higher 
inflammatory markers, and higher prevalence of ad-
vanced age, mitral regurgitation, prior myocardial in-
farction, and frailty than the CABG group in patients 
with current heart failure at index hospitalization, but 
not in patients with prior hospitalization for heart failure 
only. Interval from hospitalization to index procedure 
was significantly longer in the PCI group than in the 
CABG group in patients with current heart failure at 
index hospitalization, while it was significantly longer in 
the CABG group than in the PCI group in patients with 
prior hospitalization for heart failure only (Table S5).

Long-Term Follow-Up
Median follow-up for survivors was 5.9 (IQR: 5.1–
6.8) years: (with heart failure: 5.8 [IQR: 4.8–6.6], and 
without heart failure: 5.9 [IQR: 5.1–6.8]). Complete 
1-, 3-, and 5-year follow-up rates were lower in the 
CABG group than in the PCI group (with heart fail-
ure: 92.1% versus 96.5%, 90.2% versus 93.0%, and 
79.4% versus 82.8%, and without heart failure: 92.6% 
versus 98.1%, 90.5% versus 95.7%, and 81.1% versus 
83.6%).

Survival Outcomes
In patients with heart failure, the cumulative 5-year in-
cidence of all-cause death was significantly higher in 
the PCI group than in the CABG group (37.7% versus 
22.1%, log-rank P<0.001) (Figure  2). After adjusting 
confounders, the excess mortality risk of PCI relative 
to CABG remained significant (HR, 1.75; 95% CI, 1.28–
2.42; P<0.001) (Figure  3). The PCI group compared 
with the CABG group was associated with higher ad-
justed risks for both cardiovascular and noncardiovas-
cular death (Figure 3).
In the subgroup analysis stratified by heart failure pre-
sentation, the excess adjusted risk of PCI relative to 
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Table.  Baseline Characteristics

With Heart Failure (N=827) Without Heart Failure (N=2553)

PCI (N=511) CABG (N=316) P value PCI (N=1619) CABG (N=934) P value

Clinical characteristics

Age, y 72.4±11.9 69.7±9.9 0.001 70.3±9.9 69.1±9.2 0.002

≥75* 248 (48.5) 117 (37.0) 0.001 589 (36.4) 275 (29.4) <0.001

Men* 341 (66.7) 235 (74.4) 0.02 1225 (75.7) 743 (79.6) 0.02

Body mass index, kg/m2 23.5±4.2 23.4±3.8 0.68 24.0±3.5 23.8±3.4 0.22

<25.0* 356 (69.7) 222 (70.3) 0.86 1066 (65.8) 628 (67.2) 0.47

Unstable angina 13 (2.5) 9 (2.8) 0.79 39 (2.4) 25 (2.7) 0.68

Blood pressure at index hospitalization, mm Hg

Systolic 137±28 124±23 <0.001 136±20 129±19 <0.001

Diastolic 77±18 68±14 <0.001 74±13 70±12 <0.001

Heart rate at index hospitalization, bpm 85±21 75±16 <0.001 74±14 73±13 0.14

Hypertension* 448 (87.7) 281 (88.9) 0.59 1397 (86.3) 770 (82.4) 0.009

Diabetes mellitus* 295 (57.7) 204 (64.6) 0.051 756 (46.7) 450 (48.2) 0.47

On insulin therapy 95 (18.6) 96 (30.4) <0.001 207 (12.8) 153 (16.4) 0.01

Current smoking* 101 (19.8) 68 (21.5) 0.54 344 (21.2) 140 (15.0) <0.001

Prior hospitalization for heart failure 184 (36.0) 215 (68.0) <0.001

Current heart failure at index hospitalization 399 (78.1) 147 (46.5) <0.001

NYHA II 198 (38.7) 114 (36.1) <0.001

NYHA III 136 (26.6) 23 (7.3)

NYHA IV 65 (12.7) 10 (3.2)

LVEF 47.4±15.5 48.5±14.5 0.31 62.4±10.8 63.1±11.8 0.14

<40% 161 (34.6) 91 (30.4) 0.47 43 (3.1) 40 (4.5) 0.15

40–50% 101 (21.7) 71 (23.8) 122 (8.8) 88 (9.9)

≥50% 203 (43.7) 137 (45.8) 1216 (88.1) 763 (85.6)

Mitral regurgitation grade ≥3/4 86 (18.5) 42 (14.0) 0.1 55 (3.9) 42 (4.7) 0.38

Prior myocardial infarction* 217 (42.5) 110 (34.8) 0.03 255 (15.8) 181 (19.4) 0.02

Prior stroke* 99 (19.4) 60 (19.0) 0.89 269 (16.6) 158 (16.9) 0.84

Peripheral vascular disease* 62 (12.1) 41 (13.0) 0.72 245 (15.1) 113 (12.1) 0.03

eGFR <30 mL/min per 1.73 m2 or 
hemodialysis

114 (22.3) 71 (22.5) 0.96 149 (9.2) 97 (10.4) 0.33

eGFR <30 mL/min per 1.73 m2, without 
hemodialysis*

53 (10.4) 39 (12.3) 0.38 51 (3.2) 32 (3.4) 0.7

Hemodialysis* 61 (11.9) 32 (10.1) 0.42 98 (6.1) 65 (7.0) 0.37

Atrial fibrillation* 87 (17.0) 43 (13.6) 0.19 105 (6.5) 49 (5.2) 0.21

Hemoglobin <11.0 g/dL* 163 (31.9) 96 (30.4) 0.65 211 (13.0) 123 (13.2) 0.92

Platelet <100×109/L* 15 (2.9) 12 (3.8) 0.5 25 (1.5) 18 (1.9) 0.47

White blood cell, ×103 cells/μL 6.8 (5.5–8.7) 6.0 (5.0–7.3) <0.001 6.0 (5.0–7.3) 6.0 (5.0–7.1) 0.62

CRP, mg/dL 0.43 (0.14–1.60) 0.20 (0.10–0.68) <0.001 0.12 (0.06–0.3) 0.13 (0.06–0.33) 0.21

Chronic obstructive pulmonary disease* 27 (5.3) 27 (8.5) 0.07 53 (3.3) 50 (5.4) 0.01

Liver cirrhosis* 16 (3.1) 8 (2.5) 0.62 47 (2.9) 24 (2.6) 0.62

Malignancy 62 (12.1) 34 (10.8) 0.55 227 (14.0) 106 (11.3) 0.053

Active malignancy* 17 (3.3) 6 (1.9) 0.22 40 (2.5) 21 (2.2) 0.72

Severe frailty*,† 51 (10.0) 9 (2.8) <0.001 42 (2.6) 14 (1.5) 0.07

Surgical ineligibility‡ 54 (10.6) 66 (4.1)

Procedural characteristics

Number of target lesions or anastomoses 2.0±1.0 3.4±0.9 <0.001 2.1±1.0 3.4±0.9 <0.001

Target of proximal LAD* 326 (63.8) 275 (87.0) <0.001 1045 (64.5) 816 (87.4) <0.001

 (Continued)
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CABG was significant for all-cause death in patients 
with current heart failure at index hospitalization (HR, 
2.07; 95% CI, 1.42–3.13; P<0.001), while it was not 
significant in patients with prior hospitalization for 
heart failure only (HR, 1.20; 95% CI, 0.78–1.82; P=0.4) 
(Figure 4 and Figure S1).

In patients without heart failure, the cumulative 5-
year incidence of all-cause death was not significantly 
different between the PCI and CABG groups (14.9% 
versus 12.4%, log-lank P=0.12) (Figure  2). After ad-
justing confounders, the risk of PCI relative to CABG 

remained insignificant for all-cause death (HR, 1.04; 
95% CI, 0.80–1.34; P=0.77) (Figure  3). There was 
significant interaction between heart failure and the 
effects of PCI relative to CABG for all-cause death (in-
teraction P=0.009). Excess adjusted risk of PCI relative 
to CABG also was not significant for both cardiovas-
cular and noncardiovascular death in patients without 
heart failure (Figure 3).

Survival outcomes in patients with 3VD and LMCAD 
were consistent with those in the entire study popula-
tion (Tables S6 and S7). In the sensitivity analysis after 

With Heart Failure (N=827) Without Heart Failure (N=2553)

PCI (N=511) CABG (N=316) P value PCI (N=1619) CABG (N=934) P value

Target of chronic total occlusion* 124 (24.3) 139 (44.0) <0.001 311 (19.2) 355 (38.0) <0.001

3-vessel disease 410 (80.2) 203 (64.2) <0.001 1337 (82.6) 575 (61.6) <0.001

LMCA disease 101 (19.8) 113 (35.8) <0.001 282 (17.4) 359 (38.4) <0.001

Isolated LMCA 7 (1.4) 0 (0) <0.001 18 (1.1) 0 (0) <0.001

LMCA+1-vessel disease 19 (3.7) 0 (0) 76 (4.7) 6 (0.6)

LMCA+2-vessel disease 30 (5.9) 23 (7.3) 97 (6.0) 103 (11.0)

LMCA+3-vessel disease 45 (8.8) 89 (28.2) 91 (5.6) 250 (26.8)

SYNTAX score 26 (20–32) 31 (25–37) <0.001 23 (17–29) 29 (23–35) <0.001

Low <23 185 (36.5) 45 (18.0) <0.001 777 (48.5) 175 (22.8) <0.001

Intermediate 23–32 205 (40.4) 96 (38.4) 574 (35.8) 323 (42.0)

High ≥33 117 (23.1) 109 (43.6) 252 (15.7) 271 (35.2)

Total number of stents 2 (2–4) 3 (2–4) …

Total stent length, mm 54 (33–87) 56 (31–90) …

DES use 472 (92.4) 1482 (91.5) …

New-generation DES use 463 (90.6) 1460 (90.2) …

IVUS or OCT use 424 (83.0) 1353 (83.6) …

Internal thoracic artery graft use 309 (97.8) 911 (97.5) …

Off pump surgery 186 (58.9) 561 (60.1) …

Interval from index hospitalization to 
procedure, d

6 (1–14) 3 (1–5) <0.001 1 (0–3) 3 (2–5) <0.001

Baseline medications

Thienopyridine 510 (99.8) 76 (24.1) <0.001 1608 (99.3) 194 (20.8) <0.001

Aspirin 507 (99.2) 310 (98.1) 0.15 1608 (99.3) 922 (98.7) 0.12

Statins* 359 (70.3) 190 (60.1) 0.003 1214 (75.0) 600 (64.2) <0.001

Beta-blockers* 275 (53.8) 171 (54.1) 0.93 501 (30.9) 493 (52.8) <0.001

ACE-I/ARB* 368 (72.0) 111 (35.1) <0.001 959 (59.2) 255 (27.3) <0.001

Calcium channel blockers* 190 (37.2) 104 (32.9) 0.21 883 (54.5) 365 (39.1) <0.001

Oral anticoagulants* 94 (18.4) 157 (49.7) <0.001 103 (6.4) 487 (52.1) <0.001

Proton pump inhibitors or histamine type-2 
receptor blockers*

406 (79.5) 298 (94.3) <0.001 1148 (70.9) 876 (93.8) <0.001

Continuous variables were expressed as mean±standard deviation, or median (interquartile range). Categorical variables were expressed as number 
(percentage). Values were missing for LVEF in 344 patients, for mitral regurgitation in 319 patients, and for SYNTAX score in 251 patients. ACE-I indicates 
angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CABG, coronary artery bypass grafting; CRP, C-reactive protein; DES, 
drug-eluting stent; eGFR, estimated glomerular filtration rate; IVUS, intravascular ultrasound; LAD, left anterior descending coronary artery; LMCA, left main 
coronary artery; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; OCT, optical coherence tomography; PCI, percutaneous coronary 
intervention; and SYNTAX, SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.

*Risk adjusting variables selected for the Cox proportional hazard models.
†Severe frailty was regarded as present when the inability to perform usual activities of daily living was documented in the hospital charts.
‡Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or “too high risk for surgery” were documented in hospital 

charts.

Table.  Continued



J Am Heart Assoc. 2021;10:e021257. DOI: 10.1161/JAHA.121.021257� 7

Yamamoto et al� Heart Failure on Outcomes After PCI and CABG

Figure 2.  Kaplan-Meier event curves for all-cause death in patients (A) with heart 
failure, and (B) without heart failure.
CABG indicates coronary artery bypass grafting; CREDO-Kyoto PCI/CABG Registry Cohort-3, 
Coronary Revascularization Demonstrating Outcome study in Kyoto PCI/CABG Registry 
Cohort-3; LMCAD, left main coronary artery disease; and PCI, percutaneous coronary 
intervention.
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excluding patients with surgical indelibility, the results 
were fully consistent with those in the main analy-
sis (Table S8). In the sensitivity analysis of the model 

including SYNTAX score as an explanatory variable, 
the results were fully consistent with those in the main 
analysis (Table S9). In the subgroup analysis stratified 

Figure 3.  Forrest plots for the adjusted hazard ratios of PCI relative to CABG for clinical outcomes.
Number of patients with event was counted throughout the entire follow-up period, while the cumulative incidence was estimated 
at 5 years. BARC indicates Bleeding Academic Research Consortium; CABG, coronary artery bypass grafting; CREDO-Kyoto PCI/
CABG Registry Cohort-3, Coronary Revascularization Demonstrating Outcome study in Kyoto PCI/CABG Registry Cohort-3; eGFR, 
estimated glomerular filtration rate; HR, hazard ratio; LMCAD, left main coronary artery disease; and PCI, percutaneous coronary 
intervention.
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Values were missing for LVEF in 344 patients. Number of patients with event was counted throughout the entire follow-up period, while 
the cumulative incidence was estimated at 5 years. BARC indicates Bleeding Academic Research Consortium; CABG, coronary artery 
bypass grafting; CREDO-Kyoto PCI/CABG Registry Cohort-3, Coronary Revascularization Demonstrating Outcome study in Kyoto 
PCI/CABG Registry Cohort-3; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LMCAD, left main coronary artery disease; 
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; and PCI, percutaneous coronary intervention.
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by NYHA classification and left verntricular ejection 
fraction in patients with heart failure, there were no sig-
nificant interactions between the subgroup factors and 
the effect of PCI relative to CABG for all-cause death 
(Figure 4 and Figure S2).

Other Clinical Outcomes
In patients both with and without heart failure, the ex-
cess adjusted risk of PCI relative to CABG was sig-
nificant for myocardial infarction, and any coronary 
revascularization, while it was not significant for stroke, 
and hospitalization for heart failure. There was a sig-
nificantly lower risk of PCI relative to CABG for major 
bleeding in patients both with and without heart fail-
ure. There was no significant interaction between heart 
failure and the effects of PCI relative to CABG for all 
the outcome measures other than survival outcomes 
(Figure 3).

DISCUSSION
The main finding of this study comparing PCI with 
CABG in patients with severe CAD was that there was 
a significant interaction between heart failure and the 
mortality risk of PCI relative to CABG with excess risk 
in patients with heart failure and neutral risk in patients 
without heart failure.

In this study, PCI compared with CABG was associ-
ated with a significant excess mortality risk in patients 
with heart failure, whereas the mortality risk was neu-
tral in patients without heart failure. One of the rea-
sons for the different mortality risk of PCI relative to 
CABG might be related to the difference of baseline 
clinical characteristics between those with and without 
heart failure. In this study, patients with heart failure 
more often had systolic dysfunction and high SYNTAX 
score compared with those without. CABG might be 
more suitable in patients with heart failure with com-
plex coronary anatomy and/or systolic dysfunction, 
because in previous reports, CABG was associated 
with lower mortality risk compared with PCI in patients 
with systolic dysfunction, or high SYNTAX score.9,10,12 
However, there were substantial baseline differences 
between the PCI and CABG groups in patients with 
heart failure, while those were generally well balanced 
in patients without heart failure. In patients with heart 
failure, the PCI group compared with the CABG group 
had higher prevalence of advanced age, frailty, acute 
and severe heart failure, and elevated inflammatory 
markers. The interval from hospitalization to index pro-
cedure was longer in the PCI group than in the CABG 
group, suggesting that there were substantial propor-
tion of patients who could not undergo PCI quickly due 
to severe hemodynamic or respiratory condition, and/
or infection at index hospitalization in the PCI group. In 

this study, more than 60% of the patients were treated 
with PCI in the entire cohort, while more than 70% of 
the patients with acute heart failure, and more than 
80% of the patients with severe acute heart failure were 
treated with PCI as the coronary revascularization mo-
dality, even though the current clinical guidelines rec-
ommend CABG as the revascularization modality in 
patients with heart failure.13,14 Therefore, we cannot rule 
out the possibility of selection bias toward choosing 
PCI in sicker patients in this study, although the higher 
mortality risk of PCI relative to CABG in patients with 
heart failure was consistent with previous studies.9–11 
The excess adjusted risk of PCI relative to CABG for 
noncardiovascular death in patients with heart failure 
might also suggest the presence of selection bias. 
Indeed, there was no excess mortality risk of PCI rel-
ative to CABG in patients with prior hospitalization for 
heart failure only, whose baseline characteristics were 
relatively better balanced between the PCI and CABG 
groups than in those with current heart failure at index 
hospitalization. Considering the possible presence of 
selection bias for coronary revascularization modality 
in patients with heart failure, we should be cautious in 
interpreting the results from the observational studies 
suggesting the higher mortality risk of PCI relative to 
CABG in patients with heart failure.

It is noteworthy that there was no excess mortality 
risk of PCI relative to CABG in patients without heart 
failure in this study. In a meta-analysis of individual 
patient data from RCTs in patients with multivessel 
disease, there was no significant mortality risk of PCI 
relative to CABG in patients with low SYNTAX score, 
while PCI had higher mortality risk than CABG in pa-
tients with intermediate or high SYNTAX score.12 In a 
meta-analysis of individual patient data from RCTs in 
patients with LMCAD, the mortality risk was similar 
between PCI and CABG, although the mortality risk 
trended to be higher in PCI than in CABG in those with 
high SYNTAX score.12 Based on these results, the cur-
rent clinical guidelines recommend that CABG remains 
standard revascularization modality for patients with 
severe CAD, although PCI is recommended as a good 
alternative to CABG only in patients without diabetes 
mellitus, with low SYNTAX score in patients with 3VD, 
and only in patients with low or intermediate SYNTAX 
score in patients with LMCAD.13,14 In this study reflect-
ing real clinical practice, PCI was chosen in more than 
60% of patients with severe CAD and without heart 
failure, although patients treated with PCI had less 
complex coronary anatomy than those treated with 
CABG. The baseline characteristics were better bal-
anced between the PCI and CABG groups in patients 
without heart failure than in patients with heart failure, 
suggesting that selection bias toward sicker patients 
in the PCI group was less apparent in patients with-
out heart failure than in patients with heart failure. It 
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was reassuring that the practice pattern in the present 
study was not associated with an excess long-term 
mortality risk of PCI relative to CABG in patients with 
severe CAD and without heart failure.

Study Limitations
There were several important limitations in this study. 
First, patients were not randomly allocated to each coro-
nary revascularization strategy. Analysis with propensity 
score might be an option to take into account the differ-
ences in baseline characteristics and the potential selec-
tion bias. However, even analysis with propensity score 
could not address unmeasured confounders, and the 
sample size was limited in the current study population 
to provide a plausible propensity score, particularly in the 
subgroup of heart failure. Hence, we conducted some 
multivariable models as sensitivity analyses. Especially 
in patients with heart failure, we could not deny the 
presence of the unmeasured confounders and some 
ascertainment bias, although we conducted extensive 
multivariable adjustment for the known confounders. 
In fact, patients with heart failure more often had surgi-
cal ineligibility than in patients without heart failure. The 
results after excluding patients with surgical ineligibil-
ity were consistent with the main results, although the 
seemingly very low prevalence of inoperable patients 
would suggest imperfect ascertainment of inoperable 
status in this retrospective study. In addition, we evalu-
ated severe frailty defined as documentation of the in-
ability to perform usual activities of daily living in the 
hospital charts. However, we could not deny ascertain-
ment bias for severe frailty, because the prevalence of 
severe frailty in the present study was lower than those 
reported in previous studies.15 Furthermore, due to the 
retrospective study design, we could not assess other 
important factors such as moderate frailty and cogni-
tive impairment, which might have great influence on 
the choice between PCI and CABG, as well as on clini-
cal outcomes. In patients without heart failure, patient 
selection and intervention biases should also be con-
sidered as the baseline patient or lesion characteristics 
were different between PCI and CABG, which could pre-
vent generalization of the results and decision making in 
daily practice. Second, we might not have adequate sta-
tistical power in this subgroup analysis stratified by heart 
failure. However, we had enough number of patients 
with all-cause death to make extensive multivariable ad-
justment, and found a positive interaction between heart 
failure and the mortality risk of PCI relative to CABG. 
Third, the follow-up rate was suboptimal, and complete 
follow-up rate was lower in the CABG group than in 
the PCI group. The incidences of adverse event might 
have been underestimated in the CABG group. Fourth, 
as we excluded acute myocardial infarction patients in 
this study, the results of this study cannot be applied to 

those with non-ST-segment elevation myocardial infarc-
tion as well as ST-segment elevation myocardial infarc-
tion. Finally, the assessment of lesion-specific ischemia 
by fractional flow reserve was performed only in a small 
proportion of patients in the PCI group, which were dif-
ferent from the current clinical practice. Moreover, it was 
unknown whether the patients underwent complete or 
incomplete revascularization as the residual SYNTAX 
scores were not obtained.

CONCLUSIONS
There was a significant interaction between heart fail-
ure and the mortality risk of PCI relative to CABG with 
excess risk in patients with heart failure and neutral risk 
in patients without heart failure.

ARTICLE INFORMATION
Received February 19, 2021; accepted June 25, 2021.

Affiliations
Department of Cardiovascular Medicine (K. Yamamoto, Y.M.-N., H.S., Y.T., 
Y.Y., E.K., T. Kimura) and Department of Cardiovascular Surgery (K.M.), 
Kyoto University Graduate School of Medicine, Kyoto, Japan; Department of 
Cardiovascular Medicine, Saga University, Saga, Japan (M.N.); Department 
of Clinical Epidemiology, Hyogo College of Medicine, Nishinomiya, 
Japan (T.M.); Department of Cardiology (K. Kadota) and Department of 
Cardiovascular Surgery (T. Komiya), Kurashiki Central Hospital, Kurashiki, 
Japan; Department of Cardiology, Shizuoka General Hospital, Shizuoka, 
Japan (T. Tada); Department of Cardiology (K.I., T.D., K. Yamaji, K.A.) 
and Department of Cardiovascular Surgery (Y. Soga), Kokura Memorial 
Hospital, Kitakyushu, Japan; Department of Cardiology, Mitsubishi Kyoto 
Hospital, Kyoto, Japan (K. Kaneda.); Department of Cardiology, Hyogo 
Prefectural Amagasaki General Medical Center, Amagasaki, Japan (R.T., Y. 
Sato); Department of Cardiovascular Medicine (N.E., Y.F.) and Department 
of Cardiovascular Surgery (T. Koyama.), Kobe City Medical Center General 
Hospital, Kobe, Japan; Department of Cardiology (R.N.) and Department of 
Cardiovascular Surgery (F.Y.), Shizuoka City Shizuoka Hospital, Shizuoka, 
Japan; Department of Cardiology (M.T.) and Department of Cardiovascular 
Surgery (N.K.), Japanese Red Cross Wakayama Medical Center, Wakayama, 
Japan; Department of Cardiology, Hamamatsu Rosai Hospital, Hamamatsu, 
Japan (E.S.); Department of Cardiology, Juntendo University Shizuoka 
Hospital, Izunokuni, Japan (S.S.); Department of Cardiovascular Surgery 
(A.I.) and Department of Cardiology (T. Tamura), Tenri Hospital, Tenri, Japan; 
Department of Cardiovascular Center, Osaka Red Cross Hospital, Osaka, 
Japan (T.I.); Department of Cardiology, Kishiwada City Hospital, Kishiwada, 
Japan (M.M.); Division of Cardiology, Shimada Municipal Hospital, Shimada, 
Japan (T.A.); and Department of Cardiovascular Medicine, Shiga University 
of Medical Science, Shiga, Japan (Y.N.).

Acknowledgments
We appreciate the support and collaboration of the co-investigators partici-
pating in the CREDO-Kyoto PCI/CABG Registry Cohort-3. We are indebted 
to the clinical research coordinators for data collection.

Sources of Funding
This work was supported by an educational grant from the Research Institute 
for Production Development (Kyoto, Japan).

Disclosures
Dr Shiomi reports personal fees from Abbott Vascular, Boston Scientific, 
and Daiichi Sankyo. Dr Morimoto reports lecturer’s fees from Bayer, Daiichi 
Sankyo, Japan Lifeline, Kyocera, Mitsubishi Tanabe, Novartis, and Toray, and 
the manuscript fees from Bristol-Myers Squibb and Kowa, and served advisory 
boards for Asahi Kasei, Boston Scientific, Bristol-Myers Squibb, and Sanofi. 
Dr Furukawa reports personal fees from Bayer, Bristol-Myers Squibb, Daiichi 



J Am Heart Assoc. 2021;10:e021257. DOI: 10.1161/JAHA.121.021257� 11

Yamamoto et al� Heart Failure on Outcomes After PCI and CABG

Sankyo, Kowa, Ono Pharmaceutical, Otsuka Pharmaceutical, Pfizer, Sanofi, 
Sumitomo Dainippon Pharma, and Takeda Pharmaceutical. Dr Nakagawa re-
ports grant from Abbott Vascular and Boston Scientific, and reports personal 
fees from Abbott Vascular, Bayer, Boston Scientific, Bristol-Myers Squibb, 
and Daiichi Sankyo. Dr Kimura reports personal fees from Abbott Vascular, 
Abiomed, Astellas, Astellas Amgen Biopharma, AstraZeneca, Bayer, Boston 
Scientific, Boehringer Ingelheim, Bristol-Myers Squibb, Chugai Pharmaceutical, 
Edwards Lifescience, Eisai, Daiichi Sankyo, Interscience, Japan Society for 
the Promotion of Science, Kowa, Kowa Pharmaceutical, Lifescience, Medical 
Review, MSD, MSD Life Science Foundation, Mitsubishi Tanabe Pharma, 
Novartis Pharma, Ono Pharmaceutical, OrbusNeich, Otsuka Pharmaceutical, 
Pharmaceuticals and Medical Devices Agency, Philips, Public Health Research 
Foundation, Sanofi, Sumitomo Dainippon Pharma, Takeda Pharmaceutical, 
Terumo, Toray, Tsumura. The remaining authors have no disclosures to report.

Supplementary Material
Appendix S1
Tables S1–S9
Figures S1–S2
References 16,17

REFERENCES
	 1.	 Velazquez EJ, Lee KL, Jones RH, Al-Khalidi HR, Hill JA, Panza JA, 

Michler RE, Bonow RO, Doenst T, Petrie MC, et al. Coronary-artery by-
pass surgery in patients with ischemic cardiomyopathy. N Engl J Med. 
2016;374:1511–1520. DOI: 10.1056/NEJMo​a1602001.

	 2.	 Thuijs DJFM, Kappetein AP, Serruys PW, Mohr F-W, Morice M-C, Mack 
MJ, Holmes DR, Curzen N, Davierwala P, Noack T, et al. Percutaneous 
coronary intervention versus coronary artery bypass grafting in patients 
with three-vessel or left main coronary artery disease: 10-year fol-
low-up of the multicentre randomised controlled SYNTAX trial. Lancet. 
2019;394:1325–1334. DOI: 10.1016/S0140​-6736(19)31997​-X.

	 3.	 Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G, Mack M, 
Yang M, Cohen DJ, Rosenberg Y, Solomon SD, et al. Strategies for 
multivessel revascularization in patients with diabetes. N Engl J Med. 
2012;367:2375–2384. DOI: 10.1056/NEJMo​a1211585.

	 4.	 Park S-J, Ahn J-M, Kim Y-H, Park D-W, Yun S-C, Lee J-Y, Kang S-J, 
Lee S-W, Lee CW, Park S-W, et al. Trial of everolimus-eluting stents or 
bypass surgery for coronary disease. N Engl J Med. 2015;372:1204–
1212. DOI: 10.1056/NEJMo​a1415447.

	 5.	 Park D-W, Ahn J-M, Park H, Yun S-C, Kang D-Y, Lee PH, Kim Y-H, Lim 
D-S, Rha S-W, Park G-M, et al. Ten-year outcomes after drug-eluting 
stents versus coronary artery bypass grafting for left main coronary 
disease: extended follow-up of the PRECOMBAT trial. Circulation. 
2020;141:1437–1446. DOI: 10.1161/CIRCU​LATIO​NAHA.120.046039.

	 6.	 Stone GW, Kappetein AP, Sabik JF, Pocock SJ, Morice M-C, Puskas 
J, Kandzari DE, Karmpaliotis D, Brown WM, Lembo NJ, et al. Five-year 
outcomes after PCI or CABG for left main coronary disease. N Engl J 
Med. 2019;381:1820–1830. DOI: 10.1056/NEJMo​a1909406.

	 7.	 Holm NR, Mäkikallio T, Lindsay MM, Spence MS, Erglis A, Menown IBA, 
Trovik T, Kellerth T, Kalinauskas G, Mogensen LJH, et al. Percutaneous 
coronary angioplasty versus coronary artery bypass grafting in the treat-
ment of unprotected left main stenosis: updated 5-year outcomes from 

the randomised, non-inferiority NOBLE trial. Lancet. 2020;395:191–199. 
DOI: 10.1016/S0140​-6736(19)32972​-1.

	 8.	 Bangalore S, Guo Y, Samadashvili Z, Blecker S, Hannan EL. 
Revascularization in patients with multivessel coronary artery dis-
ease and severe left ventricular systolic dysfunction everolimus-
eluting stents versus coronary artery bypass graft surgery. 
Circulation. 2016;133:2132–2140. DOI: 10.1161/CIRCU​LATIO​NAHA.  
115.021168.

	 9.	 Nagendran J, Bozso SJ, Norris CM, McAlister FA, Appoo JJ, Moon MC, 
Freed DH. Coronary artery bypass surgery improves outcomes in pa-
tients with diabetes and left ventricular dysfunction. J Am Coll Cardiol. 
2018;71:819–827. DOI: 10.1016/j.jacc.2017.12.024

	10.	 Sun LY, Gaudino M, Chen RJ, Bader Eddeen A, Ruel M. Long-term 
outcomes in patients with secerely reduced left ventricular ejection frac-
tion undergoing percutaneous coronary intervention vs coronary artery 
bypass grafting. JAMA Cardiol. 2020;5:631–641. DOI: 10.1001/jamac​
ardio.2020.0239.

	11.	 Lee SE, Lee H-Y, Cho H-J, Choe W-S, Kim H, Choi JO, Jeon E-S, Kim 
M-S, Hwang K-K, Chae SC, et al. Coronary artery bypass graft ver-
sus percutaneous coronary intervention in acute heart failure. Heart. 
2020;106:50–57. DOI: 10.1136/heart​jnl-2018-313242.

	12.	 Head SJ, Milojevic M, Daemen J, Ahn J-M, Boersma E, Christiansen 
EH, Domanski MJ, Farkouh ME, Flather M, Fuster V, et al. Mortality after 
coronary artery bypass grafting versus percutaneous coronary inter-
vention with stenting for coronary artery disease: a pooled analysis of 
individual patient data. Lancet. 2018;391:939–948. DOI: 10.1016/S0140​
-6736(18)30423​-9.

	13.	 Neumann F-J, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, 
Benedetto U, Byrne RA, Collet J-P, Falk V, Head SJ, et al. 2018 
ESC/EACTS guidelines on myocardial revascularization. Eur Heart J. 
2019;40:87–165. DOI: 10.1093/eurhe​artj/ehy394.

	14.	 Fihn SD, Blankenship JC, Alexander KP, Bittl JA, Byrne JG, Fletcher 
BJ, Fonarow GC, Lange RA, Levine GN, Maddox TM, et al. 2014 ACC/
AHA/AATS/PCNA/SCAI/STS focused update of the guideline for the 
diagnosis and management of patients with stable ischemic heart dis-
ease a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines, and the American 
Association for Thoracic Surgery, Preventive Cardiovascular Nurses 
Association, Society for Cardiovascular Angiography and Interventions, 
and Society of Thoracic Surgeons. Circulation. 2014;130:1749–1767. 
DOI: 10.1161/CIR.00000​00000​000095.

	15.	 Singh M, Rihal CS, Lennon RJ, Spertus JA, Nair KS, Roger VL. 
Influence of frailty and health status on outcomes in patients with 
coronary disease undergoing percutaneous revascularization. Circ 
Cardiovasc Qual Outcomes. 2011;4:496–502. DOI: 10.1161/CIRCO​
UTCOM​ES.111.961375.

	16.	 Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es G-
A, Gabriel Steg P, Morel MA, Mauri L, Vranckx P, et al. Clinical end 
points in coronary stent trials a case for standardized definitions. 
Circulation. 2007;115:2344–2351. DOI: 10.1161/CIRCU​LATIO​NAHA.106.  
685313.

	17.	 Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, 
Kaul S, Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding 
definitions for cardiovascular clinical trials a consensus report from the 
Bleeding Academic Research Consortium. Circulation. 2011;123:2736–
2747. DOI: 10.1161/CIRCU​LATIO​NAHA.110.009449.

https://doi.org/10.1056/NEJMoa1602001
https://doi.org/10.1016/S0140-6736(19)31997-X
https://doi.org/10.1056/NEJMoa1211585
https://doi.org/10.1056/NEJMoa1415447
https://doi.org/10.1161/CIRCULATIONAHA.120.046039
https://doi.org/10.1056/NEJMoa1909406
https://doi.org/10.1016/S0140-6736(19)32972-1
https://doi.org/10.1161/CIRCULATIONAHA.115.021168
https://doi.org/10.1161/CIRCULATIONAHA.115.021168
https://doi.org/10.1016/j.jacc.2017.12.024
https://doi.org/10.1001/jamacardio.2020.0239
https://doi.org/10.1001/jamacardio.2020.0239
https://doi.org/10.1136/heartjnl-2018-313242
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1161/CIR.0000000000000095
https://doi.org/10.1161/CIRCOUTCOMES.111.961375
https://doi.org/10.1161/CIRCOUTCOMES.111.961375
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1161/CIRCULATIONAHA.110.009449


 

 

 

SUPPLEMENTAL MATERIAL 

 



Appendix 

 

List of Participating Centers and Investigators for the CREDO-Kyoto PCI/CABG Registry 

Cohort-3 

 

Cardiology 

Kyoto University Hospital: Takeshi Kimura, Hiroki Shiomi 

Kishiwada City Hospital: Mitsuo Matsuda, Takashi Uegaito 

Tenri Hospital: Toshihiro Tamura 

Hyogo Prefectural Amagasaki General Medical Center: Yukihito Sato, Ryoji Taniguchi 

Kitano Hospital: Moriaki Inoko 

Koto Memorial Hospital: Tomoyuki Murakami, Teruki Takeda 

Kokura Memorial Hospital: Kenji Ando, Takenori Domei 

Kindai University Nara Hospital: Manabu Shirotani 

Kobe City Medical Center General Hospital: Yutaka Furukawa, Natsuhiko Ehara 

Kobe City Nishi-Kobe Medical Center: Hiroshi Eizawa 

Kansai Electric Power Hospital: Katsuhisa Ishii, Eiji Tada 

Osaka Red Cross Hospital: Masaru Tanaka, Tsukasa Inada 

Shizuoka City Shizuoka Hospital: Tomoya Onodera, Ryuzo Nawada 

Hamamatsu Rosai Hospital: Eiji Shinoda, Miho Yamada 

Shiga University of Medical Science Hospital: Takashi Yamamoto, Hiroshi Sakai 

Japanese Red Cross Wakayama Medical Center: Takashi Tamura, Mamoru Toyofuku 

Shimabara Hospital: Mamoru Takahashi 

Shizuoka General Hospital: Hiroki Sakamoto, Tomohisa Tada 

Kurashiki Central Hospital: Kazushige Kadota, Takeshi Tada 



Mitsubishi Kyoto Hospital: Shinji Miki, Kazuhisa Kaneda 

Shimada Municipal Hospital: Takeshi Aoyama 

Juntendo University Shizuoka Hospital: Satoru Suwa 

 

Cardiovascular Surgery 

Kyoto University Hospital: Kenji Minatoya, Kazuhiro Yamazaki 

Kishiwada City Hospital: Tatsuya Ogawa 

Tenri Hospital: Atsushi Iwakura 

Hyogo Prefectural Amagasaki General Medical Center: Nobuhisa Ohno 

Kitano Hospital: Michiya Hanyu 

Kokura Memorial Hospital: Yoshiharu Soga, Akira Marui 

Kindai University Nara Hospital: Nobushige Tamura 

Kobe City Medical Center General Hospital: Tadaaki Koyama 

Osaka Red Cross Hospital: Shogo Nakayama 

Shizuoka City Shizuoka Hospital: Fumio Yamazaki, Yasuhiko Terai 

Hamamatsu Rosai Hospital: Junichiro Nishizawa 

Japanese Red Cross Wakayama Medical Center: Naoki Kanemitsu, Hiroyuki Hara 

Shizuoka General Hospital: Hiroshi Tsuneyoshi 

Kurashiki Central Hospital: Tatsuhiko Komiya 

Mitsubishi Kyoto Hospital: Jiro Esaki 

Juntendo University Shizuoka Hospital: Keiichi Tambara 

 

List of Clinical Research Coordinators 

Research Institute for Production Development 



Sakiko Arimura, Yumika Fujino, Miya Hanazawa, Chikako Hibi, Risa Kato, Yui Kinoshita, Kumiko 

Kitagawa, Masayo Kitamura, Takahiro Kuwahara, Satoko Nishida, Naoko Okamoto, Yuki Sato, 

Saori Tezuka, Marina Tsuda, Miyuki Tsumori, Misato Yamauchi, Itsuki Yamazaki  

 

List of Clinical Event Committee Members 

Masayuki Fuki (Kyoto University Hospital), Eri Kato (Kyoto University Hospital), Yukiko 

Matsumura-Nakano (Kyoto University Hospital), Kenji Nakatsuma (Mitsubishi Kyoto Hospital), 

Hiroki Shiomi (Kyoto University Hospital), Yasuaki Takeji (Kyoto University Hospital), Hidenori 

Yaku (Mitsubishi Kyoto Hospital), Erika Yamamoto (Kyoto University Hospital), Ko Yamamoto 

(Kyoto University Hospital), Yugo Yamashita (Kyoto University Hospital), Yusuke Yoshikawa 

(Kyoto University Hospital), Hiroki Watanabe (Japanese Red Cross Wakayama Medical Center).  

 

List of the SYNTAX Score Committee Members 

Kazuaki Imada (Kokura Memorial Hospital), Yukiko Matsumura-Nakano (Kyoto University 

Hospital), Yasuaki Takeji (Kyoto University Hospital), Ko Yamamoto (Kyoto University Hospital), 

Yusuke Yoshikawa (Kyoto University Hospital).  

 

Definitions for Outcome Measures 

Death was regarded as cardiac in origin unless obvious non-cardiac causes could be identified. Death 

of unknown cause and any death during the index hospitalization for coronary revascularization were 

regarded as cardiac death. Cardiovascular death included cardiac death, and other vascular death 

related to stroke, renal disease, and vascular disease. Myocardial infarction was adjudicated 

according to the ARC definition.16 Stroke was defined as ischemic or hemorrhagic stroke with 

neurological symptoms lasting >24 hours. Hospitalization for heart failure was defined as 

hospitalization due to worsening heart failure requiring intravenous drug therapy. Bleeding was 



defined according to the Bleeding ARC (BARC) classification.17 BARC type 3, 4, or 5 bleeding 

were regarded as major bleeding. Any coronary revascularization was defined as either PCI or 

CABG for any reason. Scheduled staged coronary revascularization procedures performed within 3 

months of the initial procedure were not regarded as follow-up events, but included in the index 

procedure. 



Table S1. Proportion of PCI and CABG. 

    3VD+LMCAD 3VD LMCAD 

Entire study population: N=3380 

(3VD: N=2525, and: LMCAD=855) 

PCI 63.0% 69.2% 44.8% 

CABG 37.0% 30.8% 55.2% 

    Patients without heart failure: N=2553 

    (3VD: N=1992, and LMCAD: N=641) 

PCI 63.4% 69.9% 44.0% 

CABG 36.6% 30.1% 56.0% 

    Patients with heart failure: N=827 

    (3VD: N=613, and LMCAD: N=214) 

PCI 61.8% 66.9% 47.2% 

CABG 38.2% 33.1% 52.8% 

        Prior hospitalization for heart failure only: N=281 

        (3VD: N=207, and LMCAD: N=74) 

PCI 39.9% 44.4% 27.0% 

CABG 60.1% 55.6% 73.0% 

        Current heart failure at index hospitalization: N=546 

        (3VD: N=406, and LMCAD: N=140) 

PCI 73.1% 78.3% 57.9% 

CABG 26.9% 21.7% 42.1% 

            Current heart failure at index hospitalization (NYHA II): N=312 

            (3VD: N=221, and LMCAD: N=91) 

PCI 63.5% 69.2% 49.4% 

CABG 36.5% 30.8% 50.6% 

            Current heart failure at index hospitalization (NYHA III-IV): N=234 

            (3VD: N=185, and LMCAD: N=49) 

PCI 85.9% 89.2% 73.5% 

CABG 14.1% 10.8% 26.5% 

CABG=coronary artery bypass grafting; LMCAD=left main coronary artery disease; NYHA=New York Heart Association; PCI=percutaneous 

coronary intervention; 3VD=three-vessel coronary artery disease. 

 



Table S2. Baseline Characteristics and Management during the Index Hospitalization in 

Patients With and Without Heart Failure. 

 With heart failure Without heart failure P 

value   (N=827) (N=2553) 

(A) Clinical characteristics    

Age (years) 71.4±11.3 69.9±9.7 <0.001 

  Age >=75 years 365 (44.1)   864 (33.8)  <0.001 

Men 576 (69.6)  1968 (77.1)  <0.001 

Body mass index (kg/m2) 23.4±4.1 23.9±3.4 0.001 

  Body mass index <25.0 kg/m2 578 (69.9)  1694 (66.4)  0.06 

Unstable angina  22 (2.7)    64 (2.5)  0.81 

Blood pressure at index hospitalization    

  Systolic (mmHg) 132±27 133±20 0.33 

  Diastolic (mmHg) 74±17 73±13 0.06 

Heart rate at index hospitalization (bpm) 81±20 73±13 <0.001 

Hypertension 729 (88.1)  2167 (84.9)  0.02 

Diabetes mellitus 499 (60.3)  1206 (47.2)  <0.001 

  on insulin therapy 191 (23.1)   360 (14.1)  <0.001 

Current smoking 169 (20.4)   484 (19.0)  0.35 

Prior hospitalization for heart failure 399 (48.3) - - 

Current heart failure at index hospitalization 546 (66.0) - - 

  NYHA II 312 (57.1) - 

-   NYHA III 159 (29.1) - 

  NYHA IV 75 (13.7) - 

LVEF 47.8±15.1 62.7±11.2 <0.001 

  <40% 252 (33.0) 83 (3.7) 

<0.001   40<= - <50% 172 (22.5) 210 (9.2) 

  >=50% 340 (44.5) 1979 (87.1) 

Mitral regurgitation grade >=3/4 128 (16.7) 97 (4.2) <0.001 

Prior myocardial infarction 327 (39.5)   436 (17.1)  <0.001 

Prior stroke (symptomatic) 159 (19.2)   427 (16.7)  0.1 

Peripheral vascular disease 103 (12.5)   358 (14.0)  0.25 

eGFR <30 mL/min/1.73m2 or hemodialysis 185 (22.4)   246 (9.6)  <0.001 

  eGFR <30 mL/min/1.73m2, without hemodialysis  92 (11.1)    83 (3.3)  <0.001 

  Hemodialysis  93 (11.2)   163 (6.4)  <0.001 

Atrial fibrillation 130 (15.7)   154 (6.0)  <0.001 

Anemia (Hemoglobin <11.0 g/dL) 259 (31.3)   334 (13.1)  <0.001 



Thrombocytopenia (Platelet <100 × 109/L)  27 (3.3)    43 (1.7)  0.006 

WBC (× 103 cells/μL) 6.4 (5.2-8.2) 6.0 (5.0-7.2) <0.001 

CRP (mg/dL) 0.30 (0.10-1.12) 0.12 (0.06-0.30) <0.001 

Chronic obstructive pulmonary disease  54 (6.5)   103 (4.0)  0.003 

Liver cirrhosis  24 (2.9)    71 (2.8)  0.85 

Malignancy  96 (11.6)   333 (13.0)  0.28 

  Active malignancy  23 (2.8)    61 (2.4)  0.53 

Severe frailty*  60 (7.3)    56 (2.2)  <0.001 

Surgical ineligibility† 54 (10.6) 66 (4.1) <0.001 

(B) Procedural characteristics    

Number of target lesions or anastomoses 2.6±1.2 2.5±1.2 0.59 

Target of proximal LAD 601 (72.7)  1861 (72.9)  0.9 

Target of chronic total occlusion 263 (31.8)   666 (26.1)  0.001 

Emergency procedure  44 (5.3)   130 (5.1)  0.8 

3-vessel disease 613 (74.1) 1912 (74.9) 0.66 

LMCA disease 214 (25.9) 641 (25.1) 0.66 

  Isolated LMCA 7 (3.3) 18 (2.8) 

0.08 
  LMCA + 1-vessel disease 19 (8.9) 82 (12.8) 

  LMCA + 2-vessel disease 54 (25.2) 200 (31.2) 

  LMCA + 3-vessel disease 134 (62.6) 341 (53.2) 

SYNTAX score 28 (21-35) 25 (19-31) <0.001 

  Low <23 230 (30.4) 952 (40.1) 

<0.001   Intermediate 23-32 301 (39.8) 897 (37.8) 

  High >=33 226 (29.9) 523 (22.1) 

Total number of stents 2 (2-4) 3 (2-4) 0.35 

Total stent length (mm) 54 (33-87) 56 (31-90) 0.59 

PCI 511 (61.8) 1619 (63.4) 0.4 

  Stent use 498 (97.5)  1579 (97.5)  0.93 

  DES use 472 (92.4)  1482 (91.5)  0.55 

    New-generation DES use 463 (90.6)  1460 (90.2)  0.78 

  IVUS or OCT use 424 (83.0)  1353 (83.6)  0.75 

CABG 316 (38.2) 934 (36.6) 0.4 

  Internal thoracic artery graft use 309 (97.8)  911 (97.5)  0.8 

  Off pump surgery 186 (58.9) 561 (60.1) 0.71 

Interval from index hospitalization to procedure (days) 4 (1-10) 2 (1-4) <0.001 

(C) Baseline medications    

Antiplatelet therapy    

  Thienopyridine 586 (70.9)  1802 (70.6)  0.88 



  Aspirin 817 (98.8)  2530 (99.1)  0.43 

  Cilostazol  28 (3.4)    97 (3.8)  0.58 

Other medications    

  Statins 549 (66.4)  1814 (71.1)  0.01 

  Beta-blockers 446 (53.9)   994 (38.9)  <0.001 

  ACE-I/ARB 479 (57.9)  1214 (47.6)  <0.001 

  Calcium channel blockers 294 (35.6)  1248 (48.9)  <0.001 

  Oral anticoagulants 251 (30.4)   590 (23.1)  <0.001 

  Proton pump inhibitors or histamine type-2 receptor 

blockers 
704 (85.1)  2024 (79.3)  <0.001 

Continuous variables were expressed as mean ± standard deviation, or median (interquartile range). 

Categorical variables were expressed as number (percentage). Values were missing for LVEF in 344 

patients, for mitral regurgitation in 319 patients, and for SYNTAX score in 251 patients.  

*Severe frailty was regarded as present when the inability to perform usual activities of daily living 

was documented in the hospital charts. 

†Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or 

“too high risk for surgery” were documented in hospital charts 

ACE-I=angiotensin converting enzyme inhibitors; ARB=angiotensin II receptor blockers; 

CABG=coronary artery bypass grafting; CRP=C-reactive protein; DES=drug-eluting stent; 

eGFR=estimated glomerular filtration rate; IVUS=intravascular ultrasound; LAD=left anterior 

descending coronary artery; LMCA=left main coronary artery; LVEF=left ventricular ejection 

fraction; NYHA=New York Heart Association; OCT=optical coherence tomography; 

PCI=percutaneous coronary intervention; SYNTAX=SYNergy between percutaneous coronary 

intervention with TAXus and cardiac surgery; WBC=white blood cell; 3VD=three-vessel coronary 

artery disease 

 



Table S3. Baseline Characteristics and Management during the Index Hospitalization in Patients With 3VD. 

 With heart failure (N=613)  Without heart failure (N=1912) 

 PCI CABG P 

value 

 PCI CABG P 

value   (N=410) (N=203)   (N=1337) (N=575) 

(A) Clinical characteristics        

Age (years) 72.0±12.2 68.8±10.3 0.001  70.0±10.1 68.5±9.3 0.002 

  Age >=75 years 196 (47.8)   69 (34.0)  0.001   473 (35.4)  163 (28.3)  0.003 

Men 272 (66.3)  150 (73.9)  0.06  1006 (75.2)  452 (78.6)  0.11 

Body mass index (kg/m2) 23.6±4.2 23.6±4.0 0.98  24.0±3.5 23.9±3.4 0.3 

  Body mass index <25.0 kg/m2 286 (69.8)  140 (69.0)  0.84   862 (64.5)  379 (65.9)  0.55 

Unstable angina   8 (2.0)    6 (3.0)  0.43    34 (2.5)    7 (1.2)  0.07 

Blood pressure at index hospitalization        

  Systolic (mmHg) 138±28 124±22 <0.001  136±20 128±19 <0.001 

  Diastolic (mmHg) 78±17 69±15 <0.001  75±13 70±12 <0.001 

Heart rate at index hospitalization (bpm) 85±21 77±17 <0.001  74±14 73±13 0.1 

Hypertension 362 (88.3)  188 (92.6)  0.1  1167 (87.3)  479 (83.3)  0.02 

Diabetes mellitus 241 (58.8)  133 (65.5)  0.11   647 (48.4)  291 (50.6)  0.37 

  on insulin therapy  78 (19.0)   63 (31.0)  0.001   173 (12.9)  106 (18.4)  0.002 

Current smoking  86 (21.0)   48 (23.6)  0.45   291 (21.8)   94 (16.3)  0.007 

Prior hospitalization for heart failure 147 (35.9) 144 (70.9) <0.001  - - - 

Current heart failure at index hospitalization 318 (77.6) 88 (43.4) <0.001  - - - 

  NYHA II 153 (37.3) 68 (33.5) 

<0.001 

 - - 

-   NYHA III 115 (28.0) 13 (6.4)  - - 

  NYHA IV 50 (12.2) 7 (3.4)  - - 

LVEF 47.1±15.5 47.5±14.7 0.74  62.2±10.7 61.8±12.4 0.5 

  <40% 131 (34.4) 62 (32.3) 0.81  32 (2.8) 30 (5.5) 0.003 



  40<= - <50% 85 (22.3) 47 (24.5)  103 (9.0) 66 (12.0) 

  >=50% 165 (43.3) 83 (43.2)  1012 (88.2) 454 (82.6) 

Mitral regurgitation grade >=3/4 69 (18.2) 27 (14.0) 0.21  47 (4.0) 26 (4.7) 0.53 

Prior myocardial infarction 171 (41.7)   70 (34.5)  0.08   225 (16.8)  133 (23.1)  0.001 

Prior stroke (symptomatic)  82 (20.0)   39 (19.2)  0.82   220 (16.5)   97 (16.9)  0.82 

Peripheral vascular disease  42 (10.2)   27 (13.3)  0.26   197 (14.7)   83 (14.4)  0.87 

eGFR <30 mL/min/1.73m2 or hemodialysis  94 (22.9)   47 (23.2)  0.95   126 (9.4)   69 (12.0)  0.09 

  eGFR <30 mL/min/1.73m2, without hemodialysis  46 (11.2)   29 (14.3)  0.28    38 (2.8)   24 (4.2)  0.13 

  Hemodialysis  48 (11.7)   18 (8.9)  0.29    88 (6.6)   45 (7.8)  0.33 

Atrial fibrillation  68 (16.6)   28 (13.8)  0.37    85 (6.4)   29 (5.0)  0.27 

Anemia (Hemoglobin <11.0 g/dL) 130 (31.7)   64 (31.5)  0.96   174 (13.0)   82 (14.3)  0.46 

Thrombocytopenia (Platelet <100 × 109/L)  12 (2.9)    9 (4.4)  0.33    19 (1.4)    8 (1.4)  0.96 

WBC (× 103 cells/μL) 6.8 (5.5-8.3) 6.1 (5.1-7.5) <0.001  6.0 (5.1-7.3) 6.0 (5.0-7.1) 0.29 

CRP (mg/dL) 0.40 (0.13-1.51) 0.20 (0.09-0.69) <0.001  0.13 (0.06-0.30) 0.12 (0.05-0.30) 0.63 

Chronic obstructive pulmonary disease  24 (5.9)   18 (8.9)  0.16    45 (3.4)   28 (4.9)  0.12 

Liver cirrhosis  13 (3.2)    4 (2.0)  0.39    42 (3.1)   16 (2.8)  0.67 

Malignancy  48 (11.7)   22 (10.8)  0.75   186 (13.9)   58 (10.1)  0.02 

  Active malignancy  13 (3.2)    4 (2.0)  0.39    31 (2.3)   15 (2.6)  0.7 

Severe frailty*  40 (9.8)    7 (3.4)  0.006    33 (2.5)    8 (1.4)  0.14 

Surgical ineligibility† 38 (9.3) - -  41 (3.1) - - 

(B) Procedural characteristics        

Number of target lesions or anastomoses 2.0±1.0 3.6±0.9 <0.001  2.1±1.0 3.5±0.9 <0.001 

Target of proximal LAD 274 (66.8)  183 (90.1)  <0.001   892 (66.7)  548 (95.3)  <0.001 

Target of chronic total occlusion 108 (26.3)  104 (51.2)  <0.001   275 (20.6)  276 (48.0)  <0.001 

Emergency procedure  17 (4.1)    8 (3.9)  0.9    61 (4.6)   11 (1.9)  0.005 

SYNTAX score 25 (19-31) 30 (24-36) <0.001  22 (17-28) 29 (23-34) <0.001 

  Low <23 160 (39.4) 29 (18.2) <0.001  689 (52.0) 106 (22.4) <0.001 



  Intermediate 23-32 172 (42.4) 74 (46.5)  471 (35.6) 214 (45.2) 

  High >=33 74 (18.2) 56 (35.2)  165 (12.5) 154 (32.5) 

Total number of stents 2 (2-4) - -  3 (2-4) - - 

Total stent length (mm) 53 (33-84) - -  56 (30-89) - - 

Stent use 399 (97.3)  - -  1299 (97.2)  - - 

DES use 378 (92.2)  - -  1218 (91.1)  - - 

  New-generation DES use 370 (90.2)  - -  1197 (89.5)  - - 

IVUS or OCT use 330 (80.5)  - -  1093 (81.8)  - - 

Internal thoracic artery graft use - 199 (98.0)  -  - 561 (97.6)  - 

Off pump surgery - 128 (63.1) -  - 344 (59.8) - 

Interval from index hospitalization to procedure 

(days) 
7 (1-15) 3 (2-5) <0.001  1 (0-3) 4 (2-5) <0.001 

(C) Baseline medications        

Antiplatelet therapy        

  Thienopyridine 409 (99.8)   49 (24.1)  <0.001  1327 (99.3)  117 (20.3)  <0.001 

  Aspirin 406 (99.0)  197 (97.0)  0.07  1330 (99.5)  569 (99.0)  0.2 

  Cilostazol  14 (3.4)    9 (4.4)  0.53    50 (3.7)   15 (2.6)  0.21 

Other medications        

  Statins 284 (69.3)  125 (61.6)  0.06  1002 (74.9)  381 (66.3)  <0.001 

  Beta-blockers 225 (54.9)  115 (56.7)  0.68   432 (32.3)  320 (55.7)  <0.001 

  ACE-I/ARB 299 (72.9)   82 (40.4)  <0.001   808 (60.4)  151 (26.3)  <0.001 

  Calcium channel blockers 150 (36.6)   74 (36.5)  0.97   745 (55.7)  220 (38.3)  <0.001 

  Oral anticoagulants  80 (19.5)  105 (51.7)  <0.001    85 (6.4)  308 (53.6)  <0.001 

  Proton pump inhibitors or histamine type-2 

receptor blockers 
323 (78.8)  187 (92.1)  <0.001   942 (70.5)  532 (92.5)  <0.001 



Continuous variables were expressed as mean ± standard deviation, or median (interquartile range). Categorical variables were expressed as 

number (percentage). Values were missing for LVEF in 255 patients, for mitral regurgitation in 235 patients, and for SYNTAX score in 161 

patients. 

*Severe frailty was regarded as present when the inability to perform usual activities of daily living was documented in the hospital charts. 

†Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or “too high risk for surgery” were 

documented in hospital charts 

Abbreviations are as in Table S2. 

 



Table S4. Baseline Characteristics and Management during the Index Hospitalization in Patients With LMCAD. 

 With heart failure (N=214)  Without heart failure (N=641) 

 PCI CABG P 

value 

 PCI CABG P 

value   (N=101) (N=113)   (N=282) (N=359) 

(A) Clinical characteristics        

Age (years) 74.0±10.5 71.2±9.1 0.04  71.6±9.3 69.9±9.1 0.02 

  Age >=75 years  52 (51.5)   48 (42.5)  0.19  116 (41.1)  112 (31.2)  0.009 

Men  69 (68.3)   85 (75.2)  0.26  219 (77.7)  291 (81.1)  0.29 

Body mass index (kg/m2) 23.0±4.3 23.0±3.4 0.92  23.7±3.2 23.7±3.4 0.93 

  Body mass index <25.0 kg/m2  70 (69.3)   82 (72.6)  0.6  204 (72.3)  249 (69.4)  0.41 

Unstable angina   5 (5.0)    3 (2.7)  0.38    5 (1.8)   18 (5.0)  0.03 

Blood pressure at index hospitalization        

  Systolic (mmHg) 135±28 124±24 0.003  134±20 131±19 0.02 

  Diastolic (mmHg) 75±19 67±12 <0.001  73±12 69±13 0.001 

Heart rate at index hospitalization (bpm) 83±20 73±14 <0.001  71±12 72±13 0.3 

Hypertension  86 (85.1)   93 (82.3)  0.57  230 (81.6)  291 (81.1)  0.87 

Diabetes mellitus  54 (53.5)   71 (62.8)  0.17  109 (38.7)  159 (44.3)  0.15 

  on insulin therapy  17 (16.8)   33 (29.2)  0.03   34 (12.1)   47 (13.1)  0.7 

Current smoking  15 (14.9)   20 (17.7)  0.57   53 (18.8)   46 (12.8)  0.04 

Prior hospitalization for heart failure 37 (36.6) 71 (62.8) <0.001  - - - 

Current heart failure at index hospitalization 81 (80.2) 59 (52.2) <0.001  - - - 

  NYHA II 45 (44.6) 46 (40.7) 

0.01 

 - - 

-   NYHA III 21 (20.8) 10 (8.8)  - - 

  NYHA IV 15 (14.9) 3 (2.7)  - - 

LVEF 48.8±15.7 50.3±13.9 0.48  63.2±11.3 65.1±10.5 0.03 

  <40% 30 (35.7) 29 (27.1) 0.44  11 (4.7) 10 (2.9) 0.38 



  40<= - <50% 16 (19.1) 24 (22.4)  19 (8.1) 22 (6.5) 

  >=50% 38 (45.2) 54 (50.5)  294 (87.2) 309 (90.6) 

Mitral regurgitation grade >=3/4 17 (20.0) 15 (14.0) 0.27  8 (3.4) 16 (4.7) 0.44 

Prior myocardial infarction  46 (45.5)   40 (35.4)  0.13   30 (10.6)   48 (13.4)  0.29 

Prior stroke (symptomatic)  17 (16.8)   21 (18.6)  0.74   49 (17.4)   61 (17.0)  0.9 

Peripheral vascular disease  20 (19.8)   14 (12.4)  0.14   48 (17.0)   30 (8.4)  0.001 

eGFR <30 mL/min/1.73m2 or hemodialysis  20 (19.8)   24 (21.2)  0.8   23 (8.2)   28 (7.8)  0.87 

  eGFR <30 mL/min/1.73m2, without hemodialysis   7 (6.9)   10 (8.8)  0.6   13 (4.6)    8 (2.2)  0.09 

  Hemodialysis  13 (12.9)   14 (12.4)  0.92   10 (3.5)   20 (5.6)  0.23 

Atrial fibrillation  19 (18.8)   15 (13.3)  0.27   20 (7.1)   20 (5.6)  0.43 

Anemia (Hemoglobin <11.0 g/dL)  33 (32.7)   32 (28.3)  0.49   37 (13.1)   41 (11.4)  0.51 

Thrombocytopenia (Platelet <100 × 109/L)   3 (3.0)    3 (2.7)  0.89    6 (2.1)   10 (2.8)  0.6 

WBC (× 103 cells/μL) 7.4 (5.6-9.5) 5.7 (4.8-7.0) <0.001  5.9 (4.8-7.1) 5.9 (5.1-7.1) 0.19 

CRP (mg/dL) 0.59 (0.2-2.4) 0.20 (0.10-0.65) <0.001  0.10 (0.05-0.30) 0.14 (0.07-0.42) 0.006 

Chronic obstructive pulmonary disease   3 (3.0)    9 (8.0)  0.11    8 (2.8)   22 (6.1)  0.0502 

Liver cirrhosis   3 (3.0)    4 (3.5)  0.82    5 (1.8)    8 (2.2)  0.68 

Malignancy  14 (13.9)   12 (10.6)  0.47   41 (14.5)   48 (13.4)  0.67 

  Active malignancy   4 (4.0)    2 (1.8)  0.33    9 (3.2)    6 (1.7)  0.21 

Severe frailty*  11 (10.9)    2 (1.8)  0.005    9 (3.2)    6 (1.7)  0.21 

Surgical ineligibility† 16 (15.8) - -  25 (8.9) - - 

(B) Procedural characteristics        

Number of target lesions or anastomoses 2.1±1.3 3.3±0.9 <0.001  2.1±1.2 3.1±0.9 <0.001 

Target of proximal LAD  52 (51.5)   92 (81.4)  <0.001  153 (54.3)  268 (74.7)  <0.001 

Target of chronic total occlusion  16 (15.8)   35 (31.0)  0.01   36 (12.8)   79 (22.0)  0.003 

Emergency procedure  10 (9.9)    9 (8.0)  0.62   26 (9.2)   32 (8.9)  0.89 

Extent of coronary artery disease        

  Isolated LMCA 7 (6.9) 0 (0) <0.001  18 (6.4) 0 (0) <0.001 



  LMCA + 1-vessel disease 19 (18.8) 0 (0)  76 (27.0) 6 (1.7) 

  LMCA + 2-vessel disease 30 (29.7) 24 (21.2)  97 (34.4) 103 (28.7) 

  LMCA + 3-vessel disease 45 (44.6) 89 (78.8)  91 (32.3) 250 (69.6) 

SYNTAX score 29 (23-39) 35 (27-41) 0.02  27 (21-35) 29 (23-37) 0.02 

  Low <23 25 (24.8) 16 (17.6) 

0.09 

 88 (31.7) 69 (23.4) 

0.04   Intermediate 23-32 33 (32.7) 22 (24.2)  103 (37.1) 109 (37.0) 

  High >=33 43 (42.6) 53 (58.2)  87 (31.3) 117 (39.7) 

Total number of stents 2 (1-4) - -  2 (1-4) - - 

Total stent length (mm) 51 (24-112) - -  52 (28-88) - - 

Stent use  99 (98.0)  - -  280 (99.3)  - - 

DES use  94 (93.1)  - -  264 (93.6)  - - 

  New-generation DES use  93 (92.1)  - -  263 (93.3)  - - 

IVUS or OCT use  94 (93.1)  - -  260 (92.2)  - - 

Internal thoracic artery graft use - 110 (97.3)  -  - 350 (97.5) - 

Off pump surgery - 58 (51.3) -  - 217 (60.5) - 

Interval from index hospitalization to procedure 

(days) 
5 (1-12) 3 (1-4) 0.003  1 (0-3) 3 (2-6) <0.001 

(C) Baseline medications        

Antiplatelet therapy        

  Thienopyridine 101 (100)   27 (23.9)  <0.001  281 (99.6)   77 (21.4)  <0.001 

  Aspirin 101 (100)  113 (100)  NA  278 (98.6)  353 (98.3)  0.8 

  Cilostazol   3 (3.0)    2 (1.8)  0.56   18 (6.4)   14 (3.9)  0.15 

Other medications        

  Statins  75 (74.3)   65 (57.5)  0.01  212 (75.2)  219 (61.0)  <0.001 

  Beta-blockers  50 (49.5)   56 (49.6)  0.99   69 (24.5)  173 (48.2)  <0.001 

  ACE-I/ARB  69 (68.3)   29 (25.7)  <0.001  151 (53.5)  104 (29.0)  <0.001 

  Calcium channel blockers  40 (39.6)   30 (26.5)  0.04  138 (48.9)  145 (40.4)  0.03 



  Oral anticoagulants  14 (13.9)   52 (46.0)  <0.001   18 (6.4)  179 (49.9)  <0.001 

  Proton pump inhibitors or histamine type-2 

receptor blockers 
 83 (82.2)  111 (98.2)  <0.001  206 (73.0)  344 (95.8)  <0.001 

Continuous variables were expressed as mean ± standard deviation, or median (interquartile range). Categorical variables were expressed as 

number (percentage). Values were missing for LVEF in 89 patients, for mitral regurgitation in 84 patients, and for SYNTAX score in 90 

patients. 

*Severe frailty was regarded as present when the inability to perform usual activities of daily living was documented in the hospital charts. 

†Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or “too high risk for surgery” were 

documented in hospital charts 

Abbreviations are as in Table S2. 

 



Table S5. Baseline Characteristics and Management during the Index Hospitalization in Patients With Current Heart Failure at Index 

Hospitalization and in Patients With Prior Hospitalization for Heart Failure Only. 

 Current heart failure at index hospitalization (N=546)  Prior hospitalization for heart failure only (N=281) 

 PCI CABG P 

value 

 PCI CABG P 

value   (N=399) (N=147)   (N=112) (N=169) 

(A) Clinical characteristics        

Age (years) 73.5±11.2 69.8±10.0 <0.001  68.7±13.5 69.6±9.9 0.53 

  Age >=75 years 204 (51.1)   56 (38.1)  0.007   44 (39.3)   61 (36.1)  0.59 

Men 260 (65.2)  110 (74.8)  0.03   81 (72.3)  125 (74.0)  0.76 

Body mass index (kg/m2) 23.7±4.3 23.9±3.7 0.48  22.9±3.8 22.9±3.9 0.97 

  Body mass index <25.0 kg/m2 272 (68.2)   94 (63.9)  0.35   84 (75.0)  128 (75.7)  0.89 

Unstable angina  12 (3.0)    7 (4.8)  0.32    1 (0.9)    2 (1.2)  0.82 

Blood pressure at index hospitalization        

  Systolic (mmHg) 139±29 127±25 <0.001  132±25 122±21 <0.001 

  Diastolic (mmHg) 78±18 70±15 <0.001  73±14 67±13 <0.001 

Heart rate at index hospitalization (bpm) 87±22 76±17 <0.001  76±13 75±14 0.59 

Hypertension 348 (87.2)  131 (89.1)  0.55  100 (89.3)  150 (88.8)  0.89 

Diabetes mellitus 231 (57.9)   81 (55.1)  0.56   64 (57.1)  123 (72.8)  0.007 

  on insulin therapy  73 (18.3)   41 (27.9)  0.01   22 (19.6)   55 (32.5)  0.02 

Current smoking  74 (18.5)   29 (19.7)  0.75   27 (24.1)   39 (23.1)  0.84 

Prior hospitalization for heart failure 72 (18.1) 46 (31.3) 0.001  112 (100) 169 (100) NA 

Current heart failure at index hospitalization 399 (100) 147 (100) NA  - - - 

  NYHA II 198 (49.6) 114 (77.6) 

<0.001 

 - - 

-   NYHA III 136 (34.1) 23 (15.7)  - - 

  NYHA IV 65 (16.3) 10 (6.8)  - - 



LVEF 47.1±15.9 53.2±14.3 <0.001  48.3±14.1 44.7±13.4 0.04 

  LVEF <40% 136 (36.8) 26 (19.4) 

<0.001 

 25 (26.3) 65 (39.4) 

0.02   LVEF 40<= - <50% 79 (21.4) 26 (19.4)  22 (23.2) 45 (27.3) 

  LVEF >=50% 155 (41.9) 82 (61.2)  48 (50.5) 55 (33.3) 

Mitral regurgitation grade >=3/4 74 (20.0) 11 (8.0) 0.001  12 (12.8) 31 (19.0) 0.2 

Prior myocardial infarction 176 (44.1)   43 (29.3)  0.002   41 (36.6)   67 (39.6)  0.61 

Prior stroke (symptomatic)  82 (20.6)   33 (22.4)  0.63   17 (15.2)   27 (16.0)  0.86 

Peripheral vascular disease  41 (10.3)   18 (12.2)  0.51   21 (18.8)   23 (13.6)  0.25 

eGFR <30 mL/min/1.73m2 or hemodialysis  76 (19.0)   25 (17.0)  0.59   38 (33.9)   46 (27.2)  0.23 

  eGFR <30 mL/min/1.73m2, without hemodialysis  43 (10.8)   14 (9.5)  0.67   10 (8.9)   25 (14.8)  0.15 

  Hemodialysis  33 (8.3)   11 (7.5)  0.76   28 (25.0)   21 (12.4)  0.007 

Atrial fibrillation  71 (17.8)   17 (11.6)  0.08   16 (14.3)   26 (15.4)  0.8 

Anemia (Hemoglobin <11.0 g/dL) 126 (31.6)   36 (24.5)  0.11   37 (33.0)   60 (35.5)  0.67 

Thrombocytopenia (Platelet <100 × 109/L)  13 (3.3)   10 (6.8)  0.07    2 (1.8)    2 (1.2)  0.68 

WBC (× 103 cells/μL) 7.1 (5.7-9.3) 6.3 (5.0-7.7) <0.001  6.3 (5.2-7.7) 5.7 (5.0-6.9) 0.02 

CRP (mg/dL) 0.50 (0.20-2.12) 0.23 (0.10-0.73) <0.001  0.25 (0.10-0.76) 0.19 (0.07-0.60) 0.14 

Chronic obstructive pulmonary disease  20 (5.0)    8 (5.4)  0.84    7 (6.2)   19 (11.2)  0.16 

Liver cirrhosis  14 (3.5)    6 (4.1)  0.75    2 (1.8)    2 (1.2)  0.68 

Malignancy  49 (12.3)   13 (8.8)  0.26   13 (11.6)   21 (12.4)  0.84 

  Active malignancy  13 (3.3)    1 (0.7)  0.09    4 (3.6)    5 (3.0)  0.78 

Severe frailty*  45 (11.3)    4 (2.7)  0.002    6 (5.4)    5 (3.0)  0.31 

Surgical ineligibility† 43 (10.8) - -  11 (9.8) - - 

(B) Procedural characteristics        

Number of target lesions or anastomoses 2.0±1.0 3.4±0.9 <0.001  2.1±1.0 3.5±0.9 <0.001 

Target of proximal LAD 254 (63.7)  122 (83.0)  <0.001   72 (64.3)  153 (90.5)  <0.001 

Target of chronic total occlusion  93 (23.3)   65 (44.2)  <0.001   31 (27.7)   74 (43.8)  0.006 

Emergency procedure  23 (5.8)   12 (8.2)  0.31    4 (3.6)    5 (3.0)  0.78 



3-vessel disease 318 (79.7) 88 (59.9) <0.001  92 (82.1) 115 (68.1) 0.009 

LMCA disease 81 (20.3) 59 (40.1) <0.001  20 (17.9) 54 (32.0) 0.009 

  Isolated LMCA 6 (1.5) 0 (0) 

<0.001 

 1 (0.9) 0 (0) 

<0.001 
  LMCA + 1-vessel disease 14 (3.5) 0 (0)  5 (4.5) 0 (0) 

  LMCA + 2-vessel disease 25 (6.3) 18 (12.2)  5 (4.5) 6 (3.6) 

  LMCA + 3-vessel disease 36 (9.0) 41 (27.9)  9 (8.0) 48 (28.4) 

SYNTAX score 25 (19-32) 31 (25-37) <0.001  26 (21-32) 32 (24-37) <0.001 

  Low <23 147 (37.1) 19 (16.4) 

<0.001 

 38 (34.2) 26 (19.4) 

<0.001   Intermediate 23-32 154 (38.9) 50 (43.1)  51 (46.0) 46 (34.3) 

  High >=33 95 (24.0) 47 (40.5)  22 (19.8) 62 (46.3) 

Total number of stents 2 (2-4) - -  2 (1-4) - - 

Total stent length (mm) 53 (32-86) - -  52 (30-89) - - 

Stent use 391 (98.0)  - -  107 (95.5)  - - 

DES use 371 (93.0)  - -  101 (90.2)  - - 

  New-generation DES use 364 (91.2)  - -   99 (88.4)  - - 

IVUS or OCT use 329 (82.5)  - -   95 (84.8)  - - 

Internal thoracic artery graft use - 141 (95.9)  -  - 168 (99.4)  - 

Off pump surgery -  99 (67.3)  -  -  87 (51.5)  - 

Interval from hospitalization to index procedure 

(days) 
9 (1-16) 3 (1-4) <0.001  1 (1-3) 3 (1-5) <0.001 

(C) Baseline medications        

Antiplatelet therapy        

  Thienopyridine 398 (99.7)   39 (26.5)  <0.001  112 (100)   37 (21.9)  <0.001 

  Aspirin 396 (99.2)  145 (98.6)  0.51  111 (99.1)  165 (97.6)  0.36 

  Cilostazol  13 (3.3)    9 (6.1)  0.13    4 (3.6)    2 (1.2)  0.18 

Other medications        

  Statins 283 (70.9)   98 (66.7)  0.34   76 (67.9)   92 (54.4)  0.02 



  Beta-blockers 206 (51.6)   87 (59.2)  0.12   69 (61.6)   84 (49.7)  0.0498 

  ACE-I/ARB 284 (71.2)   46 (31.3)  <0.001   84 (75.0)   65 (38.5)  <0.001 

  Calcium channel blockers 147 (36.8)   40 (27.2)  0.04   43 (38.4)   64 (37.9)  0.93 

  Oral anticoagulants  75 (18.8)   56 (38.1)  <0.001   19 (17.0)  101 (59.8)  <0.001 

  Proton pump inhibitors or histamine type-2 

receptor blockers 
322 (80.7)  141 (95.9)  <0.001   84 (75.0)  157 (92.9)  <0.001 

Continuous variables were expressed as mean ± standard deviation, or median (interquartile range). Categorical variables were expressed as 

number (percentage). Values were missing for LVEF in 63 patients, for mitral regurgitation in 62 patients, and for SYNTAX score in 70 

patients. 

*Severe frailty was regarded as present when the inability to perform usual activities of daily living was documented in the hospital charts. 

†Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or “too high risk for surgery” were 

documented in hospital charts 

Abbreviations are as in Table S2. 

 



Table S6. Survival Outcomes in Patients with 3VD. 

  PCI CABG 

Crude HR 

[95% CI] 
P value 

Adjusted HR 

[95% CI] 
P value 

P value for 

interaction Subgroups 

N of patients with event / 

N of patients at risk 

(Cumulative 5-year incidence) 

All-cause death        

    With heart failure  162/410 (36.3%) 55/203 (21.9%) 1.60 [1.18-2.19] 0.003 1.71 [1.17-2.51] 0.006 
0.4 

    Without heart failure 261/1337 (15.0%) 82/575 (10.2%) 1.35 [1.06-1.74] 0.02 1.23 [0.89-1.71] 0.21 

Cardiovascular death        

    With heart failure  99/410 (23.7%) 38/203 (15.4%) 1.41 [0.98-2.07] 0.07 1.60 [1.00-2.61] 0.048 
0.17 

    Without heart failure 111/1337 (6.4%) 50/575 (7.1%) 0.95 [0.68-1.33] 0.76 0.84 [0.54-1.32] 0.46 

Non-cardiovascular death        

    With heart failure  63/410 (16.5%) 17/203 (7.6%) 2.02 [1.21-3.56] 0.006 1.84 [1.10-3.27]* 0.02 
0.95 

    Without heart failure 150/1337 (9.2%) 32/575 (3.4%) 1.97 [1.36-2.93] <0.001 1.93 [1.33-2.88]* <0.001 

Number of patients with event was counted throughout the entire follow-up period, while the cumulative incidence was estimated at 5 years. 

The effects of PCI relative to CABG for the outcome measures were estimated throughout the entire follow-up period by the Cox proportional 

hazard models, and were expressed as HRs and their 95%CIs. The adjusted HRs were estimated by the multivariable Cox proportional hazard 

models adjusting for the 26 clinically relevant factors listed in Table 1. *For the outcome measures of number of patients with event less than 

100 in either heart failure or non-heart failure stratum, we selected parsimonious models with 7 risk-adjusting variables (age>=75, men, diabetes 

mellitus, prior myocardial infarction, prior stroke, eGFR <30 mL/min/1.73m2 or hemodialysis, and severe frailty). 

CABG=coronary artery bypass grafting; CI=confidence interval; HR=hazard ratio; PCI=percutaneous coronary intervention; 3VD=three-vessel 

coronary artery disease.



Table S7. Survival Outcomes in Patients with LMCAD. 

  PCI CABG 

Crude HR 

[95% CI] 
P value 

Adjusted HR 

[95% CI] 
P value 

P value for 

interaction Subgroups 

N of patients with event / 

N of patients at risk 

(Cumulative 5-year incidence) 

All-cause death        

    With heart failure  47/101 (43.6%) 27/113 (22.6%) 2.30 [1.44-3.75] <0.001 2.40 [1.45-4.04] 0.001 
0.001 

    Without heart failure 47/282 (14.4%) 62/359 (16.1%) 0.87 [0.59-1.27] 0.48 0.81 [0.55-1.19] 0.28 

Cardiovascular death        

    With heart failure  21/101 (21.2%) 10/113 (9.0%) 2.83 [1.36-6.30] 0.005 2.96 [1.35-6.90] 0.007 
0.001 

    Without heart failure 14/282 (3.9%) 27/359 (6.7%) 0.60 [0.31-1.13] 0.11 0.52 [0.26-0.99] 0.047 

Non-cardiovascular death        

    With heart failure  26/101 (28.5%) 17/113 (15.0%) 2.00 [1.09-3.75] 0.03 2.02 [1.05-3.98] 0.04 
0.08 

    Without heart failure 33/282 (11.0%) 35/359 (10.1%) 1.08 [0.67-1.74] 0.75 1.04 [0.64-1.69] 0.88 

Number of patients with event was counted throughout the entire follow-up period, while the cumulative incidence was estimated at 5 years. 

The effects of PCI relative to CABG for the outcome measures were estimated throughout the entire follow-up period by the Cox proportional 

hazard models, and were expressed as HRs and their 95%CIs. In the multivariable Cox proportional hazard models, we used the parsimonious 

models with 7 risk-adjusting variables (age>=75, men, diabetes mellitus, prior myocardial infarction, prior stroke, eGFR <30 ml/min/1.73m2 or 

hemodialysis, and severe frailty) due to the small numbers of patients with event.  

CABG=coronary artery bypass grafting; CI=confidence interval; HR=hazard ratio; LMCAD=left main coronary artery disease; 

PCI=percutaneous coronary intervention. 



Table S8. Survival Outcomes After Excluding Patients with Surgical Ineligibility. 

Surgical ineligibility was regarded as present when the term such as “contraindicated for surgery” or “too high risk for surgery” were 

documented in hospital charts. Number of patients with event was counted throughout the entire follow-up period, while the cumulative 

incidence was estimated at 5 years. The effects of PCI relative to CABG for the outcome measures were estimated throughout the entire follow-

up period by the Cox proportional hazard models, and were expressed as HRs and their 95%CIs. The adjusted HRs were estimated by the 

multivariable Cox proportional hazard models adjusting for the 26 clinically relevant factors listed in Table 1. 

CABG=coronary artery bypass grafting; CI=confidence interval; HR=hazard ratio; PCI=percutaneous coronary intervention.

  PCI CABG 

Crude HR 

[95% CI] 
P value 

Adjusted HR 

[95% CI] 
P value 

P value for 

interaction Subgroups 

N of patients with event / 

N of patients at risk 

(Cumulative 5-year incidence) 

All-cause death        

    With heart failure 178/457 (35.7%) 82/316 (22.1%) 1.63 [1.26-2.13] <0.001 1.83 [1.31-2.56] <0.001 
0.03 

    Without heart failure 296/1553 (14.7%) 144/934 (12.4%) 1.17 [0.96-1.43] 0.12 1.04 [0.81-1.36] 0.74 

Cardiovascular death        

    With heart failure 102/457 (22.0%) 48/316 (13.3%) 1.60 [1.14-2.27] 0.006 1.90 [1.23-2.98] 0.004 
0.007 

    Without heart failure 120/1553 (5.8%) 77/934 (7.0%) 0.90 [0.67-1.20] 0.45 0.73 [0.51-1.06] 0.1 

Non-cardiovascular death        

    With heart failure 76/457 (17.5%) 34/316 (10.2%) 1.67 [1.13-2.54] 0.01 1.63 [0.98-2.76] 0.06 
0.52 

    Without heart failure 176/1553 (9.4%) 67/934 (5.8%) 1.48 [1.13-1.98] 0.005 1.46 [1.02-2.13] 0.04 



Table S9. Survival Outcomes in the Model Including Syntax Score as a Continuous Explanatory Variable. 

  PCI CABG 

Crude HR 

[95% CI] 
P value 

Adjusted HR 

[95% CI] 
P value 

P value for 

interaction Subgroups 

N of patients with event / 

N of patients at risk 

(Cumulative 5-year incidence) 

All-cause death        

    With heart failure 207/507 (37.5%) 68/250 (22.9%) 1.66 [1.27-2.20] <0.001 1.76 [1.26-2.50] 0.001 
0.01 

    Without heart failure 305/1603 (15.0%) 117/769 (12.6%) 1.18 [0.96-1.47] 0.12 1.09 [0.82-1.45] 0.54 

Cardiovascular death        

    With heart failure 119/507 (23.1%) 43/250 (14.7%) 1.50 [1.07-2.16] 0.02 1.61 [1.04-2.50] 0.03 
0.01 

    Without heart failure 124/1603 (6.0%) 61/769 (6.8%) 0.93 [0.69-1.27] 0.64 0.84 [0.56-1.25] 0.39 

Non-cardiovascular death        

    With heart failure 88/507 (18.6%) 25/250 (9.6%) 1.93 [1.26-3.07] <0.001 1.93 [1.13-3.41] 0.02 
0.16 

    Without heart failure 181/1603 (9.5%) 56/769 (6.2%) 1.46 [1.09-1.98] 0.01 1.39 [0.94-2.07] 0.1 

Syntax score was available in 3129 (92.6%) patients. Number of patients with event was counted throughout the entire follow-up period, while 

the cumulative incidence was estimated at 5 years. The effects of PCI relative to CABG for the outcome measures were estimated throughout the 

entire follow-up period by the Cox proportional hazard models, and were expressed as HRs and their 95%CIs. The adjusted HRs were estimated 

by the multivariable Cox proportional hazard models adjusting for the 26 clinically relevant factors listed in Table 1. 

CABG=coronary artery bypass grafting; CI=confidence interval; HR=hazard ratio; PCI=percutaneous coronary intervention 

 

 

 



Figure S1. Kaplan-Meier Event Curves for All-cause Death in Patients (A) With Current 

Heart Failure at Index Hospitalization, and (B) With Prior Hospitalization for Heart Failure 

Only. 

 

CABG=coronary artery bypass grafting; PCI=percutaneous coronary intervention.



Figure S2. Kaplan-Meier Event Curves for All-cause Death in Patients (A) With NYHA class 

II, and (B) With NYHA class III or IV. 

 

CABG=coronary artery bypass grafting; NYHA=New York Heart Association; PCI=percutaneous 

coronary intervention. 


