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Abstract
Objective We assessed the clinical effectiveness of coronary artery bypass grafting (CABG) in comparison with that of 
percutaneous coronary intervention (PCI) in octogenarians with triple-vessel disease (TVD) or left main coronary artery 
(LMCA) disease.
Methods From the CREDO-Kyoto registry cohort-2, 527 patients, who were ≥ 80 years of age and underwent the first coro-
nary revascularization for TVD or LMCA disease, were divided into the CABG group (N = 151) and the PCI group (N = 376).
Results The median and interquartile range of patient’s age was 82 (81–84) in the CABG group and 83 (81–85) in the 
PCI group (P = 0.10). Patients >  = 85 years of age accounted for 19% and 31% in the CABG and PCI groups, respectively 
(P = 0.01).
The cumulative 5-year incidence of all-cause death was similar between CABG and PCI groups (35.8% vs. 42.9%, log-rank 
P = 0.18), while CABG showed a lower rate of the composite of cardiac death/MI than PCI (21.7% vs. 33.9%, log-rank 
P = 0.005). After adjusting for confounders, the lower risk of CABG relative to PCI was significant for all-cause death (HR 
0.61, 95% CI 0.43–0.86, P = 0.005), any coronary revascularization (HR 0.25, 95% CI 0.14–0.43, P < 0.001) and the com-
posite of cardiac death/MI (HR 0.52, 95% CI 0.32–0.85, P = 0.009).
Conclusions CABG compared with PCI was associated with a lower adjusted risk for all-cause death, any coronary revas-
cularization, and a composite of cardiac death/MI in very elderly patients with TVD or LMCA disease. CABG seemed an 
acceptable option for selected octogenarians with severe coronary artery disease.
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Introduction

Reflecting the aging societies, there is an increasing num-
ber of older patients who undergo percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting 
(CABG) [1]. Based on the randomized trials, CABG rather 
than PCI has been recommended as the first-line therapy in 
patients with complex coronary artery disease [2]. How-
ever, very old patients were often excluded from the ran-
domized controlled trials comparing PCI with CABG. In 
the daily clinical practice, PCI is often selected in older 
patients with complex multiple-vessel disease, because 
they prefer less invasive procedure and shorter hospitaliza-
tion. However, there is a scarcity of reports on the clinical 
outcomes comparing PCI versus CABG in elderly patients.

Subjects

we sought to compare the 5-year outcomes of PCI or 
CABG in patients >  = 80 years of age with triple-vessel 
disease (TVD) and/or left main coronary artery (LMCA) 
disease in a large observational database of patients with 
first coronary revascularization in Japan.

Methods

Study population

As previously described in detail, the CREDO-Kyoto 
PCI/CABG Registry Cohort-2 is a physician-initiated 
non-company-sponsored multicenter registry enrolling 
consecutive patients who underwent first coronary revas-
cularization among 26 centers in Japan from January 2005 
to December 2007 [3].

The relevant ethics committees in all 26 participating 
centers (Supplementary appendix A) approved the research 
protocol. Because of retrospective enrollment, written 
informed consents from the patients were waived; how-
ever, we excluded those patients who refused participation 
in the study when contacted for follow-up. This strategy is 
concordant with the guidelines of the Japanese Ministry 
of Health, Labor, and Welfare. Of 15,939 patients enrolled 
in the registry, we excluded 99 patients who refused to 
participate in the study, 609 patients with concomitant 
non-coronary surgery, 4892 patients with acute myocardial 
infarction presentation, 9023 patients < 80 years of age, 
and 789 patients with single- or double-vessel disease. 
As a result, the study population for the current analysis 

consisted of 527 patients ≥ 80 years of age with TVD or 
LMCA disease (CABG group: 151 patients/PCI group: 
376 patients) (Fig. 1).

Endpoints

The primary outcome measure in the current study was all-
cause death. The secondary outcome measures included 
a composite of cardiac death and MI, cardiac death, non-
cardiac death, MI, stroke, hospitalization for heart failure, 
major bleeding after 30 day, and any coronary revascu-
larization. Death was regarded as cardiac in origin unless 
obvious non-cardiac causes could be identified. MI was 
defined according to the definition in the Arterial Revascu-
larization Therapy Study [4, 5]. In the first 7 days after the 
intervention, a definite diagnosis of MI was made if there 
was documentation of new abnormal Q waves and either a 
ratio of serum creatine kinase MB (CK-MB) isoenzyme to 
total cardiac enzyme that was greater than 0.1 or a CK-MB 
value that was five times the upper limit of normal. Begin-
ning 8 days after the intervention (the length of the hospital 
stay after surgery), either abnormal Q waves or enzymatic 
changes were sufficient for a diagnosis of MI [5]. The end-
point of MI included peri-procedural MI. Stroke was defined 
as ischemic or hemorrhagic stroke either occurring during 
the index hospitalization or requiring hospitalization with 
symptoms lasting > 24 h. Hospitalization for heart failure 
was defined as hospitalization because of worsening heart 
failure requiring intravenous drug therapy. Bleeding was 
defined according to the Global Utilization of Streptoki-
nase and Tissue Plasminogen Activator for Occluded Coro-
nary Arteries (GUSTO) classification. GUSTO moderate or 
severe bleeding was adjudicated as a major bleeding event 
[6]. Any coronary revascularization was defined as either 
PCI or CABG for any reasons. Scheduled staged coronary 
revascularization procedures performed within 3 months of 
the initial procedure were not regarded as follow-up events, 
but were included in the index procedure.

Data acquisition and follow‑up

The detailed definitions of baseline clinical characteristics 
were described  previously3. Experienced clinical research 
coordinators from the independent clinical research organi-
zation (Research Institute for Production Development, 
Kyoto, Japan; Supplementary appendix B) collected base-
line clinical, angiographic, and procedural characteristics 
from hospital charts or hospital databases according to the 
prespecified definitions. Collection of follow-up information 
was mainly conducted through review of inpatient and out-
patient hospital charts by the clinical research coordinators, 
and additional follow-up information was collected through 
contact with patients, relatives, and/or referring physicians 
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by sending mail with questions regarding vital status, sub-
sequent hospitalizations, and status of antiplatelet therapy. 
Death, MI, and stroke were adjudicated by the clinical event 
committee (Supplementary appendix C). Median follow-up 
duration for the surviving patients was 1861 days (interquar-
tile range 1639–2168). Complete 1-, 3-, and 5-year clinical 
follow-up information was obtained for 98.1%, 95.3%, and 
73.8% of the patients, respectively.

Statistical analysis

Categorical variables were presented as number and per-
centage and were compared with the Chi-square test. Con-
tinuous variables were expressed as mean with standard 
deviation or median with interquartile range. Continuous 

variables were compared using the Student’s t test or Wil-
coxon rank-sum test based on their distributions. Cumula-
tive incidence was estimated by the Kaplan–Meier method, 
and differences were assessed with the log-rank test. The 
effects of CABG relative to PCI for the individual end 
points were expressed as hazard ratios (HRs) and their 
95% confidence intervals (CIs). We constructed multi-
variable Cox proportional hazard models adjusting for 22 
clinically relevant factors listed in Table 1. In the model, 
we included age as a continuous variable. Continuous vari-
ables other than age were dichotomized by the clinically 
meaningful reference values or median values. Propor-
tional hazard assumptions for the risk-adjusting variables 
were assessed on the plots of log (time) versus log [− log 
(survival)] stratified by the variable, and the assumptions 

Fig. 1  Study flow chart. CABG coronary artery bypass grafting; CREDO-Kyoto Coronary Revascularization Demonstrating Outcome Study in 
Kyoto; DES drug-eluting stent; LMCA left main coronary artery; PCI percutaneous coronary intervention
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Table 1  Baseline characteristics 
between the CABG and the PCI 
groups

Lesion and procedural characteristics CABG (n = 151) PCI (n = 376) P value

Clinical characteristics
Age (years)a 82 (81–84) 83 (81–85) 0.10
 Age >  = 85 years 29 (19%) 117 (31%) 0.005

Mena 97 (64%) 212 (56%) 0.10
Body mass index 22.1 ± 3.1 22.3 ± 3.2 0.68
 Body mass index < 25.0 (kg/m2)a 122 (81%) 308 (82%) 0.76

Unstable angina pectoris 23 (15%) 64 (17%) 0.61
Hypertensiona 129 (85%) 339 (90%) 0.13
Diabetes  mellitusa 61 (40%) 129 (34%) 0.19
 On insulin therapy 8 (5.3%) 31 (8.2%) 0.23

Current  smokera 19 (13%) 47 (13%) 0.98
Heart failure (prior and current)a 49 (32%) 124 (32%) 0.91
Ejection fraction < 40% 18 (13%) 58 (19%) 0.15
Mitral regurgitation grade 3/4a 10 (6.6%) 40 (11%) 0.14
Prior myocardial  infarctiona 50 (33%) 86 (23%) 0.02
Prior stroke (symptomatic)a 17 (11%) 77 (20%) 0.01
Peripheral vascular  diseasea 25 (17%) 45 (12%) 0.17
eGFR < 30 (ml/min/1.73  m2), without  hemodialysisa 18 (12%) 47 (13%) 0.85
Hemodialysisa 8 (5.3%) 15 (4.0%) 0.51
Anemia (Hemoglobin < 11.0 g/dl)a 57 (38%) 117 (31%) 0.15
Thrombocytopenia (Platelet <  10a104) 7 (4.6%) 5 (1.3%) 0.03
Chronic obstructive pulmonary  diseasea 3 (2.0%) 14 (3.7%) 0.29
Asthma 7 (4.6%) 22 (5.9%) 0.57
Liver  cirrhosisa 6 (4.0%) 14 (3.7%) 0.89
Malignancya 25 (17%) 57 (15%) 0.69
Procedural characteristics
Number of target lesions or anastomoses 3 (2–4) 2 (1–2)  < 0.001
Target of proximal left anterior descending coronary  arterya 138 (91%) 332 (88%) 0.29
Target of chronic total  occlusiona 58 (38%) 57 (15%)  < 0.001
Extent of coronary artery disease
 Three 81 (54%) 298 (79%)  < 0.001
 Left Main 70 (46%) 78 (21%)  < 0.001

Emergency procedure 12 (8.0%) 30 (8.0%) 0.99
SYNTAX score 33.0 ± 11.7 26.7 ± 10.4  < 0.001
 Low < 23 25/133 (19%) 138/367 (38%)  < 0.001
 Intermediate 23–32 49/133 (37%) 135/367 (37%)
 High > 33 59/133 (44%) 94/367 (26%)

Total number of stents – 2 (2–3) –
Total stent length (mm) – 49 (30–78.5) –
Stent use – 361 (96%) –
Drug-eluting stents use – 262 (70%) –
Internal thoracic artery use 142 (94%) – –
Off Pump 109 (72%) – –
Length of hospital stay 24 (19–36) 16 (8–28)  < 0.0001
Baseline medications
Antiplatelet therapy
 Thienopyridine 14 (9.3%) 372 (99%)  < 0.0001
  Ticlopidine 14 (9.3%) 329 (88%) 0.07
  Clopidogrel 0 41 (11%) 0.07

 Aspirin 147 (97%) 363 (97%) 0.63
 Cilostazol 13 (8.6%) 42 (11%) 0.38
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were verified to be acceptable for all the variables. As 
prespecified subgroup analyses, clinical outcomes were 
compared between the CABG and PCI groups stratified 
by renal function, diabetic status, anemia, and the SYN-
TAX (Synergy between percutaneous coronary interven-
tion with taxus and cardiac Surgery) score. The interac-
tion p-values between CABG vs PCI and subgroup factors 
were obtained. We also compared the clinical outcomes 
between CABG and PCI stratified by age; 80–85 years 
and ≥ 86 years of age.

All statistical analyses were conducted using JMP 14.0 
software (SAS Institute Inc., Cary, North Carolina). All 
reported P values were 2 tailed, and P values < 0.05 were 
considered statistically significant.

Results

Baseline clinical and procedural characteristics

Baseline characteristics were similar, except for several 
important aspects (Table 1). The PCI group had significantly 
more patients ≥ 85 years of age, and previous stroke, while 
the CABG group more often had patients with previous MI, 
and thrombocytopenia. Regarding angiographic and proce-
dural findings, the CABG group more often had complex 
coronary artery disease as reflected by the higher SYNTAX 
score, the greater number of target lesions or anastomoses, 
and more chronic total occlusions target (Table 1 and Fig. 2). 
The proportion of administration of antiplatelet agents and 
evidence-based medications for secondary prevention, such 
as angiotensin-converting enzyme inhibitors and angioten-
sin-receptor blockers, beta-blockers and statins, were low in 
both groups (Table 1).

Clinical outcomes between the CABG and PCI groups 
in the entire cohort

The 30-day mortality rate was low and not different 
between the CABG and PCI groups (2.0% and 2.7%, 
P = 0.65). The rate of stroke at 30 days was also low 
(0.7% and 0.3%, P = 0.53) (Table 2). Cumulative 5-year 
incidence of all-cause death was not significantly differ-
ent between the two groups (35.8% and 42.9%, P = 0.17) 
(Fig. 3). However, after adjusting for confounders, the 
lower mortality risk of CABG relative to PCI was highly 
significant (HR 0.58, 95% CI 0.41–0.82, P = 0.002) 
(Table 2). The lower adjusted risks of CABG relative to 
PCI were also significant for cardiac death, any coronary 
revascularization and a composite of cardiac death or MI. 
There were no significant differences between CABG and 
PCI in the risks for other outcomes such as MI, stroke, and 
heart failure hospitalization (Table 2). 

Clinical outcomes between the CABG and PCI groups 
in patients with 80–85 and ≥ 86 years of age

In patients with 80–85 years of age, the 30-day mortality rate 
was 1.6% in the CABG group and 2.8% in the PCI group, 
while in patients ≥ 86 years of age, it was 4.6% in the CABG 
group and 2.4% in the PCI group (Table 3 and 4).

Cumulative 5-year incidence of all-cause death was 
not significantly different between the two groups in both 
patients with 80–85 and ≥ 86 years of age (Fig. 4). However, 
the lower adjusted long-term mortality risk of CABG relative 
to PCI was significant in patients with 80–85 years of age 
(HR 0.63, 95% CI 0.42–0.94, P = 0.02), while the difference 
did not reach statistical significance in patients ≥ 85 years of 
age (HR 0.66, 95% CI 0.32–1.26, P = 0.22) (Table 3 and 4).

Table 1  (continued) Lesion and procedural characteristics CABG (n = 151) PCI (n = 376) P value

Other medications
  Statinsa 37 (25%) 143 (38%) 0.003
 Beta-blockersa 38 (25%) 113 (30%) 0.26
 ACE inhibitor/ARBa 56 (37%) 214 (57%)  < 0.001
 Nitrates 71 (47%) 179 (48%) 0.90
 Calcium channel blockers 72 (47%) 193 (51%) 0.45
 Nicorandil 62 (41%) 111 (30%) 0.01
 Warfarin 47 (31%) 37 (9.9%)  < 0.001
 Proton pump inhibitors 61 (40%) 125 (33%) 0.12
 Histamine type-2 receptor blockers 53 (35%) 78 (21%)  < 0.001

ACE angiotensin-converting enzyme; ARB angiotensin-receptor blocker; CABG coronary artery bypass 
grafting; eGFR estimated glomerular filtration rate; PCI percutaneous coronary intervention; SYNTAX syn-
ergy between percutaneous coronary intervention with taxus and cardiac surgery
a Risk adjusting variables selected for Cox proportional hazard models
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Fig. 2  Age distribution of 
the study population. CABG 
coronary artery bypass grafting; 
PCI percutaneous coronary 
intervention

Table 2  Early and long-term clinical outcomes in the entire cohort of patients ≥ 80 years of age

For long-term clinical outcomes, cumulative incidence was estimated at 5-year, while all the events throughout follow-up were included in the 
Cox models
CABG coronary artery bypass grafting; CI confidence interval; HR hazard ratio; PCI percutaneous coronary intervention

Endpoints CABG 
N of patients with events 
(Cumulative 5-year 
incidence)
N = 151

PCI 
N of patients with 
events (Cumulative 
5-yer incidence)
N = 376

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Clinical outcomes at 30-day
 All-cause death 3 (2.0%) 10 (2.7%) 0.75 (0.17–2.45) 0.65 – –
 Myocardial infarction 2 (1.3%) 7 (1.9%) 0.71 (0.11–2.94) 0.66 – –
 Stroke 1 (0.7%) 1 (0.3%) 2.49 (0.10–62.87) 0.53 – –
 Major bleeding 125 (82.8%) 24 (6.4%) 20.19 (13.03–32.58)  < 0.001 – –

Clinical outcomes at long-term
 All-cause death 51 (35.8%) 151 (42.9%) 0.81 (0.60–1.09) 0.17 0.58 (0.41–0.82) 0.002
  Cardiac death 23 (17.9%) 82 (25.1%) 0.63 (0.40–0.98) 0.04 0.46 (0.26–0.76) 0.003
  Non-cardiac death 28 (21.9%) 69 (23.8%) 1.02 (0.67–1.51) 0.93 0.82 (0.51–1.30) 0.40

 Myocardial infarction 9 (7.4%) 25 (9.3%) 0.80 (0.37–1.59) 0.54 0.76 (0.33–1.71) 0.50
 Stroke 10 (8.1%) 34 (11.5%) 0.66 (0.32–1.24) 0.21 0.61 (0.28–1.24) 0.18
 Hospitalization for 

heart failure
22 (19.0%) 71 (24.8%) 0.77 (0.48–1.19) 0.25 0.76 (0.44–1.27) 0.30

 Major bleeding beyond 
30 days after the 
procedure

15 (12.1%) 46 (15.8%) 0.74 (0.41–1.28) 0.30 0.73 (0.37–1.36) 0.32

 Any coronary revascu-
larization

13 (9.1%) 113 (35.8%) 0.27 (0.15–0.45)  < 0.001 0.25 (0.14–0.43)  < 0.001

 A composite of cardiac 
death/MI

25 (19.3%) 94 (29.0%) 0.61 (0.39–0.93) 0.02 0.51 (0.31–0.82) 0.005
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Fig. 3  Kaplan–Meier curves for the cumulative incidence of a the primary outcome measure (all-cause death), and b a composite of cardiac 
death and myocardial infarction. CABG coronary artery bypass grafting; MI myocardial infarction; PCI percutaneous coronary intervention

Table 3  Early and long-term clinical outcomes in patients with 80–85 years of age

For long-term clinical outcomes, cumulative incidence was estimated at 5-year, while all the events throughout follow-up were included in the 
Cox models
CABG coronary artery bypass grafting; CI confidence interval; HR hazard ratio; PCI percutaneous coronary intervention

Endpoints CABG 
N of patients with events 
(Cumulative 5-year 
incidence)
N = 129

PCI 
N of patients with events 
(Cumulative 5-year 
incidence)
N = 291

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Clinical outcomes at 30 days
 All-cause death 2 (1.6%) 8 (2.8%) 0.57 (0.09–2.26) 0.45 – –
 Myocardial infarction 2 (1.6%) 6 (2.1%) 0.75 (0.11–3.27) 0.72 – –
 Stroke 1 (0.8%) 0 (0.0%) – 0.12 – –
 Major bleeding 104 (80.6%) 15 (5.2%) 22.5 (13.3–40.8)  < 0.001 – –

Clinical outcomes at long-term
 All-cause death 41 (34.1%) 105 (38.9%) 0.88 (0.62–1.22) 0.45 0.63 (0.42–0.94) 0.02
  Cardiac death 20 (17.9%) 51 (20.4%) 0.79 (0.47–1.28) 0.35 0.55 (0.30–1.01) 0.05
  Non-cardiac death 21 (19.8%) 54 (23.3%) 0.96 (0.60–1.50) 0.86 0.71 (0.36–1.41) 0.33

 Myocardial infarction 8 (7.3%) 20 (9.6%) 0.86 (0.38–1.80) 0.70 0.84 (0.34–2.09) 0.71
 Stroke 9 (8.4%) 31 (13.1%) 0.63 (0.29–1.22) 0.19 0.70 (0.32–1.52) 0.37
 Hospitalization for 

heart failure
17 (17.2%) 50 (22.2%) 0.75 (0.44–1.25) 0.29 0.76 (0.42–1.40) 0.39

 Major bleeding beyond 
30 days after the 
procedure

9 (8.2%) 36 (15.1%) 0.55 (0.26–1.06) 0.09 0.47 (0.21–1.03) 0.06

 Any coronary revascu-
larization

12 (9.9%) 93 (37.1%) 0.29 (0.16–0.48)  < .0001 0.27 (0.15–0.50)  < .0001

 A composite of cardiac 
death/MI

22 (19.5%) 63 (25.5%) 0.74 (0.46–1.16) 0.21 0.62 (0.35–1.07) 0.08
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Table 4  Early and long-term clinical outcomes in patients ≥ 86 years of age

For long-term clinical outcomes, cumulative incidence was estimated at 5 years, while all the events throughout follow-up were included in the 
Cox models
CABG coronary artery bypass grafting; CI confidence interval; HR hazard ratio; PCI percutaneous coronary intervention

Endpoints CABG 
N of patients with events 
(Cumulative 5-year incidence)
N = 22

PCI 
N of patients with events 
(Cumulative 5-year incidence)
N = 85

Crude HR (95% CI) P value

Clinical outcomes at 30-day
 All-cause death 1 (4.6%) 2 (2.4%) 1.92 (0.09–20.1) 0.59
 Myocardial infarction 0 (0.0%) 1 (1.2%) – 0.50
 Stroke 0 (0.0%) 1 (1.2%) – 1.00
 Major bleeding 21 (95.5%) 9 (10.7%) 26.5 (10.5–71.8)  < .0001

Clinical outcomes at long term
 All-cause death 10 (45.5%) 46 (56.4%) 0.66 (0.32–1.26) 0.22
  Cardiac death 3 (17.4%) 31 (41.4%) 0.34 (0.08–0.95) 0.04
  Non-cardiac death 7 (34.0%) 15 (25.7%) 1.16 (0.45–2.71) 0.74

 Myocardial infarction 1 (7.7%) 5 (7.9%) 0.19 (0.01–0.95) 0.51
 Stroke 1 (6.7%) 3 (4.9%) 0.80 (0.04–5.53) 0.85
 Hospitalization for heart failure 5 (29.0%) 21 (34.2%) 0.98 (0.36–2.31) 0.97
 Major bleeding beyond 30 days after 

the procedure
6 (33.7%) 10 (19.5%) 1.97 (0.67–5.32) 0.19

 Any coronary revascularization 1 (5.0%) 20 (31.0%) 0.16 (0.01–0.77) 0.02
 A composite of cardiac death/MI 3 (17.4%) 31 (41.4%) 0.32 (0.08–0.89) 0.03

Fig. 4  Kaplan–Meier curves for all-cause death a in patients with 80–85 years of age and b in patients ≥ 86 years of age. CABG coronary artery 
bypass grafting; PCI percutaneous coronary intervention
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Subgroup analysis

In the subgroup analyses, there were no interactions between 
the subgroup factors such as renal function, diabetic status, 
anemia, and the SYNTAX score, and the effect of CABG 
relative to PCI on all-cause death (Table 5).

Discussion

The main finding of the present study was that CABG as 
compared with PCI was associated with a significantly lower 
long-term adjusted risk for all-cause death, any coronary 
revascularization, and a composite of cardiac death/MI in 
elderly patients older than 80 years of age with TVD or 
LMCA disease.

We already reported that CABG, as compared with PCI, 
was associated with better long-term outcomes in patients 
with TVD or LMCA disease [7, 8]. Other randomized 
studies endorsed the result of our studies, showing better 
clinical outcomes in patients undergoing CABG even in 
the DES era [9–12]. Nevertheless, an increasing number 
of patients even with severe coronary artery disease have 
received PCI rather than CABG probably because of less 
invasion and shorter hospital stay. The selection of the 
most appropriate treatment method for elderly patients 
with complex coronary disease is very challenging, 
because of paucity of data in patients with this age group. 

We should make meticulous consideration of the risks 
and benefits for each treatment method including medical 
therapy only, PCI and CABG.

Basically, all the studies evaluating clinical outcomes 
after CABG and PCI in very elderly patients such as ones 
older than 70 or 80 years of age with complex coronary 
artery disease are based on observational data [13–18]. 
There are several reasons for conflicting results in these 
studies; the study population varies from patients with left 
main disease only to patients with left main disease and 
multi-vessel disease. The age of study population is also 
different from 70 to 80 years of age. As the period of cohort 
data is very wide, ranging from 2002 to 2013, used stents 
varies from paclitaxel-eluting and sirolimus-eluting stent to 
everolimus-eluting stent and usage of medications for sec-
ondary prevention might be different in each period. How-
ever, what is commonly observed in those reports is that 
there is no significant difference in all-cause mortality in 
most studies and that the studies demonstrated satisfactory 
acute and long-term outcomes after CABG [14, 18].

One study reported by Nicolini et al., which was very 
similar to ours, showed that PCI was an independent pre-
dictor of increased all-cause mortality at long-term fol-
low-up [13]. Although there might be no clear reason for 
the difference of clinical outcomes in these studies, the 
age distribution of the study population is likely to affect 
clinical outcomes after CABG and PCI. The age 86–90 
accounted for only 5.9% in the CABG group whereas it 
accounted for 18% in the PCI group. Among patients older 

Table 5  Subgroup analyses: crude and adjusted risk of CABG relative to PCI for the primary outcome measure (all-cause death)

CABG coronary artery bypass grafting; CI confidence interval; DM diabetes mellitus; eGFR estimated glomerular filtration rate; HD hemodi-
alysis; HR hazard ratio; PCI percutaneous coronary intervention; SYNTAX synergy between percutaneous coronary intervention with taxus and 
cardiac surgery

Subgroups CABG (Incidence) PCI (Incidence) Crude HR (95% CI) P value Adjusted HR (95% CI) P value Interaction P

Renal function
 eGFR < 30(ml/

min/1.73  m2) or HD
13/26 (50.0%) 47/62 (75.8%) 0.47 (0.24–0.84) 0.01 0.16 (0.05–0.49) 0.001 0.07

 eGFR >  = 30(ml/
min/1.73  m2)

45/125 (36.0%) 121/314 (38.5%) 0.92 (0.65–1.28) 0.62 0.81 (0.55–1.20) 0.30

Diabetic status
 DM 31/61 (49.2%) 58/129 (45.0%) 1.03 (0.66–1.58) 0.89 0.63 (0.36–1.10) 0.10 0.12
 Non-DM 27/90 (30.0%) 110/247 (44.5%) 0.65 (0.42–0.97) 0.03 0.64 (0.40–1.03) 0.07

Anemia
 Hemoglobin < 11.0(g/

dl)
30/57 (52.6%) 68/117 (58.1%) 0.81 (0.52–1.24) 0.34 0.52 (0.30–0.90) 0.02 0.77

 Hemo-
globin >  = 11.0(g/dl)

28/94 (30.0%) 100/259 (38.6%) 0.73 (0.47–1.09) 0.13 0.61 (0.38–0.98) 0.04

SYNTAX score
 Low (< 23) 11/25 (44.0%) 56/138 (40.6%) 1.02 (0.50–1.87) 0.96 0.59 (0.28–1.28) 0.18 0.79
 Intermediate (23–33) 16/49 (32.7%) 64/135 (47.4%) 0.59 (0.33–1.00) 0.05 0.40 (0.21–0.78) 0.007
 High (> = 33) 24/59 (40.6%) 46/94 (48.9%) 0.83 (0.50–1.35) 0.47 0.71 (0.37–1.32) 0.27
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than 90 years of age, 4% of the study patients underwent 
PCI, while no patient received CABG [13].

The present study has several limitations. First and 
most importantly, unmeasured confounders might influ-
ence clinical outcomes even after multivariate adjustment. 
In particular, age was a strong confounder in the current 
analysis and strict comparison is challenging, because the 
group of very old patients such as ones over 85 years old 
dominant in the PCI group might have negatively influ-
enced clinical outcomes. Moreover, the selection of the 
revascularization strategy is still controversial even in aged 
patients and the information on frailty, which is important 
in the actual decision-making, is lacking in the current 
analysis. Second, the rate of collected SYNTAX score in 
the CABG group is lower than that in the PCI group and 
the difference is relatively large. We did not include SYN-
TAX score in the multivariate statistical adjustment and 
instead included other adjusters such as a target of proxi-
mal lesions in left anterior descending artery or a target 
of chronic total occlusion as we consistently did in other 
analyses from our registry [7, 8]. Therefore, the difference 
might not affect the result of this study. Third, the prac-
tice patterns including used stents and secondary intensive 
medications might be different from those in the current 
clinical practice. First-generation drug-eluting stents such 
as sirolimus-eluting stent are not currently used. Consider-
ing the low rate of statins use, secondary preventive medi-
cations were very insufficient in both groups. Furthermore, 
because patient demographics, practice patterns including 
the selection of revascularization procedure and medical 
therapy, and clinical outcomes in patients undergoing PCI 
and CABG in Japan may be different from those outside 
Japan, generalizing these results to populations outside 
Japan should be done with caution.

Conclusion

CABG compared with PCI was associated with a lower 
adjusted risk for all-cause death, any coronary revasculari-
zation, and a composite of cardiac death/MI in octogenarians 
with TVD or LMCA disease. CABG seemed an acceptable 
strategy for selected octogenarians with severe coronary 
artery disease.
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