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Introduction

Chronic kidney disease (CKD) is not uncommon in patients with 

coronary artery disease (CAD), and it affects up to 25% of patients 
that require coronary revascularization.1-4) CKD is an independent 
predictor of mortality among patients with significant CAD,5)6) and 
multiple coronary arteries are often involved in these patients.7) 

Both percutaneous coronary intervention (PCI) with drug-eluting 
stents (DES) and coronary artery bypass grafting (CABG) have 
been used as effective revascularization therapies for patients 
with multivessel CAD. In general, CABG when compared with 
PCI is associated with improved clinical outcomes in high-risk 
patients with multivessel CAD.8-11) However, these studies were 
predominantly performed in the era of bare-metal stents, and 
patients with CKD were excluded from participating in the majority 
of clinical trials. Therefore, the optimal revascularization strategy 
for CKD patients with multivessel CAD remains unknown. In this 
study, we compared long-term PCI outcomes with DES versus 
CABG in a large sample of patients with CKD and multivessel CAD. 
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Background and Objectives: There is currently a limited amount of data that demonstrate the optimal revascularization strategy for 
chronic kidney disease (CKD) patients with multivessel coronary artery disease (CAD). We compared the long-term outcomes of 
percutaneous coronary intervention (PCI) with drug-eluting stents (DES) versus coronary artery bypass graft surgery (CABG) for 
multivessel CAD in patients with CKD.
Subjects and Methods: We analyzed 2108 CKD patients (estimated glomerular filtration rate <60 mL/min/1.73 m2) with multivessel CAD 
that were treated with PCI with DES (n=1165) or CABG (n=943). The primary outcome was a composite of all causes of mortality, 
myocardial infarction, or stroke. The mean age was 66.9±9.1 years. 
Results: Median follow-up duration was 41.4 (interquartile range 12.1-75.5) months. The primary outcome occurred in 307 (26.4%) 
patients in the PCI group compared with 304 (32.2%) patients in the CABG group (adjusted hazard ratio [HR], 0.941; 95% confidence 
interval [CI], 0.79–1.12; p=0.493). The two groups exhibited similar rates of all-cause mortality (adjusted HR, 0.91; 95% CI, 0.77–1.09; 
p=0.295), myocardial infarction (adjusted HR, 1.86; 95% CI, 0.85–4.07; p=0.120) and stroke (3.2% vs. 4.8%; HR, 0.93; 95% CI, 0.57–1.61; 
p=0.758). However, PCI was associated with significantly increased rates of repeat revascularization (adjusted HR, 4.72; 95% CI, 3.20–6.96; 
p<0.001). 
Conclusion: Among patients with CKD and multivessel CAD, PCI with DES when compared with CABG resulted in similar rates of 
composite outcome of mortality from any cause, MI, or stroke; however, a higher risk of repeat revascularization was observed. (Korean 
Circ J 2017;47(3):354-360)

KEY WORDS:  Coronary artery bypass; Coronary disease; Percutaneous coronary intervention; Renal insufficiency.

Received: December 25, 2016
Revision Received: February 6, 2017
Accepted: February 14, 2016
Correspondence: Cheol Whan Lee, MD, Division of Cardiology, Heart 
Institute, Asan Medical Center, University of Ulsan, 88 Olympic-ro 43-gil, 
Songpa-gu, Seoul 05505, Korea. 
Tel: 82-2-3010-3150, Fax: 82-2-486-5918
E-mail: cheolwlee@amc.seoul.kr

• The authors have no financial conflicts of interest.

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work 
is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.4070/kcj.2016.0439&domain=pdf&date_stamp=2017-5-25


355Se Hun Kang, et al.

https://doi.org/10.4070/kcj.2016.0439www.e-kcj.org

Subjects and Methods

Study population
The Asan Multivessel Registry is a single-center, prospective 

study designed to evaluate the treatment effects of PCI with 
DES and CABG for multivessel CAD.12)13) Briefly, this registry 
involves a prospective, single center recruitment of patients with 
multivessel CAD who received PCI with DES or isolated CABG at 
the Asan Medical Center (Seoul, Korea) between January 2003 and 
December 2013. Patients with a history of prior CABG, those who 
underwent concomitant valvular or aortic surgery, and those who 
had experienced an acute myocardial infarction (MI) within 24 h 
before revascularization or presented with cardiogenic shock were 
excluded. Among these patients, 2108 consecutive patients with 
CKD and multivessel CAD who underwent PCI with DES (n=1165) 
or CABG (n=943) were identified. The present study was approved 
by the local institutional review board. 

PCI was performed according to current practice guidelines.14) 

The specific type of DES was selected based on the operator’s 
discretion. Antiplatelet therapy and periprocedural anticoagulation 
followed standard regimens. Following the procedure, patients were 
prescribed aspirin indefinitely and clopidogrel for at least 6 months, 
regardless of DES type.12) Surgical revascularization was performed 
using standard bypass techniques; whenever possible, the internal 
thoracic artery was preferentially utilized for revascularization of 
the left anterior descending artery.15) 

Definitions and study outcomes
The primary outcome was a composite of mortality from any 

cause, MI, or stroke. The secondary outcomes were individual 
components of primary outcome and repeat revascularization. 
The diagnosis of acute MI was defined as either complications  
at the index admission (defined as new pathologic Q waves 
after index treatment) or follow-up MI requiring subsequent 
hospitalizations (defined as an emergency admission with a 
principal diagnosis of MI), as described previously.16) Stroke, 
as indicated by neurological deficits, was confirmed by a 
neurologist based on imaging studies. Repeat revascularization 
included target vessel revascularization and non-target vessel 
revascularization. In the PCI group, stent thrombosis was defined 
as definite or probable events, according to the Academic 
Research Consortium classification.17) CKD was defined as an 
estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2, 
which was calculated using the modification of diet in renal 
disease equation for at least three months.18)19) The renal 
replacement therapy (RRT) group was defined as patients that 
received hemodialysis or peritoneal dialysis. 

Clinical, angiographic, procedural or operative, and outcome 
data were prospectively recorded in the dedicated PCI and surgical 
databases by independent research personnel. Clinical follow-
up was performed at one month, six months, and one year, and 
subsequent follow-up was performed annually by either office visit 
or telephone. 

Statistical analysis
 Continuous and categorical covariates were summarized as the 

mean±standard deviation or the count (%). Baseline variables of the 
patients between the two treatment groups were compared with 
the t test or Wilcoxon rank-sum tests for continuous variables and 
with the chi-square statistics or Fisher’s exact test for categorical 
variables. Survival curves were constructed using Kaplan-Meier 
estimates and were compared with the log-rank test. Unadjusted 
and adjusted Cox proportional hazard models were used to 
assess the long-term rates of clinical outcomes between the two 
treatment strategies among the total population and subgroups. 
Covariates that were statistically significant on univariate analysis 
and/or those that were clinically relevant were considered as 
candidate variables in the multivariate models. Adjusted covariates 
included age, hypertension, diabetes mellitus, dyslipidemia, history 
of myocardial infarction, stroke, peripheral arterial disease, heart 
failure, history of PCI and CABG, extent of CAD, involvement of 
left main coronary artery, presence as acute coronary syndrome, 
and treatment strategy. In the Cox model, the proportionality 
assumptions were assessed by the Schoenfeld residual test and no 
relevant violations were detected. All reported p-values are two-
sided, and p values<0.05 were considered statistically significant. 
Analysis was performed with SPSS software, version 21.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Baseline characteristics
The mean age of the patients was 66.9 years, 68.3% of the 

patients were men, and 1121 (53.2%) patients had diabetes 
mellitus. Baseline characteristics of patients according to treatment 
strategy are shown in Table 1. The results indicated that patients 
who received PCI were younger, had a lower incidence of diabetes 
mellitus, history of heart failure, and three-vessel disease, and 
had a higher incidence of left main disease compared with CABG 
patients. The number of implanted stents per patients was 2.3±1.2 
in the PCI group, and the number of grafts used was 2.9±1.0 in the 
CABG group. 
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Clinical outcomes
During the 41.4-month follow-up period (interquartile range, 

12.175.5 months), primary outcomes occurred in 307 (26.4%) 
patients in the PCI group and 304 (32.2%) patients in the CABG 
group (hazard ratio [HR], 0.866; 95% confidence interval [CI], 
0.739-1.015; p=0.076). The Kapan-Meier curve did not show a 
significant difference in primary outcomes up to 1 year (p=0.839) 
and up to 5 years (p=0.075) between the PCI and CABG groups. In 
unadjusted analysis, the risks of all-cause mortality, MI, or stroke 
were similar between the two treatment strategies, whereas repeat 
revascularization was increased in PCI patients (Table 2). 

Adjusted analysis also demonstrated that there were no 
significant differences in the cumulative incidence of primary 
outcomes (adjusted HR, 0.941; 95% CI, 0.791–1.120; p=0.493), all-
cause mortality (adjusted HR, 0.907; 95% CI, 0.765–1.089; p=0.295), 
or stroke (HR, 0.926; 95% CI, 0.569–1.607; p=0.758) between the 

two treatment strategies. However, PCI was associated with higher 
risks of repeat revascularization compared with CABG (adjusted 
HR, 4.718; 95% CI, 3.198–6.959; p<0.001, Table 2, Fig. 1). 

Subgroup analysis 
Survival curves were created with Kaplan-Meier estimates in 

various subgroups to determine whether the non-significant effect 
observed for the treatment strategy in the overall population 
was consistent. There were no significant differences in the rates 
of primary outcome, mortality, MI, or stroke up to 1 and 5 years 
between the two treatment strategies among patients receiving 
hemodialysis or peritoneal dialysis (Table 3, Fig. 2). Similarly, no 
significant differences in the cumulative incidence of primary 
outcomes up to 1 and 5 years in patients with three-vessel disease, 
diabetes mellitus, or left ventricular ejection fraction less <40% 
were detected (Fig. 2). 

No. at risk
PCI
CABG

1165
943

858
734

721
617

596
537

480
448

338
347

De
at

h,
 M

I, 
or

 st
ro

ke
fr

ee
 su

rv
iv

al
 (%

)

Time (months)

100

80

60

40

20

0
0

PCI
CABG p=0.075

12 24 36 48 60

No. at risk
PCI
CABG

1165
943

886
746

749
631

621
550

506
460

407
360

Su
rv

iv
al

 (%
)

Time (months)

100

80

60

40

20

0
0

PCI
CABG p=0.071

12 24 36 48 60

No. at risk
PCI
CABG

1165
943

862
734

724
617

599
537

481
448

385
347

M
I f

re
e 

su
rv

iv
al

 (%
)

Time (months)

100

80

60

40

20

0
0

PCI
CABG p=0.261

12 24 36 48 60

St
ro

ke
 fr

ee
 su

rv
iv

al
 (%

)

Time (months)

100

80

60

40

20

0
0

PCI
CABG p=0.102

12 24 36 48 60

No. at risk
PCI
CABG

1165
943

870
738

731
622

604
540

488
450

388
349

Fig. 1. Kaplan-Meier curves of cumulative incidence of (A) mortality, myocardial infarction, or stroke, (B) mortality, (C) myocardial infarction, and (D) stroke 
in patients treated with percutaneous coronary intervention (solid line) versus coronary artery bypass graft (dashed line). PCI: percutaneous coronary 
intervention, CABG: coronary artery bypass graft.
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Discussion

Among patients with CKD and multivessel CAD, the risks of a 
composite outcome of mortality from any cause, MI, or stroke 
were similar between the PCI and CABG groups, whereas PCI was 
associated with a higher risk of repeat revascularization. These 
findings were consistent in major clinical subgroups, including RRT, 
three-vessel disease, diabetes mellitus, or decreased LV function. 

CKD represents an important high-risk subgroup of patients 

undergoing revascularization.2-4)9) PCI in patients with CKD is 
associated with a higher risk due to its increased incidence of repeat 
revascularization, acute renal failure, and mortality.1)2)20) In addition, 
patients with CKD have a poor prognosis after CABG, as CKD is 
associated with increased postoperative bleeding rates, longer 
postoperative mechanical ventilation time, and increased hospital 
stay.3)4)21) As CKD progresses, some patients exhibit chronic renal 
failure and these patients should receive RRT, but limited data are 
available on the prognosis of RRT patients with CAD. 

Table 1. Baseline characteristics based on treatment strategy 

Variables PCI (n=1165) CABG (n=943) p

Age (years) 67.3±9.5 66.4±8.4 0.023

Male 779 (66.9) 661 (70.1) 0.351

Acute coronary syndrome 550 (47.2) 527 (55.9) <0.001

BMI (kg/m2) 24.6±3.0 24.6±3.0 0.948

Hypertension 884 (75.9) 716 (75.9) 0.980

Diabetes mellitus 574 (49.3) 547 (58.0) <0.001

Treatment with insulin 160 (13.7) 157 (16.6) <0.001

History of smoking 486 (41.7) 418 (44.3) 0.454

History of dyslipidemia 402 (34.5) 334 (35.4) 0.170

History of myocardial infarction 93 (8.0) 101 (10.7) 0.095

Prior PCI 213 (18.3) 140 (14.8) 0.072

Family history of CAD 64 (5.5) 56 (5.9) 0.896

History of heart failure 50 (4.3) 59 (6.3) 0.043

History of stroke 137 (11.8) 121 (12.8) 0.747

History of peripheral arterial disease 51 (4.4) 49 (5.2) 0.379

History of chronic lung disease 25 (2.1) 25 (2.7) 0.217

LVEF 55.9±11.4 51.4±13.2 <0.001

LVEF <40 98 (8.4) 206 (21.8) <0.001

CKD stages 0.002

Stage 3 (eGFR 30-59 mL/min/1.73 m2) 877 (75.3) 63 (70.3)

Stage 4 (eGFR 15-29 mL/min/1.73 m2) 62 (5.3) 86 (9.1)

Stage 5 (eGFR <15 mL/min/1.73 m2 or dialysis) 226 (19.4) 194 (20.6)

Disease extent <0.001

2-vessel 660 (56.7) 182 (19.3)

3-vessel 505 (43.3) 761 (80.7)

Left main disease 182 (15.6) 276 (29.3) <0.001

DES generation

1st generation DES 744 (63.9) -

2nd generation DES 421 (36.1) -

Total stents per patient 2.3±1.2 -

On pump CABG - 484 (51.3)

Values are presented as mean±standard deviation or number (%). PCI: percutaneous coronary intervention, CABG: coronary artery bypass graft, BMI: body 
mass index, CAD: coronary artery disease, LVEF: left ventricular ejection fraction, CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate, 
DES: drug eluting stents
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Several studies have compared PCI and CABG in patients with 
multivessel CAD. Early studies have demonstrated that long-term 
clinical outcomes were equivalent in patients who underwent PCI 
or CABG, although the subsequent revascularization rate was 
significantly higher in the PCI group.22)23) In the bare metal stent 

era, PCI with bare metal stent or balloon angioplasty and CABG 
for multivessel CAD exhibited similar rates of mortality and a 
composite of mortality or MI; however, CABG demonstrated a 
survival advantage in patients with diabetes or older patients.24) 

In the DES era, the FREEDOM trial showed that CABG was superior 

Table 2. Clinical outcomes: PCI and CABG comparisons 

PCI (n=1165) CABG (n=943) Unadjusted HR (95% CI) p Adjusted HR (95% CI) p

Mortality, MI, or stroke 307 (26.4) 304 (32.2) 0.866 (0.739-1.015) 0.076 0.941 (0.791-1.120) 0.493

Mortality 282 (24.2) 276 (29.3) 0.858 (0.727-1.013) 0.858 0.907 (0.765-1.089) 0.295

MI   18 (1.5) 10 (1.1) 1.553 (0.717-3.365) 0.264 1.860 (0.850-4.068) 0.120

Stroke 37 (3.2) 45 (4.8) 0.697 (0.451-1.077) 0.104 0.926 (0.569-1.507) 0.758

Repeat revascularization   159 (13.6) 31 (3.3) 4.345 (2.957-6.385) <0.001 4.718 (3.198-6.959) <0.001

Adjusted covariates included patient’s age, hypertension, diabetes mellitus, dyslipidemia, history of myocardial infarction, stroke, peripheral arterial disease, 
heart failure, history of PCI and CABG, extent of CAD, left main coronary artery involvement, presence as acute coronary syndrome, and treatment strategy. 
PCI: percutaneous coronary intervention, CABG: coronary artery bypass graft, HR: hazard ratio, CI: confidence interval, MI: myocardial infarction
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Fig. 2. Kaplan-Meier curves of cumulative incidence of mortality, myocardial infarction, or stroke in patients with (A) renal replacement therapy, (B) three-
vessel disease, (C) diabetes mellitus, or (D) left ventricular ejection fraction <40, treated with percutaneous coronary intervention (solid line) versus 
coronary artery bypass graft (dashed line). PCI: percutaneous coronary intervention, CABG: coronary artery bypass graft.
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to PCI with DES in that CABG significantly reduced mortality rates 
and MI in patients with diabetes and multivessel CAD.25) Likewise, 
CABG, as compared with PCI with DES, significantly reduced the 
long-term risk of mortality in nondiabetic patients with multivessel 
CAD.26) Therefore, in the DES era, despite advances in stent 
technology, CABG demonstrated improved clinical outcomes of 
mortality in patients with multivessel CAD compared to PCI,25-27) 

supporting the hypothesis that CABG is the preferred strategy for 
the majority of patients with multivessel CAD. 

CKD is a poor prognostic factor of mortality or morbidity after 
revascularization with PCI or CABG,1-4)9) and some studies reported 
that PCI with DES showed comparable results when compared with 
CABG in patients with multivessel CAD and CKD.28)29) In the present 
study, which included >2000 patients with CKD and multivessel 
CAD, there were no significant differences in the risk of primary 
outcomes, mortality, MI, or stroke between the two treatment 
strategies, and PCI was associated with an elevated rate of repeat 
revascularization. Similarly, in patients with RRT, there were no 
significant differences in the rates of primary outcomes, mortality, 
MI, or stroke between the two treatment groups. In addition, 
among CKD patients with other risk factors, such as three-vessel 
disease, diabetes mellitus, or decreased left ventricular dysfunction, 
there were no significant differences in the occurrence of primary 
outcomes. Our findings are consistent with those of a recent report, 
showing that PCI is associated with a similar long-term risk of death 
compared with CABG in patients with CKD and multivessel CAD.30) 
Altogether, PCI and CABG are similar in hard clinical outcomes for 
patients with CKD and multivessel CAD, suggesting that PCI with 
DES is a safe and effective in treating such patients. 

Conclusion
Among patients with CKD and multivessel CAD, PCI with DES 

when compared with CABG resulted in similar rates of a composite 
outcome of mortality from any cause, MI, or stroke; however, a 
higher risk of repeat revascularization was observed. 
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