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Treatment of coronary artery disease has significantly changed over the past decade including
an introduction of drug-eluting stents and a more stringent adherence to evidence-based
medications. However, the impact of these advanced treatment methods on the practice pat-
terns and long-term outcomes in patients undergoing coronary revascularization in the real
world has not beenyet fully evaluated. Thepresent studypopulation consisted of the 2 groups of
patients who underwent their first coronary revascularization in the Coronary REvasculari-
zation Demonstrating Outcome Study in Kyoto Registry Cohort-1 (bare-metal stent era:
January2000 toDecember2002, n[8,986) andCohort-2 (drug-eluting stent era: January2005
to December 2007, n [ 10,339). Compared with Cohort-1, the proportion of patients treated
with percutaneous coronary intervention significantly increased in Cohort-2 (73% vs 81%, p
<0.001), particularly for 3-vessel disease (50% vs 61%, p <0.001) and left main disease (18% vs
36%, p <0.001). Evidence-based medications were more frequently used in Cohort-2. The cu-
mulative 2-year incidence of and the adjusted risk for all-cause death were not significantly
different between Cohort-1 and Cohort-2 (6.2% vs 6.4%, p[ 0.69, and hazard ratio [HR] 0.91,
95% confidence interval [CI] 0.81 to 1.03, p [ 0.15). Adjusted risks for both myocardial
infarction and repeated coronary revascularization were significantly reduced in Cohort-2
comparedwith Cohort-1 (HR 0.80, 95%CI 0.67 to 0.96, p[ 0.02, andHR 0.73, 95%CI 0.69 to
0.77, p<0.001, respectively). In conclusion, despite changes in treatmentmethods over time, the
long-termmortality of patients undergoing coronary revascularization in the real-world clinical
practice has not been changed, although there was a significant reduction of myocardial
infarction and repeated coronary revascularization. � 2014 Elsevier Inc. All rights reserved.
(Am J Cardiol 2014;113:1652e1659)

Over the last 10 years, coronary revascularization pro-
cedures and medical therapies in patients with coronary

artery disease (CAD) have changed dramatically. One of the
most notable changes was the introduction of drug-eluting
stents (DES) in percutaneous coronary intervention (PCI),
although the use of arterial graft and off-pump surgery has
become more common in coronary artery bypass grafting
(CABG),1,2 and evidence-based medicines such as statins,
angiotensin-converting enzyme inhibitor, and antiplatelet
drugs are also more commonly used for the primary and
secondary prevention of cardiovascular events.3,4 However,
the impact of DES introduction on the practice patterns and
long-term outcomes in patients with CAD undergoing cor-
onary revascularization in the real world has not yet been
fully evaluated. To address this issue, we conducted a
historical comparison between the 2 large-scale cohorts of
patients who underwent coronary revascularization before
the introduction of DES (bare-metal stent [BMS] era) and
after the introduction of DES (DES era).

Methods

The Coronary REvascularization Demonstrating Outcome
Study in Kyoto (CREDO-Kyoto) Registry Cohort-1 was a
physician-initiated, noncompany sponsored, multicenter
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registry that enrolled consecutive patients undergoing their
first coronary revascularization in 30 centers in Japan from
January 2000 to December 2002, when only BMS was
available (BMS era).5 The CREDO-Kyoto Registry Cohort-2
was the similarly designed multicenter registry that enrolled
consecutive patients undergoing first coronary revasculari-
zation in 26 centers in Japan from January 2005 to December
2007 after the introduction of DES (DES era).6,7 The patients
with acute myocardial infarction within a week before the
index procedure were not enrolled in Cohort-1 but were
enrolled in Cohort-2.

The relevant ethics committees in all participating centers
(Supplementary Appendix A) approved the research proto-
col. Because of retrospective enrollment, written informed
consents from the patients were waived; however, we
excluded those patients who refused participation in the
study when contacted for follow-up. This strategy is
concordant with the guidelines for epidemiologic studies
issued by the Ministry of Health, Labor and Welfare of
Japan.

To make Cohort-1 and Cohort-2 comparable, we
excluded 407 patients in Cohort-1 who were enrolled from
4 PCI centers and 1 cardiovascular surgery division not
participating in Cohort-2 and 4,892 patients with acute
myocardial infarction in Cohort-2. After excluding patients
with concomitant noncoronary surgery and patients with
refusal for study participation, the study population for the
present analysis consisted of 19,325 patients with CAD
who underwent their first isolated coronary revasculariza-
tion (Cohort-1: n ¼ 8,986 and Cohort-2: n ¼ 10,339;
Figure 1).

Demographic, angiographic, and procedural data in both
cohorts were collected from hospital charts according to
prespecified definitions by the experienced research
coordinators in the independent research organization
(Research Institute for Production Development, Kyoto,
Japan; Supplementary Appendix B). Definitions for clinical
characteristics are described in Supplementary Methods.

The primary outcome measure was all-cause death. Other
prespecified end points included cardiac death, myocardial
infarction (MI), stroke, and repeated coronary revasculari-
zation. Death was regarded as cardiac in origin unless
obvious noncardiac causes could be identified. Any death

during the index hospitalization for coronary revasculari-
zation was regarded as cardiac death. MI was defined ac-
cording to the definition in the Arterial Revascularization
Therapy Study.8 Stroke was defined as ischemic or hemor-
rhagic stroke either occurring during the index hospitaliza-
tion or requiring hospitalization with symptoms lasting
>24 hours. Repeated 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 were included in the index proce-
dure. All the definitions for clinical characteristics and end
points were identical between Cohort-1 and Cohort-2.

Collection of follow-up information was mainly con-
ducted through the review of hospital charts by the clinical
research coordinators in the independent research organi-
zation. Additional follow-up information was collected
through contact with patients, relatives, and/or referring
physicians by sending mails with questions regarding vital
status, subsequent hospitalizations, and status of antiplatelet
therapy. Clinical events such as death, MI, and stroke were
adjudicated by the clinical event committee (Supplementary
Appendix C). All follow-up events were censored at 2 years
after the index procedure in both Cohort-1 and Cohort-2 to
balance the follow-up durations between Cohort-1 and
Cohort-2. Complete 1- and 2-year follow-up information
was obtained for 97.9% and 95.6% of patients in Cohort-1
and 98.5% and 97.5% of patients in Cohort-2, respectively.

Categorical variables are presented as number and per-
centage and were compared using the chi-square test or
Fisher’s exact test, as appropriate. Continuous variables are
expressed as the mean � SD or the median with interquartile
range and were compared using the Student t test or the
Wilcoxon rank sum test based on their distributions.

Cumulative incidence was estimated by the Kaplan-
Meier method, and differences were assessed with the
log-rank test. The effects of Cohort-2 relative to Cohort-1
for individual end points were expressed as hazard ratios
(HRs) and their 95% confidence intervals (CIs). We used
Cox proportional hazards models to estimate the HR of
Cohort-2 compared with Cohort-1 by adjusting for 14
clinically relevant factors (listed in Table 1), and we
computed the adjusted event curves of the 2 cohorts using

Figure 1. Study flow chart. AMI ¼ acute myocardial infarction.
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