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EDITORIAL COMMENT
Improvements in Coronary Stent
Design Translate to Better
Real-World Outcomes*

Neel M. Butala, MD, MBA, Robert W. Yeh, MD, MSC
S tent technology has evolved considerably since
the initial introduction of bare metal stents to
manage symptomatic coronary artery disease.

Compared to balloon angioplasty, bare metal stents
reduced the risk of restenosis from early arterial
recoil and contraction, although 10% to 20% of pa-
tients developed excessive growth of neointima at 1
year (1-3). Drug-eluting stents (DES) for percutaneous
coronary interventions (PCI) were developed in
response to these high rates of in-stent restenosis
and the need for repeat revascularization with bare
metal stents. First-generation DES were coated with
a durable polymer that was embedded with sirolimus
or paclitaxel. These antistenotic drugs inhibit smooth
muscle proliferation and prevent neointimal hyper-
plasia, but they also lead to decreased re-
endothelialization, which can increase the risk of
stent thrombosis (ST). Second-generation DES were
developed with different antiproliferative agents,
thinner stent struts, and more biocompatible poly-
mers to reduce this risk of ST.

In an observational cohort study published in this
issue of JACC: Asia, Yoshikawa et al (4) used a large
Japanese registry of patients receiving PCI over mul-
tiple time periods to examine rates of ST and target
vessel revascularization (TVR) with first-generation
versus second-generation DES (4). They found that,
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compared with patients with first-generation DES,
patients with second-generation DES had 47% lower
adjusted rates of definite ST and 26% lower adjusted
rates of TVR. Additionally, in a stratified analysis,
patients with first-generation stents on prolonged
dual antiplatelet therapy (DAPT) beyond 1 year had
58% lower rates of very late definite ST and 18% lower
rates of TVR compared to patients off DAPT. The in-
vestigators highlight that there was no association
with DAPT status and outcomes in the second-
generation stent group. It should be noted, howev-
er, that the interaction between DAPT use and stent
generation was not statistically significant, meaning
that the treatment effects of extended DAPT duration
observed among both first- and second-generation
stents were, strictly speaking, not different from
one another.

The authors should be commended for their use of
a large prospective registry to detect differences be-
tween first- and second-generation stents in ST
events, which are rare in clinical practice and
particularly in Asian populations (5,6). A 2012 meta-
analysis of 76 randomized trials found that second-
generation everolimus-eluting stents had lower risk
of ST compared to first-generation DES, and the risk
of TVR was lower than with paclitaxel-eluting stents
but similar compared with sirolimus-eluting stents
(7). However, the majority of the included trials were
conducted in Western populations, so it is unclear
whether the results apply to the East Asian popula-
tion. Notably, RESET (Randomized Evaluation of
Sirolimus-Eluting Versus Everolimus-Eluting Stent
Trial), which was conducted in Japan, did not find
evidence of lower ST in patients receiving second-
generation DES compared to first-generation DES at
7 years of follow-up (8). However, the RESET trial
enrolled lower-risk patients compared to the current
Japanese registry study, with fewer patients with
acute coronary syndrome or multivessel disease. The
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findings in this study, combined with prior published
results, leave no doubt that the improvements made
to stent design have led to important reductions in
clinically meaningful events.

The finding in this study that the benefits of lower
ST with prolonged DAPT among patients receiving
first-generation stents were attenuated in patients
receiving second-generation devices harmonizes with
prior reports on DAPT duration after PCI. Many prior
studies of extended DAPT therapy after PCI beyond 1
year, including the multicenter placebo-controlled
DAPT study, suggested reduction in ischemic events
at the expense of greater bleeding and were
conducted during a time when both first- and second-
generation DES were in use (9,10). Many newer trials
of DAPT duration after PCI exclusively used second-
generation DES and have found a reduction in
bleeding events with shorter DAPT with no increase
in ischemic endpoints, even among patients at high
ischemic risk (11-15). An East Asian paradox has been
described, in which East Asian patients have reduced
anti-ischemic benefits and increased bleeding risk
with DAPT, despite a decreased effect on platelet
reactivity with clopidogrel (16). Fortunately, several
of the newer trials of shorter DAPT duration after PCI
have been conducted specifically in the East Asian
context (12-14). However, it is important to note that
none of these newer trials were powered for ischemic
endpoints such as ST or TVR.

This study is an important contribution to pub-
lished reports in that it provides real-world context
on the reduction in ST rates with different-generation
DES in the Japanese population. However, it is
limited by its observational nature in making com-
parisons between cohorts at different periods in time.
For instance, practice patterns other than stent gen-
eration, such as the use of more intravascular imaging
or more potent P2Y12 inhibitors, also changed over
this time and may have reduced the risk of ST and
TVR in this later period. Additionally, reasons for
DAPT continuation or discontinuation are unknown
and could plausibly be related to unmeasured factors
that could confound the analysis of DAPT duration.

In seeking answers on the effect of stent genera-
tion and DAPT duration on ST and TVR for the Japa-
nese population, one needs to balance the results
from randomized trials with those from observational
cohorts such as this study, both of which have their
strengths and limitations. Randomized trials may be
limited by a lack of generalizability and statistical
power to detect rare endpoints such as ST, whereas
observational studies may have unmeasured con-
founding. In recent years, newer statistical methods
have been developed to “transport” inferences from
randomized trials to the broader populations seen in
routine clinical practice (17,18). These transportability
methods can take advantage of the power of
randomization from trials in conjunction with the
representativeness of real-world data to estimate a
“real-world treatment effect,” reflecting the antici-
pated treatment effect of a trial had a more repre-
sentative study group been enrolled instead. In the
future, it will be important to leverage real-world
data sets such as that from the CREDO-Kyoto (Coro-
nary Revascularization Demonstrating Outcome
Study in Kyoto) Registry with newer trial data to
better understand how trial data can apply in clinical
practice in Japan and beyond.
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