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Abstract
In the last few decades, the recommended treatment for

Raishidenge ~ WJC | www.wjgnet.com

coronary artery disease has been dramatically improved
by percutaneous coronary intervention (PCI) and the
use of balloon catheters, bare metal stents (BMSs),
and drug-eluting stents (DESs). Catheter balloons were
burdened by acute vessel occlusion or target-lesion re-
stenosis. BMSs greatly reduced those problems holding
up the vessel structure, but showed high rates of in-
stent re-stenosis, which is characterized by neo-intimal
hyperplasia and vessel remodeling leading to a re-
narrowing of the vessel diameter. This challenge was
overtaken by first-generation DESs, which reduced re-
stenosis rates to nearly 5%, but demonstrated delayed
arterial healing and risk for late in-stent thrombosis,
with inflammatory cells playing a pivotal role. Finally,
new-generation DESs, characterized by innovations in
design, metal composition, surface polymers, and anti-
proliferative drugs, finally reduced the risk for stent
thrombosis and greatly improved revascularization
outcomes. New advances include bioresorbable stents
potentially changing the future of revascularization
techniques as the concept bases upon the degradation
of the stent scaffold to inert particles after its function
expired, thus theoretically eliminating risks linked with
both stent thrombosis and re-stenosis. Talking about
DESs also dictates to consider dual antiplatelet therapy
(DAPT), which is a fundamental moment in view of the
good outcome duration, but also deals with bleeding
complications. The better management of patients
undergoing PCI should include the use of DESs and a
DAPT finely tailored in consideration of the potentially
developing bleeding risk in accordance with the
indications from last updated guidelines.

Key words: Drug-eluting stent; Bare metal stent; In-
stent re-stenosis; Stent thrombosis; Coronary artery
disease

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Percutaneous coronary intervention (PCI) has
made progress in leaps and bounds in the last 20 years.
Complications occurring with catheter balloons and bare
metal stents have been overwhelmed by drug-eluting
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stents (DESs), especially the new-generation ones.
They are characterized by innovations in design, metal
composition, surface polymers, and anti-proliferative
drugs, thus reducing the risk for stent thrombosis and
greatly improving revascularization outcomes. DESs also
need dual antiplatelet therapy (DAPT), but the latter
implies bleeding complications, too. Patients undergoing
PCI should be implanted with DESs and DAPT should be
tailored on each patient considering the bleeding risk.
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an exhaustive discussion about PCI or CABG indications
would deserve appropriate focus in systematic reviews,
meta-analyses or position papers. Therefore, additional
speculation appears out of the scope to the present
editorialt”’.

As stated by the 2014 ESC/EACTS guidelines, no
indication for BMSs over new-generation DESs is stated,
irrespective of patient and lesion subset”’. Similarly,
in randomized clinical trials, BMSs and DESs did not
significantly differ in long-term rates of death or myo-
cardial infarction'™®. DESs have been described to better
prevent coronary re-stenosis®. New-generation DESs
have been found to reduce ST rates!'®*?, being safer
and more efficient than early DESs™™; finally, new-
generation DESs were demonstrated to decrease the
rates of death and myocardial infarction™*****,

INTRODUCTION

ST AND IN-STENT RE-STENOSIS

Since the 1990s, percutaneous coronary intervention
(PCI) has brought a revolution in the field of coronary
artery disease (CAD). Coronary stents have been found
to efficiently halt dissection flaps and restore the round
lumen in order to decrease the possibility of acute
occlusion of the vessel. Bare metal stents (BMSs) have
been demonstrated to limit early vessel recoil and late
remodeling, justifying the lower rates of re-stenosis
with respect to balloon angioplasty™ and the favorable
outcomes in terms of mortality, myocardial infarction,
and stent thrombosis (ST) (Figure 1)™.. Nonetheless,
they also increased the formation of the neo-intima
layer leading to re-stenosis, which was partially limited
by the thinning of stent struts™*. Hence, the develop-
ment of drug-eluting stents (DESs) was required (Figure
1). Early DESs are characterized by a metallic structure
coupled with anti-proliferative drugs, usually controlled
by surface polymers demonstrating a lower risk of
clinical re-stenosis compared to BMSs'?! and reduced
angiographic target-vessel revascularization®. New-
generation DESs featured durable or biodegradable
polymer-coated, metallic, thin scaffold releasing anti-
proliferative drugs, thus improving the post-PCI vessel
injury and the healing response leading to neo-intimal
hyperplasia®. In general, DESs naturally limiting healing
processes can lead to an incomplete endothelization,
which appears as a main contributor to ST resulting in
acute myocardial infarction and mortality rates ranging
from 20% to 40%"®.

According to the 2014 European Society of Car-
diology (ESC)/European Association for Cardio-Thoracic
Surgery (EACTS) guidelines, revascularization by either
PCI or coronary artery by-pass graft (CABG) is generally
indicated in coronary stenoses leading to a reduced flow
in order to limit myocardial ischemia, relieve symptoms,
and improve the prognosis'”’. Several studies concluded
that neither PCI nor CABG alone provided a definitive
solution for the entire spectrum of stable CAD needing
revascularization, which should be considered as a
complementary to the medical therapy. We believe that
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ST

ST is a relatively rare complication (around 1% up to
3 years) characterized by angiographic or post-mor-
tem evidence of a thrombus in a stented segment of
the coronary tree'®. The definition includes definite,
probable, and possible ST according to the presence of a
thrombus and the angiographic detection of an occlusion
or not'*®’. Moreover, ST can be divided between early
(within the first 30 d from stent implantation) and late
(beyond 30 d), with the former accounting for the great
majority of the cases™”), Recognized risk factors can be
attributed to patient characteristics, such as diabetes,
impaired left ventricular function, and premature anti-
platelet disruption; stent features (BMS vs DES); and
procedure-related problems, such as primary PCI, stent
undersizing, and residual dissection or stenosis. The
most important mean to prevent ST is represented by
the prescription of an appropriate duration of a post-PCI
dual antiplatelet therapy (DAPT).

In-stent re-stenosis

Re-stenosis is defined as a re-narrowing of more
than 50% of the vessel diameter when evaluated by
angiography technique or as a re-narrowing of more than
75% of the reference vessel area in cross-section when
measured by intravascular imaging techniques™. The
pathophysiology starts with the vessel injury caused by
BMS implantation, followed by neo-intimal hyperplasia,
inflammation and remodeling of the coronary vessel™®.
Risk factors for in-stent re-stenosis can be considered as
patient-dependent (such as diabetes and chronic renal
disease), stent-dependent (such as BMS vs DES and
early vs new-generation DESs), and procedure-related
(such as small vessel, residual stenosis, longer stented
segment, and bifurcation lesion)™.

BMS AND DES: IS IT TIME FOR A RE-
APPRAISAL?

In light of new stent design and different scaffold
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Figure 1 Bare metal stents and drug-eluting stents. Percutaneous coronary intervention for coronary artery disease has seen important evolution in last few
decades. Early bare metal stents showed a high rate of in-stent re-stenosis. Drug-eluting stents tried to overcome this complication using anti-proliferative molecules;
in this sense, new-generation ones, with thinner strut thickness, showed more biocompatibility and less complications with respect to previous models.

composition, Bgnaa et a/** have evaluated new-
generation DESs and new-generation BMSs in a
randomized trial conducted in eight centers in Norway,
named Norwegian Coronary Stent Trial (NORSTENT).
Among more than 20000 patients undergoing PCI
between 2008 and 2011, 12425 met the eligibility
criteria and 9013 were randomly assigned to either
DESs or BMSs. After a 5-five year follow-up period,
no significant differences were found between groups
for either the primary outcome (composite of death
from any cause and non-fatal spontaneous myocardial
infarction) or the secondary ones (death; fatal and non-
fatal spontaneous and peri-procedural myocardial infar-
ction and stroke; hospitalization for unstable angina
pectoris). Interestingly, even if not considered as the
primary end-point, new-generation DESs have shown
better performances than BMSs in terms of rates of any
revascularization (16.5% vs 19.8%, respectively, P <
0.001), target-lesion revascularization (5.3% vs 10.3%,
respectively, P < 0.001) both for PCI and coronary
artery bypass graft surgery, and definite ST (0.8% vs
1.2%, P = 0.0498).

This trial is worth being considered not only for its
results, but also because it is well-designed, correctly
powered, and especially not sponsored by industry.
Results are very interesting as they partly oppose to
those who claimed that there is no longer a role for
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BMSs in PCI because of the larger superiority of DESs;
these conclusions are surely derived from studies which
were underpowered, only observational or from meta-
analyses pooling results!*>***!!, Moreover, results from
the NORSTENT trial are important because they are not
centered on death or recurrent myocardial infarction,
certainly reduced also by lifestyle modifications and
appropriate drugs, but rather on reduction of need for
revascularization and ST. Indeed, in the latter case,
the result in absolute terms is very encouraging, but
between-group difference is to be considered to the
extreme limit of the statistical significance (P = 0.0498).

As things stand at present, new-generation DESs
are to be preferred in the majority of clinical situations.
Recent recommendations from the American College of
Cardiology/American Heart Association allow a shorter
duration of DAPT to 6 mo in patients developing a
high risk of bleeding™. If this possibility is considered,
the choice of DESs with respect to BMSs becomes
surely more attractive. Moreover, several trials have
demonstrated that a prolonged DAPT (over 12 or 24 mo)
did not add benefits in terms of major cardiovascular
events, including ST, across a median 2- or 5-year
follow-up period, but rather increased the frequency
of bleeding complications™?*, These data have also
been confirmed in a meta-analysis by Valgimigli et
al®, who did not find any significant difference in
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ischemic end-points, such as cardiac death, myocardial
infarction with or without stroke, and death from any
or cardiovascular causes. Indeed, in spite of the poor
number of ST, prolonged DAPT duration has not been
shown to provide a decrease in the definite or probable
ST when compared to shorter DAPT duration. Moreover,
clear evidence for prolonged DAPT for 1 year or more
was found for major bleeding events and the risk of
stroke!®!, Recently, Helft et af*® partially confirmed the
same results in the OPTImal DUAL antiplatelet therapy
trial showing no reduction in adverse clinical events in
the prolonged DAPT group and no apparent difference in
the major bleeding rate, even if the reduced trial power
has to be considered in this case; interestingly, STs were
rare with no between-group differences.

Anyway, it is important to underline that BMSs might
be recommended in patients with a large vessel dia-
meter, and they show low re-stenosis rates, with poor
compliance to DAPT or need for non-cardiac surgery,
with reimbursement problems, and with increased risk of
bleeding (such as patients with recent bleeding or under
concurrent anticoagulation therapy), as indicated by
Morice et af*”), The latter study showed how the choice
of BMSs seems to be guided mainly by the concern of
bleeding or poor compliance, considering only 1 mo of
DAPT for BMSs compared to 6-12 mo for DESs according
to European or American guidelines, and neglecting
the potential, future need for revascularization, which
is accordingly an ineluctable matter to be considered in
terms of costs and quality of life.

In conclusion, DESs have to be considered as the
first choice in patients undergoing PCI both in stable CAD
and in acute coronary syndrome as they demonstrated
to reach better outcomes in terms of mortality, recur-
rent myocardial infarction, and revascularization. The
DAPT duration is still debated depending on bleeding
and ischemic risks following stent implantation both
changing over time. The known rule of one-year DAPT
duration cannot be applied to all patients, but rather the
therapy should be tailored for each patient according
to the latest guidelines. For example, those treated
with new-generation DES for stable coronary disease
can be administered DAPT for 6 mo or 3 mo in case of
bleeding risk, while for those treated for acute coronary
syndrome the choice should be at least 12 mo, which
can be reduced to 6 mo in case of developing a high risk
bleeding.
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