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Optimal stent design: past, present

\;3 and future

Coronary stent implantation is the standard of care in percutaneous coronary interventions, offering a
better outcome in the short and long term. The main limitation of bare-metal stents is in-stent restenosis
resulting from neointimal hyperplasia, associated with a substantial rate of target lesion revascularization.
Drug-eluting stents reduced in-stent restenosis and repeat revascularization; however, late stent thrombosis
has been the main concern with regards to this technology. Chronic inflammatory and hypersensitivity
reactions to the polymer of drug-eluting stents were implicated in the predisposition to stent thrombosis.
Second-generation drug-eluting stents with biocompatible and biodegradable polymers promised a better
safety outcome. Moreover, studies on novel antiproliferative and polymer-free drug-eluting stents
demonstrated at least comparable angiographic late loss. Early-phase studies on bioabsorbable vascular
scaffolds demonstrated substantial late loss: a combination of neointimal hyperplasia and chronic scaffold
recoil. Some stents with bioactive coating, such as titanium-nitride—oxide-coated, and endothelial

progenitor cell-capturing stents showed promising safety and efficacy outcomes.

KEYWORDS: bare-metal stents
biodegradable polymer

The advancement of coronary stents has already
come a long way since their first introduction
in the mid-1980s. Coronary stent implantation
has become the standard of care of percutaneous
coronary interventions (PCls), offering a safer
strategy of coronary dilatation and securing a bet-
ter outcome at short- and long-term follow-up,
compared with ‘plain old” balloon angioplasty
(12]. Nevertheless, since the first-in-man deploy-
ment of coronary stents, in-stent restenosis (ISR)
has always been the ‘Achilles heel” of this tech-
nique, quite often leading to repeat revascu-
larization by percutaneous or surgical means,
and hence, an increased healthcare cost [3]. ISR
results from neointimal hyperplasia, an exagger-
ated arterial healing response to vessel trauma
induced by angioplasty and stent implantation.
The incidence of target vessel revascularization
(TVR) after first-generation bare-metal stent
(BMS) implantation ranged from 20 to 30% at
long-term follow-up [2.4], and was even higher in
certain patient subsets; for example, diabetics [s].
This limited ‘efficacy’ of BMS was the main drive
for the development of drug-eluting stents (DES).
Over the past decade, the introduction of first-
generation DES has revolutionized the practice
of coronary intervention, reducing the rates of
target lesion revascularization (TLR) by a half
to two-thirds at long-term follow-up (6.7]. How-
ever, accumulating evidence from registries and
meta-analyses has questioned the long-term safety
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bioabsorbable vascular scaffolds
drug-eluting stents

bioactive stents
self-expandable stents

of first-generation DES, raising concerns about
a higher risk of late and very late stent throm-
bosis (ST) (8-10]. Further development of stent
platforms with a better ‘safety’ profile has there-
fore become the focus of attention of the stent
industry. This review discusses the progression of
developments in stent platforms, and their impact
on the efficacy and safety of contemporary PCI.

Bare-metal stents

The most commonly used material for BMS plat-
forms is 316L stainless-steel; and the advantages
include adequate mechanical properties and high
corrosion resistance [11]. Its limitations, however,
include low density, which limits its fluoroscopic
visibility, and limited biocompatibility owing to
the release of heavy-metal ions that may trigger
alocal inflammatory and immune response lead-
ing to neointimal hyperplasia, and contributes
to ISR [12.13]. The cobalt—chromium alloy has
an excellent radial strength, which allows the
development of stents with ultrathin struts; yet, a
preserved radial force. Other favorable character-
istics include adequate radio-opacity and better
deliverability [14,15].

DES with durable polymer

B First-generation durable

polymer DES

The classic DES is composed of a metal stent
platform coated with a polymer containing an
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active drug. From the polymer, the drug is slowly
released over a predefined period. The first DES,
Cypher® (Cordis Corporation, NJ, USA) had
a stent platform made of the 316L stainless-
steel-based BX Velocity™ (Cordis Corpora-
tion) with a strut thickness of 140 pm, coated
with a 10-15 pm thick layer of durable polymer
matrix (1:1 mixture of the polymers polyethyl-
enevinylacetate and polybutylmethacrylate) at a
30% drug-to-polymer weight ratio [16]. Siroli-
mus (rapamycin), a macrolide antibiotic initially
approved for prevention of transplant organ rejec-
tion, acts by binding to an intracellular receptor
(FK 506-binding protein 12) to inhibit a protein
kinase (mTOR); hence it induces reversible arrest
of the cell in the G1 phase, and thereby inhib-
its the proliferation of vascular smooth muscle
cells, a key element of ISR. Early randomized
controlled trials (RCTs) comparing the Cypher
sirolimus-eluting stent (SES) with its BMS plat-
form in relatively low-risk patient and lesion
subsets demonstrated a significant reduction of
binary restenosis at 1-year follow-up [17], as well
as significantly lower rates of TLR and major
adverse cardiac events (MACE) at 9-month,
2-year and 5-year follow-ups, compared with
BMS controls [18-20]. Furthermore, other RCTs
comparing the performance of SES versus BMS
in higher-risk patient subsets, clinical settings
and lesion types, consistently reported significant
reductions of angiographic late loss, binary reste-
nosis and repeat revascularization at short- and
long-term follow-up [21-26]. Registries reporting
the outcome of real-world patients similarly dem-
onstrated lower rates of TLR and MACE with
SES versus BMS at long-term follow-up [27.28].
Additionally, meta-analyses of former RCTs cor-
roborated the benefit of SES over BMS in terms
of decreased repeat revascularization, with simi-
lar rates of death and myocardial infarction (MI)
at long-term follow-up [29.30].

In parallel, reports of the outcome of the
Taxus™ Express™ (Boston Scientific, MA,
USA) paclitaxel-eluting stent (PES) were pub-
lished. Initially, the Taxus PES had a stent
platform made of the 316L stainless-steel-
based Express BMS (Boston Scientific) with a
strut thickness of 132 pm; this platform has
been replaced by the Liberté™ (Boston Scien-
tific) platform with a strut thickness of 97 pm.
Recently, the Taxus™ Element™ (Boston
Scientific) stent was introduced, based on the
platinum—chromium Element platform with a
strut thickness of 81 pm, characterized by supe-
rior flexibility, deliverability and radial force,
with a better radio-opacity. The Taxus PES is
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coated with a 16 pm layer of durable polymer
matrix (polylactide-co-g-caprolactone) for con-
trolled drug release [16]. The drug employed,
paclitaxel, binds to microtubules that form the
mitotic spindle during cell division, and are cru-
cial to maintenance of cell shape, intracellular
transport and motility, leading to inhibition of
vascular cell proliferation, migration and signal
transduction. Consequently, it induces irrevers-
ible arrest of the cell cycle during mitosis (G2/M
phase). Similar to the Cypher SES, the Taxus
PES was initially studied in low-risk patient
and lesion categories. The first RCT compar-
ing the Taxus PES with its control BMS, the
TAXUS I trial, reported no binary restenosis
at a 6-month follow-up [31]. Subsequent RCT
similarly demonstrated significant reduction
of angiographic late loss, binary restenosis and
repeat revascularization in various patient and
lesion subsets [32-34]. The T-SEARCH registry
showed a similar efficacy in terms of reduction
of restenosis comparable to SES [35]. Similarly, a
patient-level meta-analysis confirmed the supe-
rior efficacy and comparable safety of PES versus
BMS in up to 4 years of follow-up [36]. RCTs
comparing SES with PES in unselected popula-
tions, as well as in various patient and lesion
subsets demonstrated superior reduction of late
loss and binary restenosis with SES versus PES at
short-term follow-up [37-40]. However, the 5-year
report of the largest RCT comparing SES versus
PES (SIRTAX trial) demonstrated similar rates
of MACE, cardiac death, MI and TLR in the
two stent groups [41]. However, there was more
delayed late loss and more TLR between 1 and
5 years associated with SES, compared with
PES [41]. However, a meta-analysis of 16 RCTs
comparing SES with PES reported a significant
reduction of TLR and ST in the SES pooled
group, with similar rates of death and MI at a
median of 2-year follow-up [42].

The Endeavor® (Medtronic Vascular, CA,
USA) zotarolimus-eluting stent (ZES) was stud-
ied at a later stage, relative to the Cypher and
Taxus. It has the Driver BMS as its platform,
made of L-605 cobalt—chromium alloy, with a
strut thickness of 91 pm. The Endeavor ZES is
coated with a 5-pm layer of phosphorylcholine
durable polymer with a zotarolimus concentra-
tion of 1.6 pg/mm? (16]. The ENDEAVOR III
noninferiority trial (n = 436) compared ZES
with SES. ZES was inferior to SES for the pri-
mary end point of in-segment late loss (and in-
segment binary restenosis) at 8-month angio-
graphic follow-up [43]. In the same trial, ZES
was associated with higher TLR at 9-month

future science group



follow-up; however, clinically driven TLR, target
vessel failure (TVF), ST and MACE were simi-
lar [43]. Alternatively, in the ENDEAVOR IV
noninferiority trial (n = 1548), which compared
ZES with PES, the Endeavor stent met the pri-
mary noninferiority clinical end point of TVF at
9 months [44]. At 12-month follow-up, the two
stent groups were similar for the rates of cardiac

death, MI, TVR, TLR and ST [44].

B Safety concerns with

first-generation DES

Attempts to quantify a rare event such as ST
would logically necessitate the enrollment of
thousands of patients and/or increasing the
length of follow-up for many years. In this
context, well-executed meta-analyses might
possibly be of help. In a first meta-analysis by
Stone ¢t al., which pooled data from nine RCTs
(including 5261 patients) comparing DES versus
BMS, the incidence of ST was almost identical
between the two stent types during the first year
of follow-up (0.6%); however, between 1 and
4 years, that incidence was much higher with
DES (0.5 vs 0.1%) [6]. In the same year, Mauri
et al. published another meta-analysis of eight
of these same trials [45]. This trial had access to
patient-level data and the adjudication of events
was now based on the newly introduced Aca-
demic Research Consortium (ARC) classifica-
tion of ST. Ultimately, they concluded that the
4-year incidence of definite or probable ST was
similar for SES versus BMS (1.5 vs 1.7%, respec-
tively) as well as for PES versus BMS (1.8 vs
1.4%, respectively). Interestingly, almost a half
of ST events occurred very late following DES
implantation in comparison with approximately
a third of such events with BMS. However, evi-
dence of these meta-analyses cleatly results from
RCTs that were heavily constrained by long lists
of exclusion criteria and, therefore, might not
truly reflect real-world practice. In this sense,
a registry provides important additional infor-
mation. Daemen ez al. reported a large real-life
registry from two large European centers with
a mean follow-up of 1.7 years [46]. The cumula-
tive rate of definite ST was 1.1% early (within
1 month) following DES implantation; however,
importantly thereafter, it occurred at a steady
rate of 0.6% per year.

B Second-generation durable

polymer DES

Second-generation DES were developed to
address the safety concerns of late (beyond
30 days and up to 1 year) and very late (beyond
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1 year) ST associated with first-generation DES.
The XIENCE V® (Abbott Vascular, CA, USA)
everolimus-eluting stent (EES) has a stent plat-
form made of L-605 cobalt—chromium alloy,
with a strut thickness of 81 pm, based on the
MultiLink Vision® (Abbott Vascular) BMS. The
XIENCEV EES is coated with a 6-8 pm layer of
a durable polymer (consists of acrylic and fluoro
polymers) for predefined controlled drug release
(16]. Everolimus is a member of the limus family
that is chemically modified in order to increase
its solubility, binding affinity for FK 506-bind-
ing protein 12 and immunosuppressive activity.
It is blended with the polymer in a concentra-
tion of 1 pg/mm?, and the stent is designed to
release 80% of the drug within 30 days after its
implantation with nearly all the drug released
within 4 months. The SPIRIT RCT program
compared the XIENCE V EES with PES (Taxus
Express). In the early small (n = 300) SPIRIT II
trial, in relatively low-risk patients and less com-
plex lesions, with an angiographic primary end
point, the XIENCE V EES was associated with
a significant reduction of in-stent late loss com-
pared with PES (0.11 vs 0.36 mm; p < 0.001),
together with reduction of in-stent volume
obstruction, and ischemia-driven MACE at
180-day follow-up [47]. At 3 years, individual
clinical events were numerically lower, with a
trend to lower MACE with EES [48]. Likewise,
the SPIRIT III trial (n = 1002) demonstrated
a significant reduction of the angiographic pri-
mary end point of in-segment late loss with
EES compared with PES (0.14 vs 0.28 mm; p =
0.004) [49]. At 9-month follow-up, EES was
associated with a significant reduction of TVF
and MACE (a composite of cardiac death, MI
and TLR; p < 0.001 and p = 0.03, respectively)
(49]. In the 2-year report of the SPIRIT III trial,
EES was associated with a significant reduction
of TVF (10.7 vs 15.4%; p = 0.04) and MACE
(7.3 vs 12.8%; p = 0.004) with a numerically
lower rate of protocol-defined ST in patients
who stopped thienopyridine at 6 months (0.4
vs 2.6%; p = 0.10) [50]. In the largest (n = 3687)
SPIRIT IV trial, the primary clinical end point
of target lesion failure was significantly lower
with EES (4.2 vs 6.8%; p = 0.001) compared
with PES at 12-month follow-up [s1]. The
12-month rates of MI and ST were also lower
with EES (1.9 vs 3.1%; p = 0.02 for MI and 0.17
vs 0.85%; p = 0.004 for ST) [51]. The results
of the SPIRIT 1V trial with a selected popula-
tion were corroborated with those of the COM-
PARE trial (n = 1800) in an unrestricted all-
comer population, comparing the XIENCE V
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EES with the Taxus Liberté PES for the primary
composite end point of all-cause death, MI and
TVR, at 12-month follow-up [s2]. The primary
end point occurred in 6% of patients in the EES
group versus 9% in the PES group (p = 0.02).
The difference was attributable to a lower rate
of ST (0.7 vs 3%; p = 0.002), MI (3 vs 5%
p =0.007) and TVR (2 vs 6%; p = 0.0001) [52].
The RESET noninferiority trial (n = 3197) com-
pared the XIENCE V stent with a SES (Cypher
Select™ Plus, Cordis Corporation, NJ, USA) for
the primary efficacy end point of TLR at 1-year
follow-up. The rates of TLR were similar (4.3%
for EES and 5% for SES; p = 0.34, p noninfe-
riority < 0.0001) (53]. Cumulative incidence of
definite ST was low and similar (0.32 vs 0.38%,
respectively; p = 0.77). In an angiographic sub-
study at 9 months, the primary angiographic end
point of in-segment late loss was also similar [53].

The PROMUS Element™ (Boston Scien-
tific) EES has a stent platform made of a plati-
num—chromium alloy, with a strut thickness of
81 pm, based on the Element platform design.
The PROMUS Element EES is coated with a
8-pm layer of the same durable biocompatible
fluoropolymer as the XIENCE V EES; however,
the modified scaffold is designed to provide
improved deliverability, vessel conformability,
side-branch access, radio-opacity, radial strength
and fracture resistance [54]. It was comparable to
the XIENCE V EES regarding the everolimus
release kinetics, arterial tissue levels and vascu-
lar responses in a noninjured porcine coronary
artery model [55]. In the PLATINUM rand-
omized trial (n = 1530), there were no signifi-
cant differences between XIENCE V EES and
PROMUS Element EES in the 12-month rates
of target lesion failure (3.2 vs 3.5%; p = 0.72),
cardiac death or MI (2.5 vs 2.0%; p = 0.56),
TLR (1.9 vs 1.9%; p = 0.96), or ARC definite
or probable ST (0.4 vs 0.4%; p = 1.00) [ss]. The
SORT OUT 1V noninferiority trial (n = 2774)
compared EES (XIENCE V and PROMUS
Element) versus SES (Cypher Select Plus) for a
primary composite clinical end point of safety
and efficacy (cardiac death, M1, definite ST and
TVR) at 9-month follow-up. The primary end
point occurred in 4.9 versus 5.2%, respectively,
p for noninferiority = 0.01 [s6]. At 2 years, the
composite primary end point was also simi-
lar; however, definite ST was lower in the EES
group (0.2 vs 0.9%; p = 0.02) [57]. Moreover,
in a noninferiority trial design, the EXCEL-
LENT trial compared EES (XIENCE V and
PROMUS Element) with SES (Cypher Select)

for a primary angiographic end point of reducing
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late loss. At 9 months, in-segment late loss was
0.11 + 0.38 mm and 0.06 + 0.36 mm for EES
and SES, respectively (p noninferiority = 0.038).
In-stent late loss was also noninferior and the
incidence of clinical end points was not statisti-
cally different between the two groups, including
ST (0.37 vs 0.83%; p = 0.38) [s5].

The Endeavor Resolute (Medtronic Vascular)
ZES was modified from the Endeavor ZES to
employ the BioLinx hydrophilic biocompatible
polymer to release zotarolimus (at a concentra-
tion of 1.6 pg/mm?), based on the Driver BMS
as its platform. BioLinx consists of three poly-
mers, a biocompatible hydrophilic C19 polymer,
water-soluble polyvinyl pyrrolidinone to allow
an early burst of drug release, and a hydropho-
bic C10 polymer that provides a more delayed
release of zotarolimus relative to the Endeavor
stent. Nearly 50% of the drug is released during
the first 7 days, and 85% released at 60 days after
stent implantation [16]. The first-in-human study
showed an in-stent late loss of 0.22 + 0.27 mm,
and in-segment binary restenosis of 2.1% at
9 months. At 12-month follow-up, the cumula-
tive rate of MACE was 8.7% [s9]. The RESO-
LUTE All Comers was a noninferiority RCT
comparing the Endeavor Resolute ZES with the
XIENCE V EES in an unrestricted population
of 2292 patients. The Endeavor Resolute stent
was noninferior for the primary end point of tar-
get lesion failure (a composite of cardiac death,
any MI or clinically indicated TLR) to XIENCE
V EES (8.2 and 8.3%, respectively; p < 0.001
noninferiority) at 12 months [60], and at 2 years
(11.2 vs 10.7%; p = 0.73) fe1].

The XIENCE PRIME™ (Abbott Vascular)
EES was modified from the XIENCE V, with
an enhanced stent delivery system that improves
flexibility and deliverability, a higher rate burst
pressure of the balloon and balloon tapers, to
minimize edge dissection. In a small preclinical
study in a rabbit iliac artery model comparing the
XIENCE PRIME versus the Endeavor RESO-
LUTE ZES, vascular remodeling and endothe-
lial coverage were similar in the stent groups;
however, arterial drug-level concentration was
lower in the EES group [62].

DES with biodegradable polymer

An important limitation to the DES technology
is the permanent polymer left after the drug is
completely released. Clinical and histopatho-
logical evidence identified the durable polymer
as a potential trigger for vascular chronic inflam-
matory and hypersensitivity reaction, which
might play a key role in very late ST, as well as
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delayed restenosis [63,64]. In order to address this
concern, DES with biodegradable polymers were
developed, which ultimately leave only the BMS
platform behind.

B Biolimus-eluting biodegradable
polymer DES

Biolimus-A9™ (Biosensors International PTE
Ltd, Singapore) is a semisynthetic analog with
a similar potency to sirolimus. It is immersed
(concentration of 15.6 pg/mm?) in a biodegrad-
able polymer made of polylactic acid applied to
the abluminal surface of a stainless-steel stent;
polylactic acid is degraded into carbon diox-
ide and water in 6 months [16]. DES utilizing
Biolimus-A9 eluted from polylactic acid polymer
include: BioMatrix Flex™ (Biosensors Interna-
tional PTE Ltd), Nobori® (Terumo Corpora-
tion, Tokyo, Japan), AXXESS™ bifurcation
stent (Devax, Inc., CA, USA) and the XTENT®
Custom NX™ modular system (Xtent, Inc.,
CA, USA). The Nobori I was compared with
PES in two small randomized trials where the
stent achieved a significant reduction of in-stent
late loss at 9 months compared with PES (65,66].
In the multicenter LEADERS randomized
noninferiority trial (n = 1707), BioMatrix Flex
biolimus-eluting stent (BES) was compared
with the Cypher Select SES. At 9-month fol-
low-up, BES was noninferior to SES for the pri-
mary clinical end point (a composite of cardiac
death, MI and TVR): 9.2 versus 10.5%, p for
noninferiority = 0.003, p for superiority = 0.39
(67]. BES was also noninferior to SES for the
in-stent percent diameter stenosis: 20.9 versus
23.3%, respectively [67]. At 4-year follow-up of
the LEADERS trial, BES remained noninferior
to SES for the primary end point: 18.7 versus
22.6%; p for noninferiority < 0.0001 and p for
superiority = 0.05 [¢8]. The rate of ARC definite
or probable ST at 4 years was numerically lower
with BES (3 vs 5%; p = 0.2) [68].

The AXXESS stent is a self-expanding nitinol-
based biodegradable polymer bifurcation BES.
The AXXESS Plus registry (n = 139) reported
93.5% successful implantation of the device
in the main branch; however, 80% of patients
required two additional stents, 42% required
three stents. At 6 months, in-stent late loss
was 0.09 mm and TLR was 7.5% [69]. In the
DIVERGE study (n = 302), 21.7% of patients
required additional stenting of one side branch,
64.7% required stenting of both. At 9 months,
TLR was 6.4% [70]. The XTENT Custom NX™™
(Xtent, Inc.) stent is a customizable stent made
up of multiple interdigitating 6-mm segments.
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This enables onsite customization of its length
according to the lesion length. Its efficacy and
safety were demonstrated both angiographically
and clinically in the CUSTOM II trial (n = 100),
with 9% MACE and in-segment late loss of
0.22 mm at 6 months [71].

B Sirolimus-eluting biodegradable
polymer DES

The NEVO™ stent (Cordis, FL, USA) is a SES
with a stent platform made of L-605 cobale—
chromium alloy, with a strut thickness of 99 pm,
based on the COSTAR BMS. The NEVO SES
is coated with a bioresorbable polylactic glycolic
acid polymer that is absorbed within 3—4 months
as assessed in porcine models. Nearly 80% of
sirolimus is released during the first 30 days, and
achieves a drug concentration in the arterial wall
similar to that of the Cypher SES [16]. In the small
randomized RES I trial (n = 394), the NEVO
SES was compared with the Taxus Liberté PES
for the primary angiographic end point of in-stent
late loss in patients with single de novo native
coronary artery lesions. At 6-month follow-up,
in-stent late loss was significantly reduced with
the NEVO SES (0.13 vs 0.36; p for noninferi-
ority < 0.001, p for superiority < 0.001) with a
trend to lower in-segment binary restenosis (3.9 vs
8.6%; p = 0.08) [72]. In one of the early attempts
to use a biodegradable polymer SES, the TIVOLI
stent (Essen Technology Beijing Co. Ltd, Bei-
jing, China) was compared with the Endeavor
ZES in a nonrandomized fashion [73]. In-stent
late lumen loss and in-stent binary restenosis
at 8-month follow-up were significantly lower
with the TTVOLI stent, and at 2-year follow-up,
TLR was significantly lower with the biodegrad-
able polymer SES (73]. Another nonrandomized
study showed similar in-stent late loss in patients
who received EXCEL™ SES (JW Medical Co.,
Ltd, Shandong, China) and a durable polymer
SES (0.14 vs 0.12 mm, respectively; p = 0.629) at
9-month follow-up [74]. A first-in-man report of
the FIREHAWK® (MicroPort Medical, Shang-
hai, China), a novel biodegradable polymer SES
with L-605 cobalt—chromium stent platform
implanted in single de novo coronary lesions
demonstrated an in-stent late loss of 0.13 mm at
4-month follow-up [75]. Optical coherence tomog-
raphy performed at 4 months revealed a frequency
of uncovered struts of 3.8%; the prevalence of
malapposed struts was 0.1% [75]. In the TARGET
I noninferiority RCT, the FIREHAWK SES was
compared with the XIENCE V EES in patients
with single de novo native coronary lesions [76].
At 9-month follow-up, the primary end point
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of in-stent late loss was similar in the two stent
groups (0.13 vs 0.13 mm, respectively; p = 0.94,
p for noninferiority < 0.0001); at 12 months,
target lesion failure was similar (2.2 vs 2.2%).
No definite or probable ST was observed at the
12-month follow-up in either stent group [7¢]. In a
single-arm cohort of 50 patients with long lesions
(35.2 + 9.4 mm) who received the FIREHAWK
stent with angiographic follow-up at 9 months,
in-stent late loss was 0.16 + 0.16 mm; no binary
restenosis was observed [77]. The Orsiro (Bio-
tronik AG, Biilach, Switzerland) SES has a stent
platform coated with passive and active coating
layers. The stent platform is the Pro-Kinetic
Energy (Biotronik AG) BMS made of L-605
cobalt—chromium alloy with a helicoidal design
and a strut thickness of 60 pm. The stent sur-
face is completely coated with a layer of silicon
carbide (PROBIO®, Biotronik AG) that acts as a
diffusion barrier reducing ion release. The active
coating layer (BIOlute®, Biotronik AG) consists
of high-molecular weight poly-L-lactic acid that
completely disintegrates into carbon dioxide and
water. It covers the whole stent surface with an
abluminal thickness of 7.5 pm, and a luminal
thickness of 3.5 pm. The sirolimus concentration
is 1.4 pg/mm?, with elution kinetics designed to
achieve complete drug release in approximately
100 days. The BIOFLOW-I was a first-in-man
study evaluating the efficacy and safety of the
Orsiro SES in 30 patients with single de novo
native coronary lesions [78]. Angiographic in-stent
late loss was 0.05 + 0.22 mm at the 9-month fol-
low-up; at 12 months, the cumulative incidence
of device-oriented MACE was 10%; no ST was
observed. In a small subgroup of nine patients,
intravascular ultrasound at 9-month follow-up
revealed a very low mean net volume obstruction
(0.07%) [78].

B Everolimus-eluting biodegradable
polymer DES

The SYNERGY™ (Boston Scientific) EES con-
sists of the platinum—chromium alloy Element
stent platform delivering abluminal everolimus
from a poly-lactide-co-glycolide biodegradable
polymer with a polymer thickness of 3—4 pm.
The abluminal drug delivery and biodegradable
polymer provide more targeted drug delivery
with complete absorption of drug and polymer
by 4-6 months. In the EVOLVE prospective
randomized noninferiority trial, comparing
the SYNERGY EES in two dose formulations
with the PROMUS Element durable polymer
EES, the primary angiographic end point of
in-stent late loss at 6 months was 0.15, 0.1 and
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0.13 mm for the PROMUS Element, SYNERGY
and SYNERGY half-dose, respectively, with
p-value for noninferiority < 0.001 for both dose
formulations [79].

DES with new antiproliferative drugs
B Novolimus-eluting durable

polymer DES

The Elixir DESyne® (Elixir Medical, CA,
USA) novolimus-eluting stent is based on a
cobalt—chromium platform, with a durable pol-
ymer similar to that of the Cypher SES, with
a polymer thickness <3 pm. Novolimus is a
metabolite of sirolimus with a similar efficacy
to currently available agents, but loaded at a
lower drug dose at 5pg/mm?. The first-in-man
small EXCELLA study (n = 15) demonstrated
an angiographic in-stent late loss of 0.31 mm
at 8 months [80]. Furthermore, the prospective
randomized EXCELLA 1I trial (n = 210) com-
pared the Elixir DESyne stent with a ZES. At
9 months, the primary angiographic end point
in-stent late loss was 0.11 versus 0.63 mm, respec-
tively; p < 0.0001. The device-oriented MACE
was similar between the two stent groups: 2.9
versus 5.6%, respectively; p = 0.45 [81].

B Myolimus-eluting biodegradable
polymer DES

The Elixir (Elixir Medical) myolimus-eluting
stent is a thin-strut based on a cobalt—chro-
mium platform, with a biodegradable polylactic
acid polymer. Myolimus is a synthetic analog to
sirolimus with a similar potency for inhibition
of smooth muscle cells. The first-in-man small
study (n = 15) demonstrated a 0.15 mm in-stent
late loss at 6 months [82). A multicenter regis-
try (n = 30) showed a late loss of 0.08 mm at
6 months, and 0.13 mm at 12 months [83].

DES with no polymer

Further endeavors to eliminate the potential haz-
ardous effect of polymers used for drug elution
led to the introduction of polymer-free DES. The
currently available technology is based on impreg-
nation of the drug (in pure form) onto micropo-
rous surfaces. The YUKON® (Translumina,
Hechingen, Germany) polymer-free SES is based
on a stainless-steel platform with a microporous
surface, on which sirolimus is applied directly
without any polymer. More than two-thirds
the total dose is released during the first 6 days,
and sirolimus release remains measurable for
over 21 days. The ISAR TEST 3 randomized
605 patients to receive one of three stent designs:

a biodegradable polymer SES, the Cypher durable

future science group



polymer SES or YUKON polymer-free SES [34].
At 6-8 months, the mean late lumen loss was
0.17, 0.23 and 0.47 mm, respectively. The biode-
gradable polymer SES met the prespecified criteria
for noninferiority (p < 0.001), whereas the poly-
mer-free SES did not (p = 0.94) (84]. At 2 years,
there were no significant differences in TLR (8.4,
10.4 and 13.4%, respectively; p = 0.19), death/
MI (5.9, 6.4 and 6.5%, respectively; p = 0.97) or
definite/probable ST (0.5, 1.0 and 1.0%, respec-
tively; p = 0.82). However, paired angiographic
follow-up at 6—8 months and 2 years revealed that
delayed late loss was significantly different across
the treatment groups: 0.17 (0.42), 0.16 (0.41) and
-0.01 (0.36) mm, respectively (p < 0.001) [ss].
The BIOFREEDOMT™ (Biosensors SA,
Morges, Switzerland) polymer-free BES is made
of a stainless-steel platform (strut thickness
112 pm) with a microstructured surface altera-
tion at the abluminal stent side onto which bio-
limus is applied with no polymer. More than
90% of the total dose is released within 50 h, and
biolimus release remains detectable at 28 days. In
a preclinical study in a rabbit model of denuded
radiated iliac arteries, the BIOFREEDOM pol-
ymer-free BES significantly decreased neointi-
mal hyperplasia at 4-week follow-up compared
with BMS [86]. In a small, randomized clinical
study, the BIOFREEDOM polymer-free BES in
two different drug doses was compared with the
Taxus Liberté durable polymer PES. At 4-month
follow-up, the primary angiographic end point of
late loss was significantly reduced in polymer-free
BES with both doses compared with the Taxus
Liberté. Intravascular ultrasound demonstrated
the lowest neointimal volume obstruction in the
polymer-free BES with standard drug dose [87].

Stents with bioactive coating

B Titanium-nitride—oxide-coated
bioactive stents

The Titan2® (Hexacath, Paris, France)
stent is a laser-cut slotted tube made of 316L
stainless-steel coated with a thin atomic layer of
titanium—nitride—oxide, and has the helistent
BMS as its platform. Titanium exhibits a better
biocompatibility as compared with other sur-
face coating materials, since it minimizes toxic
ion release, which would reduce tissue reaction
and inflammation. In a preclinical study, coat-
ing with titanium oxide reduced platelet aggre-
gation and fibrin deposition over the titanium-
coated carbon cylinders compared with uncoated
ones, after implantation in a canine ventral aorta
for 14 days (88]. A preclinical study in a porcine
restenosis model investigated the outcome of a
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titanium—nitride—oxide-coated stent, and showed
almost a 50% reduction of neointimal hyperplasia
at 6-week follow-up (p < 0.05), compared with an
uncoated BMS [89]. In an early prospective rand-
omized comparison in an unselected population,
titanium—nitride—oxide-coated stents signifi-
cantly reduced late lumen loss by 40% (p = 0.03)
versus BMS, at 6-month follow-up [90]. There-
after, the safety of titanium—nitride—oxide-coated
bioactive stents was established in several reports
from real-world unselected populations [9192]. In
the TITAX AMI randomized multicenter trial
(n = 425) in patients with acute MI, the Titan2
stent was associated with a comparable rate of
MACE as PES at a 12-month follow-up (10.3 vs
12.8%; p = 0.5), with a lower rate of ARC-defined
ST (0.9 vs 4.3%; p = 0.03) [93]. At 5-year follow-
up, the incidence of MACE was significantly
lower in patients assigned to a Titan2 stent versus
PES (16.4 vs 25.1%, respectively; p = 0.03). The
rates of cardiac death, MI and definite ST were
also significantly reduced (p < 0.05 for all) with
a similar rate of ischemia-driven TLR (p = 0.92)
(94]. The BASE ACS prospective multicenter ran-
domized noninferiority trial (n = 827) compared
the Titan2 stent with EES in patients with acute
coronary syndrome. At 12-month follow-up,
Titan2 proved noninferior to EES for the compos-
ite clinical end point of MACE (9.6 vs 9%, respec-
tively; p = 0.81 and p for noninferiority = 0.001),
with lower nonfatal MI (p = 0.007) and similar
ischemia-driven TLR (p = 0.37) [95]. At 2 years,
the rate of MACE was similar, with lower MI
(p = 0.005) and similar TLR (p = 0.84) [96].

B Polyzene F-coated stents

The CATANIA™ (CeloNova BioSciences,
GA, USA) stent based on a cobalt—chromium
platform has a unique ultrathin (40 nm) sur-
face coating of Polyzene F polymer (CeloNova
BioSciences), a biocompatible, biostatic polymer
with anti-inflammatory and prohealing prop-
erties. In the first-in-man prospective single-
center ATLANTA study (n = 55), late loss was
0.60 + 0.48 mm, the binary angiographic reste-
nosis rate was 6.8% at 6 months and clinically
driven TLR was 3.6% at 12 months [97]. In the
single-arm ATLANTA 2 registry (n = 300), the
incidence of MACE was 8.8%, cardiac death
was 2.5%, MI was 0.7% and TLR was 6.5%, at
12-month follow-up [98].

B Endothelial progenitor
cell-capturing stent
The Genous™ (OrbusNeich, FL, USA) stent,

based on the R stent stainless-steel platform, is
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uniquely coated with immobile anti-CD34 anti-
bodies on its luminal surface, capable of binding
circulating endothelial progenitor cells bearing
CD34* cell surface antigens. In a small single-
arm first-in-man study (n = 16), angiographic
late loss was 0.63 = 0.52 mm, with a MACE rate
of 6.3% at 9 months [99]. In the HEALING II
prospective registry (n = 63), the primary safety
end point of MACE occurred in 7.9%, whereas
clinically justified TLR occurred in 6.3%, at
9 months. At 6 months, in-stent late loss was
0.78 mm and in-stent volume obstruction was
22.9% [100]. However, from 6 to 18 months, a
significant late regression (24.4% reduction)
of neointimal hyperplasia was observed: late
loss 0.59 mm at 18 months [101]. At 12 months,
MACE and TLR increased to 15.6 and 11.5%,
respectively [102].

The COMBOT™ (OrbusNeich) stent was
further modified from the Genous stent with
sirolimus eluting from an abluminal biodegrad-
able polymer (SynBiosys, Surmodics Inc., MN,
USA). In a porcine model preclinical study,
both optical coherence tomography and his-
tology demonstrated that the COMBO stent
technology promotes endothelialization while
reducing neointimal formation and inflamma-
tion [103]. The REMEDEE trial was a first-in-
man prospective randomized multicenter trial
comparing the COMBO stent versus a PES,
with the primary end point of noninferiority
for angiographic in-stent late loss. At 9 months,
in-stent late loss was 0.39 versus 0.44 mm,
respectively (p for noninferiority = 0.0012). At
12 months, the rate of MACE was 8.9 versus
10.2%, respectively (p = 0.80) [104].

Other stent designs

B Self-expandable stents

The Stentys stent (Stentys® SA, Paris, France) is
a self-expandable stent made of nitinol, an alloy
of nickel and titanium characterized by shape
memory, biocompatibility, fatigue resistence and
highly elastic qualities. It is available into two
forms: a BMS and a PES (80 pm/cm?) with a
durable polymer. In the OPEN I study —a small
(n = 60) prospective, single-arm study — the Sten-
tys stent (33 BMS and 27 PES) was implanted in
bifurcation lesions. At 6 months, clinically driven
TLR was 3.7 and 24.2%, and angiographic late
loss in the proximal main branch was 0.39 and
0.86 mm, with PES and BMS, respectively [105].
In the APPOSITION I, another small (n = 25)
prospective study, implantation of Stentys BMS
in patients with ST-elevation MI undergoing pri-
mary PCI was associated with in-stent late loss of
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0.71 mm, binary restenosis of 25% and clinically
driven TLR of 12% at 6-month follow-up [106].
In the APPOSITION II (n = 80), implantation
of Stentys BMS in patients with ST-elevation MI
undergoing primary PCI was associated with a
lower rate of malapposed struts at 3 days com-
pared with a balloon-expandable BMS (0.58 vs
5.46%, respectively; p < 0.001) [107].

The CardioMind Sparrow™ stent (Cardio-
Mind, Inc., CA, USA) is a guidewire-based, self-
expandable, ultrathin nitinol stent with smaller
profile, improved flexibility and deliverability.
The vProtect™ Luminal Shield is a self-expand-
able vascular shield with a rapid-exchange deliv-
ery system, made of a nickel-titanium alloy with
strut thickness less than 70 pm. It was developed
to scaffold soft nonobstructive coronary lesions,
such as thin-cap fibroatheroma.

B Mesh-covered stents

The MGuard™ (InspireMD, Tel Aviv, Israel)
is a balloon-expandable thin-strut (100 pm)
stainless-steel BMS covered with a polymer mesh
sleeve of polyethylene terephthalate (thickness
20 pm) on its outer surface. The fibers act like
a net (aperture size 150 x 180 pm) preventing
distal embolization of atherothrombotic debris.
In the INSPIRE single-arm study (n = 80),
implantation of MGuard in patients with lesions
at high risk of distal embolization (55% acute
coronary syndrome and 57% saphenous vein
grafts) was associated with final thrombolysis in
MI three flow in all cases; however, at 6-month
follow-up, in-stent late loss was 1.0 + 0.4 mm,
and at 12-month follow-up, ischemia-driven
TLR was 20% [108]. The MASTER prospective
multicenter trial randomized 433 patients with
ST-elevation MI undergoing primary PCI for
either the MGuard stent or a control BMS or
DES. The primary end point of complete ST
segment resolution was better with the MGuard
stent (57.8 vs 44.7%; p = 0.008); final throm-
bolysis in MI flow was superior (91.7 vs 82.9%
p = 0.006), with comparable rates of MACE at
30 days (p > 0.05) [109]. In another small (n = 40)
randomized trial in patients with ST-elevation
MI undergoing primary PCI, the MGuard stent
was associated with better myocardial blush
grade and corrected thrombolysis in MI frame
count, compared with a BMS [110].

B Dedicated bifurcation stents

The Tryton Side Branch Stent™ (Tryton Medi-
cal, Inc., NC, USA) is a balloon-expandable
cobalt—chromium thin-strut (76 pm) BMS. Its
design uses the Tri-Zone™ technology: a distal
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zone scaffolding the side branch, a transition
zone at the carina and a main branch zone with
a minimal amount of metal allowing easy deliv-
ery of a standard stent in the main branch. The
stent delivery system has four markers to delin-
eate the proximal and distal end of the stent,
as well as the proximal and distal extent of the
transition zone [111]. In the firstin-man Tryton I
trial (n = 30), implantation of the Tryton stent
with a standard DES in the main branch was
associated with a MACE rate of 9.9%, and a late
loss of 0.17 + 0.35 mm in the side branch and
0.24 + 0.43 mm in the main branch, at 6-month
follow-up [112]. In a real-world registry (n = 96),
TLR was 4%, MI was 3% and cardiac death was
1% at the 6-month follow-up [113]. In another pro-
spective registry (n = 302), procedural success was
94.4%, and the cumulative 6-month MACE was
6.4%, including 4.7% was MI (3.7% was peripro-
cedural) and 3.4% was TLR [114]. In the PYTON
study, 20 patients with bifurcation lesions were
treated with the Tryton stent with XIENCE V
EES implantation in the main branch. At the
9-month follow-up (n = 16), angiographic late
loss was 0.34, 0.29 and 0.57 mm in the proximal
main branch, distal main branch and side branch,
respectively [115]. Binary ISR occurred in four
(25%) patients, and the percentage of uncovered
struts by optical coherence tomography was 4,
0.7 and 2.5% in the proximal main branch, distal
main branch and side branch, respectively [115].

The Sideguard® (Cappella Medical Devices
Ltd, Galway, Ireland) side branch stent is a bal-
loon-deployed self-expandable thin-strut (76 pm)
nitinol stent with anatomic funnel-shaped flar-
ing at the side branch ostium. It secures the
side branch for easy access after main branch
stenting, preventing side branch closure from
carina or plaque shift [116]. In the Sideguard 1
first-in-man study (n = 20), 6-month follow-up
with intravascular ultrasound (available for
11 patients) demonstrated preserved side branch
ostial lumen area due to an additional increase of
stent area that compensated for the occurrence of
neointimal hyperplasia [117]. Another study with
intravascular ultrasound immediately following
implantation demonstrated that acute lumen
gain in the side branch stented by the Sideguard
stent is less than that in the main branch stented
by a balloon-expandable stent, and suggested
plaque shift from the proximal main vessel to
the side branch [118].

Bioabsorbable stents

The advantages of completely absorbable stents
include the potential reduction of chronic
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inflammation and hypersensitivity reaction in
the vessel wall, improved vasomotion and adap-
tive shear stress, the feasibility of subsequent per-
cutaneous and surgical revascularization, preser-
vation of side branches, and not interfering with
noninvasive imaging techniques (Taste 1) [119].

B Everolimus-eluting polymer-based
bioresorbable vascular scaffolds

The bioresorbable vascular scaffold (BVS; Abbott
Vascular) EES is based on a backbone of poly-L-
lactic acid, coated with a thin layer of amorphous
poly-D,L-lactic acid that contains everolimus at a
dose of 8.2 pg/mm? and enables elution of 80%
of everolimus content by 30 days (similar to
XIENCE V). The natural loss of polymer mass is
nearly 30% at 12 months, 60% at 18 months and
the polymer is fully absorbed over 2 years. The
stent is radiolucent with two platinum markers
at each end. The initial radial strength following
implantation is similar to the XIENCE V stent,
as indicated by comparable acute vessel recoil
(119]. The first BVS (revision 1.0) has a strut thick-
ness of 150 pm, consisting of out-of-phase zigzag
hoops, with struts connected either directly or
by thin straight bridges, furthermore it has to
be stored below -20°C. The second generation
device (revision 1.1) has improved stent design
with in-phase zigzag hoops, struts connected by
bridges, providing a more consistent drug release,
and a more uniform strut distribution and vessel
wall support. Although it has a similar absorp-
tion time to the first BVS (2 years), the modified
manufacturing process of the polymer provides
longer radial support compared with revision 1.0.
It also provides a greater stent security with less
risk of stent dislodgement. ABSORB was a pro-
spective open-label study that explored revision
1.0 BVS in 30 patients (cohort A) with single
de novo lesions. The device success rate was 94%.
At 12 months, only one case of non-Q-wave MI
occurred (3.3%). At 6 months, angiographic in-
stent late loss was 0.44 mm [120]. The 6-month
late loss was a combination of neointimal hyper-
plasia and a reduction of scaffold area, the lat-
ter resulting from acute and chronic scaffold
recoil. Chronic recoil occurs as a result of loss of
radial strength with bioresorption. At the 2-year
follow-up, no further MACE (cardiac death, MI
and ischemia-driven TLR) were observed, angio-
graphic in-stent late loss (0.48 mm) was com-
parable to that at 6 months, and 34.5% of strut
locations presented no discernible features by
optical coherence tomography. Vasomotion was
preserved at the stented site and adjacent coronary
artery in response to vasoactive agents [121]. At
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Company Scaffold
(location)

Abbott Absorb BVS
Vascular (CA,

USA)

Biotronik DREAMS-1
(Berlin,

Germany)

Reva Medical ReZolve
(CA, USA)

Elixir Medical DESolve
(CA, USA)

Kyoto Medical Igaki-Tamai
(Kyoto, Japan)

Xeno-Genics |deal (first
(PA, USA) generation)

Strut Polymer/drug Strut Duration of  Absorption Late loss (mm)
material thickness radial support period
(pm) (months) (months)

PLLA PDLLA/ 150-156  Weeks 24 6 months: 0.19-0.44

everolimus 12 months: 0.27
Magnesium NA/NA 120-130  Weeks >4 6 months: 0.64
alloy (approximately 12) 12 months: 0.52
TD-PCP NA/sirolimus 114-228 3-6 36 6 months: 1.81
PLLA PLA/myolimus 150 NA 12-24 6 months: 0.19
PLLA NA/NA 170 6 36 6 months: 0.59

36 months: 0.59

Polymer- Salicylate plus 200 3 6 NA
salicylate different linker/
plus linker  sirolimus

BVS: Bioresorbable vascular scaffold; DREAMS. Drug-eluting absorbable magnesium scaffold; NA: Not available; PDLLA: Poly-dextro-levo-lactic acid; PLA: Poly-lactic
acid, PLLA: Poly-levo-lactic acid; TD-PCP: Tyrosine-derived polycarbonate polymer.
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3 years, with 29 patients available for follow-up,
MACE remained at 3.4%, two patients under-
went nonischemia-driven TVR and no cases of
ST were reported [122]. Revision 1.1 BVS was then
studied in 56 patients (cohort B) with multiple
imaging modalities at baseline and 12 months.
Overall scaffold area remained unchanged with
both intravascular ultrasound and optical coher-
ence tomography, with an angiographic late loss
of 0.27 mm. MACE rate was 7.1%: two MI and
two repeat interventions [123]. However, in the
ABSORB EXTEND study (n = 435), BVS was
associated with a higher incidence of postpro-
cedural side-branch occlusion (6%), compared
with the corresponding incidence reported with
the XIENCE V stent (n = 237) in the SPIRIT I
and II trials (4.1%). The effect was more pro-
nounced in side branches with small reference
vessel diameter (0.5 mm) [124]. The ABSORB II
trial is underway with the prospect to randomize
501 patients to either the new generation Absorb
BVS or the XIENCE EES, with the primary end
point of superiority in vasomotor reactivity of the
treated segment at 2-year follow-up [125].

B Magnesium-based bioabsorbable
scaffolds

The AMS-1 (Biotronik, Berlin, Germany)
absorbable metal scaffold (93% magnesium,
strut thickness 165 pm) has mechanical prop-
erties comparable to a stainless-steel stent: low
elastic recoil, a high collapse pressure and mini-
mal shortening after inflation. Preclinical assess-
ment demonstrated rapid endothelialization and
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magnesium degradation within 60 days into
inorganic salts with little inflammatory response
(126]. In the PROGRESS AMS, a small prospec-
tive (n = 63) nonrandomized study, AMS-1 stent
was associated with 23.8% ischemia-driven TLR
at 4 months, and 45% overall TLR at 1 year;
in-stent late loss was 1.08 mm at 4 months [127].
Substantial late loss was due to a lower initial
radial force, compared with a BMS, and progres-
sive loss of such radial force by early rapid deg-
radation. The AMS-2 (strut thickness 120 pm)
was then designed to address these downsides
with a different magnesium alloy, higher collapse
pressure and slower degradation time.

The DREAMS (Biotronik) is an absorb-
able metal scaffold (based on the AMS-2
stent) that elutes paclitaxel (80 pm/cm?) from
a l-pm thick layer of biodegradable polymer
(polylactic-co-glycolic acid). Controlled pacli-
taxel release and polymer degradation occurs in
3 months, and scaffold absorption is complete
after 9-12 months. In the BIOSOLVE-1 first-
in-man, multicenter, single-arm trial (n = 46),
clinically driven TLR at 12 months was 5%, and
in-scaffold late loss was 0.65 and 0.52 mm at 6
and 12 months, respectively [128].

Future perspective

Coronary stents are a pivotal component of cur-
rent PCIL. Over the past decade, the introduc-
tion of DES has revolutionized the practice of
coronary intervention, reducing the rates of TLR
by a half to two-thirds at long-term follow-up
The improved outcomes with DES have led to
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expanding the indications for PCI, which is now
an accepted treatment for diabetic patients and
patients with complex coronary artery disease
such as acute coronary syndrome. However,
accumulating evidence from registries and meta-
analyses has questioned the long-term safety of
first-generation DES, raising concerns about a
higher risk of late and very late ST. The per-
sisting concerns over ST have led to improve-
ments in stent design, and the later generation
DES have demonstrated early improvements in
safety compared with previous generation DES.
Further development of stent platforms with a
better ‘safety’ profile has therefore become the
focus of attention of the stent industry. At the
present time, the selection of BMS or DES for
various lesions and patients, and the duration
of antiplatelet therapy remain debated areas;
therefore, long-term RCTs are urgently required.

BVS combined with optimal medical therapy
could provide an alternative treatment modality
to metallic stents. Currently, at least 16 differ-
ent scaffolds are being developed. These devices

provide structural support function for the
first year after deployment, and are then com-
pletely absorbed into the vascular wall. These
novel devices could have a number of potential
advantages including normalization of vascular
function, restoration of physiological vascular
responses to shear stress, and completion of the
vascular response to stenting. This could be the
next revolution in interventional cardiology, and
many of these scaffolds are currently undergoing
preclinical and clinical trials; nevertheless, early
results seem promising.
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Executive summary

Bare-metal stents

= Cobalt—chromium alloys offered greater radial strength and better radio-opacity compared with stainless-steel-based bare-metal stents.

Drug-eluting stents with durable polymer

= First-generation drug-eluting stents (DES) demonstrated superior efficacy in terms of reduction of angiographic late loss as well as target
lesion revascularization, compared with bare-metal stents, in unselected patients, as well as in high-risk patient and lesion subsets.

= Registries and meta-analyses of randomized controlled trials raised concerns about higher rates of late (and very late) stent thrombosis
associated with first-generation DES.

= Second-generation DES with a durable polymer demonstrated an efficacy outcome similar to first-generation DES in terms of reduction
of late loss and target lesion revascularization, with a better safety outcome in terms of stent thrombosis reduction.

DES with biodegradable polymer

= The biolimus-eluting stent proved noninferior to a durable polymer sirolimus-eluting stent (SES) for the composite end point of safety
and efficacy outcome with a numerically lower rate of stent thrombosis at long-term follow-up.

= Various biodegradable polymer SES proved superior to a durable polymer palcitaxel-eluting stent and Endeavor zotarolimus-eluting
stents, and comparable to durable polymer SES and everolimus-eluting stents (EES) for angiographic in-stent and in-segment late loss.

= Novel bioabsorbable polymer-coated EES proved noninferior to a durable polymer EES for the primary angiographic end point of in-stent
late loss at the 6-month follow-up.

DES with no polymer

= The polymer-free SES failed to show noninferiority for the reduction of late lumen loss compared with a durable polymer SES, with a
similar clinical outcome in the long term.

= The polymer-free biolimus-eluting stent proved superior to a durable polymer palcitaxel-eluting stent for angiographic late loss.

Stents with bioactive coating

= The titanium-nitride—oxide-coated stent reduced late loss versus bare-metal stents. In two randomized controlled trials, the Titan2 stent
was comparable to a palcitaxel- and an EES for the clinical efficacy end point, with superiority for the safety outcome, at long-term
follow-up.

Bioabsorbable stents

= In the ABSORB cohort A, the revision 1.0 bioabsorbable vascular scaffold fully bioresorbable EES was associated with a modest reduction
of late loss at 6 months, and 2 years: a combination of neointimal hyperplasia and chronic scaffold recoil. In the ABSORB cohort
B, revision 1.1 bioabsorbable vascular scaffold, with improved stent design and longer radial support compared with Revision 1.0,
demonstrated a better reduction of late loss at 12 months.

= Although the absorbable magnesium scaffold stent was associated with substantial late loss at 4 months, and a high rate of target
lesion revascularization at 12 months, the DREAMS biodegradable polymer paclitaxel-eluting magnesium-based absorbable stent was
associated with modest reduction of late loss at 6 and 12 months, and 5% target lesion revascularization at 12 months.
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