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Abstract Since the advent of percutaneous coronary inter-
vention, enormous advances have been made in the treatment
of coronary artery disease. Angioplasty and bare metal stents
were plagued by high rates of restenosis leading to repeat
revascularization procedures. Examination of the underlying
pathophysiology of restenosis led to the development of drug-
eluting stents to reduce neointimal hyperplasia. However, as
restenosis rates declined, length of dual antiplatelet therapy
use and risk of long-term stent thrombosis associated with
drug-eluting stents increased. Subsequent generations have
improved each facet of stent design. Novel alloys maintain
durability and reduce strut thickness to increase deliverability,
biocompatible polymers decrease the inflammatory response
and improve drug elution kinetics, and new generations of
drugs predictably inhibit restenosis. Developments on the ho-
rizon include stents with bioabsorbable polymers and plat-
forms. The purpose of this review is to assess the evolution
of stent design and the evidence behind each generation and to
peer into the future of stent technology.

Keywords Bare metal stents - Bioresorbable stents -
Drug-eluting stents - Percutaneous coronary intervention

Introduction

The advent of percutaneous coronary intervention (PCI) rev-
olutionized the treatment of coronary artery disease and acute
coronary syndrome. Since the first balloon angioplasty
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(PTCA) in 1977 and the first implantation of a coronary stent
in 1984, PCI has consistently evolved over time with the in-
troduction of new devices, techniques, and adjunctive
pharmacotherapy.

The efficacy of PTCA was primarily limited by the high
rate of restenosis, which occurred in as many as half of all
revascularizations within the first year. Restenosis in the set-
ting of PTCA was mediated by both elastic recoil, which led to
acute closure in 5 to 10 % of patients, and subsequent prolif-
eration of smooth muscle cells at the site of endothelial dam-
age incurred by balloon inflations [1]. The first balloon-
expandable Palmaz-Schatz stent, approved for use in coronary
arteries by the US Food and Drug Administration in 1994,
was designed to provide a scaffold that would increase the
acute gain in lumen diameter compared with PTCA alone
and, thereby, reduce the rate of clinically relevant restenosis
following PCI.

While more effective than PTCA, bare metal stents (BMS)
did not eliminate restenosis. Estimates on the restenosis rates
following BMS placement varied, ranging from 11 to 40 %,
with higher rates noted particularly in longer lesions and
small-caliber vessels [2]. Both mechanical and biologic pro-
cesses contributed to restenosis following BMS implantation.
For example, experimental models demonstrated recruitment
of inflammatory cells at the site of endothelial damage from
balloon inflations, which led to subsequent neointimal hyper-
plasia and neovascularization. The acute stretch during stent
deployment further exacerbated this process.

Over the following decade, various stent designs were de-
veloped to increase deliverability and durability and reduce
the inflammatory reaction and neointimal hyperplasia post-
stent implantation. Investigators hypothesized that antiprolif-
erative drugs could be delivered locally via a polymer release
mechanism in high enough concentrations to reduce neointi-
mal hyperplasia but at a slow enough rate to avoid systemic
toxicity. It was this insight that allowed creation of drug-
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eluting stents (DES), which became widely available for use
in the USA in April 2003.

Drug-Eluting Stent Design

Each DES has three components—platform, polymer, and
drug. Over the past decade, biomedical engineers periodically
reexamined each component to improve on overall stent de-
sign and achieve the ideal characteristics of flexibility,
trackability, radial strength, and biocompatibility (Table 1).

Stent Platform

Stent platforms are tubular, trellis-like open frameworks with
DES diameters ranging from 2.25 to 4.0 mm? and lengths
ranging from 8 to 38 mm. The open framework of stents led
to a variety of cellular designs, including coils, mesh, and
slotted tube. The tube design was considered superior due to
smaller strut width and less gaps between struts, which in-
creased radial strength and decreased plaque prolapse. The
tube design was further improved with open versus closed cell

patterns that, in turn, drove key stent selection factors. Open
cell designs provided less metal surface area, greater
conformability, and greater side branch access, while closed
cell designs provided greater radial strength, more uniform
drug concentration, and less plaque or tissue prolapse.

Other key factors that influenced stent platform design in-
cluded number of struts, number of links connecting struts,
and strut thickness, all of which positively correlated with rate
of restenosis but increased radial strength. Finally, the mate-
rials used in stent platforms were chosen primarily based on
their biocompatibility and thromboresistant properties, which
influenced durability, another key factor in stent design.

Polymer

Prior to the introduction of DES, heparin-coated stents were
evaluated in an attempt to help reduce restenosis rate, but
multiple trials found no benefit with these compared to BMS
[3, 4]. Since in-stent restenosis following BMS placement was
mediated by neointimal hyperplasia and smooth muscle pro-
liferation over time, simply adding an anticoagulant directly to
the stent was an inadequate preventive mechanism. Not only

Table 1  Comparison of drug-eluting stents (DES)
Name Drug Platform Strut t(n';l)mess Design Polymer drug release
First-generation DES
Cypher Sirolimus Steel 140 80% during the first 30 days
Taxus Paclitaxel Steel 132 10% during the first 10 days
Second-generation DES
. ) Cobalt o ) )

Xience V/Promus  Everolimus chromium 81 p 80% during the first 30 days
Endeavor Zotarolimus ch?grz?dtm 91 100% in the first 14 days
Taxus Liberte Paclitaxel Steel 97 10% during the first 10 days
Newer second-generation DES
Xience Prime Cobalt Xience Prime with a wider U-shaped connector
Xience X edit,ion Everolimus chromium 81 compared to Xience V 80% during the first 30 days

P Xience Xpedition on a new delivery balloon
Promus EIemgnt/ Everolimus Platlnlum 81 Promus Premlerlwnh more connectors in 80% during the first 30 days
Promus Premier chromium the proximal 2 segments

Cobalt Differs from Endeavor in that Resolute is

Resolute Zotarolimus chromium 91 S made of one continuous, single strand of 85% during the first 60 days

ey

wire, laser-fused at certain points
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did the drug need to be improved upon, but a polymer was
also needed to encase the drug and permit modifications in
release kinetics to ensure a steady local concentration after
deployment. To be successful, polymers required two charac-
teristics: predictable drug release over a targeted period of
time and minimization of local inflammation [5].

Drug

In search of the ideal antiproliferative drug, three char-
acteristics needed to be met: (1) wide therapeutic win-
dow, (2) lipophilic properties, and (3) long enough tis-
sue retention time such that the endothelium could re-
grow after PCl-induced injury without a neointimal hy-
perplasia pattern. Two major classes of drugs were dis-
covered and used to coat DES. One belongs to the
rapamycin family (—“limus” drugs) and has an immuno-
suppressive mechanism of action. These macrolide anti-
biotics bind to the cytosolic FK-binding protein and
inhibit the mammalian target of rapamycin (mTOR).
mTOR inhibition upregulates p27, which, in turn, in-
hibits the CDK-cyclin complexes responsible for cell
cycle progression from the gap 1 to the synthesis phase.
The other, paclitaxel, has an antiproliferative mechanism
of action and binds to the (-subunit of the tubulin het-
erodimer, which, in turn, inhibits the mitogen-activated
protein kinase responsible for microtubule depolymeriza-
tion. As a result, inappropriately stable microtubules are
created, which inhibit spindle formation and mitosis.

First-Generation DES

The first generation of DES comprised of the Cypher
sirolimus-eluting stent (SES) and the Taxus paclitaxel-
eluting stent (PES) on a stainless steel platform with relatively
thick struts (SES 140 wm, PES 132 pum). The polymer on SES
eluted ~80 % of the drug in the first month, while the polymer
on PES eluted ~10 % of the drug in the first 10 days and
sequestered the rest indefinitely.

First-Generation DES Versus BMS

Initial studies demonstrated a significant reduction in
lumen loss at 6 months with SES versus BMS, which
translated into improvement in clinical outcomes in sub-
sequent large randomized clinical trials (Table 2) [6, 7].
The Sirolimus-Eluting Stent in De-Novo Native Coro-
nary Lesions (SIRIUS) trial randomized 1058 patients
to either SES or BMS. At 9 months, the rate of target
lesion revascularization (TLR) was significantly lower in
the SES group (4.1 % SES vs. 16.6 % BMS, p<0.001)
[8]. This benefit extended out to 5 years, such that the

SES group experienced a 14.8 % absolute reduction in
TLR compared with BMS and similar rates of safety
endpoints, including death, nonfatal myocardial infarc-
tion (MI), and stent thrombosis (ST) [9].

Studies evaluating PES versus BMS showed similar re-
sults. The Treatment of De Novo Coronary Disease Using a
Single Paclitaxel Eluting Stent (TAXUS IV) study demon-
strated significant reductions in ischemia-driven target vessel
revascularization (TVR) with PES versus BMS at 9-month
follow-up in 1314 randomized patients undergoing PCI (4.7
vs. 12.1 %, p<0.001) [10]. This benefit also persisted 5 years
post-randomization, with TVR rates of 16.9 % (PES) versus
27.4 % (BMS) (p<0.001) and similar rates of death, MI, and
ST [11].

Comparison of First-Generation DES

Few direct SES versus PES comparisons have been per-
formed. The Sirolimus-Eluting Versus Paclitaxel-Eluting
Stents for Coronary Revascularization (SIRTAX) trial
randomized 1012 patients to either SES or PES and
demonstrated a significantly lower rate of major adverse
cardiovascular events (MACE) in the SES (6.2 %) ver-
sus PES (10.8 %) groups at 9-month follow-up, a dif-
ference that was driven primarily by TLR (4.8 vs.
8.3 %, p=0.03) [12]. The larger Sirolimus- Versus Pac-
litaxel Eluting Stents in De Novo Coronary Artery Le-
sions (REALITY) and Scandinavian Organization on
Randomized Trials with Clinical Outcome II (SORT
OUT I1I) trials, however, demonstrated numerically low-
er, but not statistically significant, rates of clinical out-
comes with SES versus PES at l-year and 18-month
follow-up, respectively [13, 14].

The introduction of DES radically disrupted PCI proce-
dures. While the superiority of first-generation DES over
BMS in the reduction of TVR was established, the delay in
the endothelialization process raised concerns of increased
risk of ST, a potentially catastrophic event [15, 16]. Syntheses
of the available data demonstrated significant reductions in
TLR and definite ST with SES versus PES in two different
meta-analysis reports [17, 18]. Although mortality rates were
not significantly different between SES and PES, there was a
significant increase in very late ST and a trend towards higher
risk of late MI with PES [17, 18]. While patient- and lesion-
specific factors contributed to the increased risk of ST, addi-
tional DES-specific factors, including development of late
malapposition, hypersensitivity to drug coating or polymer,
and inflammatory response to strut thickness, were also de-
scribed [19]. Furthermore, rates of TVR were significantly
reduced with DES but remained clinically relevant. Together,
these findings led to investigations into how to further im-
prove on DES design [20].
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~ E 33 E o) g E led to subsequent increased rates of restenosis and risk of the
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e"i < ;2 £ ;"f E‘g such, second-generation stents took a rapamycin derivative,
bl ot :é“ 35 g @ \i § é given the suggestion of superiority over paclitaxel, and
3 ﬁ g 8 =l Z : E encased it in a new more thromboresistant fluoropolymer on
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~ & = = S & everolimus-eluting stents (EES-CoCr, strut thickness 81 pm)
o = 2 and the Endeavor zotarolimus-eluting stent (E-ZES, strut
%‘ %? é 5 thickness 91 pm).
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'g % The Clinical Evaluation of XIENCE V Everolimus Eluting
= g ‘E Coronary Stent System in the Treatment of Patients with De
= % E Novo Coronary Artery Lesions III (SPIRIT III) trial random-
§ 2 %D < ized 1002 patients to EES-CoCr versus PES and demonstrated
% . E . % ‘i a significant 43 % relative reduction in composite MACE at
2 g E g é g 9 months with EES-CoCr, primarily due to fewer MIs and
§ E E E s TLR procedures [24]. These outcomes persisted to 3 years,
£ < < < : 8 suggesting improved long-term safety and efficacy [25]. The
N ¥ T% 2 SPIRIT IV trial demonstrated similar results in more complex
E‘- I~ g — f,‘.; Q.E coronary lesions at 9-month and 2-year follow-up [26, 27].
3 = & = S8 g However, it remained unclear whether it was the rapamycin
§ g § derivative, the CoCr platform with thinner struts, or some
LB LB E ?,i z combination of both which had a beneficial effect on out-
%’ i § g E = Lﬁ ":g: comes. To further delineate the underlying mechanism of ben-
4 %‘“ kS 3 g 2 ;1; :"ES efit with EES-CoCr, the Comparison of Everolimus Eluting
gy E= 5 ; S gN XIENCE V Stent with Paclitaxel Eluting TAXUS LIBERTE
& B 88 TE ExE Stent in All Comers (COMPARE) trial compared EES-CoCr
E 2 ° S ° E ° ?0;3 § with the newer Taxus Liberte PES, which remained on the
5 5 _% E % original stainless steel platform but had strut thickness com-
2 2 S 2= g parable to second-generation DES. This study demonstrated a
g 3 3 ; _§ 8, % reduced rate of the composite outcome of death, M1, and TVR
'§_ 5 5 5 % ;% % with EES-CoCr compared to Taxus Liberte PES (6 vs. 9 %,
g 5 E E S ER p=0.02) at 1-year follow-up [28]. The benefit with EES-CoCr
g ﬁ L[{]J L[{]J 3 £Ss was maintained at 2-year follow-up despite a significantly
A ~ & & 2 E E lower percentage of dual antiplatelet therapy use in the EES-
_ _ NE CoCr group and suggested, again, the superiority of
=) i:;r i ZE §§ rapamycin derivatives over paclitaxel [29].
é E - > 2 B % E The SORT OUT 1V trial compared rapamycin derivatives
§ ;6 3 = E £ 2 % on the second-generation CoCr versus first-generation stain-
: E ; 2 o] % é 5 less steel platforms, EES-CoCr versus SES. Although EES-
= 'g ; 2 %) cs 3 8 CoCr was noninferior to SES on the primary composite end-
gl & E & a m 238 point of cardiac death, MI, definite ST, and TVR at both
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9 months and 2 years, EES-CoCr was associated with a lower
rate of definite ST at 2 years [30, 31¢]. The Randomized Eval-
uation of Sirolimus Eluting Versus Everolimus Eluting Stent
(RESET) trial demonstrated similar noninferiority of EES-
CoCr to SES on TLR at 1 year, while a propensity score-
matched analysis demonstrated significant reductions in MI,
TVR, and definite ST with EES-CoCr compared to SES on
median follow-up of 1.5 years [32, 33¢]. A meta-analysis of
trials comparing EES-CoCr versus SES, however, showed no
significant difference in MACE or composite of definite and
probable ST on median follow-up of 13 months [34]. Al-
though, the difference between EES-CoCr and SES was not
apparent on short-term follow-up, 3-year follow-up in the
SORT OUT IV and the recently published Randomized Com-
parison of Everolimus Eluting Stents and Sirolimus Eluting
Stent in Patients with ST Elevation MI (RACES-MI) trials
demonstrated no significant difference in MACE but signifi-
cant reductions in overall and very late definite ST [35, 36¢].

Second-Generation DES: E-ZES

Polymer characteristics impact both stent restenosis and
thrombosis. Releasing drug over too short a period may
reduce the time needed to be on dual antiplatelet thera-
py but lead to an increased rate of restenosis, while
longer elution times delay endothelialization but poten-
tially increase the rate of long-term ST. E-ZES differed
primarily from EES-CoCr in their polymer drug elution
properties, such that the biopolymer in E-ZES was de-
signed to rapidly elute 95 % of the drug over the first
2 weeks. EES-CoCr fluoropolymers, on the other hand,
released 80 % of the drug in the first 30 days, similar
to first-generation SES.

This change in drug elution properties did not translate
into clinical benefit. The Randomized Trial to Evaluate
the Safety and Efficacy of the Medtronic Drug Eluting
Coronary Stent System Versus the Cypher Sirolimus Elut-
ing Coronary Stent System in De Novo Coronary Artery
Lesions (ENDEAVOR III) trial demonstrated significantly
higher rates of in-segment late lumen loss at 8§ months
angiographic follow-up with E-ZES versus SES [37]. Al-
though there was a lower rate of MACE with E-ZES, this
was primarily driven by a lower rate of peri-procedural
MI, a controversial endpoint [38]. At 3-year follow-up,
there was no significant difference between rates of all
TVR but a significantly higher rate of TVR with coronary
artery bypass graft surgery in the E-ZES compared to the
SES group [39]. In addition, the SORT OUT III trial
demonstrated a higher rate of the composite outcome of
cardiac death, MI, and TVR at 3-year follow-up in pa-
tients randomized to E-ZES versus SES (12.9 vs.
10.1 %, p=0.022), despite a higher rate of very late ST

@ Springer

in the SES group (0 % ZES vs. 1.1 % SES, p=0.0005)
[40].

Newer Second-Generation DES

Newer second-generation DES reflected a culmination of pri-
or data that demonstrated the superiority of rapamycin deriv-
ative drugs over paclitaxel, the CoCr platform with its thinner
struts over the stainless steel platform, and biocompatible
fluoropolymers that elute the majority of drug over 1 to
2 months. Further modifications in design were made to allow
for greater flexibility and technical deliverability in complex
lesions. These changes led to the introduction of (1) the
Xience Prime EES on the same CoCr platform but with wider
U-shaped connecting links, (2) the Promus Element EES on a
platinum chromium (PtCr) platform (EES-PtCr), and (3) the
Resolute ZES (R-ZES) with a new biocompatible polymer
that eluted drug at a rate similar to EES.

Newer Second-Generation DES: EES-CoCr and EES-PtCr

The newer PtCr platform was designed to increase deliverabil-
ity, and the Prospective Randomized Evaluation of a Novel
Everolimus Eluting Coronary Stent (PLATINUM) trial dem-
onstrated noninferiority of EES-PtCr to EES-CoCr in target
vessel-related cardiac death, target vessel-related MI, and
ischemia-driven TLR at 1 year [41]. However, over time, sev-
eral case reports emerged suggesting longitudinal stent defor-
mation after deployment of EES-PtCr, which may be ex-
plained by stent platform design [42]. While the original
SES had a rigid scaffold with six connectors and the Xience
EES-CoCr platform had a multi-link geometry with three con-
nectors per ring, the Promus Element EES-PtCr platform was
comprised of a helical design with two connectors per ring.
Stents with fewer connectors have greater flexibility and de-
liverability; however, this comes at the expense of longitudi-
nal stability and strength [43]. Furthermore, the peaks of the
helical design line up with the valleys of the neighboring ring,
such that longitudinal compression force on the stent rings
may cause them to nest and “shorten.” Reduced longitudinal
integrity has been well described as a risk for intraprocedural
stent deformation and, thus, possible ST, particularly in ostial
and bifurcation lesions [44, 45].

Both the Xience Prime EES-CoCr and Promus Element
EES-PtCr stents made minor changes, resulting in the current-
ly used Xience Xpedition EES-CoCr and Promus Premiere
EES-PtCr. Xience Xpedition EES-CoCr did not modify the
stent design but rather the stent delivery system with a
smoother transition at the balloon/stent interface and a thinner
multi-layer delivery balloon. The Promus Premier EES-PtCr,
on the other hand, modified its platform with the addition of
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more connectors in the proximal two segments of the stent to
increase axial strength.

Newer Second-Generation DES: R-ZES

Similar to the Promus Element EES-PtCr, R-ZES is com-
prised of a helical design with two connectors per ring. How-
ever, the peaks of the helical design in R-ZES line up with the
peaks of the neighboring ring, potentially providing greater
longitudinal stability and strength than the original Promus
Element EES-PtCr. In addition, with similar drug elution
properties as EES polymers, R-ZES demonstrated significant-
ly lower in-stent late lumen loss on 6- to 8-month angiograph-
ic follow-up and a trend towards a lower rate of TLR at 2-year
follow-up compared to E-ZES [46¢]. It is not surprising that
subsequent comparisons were primarily made between R-
ZES and newer second-generation EES.

Multiple large trials demonstrated no significant differ-
ences between R-ZES and EES-CoCr [47¢]. The Randomized
Controlled Trial in Second Generation Zotarolimus Resolute
Stents versus Everolimus Xience V stents in Real World Pa-
tients (TWENTE) trial randomized patients with acute coro-
nary syndromes or stable angina, the majority of which had
complex coronary lesions, to R-ZES or EES-CoCr and found
no significant difference in the primary composite endpoint of
cardiac death, MI, and clinically indicated TVR [48¢]. The
Randomized Comparison of a Zotarolimus Eluting Stent with
an Everolimus Eluting Stent for Percutaneous Coronary Inter-
vention All-Comers (RESOLUTE AC) trial also showed no
difference in the primary composite endpoint of cardiac death,
target vessel MI, and clinically indicated TLR or overall ST at
1-year follow-up [49]. However, there was a significantly
higher rate of definite ST with R-ZES compared to EES-
CoCr (1.2 vs. 0.3 %, p=0.01).

In the only randomized R-ZES versus EES-PtCr compari-
son, The Third Generation Zotarolimus Eluting and Everoli-
mus Eluting Stents in All Comer Patients Requiring Percuta-
neous Coronary Intervention (DUTCH PEERS) trial, there
was no significant difference in the composite of cardiac
death, target vessel-related MI, and TVR or rate of definite
ST over the 12-month follow-up [50+]. While more patients in
the EES-PtCr group experienced longitudinal stent deforma-
tion (R-ZES 0 vs. EES-PtCr 9 patients, p=0.002), these were
not associated with any adverse clinical events.

Synthesis of Data on Currently Approved DES

The large number of trials performed to date can create some
confusion with regard to optimal stent choice. While guide-
lines do not specify a specific stent as first-line choice, a com-
prehensive network meta-analysis of more than 50,000 pa-
tients in 49 randomized controlled trials demonstrated

significantly lower odds of definite ST at 1-year follow-up
with EES-CoCr when compared to BMS, SES, PES, E-ZES,
and R-ZES [51¢]. The report also demonstrated lower odds of
ST at 2-year follow-up with EES-CoCr than BMS and PES. A
subsequent meta-analysis demonstrated similar results in pa-
tients presenting with ST segment elevation MI [52]. A mixed
treatment comparison of both short- and long-term outcomes
further added to the body of data that demonstrated newer
second-generation DES to perform extremely well, with a
slight favor towards EER-CoCr [53¢]. In the short term
(~1 year), SES, EES-CoCr, and R-ZES had similar efficacy
with a lower rate of TVR relative to BMS, PES, and E-ZES.
EES-CoCr was also associated with the lowest rate of ST.
Longer-term outcomes were similar, as EES-CoCr was asso-
ciated with the lowest rate of TVR and MI at 3-year follow-up.

Next-Generation DES
Bioresorbable Polymers

The localized immune response and hypersensitivity reaction
to durable polymers may contribute to the long-term risk of
ST associated with DES [54]. As a result, several recent trials
have investigated the safety and efficacy of DES with biore-
sorbable polymers, none of which are currently available for
investigational or commercial use in the USA.

The Nobori biolimus-eluting stent with a bioresorbable
polymer (BES) comprises of a stainless steel platform with a
strut thickness of 120 um, a polylactic acid polymer applied
solely to the abluminal stent surface that dissolves into carbon
dioxide and water after 6 to 9 months, and a semi-synthetic
sirolimus analog with greater lipophilicity than sirolimus. The
Limus Eluted from a Durable Versus Erodable Stent Coating
(LEADERS) trial randomized 1707 patients to SES or BES
[55¢]. At 5 years, BES was noninferior to SES in the MACE
composite of cardiac death, MI, and TVR. However, BES was
associated with a significant reduction in MACE in patients
with more complex coronary anatomy (BES 30.3 % vs. SES
22.7 %, p=0.02) and in very late ST (BES 0.7 % vs. SES
2.5 %, p=0.003). The randomized Abluminal Biodegradable
Polymer Biolimus Eluting Stent Versus Durable Polymer
Everolimus Eluting stent (COMPARE II) trial and Nobori
Biolimus Eluting Versus Xience/Promus Everolimus Eluting
Stent (NEXT) trial, however, demonstrated no significant dif-
ference in MACE or ST with BES compared to EES-CoCr at
12 months [56, 57].

Other DES with bioresorbable polymers include the Yukon
PC Choice sirolimus-eluting stent with a bioresorbable poly-
mer (SES-BP) and the SYNERGY everolimus-eluting stent
with a bioresorbable polymer (EES-BP). While the SES-BP
comprises of a stainless steel platform and the EES-BP of a
PtCr platform, both of these stents have thinner struts (SES-
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BP 87 um, EES-BP 71 um) than BES. The Intracoronary
Stenting and Angiographic Results: Test Efficacy of 3 Limus
Eluting Stents (ISAR TEST 4) trial, however, demonstrated no
significant difference in the primary composite of cardiac
death, target vessel-related MI, or TLR at 3 years between
the SES-BP, original first-generation SES, and EES-CoCr
[58]. Similarly, in the Trial to Assess the Safety and Perfor-
mance of the Evolution Everolimus-Eluting Monorail Coro-
nary Stent System for Treatment of De Novo Atherosclerotic
Lesion (EVOLVE), EES-BP was noninferior to the currently
approved EES-PtCr at 6-month follow-up [59].

Not all of the evidence, however, suggested a benefit with
use of a bioabsorbable polymer. The SORT OUT V trial ran-
domized 1229 patients to BES or the original first-generation
SES. Although BES was noninferior to SES with respect to
MACE and TVR, there was an increased risk of ST with BES
compared to SES at 1-year follow-up (0.7 vs. 0.2 %, p=0.034)
[60]. The Cobalt Chromium Stent with Antiproliferative for
Restenosis II (COSTAR 1I) trial demonstrated a significantly
higher rate of MACE with a paclitaxel-eluting stent composed
of a bioresorbable polymer (PES-BP) compared to the original
first-generation PES (11.0 vs. 6.9 %, p<0.005), a finding pri-
marily attributable to a higher rate in TVR [61]. A meta-
analysis investigating over 250,000 patients from 126 ran-
domized trials demonstrated that DES with bioresorbable
polymers were associated with a lower rate of TVR when
compared to first-generation but not newer-generation DES
with durable polymers [62¢]. Two subsequent meta-analyses
demonstrated higher rates of MI and long-term ST with BES
than EES-CoCr [63¢, 64]. These data again suggested that
EES-CoCr may still have the best combination of efficacy
and safety and that it seems hard to improve on currently
approved DES.

Bioresorbable Stents

The recognition that incomplete endothelialization of DES
can persist even on long-term follow-up has led to investiga-
tions in bioresorbable stents. The first bioresorbable stents
were implanted between 1998 and 2000, and 10-year fol-
low-up data in 50 patients demonstrated one cardiac death,
four MlIs, and two definite stent thromboses, suggesting
long-term safety [65¢]. Only recently have bioresorbable
stents undergone rigorous systematic evaluation. The Absorb
EES has a bioresorbable polymer and a bioresorbable scaffold
with a strut thickness of 150 um made of poly(L-lactide) that
starts to gradually disintegrate around 1 to 2 years and
completely dissolves by 3 to 3.5 years. The recently complet-
ed Evaluation of the Absorb Everolimus Eluting Bioresorba-
ble Vascular Scaffold System Against the Xience Everolimus
Eluting Coronary Stent (ABSORB) II trial randomized 501
patients 2:1 to Absorb EES or Xience EES-CoCr. Although
data are not yet available on the co-primary endpoints of
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vasomotion (change in mean lumen diameter before and after
nitrate administration) and change in minimum lumen diame-
ter at 2-year follow-up, there have been no significant safety
concerns reported with the Absorb EES at 1-year follow-up
[66]. However, given that Absorb EES received approval in
Europe 4 years ago, data from a European multi-center regis-
try of 1731 Absorb EES implanted in 1189 patients are avail-
able and demonstrate a somewhat high cumulative incidence
of scaffold thrombosis at 30 days (1.5 %) and 6 months
(2.1 %) [67]. The currently ongoing ABSORB III trial aimed
at obtaining US approval will randomize ~2000 patients 2:1 to
the Absorb EES or Xience EES-CoCr and evaluate the com-
posite of cardiac death, target vessel M1, or clinically indicated
TLR at 1-year follow-up.

Conclusions

The advancements made in the efficacy and safety of PCI
technology are remarkable, and the rapid pace of development
in this field and the pipeline of stent design have been exciting
to watch. Improvements in stent platform, polymer, and drug
have revolutionized the way we treat coronary disease and
culminate in the currently approved and hard to improve upon
the newest second-generation DES. Investigations into biore-
sorbable stents remain ongoing with the aim to reduce the
need for long-term dual antiplatelet therapy while continuing
to offer low short- and long-term risks of ST.
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