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ABSTRACT: The second-generation everolimus-eluting stents (EES) are loaded with everolimus, which is a powerful analog of sirolimus; the drug carrier

consists of a thin layer of durable and biocompatible fluorocopolymer, and the platform is made of cobalt-chromium alloy to allow thinner struts as well

as to enhance stent radial strengh, delivery, and percutaneous coronary intervention success rates. EES are safe and efficient for the treatment of coronary

artery disease in a wide range of anatomic settings, where several trials show EES superior to paclitaxel-eluting stents (PES); however, the superiority of

EES over sirolimus-eluting stents (SES) is not so clear as over PES. In specific profiles of subjects such as diabetic patients, women, and patients presenting
acute myocardial infarction (AMI), EES are also safe and efficient. In diabetic patients, the expected superiority of EES over PES and SES has not been

confirmed. EES are equally safe and effective for women as for the general population. In the AMI setting, EES promote safety and efficacy outcomes

similar to those found in non-AMI patients, as well as lower stent thrombosis rates in comparison with SES and PES. In conclusion, second-generation

EES are safe and efficient for treatment of coronary artery disease in a wide range of anatomic and clinical settings.
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Introduction

Since Gruentzig pioneered the percutaneous transluminal
coronary angioplasty with balloon catheter as a treatment for
chronic angina we have been fighting against in-stent resteno-
sis. Bare metal stents (BMS) improved percutaneous coronary
intervention (PCI) success rates and reduced restenosis com-
pared with balloon angioplasty. Moreover, first-generation
drug eluting stents (DES) even dramatically reduced restenosis
rates. The multicenter SIRIUS trial compared sirolimus-elut-
ing stent (SES) with BMS in native coronary arteries showing a
significant reduction in the rates of target vessel failure (TVF)
(BMS =21.0% vs SES = 8.6%, P < 0.001) driven largely by a
decrease of the need for revascularization of the target lesion
(BMS = 16.6% vs SES = 4.1%, P < 0.001).! In spite of the
significant reduction in late lumen loss and restenosis rates,
first-generation DES increased the risk of late-stent throm-
bosis. The improvements in second-generation DES aimed to

enhance clinical and angiographic results as well as decrease
stent thrombosis by means of a better cobalt-chromium alloy
stent platform and thinner struts to enhance stent radial
strengh, delivery, and PCI success rates; more biocompatible
polymers to decrease local inflammation and stent thrombosis;
and more powerful drugs to decrease neointimal hyperplasia.

We have reviewed the literature to discuss safety and efhi-
cacy features aswell as specific indications of second-generation
everolimus-eluting stents (EES).

Stent Components: Drug, Polymer, and Platform

Everolimus is a sirolimus analogue that binds to cytosolic FK
binding protein-12 (FKBP12) inhibiting the mammalian tar-
get of rapamycin (mTOR) pathway, which plays a main role in
the cell proliferation. Extracellular stimulatory signals, growth
factors (IGF), and cytokines (TNF-0) lead to the activation
of AKT (protein kinase B) and subsequently of mT'OR. The
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Everolimus—FKBP12 complex inhibits the mT'OR pathway,
blocking the cell cycle at G1/S transition and, consequently,
decreasing cell proliferation after vascular injury. Therefore,
everolimus is able to inhibit in-stent smooth muscle cell pro-
liferation and, consequently, prevent restenosis.??

Second-generation EES are loaded with 100 pg of everoli-
mus per cm? of the stent surface area. The pharmacokinetics
studies of EES show 80% of drug released at 30 days and no
drug detectable after 120 days.* A pharmacokinetic study with
SPIRIT III patients showed that blood levels dropped bellow
0.1 ng/mL 72 hours after EES deployment, and no everolimus
was detected in any patient 30 days later.

'The drug carrier consists of a thin layer (7.8 Lm) of nonad-
hesive, durable, and biocompatible fluorocopolymer composed
of vinylidene fluoride and hexafluoropropylene monomers
coated directly onto the stent metallic struts. The EES fluo-
rocopolymer is elastomeric and experiences minimal bonding,
webbing, or tearing upon expansion. Fluoropolymers have
been demonstrated to resist platelet and thrombus deposition

£,67

when in blood contac as well as low inflammatory reaction

in porcine experimental models.®

Both EES Xience V (Abbott Vascular, North Chicago,
Illinois) and Promus (Boston Scientific, Natick, Massachussets)
are made of cobalt chromium alloy and have exactly the same
design as well as the same strut thickness (81 pm). The thin
cobalt-chromium EES struts facilitate rapid reendothelialization
and are proven to be as fracture-resistant as the large stainless
steel struts. The Xience Prime (Abbott Vascular) is also made of
cobalt chromium, and its strut thickness is also the same 81 pm
but with small differences in stent design and a different stent
delivery system (balloon catheter) to enhance stent radial strengh
and flexibility as well as deliverability. The new Xience Xpedition
(Abbott Vascular) has the same design, alloy, and strut thickness
as the Xience Prime; however, it has a new stent delivery system
to improve pushability and trackability. The new Promus Element
(Boston Scientific) is made of platinum chromium alloy and has
the same drug and polymer coating as the Promus Element. The
PLATINUM trial was a randomized and multicenter study that
compared Promus Element with Promus in 1530 patients and
showed no difference in cardiac death, acute myocardial infarc-
tion (AMI), target lesion revascularization (TLR), and definite
or probable stent thrombosis between both EES?; therefore, the
PLATINUM trial demonstrated successful transfer of the Pro-
mus drug and polymer coating to the Promus Element platinum
chromium platform, which was designed for improved deliver-
ability and radiopacity. The EES models mentioned, specifically
the Xience V and Promus, were the most worldwide implanted
EESs, as well as the most evaluated EESs in the majority of clini-
cal trials to be discussed below.

Clinical Studies

De novo lesions. The outcomes of second-generation
everolimus-eluting stents in de novo lesions were evaluated by
several studies that will be discussed below.

The SPIRIT 1V is a randomized study that evaluated
EES versus paclitaxel eluting-stent (PES) in 3687 patients
with stable coronary artery disease undergoing PCI of up
to 3 lesions in 3 vessels. Patients with unstable coronary
syndromes, AMI, thrombus, chronic occlusions, vein graft
lesions, and true bifurcation lesions were excluded. The pri-
mary end point of target lesion failure (TLF) composed of
composite cardiac death, target vessel myocardial infarction,
or ischemia-driven TLR at 1 year was reduced by 38% with
EES (EES = 4.2% vs PES = 6.8%, relative risk [RR] = 0.62,
95% confidence interval [CI] = 0.46-0.82, P = 0.001). The
1-year rates of stent thrombosis (EES = 0.3% vs PES = 1.1%,
P=10.004), all AMI (EES = 1.9% vs PES = 3.1%, P =0.02),
and TLR (EES = 2.5% vs PES = 4.6%, P = 0.001) were also
reduced with EES in comparison with PES.® These results
were sustained at the 2-year follow-up. Treatment with EES
reduced the 2-year rates of TLF (EES = 6.9% vs PES = 9.9%,
P =0.003), all AMI (EES =2.5% vs PES = 3.9%, P=0.02),
Q-wave MI (EES = 0.1% vs PES = 0.8%, P = 0.002), stent
thrombosis (EES =0.4% vs PES =1.2%, P=0.008), and isch-
emia driven TLR (EES = 4.5% vs PES = 6.9%, P = 0.004),
with nonsignificant differences in the rates of all cause and
cardiac mortality.!!

The COMPARE study randomized 1800 all-comer
patients to EES or PES (Liberte platform). The primary end
point of major adverse cardiovascular events (MACE) at 1
year was reduced by 31% with the EES compared with PES
(EES =6.2% vs PES = 9.1%, P = 0.02), driven by reductions
in stent thrombosis (EES = 0,7% vs PES = 2,6%, P = 0.002),
AMI (EES = 2,8% vs PES = 5,4%, P = 0.007) and TLR
(EES = 1.7% vs PES = 4.8%, P = 0.0002). At 2 years, sig-
nificantly fewer EES patients were on dual antiplatelet ther-
apy (11.4% vs 15.4%, P = 0.02). The primary composite of
all death, AMI, and TVR occurred in 9.0% of EES patients
and 13.7% of PES patients (RR = 0.66, 95% CI = 0.50-0.86)
driven by a lower rate of AMI (EES = 3.9% vs PES = 7.5%,
95% CI =0.35-0.77) and TVR (EES = 3.2% vs PES = 8.0%,
95% CI=0.27-0.62), in parallel with a lower rate of definite or
probable stent thrombosis (EES = 0.9% vs PES = 3.9%, 95%
CI = 0.11-0.49). Differences significantly increased between
the 1- and 2-year follow-up for the primary composite end
point (P = 0.04), TVR (P = 0.02) and definite or probable
stent thrombosis (P = 0.02). The clinical benefits of EES over
PES regarding both safety and efficacy were maintained at
2 years. Moreover, there was an increase in benefits in terms
of both safety and efficacy between the 1- and 2-year follow-
up.!213 In the SORT OUT 1V trial, 2774 unselected patients
with coronary artery disease were randomized to EES or SES.
'The primary 9-month composite end point composed of car-
diac death, AMI, definite stent thrombosis, and target ves-
sel revascularization (TVR) occurred in a similar proportion
in both groups, but the event rates were lower than expected
(EES = 4.9% vs SES = 5.2%, 95% CI = 0.67-1.31 and P
for noninferiority = 0.01). At the 18-month follow-up, the
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primary end points rates remained comparable in both groups
(EES = 7.2% vs SES = 7.6%, 95% CI = 0.71-1.23). Definite
stent thrombosis at the 9-month follow-up was lower in the
EES group (EES =0.1% vs SES = 0.7%, 95% CI = 0.05-1.02)
and the difference was sustained to the 18-month follow-up
(EES = 0.2% vs SES = 0.9%, 95% CI = 0.07-0.88). At 2
years, there was no composite end point significant difference
between EES and SES groups (EES = 8.3% vs SES = 8.7%,
95% CI = 0.73-1.22); however, the rate of definite stent
thrombosis was lower in the EES group (0.2% vs 0.9%, 95%
CI=0.07-0.80, P=0.02).141

The EXCELLENT trial compared the angiographic
outcomes of EES and SES in a prospective, randomized,
open-label and multicenter study, which demonstrated the
noninferiority of EES compared with SES in preventing
late loss at 9 months. Clinical follow-up was available in
1428 patients and 9-month angiographic follow-up in 924
patients (1215 lesions). The primary end point of the study
was in-segment late loss at 9 months (EES=0.11£0.38 mm
vs SES = 0.06 £ 0.36 mm, P for noninferiority = 0.0382).
The in-stent late loss was also noninferior (EES = 0.19 *
0.35 mm vs SES = 0.15 * 0.34 mm, P for noninferior-
ity = 0.0121). The incidence of clinical end points was not
statistically different between the 2 groups, including TLF
(EES=3.75%vs SES =3.05%, P=0.53) and stent thrombo-
sis at 12 months (EES = 0.37% vs SES = 0.83%, P = 0.38).
EES was noninferior to SES in inhibition of late loss after
stenting, which was corroborated by similar rates of clinical

outcomes.!®

The RESOLUTE All Comers trial randomized 2292
patients at 17 hospitals in Europe and Israel for EES or
zotarolimus-eluting stent (ZES). The 1-year results showed
that ZES was noninferior to EES with respect to the primary
end point of TLF (EES = 8.3% vs ZES = 8.2%, P < 0.001 for
noninferiority), which was defined as a composite of cardiac
death, AMI, or ischemia-driven TLR. The rates of cardiac
death, AMI, and TLR (EES =3.4% vs ZES =3.9%, P=0.50)
were also equivalent for both DES. Nevertheless, definite stent
thrombosis (EES = 0.3% vs ZES = 1.2%, P=0.01) and defi-
nite/probably stent thrombosis (EES = 0.7% vs ZES = 1.6%,
P =0.05) were lower for the EES at 1 year. The 2-year fol-
low-up showed similar patient-related events of combined
all deaths, myocardial infarction, and TLR (EES = 20.5%
vs ZES = 20.6%; 95% CI = -3.2 to 3.5, P = 0.958), as well
as similar stent-related events of TLF (EES = 10.7% vs
ZES =11.2%, 95% CI=-2.1to 3.1, P=0.736). Three patients
in each group (0.3%) had very late (after 1 year) stent throm-
bosis. The 2-years data evidenced that the overall noninferior-
ity result was sustained even after cessation of dual antiplatelet
therapy. Furthermore, the low rate of very late stent throm-
bosis seems to have been achieved without a major increase in
late TLR.1718

The TWENTE was a randomized trial that aimed to
compare the safety and efficacy of ZES with EES. The primary

end point was target vessel failure (T'VF), a composite of car-
diac death, MI not clearly attributable to nontarget vessels,
and clinically indicated TVR. A total of 1391 patients were
randomly assigned to ZES (n = 697) or EES (n = 694); acute
coronary syndromes were present in 52% and off-label features
in 77% of patients. At 2-year follow-up, the rates of TVF were
similar in both second-generation DES groups (ZES =10.8%
vs EES =11.6%, P=0.65). There was no significant between-
group difference in TVF components. The definite or prob-
able stent thrombosis rates were relatively low and similar
(ZES = 1.2% vs EES = 1.4%, P = 0.63). This study showed
that ZES was noninferior to EES in treating “real-world”
patients who usually present complex lesions, requiring off-
label indications for DES'%20 (Table 1).

The second-generation EES is more effective than
the first-generation PES in de novo lesions since EES sig-
nificantly reduce MACE, TLR, and stent thrombosis when
compared with PES; however, when compared with SES,
2 studies revealed similar rates of MACE but statistically sig-
nificant lower or tendency to lower stent thrombosis for EES.
Regarding other second-generation DES, EES and ZES are
clinically equivalent for the treatment of de novo lesions with
sustained equivalency even after cessation of dual antiplatelet
therapy.

Multivessel disease. Patients with multivessel disease
represent a complex and challenging subset. The lack of dedi-
cated studies makes subgroup analysis of large trials the best
evidence to date.

The SPIRIT III and IV trials evaluated EES versus PES
with broad entry criteria. The combined study population

Table 1. Studies comparing EES with other DES in de novo lesions.

FOLLOW-UP STENT TLF/

TYPE MACE
(%)
SPIRIT IV 3,687 1 year EES 4.2* 25* 0.3*
PES 6.8 4.6* 1.1*
COMPARE 1,800 1 year EES 6.2* 1.7 0.7*
PES 9.1* 4.8 2.6*
2 years EES 9.0* 3.2 0.9

PES 137* 80" 3.9*

SORTOUT IV 2,772 9 months EES 4.9 14 041
SES 5.2 17 07

2 years EES 8.3 29 0.2*
SES 8.7 35 0.9*
EXCELLENT 1,428 1 year EES 375 24 037
SES 3.05 17 0.83
RESOLUTE 2,292 1 year EES 8.3 34 07"
ZES 8.2 39 16*
2 years EES 205 51 1.0
ZES 206 57 1.9
TWENTE 1,391 2years EES 116 51 14
ZES 108 56 1.2

Note: *P < 0.05.

Abbreviations: N, number of patients; TLF, target lesion failure; MACE, major
adverse cardiac events; TLR, target lesion revascularization; TVR, target vessel
revascularization; ST, stent thrombosis.
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of both trials included 4689 patients who were randomly
assigned 2:1 to receive EES (n = 3127) or PES (n = 1562).
A total of 785 of these patients (17%) underwent multivessel
PCI. Pooled analysis revealed lower TLF rates in EES treated
patients compared with PES treated ones (EES = 6.0% vs
PES =12.2%, P = 0.005) at 1-year follow up as well as lower
MACE in the EES group (EES = 6.2% vs PES = 12.5%,
P =0.004). No significant differences in definite or probable
stent thrombosis rates were found between both DES groups
(EES =1.2% vs PES =2.7%, P=0.15).2

In the above mentioned COMPARE trial, 27% of the
enrolled patients (n = 484) had multivessel disease. At 2-year
follow-up, the benefit of EES over PES for reducing MACE was
greater in multivessel (EES =11.0% vs PES =20.0%, P=0.006)

compared with single-vessel (EES = 8.0% vs PES = 12.0%,
P = 0.053) disease patients (RR = 0.55; 95% CI = 0.35 to
0.85). It should be emphasized that the results may have been
conservatively biased in favor of EES since the stent length-to-
lesion length ratios were higher for EES than for PES.3

The COMPARE II trial was designed to evaluate non-
inferiority of biolimus eluting stent (BES) with biodegradable
polymer inrelation to EES. From the original study population
of 2700 patients, multivessel subgroup analysis of 683 patients
showed similar rates of primary composite end point of car-
diac death, AMI, and clinically driven TVR (BES = 8.6% vs
EES =9.1%, P not significant) at 1 year?? (Table 2).

The ongoing BEST trial whose estimated primary

completion is December 2013 was designed to evaluate

Table 2. Studies comparing EES with other DES in different anatomic settings.

SETTING STUDY STENT TYPE TLF/ MACE
(%)
Multivessel SPIRIT Il + IV 785 1 year EES 6.0* 4.2* 1.2
Disease PES 12.2* 8.0* 2.7
COMPARE 130 2 years EES 11.0* - -
PES 20.0* - -
COMPARE I 683 1 year EES 91 - -
BES 8.6 - -
Left Main LEMAX 173 1 year EES 15.0 2.9 0.6
PRECOMBAT Il 334 18 months EES 8.9 6.5 0
SES 10.8 8.2 0.3
CABG 6.7 2.6* 1.1
EXCELLENT 275 1 year EES 7.5 2.5 0.6
SES 13.9 7.0 1.7
ESTROFA-LM 770 3 years EES 18.0 6.0 1.4
PES 16.4 4.0 1.6
SPIRIT V 508 1 year EES 6.6 0.4
Bifurcation TWENTE 362 2 years EES 11.5 - -
ZES 12.8 - -
Herrador et al 239 1 year EES 4.9% 3.2¢ -
ZES 23.1* 17.5* -
Small Vessels SPIRIT Small Vessels 150 1 year EES 8.1 5.1 1.5
Kitabata et al 643 1 year EES 91 5.6 0
SES 8.6 4.8 1.2
SPIRIT Il + 1V 1,019 1 year EES 4.5* 2.4* 0.2*
PES 7.9* 5.5* 1.2*
SVG Kitabata et al 331 2 years EES 18.2* 1.1* 0
S+PES 35.0* 11.6* 0.8
CTO Valenti et al 258 9 months EES 8.9* 8.0* 0*
PES 22.6* 20.5* 3.4*
Moreno et al 207 1 year EES 111 - 0
SES 15.9 - 3.0
In-Stent Almalla et al 174 1 year EES 4.5 1.0* 0
PES 13.6 11.5% 21
Restenosis Markovic et al 198 2 years EES 18.7 13.2 2.2
PES 15.0 9.3 1.9

Note: *P < 0.05.

Abbreviations: N, number of patients; FU, follow-up; TLF, target lesion failure; MACE, major adverse cardiac events; TLR, target lesion revascularization; TVR, target
vessel revascularization; ST, stent thrombosis; SVG, saphenous vein graft; CTO, chronic total occlusion.
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noninferiority of EES in comparison with coronary artery
bypass graft (CABG) for the treatment of multivessel coro-
nary artery disease patients.

Left main coronary artery (LMCA). A multicenter
registry named LEMAX enrolled 173 consecutive patients
that received EES for unprotected left main coronary artery
(LMCA). Out of these, 140 (81%) had involvement of the
distal segment of LMCA and 129/140 (92%) were treated with
provisional side branch T-stenting with a side branch stenting
rate of 20%. Angiographic success was achieved in all cases. At
12 months, the cumulative rate of adverse cardiac or cerebro-
vascular events (MACCE) was 15%, death rate from any cause
was 2.9%, stroke was 2.3%, Q-wave myocardial infarction was
1.2%, non-Q-wave myocardial infarction was 3.5%, TLR was
2.9%, and definite or probable stent thrombosis was 0.6%.
Therefore, this study revealed that unprotected LMCA stenting
using EES and a strategy of provisional side branch T-stenting
for distal lesions is safe and effective at midterm follow-up with

a relatively low rate of events and reintervention at 1 year.?®

The PRECOMBAT-2 study assessed 334 consecutive
patients who received EES for unprotected LMCA and the
results were compared with those of SES and CABG from
the previous randomized study PRECOMBAT performed
by the same authors. The second-generation EES showed a
comparable 18-month composite incidence of death, AMI,
stroke, and ischemia-driven target vessel revascularization
as SES (EES =8.9% vs SES = 10.8%, 95% CI = 0.51-1.40,
P=0.51) and CABG (6.7%, 95% CI = 0.78-2.54, P=0.26).
However, the incidence of ischemia-driven target vessel revas-
cularization in the EES group was higher than in the CABG
group (EES = 6.5% vs CABG =2.6%, 95% CI = 1.17-6.58,
P = 0.02), but comparable to the SES group (8.2%, 95%
CI =0.64-2.06, P=0.65). Late loss and restenosis rates in
the branch were slightly lower in EES than in SES patients.
Furthermore, a focal pattern was predominant in restenotic
lesions. 'This study came to the conclusion that the second-
generation EES had an 18-month clinical outcome similar
to that of the first-generation SES but more ischemia-driven
target vessel revascularization than CABG.*

The EXCELLENT registry evaluated the efficacy and
safety of EES and SES for the treatment of LMCA in 275
patients. MACE at 1 year was comparable between the two
groups (EES=7.5% vs SES =13.9%, hazard ratio [HR] =0.55,
P = 0.117). However, after multivariable or propensity score
adjustment, the rate of MACE was significantly lower for
EES compared with SES (multivariable adjusted HR = 0.42,
P = 0.030; propensity score-adjusted HR = 0.43, P = 0.037).
These results were mainly driven from the numerically lower
rate of repeat revascularization in the EES group (EES =2.5%
vs SES = 7.0%, P = 0.096). As for hard end point of death
(EES=4.4%vs SES =7.0%, P=0.383) or AMI (EES =0.6%
vs SES =0.0%, P=0.396) and stent thrombosis (EES = 0.6%
vs SES =1.7%, P=0.384), no differences were found between
both DES groups. The conclusion of this study was that EES

promote lower MACE rates than SES (statistically significant
only after adjustment) in patients receiving unprotected
LMCA stenting, the difference between the MACE rates
being in favor of EES mainly driven by numerically lower
rates of repeat revascularization.?

The ESTROFA-LM is a multicenter retrospective regis-
try that enrolled consecutive patients with unprotected LMCA
disease treated with PES or EES. A total of 770 patients have
been included at 21 centers, 415 patients being treated with
PES and 355 with EES. The use of 2 stents was more frequent
with PES (PES = 17% vs EES = 10.4%, P = 0.007), whereas
intravascular ultrasound (IVUS) was more frequently used in
the EES group (PES =26% vs EES =35.2%, P=0.006). The
3-year survival free rates for death and AMI were 86.1% for
PES and 87.3% for EES (P = 0.50), whereas for death, AMI,
and TLR were 83.6% for PES and 82% for EES (P = 0.60).
Definite or probable thrombosis was 1.6% for PES and 1.4%
for EES (P=0.80). The use of 2 stents, age, diabetes, and acute
coronary syndromes were independent predictors of mortality.
In the subgroup of distal lesions, the use of intravascular ultra-
sound was an independent predictor of better outcome. The
results showed comparable safety and efficacy for PES and
EES in the treatment of LMCA disease at 3 years. The use of
bifurcation stenting techniques in distal lesions was a relevant
independent predictor for events; therefore, IVUS-guided
PCI should be encouraged in these patients?® (Table 2).

The EXCEL trial is the major ongoing randomized
clinical trial comparing PCI and CABG for treatment of
LMCA. The aim of the study is to establish the safety and
efficacy of the Xience Prime or Xience V everolimus-eluting
stents in subjects with unprotected LMCA disease by com-
paring them with CABG. 'The estimated enrollment is 2600
patients with unprotected LMCA disease. The clinical exclu-
sion criteria of the EXCEL trial are prior PCI of the left main
trunk at any time prior to randomization; prior PCI of any
other coronary artery lesions within 1 year prior to random-
ization; prior CABG at any time prior to randomization; need
for any concomitant cardiac surgery other than CABG; any
recent myocardial infarction with CK-MB levels still ele-
vated; subjects unable to tolerate, obtain, or comply with dual
antiplatelet therapy for at least 1 year; subjects requiring or
who may require additional surgery within 1 year; the pres-
ence of any clinical condition(s) that leads the participating
interventional cardiologist or participating cardiac surgeon to
believe that there is no clinical equipoise; pregnancy or inten-
tion to become pregnant; non cardiac comorbidities with life
expectancy less than 3 years; and other investigational drug or
device studies that have not reached their primary end point.
The angiographic exclusion criteria are LMCA diameter
stenosis < 50%; SYNTAX score = 33; left main reference
vessel diameter < 2.25 mm or > 4.25 mm; and the presence
of specific coronary lesion characteristics or other cardiac
condition(s) that leads the participating interventional car-
diologist or the participating cardiac surgeon to believe that
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there is no clinical equipoise.?” The importance of the EXCEL
trial is mostly based on the number of subjects enrolled as well
as on the characteristics of the DES in use for PCI. This trial
will be the largest one comparing PCI and CABG for treat-
ment of LMCA, even larger than the SYNTAX trial. The
second-generation EES is superior to the first-generation
PES used in the SYNTAX trial according to the results of
the randomized trials in patients with noncomplex coronary
artery disease;?®2” however, there are few data on the compar-
ison between EES and PES in patients with LMCA disease.
Finally, it should be pointed out that the exclusion of patients
with high SYNTAX scores (= 33) in EXCEL trial, which
restricts the evaluation to the patients with low or intermedi-
ate SYNTAX scores, enhances expectation of better outcomes
for PCI in the EXCEL trial rather than the ones obtained in
SYNTAX trial.

The 2 trials available comparing the second-generation
EES and the first-generation SES for the treatment of LMCA
disease assessed a relatively small number of patients and
showed no statistically significant clinical or angiographic dif-
ference between both DES. Although EES is more effective
than PES in de novo lesions, the only reasonable large trial
comparing EES and PES for the treatment of LMCA dis-
ease has not shown such better performance of EES over PES.
Nevertheless, more data from randomized trials are required
to evaluate EES in comparison with other DES for the treat-
ment of LMCA disease. As for CABG, almost all large trials
comparing DES and CABG for the treatment of LMCA dis-
ease have used first-generation DES. The only trial currently
available comparing EES and CABG was similar with respect
to the composite end point of death, myocardial infarction,
stroke, and ischemia-driven TVR; however, there was more
ischemia-driven TVR of EES in comparison with CABG.
The EXCEL trial is the major ongoing randomized clinical
trial comparing PCI and CABG for treatment of LMCA,
and, for this trial, only EES will be used. The importance
of EXCEL results reaches not only the comparison between
EES and CABG, but also a broader subject, which is the com-
parison between DES and CABG for treatment of LMCA
disease.

Bifurcation lesions. The challenge of bifurcation treat-
ment is to combine an effective eluting agent with the best
platform, which requires thin struts, high radial strength,
and strut architecture to preserve side branches (open cells).
Most of the studies addressing the technique for bifurca-
tion lesions were conducted with bare metal stents or first-
generation DES; thus, evidence of EES in bifurcation
lesions comes from a subgroup analysis of large trials and
registries.

The SPIRIT V Study was a 2700-patient real-world
registry that provided an evaluation of the EES performance
in complex lesion subsets. A subgroup analysis of patients
who underwent treatment of bifurcation lesions (n = 508)
was performed and showed that despite a higher patient and

lesion complexity, the treatment of patients with bifurcation
lesions using EES was safe and effective with low overall
event rates that were similar to those without bifurcation
lesions (TLR of 6.6% in patients with bifurcation lesions vs
4.7% in those with nonbifurcation lesions, P = 0.09), as well
as comparable definite stent thrombosis rates in both bifur-
cation and nonbifurcation lesions groups at 1 year (bifur-
cation lesions = 0.4% vs nonbifurcation lesions = 0.7%,
P=0.552).30

The TWENTE trial was a noninferiority study that com-
pared ZES with EES in a real-world setting. Acute coronary
syndromes were present in 52% of 1391 patients and off-label
features in 77%, which is consistent with a complex patient
subset. Bifurcation lesions were present in 362 patients, and
the comparison between both DES in this subset showed
similar TVF rates (ZES = 12.8% vs EES = 11.5%, P = 0.68)
at 2 years.?"

Another study (nonrandomized) compared ZES (n=110)
and EES (n = 129) in bifurcation lesions. The 12-month fol-
low-up found that patients treated with ZES had higher statis-
tically significant rates of MACE than EES (ZES =23.1% vs
EES =4.9%, P=0.001), driven mainly by TLR (ZES = 17%
vs EES =3.2%, P < 0.001)3! (Table 2).

In the SPIRIT III trial, transient or permanent small
side branch occlusion occurred less frequently in the thin
strut and polymer EES compared with the thicker strut PES
(EES =2,8% vs PES = 5,2%, P=0,009).%°

There are few data and no randomized trials designed
to evaluate the use of second-generation EES in the treat-
ment of bifurcation lesions. Although SPIRIT III is not a
bifurcation trial, the results suggest lesser side branch com-
promising with EES than PES, especially when using provi-
sional stent technique, which is expected due to the thinner
struts and modern design of EES in comparison with the
old-fashioned PES. Two studies comparing EES with other
second-generation DES showed conflicting results on EES
superiority. The SPIRIT V showed that EES is safe and
effective for the treatment of bifurcation lesions with low
overall event rates comparable to those of nonbifurcation
lesions.

Small vessels. The SPIRIT Small Vessel trial was
designed to evaluate the safety and efficacy of EES in 150
patients with coronary artery disease in small vessels (stent
diameter = 2.25 mm). At 1-year follow-up, TLF was reported
in 8.1% of patients, cardiac death in 1.5%, target vessel AMI
in 1.5%, ischemia-driven TLR in 5.1%, and definite or prob-
able stent thrombosis in 1,5%. The 8-month angiographic in-
stent late loss was 0.2 £ 0.4 mm. The authors concluded that
EES is safe and effective in the treatment of small coronary
arteries.3?

Another study compared the long-term clinical outcomes
between EES and SES in patients with coronary artery disease
in small vessels (stents = 2.5 mm of diameter). A cohort of
643 patients treated with EES (220 patients with 245 lesions)
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or SES (423 patients with 523 lesions) showed no significant
difference between EES and SES in TLR (EES = 5.6% vs
SES =4.8%, P=0.68) and TVR (EES =5.6% vs SES = 7.6%,
P=0.33) rates at 1 year. MACE rates were also similar in both
DES groups (EES = 9.1% vs SES = 8.6%, P = 0.83). Stent
thrombosis was 0% in the EES group and 1.2% in the SES
group (P=0.17). In this study, EES demonstrated comparable
clinical outcomes to those of SES in small size coronary arter-
ies. The absence of stent thrombosis among patients treated
with EES suggests a satisfactory safety profile of the second-
generation EES in small vessels.33

A pooled analysis from the SPIRIT III and SPIRIT
IV trials with 4689 patients was performed to compare
EES with PES for the treatment of small (reference vessel
diameter < 2.5 mm) and larger (reference vessel diameter
= 2.5 mm) coronary arteries. Lesion length, reference vessel
diameter, and percent of diabetics were matched between stent
types. The 1-year follow-up of 1019 patients with small coro-
nary arteries disease showed significant lower rates of MACE
(EES =4.5% vs PES =7.9%, P=0.04), TLF (EES = 4.4% vs
PES = 7.9%, P =0.03), TLR (EES = 2.4% vs PES = 5.5%,
P =0.02), and stent thrombosis (EES = 0.2% vs PES = 1.2%,
P =0.04) in the EES group compared with the PES group.
Relative benefits of EES over PES were comparable in small
and larger vessels (P interaction > 0.05) although the absolute
benefits were greater in patients with small coronary arteries
disease®* (Table 2).

There are also few data on the use of second-generation
EES in small vessels; however, the currently available out-
comes support the safety and efficacy of EES in small size
coronary arteries. The 2 studies discussed above that com-
pared EES with first-generation DES showed that EES was
superior to PES but not to SES for the treatment of small
coronary arteries.

Saphenous vein graft. Kitabata et al®* compared the
safety and efficacy between EES (88 patients) and first-
generation DES (243 patients) insaphenousvein grafts. Atthe
2-year follow-up, MACE was significantly lower in patients
who underwent EES deployment than first-generation DES
(EES =18.2% vs first-generation DES =35.0%, P=0.003),
mainly driven by significant lower TVR (EES = 6.8% vs
first-generation DES = 24.5%, P <0.001) and TLR rates
(EES = 1.1% vs first-generation DES = 11.6%, P = 0.005).
Stent thrombosis was low and similar between the 2 groups
composed of different DES generations (EES = 0% vs first-
generation DES = 0.8%, P =1.0). On multivariate analysis,
the type of DES implanted and the graft age were the only
independent predictors of MACE? (Table 2).

'The superiority of EES over first-generation DES shown
in the treatment of de novo lesions in native coronary arteries
was also demonstrated in saphenous vein grafts by the study
discussed above; however, more data from randomized trials
are required to consider EES as first choice for the saphenous
vein graft disease setting.

Chronic total occlusion. Chronic total occlusions are a
challenge indication for stent deployment because of the diffi-
culty crossing the occlusion segment, the usually long stented
coronary artery segment, and the threat of restenosis.

A comparison between EES and PES in 258 patients
with long (= 40 mm) total chronic occlusions showed lower
binary restenosis rates for EES in comparison with PES
(EES = 11.8% vs PES = 31.4%, P = 0.001), with overall
patency rate of 98% for EES and 85% for PES at 9 months
(P = 0.003). The EES also promoted lower rates of MACE
(EES=8.9%vs PES=22.6%, P=0.003) and definite or prob-
able stent thrombosis (EES = 0% vs PES =3.4%, P=0.048) at
9 months. In the multivariate analysis, EES was the only vari-
able independently related to the risk of binary angiographic
restenosis with an odds ratio of 0.29 (95% CI = 0.14-0.62;
P=0.002).3¢

A randomized trial compared EES with SES in 207
patients with coronary total occlusions and estimated time
since occlusion > 2 weeks. The primary end point of in-
stent late loss at the 9-month angiographic follow-up was
0.29 + 0.60 mm for SES and 0.13 + 0.69 mm for EES. The
observed difference in in-stent late loss between both groups
was —0.16 mm (95% CI = 0.04 to —0.36 mm; P for nonin-
feriority < 0.01). The rate of binary angiographic restenosis
was 10.8% for SES and 9.1% for EES (P = 0.709), whereas
the rate of vessel reocclusion was 3.2% for SES and 1.1% for
EES (P = 0.339). There was also no significant difference in
MACE (SES =15.9% vs EES = 11.1%, P = 0.335) and prob-
able or definitive stent thrombosis (SES = 3.0% vs EES = 0%,
P = 0.075) between both DES groups at 12-month clinical
follow-up.%” (Table 2).

Chronic total occlusions are an independent risk factor
for restenosis and PCI with bare metal stents results in high
rates of restenosis.*® Thus, DES is mandatory for this setting
if there is no contraindication. The studies of chronic total
occlusions discussed above showed clear superiority of EES
over PES with even decreased risk of stent thrombosis; how-
ever, no significant advantage was demonstrated of EES over
SES.

In-stent restenosis. DES emerged as first choice for the
treatment of bare metal stent restenosis after showing better
results when compared with other techniques such as balloon
angioplasty, cutting-balloon, brachytherapy, and another bare
metal stent inside in-stent restenotic lesion.3*~*3

EES was compared with PES for the treatment of bare
metal stent restenosis in 174 patients. The MACE rates
at 1-year follow-up were 4.5% for EES and 13.6% for PES
(P =0.066). The TLR rates were higher in the PES group at
1-year follow-up compared with the EES group (EES =1% vs
PES = 11.5%, P = 0.02). There was no significant difference
in the rates of death (EES = 3% vs PES = 2.1%, P = 0.68),
AMI (EES = 0% vs PES = 4.2%, P = 0.098), and definite
stent thrombosis (EES = 0% vs PES = 2.1%, P = 0.2) at the
1-year follow-up in both groups. The use of PES for treatment
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of in-stent restenosis was the only independent predictor of
recurrent TLR at the 1-year follow-up (odds ratio [OR] =1.11,
95% CI =1.05-1.18; P=0.02). During the complete follow-up
period (PES =42.2 £22.2 and EES = 18.3 £ 8.2 months), the
rates of TLR, AMI, death, MACE, and definite stent throm-
bosis were not different between the 2 treatment groups.
The authors concluded that EES resulted in reduced rates of
TLR at 1 year of follow-up compared to PES when used for
treatment of bare metal in-stent restenosis; however, at long-
term follow-up, the event rates between EES and PES were
comparable.*

Another study evaluated the outcomes of EES (n = 91)
and PES (n = 107) for the treatment of restenosis in both
bare metal and DES. Dual antiplatelet therapy was given to
all patients for 6 months. The outcomes were evaluated by
angiographic control at 6 months and clinical follow-up at
24 months. There was no significant difference in the rates of
MACE (EES = 18.7% vs PES = 15.0%, P = 0.48) and TLR
(EES=13.2%vs PES =9.3%, P=0.39) at 24 months. In-stent
late loss (EES = 0.20 = 0.39 mm vs PES = 0.18 + 0.31 mm,
P=0.34) and binary restenosis (EES =18.0% vs PES =16.7%,
P = 0.85) at 6 months were also similar in both groups. In
the multivariable analysis stented length (P = 0.014), minimal
lumen diameter post-stenting (P < 0.01) and repeat resteno-
sis (P < 0.001) were found as predictors of higher late lumen
loss but not type of DES or presence of diabetes mellitus.
'This study showed similar clinical and angiographic outcomes
between EES and PES; however, all the identified predictors
of higher late lumen loss as well as higher rates of DES rest-
enosis (EES = 44.8% vs PES = 30.7%, P = 0.04) were more
present as lesion characteristics or procedural data in the EES
group, which could have led to biased results in favor of PES*
(Table 2).

First-generation DES are clearly superior to balloon
catheter, cutting-balloon, brachytherapy, and other bare metal
stents to treat bare metal in-stent restenosis. The 2 studies
discussed above present conflicting results since one study
showed that EES was superior to PES due to a significant
lowering of TLR in 1 year of follow-up but not at long-term
tollow-up, while the other one revealed similar clinical and
angiographic outcomes between EES and PES with poten-
tially biased results in favor of PES.

Safety
The safety of a DES is evaluated through the clinical end
points of cardiac death and AMI, as well as stent thrombosis.
The articles discussed above showed no difference in
cardiac death between EES and first-generation DES. As for
AMI, EES showed to be more effective than PES in reducing
AMI according to the SPIRIT IV and COMPARE trials,
which enrolled patients with de novo coronary lesions; how-
ever, no benefits were found in other studies of de novo lesions
or specific settings. Also, no benefits from EES over SES or
other second-generation DES related to AMI were shown by

the studies discussed above. These results are supported by
a meta-analysis of 11 randomized trials that compared EES
with SES and showed no significant differences in the risk of
cardiac death or AMI between both DES.*¢ Therefore, there
is no clear evidence that EES is superior to first-generation or
other second-generation DES in relation to the clinical safety
end points comprising cardiac death and AMI; nevertheless,
EES seems to decrease AMI in patients with de novo lesions
when compared to PES.

According to the Academic Research Consortium (ARC),
definite stent thrombosis is described in coronary angiography
as the presence of a thrombus that originates in the stent or
in the segment 5 mm proximal or distal to the stent with the
presence of at least 1 of the following criteria within a 48-hour
time window: acute onset of ischemic symptoms at rest, new
ischemic ECG changes that suggest acute ischemia, typical
rise and fall in cardiac biomarkers, nonocclusive thrombus, or
occlusive thrombus. Pathological description of stent throm-
bosis is characterized as evidence of recent thrombus within
the stent determined at autopsy or via examination of tissue
retrieved following thrombectomy. Definite stent thrombosis
is confirmed by either angiographic or pathological findings.
The incidental angiographic documentation of stent occlusion
in the absence of clinical signs or symptoms is not considered
definite stent thrombosis (silent occlusion). Probable stent
thrombosis is defined as presence of any unexplained death
within the first 30 days after the index procedure or any AMI
in the territory of the implanted stent without angiographic
confirmation of stent thrombosis. Stent thrombosis tim-
ing categories are defined as follows: acute stent thrombosis
within 0 to 24 hours after stent implantation, subacute stent
thrombosis from 24 hours to 30 days after stent implantation,
late stent thrombosis from 30 days to 1 year after stent implan-
tation, and very late stent thrombosis more than 1 year after
stent implantation.*’

EES showed reduced stent thrombosis when compared
with PES in the SPIRIT IV and COMPARE trials, as well
as in the SPIRIT III trial, which enrolled patients with de
novo and bifurcation lesions, respectively. EES also presented
lower stent thrombosis rates when compared with SES in
the SORT OUT 1V trial; however, similar stent thrombosis
rates were found when compared with SES in the EXCEL-
LENT trial. In the RESOLUTE All Comers trial, the initial
reduced stent thrombosis rate of EES over ZES at the 1-year
follow-up was not confirmed at the 2-year follow-up. Thus,
there is important evidence that EES reduce stent thrombosis
when compared with PES, some evidence that EES decrease
stent thrombosis when compared with SES, and no evidence
of EES benefits over other second-generation DES regarding
stent thrombosis.

The suggested reduced rates of stent thrombosis from
EES over first-generation DES were the mainstay for a meta-
analysis of 11 comparative randomized controlled trials with
16,775 patients that aimed to evaluate the risk of 2-year definite
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stent thrombosis between EES and other DES. From the 11
randomized controlled trials, 5 trials compared EES with PES,
5 trials compared EES with SES, and 1 trial (RESOLUTE
All Comers) compared EES with ZES. By 2 years, definite
stent thrombosis with EES compared with pooled DES
occurred in 0.5% versus 1.3% patients, respectively (relative
risk [RR] = 0.38, 95% CI = 0.240.59, P < 0.0001). Similar
results were observed when the broader definition of definite/
probable stent thrombosis was considered (RR = 0.46, 95%
CI = 0.33-0.66, P < 0.0001). EES compared with other
DES reduced the risk of early (within 30 days), late (31 days
to 1 year), cumulative 1-year, and very late (1 to 2 years) stent
thrombosis, being the significant reduction of definite stent
thrombosis an effect that appears early and increases in mag-

nitude through at least 2 years.*8

Another meta-analysis of 117,762 patient-years from
76 randomized trials of de novo coronary lesions showed no
increase in the risk of stent thrombosis with DES when using
appropriate concomitant antiplatelet theraphy and a reduc-
tion in the risk of stent thrombosis with EES compared with
BMS in the short term (= 1 year) and long term (> 1 year).
The results were consistent even when > 6-month trials with
clopidogrel in the DES arm were separately analyzed. The
reduced risk of stent thrombosis with EES compared with
BMS is difficult to explain but could result from extended
dual-antiplatelet therapy with DES. EES also showed lower
definite and combined definite or probable stent thrombosis
rates in comparison with SES and PES, confirming that EES
were safer compared with first-generation DES as found in
the previously discussed trials* (Fig. 1).
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Figure 1. Stent type and risk of stent thrombosis. (A) Stent type and short-term risk of definite stent thrombosis. (B) Stent type and long-term risk of definite
stent thrombosis. (C) Stent type and short-term risk of definite or probable stent thrombosis. (D) Stent type and long-term risk of definite or probable stent

thrombosis. (Adapted from Bangalore et al. Circulation. 2012;125:1873-91).
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'The efficacy of a DES is evaluated mainly through the TLR or
TVR end points, which assess the capacity of a DES to sustain
the mid- and long-term angiographic result. As in-stent rest-
enosis is the main cause of stent failure and usually occurs in
the first 6 months, mid-term evaluation is important to iden-
tify this stent obstructive phenomenon. Long-term assessment
is also important due to in-stent late restenosis as well as to the
recent concept of in-stent neoatherosclerosis.

The studies discussed above in this article showed that
EES is more effective than PES in de novo lesions (SPIRIT
IV and COMPARE), multivessel disease (pooled analysis of
SPIRIT III and IV and COMPARE), total chronic occlusions
(Valenti et al*®), small vessels (pooled analysis of SPIRIT III
and IV), and saphenous vein graft disease (Kitabata et al®).
EES superiority over SES is not as clear as it is over PES since
only 1 of the previously discussed studies demonstrated lower
rates of TLR and MACE (EXCELLENT—LMCA dis-
ease: statistically significant only after adjustment) for EES in
comparison with SES while most of the other studies showed
similar results (EXCELLENT—de novo lesions, PRECOM-
BAT-2—LMCA disease, Kitabata et al33>—small vessels, and
Moreno et al*’—chronic total occlusions); however, no study
showed SES superiority over EES. In order to clarify the pos-
sible superiority of EES in comparison with SES, a systematic
review and meta-analysis of 11 randomized trials comparing
EES and SES was performed and a significant reduction in
the risk of repeat revascularization in the EES arm was found
(OR =0.85, 95% CI =0.71-1.00, P=0.047).4¢

Regarding second-generation DES, there are few stud-
ies comparing EES with other second-generation DES. The
robust RESOLUTE All Comers randomized trial showed
comparable TLR and TLF between EES and ZES in de novo
lesions at 1- and 2-year follow-up. Conversely, a small study
(Herrador et al®!) showed lower TLR for EES in comparison
with ZES in bifurcation lesions at 12-month follow-up, while
a subanalysis of the TWENTE trial in bifurcation lesions
demonstrated similar TLF rates.

A meta-analysis of 117,762 patient-years from 76 ran-
domized trials of de novo coronary lesions showed that DES
(including EES) are highly efficacious in reducing short- and
long-term TVR and TLR in comparison with BMS. Further-
more, the results demonstrated significant differences among
DES types, showing lower rates of TVR and TLR for EES
compared with PES and ZES-Endeavor Sprint (Medtronic,
Fridley, Minnesota), but similar rates of TVR and TLR for
EES in comparison to SES and ZES-Endeavor Resolute
(Medtronic) in the short and long term* (Fig. 2).

Several studies compared first-generation DES with
CABG for the treatment of LMCA disease and evidenced
that CABG was superior to first-generation DES driven
by lower rates of TVR, especially among high SYNTAX
score patients. EES was also compared with CABG for the
treatment of LMCA in the PRECOMBAT-2 study that

demonstrated higher TVR rates for patients who underwent
EES. The ongoing robust and randomized EXCEL trial
comparing EES with CABG for the treatment of LMCA
disease will probably define the role of PCI with EES for
this setting in patients with low and intermediate SYNTAX
scores.

Specific Group of Patients

EES were evaluated not only in different anatomical settings,
but also in different profile of patients such as diabetics and
women as well as under a special and threatening clinical
condition—AMI.

Diabetes. The use of DES is of particular interest for
restenosis in high-risk patients such as diabetic patients, dia-
betes being one of the most important predictors of in-stent
restenosis. Diabetic patients respond less favorably to revascu-
larization and have more than twice the risk of coronary artery
disease. The first-generation DES dramatically reduced the
in-stent restenosis in comparison with BMS; however, PCI in
diabetic patients are still challenging in the DES era because
of the more extensive and aggressive coronary artery disease as
well as the presence of comorbidities.

The ESSENCE-DIABETES trial was a prospective,
multicenter, and randomized study that compared EES
(n =149) with SES (n = 151) in diabetic patients with de novo
lesions. EES were noninferior to SES for 8-month in-segment
late loss (EES = 0.23 £ 0.27 mm vs SES = 0.37 + 0.52 mm,
95% CI = —0.25 to —0.02, upper 1-sided 95% CI = —0.04,
P < 0.001 for noninferiority). EES promoted reductions in
in-stent restenosis (EES = 0% vs SES = 4.7%, P =0.029) and
in-segment restenosis (EES = 0.9% vs SES = 6.5%, P=0.035)
rates at 8 months; however, in-stent late loss (EES = 0.11 £
0.26 mm vs SES = 0.20 + 0.49 mm, P = 0.114) was not sta-
tistically different between the 2 groups. The clinical events at
12 months, ischemia-driven TLR (EES=0.7%vs SES=2.6%,
P =0.317), death (EES = 1.3% vs SES = 3.3%, P = 0.448),
AMI (EES = 0% vs SES = 1.3%, P = 0.498), and MACE
(EES =2.0% vs SES =5.3%, P=0.218) were not statistically
different between the 2 groups. Therefore, this trial showed
that EES were noninferior to SES in reducing in-segment late
loss, EES reduced angiographic restenosis at 8 months, and
EES promoted no safety or efficacy clinical benefits over SES
in diabetic patients.”®

The SCAAR (Swedish Coronary Angiography and
Angioplasty Registry) analyzed 4751 all-comer diabetic
patients treated with 8134 DES (EES = 3928, PES = 2836,
and SES = 1370). The results showed that EES presented less
stent thrombosis (SESvs EES HR =2.87,95% CI =1.08-7.61,
and PES vs EES HR =1.74, 95% CI = 0.82-3.71) and mortal-
ity (SES vs EES HR =2.02, 95% CI =1.03-3.98, and PES vs
EESHR=1.69, 95% CI =1.06-2.72) in comparison with SES
and PES. Hence, these results suggest better safety rather than
efficacy with EES when compared with SES or PES, since the

restenosis rates were similar between EES and first-generation
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A Control Treatment Treatment Control  Odds ratio 95% Crl
BMS (Ref)
Sirolimus - - 026 0.22 0.31
Paclitaxel - - 047  0.39 0.56
Everolimus - = 028 021 037
Zotarolimus - = 0.48  0.36 0.66
Zotarolimus-R ——@—— 031 0.17 057
Sirolimus (Ref)
Paclitaxel - - 1.80 152 213
Everolimus e 1.08  0.83 1.40
Zotarolimus + 1.85 1.40 2.47
Zotarolimus-R —1— 119 0.66 2.17
Paclitaxel (Ref)
Everolimus —— 060 0.46 0.78
Zotarolimus —0— 1.03 077 1.40
Zotarolimus-R _ 0.66 0.37 1.21
Everolimus (Ref)
Zotarolimus _ = 1.71 1.19 2.48
Zotarolimus-R _ 110  0.65 1.89
Zotarolimus (Ref)
Zotarolimus-R —— 0.65 0.33 1.24
T
0.10 1.00 10.00
OR (95% Crl)
C Control Treatment Treatment Control Odds ratio 95% Crl
BMS (Ref)
Sirolimus - - 0.20 0.16 0.25
Paclitaxel - 0.39 0.31 0.49
Everolimus ~ —@— 021 0.14 029
Zotarolimus —— 0.46 0.32 0.65
Zotarolimus-R ——@——— 029 0.15 0.60
Sirolimus (Ref)
Paclitaxel - 195 1.60 2.38
Everolimus —— 1.03 0.75 1.45
Zotarolimus — — 230 1.67 3.22
Zotarolimus-R —— 147 074 3.04
Paclitaxel (Ref)
Everolimus —— 0.53 0.38 0.73
Zotarolimus —o— 1.18 0.85 1.64
Zotarolimus-R . | 0.76 0.38 1.53
Everolimus (Ref)
Zotarolimus —— 223 1.45 347
Zotarolimus-R _ 143 078 2.71
Zotarolimus (Ref)
Zotarolimus-R _ 0.64 0.30 1.37
T T
0.10 1.00 10.00
OR (95% Crl)

B Control Treatment Treatment  Control Rate ratio  95% Crl
BMS (Ref)
Sirolimus ‘ 0.39 0.34 0.45
Paclitaxel R 4 0.61 0.53 0.69
Everolimus ~ —@— 039 031 048
Zotarolimus - 061 048 077
Zotarolimus-R —@— 0.44 027 0.68
Sirolimus (Ref)
Paclitaxel <> 154 1.36 1.75
Everolimus - 0.98 0.79 1.20
Zotarolimus - = 155 1.25 1.94
Zotarolimus-R —— 111 070 1.74
Paclitaxel (Ref)
Everolimus - 0.63 0.52 0.78
Zotarolimus —— 1.01 0.80 127
Zotarolimus-R _ 0.72 0.45 1.12
Everolimus (Ref)
Zotarolimus - = 1.58 1.20 211
Zotarolimus-R — — 1.13 0.76 1.68

Zotarolimus (Ref)

Zotarolimus-R —1

072 043 117

0.10 1.00 10.00
RR (95% Crl)
D Control Treatment Treatment Control Odds ratio 95% Crl
BMS (Ref)
Sirolimus R d 032  0.27 0.38
Paclitaxel - 0.48 0.41 0.58
Everolimus ~ —@— 028 022 038
Zotarolimus —- 056 043 0.72
Zotarolimus-R ~ ——@—— 0.39  0.23 0.66
Sirolimus (Ref)
Paclitaxel & 1.50 1.30 1.76
Everolimus -+ 0.88 069 1.15
Zotarolimus - = 173 1.35 2.23
Zotarolimus-R —— 120 074 2.04

Paclitaxel (Ref)

Everolimus —0— 0.59 045 0.76

Zotarolimus < 1.14 0.88 1.49

Zotarolimus-R —— 0.80 049 1.33
Everolimus (Ref)

Zotarolimus —_ = 1.96 1.39 2.75

Zotarolimus-R +—o— 1.36  0.90 2.11
Zotarolimus (Ref)

Zotarolimus-R +— 0.70 0.41 1.22

T T
0.10 1.00 10.00
RR (95% Crl)

Figure 2. Stent type and risk of TVR and TLR. (A) Stent type and short-term risk of TVR. (B) Stent type and long-term risk of TVR. (C) Stent type and
sort-term risk of TLR. (D) Stent type and long-term risk of TLR. (Adapted from Bangalore et al. Circulation. 2012;125:1873-91).

DES (SES vs EES HR =1.26, 95% CI = 0.77-2.08, and PES
vs EES HR =1.05, 95% CI = 0.71-1.55).5

'The absence of efficacy superiority of EES over PES in
diabetic patients was also observed in the SPIRIT IV trial
(diabetic = 1185 patients and nondiabetic = 2498 patients).
EES compared with PES reduced TLF in nondiabetic
patients (EES = 3.1% vs PES = 6.7%, P < 0.001) with signifi-
cant reductions in AMI, stent thrombosis, and target lesion
revascularization. However, no significant difference in TLF
(EES = 6.4% vs PES = 6.9%, respectively, P=0.80) or any of
its components was shown among diabetic patients.*?

The pooled analysis from SPIRIT II, III IV and COM-
PARE trials that included a total of 6780 patients, of these
1869 (27.6%), who were diabetic patients, also demonstrated no
significant difference between EES and PES stent types in any
evaluated safety or efficacy outcomes in diabetic patients.>

The SPIRIT V Diabetic Study randomized 324 diabetic
(insulin and non-insulin dependent) patients for EES or PES.

The primary end point was sequential noninferiority and supe-
riority of EES for in-stent late loss at 9 months. Secondary
clinical end points included stent thrombosis, death, AMI,
and repeat revascularization rates up to 1 year. The results evi-
denced lower in-stent late loss at 9 months for EES compared
with PES (EES = 0.19 mm vs PES = 0.39 mm, P=0.0001).
The composite of death, AMI, and TVR rates were similar in
both groups at 1 year (EES = 16.3% vs PES = 16.4%). There
was no thrombosis through 1 year with EES compared with
2% with PES (P = 0.11). The authors concluded that EES
compared with PES resulted in significantly better neointi-

mal hyperplasia inhibition but comparable safety outcomes*

(Table 3).

Diabetes is one of the most important predictors of
in-stent restenosis for BMS. 'The first-generation DES
dramatically reduced in-stent restenosis rates in diabetic
patients in comparison with bare metal stents; nevertheless,
the expected superiority of the second-generation EES over
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the first-generation DES was not confirmed by the safety
and efficacy outcomes of the main trials in diabetic patients
(ESSENCE-DIABETES; SPIRIT 1V; pool of SPIRIT II,
111, and IV + COMPARE; and SPIRIT V).

Women. Women are underrepresented in coronary
clinical research, and few data are available from randomized
head-to-head comparisons of EES with other DES in female
patients.

The SPIRIT Women was the first interventional cardiol-
ogy trial dedicated exclusively to women, focusing on symp-
toms at presentation and referral time to coronary intervention,
as well as safety and efficacy of the EES in 1573 women. The
1- and 2-year composite end point of all death, AMI, and
TVR was 12% and 15%, respectively. At the 1- and 2-year
follow-ups, the TLR rates were 2.4% and 3.6%, respectively.
Definite or probable stent thrombosis occurred in 0.59% of
women at 1 year and 0.73% at 2 years. The total referral time
for coronary intervention was 4 days longer in women than in
men according to the SPIRIT V study. The authors concluded
that EES is safe and effective for women, with low TLR and
stent thrombosis rates.>

A retrospective study with 1649 women evaluated the
safety and eflicacy of second-generation EES in comparison
with first-generation SES. Baseline clinical characteristics were
similar between stent types although more peripheral vascular
disease and family history of coronary artery disease were seen
in the SES group, while more unstable angina pectoris at ini-
tial diagnosis was more prevalent in the EES group. The EES
group also had more type C and distal lesions. The SES group
presented higher rates of TVR and MACE (EES = 10.8% vs
SES = 14.7%, P = 0.04) at 1 year. Stent thrombosis tended
to be higher in the SES group (EES = 0.4% vs SES = 1.5%,
P=0.06) at 12 months. After adjustment, multivariate analysis
indicated that the EES group was less likely to have TVR and
MACE (HR =0.67, 95% CI =0.47-0.95, P=0.024) and had
lower rates of stent thrombosis (HR = 0.09, 95% CI = 0.01-
0.70, P = 0.022) at 1 year. Therefore, this trial showed that
EES in women is associated with improvement in efficacy and
safety profiles compared with SES.>

In the TWENTE trial, 382 women (27.5% of total
patients) were randomized to EES or ZES. The predefined
end point was TVEF at 1 year. Patient-oriented composite
end point was a prespecified secondary end point that com-
prised all-cause mortality, any myocardial infarction, and any
repeat revascularization. Baseline and procedural character-
istics were similar for females in both study arms except for
smaller vessel and stent diameters in ZES-treated lesions. The
1-year follow-up showed similar rates of TVF (EES = 8.4%
vs ZES = 8.9%, P = 0.91) and patient-oriented compos-
ite end point (EES = 12.1% vs ZES = 13.0%, P = 0.79) for
women in both DES arms. Compared with men, women were
older (P < 0.01) and had higher rates of diabetes mellitus
(female = 26.4% vs male = 19.8%, P = 0.01) and hyperten-
sion (female = 63.6% vs male = 52.5%, P < 0.01); however,

there was no significant gender difference in TVE (adjusted
OR =1.18, 95% CI = 0.73 to 1.92, P = 0.50). This gender-
stratified TWENTE trial analysis revealed no significant
difference in safety and eflicacy clinical outcomes between
second-generation EES and ZES in women®’ (Table 3).

The 3 gender studies focusing on PCI with second-
generation DES in women showed that EES are equally safe
and effective for women. The importance of these female
gender studies is based on the usual lower number of female
patients in comparison with male ones in most interventional
cardiology studies. Another interesting finding was the longer
total referral time for coronary intervention in women when
compared with that in men, which suggests that chest pain is
underestimated in women. Finally, 1 of these studies showed
that second-generation EES were superior to first-generation
SES in women, while another showed no significant difference
in safety and efficacy clinical outcomes between the 2 second-
generation EES and ZES in women.

Acute myocardial infarction. The use of DES in AMI
still remains controversial due to concerns related to increased
stent thrombosis and its lower efficacy in this specific setting.
"The safety concerns of increased stent thrombosis are theoreti-
cally based on the presence of thrombogenic stent polymer in
a thrombogenic clinical setting as well as on the DES delayed
reendothelialization, while efficacy concerns are theoretically

Table 3. Studies comparing EES with other DES in different profile of
patients and in AMI.

SETTING STUDY

STENT TLF/ TLR/ ST

TYPE MACE (%)
(%)

Diabetes ESSENCE 300 1year EES 20 07 0.7
DIABETES SES 53 26 07
SPIRITIV 1,185 1year EES 64 42 0.8

PES 69 47 13
SPIRITV 324 1year EES 163 121 0
PES 164 77 19

Women SPIRIT 1,573 1year EES 120 24 0.59
Women 2 years 15.0 3.6 0.73
Badr 1,649 1year EES 10.8* 58 04

SES 147* 50 1.5
TWENTE 382 1year EES 121 - -
ZES 13.0 - -

AMI XIENCE 673 1year EES 91 41 1.08
USA
EXAMINA- 1498 1year EES 119 21* 0.9*
TION BMS 14.2 5.0* 2.5*
KAMIR 2,646 1year EES 6.5* 1.2 0.3*

ZES 87 22 16*
XAMI 625 1year EES 4.0* 12 12
SES 77 09 27

Note: *P < 0.05.

Abbreviations: N, number of patients; FU, follow-up; TLF, target lesion failure;
MACE, major adverse cardiac events; TLR, target lesion revascularization; TVR,
target vessel revascularization; ST, stent thrombosis; AMI, acute myocardial
infarction.
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supported by the partial or total antiproliferative drug delivery
inside a thrombus instead of the coronary wall.

Most of the trials of first-generation DES and second-
generation EES (such as SPIRITII, III, and IV trials) excluded
patients presenting AMI, probably because of the higher mor-
tality and the safety and efficacy concerns discussed above.
Hence, AMI dedicated trials are the most appropriate way to
study safety and efficacy of EES in this complex setting.

The XIENCE V USA was a large, prospective, multi-
center, and real-world single-arm postmarket surveillance
trial that aimed to compare clinical outcomes in 673 patients
presenting AMI (ST elevation AMI [STEMI], n =125) with
patients without AMI (n = 3528) at 1 year. Defined stent
thrombosis rates were 1.08% in AMI and 0.85% in the non-
AMI group (P = 0.49) at 1 year. The late stent thrombosis
(30 days to 1 year) rates were 0.31% in AMI and 0.47% in the
non-AMI (P = 0.75). There was no significant difference in
the rates of TLR (AMI = 4.1% vs non-AMI = 4.6%, P=0.61)
and TLF (AMI = 9.1% vs non-AMI = 8.5%, P = 0.59) at
1 year. Improvements in quality of life, angina frequency,
angina stability, and physical limitations occurred at 6 months
(each P < 0.001) and were sustained at 1 year in both groups.
There was also no significant difference in clinical outcomes
between STEMI and non-STEMI patients. Therefore, EES
for patients with AMI promoted low rates of stent thrombosis,
TLR, and TLF, similar to non-AMI patients.>®

The EXAMINATION was a multicenter, prospective,
and randomized trial, in which 1498 patients with STEMI
within 48 hours after the onset of symptoms requiring emer-
gent PCI were randomized (1:1) to PCI with EES or BMS.
'The primary end point defined as composite of all-cause death,
any recurrent myocardial infarction, and any revascularization
was similar in both groups (EES = 11.9% vs BMS = 14.2%,
95% CI=-5.75 to 1.07, P=0.19) at 1 year. TLR (EES =2.1%
vs BMS = 5.0%, P = 0.003) and TVR (EES = 3.7% vs
BMS = 6.8%, P=0.0077) were significantly lower in the EES
group. Definite stent thrombosis and combined definite or
probable stent thrombosis rates were also significantly lower in
the EES arm (EES = 0.5% vs BMS = 1.9% and EES = 0.9%
vs BMS = 2.5%, respectively, both P = 0.019). Bleeding rates
did not differ between groups. This trial showed that EES
were not able to reduce MACE when compared with BMS
in the setting of STEMI; however, EES reduced TLR and
were associated with a lower incidence of stent thrombosis in
comparison with BMS.>

A propensity score-matched analysis of 2646 patients
from the registry KAMIR (Korea Acute Myocardial Infarc-
tion Registry) sought to compare EES (n = 1343) with ZES
(n = 1343) in patients with AMI. The results showed sig-
nificantly lower rates of TLF (EES = 6.5% vs ZES = 8.7%,
P = 0.029) and probable or definite stent thrombosis
(EES = 0.3% vs ZES = 1.6%, P <0.001) for EES in com-
parison with ZES at 1-year. Furthermore, EES promoted
lower rate of TLR (EES = 1.2% vs ZES = 2.2%, P = 0.051)

than ZES. The incidence of recurrent nonfatal myocardial
infarction and in-hospital or 1-year mortality was similar in
both DES groups. This study corroborated the satisfactory
results of EES in patients presenting AMI and showed that
EES were superior to ZES in this setting through reduced
rates of TLR and probable or definite stent thrombosis;
however, it should be pointed out that the ZES used was
the old-fashioned Endeavor Sprint (Medtronic) and not the
newest and superior Endeavor Resolute or Resolute Integrity
(Medtronic).%°

The XAMI was an all-comer, randomized, and multi-
center trial that compared the efficacy and safety of second-
generation EES with first-generation SES in primary PCI for
patients presenting AMI. A total of 625 patients with AMI
were randomized (2:1) to receive EES or SES and primary
end point was MACE at 1 year consisting of cardiac death,
nonfatal AMI, or any TVR. The study was powered for non-
inferiority of EES. The MACE rates at 1 year were 4.0% for
EES and 7.7% for SES (absolute difference = —3.7%, 95%
CI = -8.28 to —0.03, P = 0.048) with relative risk of 0.52
(95% CI =0.27-1.00). No significant difference between both
DES from different generations was found for cardiac mortal-
ity (EES = 1.5% vs SES = 2.7%, P = 0.36) or definite and/
or probable stent thrombosis (EES = 1.2% vs SES = 2.7%,
P =0.21) at 1 year. This trial showed that second-generation
EES were noninferior to SES, and superiority for MACE was
suggested®! (Table 3).

A recent meta-analysis of 22 trials including 12,453
patients compared the safety and efficacy profile of different
stent types in patients with STEMI undergoing primary PCI.
EES were associated with significantly lower rates of cardiac
death or AMI, AMI, TVR, definite stent thrombosis, and
combined definite or probable stent thrombosis than BMS.
The reduced rates of cardiac death or AMI and stent throm-
bosis for EES compared with BMS were apparent as early as
30 days and were maintained up to the 2-year follow-up. EES
were also associated with significantly lower rates of 1-year
definite and combined definite or probable stent thrombosis
as well as significantly lower rates of cardiac death or AMI up
to the 2-year follow-up than PES. No significant differences
regarding cardiac death or AMI, AMI, stent thrombosis, and
TVR were found between EES and SES or ZES at the 1-year
follow-up. The authors concluded that the most important
finding of this study was the significantly lower risk of 1-year
cardiac death or AMI, AMI, and stent thrombosis for EES in
comparison with BMS, a finding not previously reported for
any DES in the setting of STEMI.®2

'The safety and efficacy of DES in patients with AMI
have been questioned by some authors. The safety concerns
are related to either the increased risk of acute or subacute
stent thrombosis in a clinical situation of coronary artery
thrombosis, or late or very late stent thrombosis caused by
DES delayed reendothelialization. Meanwhile, efficacy con-

cerns are associated with partial or total antiproliferative
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drug delivery inside a thrombus instead of inside the coro-
nary wall. The XIENCE V USA trial demonstrated the
safety and efficacy of EES in patients presenting AMI with
low rates of stent thrombosis, TLR, and TLF, similar to
non-AMI patients. The EXAMINATION trial showed
that EES reduced TLR and was associated with a lower
incidence of stent thrombosis in comparison with BMS. A
propensity score-matched analysis of the KAMIR registry
and the XAMI trial corroborated the satisfactory results
of EES in patients presenting AMI, the first study having
shown the EES superiority over the old-fashioned ZES plat-
form through reduced rates of TLR and combined definite or
probable stent thrombosis, and the second one suggesting the
EES superiority for MACE over the first-generation SES.
Finally, a recent meta-analysis showed a significantly lower
risk of 1-year cardiac death or AMI, AMI, TVR, and stent
thrombosis for EES in comparison with BMS. The analyzed
trials allow us to conclude that EES are safe and effective in
the STEMI setting through the expected reduced rates of
TLR/TVR and the revealed lower rates of stent thrombosis
in comparison with BMS.

Place in Therapy

According to the trials discussed herein, EES were proven to
be safe and efficient for the treatment of coronary artery disease
in a wide range of anatomic settings. There is strong evidence-
based support for the use of EES in de novo lesions in which
EES promote low rates of safety and efficacy clinical end points
and are superior to first-generation DES. EES is also safe and
efficient for the treatment of bifurcations, small vessels, mul-
tivessel disease, chronic occlusions, and saphenous vein grafts
due to the low rates of safety and efficacy clinical end points,
especially when compared with first-generation PES. EES
promote satisfactory safety and efficacy outcomes respecting
in-stent restenosis, but no clear superiority of EES over first-
generation DES was shown by the few available head-to-head
studies. As for LMCA, EES also promote satisfactory results;
however, no clear superiority of EES over first-generation DES
was even demonstrated. The ongoing EXCEL trial will clarify
not only the safety and efficacy of EES in comparison with
CABG, but also the role of DES in the treatment of low- and
intermediate-risk subjects with LMCA disease.

In specific profile of subjects such as diabetic patients,
women, and patients presenting AMI, EES were also proven
to be safe and eflicient with low rates of safety and efficacy
clinical events. In diabetic patients, the expected superiority of
the second-generation EES over the first-generation PES and
SES has not been confirmed, but EES have promoted satisfac-
tory results. Regarding the female gender, EES showed to be
equally safe and effective for women as for the general popula-
tion of patients enrolled in PCI trials, which were comprised
mostly of male subjects. In patients presenting AMI, EES
promote similar safety and efficacy outcomes to non-AMI

patients, and significantly lower rates of stent thrombosis for
EES in comparison with BMS are demonstrated.

It should be pointed out that none of the discussed stud-
ies showed that EES were inferior to first-generation or other
second-generation DES in any anatomic or clinical situation
which, taken together with the overall low rates of EES safety
and efficacy clinical outcomes, turns EES into a universal DES
for use in a wide range of clinical and anatomic settings.

Other data from randomized trials that should be pointed
out are the greater number of patient-related than stent-related
events in patients with complex clinical and lesion character-
istics, which emphasizes that optimization of secondary pre-
vention during long-term follow-up is at least as important as
the decision of which DES to implant in a specific lesion.

Conclusion

Second-generation EES are safe and efficient for treatment of
coronary artery disease in a wide range of anatomic and clini-
cal settings.
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