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Background Outcomes for stent-based coronary
intervention of lesions with long diseased segments remain
relatively unfavorable. This study sought to compare the
efficacy of Resolute zotarolimus-eluting stents (R-ZES) and
Xience everolimus-eluting stents (EES) for very long
coronary lesions.

Methods and results This randomized, multicenter,
prospective trial compared the use of R-ZES with EES for
very long (>50 mm) native coronary lesions. The primary
end point was in-segment late luminal loss at 12-month
angiographic follow-up. A total of 400 patients were needed
to assess the primary end point. However, owing to very
slow enrollment of patients, this trial was early terminated
(302 patients were enrolled), and thus, this report provides
descriptive information on primary and secondary end
points. The R-ZES and EES groups had similar baseline
characteristics. Lesion length was 49.6 + 10.2 and

50.6 £ 13.3 mm in the R-ZES and EES groups, respectively
(P=0.47). The number of stents used at the target lesion
was 2.1 £0.3 and 2.2+ 0.5, respectively. Twelve-month
angiographic follow-up was performed in 50% of eligible
patients. In-segment late luminal loss did not significantly
differ between the R-ZES and EES groups (0.17 £ 0.57 vs.
0.09 + 0.43 mm, P=0.32). In-segment binary restenosis
rates were 8.1 and 5.3% in the R-ZES and EES groups,
respectively (P=0.49). There were no significant between-
group differences in the rate of adverse events (death,

Introduction

The widespread use of drug-eluting stents (DES) has sig-
nificantly reduced the incidence of restenosis and the need
for repeat revascularization [1]. Nevertheless, the benefits
are often attenuated in patients with long coronary artery
lesions, who remained at a higher risk of adverse clinical
outcomes [2-6]. With improved design and performance,
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myocardial infarction, stent thrombosis, target lesion
revascularization, and composite outcomes).

Conclusion For patients with very long native coronary
artery disease, R-ZES and EES implantation showed
comparable angiographic and clinical outcomes through

1 year of follow-up. Coron Artery Dis 30:59-66 Copyright ©
2018 Wolters Kluwer Health, Inc. All rights reserved.
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newer-generation and second-generation DES demon-
strated their potential advantage in interventions for long
coronary lesions [5-9]. Resolute zotarolimus-eluting stents
(R-ZES) have a polymer design for improved biocompat-
ibility and controlled drug release over a long period. A low-
profile thin-strut, cobalt-alloy stent was developed to further
enhance deliverability and clinical safety [10,11]. These
devices have shown promising clinical and angiographic
outcomes in large registry and randomized trials [12-15].
The Xience cobalt—chromium everolimus-eluting stent
(EES) is made on the thin mult-link stent platform for
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improved conformability, showing superior clinical out-
comes than other DESs [16-18]. Until recently, there have
been limited data comparing the benefits of these two DES
for the treatment of very long coronary lesions, which have
been most commonly used DES in contemporary clinical
practice. We conducted a prospective randomized Long
Drug-Eluting Stent (LONG-DES) VI trial to compare the
efficacy of R-ZES and EES for de novo native very long
(>50 mm) coronary lesions.

Methods

Study design and population

The LONG-DES VI trial (h#2p:/fwww.clinicaltrials.gov; iden-
tifier NCT01489761) is a prospective, randomized, single-
blind controlled study conducted in 15 centers in South
Korea between March 2012 and October 2016. Patients with
very long coronary artery disease of diameter stenosis of at
least 50% and visual lesion length of at least 50 mm who
planned to implant at least two DES were enrolled in the
study. Exclusion criteria included acute ST-segment
clevation myocardial infarction (MI) necessitating primary
percutaneous coronary intervention (PCI); severely com-
promised ventricular dysfunction (ejection fraction < 30%) or
cardiogenic shock; renal dysfunction (serum creatinine level
> 2.0 mg/dl) or dependence on dialysis; contraindications to
the use of zotarolimus, everolimus, or antiplatelet drugs; and
a life expectancy less than 1 year.

The study protocol was approved by the Ethics
Committee at each participating center and was conducted
according to the principles of the Declaration of Helsinki
regarding investigations in humans. All patients provided
written informed consent for participation in this trial.

Randomization, procedures, and adjunct drug therapy
Patients who met the inclusion and exclusion criteria were
randomly assigned on a 1:1 fashion after diagnostic
angiography for PCI with R-ZES (Resolute Integrity or
Onyx; Medtronic, Minneapolis, Minnesota, USA) or EES
(Xience Prime, Xpedition or Alpine; Abbott Vascular, Santa
Clara, California, USA). The allocation was performed using
an interactive web response system. Random sequence was
generated with block sizes of 4 or 6, stratified according to
participating center. In patients with multiple lesions who
fulfilled the inclusion and exclusion criteria, the treating
physician determined the target lesion for each patient
before randomization. Patients, but not investigators, were
unaware of the treatment assignment.

Stent implantation was performed according to standard
techniques. R-ZES were available in diameters of 2.25, 2.5,
2.75, 3.0, 3.5, and 4.0 mm and lengths of 9, 12, 15, 18, 22,
26, 30, 34, and 38 mm; EES were available in diameters of
2.25,2.5,2.75, 3.0, 3.5, and 4.0 mm and lengths of 8, 12, 15,
18, 23, 28, 33, and 38 mm. The same randomly assigned
stent had to be implanted in all lesions in patients requiring
multilesion interventions, except when the assigned stent
could not be inserted, in which case crossover to another

device was allowed. Full lesion coverage was attempted by
implanting two or more stents.

Before or during the procedure, all patients received at
least 200 mg of aspirin and a 300-600 mg loading dose of
clopidogrel. After the procedure, all patients received
100 mg/day of aspirin indefinitely, as well as 75 mg/day
clopidogrel for at least 12 months.

Study end points and definitions

The primary end point was in-segment late luminal loss
at 12 months after the index procedure (defined as the
difference in the minimal luminal diameter assessed
immediately after the procedure and at angiographic
follow-up, measured within the margins, 5-mm proximal
and 5-mm distal to the stent). Secondary angiographic
end points were in-stent and in-segment binary rest-
enosis and in-stent late luminal loss at 12 months.
Secondary clinical end points included death, MI,
ischemia-driven target lesion revascularization, ischemia-
driven target vessel revascularization, stent thrombosis,
major adverse cardiac events — a composite of death, M1,
and target vessel revascularization — within 13 months,
and device success.

All deaths were considered to have been from cardiac
causes unless a noncardiac cause could be identified. A
diagnosis of MI was based on the presence of new Q
waves in at least two contiguous leads on an ECG or an
elevation of creatine kinase (CK)-MB more than three
times the normal upper limit in at least two blood sam-
ples. Periprocedural MI was defined as an elevation of
CK-MB more than three times the normal upper limit in
at least two blood samples with a normal range in the
baseline value within 48h of the procedure. If the
baseline CK-MB values were above the normal upper
limits, periprocedural MI was diagnosed when a CK-MB
was elevated 50% greater than the most recent pre-
procedural level, with documentation that the values
were stable or falling before PCI. Revascularization of
the target lesion and target vessel was considered to be
ischemia driven if there was stenosis of at least 50% of
the diameter of the treated lesion or vessel by quantita-
tive coronary analysis at the independent core laboratory
in the presence of ischemic signs (i.e. positive functional
tests) or symptoms, or a target vessel (or lesion) diameter
stenosis of 70% or greater with or without documented
ischemia [12]. Stent thrombosis was defined as definite
or probable thrombosis by the Academic Research
Consortium definitions [19]. Device success was defined
as a final stenosis of less than 30% of the vessel diameter
after implantation of the assigned stent only.

Patient follow-up and data management

A 12-lead ECG was obtained for each patient, and serum
concentrations of CK-MB were measured before stent-
ing, 8-16 h after the procedure, and again 18-24 h after
the procedure. Clinical follow-up visits were scheduled at
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30 days, 6, and 13 months after the procedure and, and all
eligible patients were asked to have angiographic follow-
up at 12 months after the procedure, or earlier, if anginal
symptoms occurred. The patients’ clinical status, all
interventions, and adverse events were recorded at
each visit.

All data were collected using a web-based dedicated case
report form. Members of the academic coordinating
center (Clinical Research Center, Asan Medical Center,
Seoul, Korea) periodically performed monitoring and
verification of the registry data in the participating hos-
pitals. All outcomes of interests were confirmed by source
documentation and were centrally adjudicated by an
independent Clinical Events Committee whose mem-
bers were blinded to the assigned stent. An independent
Data and Safety Monitoring Board periodically reviewed
the data to identify potential safety issues.

Quantitative coronary angiography

Coronary angiograms were digitally recorded at baseline,
immediately after the procedure, and at follow-up and
assessed offline in the angiographic core laboratory (Asan
Medical Center, Seoul, Korea) using CAAS V automated
edge-detection system (Pie Medical Imaging, Maastricht,
The Netherlands). All measurements were performed on
angiograms recorded after the intracoronary administra-
tion of nitroglycerin. Standard qualitative and quantita-
tive analyses and definitions were used for angiographic
analysis [20]. The reference diameter was determined by
interpolation.

All quantitative angiographic measurements were
obtained within the stented segment (in-stent) and over
the entire segment including the stent and its 5-mm
proximal and distal margins (in-segment). Angiographic
variables included absolute lesion length, stent length,
reference vessel diameter, minimum lumen diameter,
percent diameter stenosis, binary restenosis rate, acute
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gain, late loss, and patterns of restenosis. Binary rest-
enosis was defined as percent diameter stenosis of 50% or
greater on follow-up angiography, and patterns of angio-
graphic restenosis were quantitatively assessed with the
Mehran classification [21].

Statistical analysis

The primary objective of the study was to assess whether
the angiographic outcome of treatment with R-ZES was
not inferior to the outcome of treatment with EES. To
calculate the sample size, in-segment late luminal loss of
0.20£0.40 mm in EES was assumed based on the pre-
vious trials [7]. Calculation of the study sample size was
based on a margin of noninferiority for in-segment late
luminal loss of 0.08 mm, which was equal to 60% of an
assumed mean*SD late luminal loss of EES. Using a
level of 0.05 and a statistical power of 80%, we estimated
that 176 patients per group were needed to demonstrate
noninferiority of the R-ZES. Expecting that ~15% of
patients would not receive follow-up angiography, 400
patients (200 patients per group) were needed to fulfill
the primary end point. Sample size was calculated with
using PASS software (NCSS, Kaysville, Utah, USA).

All analyses were based on the intention-to-treat principle.
Differences between treatment groups were evaluated
by Student’s ~test for continuous variables and by y* or
Fisher’s exact test for categorical variables. Cumulative
event curves were generated using the Kaplan—-Meier
method. The noninferiority hypothesis was assessed sta-
tistically with Z test, by which P values for noninferiority
were calculated to compare differences between groups
with margins of noninferiority [22]. Statistical analyses
were performed using SPSS version 21.0 (IBM Corporation,
Armonk, New York, USA) and R version 3.2.3 (R Found-
ation for Statistical Computing, Vienna, Austria). All P
values are two sided, apart from those from noninferiority
testing of the primary end point.

Table 1 Baseline clinical characteristics of the patients
Characteristics Zotarolimus-eluting stent (N=153) Everolimus-eluting stent (N=149) P value
Age (years) 65.8+8.6 65.9+10.0 0.94
Sex (male) [n (%)] 115 (75.2) 109 (73.2) 0.69
BMI (kg/mi) 25.1+3.3 25.1+3.3 0.89
Diabetes mellitus [n (%)] 73 (47.7) 62 (41.6) 0.36
Hypertension [n (%)] 109 (71.2) 96 (64.4) 0.30
Hyperlipidemia [n (%)] 114 (74.5) 107 (71.8) 0.82
Current smoker [n (%)] 32 (20.9) 32 (21.5) 0.83
Previous coronary angioplasty [n (%)] 16 (10.5) 10 (6.7) 0.27
Previous bypass surgery [n (%)] 1(0.7) 5 (3.4) 0.09
Previous myocardial infarction [n (%)] 9 (5.9) 5 (3.4) 0.32
Previous peripheral vascular disease [n (%)] 5 (3.3) 5 (3.4) 0.94
Left ventricular ejection fraction (%) 62.3+8.5 59.0+9.3 0.01
Multivessel disease [n (%)] 107 (69.9) 95 (63.8) 0.37
Clinical presentation [n (%)] 0.63

Stable angina or silent ischemia 95 (62.1) 86 (57.7)

Unstable angina 45 (29.4) 46 (30.9)

Non-ST elevation myocardial infarction 13 (8.5) 17 (11.4)

Data are given for the intention-to-treat population.
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Results

Baseline characteristics and procedural results

Owing to very slow enrollment of study patients, this trial
was prematurely terminated and thus this report provides
descriptive information on primary and secondary study
end points. A total of 302 patients were randomized to
receive R-ZES (7=153) or EES (#=149) as treatment
for very long lesions. Most of the baseline characteristics
were similar between the R-ZES and EES group, except
that mean ejection fraction was significantly lower in the
EES group (Table 1). Table 2 shows the lesion and
procedural characteristics of the study populations.
Most lesion and procedural characteristics were similar

Table 2 Baseline lesions and procedural characteristics

between the two groups except for the number of stents
used at the target lesion. The mean+SD number of
stents implanted in the target lesion was 2.1+ 0.4, and the
mean total length of the stents was 63.5£13.2 mm. The
rate of device success was 97.3% in R-ZES and 96.0% in
EES group, whereas 2.6 and 0.7% were implanted with
nonallocated stents, respectively (Fig. 1).

Angiographic outcomes

Quantitative angiographic results at baseline, immediately
after the procedure, and 12-month follow-up are shown in
T'able 3. Angiographic measurements of lesions before and
after the procedure were similar in the groups. Follow-up

Characteristics Zotarolimus-eluting stent (N=153) Everolimus-eluting stent (N=149) P value
Lesion characteristics [n (%)]
Target vessel 0.98
Left anterior descending 111 (72.5) 105 (70.5)
Left circumflex 10 (6.7) 9 (6.3)
Right coronary 28 (18.3) 28 (18.8)
TIMI flow grade O or 1 23 (15.0) 17 (11.4) 0.47
Bifurcation lesions 34 (22.2) 29 (19.5) 0.94
Thrombus 2 (1.3) 1(0.7) 0.58
Severe tortuosity 2 (1.3) 2 (1.8) 0.98
Severe calcification 38 (24.8) 36 (24.2) 0.88
Ulceration 11 (72) 11 (7.4) 0.96
Procedural characteristics
Number of stents used at the target lesion 2.1+0.3 2.2+05 0.007
Length of stents used at the target lesion (mm) 61.8+11.3 65.2+14.7 0.03
Average stent diameter at the target lesion (mm) 3.1+0.3 3.0+04 0.63
Maximal pressure at stent deployment (atm) 12.2+35 12.6+4.0 0.29
Direct stenting [n (%)] 2 (1.3) 2 (1.3) 0.96
Post-additional balloon inflation [n (%)] 54 (35.3) 50 (33.6) 0.86
Intravascular ultrasound guidance [n (%)] 96 (62.7) 92 (60.1) 0.89
Glycoprotein llIb/llla antagonists [n (%)] 2 (1.3) 5 (3.4) 0.23

Data are given for the intention-to-treat population.

Fig. 1

302 patients randomized
from March 2012 to October 2016

:

153 allocated to
Zotarolimus-eluting stent

145 treated with ZES
4 treated with EES
4 patients failed to implant stent

2 patients died

73 patients refused follow-up

}

149 allocated to
Everolimus-eluting stent

142 treated with EES
1 treated with ZES
6 patients failed to implant stent

66 patients refused follow-up

1 patient died

12-month angiographic follow-up
741153 (48.4%)

12-month angiographic follow-up
761149 (51.0%)

13-month clinical follow-up
149/153 (97 .4%)

13-month clinical follow-up
143/149 (96.0%)

Patient flow and follow-up in the long drug-eluting stent (LONG-DES) VI trial. No reliable data are available on the assessment criteria for patient
eligibility. EES, everolimus-eluting stent; ZES, zotarolimus-eluting stent.
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Table 3 Quantitative angiographic analysis Fig. 2
Zotarolimus-eluting Everolimus-eluting 100 -
Characteristics stent (N=153) stent (N=149) P value 55 — ZES
S
Before procedure § 0 80 - — EES
Lesion length (mm) 49.6+10.2 50.6+13.3 0.47 o S
Reference vessel 3.13£0.41 3.09+0.47 0.47 T 60 -
diameter (mm) T E
Minimal luminal 0.73+0.40 0.75+0.45 0.67 © = 40 -
diameter (mm) 0
Diameter stenosis 76.7£12.9 75.8+13.5 0.60 = g P=0.32
(o) E g 2t
Immediately after procedure ) _&
Minimal luminal diameter (mm) 0 T T T T T T 1
In segment 1.91+0.59 1.93+0.55 0.76 1.5 10 05 00 05 10 15 2.0
In stent 2.19+0.59 2.18+0.56 0.90 i
Proximal margin 3.01+0.88 3.10+0.85 0.41 In-segment Late Luminal Loss (mm)
Distal margin 1.88+£0.56 1.92+0.56 0.57
Diameter stenosis (%) Cumulative rates of in-segment late luminal loss at follow-up
In segment 20.7+11.8 19.0+£10.4 0.21 angiography. Late luminal loss was defined as the difference between
In stent 13.3+11.2 141+104 0.56 the minimal luminal diameter at the end of the procedure and the
Proximal margin 12.4+£10.5 12.0+9.6 0.76 minimal luminal diameter at follow-up. EES, everolimus-eluting stent;
Distal margin 172+11.3 16.1£10.8 0.42 ZES, zotarolimus-eluting stent.
Acute gain (mm)
In segment 1.21+0.57 1.22+0.63 0.90
In stent 1.49+0.58 1.47+0.60 0.77
Follow-up at 12 months 74 (48.4) 76 (51.0) 0.65
0 Table 4 Angiographic pattern of restenosis?
Minimal luminal diameter (mm)
In segment 1.84+0.54 1.95+0.47 0.20 Zotarolimus- Everolimus-
In stent 1.96+0.53 2.03+0.47 0.48 eluting stent eluting stent
Proximal margin 2.97+0.60 3.18+0.54 0.03 Characteristics (N="74) (N="176) P value
Distal margin 2.00+0.37 2.03+0.40 0.69
Diameter stenosis (%) Overall number of in-stent 6 4 0.49
In segment 27.8+20.5 25.1+18.7 0.35 restenosis cases
In stent 271+20.6 254+148 0.57 Focal [n (%)]
Proximal margin 16.2+10.2 13.5+10.0 0.10 1A (gap) 2 (33.3) 0
Distal margin 16.0+11.8 13.9+11.3 0.27 IB (margin) 1(16.7) 0
Late luminal loss (mm) IC (focal body) 2 (33.3) 3 (75.0)
In segment 0.17+£0.57 0.09+0.43 0.32 ID (multifocal) 0 0
(primary end Diffuse [n (%)]
point) Il (intra-stent) 1 .7) 1 (25.0)
In stent 0.33+0.50 0.27+0.35 0.45 Il (proliferative) 1(16.7) 0
Proximal margin 0.14+0.38 0.05+0.34 0.16 IV (total occlusion) 0 0
Distal margin 0.07+0.34 0.01+0.40 0.39
Angiographic restenosis [n (%)] #Classified using the Mehran criteria [13].
In segment 6 (8.1) 4 (5.3) 0.49
In stent 6 (8.1) 4 (5.3) 0.49
Proximal margin 0 0 NA
Distal margin 2(2.7) 1(1.3) 0.54 rates of in-segment binary restenosis were 8.1% in the

NA, not available.

angiography was performed in 74 (49%) patients in the
R-ZES group and 76 (51%) patients in the SES group
(P=0.65). The median duration of angiographic follow-up
was 12.8 months (interquartile range: 11.9-13.5) in the
R-ZES group and 12.7 months (interquartile range:
11.9-14.0) in the EES group (P=0.75). Patients who
underwent angiographic follow-up were more likely to have
previous coronary angioplasty (P=0.01) and intravascular
ultrasound guidance for index procedure (P=0.001) than
those who did not return for angiography (Supplementary
Tables 1 and 2, Supplemental digital content 1, zzup://links.
lww.com/MCAIA209).

At the 12-month angiographic follow-up, in-segment late
luminal loss (the primary endpoint) of the R-ZES was not
significantly different with that of the EES (0.17£0.57
vs. 0.09£0.43 mm, P=0.32; Fig. 2 and Table 3). The

R-ZES group and 5.3% in the EES group (P =0.49), and
the patterns of in-stent restenosis are shown in Table 4.
The extent of in-stent late luminal loss (0.33+0.50 vs.
0.27£0.35mm, P=0.45) and rates of in-stent binary
restenosis (8.1 vs. 5.3%, P=0.49) were also similar
between the groups.

Clinical outcomes

Major clinical events during follow-up are summarized in
Table 5. The 13-month clinical follow-up was completed
in 292 (97%) patients. At 1 and 13 months, the incidence
of individual and composite clinical outcomes did not
differ significantly between the two groups. The overall
13-month cumulative rate of MACE was 18.8% in R-ZES
group and 19.6% in EES group (P=0.86, Fig. 3). The
most common clinical event was periprocedural MI, and
no significant difference in its incidence was observed
(14.1 vs. 16.8%, P =0.53). After excluding periprocedural
MI, the incidence of death, spontancous MI, and target-
vessel revascularization also did not differ (5.4 vs. 3.5%,
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Table 5 Clinical events at follow-up

Zotarolimus- Everolimus-
eluting stent eluting stent
Clinical outcomes (N=149) (N=143) P value
Follow-up at 1 month
Death 1(0.7) 0 >0.99
Cardiac 1 (0.7) 0 >0.99
Noncardiac 0 0 NA
Mi 21 (14.1) 25 (17.5) 0.43
Periprocedural 21 (14.1) 24 (16.8) 0.53
Q wave 0 1(0.7) 0.49
Non-Q wave 21 (14.1) 24 (16.8) 0.53
Death or Ml 22 (14.8) 25 (17.5) 0.53
Stent thrombosis, definite or 0 2 (1.4) 0.24
probable
Repeat revascularization
All types 0 1(0.7) 0.49
Target lesion 0 1(0.7) 0.49
Target vessel 0 1(0.7) 0.49
Follow-up at 13 months
Death 3(2.0) 1(0.7) 0.62
Cardiac 3 (2.0) 0 0.25
Noncardiac 0 1(0.7) 0.49
MI 22 (14.8) 25 (17.5) 0.53
Q wave 0 1(0.7) 0.49
Non-Q wave 22 (14.8) 24 (16.8) 0.75
Death or Ml 24 (16.1) 26 (18.2) 0.64
Stent thrombosis, definite or 0 2 (1.4) 0.24
probable
Repeat revascularization
All types 10 (6.7) 11 (7.7) 0.75
Target lesion 6 (4.0) 3 (2.1) 0.34
Target vessel 7 (4.7) 4 (2.8) 0.54
Composite of death, MI, or 28 (18.8) 28 (19.6) 0.86
TLR
Composite of death, MI, or 28 (18.8) 28 (19.6) 0.86
TVR*
Composite of death, Ml 8 (5.4) 5 (3.5) 0.42
excluding periprocedural
Ml, or TVR
Target lesion failure, defined 28 (18.8) 28 (19.6) 0.86
post-hoc®

MI, myocardial infarction; NA, not available; TLR, target lesion revascularization;
TVR, target-vessel revascularization.

®Prespecified major adverse cardiac events were defined as a composite of all-
cause death, MI, and ischemia-driven TVR.

PTarget-lesion failure, defined post hoc, was a composite of death from cardiac
causes, any Ml (not clearly attributable to a nontarget vessel), and ischemia-
driven TLR.

P=0.42). During the 12-month period, there were two
cases of definite stent thrombosis (the day of the proce-
dure and 14 days after procedure) after use of the EES
and no case after R-ZES.

Discussion

This randomized trial was designed to compare the
efficacy of contemporary R-ZES and EES for very long
(>50 mm) native coronary lesions. The R-ZES and EES
demonstrated similar degree of in-segment late luminal
loss at 12-month angiographic follow-up. Moreover,
clinical outcomes of both stents were comparable, sug-
gesting that both DESs are equally effective for treat-
ment of long coronary artery lesions.

Long lesion is a major determinant of poor prognostic
outcomes after PCI with stenting that might comprise more
than 20% of current PCI [23,24]. Thus, investigating the

Fig. 3
20 -
£
55
25 15 # ,
- & .—_._l
i3 = i .
2 © 10
=
55
28
Ec( 54 L  PubEE - Zotarolimus-eluting stents
o % Qg raneEsyy - Everolimus-eluting stents
=
0- r r : .
90 180 270 360
Days after Initial Procedure
No. at risk
ZES 153 124 119 107 105
EES 149 17 112 104 102

Kaplan—Meier 12-month actuarial incidence of major adverse cardiac
events. Major adverse cardiac events were defined as a composite of
death, myocardial infarction, or ischemic-driven target-vessel
revascularization. EES, everolimus-eluting stent; ZES, zotarolimus-
eluting stent.

safety and efficacy of various types of DESs in this high-risk
lesion subset has important clinical implication and might
provide helpful information to select the optimal type of
DES for such complex lesions. The LONG-DES registry
and LONG-DES II randomized trial showed that Cypher
(Cordis, Johnson and Johnson, New Brunswick, New
Jersey, USA) sirolimus-eluting stent may be more effective
than Taxus (Boston Scientific, Natick, Massachusetts,
USA) paclitaxel-eluting stents in reducing angiographic
restenosis in long coronary artery disease [25]. The LONG-
DES III trial found that Cypher sirolimus-cluting stent
showed significantly lesser in-segment late loss compared
with Promus EESs, with a particularly beneficial effect at
the proximal margin [7]. The LONG-DES IV trial com-
pared Cypher sirolimus-cluting stent and R-ZES, whereas
the LONG-DES V trial compared Nobori (Terumo
Corporation, Japan) biolimus A9-cluting stent and Promus
EES, resulting in comparable angiographic and clinical
outcomes [8,9].

In this LONG-DES VI trial, we compared most widely
used, contemporary DES (R-ZES and EES) for very long
coronary lesion requiring at least two DES implantations.
The major advantage of R-ZES is its polymer coating
enabling longer and more controlled drug elution, and
continuous sinusoid technology of Integrity bare-metal
stent providing powerful performance. Xience EES using
thin cobalt—chromium strut based on mult-link platform
provides improved conformability, showing the best clin-
ical outcomes in randomized trials and meta-analysis [1,16,
17,26]. Recently, all-comer randomized DUTCH PEERS
trial [Durable Polymer-based STent CHallenge of Promus
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Element vs. ReSolute Integrity in an All Comers
Population (DUTCH PEERS); NCT01331707] and
HOST-ASSURE trial [Harmonizing Optimal Strategy for
Treatment of Coronary Artery Stenosis — SAfety and
EffectiveneSS of Drug-ElUting Stents & Anti-platelet
Regimen (HOST-ASSURE); NCT01267734] showed that
R-ZES was as effective as EES regarding clinical out-
comes [14,27]. Consistent with previous reports, both
R-ZES and EES showed excellent angiographic and
clinical outcomes for very long lesions in this trial. To our
knowledge, our investigation provides the first comparison
of two contemporary DES platforms for treatment of very
long (>50 mm) coronary artery disease. Overall results
showed efficacy and safety of multiple stenting in long
lesions and excellent angiographic outcomes of over-
lapping DES. In addition, longest available 38-mm stents
would reduce the number of stents in this situation, and
our study also suggested the acceptable performance of
38-mm longest stents which were commonly used in this
trial. However, given that this trial was powered to detect
difference of angiographic surrogate marker, but not clin-
ical end points, our findings warrant substantiation with
larger trial adopting clinical events as the primary
end point.

Especially, in our study, the low incidence of clinical
outcomes might be contributed in part by the more fre-
quent use of the intravascular ultrasound for guiding PCI
(62%) than described in registries and real-world setting.
Previous studies reported that the intravascular imaging-
guided PCI had significantly improved the clinical out-
comes compared with angiography alone, especially for
the long coronary lesions [28,29]. These provocative
results may suggest that the long lesions is not truly high
risk in the contemporary PCI setting with more advanced
DES, PCI techniques, and adjunctive imagining tools for
guidance of complex PCI.

Several limitations of this study deserve attention. First,
this was a relatively limited-sized clinical trial, limiting
meaningful analyses only to the angiographic outcomes
but not clinical outcomes. Second, slow enrollment of
this trial could introduce the enrollment bias (i.e. early
termination of the study, significantly affecting the power
of the study). Third, the rate of follow-up angiography at
12 months was suboptimal, thus limiting the interpreta-
tion of comparative angiographic efficacy. Fourth, some
patients received nonallocated stents or failed to implant
devices. However, per-protocol analysis showed con-
cordant outcomes with those of intention-to-treat analysis
(Supplementary Tables 3 and 4, Supplemental digital
content 1, zttp:/flinks.low.com/MCAJA209). Finally, trans-
lation of angiographic end points to clinical outcomes was
not guaranteed. However, we believe that late luminal
loss at 12 months is a robust predictor for angiographic
binary restenosis and hence target lesion revasculariza-
tion. Larger long-term studies are needed to provide
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information regarding the clinical outcomes in these
two groups.

Conclusion

Implantation of R-ZES and EES did not significantly
differ regarding late luminal loss at 12 months in patients
with de novo native very long coronary lesions. Both
DES were equally effective and safe through 1 year of
follow-up.
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