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Background: The aim of this study was to evaluate and compare the clinical and angiographic outcomes of 3

drug-eluting stents (DES) in patientswith large vessel diameter and single coronary artery lesions.

Hypothesis: The efficacy of 3 DESs may be similar.

Methods: A total of 411 consecutive patients who visited 3 university hospitals from June 2004 to December

2007 and had a single coronary lesion which was treated with the use of a DES that was 3.5 mm in diameter

were enrolled in this study. Patients were divided into 3 stent groups: Paclitaxel-eluting stent (PES, n= 105),

Sirolimus-eluting stent (SES, n= 259), and Zotarolimus-eluting stent (ZES, n=47). The study end point was

a composite of major adverse cardiac events (MACE) including cardiac death, myocardial infarction (MI), and

ischemia-driven target-vessel revascularization (TVR) for 12 months.

Results: Baseline characteristics were not different. Late loss was higher in the ZES group than the other

stents (0.5 ± 0.4 mm in SES vs 0.3 ± 0.5 mm in PES, 0.7 ± 0.5 mm in ZES, P = 0.001). The totalMACE-free

survival rate was not significantly different between the SES group and the PES group (98.8% in SES vs 97.1%

in PES, P = 0.252) or the PES group and the ZES group (97.1% in PES vs 93.6% in ZES, P = 0.301). However,

the SES group showed a significantly better MACE-free survival rate compared with the ZES group (98.8% in

SES vs 93.6% in ZES, P = 0.018).

Conclusions: Clinical and angiographic outcomes of DES in a large vessel diameter and single coronary artery

is excellent and SES appears to show better angiographic and clinical outcomes than ZES.

Introduction
Drug-eluting stents (DES) have shown great efficacy in the
reduction of restenosis compared with bare-metal stents
(BMS).1 However, the advent of safety and cost concerns
shakes the firm position of DESs in a wide range of coro-
nary lesions and patient subsets. The benefits of DESs were
confined to lesions <3.0 mm.2 Although there were several
randomized studies and other large registries comparing
DES and BMS,2 – 5 no data was reported comparing the
different DESs.

We seek to evaluate and compare the clinical and
angiographic outcomes of 3 different DESs in patients
with large vessel diameter and single coronary artery
lesion.

Methods
Study Population and Grouping

A total of 411 consecutive patients who visited 3 qualified
centers in South Korea (Yeungnam University Medical

Center, Keimyung University Dongsan Hospital, and Inje
University Busan Paik Hospital) from June 2004 to
December 2007 and who underwent single vessel coronary
intervention in a large vessel and were treated with a 3.5 mm
DES were studied. Patients were divided into 3 groups
according to DES; Paclitaxel-eluting stent (PES; Taxus,
Boston Scientific Corp, Natick, MA; n = 105), Sirolimus-
eluting stent (SES; Cypher, Cordis, Johnson & Johnson,
Roden, The Netherlands; n = 259), and Zotarolimus-eluting
stent (ZES; Endeavor, Medtronic, Minneapolis, MN;
n = 47).

Intervention

Percutaneous coronary intervention (PCI) was performed
with standard techniques. Use of an intravascular ultrasound
to identify optimal stent expansion and apposition and DES
selectionand stentingtechniquesfor bifurcationlesion were
left to the discretion of the operator. All patients received
aspirin (325 mg orally) and a loading dose of 300 mg of

340 Clin. Cardiol. 33, 6, 340–344 (2010) Received:November 10, 2009

Acceptedwith revision: December 17, 2009Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20744© 2010Wiley Periodicals, Inc.



clopidogrel before coronary angiography (CAG), or after
PCI in emergency cases. After PCI, patients were routinely
treated with aspirin (100 mg/d), clopidogrel (75 mg/d),
and/or cilostazol (200 mg/d). Patients were advised to
maintain life-long aspirin therapy. Prior to October 2006,
patientswho received SES were prescribed clopidogrel for 3
or 6 months depending on the complexity of the procedure,
whereas patients treated with PES were given a 6-month
prescription. After that time, all patients were prescribed
clopidogrel for 1 year.

Coronary angiography was performed after administra-
tion of 0.2 mg of intracoronary nitroglycerin. During the
procedure, heparin was given at a bolus dose of 100 U/kg
with an additional bolus to maintain activated clotting time
>250 seconds. The use of glycoprotein IIb/IIIa inhibitors
was left to the operator’s discretion.

QuantitativeCoronary Analysis

Intracoronary nitroglycerin (0.1–0.2 mg) was given before
and after each intervention to achieve maximal dilation.
Quantitatively,CAG was performed immediately before and
after stentingby an experiencedtechnicianwho was blinded
to the type of stent deployed. Angiographic measurements
included proximal, distal reference, minimum lumen
diameter (MLD), percentage of lesion stenosis, and lesion
length. Acute gain was measured and defined as the
difference between the MLD after stent deployment and
baseline MLD.

Study End Points and Definitions

Large vessels were defined as those coronary arteries that
received a stent ≥3.5 mm in diameter by operator’s visual
assessment. The end points of this study were a composite
of major adverse cardiac events (MACE) including cardiac
death, myocardial infarction (MI), and ischemia-driven
target-vessel revascularization (TVR). Procedural success
was defined as residual diameter stenosis ≤30% and
the absence of in-hospital MACE such as cardiac death,
MI, or TVR. Clinical success was defined as procedural
success without in-hospital complications such as cardiac
death, MI, or coronary artery bypass graft (CABG) within
24 hours of the index procedure. Myocardial infarction was
defined as typical ischemic chest pain and/or ST-segment
and/or T wave abnormalities with creatine kinase-MB
increase ≥2 times the reference values without any new
pathologic Q waves.

Ischemia-driven TVR was defined as emergency or
elective CABG or repeat PCI in the target vessel for
chest pain or a positive test for ischemia (exercise stress
test, stress echocardiogram, 24-h Holter monitor, resting
echocardiogram evidence of ST-segment depression or
elevation in >1 lead, or radionuclide study showing
reversible defect).

Angiographic restenosis was defined as a ≥50% diameter
stenosis within the target lesion. Stent thrombosis (ST) was
defined as acute (<24 hrs), sub-acute (<30 d) or late (>30 d)
after the index procedure, and was defined as (1) Definite: an
acute coronary syndrome with angiographic documentation
of either vesselocclusion or thrombuswithin or adjacent to a
previously successfully stented vessel or autopsy evidence of
stent thrombosis; (2) Probable: acute MI in the distribution
of the treated vessel or unexplained death <30 days; and
(3) Possible: unexplained death >30 days.6

Major adverse cardiac events, including clinical follow-
up, was done in 30 days, 3 months, 6 months, and 1 year
after PCI. Angiographic follow-up was recommended in all
living patients at 6 to 8 months after PCI. The 1-year clinical
follow-up data were collected by physician’s appointment or
by telephone interview.

Statistical Analysis

Data are expressed as means± SD for continuous variables
and as frequencies for categorical variables. Categorical
data were analyzed with an χ2 test and continuous variables
were evaluated with a Student t test or 1-way analysis
of variance (ANOVA) test. The cumulative incidences of
adverse cardiac events were estimated according to the
Kaplan-Meier method. Differences between the event-free
survival curves for the 3 groups were compared using a
log-rank test. Probability values <0.05 were considered
significant.Data were analyzed with SPSS 12.0 for Windows
(SPSS, Chicago, IL).

Results
Baseline characteristics are shown in Table 1 and there
were no significantdifferencesamong groups.Most patients
were men (72% in PES, 74% in SES, and 78% in ZES,
P = 0.710) and patients with MI, ST-elevation, or non–ST-
elevation, had considerable portion in diagnosis (43.8%
in group 1, 41.4% in group 2, and 55.3% in group 3,
P = 0.286). Angiographic and procedural outcomes are
represented in Table 2. Although it was not statistically
significant, the left anterior descending (LAD) artery was
a prominent intervention site for SES and ZES (56.8% vs
63.8%) and the LAD and right coronary artery (RCA)
were prominent intervention sites for PES (42.9% each,
P = 0.054). Most lesions were B1 or B2 according
to the American College of Cardiology/American Heart
Association classification (73.3% in PES, 73.7% in SES,
76.6% in ZES, P = 0.972). Total stent length was different
among the groups (23.6 mm in PES, 24.2 mm in SES,
21.1 mm in ZES, P = 0.047). Medications such as aspirin,
clopidogrel, cilostazol, and statin were not different among
the groups (Table 2). The data of quantitative coronary
analysis are shown in Table 3. A bifurcation lesion was
detected in 3 patients in the PES group, 9 patients in
the SES group, and 3 patients in the ZES group. In
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Clinical Investigations continued

Table 1. Baseline Characteristics of Patients

PES

(n= 105)

SES

(n= 259)

ZES

(n= 47) P Value

Age (yrs) 63 ± 9 61 ± 9 59 ± 12 0.078

Gender (male) 76 (72.4%) 192 (74.1%) 37 (78.7%) 0.710

Diabetes mellitus 23 (21.9%) 64 (24.7%) 12 (25.5%) 0.826

Hypertension 50 (47.6%) 111 (42.9%) 20 (43.5%) 0.706

Dyslipidemia 43 (41.3%) 101 (39.8%) 18 (39.1%) 0.953

Smoking 45 (42.9%) 102 (61.1%) 20 (42.6%) 0.813

Previous PCI 12 (11.4%) 21 (8.1%) 2 (4.3%) 0.318

Previous CVA 1 (1.0%) 6 (2.3%) 1 (2.1%) 0.692

Ejection fraction, % 55 ± 10 56 ± 11 52 ± 11 0.060

Diagnosis 0.286

Silent ischemia 2 (1.9%) 1 (0.4%) 0

Stable angina 34 (32.4%) 85 (32.8%) 11 (23.4%)

Unstable angina 23 (21.9%) 66 (25.5%) 10 (21.3%)

NSTEMI 14 (13.3%) 39 (15.1%) 5 (10.6%)

STEMI 32 (30.5%) 68 (26.3%) 21 (44.7%)

Abbreviations: CVA, cerebrovascular accident; NSTEMI, non–ST-

elevation myocardial infarction; PCI, percutaneous coronary interven-

tion; PES, Paclitaxel-eluting stent; SES, Sirolimus-eluting stent; STEMI,

ST-elevation myocardial infarction; ZES, Zotarolimus-eluting stent.

all cases, a provisional stent technique was used, but
another stent was not implanted in the daughter side
branch.

At follow-up, minimal lumen diameter (2.7 mm in PES,
3.0 mm in SES, 2.5 in ZES, P = 0.001), diameter stenosis
(19.2% in PES, 11.6% in SES, 27.5% in ZES, P = 0.001),
and late loss (0.5 ± 0.4 mm in PES, 0.3 ± 0.5 mm in
SES, 0.7 ± 0.5 mm in ZES, P = 0.001) were significantly
different among the groups. Angiographic follow-up was
performed in 55% (227/411) of patients. Restenosis was
found in a total of 7 patients (3.1%, 7/227); 4 patients
(2.7%) in the SES group, 1 patient in the PES group (1.8%),
and 2 patients in the ZES group (7.7%, P = 0.333). Their
patterns, according to type of DES, were represented as
1 edge type in the PES group; 1 body, 2 edges, 1 total
occlusion type in the SES group; and 1 focal diffuse type
in the ZES group, and this was not significantly different
(P = 0.072).

Clinical follow-up was done in all patients (100%).
In-hospital outcomes showed 1 death in the SES and ZES
groups due to cardiogenic shock after PCI presented as ST-
segment elevation myocardial infarction (STEMI) and 1 MI

Table 2. Angiographic and Procedural Characteristics of Patients

PES

(n= 105)

SES

(n= 259)

ZES

(n= 47) P Value

Site of PCI 0.054

LAD 45 (42.9%) 147 (56.8%) 30 (63.8%)

LCX 15 (14.2%) 30 (11.6%) 2 (4.3%)

RCA 45 (42.9%) 82 (31.7%) 15 (31.9%)

Type of lesiona 0.972

A 8 (7.6%) 20 (7.7%) 3 (6.4%)

B1/B2 77 (73.3%) 191 (73.8%) 36 (76.6%)

C 20 (19.1%) 48 (18.5%) 8 (17.0%)

Infarct-related artery 46 (25.6%) 108 (60.0%) 26 (55.3%) 0.223

Bifurcation lesion

(>2.5 mm)

3 (2.9%) 9 (3.5%) 3 (6.4%) 0.564

Stent used

Length (mm) 23.6 ± 8.6 24.2 ± 8.0 21.1 ± 5.5 0.047

Number of stents 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.0 0.417

Postdilatation 13 (15.1%) 59 (22.8%) 8 (17.0%) 0.258

Postprocedural

medication

Aspirin 105 (100%) 259 (100%) 47 (100%) 1.000

Clopidogrel 105 (100%) 259 (100%) 47 (100%) 1.000

Cilostazol 17 (16.0%) 28 (10.5%) 7 (14.9%) 0.295

Statin 62 (58.5%) 183 (68.6%) 34 (73.9%) 0.091

Abbreviations: LAD, left anterior descending artery; LCX, left circumflex

artery; PCI, percutaneous coronary intervention; PES, Paclitaxel-eluting

stent; RCA, right coronary artery; SES, Sirolimus-eluting stent; ZES,

Zotarolimus-eluting stent.
a According to the American College of Cardiology/American Heart

Association classification.

in the PES group. However, at 30 days after PCI, no MACE
was detected in any groups. At 12 months, 1 death due to
probable stent thrombosisat 5 months after PCI, 1 MI, and 1
TVR were observed in the SES group. At 12 months, 2 TVRs
were found in the ZES group and 2 TVRs were detected
in the PES group (Table 4). Cumulative total MACE was
detected in 9 cases, which was shown as 3 in the PES group
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Table 3. Quantitative Coronary Angiographic Analysis

PES

(n= 105)

SES

(n= 259)

ZES

(n= 47) P Value

Baseline

RVD (mm) 3.4 ± 0.2 3.4 ± 0.1 3.4 ± 0.2 0.508

MLD (mm) 0.3 ± 0.2 0.3 ± 0.2 0.3 ± 0.3 0.316

DS (%) 90.3 ± 7.4 89.1 ± 8.3 90.3 ± 8.7 0.390

LL (mm) 19.5 ± 7.0 20.0 ± 7.6 17.6 ± 5.2 0.122

Postprocedure

RVD (mm) 3.4 ± 0.1 3.4 ± 0.1 3.4 ± 0.1 0.251

MLD (mm) 3.3 ± 0.1 3.3 ± 0.2 3.3 ± 0.2 0.684

DS (%) 5.4 ± 3.8 4.4 ± 3.2 5.0 ± 3.7 0.057

Acute gain 2.9 ± 0.3 2.9 ± 0.3 2.9 ± 0.3 0.347

Follow-up

RVD (mm) 3.4 ± 0.2 3.4 ± 0.3 3.4 ± 0.1 0.371

MLD (mm) 2.7 ± 0.5 3.0 ± 0.5 2.5 ± 0.6 0.001

DS (%) 19.2 ± 12.8 11.6 ± 14.8 27.5 ± 17.0 0.001

Late loss (mm) 0.5 ± 0.4 0.3 ± 0.5 0.7 ± 0.5 0.001

Abbreviations: DS, diameter stenosis; LL, lesion length; MLD, minimal

lumen diameter; PES, Paclitaxel-eluting stent; RVD, reference vessel

diameter; SES, Sirolimus-eluting stent; ZES, Zotarolimus-eluting stent.

(2.9%), 3 in the SES group (1.2%), and 3 in the ZES group
(6.4%) and this was not statistically significant (P = 0.068;
Table 4).

MACE-free survival was represented in Figure 1. The
MACE-free survival rate was not significantly different
between the SES and PES groups (98.8% in SES vs 97.1%
in PES, P = 0.252) or the PES and ZES groups (97.1%
in PES vs 93.6% in ZES, P = 0.301). However, the SES
group showed a significantly better MACE-free survival
rate compared with the ZES group (98.8% in SES vs 93.6% in
ZES, P = 0.018).

Discussion
The major findings of this study show that the efficacy
of DES in large vessel diameter and single coronary
artery lesion is associated with low incidences of adverse
cardiac events for 1 year and compared with ZES, SES had
better clinical outcomes, although there were no significant
differences between SES and PES or PES and ZES.

Reference vessel diameter is of importance in restenosis
in patients undergoing PCI.7 Restenosis rates are quite
low in large arteries after bare-metal stent (BMS)
implantation.3,8 – 11 Steinberg et al12 reported that patients

Table 4. Clinical Outcomes of Patients for 12 Months

PES

(n= 105)

SES

(n= 259)

ZES

(n= 47) P Value

In-hospital MACE 1 (1.0%) 1 (0.4%) 1 (2.1%) 0.414

Death 0 1 (0.4%) 1 (2.1%) 0.204

Myocardial infarction 1 (1.0%) 0 0 0.232

30-day MACE 0 0 0 1.000

Death 0 0 0 1.000

Myocardial infarction 0 0 0 1.000

TVR 0 0 0 1.000

12-month MACE 2 (1.9%) 3 (1.2%) 2 (4.3%) 0.315

Death 0 1 (0.4%) 0 0.745

Myocardial infarction 0 1 (0.4%) 0 0.745

TVR 2 (1.9%) 1 (0.4%) 2 (4.3%) 0.064

Total MACE 3 (2.9%) 3 (1.2%) 3 (6.4%) 0.068

Death 0 2 (0.8%) 1 (2.1%) 0.360

Myocardial infarction 1 (1.0%) 1 (0.4%) 0 0.232

TVR 2 (1.9%) 1 (0.4%) 2 (4.3%) 0.064

Stent thrombosis

Acute 0 0 0 1.000

Subacute 0 0 0 1.000

Late 0 1 (0.4%) 0 0.745

Abbreviations: MACE, major adverse cardiac event; PES, Paclitaxel-

eluting stent; SES, Sirolimus-eluting stent; TVR, target-vessel revascu-

larization; ZES, Zotarolimus-eluting stent.

treated with ≥3.5 mm DES and BMS had similar low
incidence of MACE and target-lesion revascularization
(TLR) and TVR in both groups, with no superiority of DES
over BMS in this lesion. Quizhpe et al13 showed excellent
1-year clinical outcomes after large vessel (>3 mm) PCI
between DES and BMS. However, the efficacy of different
DESs in large vessel diameter with single lesion has
not been reported. Our study showed that all DESs
had good MACE-free survival rates in this lesion subset,
especially SES.

We compared 3 different DESs, but the clinical outcomes
of ZES were different. This may be due to the different
tendency of late luminal loss among DES, although the
number of enrolled patients was small. Mean late luminal
loss of SES and PES was reported as 0.17–0.29 mm,
however, that of ZES was 0.61 ± 0.49 mm and 0.65 ±
0.49 mm in larger caliber (>2.9 mm).14 Our study also
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Clinical Investigations continued
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Figure 1. MACE-free survival according to drug-eluting stent. MACE-free

survival rate was not significantly different betweenthe SES group and the

PES group (98.8% in SES vs 97.1% in PES, P = 0.252) or the PES group

and the ZES group (97.1% in PES vs 93.6% in ZES, P = 0.301). However,

the SES group showed significantly better MACE-free survival rate

comparedwith the ZES group (98.8% in SES vs 93.6% in ZES, P = 0.018).

Abbreviations: MACE, major adverse cardiac event; PES, Paclitaxel-eluting

stent; SES, Sirolimus-eluting stent; ZES, Zotarolimus-eluting stent.

showed that late loss of ZES was higher than that of PES
and SES (0.5 ± 0.4 mm in PES, 0.3 ± 0.5 mm in SES, and
0.7 ± 0.5 mm in ZES, P = 0.001) and this result may affect
clinical outcomes such as TVR.

It is important that restenosis rates depend not only on
vessel size, but also on other clinical variables, including
diabetic status and lesion complexity.15 – 17 Although our
study did not show any differences in clinical variables,
these have to be taken into consideration in selecting a DES
during PCI in this subset of patients.

There are several limitations in this study. First, this
study is not a randomized study. Second, the number of
enrolled patients of DES was different and small, especially
in ZES. Third,a comparisonwith BMS was absent.However,
our study wanted to show the efficacy of different DESs
in real-world practice. Fourth, follow-up angiographic rate
was small at 55% and actual late luminal loss among DES
could not be measured. Fifth, follow-up duration was short
just for 1 year and further long-term follow-up is warranted
for reporting outcomes such as very late stent thrombosis
among DES in this lesion subset.

Conclusion
The clinical and angiographic outcomes of DES in large
coronary vessels diameter and single coronary artery lesion
is excellent and SES appears to show better angiographic
and clinical outcomes than ZES. More data and long-term

follow-up will be warranted for better evaluation of clinical
outcomes among different stents.
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